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March 27,2009 

California Department of Transportation 
4050 Taylor Street, MS 122 
San Diego CA, 921 10 

Dear Mr. Majid Kharrati: 

Subject: Water Source Letter for Carroll Canyon Road 

Sufficient quantity of potable water is available within the project limits for construction 
of the Carroll Canyon Rd and 1-805 HOV lanes. 

Water meters may be rented for a fee from the Meter Shop Supervisor at Chollas 
Operations, 2797 Caminito Chollas in accordance with Water Department's DI 55.27 
(attached). A meter shall be installed whenever water is required by the Contractor. The 
Contractor shall pay the regular monthly fee for water and, in addition, a fee for quantity 
of water used. 

Any usage of unpurchased water by the Contractor during construction process is subject 
to a fine of $500 or six (6) months imprisonment, or both, under State Penal Code Section 
499. In addition, the Conkactor is subject to a civil liability to the City for such 
misappropriation. 

If you have any questions regarding this, please contact me at (6 19) 533 -4653. 

Sincerely, 

Mark Koll 
Project Manager 

MK: bj 

Attachment: 

cc: Abi Palaseyed, Senior Civil Engineer, Right of Way Division 

Engineering and Capital Projects Department 
600 B Street, Suite 800, MS 908A e Son Diego, CA 92101-4502 

Tel 1619) 533-5200 Fox (619) 533.5176 
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The recommended design R-value of 15 is based on a previous Materials Report within the 
project vicinity. 

GROUNDWATER 

According to a previous Materials Report, groundwater was not encountered within the 
project limits. 

Based on previous corrosion investigations within the projed vicinity, the in-place material's 
tested are considered to be corrosive to metal. Any imported fill material should be tested 
to determine if it is corrosive. 

Recommendaiions for New Culve~&~ 

1. The following Plastic Pipe Culverts meeting the minimum and maximum fill height 
requirements: Corrugated High Density Polyethylene (HDPE) - Type S and Type C, 
Ribbed HDPE, Ribbed Polyvinyl Chloride (PVC), and Corrugated PVC. 

2. Type I1 Reinforced Concrete Pipe (RCP) using the standard design. 

3. The following Steel Pipe Culverts meeting the minimum and maximum fill height 
1 requirements: Corrugated Steel Pipe with bituminous coating and paved invert,. Steel 

I Spiral Rib Pipes with Polymerized Asphalt Invert, and Spiral Rib Pipes with Polymeric 
I 
I Sheet Coating. 



The following earthwork quantities are from the June 2, 2009 Engineer's Estimate. 

Roadway Excavation 124,841 m3 

Embankment 73,569 m3 

Hot Mixed Asphalt (Type A) - 24,871 tonnes 

Concrete Pavement 

Class 2 Aggregate Base 

A current list of mining operations eligible to sell materials to the State of California in San 
Diego County, can be found at the following California Office of Mine Reclamation website: 



United States Department of the Interior 
FISH AND WILDLIFE SERVICE 

Ecological Services 
Carlsbad Fish and Wildlife Office 

6010 Hidden Valley Road, Suite 101 
Carlsbad, California 920 1 1 

In Reply Refer To: 
FWS-SDG-08B04 18-09F0555 MAR 3 1 2009 

Mr. Robert James 
California Department of Transportation 
District 11 
4050 Taylor Street 
San Diego, California 92 1 10 

Subject: Formal Section 7 Consultation for the Interstate 8051Carroll Canyon Road Extension 
Project, City of San Diego, San Diego County, California 

Dear Mr. James: 

This document transmits the U.S. Fish and Wildlife Service's (Service) biological opinion on the 
proposed Interstate 805lCarroll Canyon Road Extension project, in accordance with section 7 of the 
Endangered Species Act of 1973 (Act), as amended (16 U.S.C. 153 1 et seq.). The biological 
opinion addresses the possible effects of the road extension project on the federally endangered 
San Diego fairy shrimp (Branchinecta sandiegonensis; "SD fairy shrimp"). We are providing this 
biological opinion directly to your agency, the California Department of Transportation (Caltrans), 
because the project will receive Federal funding through the Federal Highway Administration 
(FHWA), and for this project, FHWA has designated Caltrans as the non-Federal representative 
responsible for carrying out section 7 consultation under the Act. 

The federally threatened coastal California gnatcatcher (Polioptila californica californica; 
"gnatcatcher") was documented in the western half of the project area immediately north of the 
proposed Carroll Canyon Road extension in 2002 (Alberts 2002). Subsequent protocol surveys by 
Varanus (2003) and Caltrans (2008a) did not locate gnatcatchers anywhere in the proposed project 
footprint. Based on this information indicating that the project site is not presently occupied by 
gnatcatcher, the Service concurs with your determination that the project, as proposed, is not likely 
to adversely affect the gnatcatcher, and the gnatcatcher is not addressed in the biological opinion. 

We acknowledge that there is potential for gnatcatcher to re-occupy the site prior to project clearing 
and grading activities. Thus, Caltrans is implementing specific measures to ensure that impacts to 
gnatcatchers are addressed by the project. Specifically, within the proposed project footprint, 
preconstruction surveys for the gnatcatcher will be conducted by a Service-approved biologist. If 
gnatcatchers are observed during the pre-construction survey, Caltrans will contact the Service to 
determine if additional consultation is necessary. 
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Caltrans is also offsetting the permanent loss of 0.6 acres [0.24 hectares (ha)] of coastal sage scrub 
by providing conservation and management of 1.2 ac (0.5 ha) of occupied coastal sage scrub in 
perpetuity. This conservation action will be coordinated and agreed to with the Service prior to 
initiating project impacts and implemented within 1 year of the date of this biological opinion. In 
addition, coastal sage scrub temporarily impacted by construction will be restored in-kind, to the 
maximum extent practicable, using appropriate native species. A restoration/ landscape plan with 
success criteria and remedial measures will be coordinated and agreed to by the Service prior to 
application in the field. These conservation measures committed to by Caltrans will ensure that 
project area impacts to coastal sage scrub, the primary habitat for gnatcatchers, is offset and that 
coastal sage scrub will remain in the project area to again provide live in or dispersal habitat for 
gnatcatchers. 

In 2007, a single male federally endangered least Bell's vireo (Vireo belli pusillus; "vireo") was 
documented by URS (2008) along Carroll Canyon Creek within 500 feet (ft) [I52 meters (m)] of the 
proposed Carroll Canyon Road extension. Subsequent protocol surveys in 2008 (Caltrans 2009a) 
did not detect any vireos within 500 ft (152 m) of the proposed project footprint. The 500-ft 
(152-m) boundary is used to delimit the distance for which construction noise is likely to result in 
measurable effects to nesting vireos. 

As with the gnatcatcher, Caltrans is implementing specific measures to ensure that the proposed 
project does not result in unanticipated adverse effects to individual vireo and to support 
conservation of the species in general. Specifically, Caltrans will conduct vegetation clearing within 
the construction limits from September 16 to February 14 to avoid the vireo breeding season. If 
vegetation clearing must occur during the vireo breeding season, then pre-construction surveys for 
vireo will be conducted to ensure that no breeding or nesting birds are present within or immediately 
adjacent to the areas impacted. The survey will be conducted by a Service-approved biologist to 
determine the presence of vireos within 500 ft (152 m) of the proposed project footprint. Should an 
active nest be located, Caltrans will contact the Service to determine if additional consultation is 
necessary. 

Because the primary effect to vireo from construction-related noise would likely be reduced 
reproductive capability, non-native plants (i.e., Arundo donax) will be removed from 0.54 ac 
(0.22 ha) of riparian habitat along Carroll Canyon Creek west of 1-805. This measure will offset any 
potential loss in reproduction by enhancing the available nesting habitat for vireo in proximity to the 
project site (i.e., along Carroll Canyon Creek). The Service will be notified prior to removal to 
allow sufficient time to review plans and provide any necessary avoidance measures. Based on the 
current survey information and the conservation measures proposed by Caltrans, the Service concurs 
with your determination that the project, as proposed, is not likely to adversely affect the vireo, and 
the vireo is not addressed in the biological opinion. 

This biological opinion is based on information provided in the following: (1) Biological 
Assessment prepared by Caltrans dated January 16,2009; (2) Draft Initial Study with Proposed 
Mitigated Negative Declaration,Environmental Assessment prepared by Caltrans dated 
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January 2009; and (3) correspondence, notes, and other information compiled during discussions 
with Caltrans on the subject project. The complete project file addressing this consultation is 
maintained at the Service's Carlsbad Fish and Wildlife Office (CFWO). 

CONSULTATION HISTORY 

We received your agency's request for formal consultation on January 19,2009. On February 2, 
2009, we responded to your request acknowledging initiation of formal consultation. During the 
consultation period, we met and corresponded with your agency to clarify project information and to 
discuss conservation measures to avoid, minimize, and offset impacts to the SD fairy shrimp. 

BIOLOGICAL OPINION 

DESCRIPTION OF THE PROPOSED ACTION 

The proposed action is FHWA funding for Caltrans to extend Carroll Canyon Road from Scranton 
Road east of Interstate 805 (1-805) to the intersection of Carroll Canyon Road with Sorrento Valley 
Road west of 1-805 (Figure 1). Caltrans will also provide a business access road from the proposed 
Carroll Canyon Road to businesses south of Sorrento Valley Road. 

The Carroll Canyon Road extension will be an 82-ft (25-m) wide four-lane urban collector 
approximately 0.52 mile (mi) long [0.8 kilometer (km)]. Approximately 0.3 1 mi (0.5 km) of the 
new roadway will be on support columns (i.e., elevated bridge) with the remaining 0.21 mi 
(0.34 km) on fill (Figure I). An approximately 328-ft (100-m) long access road for local businesses 
will be built from the Carroll Canyon Road extension to remove the non-standard distance to the 
intersection at Sorrento Valley Road and 1-805. 

North-facing Direct Access Ramps (DARs) from the Carroll Canyon Road extension to the median 
of 1-805 will be constructed, as well as northbound and southbound High Occupancy Vehicle 
(HOV) lanes within the median from Mira Mesa Boulevard to the existing HOV lanes at Interstate 
5. This includes median bridge widening at Sorrento Valley Boulevard undercrossing (UC) 
(Bridge No.57-786 LJR) and Mira Mesa Boulevard UC (Bridge No. 57-785 L/R). The north-facing 
DAR is a two-lane facility, which will be connected to HOV lanes. The existing Carroll Canyon 
overhead (OH) (Bridge No. 57-787 L/R) will be modified to accommodate the DARs, the 
southbound lanes at the Mira Mesa Boulevard UC (Bridge No. 57-785 L) will be widened to 
accommodate realignment of the southbound Mira Mesa loop on-ramp, and the diamond on-ramp 
will be realigned. Modifications also include southbound shoulder widening south of the existing 
Carroll Canyon OH (Bridge No. 57-787 L) and northbound shoulder widening north of the 
Mira Mesa Boulevard UC (Bridge No. 57-785 R) and north of the Sorrento Valley Boulevard UC 
(Bridge No.57-786 R). Minor wideninglrealignment will occur along Sorrento Valley Road 1 
Mira Mesa Boulevard, the southbound off-ramp, and Scranton Road. Extension of the northbound 
and southbound HOV lanes includes pavement widening in the median area of 1-805 and 
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Sorrento Valley Boulevard UC (Bridge No. 57-786 LIR). A new signalized intersection will be 
constructed at the intersection of Carroll Canyon Road and the DARs. 

Pedestrian facilities include adding an 8-ft (2.4-m) wide sidewalk along the southern side of the 
proposed Carroll Canyon Road extension. Bike facilities encompassing 6 ft (1.8 m) of the shoulder 
will be provided along both shoulders of Carroll Canyon Road. 

Two staging areas are proposed. One is located on the east side of 1-805 north of Carroll Canyon 
Road, and the other is on the west side of 1-805. Two construction access roads will be created 
resulting in one access road on each side of 1-805, both on the north side of Carroll Canyon Creek. 
One concrete batch plant is proposed on the east side of 1-805. Although the exact location of the 
staging areas, access roads, and concrete batch plant is not presently known, these project features 
will be located in disturbed, ornamental planting, or developed areas [with the exception of up to 0.2 
ac (0.08 ha) of impact to disturbed coastal sage scrub] and will not impact any riparian habitat. 

The proposed project also includes the closure of a stretch of dirt road with SD fairy shrimp 
occupied road pools. A portion of the road will be closed to vehicles using vehicle barriers. A new 
maximum 12-ft (3.6-m) wide dirt bypass road will be constructed to replace the closed portion of 
the road (Figure 2). This road will allow for continued access to existing infrastructure (man-holes) 
while avoiding the remaining SD fairy shrimp occupied road pools. 

The proposed project will impact 28.22 ac (1 1.4 ha) of land supporting native, disturbed, 
ornamental, and developed areas. Approximately 17.05 ac (8 ha) of these impacts will be 
permanent and 11.17 ac (4 ha) will be temporary (Table 1). 

According to 50 CFR 5 402.02 pursuant to section 7 of the Act, the "action area" includes all areas 
to be affected directly or indirectly by the Federal action. Areas directly impacted include all areas 
within the project footprint, including construction vehicle access routes, staging areas, and grading 
areas. Habitat immediately adjacent to the project footprint may be indirectly impacted or degraded 
by construction activities or later in time due to the developed nature of the road. Thus, we have 
defined the action area for the proposed project to encompasses the project's direct impact footprint, 
which is approximately 28.2 ac (1 1.4 ha) and contains one road pool occupied by SD fairy shrimp 
(Figure l), as well as a 0.64-ac (0.26-ha) area that extends south from the project footprint out to an 
existing dirt road that contains three road pools occupied by SD fairy shrimp (Figure 2). Subsequent 
analyses of the environmental baseline, effects of the action, and levels of incidental take are based 
upon the action area. 
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Figure 1.  Proposed Project Alignment and Infrastructure 
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Figure 2.  Proposed Project in Relation to Road Pools and New Access Road  

 
[Fig 2 Source:  I-805 HOV Extension/Carroll Canyon Rd. Extension Project Draft IS/EA & Proposed MND] 
Note:  Pools supporting San Diego fairy shrimp are shown by red asterisks.  Pools supporting versatile fairy shrimp 
are not shown.  See Figure 3 for a depiction of pools in action area. 
 
 
 
 
Table 1.  Impacts: Interstate 805/Carroll Canyon Road Extension Project 
 Permanent (acres) Temporary (acres) 

Coastal sage scrub 0.45 0.4 

Coastal sage scrub – disturbed 0.15 0.77 

Disturbed  9.4 6 

Ornamental 2.65 4 

Developed 4.4 0 

Total 17.05 11.17 
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Figure 3.  Fairy Shrimp and Pool Locations 

   [Fig 3 Source:  I-805 HOV Extension/Carroll Canyon Rd. Extension Project Draft IS/EA & Proposed MND] 
   Note:  Pools a9 and a10 are not represented in this figure.  a9 is adjacent to a7 and a10 is adjacent to a3. 
 
 
Conservation Measures 
 
Caltrans has agreed to implement the following conservation measures as part of the proposed 
action to avoid, minimize, and offset impacts to SD fairy shrimp. 
 

1. To offset impacts to SD fairy shrimp occupied road pool a7/11 [23 square ft (0.0002 ha)], 
at least 46 square ft (0.005 ha) of SD fairy shrimp occupied pool habitat will be perpetually 
preserved and/or restored and managed.  This conservation action in support of SD fairy 
shrimp recovery will be coordinated and agreed upon with the Service prior to initiating 
project impacts and implemented within 1 year of the date of this biological opinion. 
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2. Water runoff associated with the new road surfaces and landscaping will be directed away 
from the onsite road pools containing SD fairy shrimp. No permanent irrigation or water 
from irrigation systems associated with the project will be permitted to enter the onsite 
road pools containing SD fairy shrimp. 

3. Areas supporting avoided vernal pools supporting SD fairy shrimp, which fall outside the 
alignment footprint, will be designated as Environmentally Sensitive Areas (ESA) and 
depicted as such on project maps and plans. No personnel or equipment will be allowed 
within these areas at any time, unless approved by Caltrans biologists to carry out 
biological surveys or other conservation measures to enhance SD fairy shrimp habitat. 

4. A temporary fence (with silt barriers andlor other appropriate erosion control measures) 
will be installed around the limits of project impacts (including construction staging areas 
and access routes and concrete batch plant) to prevent additional impacts to SD fairy 
shrimp and to prevent the spread of silt from the construction zone into ESAs adjoining the 
work limits. Fencing will be installed in a manner that does not impact ESAs. Temporary 
construction fencing will be removed upon project completion. 

5. The existing dirt access road located on the north side of Carroll Canyon Creek, west of I- 
805, and parallel to the proposed Carroll Canyon Road extension where SD fairy shrimp 
road pools are located will be blocked off from all future vehicle access. Barriers will be 
installed in a manner to discourage vehicles from accessing the dirt road. 

6. Caltrans will hire a Service-approved biologist (project biologist) with a minimum 3 years 
of vernal pool experience, who will be responsible for overseeing compliance with 
protective measures. The biologist will monitor construction, at a minimum weekly, to 
ensure avoidance of SD fairy shrimp-occupied road pools 5-10 and their immediate 
watersheds. The biologist will also be onsite during installation of ESA fencing and during 
work immediately adjacent to any of the avoided SD fairy shrimp pools to ensure 
compliance with the project's conservation measures aimed at avoiding and minimizing 
impacts to SD fairy shrimp and to produce reports that document compliance with these 
measures. Caltrans will submit the biologist's name, address, telephone number, and work 
schedule on the project to the Service at least 7 days prior to the planned date of initiating 
impacts to SD fairy shrimp habitat. The project biologist will perform the following 
duties: 

a. Train all supervisors, (sub) contractors, construction personnel, and employees on 
the biological resources associated with this project and ensure that this training is 
completed prior to initiating work on the proposed project. At a minimum, training 
will include: 1) the purpose for resource protection; 2) a description of the SD fairy 
shrimp, their habitats and general ecology, and sensitivity to human activities; 3) 
the conservation measures that are being implemented during project construction; 
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4 ) the protocol to resolve conflicts that may arise at any time during the 
construction process; and 5) the general provisions of the Act, the need to adhere to 
the provisions of the Act, and the penalties associated with violating the Act. 
Included in this program will be a fact sheet that includes color photographs of the 
SD fairy shrimp and its habitat, which will be shown to the employees. Following 
the education program, the fact sheet will be posted in the contractor and Resident 
Engineer's office, where they will remain through the duration of the project. 

b. Inspect the fencing and erosion control measures within or up-slope of ESAs a 
minimum of once per week and immediately before any predicated rain events and 
immediately after any actual rain events to direct repairs of any breaches in the 
fence or erosion control measures. 

c. Halt work, if necessary, and confer with the Service to ensure the proper 
implementation of conservation measures aimed avoiding and minimizing impacts 
to SD fairy shrimp. The biologist will report any infraction to the Service within 24 
hours of its occurrence. 

d. Submit a final report to the Service within 60 days of project completion that 
includes: as-built construction drawings with an overlay of SD fairy shrimp pools 
that were impacted or avoided; photographs of the avoided SD fairy shrimp pools; 
and other relevant information documenting that anticipated impacts to habitat for 
SD fairy shrimp were not exceeded and that general compliance with the project's 
conservation measures was achieved. 

7. Caltrans will ensure that the following conditions are implemented during project 
construction: 

a. Employees will strictly limit their activities, vehicles, equipment, and construction 
materials to the fenced project footprint. 

b. Disposal or temporary placement of excess fill, brush or other debris will not be 
allowed in waters of the United States, their banks andlor any depression features or 
their watersheds. 

c. All equipment maintenance, staging, and dispensing of fuel, oil, coolant, or any 
other such activities will occur in designated areas within the project impact limits 
but away from [>I00 ft (30 m)] from road pools. These designated areas will be 
located in previously compacted and disturbed areas to the maximum extent 
practicable in such a manner as to prevent any runoff from entering waters of the 
United States and avoided onsite road pools and will be shown on the construction 
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plans. Contractor equipment will be checked for leaks prior to operation and 
repaired as necessary. "No-fueling zones" will be designated on construction plans. 

STATUS OF THE SPECIES 

Listing Status 

The SD fairy shrimp was federally listed as endangered on February 3, 1997, (62 Federal Register 
4925). In September 1998, the Service published the Recovery Plan for Vernal Pools of Southern 
California (Recovery Plan) (Service 1998). The SD fairy shrimp is included in this Recovery 
Plan. Critical habitat for the SD fairy shrimp was designated on October 23,2000, (65 Federal 
Register 63438). Critical habitat was remanded, but not vacated, by the Central District Court of 
California on June 12,2002. Critical habitat was re-proposed on April 22,2003, (68 Federal 
Register 19887). Revised critical habitat for the SD fairy shrimp was designated on December 12, 
2007 (72 Federal Register 70648). No designated critical habitat for the SD fairy shrimp will be 
affected by the project. 

Species Description 

The SD fairy shrimp is a small, freshwater crustacean in the family Branchinectidae of the Order 
Anostraca. The species was originally described by Fugate (1993) from samples collected on Del 
Mar Mesa, San Diego County. Male SD fairy shrimp are distinguished from males of other 
species of Branchinecta by differences found at the distal tip of the second antennae. Females are 
distinguishable from females of other species of Branchinecta by the shape and length of the brood 
sac, the length of the ovary, and by the presence of paired dorsolateral (located on the sides, 
toward the back) spines on five of the abdominal segments (Fugate 1993). Adult male SD fairy 
shrimp range in size form 0.35 to 0.63 in (9 to 16 mm) and adult females are 0.3 1 to 0.55 in (8 to 
14 mm) long. 

Distribution 

The range of the SD fairy shrimp includes Orange and San Diego counties in southern California, 
and northwestern Baja California, Mexico (Service 1998, Brown et al. 1993). In Baja California, 
SD fairy shrimp have been recorded at two localities: Valle de Palmas, south of Tecate and Baja 
Mar, north of Ensenada. A single isolated female was previously reported from vernal pools in 
Isla Vista, Santa Barbara County, California; however, directed surveys have not located any 
additional individuals (62 Federal Register 4925). 

In Orange County, SD fairy shrimp have been documented at Fairview Park (CNDDB occurrence 
#11, 1996), Newport Banning Ranch, Irvine Ranch Land Reserve, and within the San Juan Creek 
watershed at Chiquita Ridge and Radio Tower Road. 
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In San Diego County, the species occurs in vernal pools from Marine Corps Base Camp Pendleton 
(MCBCP), inland to Ramona and south through Del Mar Mesa, Proctor Valley, and Otay Mesa. 
Over 279 and 1,899 pools on MCBCP and Marine Corps Air Station Miramar (MCAS-Miramar) 
are known to be occupied by SD fairy shrimp, respectively (Service 2008). Of the 62 vernal pool 
complexes1 mapped by the City of San ~ i e ~ o ~ ,  29 were found to be occupied, by SD fairy shrimp 
and occur at the following localities: Del Mar Mesa (I), Carmel Mountain (I), Mira Mesa (6), 
Nobel Drive (3), Kearny Mesa (3), Mission Trails Regional Park (I), and Otay Mesa (14) (City of 
San Diego 2004). 

Additional vernal pool complexes with occurrences of SD fairy shrimp located in San Diego 
County, but not included in the City of San Diego's Inventory include: Carlsbad, San Marcos, 
Ramona, Poway, Santee, Rancho Santa Fe, Murphy Canyon, Otay Lakes, Imperial Beach, East 
Otay Mesa, Marron Valley, and Proctor Valley (CNDDB Occurrence # 27,2001). 

Habitat Afinity 

SD fairy shrimp are restricted to vernal pools and vernal pool-like depressions (e.g., ruts in dirt 
roads). Vernal pools are ephemeral wetlands that occur from southern Oregon through California 
into northern Baja California, Mexico (Service 1998). They require a unique combination of 
climatic, topographic, geologic, and evolutionary factors for their formation and persistence. They 
form in regions with Mediterranean climates where shallow depressions fill with water during fall 
and winter rains and then dry up when the water evaporates in the spring (Collie and Lathrop 
1976; Holland 1976; Holland and Jain 1977, 1988). 

Downward percolation of water within the pools is prevented by an impervious subsurface layer 
consisting of claypan, hardpan, or volcanic stratum (Holland 1976, Holland and Jain 1988). 
Seasonal inundation makes vernal pools too wet for adjacent upland plant species adapted to drier 
soil conditions, while rapid drying during late spring makes pool basins unsuitable for typical 
marsh or aquatic species that require a more persistent source of water. Local upland vegetation 
communities associated with vernal pools include needlegrass grassland, annual grassland, coastal 
sage scrub, maritime succulent scrub, and chaparral (Service 1998). 

SD fairy shrimp tend to inhabit shallow, small vernal pools and vernal pool-like depressions that 
range in temperature from 50" to 79' Fahrenheit (F) [lo0 to 26' Celsius (C)]. They are 
ecologically dependent on seasonal fluctuations in their habitat, such as absence or presence of 
water during specific times of the year, duration of inundation, and other environmental factors 

' Vernal pool complexes are defined as a series of vernal pool groups that are hydrologically connected with similar 
soil types and species compositions. They were first described and surveyed by Beauchamp and Cass 1979 and 
subsequently updated in 1986a (Bauder) and 1998 (Recovery Plan). 

The City of San Diego conducted non-protocol surveys for San Diego fairy shrimp. Therefore this inventory may 
under-represent the true number of vernal pools with occurrences of San Diego fairy shrimp. 
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that likely include specific salinity, conductivity, dissolved solids, and pH levels (Gonzalez et al. 
1996, Hathaway and Simovich 1996, and Holtz 2003) 

Life History 

San Diego fairy shrimp are non-selective, particle-feeding filter-feeders, or omnivores. Detritus, 
bacteria, algal cells, and other items between 0.3 to 100 microns may be filtered and ingested 
(Eriksen and Belk 1999). Adult fairy shrimp are usually observed from January to March; 
however, in years with early or late rainfall, the hatching period may be extended (65 Federal 
Register 63438). SD fairy shrimp have a two-stage life cycle and spend the majority of their life 
cycle in the cyst stage (Templeton and Levin 1979, Schaal and Leverich 1981, Herzig 1985, 
Hairston and De Stasio 1988, Venable 1989). After hatching, SD fairy shrimp reach sexual 
maturity in about 7 to 17 days, depending on water temperature and persist for about 4 to 6 weeks 
(Hathaway and Simovich 1996). Fairy shrimp mate upon reaching maturity, and female SD fairy 
shrimp produce between 164 and 479 cysts (eggs) over their lifetime (Simovich and Hathaway 
1997). The cysts are either dropped by the females to settle into the mud at the bottom of the pool, 
or they remain in the brood sac until the female dies and sinks to the bottom (Eriksen and Belk 
1999). Fairy shrimp cysts may persist in the soil for several years until conditions are favorable for 
successful reproduction (Simovich and Hathaway 1997). The cysts will hatch in 3 to 5 days when 
water temperatures are between 50" and 70 " F (10" and 20" C) (Hathaway and Simovich 1996). 
Not all cysts are likely to hatch in a season, thus providing a mechanism for survival if water 
quality and ponding conditions are not favorable in a given year (Simovich and Hathaway 1997, 
Ripley et. al., 2004). 

Population Trend 

The loss of vernal pools that have the potential to support SD fairy shrimp has resulted in a range- 
wide reduction in diversity and abundance of SD fairy shrimp. Urban and water development, 
flood control, and highway and utility projects, as well as conversion of wildlands to agricultural 
use, have eliminated or degraded vernal pools andlor their watersheds in southern California 
(Jones and Stokes Associates 1987). Historically, vernal pools covered approximately 200 square 
mi (5 18 square km) of San Diego County (Bauder and McMillan 1998). Approximately 95 to 97 
percent of vernal pools within San Diego County have been lost (Bauder 1986b, Bauder and 
McMillan 1998, Oberbauer 1990). Most of the remaining vernal pools in San Diego County occur 
on Redding soils, primarily on MCAS-Miramar (Service 1998). 

At the time of listing, San Diego fairy shrimp were known to inhabit a minimum of 25 vernal pool 
complexes in coastal areas of San Diego, Orange, and Santa Barbara counties, and northwestern 
Baja California, Mexico (62 Federal Register 4925). However, the names and locations of all 
complexes were not specified in the listing rule, and therefore, it is difficult to ascertain the status 
of these complexes. Currently, 137 complexes occupied by SD fairy shrimp have been identified 
in the U.S.; an additional 3 complexes that were identified as occupied at listing have since been 
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extirpated (Service 2008). Most of these additional complexes fall within the extant range of the 
SD fairy shrimp known at the time of listing. We expect that these additional complexes and 
occurrences were occupied at the time of listing, but had not been identified due to lack of survey 
effort, and do not represent an actual expansion of SD fairy shrimp distribution and range into 
previously unoccupied areas. Rather, they provide a better understanding of the historical 
distribution and range of the SD fairy shrimp that was unknown at the time of listing. Therefore, 
we estimate that the overall SD fairy shrimp distribution has not decreased or increased 
appreciably since listing. A summary of occupied vernal pool complexes is provided in Appendix 
1 of the Sun Diego Fairy Shrimp (Branchinecta sandiegonensis) 5-Year Review: Summary and 
Evaluation (Service 2008). 

Impacts to vernal pools from development have been offset through the restoration, enhancement, 
and management of habitat. In some cases, due to security of the site and the active management 
of the vernal pools, the species status has improved. In addition, grants have been awarded to 
restore habitat in several areas including Otay Mesa, the San Diego National Wildlife Refuge, and 
Sweetwater Authority lands. Sites that have been restored benefit from fencing and management, 
which further removes threats from the site that were occurring prior to the restoration efforts. 

Current Threats 

The SD fairy shrimp still faces the same threats that were identified in the final listing rule 
throughout its range. These threats can be divided into three major categories: 1) direct 
destruction of vernal pools and vernal pool habitat as a result of construction, vehicle traffic, 
domestic animal grazing, dumping, and deep plowing; 2) indirect threats which degrade or destroy 
vernal pools and vernal pool habitat over time including altered hydrology (e.g., damming or 
draining), invasion of non-native species, habitat fragmentation, and associated deleterious effects 
resulting from adjoining urban land uses; and 3) long-term threats including the effect of isolation 
on genetic diversity and locally adapted genotypes, air and water pollution, climatic variations, and 
changes in nutrient availability (Bauder 1986a, Service 1998, Bohonak 2005). 

Rangewide Conservation Needs 

Based on current population trends, threats analysis, and new genetic information, the SD fairy 
shrimp has the following needs to survive and recover: 

1. Vernal pool habitat should be restored and enhanced; this includes expansion of existing 
populations and re-establishment of populations where habitat and historical conditions are 
appropriate. 

2. Vernal pool management plans should be developed and implemented to maintain 
hydrologic regimes; watershed and habitat functions; and species viability. 

3. Land protection strategies should be developed to prevent further loss and fragmentation of 
existing habitat. 
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4. Vernal pool complexes not identified in the Recovery Plan as necessary to stabilize or 
reclassify the population should be re-evaluated based on their genetic structure to ensure 
the genetic variation within the SD fairy shrimp population is maintained. 

-ENVIRONMENTAL BASELINE 

Regulations implementing the Act (50 CFR 5402.02) define the environmental baseline as the past 
and present impacts of all Federal, State, or private actions and other human activities in the action 
area. Also included in the environmental baseline are the anticipated impacts of all proposed 
Federal projects in the action area that have undergone section 7 consultation, and the impacts of 
State and private actions which are contemporaneous with the consultation in progress. 

The proposed project is located within the northwest portion of the City of San Diego, 1.5 mi (2.4 
km) south of the 1-805 and Interstate 5 interchange. Topography in the project area consists of a 
moderate south-facing canyon slope draining into the riparian corridor of Carroll Canyon Creek. 
The creek flows to Penasquitos Lagoon and out to the Pacific Ocean, approximately 5 river mi (8 
km) downstream. The general project area has been previously disturbed by the 1-805 Bridge and 
associated fill, a railroad on the south side of the creek, and dirt roads. Land uses in the vicinity of 
the site include commercial, business, and transportation. 

Within the action area, the 28.22-ac (1 1.4-ha) project site consists of coastal sage scrub r1.77 ac 
(0.72 ha)], disturbed (i.e., dirt roads) r15.4 ac (6.23 ha)], ornamental plantings [6.65 ac (2.7 ha)], 
and developed areas [4.4 ac (1.78 ha)]. Several pools occur in the dirt roads within the action area. 
The coastal sage scrub habitat is a small island immediately south of the Mira Mesa Boulevard on- 
ramp to southbound 1-805 and north of Sorrento Valley Road where it dead-ends. 

Dry and wet season SD fairy shrimp surveys were conducted in the project area during multiple 
years starting in 2006 (EcoAnalysts, Inc. 2006; URS 2006a, 2006b, 2008, Caltrans 2009a, 2009~). 
SD fairy shrimp and versatile fairy shrimp (Branchinecta lindahli) were found in 6 pools and 15 
pools in the survey area, respectively, with both species found in 3 pools (Figure 3 and Appendix 
A). 

All of the pools in the project area consist of tire ruts and ditches within the confines of dirt roads 
(i.e., road pools) that occur along Carroll Canyon Creek (Figure 3). The pools do not support any 
vernal pool flora, although they may support plants with wetland indicator status (Caltrans 2009a). 
These pools occur within the Carroll Canyon Creek floodplain and are disjunct from those found 
in the I12 complex, which are the nearest natural vernal pools to the project area, occurring on a 
mesa approximately 0.25 mile (0.4 km) to the south. The road pools within the project area are 
not likely to be historic vernal pools, but ones created by use of the roads and which became 
occupied by fairy shrimp over time. How fairy shrimp were introduced to these road pools is 
unknown. However, it is plausible that cysts from nearby occupied pools (e.g., the I12 complex) 
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were either transferred to the road pools on vehicle tires or the bodies of wetland-dependent 
animals (e.g., waterfowl). 

The road pools in the project area are currently subject to continual degradation primarily due to 
vehicle traffic and are of low conservation value, as evidenced by the lack of vernal pool flora and 
the presence of the versatile fairy shrimp, which is known to occur in disturbed pools. 

EFFECTS OF THE ACTION 

Effects of the action refer to the direct and indirect effects of an action on the species or critical 
habitat that will be added to the environmental baseline, along with the effects of other activities 
that are interrelated and interdependent with that action. Interrelated actions are those that are part 
of a larger action and depend on the larger action for their justification. Interdependent actions are 
those that have no independent utility apart from the action under consideration. Indirect effects 
are those that are caused by the proposed action and are later in time, but are still reasonably 
certain to occur. 

Direct Effects 

SD fairy shrimp historically occurred in vernal pool complexes throughout the Mira Mesa 
ecosystem, which is part of the San Diego Central Coastal Mesa Management Area identified in 
the Recovery Plan (Service 1998). Many of these vernal pool complexes have been developed, 
converted to agriculture, andlor degraded by OHV use. The Recovery Plan identifies several 
vernal pool complexes on Mira Mesa. The vernal pool complex within the action area is not 
identified in the Recovery Plan. 

Within the project's direct impact footprint, pool a711 1 [approximately 23 square ft (0.0002 ha)] is 
the only road pool containing SD fairy shrimp, though nine other road pools [approximately 1,836 
square ft (0.017 ha) supporting the more common versatile fairy shrimp will be impacted 
(Appendix A and Figure 3). The other three road pools occupied by SD fairy shrimp in the action 
area are outside of the direct impact footprint (i.e., pools 6 ,7  and 8) (Figure 3). However, grading 
for the proposed project could result in unintentional fill andlor runoff entering these three pools. 
To avoid these impacts, areas outside of the project's direct impact footprint will be designated as 
ESA's and fenced prior to initiating project construction. Erosion control (i.e., silt barriers) 
measures will be implemented in a manner to avoid unintentional fill and runoff into the pools. 
Additionally, a Service-approved biologist will monitor construction to ensure damage to these 
pools is avoided. 

Because the SD fairy shrimp road pool to be impacted is highly disturbed and not likely in a 
historic vernal pool complex, it has low long-term conservation value. Soil containing fairy 
shrimp cysts will not be salvaged from this or any of the other road pools because pools in the 
action area are known to contain versatile fairy shrimp and are therefore not suitable for 



Mr. Robert James (FWS-SDG-08B04 18-09F0555) 16 

inoculating other created, restored, or enhanced pools. The Recovery Plan does not acknowledge 
this complex nor identify it as necessary for the stabilization and/or downlisting of SD fairy 
shrimp. 

Caltrans proposes to offset the impacts to 23 square ft (0.0002 ha) of SD fairy shrimp habitat by 
preserving and/or restoring 46 square ft (0.0004 ha) of SD fairy shrimp habitat off site at a location 
approved by the Service that is expected to be of higher long-term conservation value. If 
restoration is proposed, Caltrans will prepare and implement a restoration plan agreed to by the 
Service. Caltrans will also place a preservation mechanism (i.e., deed restriction, conservation 
easement, etc.) over, as well as prepare and implement a perpetual management, maintenance, and 
monitoring plan for, the vernal pools to be preserved and/or restored off site. 

As stated above, the status of SD fairy shrimp has remained unchanged from the time of listing. 
This project will not change that determination. The overall acreage of impacts is small relative to 
the overall habitat available for SD fairy shrimp range-wide and the quality of the pools is poor 
(road ruts along an established dirt road). Loss of the individual fairy shrimp and cyst bank within 
this one road pool is not expected to result in an appreciable reduction in the number, 
reproduction, or distribution of the SD fairy shrimp range-wide. We expect the proposed 
preservation and/or restoration to adequately offset this small impact and to support recovery of 
the SD fairy shrimp. 

Indirect Effects 

The proposed project will introduce additional road infrastructure and landscaping to the project 
site that could cause increased runoff into three avoided road pools with SD fairy shrimp (i.e., 
pools 6,7, and 8). Runoff from the bridge and landscaping could contain contaminants, fertilizer 
and/or sediments potentially harmful to the SD fairy shrimp. The introduction of eroded sediments 
or polluted runoff to occupied pools could alter the specific water chemistry (Gonzalez et al. 1996) 
and temperature (Hathaway and Simovich 1996) required by SD fairy shrimp, thus negatively 
affecting their ability to mature and reproduce (Gonzalez et al. 1996, Holtz 2003). To avoid 
andlor minimize this potential impact, water runoff associated with the new road surfaces and 
landscaping will be directed away from the onsite road pools containing SD fairy shrimp. No 
permanent irrigation or water from irrigation systems associated with the project will be permitted 
to enter the onsite road pools containing SD fairy shrimp. 

The road pools in the action area are currently subject to continual degradation from use of the 
existing roads on which the pools occur. The proposed project will facilitate additional human 
access into the area supporting the three avoided pools occupied by SD fairy shrimp, which may 
lead to impacts to these pools such as trash accumulation, human and pet intrusion, trampling, 
vandalism, and invasion of nonnative species. Caltrans will minimize this potential effect by 
blocking off both ends of the existing dirt road leading to the avoided pools. However, the barriers 
will not be maintained by Caltrans as the property is owned by the City of San Diego and not in a 
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Caltrans right-of-way. Over time, the barriers may be breached, and the benefit of this 
conservation measure may be short lived. 

CUMULATIVE EFFECTS 

Cumulative effects include the effects of future State, Tribal, local or private actions that are 
reasonably certain to occur in the action area considered in this biological opinion. Future Federal 
actions that are unrelated to the proposed action are not considered in this section because they 
require separate consultation pursuant to section 7 of the Act. 

The Service is not aware of any future actions that may result in cumulative effects to the SD fairy 
shrimp in the action area of this project. 

CONCLUSION 

After reviewing the current status of the SD fairy shrimp, the environmental baseline for the action 
area, the direct and indirect effects of the proposed action, and the cumulative effects, it is our 
opinion that the action, as proposed, is not likely to jeopardize the continued existence of the SD 
fairy shrimp. We reached this conclusion by considering the following: 

1. The loss of one degraded road pool and the individual SD fairy shrimp and cyst bank it 
supports is not expected to appreciably reduce the long-term viability of this species. The 
loss of approximately 23 square ft (0.0002 ha) of road pool is not large relative to the 
extent of habitat remaining over the SD fairy shrimp's range. The road pool to be impacted 
is of low long-term conservation value. 

2. Impacts to SD fairy shrimp habitat will be offset through the preservation andor 
restoration of a greater area of habitat at a location that is expected to be of higher long- 
term conservation value. 

3. Implementation of a perpetual maintenance and monitoring plan for the preserved andor 
restored SD fairy shrimp habitat will ensure that quality habitat for the SD fairy shrimp is 
available over the long-term thus supporting recovery of the species. 

INCIDENTAL TAKE STATEMENT 

Section 9 of the Act and Federal regulation pursuant to section 4(d) of the Act prohibit the take of 
endangered and threatened species, respectively, without special exemption. Take is defined as to 
harass,'harm, pursue, hunt, shoot, wound, kill, trap, capture, collect, or to attempt to engage in any 
such conduct. Harm is further defined by the Service to include significant habitat modification or 
degradation that results in death or injury to listed species by significantly impairing essential 
behavior patterns, including breeding, feeding, or sheltering. Harass is defined by the Service as 
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intentional or negligent actions that create the likelihood of injury to listed species to such an 
extent as to significantly disrupt normal behavior patterns which include, but are not limited to, 
breeding, feeding, or sheltering. Incidental take is defined as take that is incidental to, and not the 
purpose of, the carrying out of an otherwise lawful activity. Under the terms of section 7(b)(4) and 
7(0)(2), taking that is incidental to and not intended as part of the agency action is not considered 
to be prohibited taking under the Act provided that such taking is in compliance with the terms and 
conditions of this Incidental Take Statement. 

AMOUNT OR EXTENT OF TAKE 

The reproductive success of SD fairy shrimp is dependent on seasonal fluctuations in their habitat, 
such as presence or absence of water during specific times of the year, duration of inundation, and 
other environmental factors that likely include specific salinity, conductivity, dissolved solids, and 
pH levels. Therefore, the population of SD fairy shrimp within any pool varies dramatically and 
can include both adult shrimp and the cyst bank of the pool. The Service is unable to quantify the 
precise number of SD fairy shrimp and cysts that will be killed by the proposed action because the 
population size within the road rut pool is unknown and difficult to estimate due to the dynamic 
conditions associated with SD fairy shrimp habitat. The level of incidental take of fairy shrimp is 
thus provided in terms of habitat impacts as follows: 

SD fairy shrimp and cysts within road pool a711 1 will be taken in the form of direct 
mortality by grading and filling activities; the take threshold will be exceeded if any areas 
supporting SD fairy shrimp outside the 23-square ft (0.0002-ha) a711 1 pool are impacted. 

EFFECT OF TAKE 

In the accompanying biological opinion, the Service determined that this level of anticipated take 
is not likely to result in jeopardy to SD fairy shrimp. 

REASONABLE AND PRUDENT MEASURES 

We have not identified any additional reasonable and prudent measures beyond the minimization 
measures committed to by Caltrans, and described in the project description of this biological 
opinion, that are necessary or appropriate to further minimize the incidental take of the SD fairy 
shrimp during project implementation. 

TERMS AND CONDITIONS 

To be exempt from the prohibitions of section 9 of the Act, Caltrans must comply with terms and 
conditions which implement the reasonable and prudent measures described above. Since no 
further reasonable and prudent measures are identified, no terms and conditions are necessary. 



Mr. Robert James (FWS-SDG-08B04 18-09F0555) 

CONSERVATION RECOMMENDATIONS 

Section 7(a)(l) of the Act directs Federal agencies to use their authorities to further the purposes of 
the Act by carrying out conservation programs for the benefit of endangered and threatened 
species. Conservation recommendations are discretionary agency activities to minimize or avoid 
adverse effects of a proposed action on listed species or critical habitat, to help implement 
recovery plans, or to develop information. 

Caltrans should work with the City of San Diego to ensure the barriers blocking access to 
the road pools occupied by SD fairy shrimp are perpetually maintained to exclude vehicles 
and other unauthorized access. 

In order for the Service to be kept informed of actions minimizing or avoiding adverse effects or 
benefiting listed species or their habitats, the Service requests notification of the implementation 
of any conservation recommendations. 

REINITIATION NOTICE 

This concludes the amendment to formal consultation on the I-805lCarroll Canyon Road 
Extension Project outlined in materials submitted to us. As provided in 50 CFR 8402.16, 
reinitiation of formal consultation is required where discretionary Federal agency involvement or 
control over the action has been retained (or is authorized by law) and if (1) the amount or extent 
of incidental take is exceeded; (2) new information reveals effects of the agency action that may 
affect listed species or critical habitat in a manner or to an extent not considered in this opinion; 
(3) the agency action is subsequently modified in a manner that causes an effect to the listed 
species or critical habitat not considered in this opinion; or (4) a new species is listed or critical 
habitat designated that may be affected by the action. In instances where the amount or extent of 
incidental take is exceeded, any operations causing such take must cease pending reinitiation. 

With regard to 2 above, many of the pools within the action area are not currently known to 
support SD fairy shrimp, and we have addressed impacts in this biological opinion only to pools 
known to be occupied by SD fairy shrimp as of the 2009 surveys. However, because these 
unoccupied pools and the SD fairy shrimp occupied pools exist within proximity to each other and 
along roads open to public access, over time SD fairy shrimp cysts could be introduced by vehicles 
or wildlife into unoccupied pools. If construction is unexpectedly delayed beyond the anticipated 
201 1 completion date, we recommend you contact us to determine whether it may be appropriate 
to conduct additional fairy shrimp surveys. 
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If you have any questions regarding this document, please contact Kurt Roblek at (760) 43 1-9440, 
extension 308. 

Sincerely, 

J ~m A. Bartel 
Field Supervisor 
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APPENDIX 1. Fairy Shrimp Survey Summary 

FAIRY SHRIMP SURVEYS AT I-805lCARROLL CANYON ROAD EXTENSION 

Pools Sampled 

S = B. sandiegoensis L = B. lindahli 



CALIFORNIA DEPARTMENT OF FISH AND GAME 
South Coast Region 
,4949 Viewridge Avenue 
San Diego, California 921 23 

Notification No. 1600-2009-01 21 -R5 

AGREEMENT REGARDING PROPOSED STREAM OR LAKE ALTERATION 

THIS AGREEMENT, entered into between the State of California, Department of Fish and Game, 
hereinafter called the Department, and the State of California, Department of Transportation (Point of 
Contact: Mr. Arturo Jacobo), District I I ,  4050 Taylor Street, San Diego, CA 921 10, hereinafter called the 
Applicant, is as follows: 

RECITALS 

WHEREAS, pursuant to Section 1602 of California Fish and Game Code, the Applicant, on the 18th day of 
May, 2009, notified the Department that they intend to divert or obstruct the natural flow of, or change the 
bed, channel, or bank of, or use material from the streambed(s) of, the following water(s): Carroll Canyon 
Creek in the City of San Diego, San Diego County, California, (Section 9ITownship 15SlRange 3W, Del Mar 
Quadrangle). 

WHEREAS, the Department (represented by Pam Beare through a site visit on the 29' day of April, 2009) 
has determined that such operations may substantially adversely affect those existing fish and wildlife 
resources within Carroll Canyon Creek within the project limits, specifically identified as follows: 
Amphibians: Pacific tree frog (Pseudacris regilla), California tree frog (Pseudacris cadaverina), Reptiles: 
western fence lizard (Sceloporus occidentalis), common side-blotched lizard (Uta stansburiana), western 
skin k (Eumeces skiltonianus), common king snake (Lampropeltis getula), gophersnake (Pituophis catenifer) , 
western rattlesnake (Crotalus viridis); Birds: white-tailed kite (Elanus leucurus majusculus), Cooper's hawk 
(Accipiter cooperil), red-shouldered hawk (Buteo lineatus elegans), red-tailed hawk (Buteo jamaicensis), 
American kestrel (Falco sparverius), mourning dove (Zenaida macroura), black-chinned hummingbird 
(Archilochus alexandn), Anna's humming bird (Calypte anna), Costa's humming bird (Calypte costae), 
Vaux's swift (Chaetura vauxi vaux~), white-throated swift (Aemnautes saxatalis saxatalis), belted kingfisher 
(Ceryle alcyon), Nuttall's woodpecker (Picoides nuffallir), northern flicker (Colaptes auratus), ash-throated 
flycatcher (Myiarchus cinerascens cinerascens), Pacific slope flycatcher (Empidonax diMciIis), black 
phoebe (Sayornis nigricans), Cassin's kingbird (Tyrannus vociferans), western kingbird (Tyrannus 
verticalis), northern rough-winged swallow (Stelgidopteryx sen-ipennis), cliff swallow (Petrochelidon 
pyrrhonota), bush tit (Psaltriparus minimus), Bewick's wren ( Thryomanes bewickii), house wren 
(Troglodytes aedon), ru by-crowned kinglet (Regulus calendula), Swainson's thrush (Catharus ustulatus) , 
warbling vireo (Vireo gilvus swainsonr), least Bell's vireo (Vireo belli pusillus), Hutton's vireo (Vireo huftoni), 
yellow-rumped warbler (Dendroica coronata), orange-crowned warbler (Vennivora celata), yellow warbler 
(Dendroica petechia), black-throated grey warbler (Dendroica nigrescens), common yellowthroat 
(Geothlypis trichas), black-headed grosbeak (Pheucticus melanocephalus), blue grosbeak (Passerina 
caerulea), spotted towhee (Pipilo maculatus), California towhee (Pipilo crissalis), Brewer's blackbird 
(Euphagus cyanocephalus), hooded oriole (Icterus cucullatus), Bullock's oriole (lcterus bullockiiparvus), 
lesser goldfinch (Carduelis psaltria hesperophilus); Mammals: desert cottontail (Sylvilagus audubonir), 
striped skunk (Mephitis mephitis), coyote (Canis latrans), raccoon (Procyon lotor), mule deer (Odocoileus 
hemionus), and all other aquatic and wildlife resources, including the riparian vegetation, such as coast live 
oak (Quercus agrifolia var. agrifolia), western sycamore (Platanus racemosa), arroyo willow (Salix 
lasiolepis), etc. which provides habitat for those species. 

THEREFORE, the Department hereby proposes measures to protect fish and wildlife resources during the 
Applicant's work. The Applicant hereby agrees to accept the following measures/conditions as part of the 
proposed work. 

If the Applicant's work changes from that stated in the notification specified above, this Agreement is no 
longer valid and a new notification shall be submitted to the Department of Fish and Game. Failure to 
comply with the provisions of this Agreement and with other pertinent code sections, including but not 
limited to Fish and Game Code Sections 5650, 5652, 5901, 5931, 5937, and 5948, may result in 
prosecution. 
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Nothing in this Agreement authorizes the Applicant to trespass on any land or property, nor does it relieve 
the Applicant of responsibility for compliance with applicable federal, state, or local laws or ordinances. A 
consummated Agreement does not constitute Department of Fish and Game endorsement of the proposed 
operation, or assure the Department's concurrence with permits required from other agencies. 

Term and Effective Date 

This Agreement becomes effective the date of Department's signature and terminates December 31, 2012 
for project construction only. This Agreement shall remain in effect for that time necessary to satisfy the 
termslconditions of this Agreement. 

Extensions 

Pursuant to Section 1600 et seq., the Applicant may request one extension of this Agreement; the 
Applicant shall request extension of the Agreement prior to its termination. The one extension may be 
granted for up to five years from the date of termination of the Agreement and is subject to Department 
approval. The extension request and fees shall be submitted to the Department's South Coast Region 
at the above address. If the Applicant fails to request the extension prior to the Agreement's 
termination, then the Applicant shall submit a new notification with fees and required information to the 
Department. Any constructionlimpacts that occur under an expired Agreement are a violation of Fish 
and Game Code 1600 et seq. 

Sus~ension and Revocation 

The Department reserves the right to cancel this Agreement, after giving notice to the Applicant, if the 
Department determines that the Applicant has breached any of the terms or conditions of the 
Agreement. 

The Department reserves the right to suspend or cancel this Agreement for other reasons, including but 
not limited to the following: 

a) The Department determines that the information provided by the Applicant in support of the 
NotificationiAgreement is incomplete or inaccurate; 

b) The Department obtains new information that was not known to it in preparing the terms and 
conditions of the Agreement; 

c) The project or project activities as described in the NotificationlAgreement have changed; 
d) The conditions affecting fish and wildlife resources change or the Department determines that 

project activities will result in a substantial adverse effect on the environment. 

Before any suspension or cancellation of the Agreement, the Department will notify the Applicant in 
writing of the circumstances which the Department believes warrant suspension or cancellation. The 
Applicant will have seven (7) working days from the date of receipt of this notification to respond in 
writing to the circumstances described in the Department's notification. During the seven (7) day 
response period, the Applicant shall immediately cease any project activities which the Department 
specified in its notification. The Applicant shall not continue the specified activities until that time when 
the Department notifies the Applicant in writing that adequate methods and/or measures have been 
identified and agreed upon to mitigate or eliminate the significant adverse effect. 

Amendment 

This Agreement may be amended at any time by mutual agreement of the parties. Any amendments to 
this Agreement shall be made in a separate writing, signed by the parties, and attached to this 
Agreement. Any approved amendments shall become part of this Agreement. 
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The Applicant agrees that it shall be responsible for any violations of this Agreement, whether 
committed by the Applicant or any person acting on behalf of the Applicant, including its agents, officers, 
and employees, representatives, or contractors and subcontractors. This Agreement does not 
constitute the Depaitment's endorsement of the authorized Project Activity. 

It is understood the Department has entered into this Agreement for purposes of establishing protective 
features for fish and wildlife. The decision to proceed with the project is the sole responsibility of the 
Applicant, and is not required by this Agreement. It is further agreed that all liability andlor incurred cost 
related to or arising from the Applicant's project and the implementation of the fish and wildlife protective 
conditions of this Agreement remain the sole responsibility of the Applicant. The Applicant agrees to 
hold harmless the State of California and the Department against any related claim made by any party 
or parties for personal injury or any other damages. 

Enforcement 

The Department reserves the right to enter the project site at any time to ensure compliance with the 
terms/conditions of this Agreement. 

Proiect Location and Description 

The project is located under and adjacent to lnterstate 805 where it crosses Carroll Canyon Creek, in the 
City of San Diego. The Applicant proposes to alter the stream by extending Carroll Canyon Road from 
Scranton Road, under 1-805, to Sorrento Valley Road, and construct a high occupancy vehicle connector 
and direct access ramps from Carroll Canyon Road to 1-805. Although permanent impacts to the creek 
have been reduced by incorporating a retaining wall and bridge structure instead of fill for the Carroll 
Canyon Road extension, both temporary and permanent impacts to riparian woodland adjacent to the creek 
are anticipated. The purpose of the project is to alleviate traffic congestion at peak travel hours. 

CONDITIONS 

The following provisions constitute the limit of activities agreed to and resolved by this Agreement. The 
signing of this Agreement does not imply that the Applicant is precluded from doing other activities at the 
site. However, activities not specifically agreed to and resolved by this Agreement shall be subject to 
separate notification pursuant to Fish and Game Code Sections 1600 et seq. 

General 

1. The agreed work includes activities associated with the Project Location and Description that is 
provided above. Specific work areas and mitigation measures are described onlin the plans and 
documents submitted by the Applicant, including the Natural Environment Study, I-805/Carroll Canyon 
Extension (State of California, Department of Transportation, August 2008), Memorandum: Biology 
Review of Proposed Retaining Wall 445R and Additional lmpact just East of 1-805 (Supplement to 
Natural Environment Study for 1-805/Can-oIl Canyon Road Extension) (Robert A. James, April 28,2009), 
Biological Opinion, lnterstate 805Karroll Canyon Road Extension Project (U .S. Fish and Wildlife 
Service, March 31,2009), I-805/Carroll Canyon Road Extension Project, City and County of San Diego, 
California, Initial Study with Mitigated Negative Declaration/Environmental Assessment with Finding of 
No Significant Impact (State of California Department of Transportation, April 2009), and Floodplain 
Study, Carroll Canyon Road Extension from Scranton Road to Sorrento Valley Road, City of San Diego, 
San Diego County, California (Parsons Brinckerhoff, July 2005); the project shall be implemented as 
proposed unless directed differently by this agreement. 
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2. The Applicant shall provide a copy of this Agreement to all contractors, subcontractors, and project 
supervisors. The Applicant shall ensure that all project personnel abide by all terms and conditions of 
this agreement. Copies of the Agreement shall be readily available at work sites at all times during 
periods of active work and must be presented to any Department personnel, or personnel from another 
agency, upon demand. 

3. The Applicant shall notify the Department, in writing, at least five (5) days prior to initiation of 
construction (project) activities and at least five (5) days prior to completion of construction (project) 
activities. Notification shall be sent to the Department's South Coast Office at the address above, 
ATTN: Streambed Alteration Program - SAA # 1600-2009-01 21 -R5. 

4. The Applicant shall not impact more than 0.18 acre of riparian vegetation, consisting of coast live 
oak, western sycamore and arroyo willow. This impact is currently not well defined and although most is 
anticipated to be temporary, some may be permanent. In addition, the indirect impacts to stream 
habitats from project lighting have not been adequately quantified. 

5. The extent of temporary, permanent and indirect impacts to riparian habitats shall be more 
accurately defined. Temporaw and permanent: Prior to the start of construction, including clearing and 
grubbing, the limits of riparian vegetation adjacent to the project shall be determined and accurately 
mapped. The sycamore trees transplanted as mitigation for a previous project (seismic retrofit of the I- 
805 bridge over Carroll Canyon Creek) shall also be accurately mapped. The mapping shall be 
submitted to the Department for review and approval before construction can begin. Once construction 
is underway and the extent of all impacts (false-work, utility relocation, the retaining wall and bridge, and 
all temporary access, etc.) has been determined, these limits shall be added to the mapping described 
above to determine the area of temporary and permanent impacts. The extent of impact to the previous 
mitigation will also be evaluated and if needed additional mitigation will be determined by the 
Department. Any trees that are trimmed but left in place, shall be monitored for no less that 5 years, 
and any that have been adversely affected shall be compensated at a 10:l ratio in a location acceptable 
to the Department. indirect: Impacts that may result from project lighting shall be determined by 
comparing the level of illumination in the adjacent riparian habitats before and after the project. The 
method for making this evaluation shall be submitted to the Department for review and approval 60 days 
prior to the start of construction. Any increase in illumination shall first be mitigated by reducing the 
impact with currently available technology, even if that technology is not generally used by Caltrans. 
Any areas that are still illuminated in excess of current levels shall be compensated as permanent 
impacts at a ratio determined by the Department. 

Compensatory Mitigation 

6. The Applicant shall compensate for the loss of 0.18 acre of stream habitats, and reduced habitat 
values on additional acreage as follows. Temporary impacts shall be compensated on site as proposed 
by planting 12 sycamores, 47 coast live oaks, and 7 cottonwoods (these numbers are based on the 
preliminary estimate and are subject to change once impacts are finalized). In addition, the Applicant 
has proposed and shall implement a project to remove invasive exotic plant species in riparian areas 
adjacent to the project site as shown on Figure 16 of the Natural Environment Study. Permanent 
impacts, and any loss of habitat value resulting from indirect impacts that cannot be reduced on site, 
shall be compensated with creation andlor restoration of riparian habitat in a location with long-term 
conservation value and acceptable to the Department (a location on Carmel Valley Creek near the 
confluence of McGonigle and Deer Canyons is currently being considered). The acreage needed as 
compensatory mitigation shall be determined by the Department. For all lands provided as 
compensation for permanent or indirect impacts, the Applicant shall ensure conservation in perpetuity 
by providing a legal mechanism that will prevent the mitigation lands from being used for any purpose 
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other than native habitat; this mechanism shall be approved by the Department and shall be finalized 
prior to any transfer of the land. The Applicant shall ensure the target habitat values are maintained in 
perpetuity by developing a Habitat Management Plan (HMP) for all mitigation sites. The HMP(s), which 
shall include an endowment adequate to ensure its implementation, shall be submitted to the 
Department for review and approval within 1 year of initiation of restoration at each site; the endowment 
shall be in place within 90 days of the HMP being finalized, and the HMP shall take effect as soon as 
each site ,has met its restoration success criteria. The Applicant shall be responsible for implementation 
of the HMP in perpetuity. 

7. The Applicant shall submit plans for the restoration of all temporary impacts and the exotics 
removal to the Department for review and approval at least 90 days prior to the scheduled 
commencement of the restoration or removal work. A habitat mitigation and monitoring plan, or plans, 
for all mitigation of permanent and indirect impacts shall be submitted to the Department for review and 
approval within six months of when the impacts have been quantified. The plan@) shall be prepared by 
persons with expertise in southern California ecosystems and native plant revegetation techniques. The 
plan@) shall include, at a minimum: (a) the location of the mitigation site, topography, grading plans if 
applicable, and erosion control measures; (b) the plant species to be used, container sizes, and seeding 
rates; (c) a schematic depicting the restoration and planting plan; (d) planting schedule; (e) a description 
of the irrigation methodology; (f) measures to control exotic vegetation on site; (g) specific success 
criteria; (h) a detailed maintenance and monitoring program; (i) contingency measures should the 
success criteria not be met; (i) identification of the party responsible for meeting the success criteria; 
and (k) the method that will be used to provide for conservation of the mitigation site and its habitats in 
perpetuity. Only locally endemic species shall be used in the planting plan. 

8. All mitigation for temporary impacts shall be installed as soon as construction at that location has 
been completed. All mitigation for permanent impacts shall be installed within one year of the initiation 
of project impacts. Any delay in the installation of mitigation will require an amendment to this 
Agreement, and may result in the application of higher mitigation ratios to offset the additional temporal 
loss of habitat function. 

9. Disturbance or removal of vegetation shall not exceed the limits approved by the Department. The 
Applicant 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 and location of mitigation must be approved 
by the Department. 

10. For each mitigation and restoration site, the Applicant shall submit a report to the Department, 
within 60 days after completion of site preparation and planting, acknowledging the completion of the 
installation phase of the mitigation, and documenting its as-built conditions. The report shall include a 
plan or diagram showing the mitigation area and the final as-built locations of plantings, irrigation, and 
other installations. Photographs from representative vantage points shall also be included to document 
the as-built conditions. 

11. The goal of the restoration shall be creation of self sustaining habitats with species composition 
and plant densities similar to nearby natural habitats. The Applicant shall ensure that those planting 
and maintaining the sites have demonstrated success in native habitat restoration, and an 
understanding of the function of the target vegetation communities. Any irrigation of the 
rnitigationlrestoration areas shall be done in a manner that promotes establishment of the desired 
habitat type, without creating a plant community that will not function well, or persist, once irrigation is 
removed. An annual report documenting the status of the habitat restoration areas shall be submitted to 
the Department by Dec. 1 of each year for 5 years after planting, or until the success criteria have been 
met, whichever is longer. The report shall include, at a minimum, a description of the methods used 
(methods must be appropriate for evaluating the site relative to the success criteria), the number of 
plants replaced by species along with the date of replacement, an evaluation of the revegetation effort, 
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a description of any remedial actions that are needed along with a schedule for accomplishing those 
actions, and photos from designated photo stations. The Applicant is responsible for replacement 
planting, maintenance and monitoring until the success criteria are met; maintenance and monitoring 
shall continue for 5 years after the last replacement planting is done. In addition to meeting the success 
criteria, the mitigation/restoration sites shall not receive any supplemental irrigation for the final two (2) 
consecutive years, there shall be no non-native perennial plants and non-native annuals shall not make 
up more than 5% of the entire cover of the site, no more than 5% of the site shall consist of unplanned 
bare ground, and the site shall be completely free of those species on List A of the California lnvasive 
Plant Council's most recent list of "Exotic Pest Plants of Greatest Ecological Concern in California." If 
any invasive exotic plants are allowed to shed seed within any mitigationlrestoration site, the Applicant 
shall add an additional 5 years of maintenance and monitoring over the entire site. 

12. The work area and/or mitigation site(s) shall be secured from trespass when, as determined by the 
Department, fish or wildlife resources are vulnerable to damage from public access. 

13. If any sensitive species are observed in project or monitoring surveys, the Applicant shall submit a 
California Native Species Field Survey Form and survey map to the Natural Diversity Database (NDDB) 
within ten working days of the sightings. The form and instructions for completing the form are available 
on-line at http://www.dfrr.ca.nov/bioneodata/cnddb/. The form and survey map shall be sent to the 
Department of Fish and Game, California Natural Diversity Database, 1807 13'~ street, Suite 202, 
Sacramento, CA 95814, with copies sent to the Department's South Coast Office at the address above, 
ATTN: Streambed Alteration Program - SAA # I  600-2009-0043-R5. 

14. Maintenance and monitoring of all mitigation sites shall continue until the Applicant has requested 
and received written concurrence from the Department that the success criteria have been met. 

Resource Protection 

15. The Applicant shall have a qualified biologist onsite as needed to ensure that no impacts occur to 
the adjacent habitats and species. 

16. All stream and riparian habitats outside of the project footprint shall be designated as an 
Environmentally Sensitive Area (ESA) and depicted as such on project plans. Prior to any vegetation 
clearing, grading or construction activities within the project limits or mitigation areas, the Applicant shall 
install temporary construction fencing to identify the agreed limits of disturbance and prevent damage to 
adjacent habitat. The biological monitor shall be onsite during installation of the temporary construction 
fencing. Except for the biological monitor and for exotics removal work, no personnel, vehicles, 
equipment or any project related activities or disturbance shall be allowed within the ESA at any time. 
All temporary fences, barriers, and/or flagging shall be completely removed from the project site and 
properly disposed of upon completion of project activities. 

17. The Applicant shall not remove vegetation within or adjacent to the stream or riparian habitats from 
February 15 to September 15 to avoid impacts to nesting birds. However, the Applicant may remove 
vegetation during this time if a qualified biologist conducts a survey for nesting birds within one week 
prior to vegetation removal, both within the area of vegetation clearing and in adjacent habitats that may 
be impacted by this activity. If an active nest is found, the nest and an appropriate buffer shall be 
designated as an ESA, and no work shall occur within this area until the young have fledged and will no 
longer be impacted by the project. The buffer area shall be determined in consultation with the 
Department. 

18. Any pile driving associated with the project shall only be conducted between September 16 and 
February 14 to reduce noise affects to nesting birds in the vicinity. 
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19. Except for pile driving, once construction at a specific location has started, and it continues without 
interruption, work may occur from February 15 to September 15, if a qualified biologist has evaluated all 
stream and riparian habitats adjacent to the project and determined that no nesting sensitive bird 
species will be impacted. If nesting birds will likely be impacted, work shall cease in the area until the 
young have fledged and will no longer be impacted by the project, or appropriate measures are taken to 
avoid such impacts. For the purpose of this condition, sensitive bird species include those listed 
pursuant to the Endangered Species Act, the California Endangered Species Act, and California 
Department of Fish and Game Fully Protected Species and Species of Special Concern. 

20. The Applicant shall ensure that wildlife cannot become trapped in construction areas. Ail debris 
piles shall be removed before they become inhabited. Steep-walled trenches shall not be left open 
when not being worked on and shall be checked for trapped wildlife before work resumes. The 
Applicant shall take appropriate measures to prevent wildlife from inhabiting stockpiled materials, such 
as pipe, and these shall be checked before being moved. The biological monitor shall be called to 
remove any wildlife that cannot escape on its own. 

21. During any nighttime construction adjacent to stream and riparian habitats, all project lighting shall 
be directed away from sensitive habitats, at the work area only, and be the minimum needed to ensure 
safety. During the nesting season, light glare shields shall also be used to reduce the extent of 
illumination into adjoining stream and riparian habitat areas. 

22. Any materials used for erosion control measures during or after construction, within or adjacent to 
the stream or riparian habitats, shall consist only of materials that are free from toxic chemicals, are 
biodegradable, and cannot ensnare fish or wildlife. 

23. All project and project related activities shall be conducted in a manner that will not adversely affect 
water quality within any stream, or stream or riparian habitats outside of the project footprint. 

24. The Department recommends the use of native plants to the greatest extent feasible in the 
landscape areas adjacent andlor near the mitigationlopen space and wetlandlriparian areas. The 
Applicant shall not plant, seed or otherwise introduce invasive exotic plant species to the landscaped 
areas adjacent andlor near the mitigationlopen space and wetlandlriparian areas. Exotic plant species 
not to be used include those species listed on the California lnvasive Plant Council's lnvasive Plant 
Inventory, available through their web site at htt~://www.cal-i~c.or~li~linventon//index.h~. This list 
includes such species as: pepper trees, pampas grass, fountain grass, ice plant, myoporum, tree of 
heaven, black locust, capeweed, periwinkle, sweet alyssum, English ivy, French broom, Scotch broom, 
and Spanish broom. 

Equipment and Access 

25. Access to the work site shall be via existing roads and access ramps. 

26. Staging and storage areas for equipment and materials shall be located within the project footprint and 
as far as possible from stream and riparian habitats. 

27. No equipment maintenance shall occur within or near any stream channel or riparian areas, or where 
petroleum products or other pollutants could enter these areas under any flow. 

28. Vehicles and equipment shall not be driven, operated or parked in water covered portions of a stream 
or lake, or where wetland vegetation, riparian vegetation, or aquatic organisms may be destroyed. 

29. Any vehicles or equipment driven, operated or parked within the project footprint adjacent to the 
stream or riparianlwetland habitats, shall be checked and maintained daily to prevent leaks of materials 
that if introduced to water could be harmful to aquatic life. 
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Pollution, Sedimentation, and Litter 

30. Water containing mud, silt or other materials or pollutants from the project or project related 
activities shall not be allowed to enter a lake, stream, or riparianlwetland habitats, be placed in locations 
where they may be washed into a lake, stream, or riparianlwetland habitats, or be placed in locations 
that may be subjected to high storm flows. 

31. Siltylturbid water shall not be discharged into the stream. Erosionlsilt control measures shall be 
utilized throughout all phases of operation where silt laden water from exposed slopes or disturbed 
areas could enter waters of the state. Any silt settling basins shall be located away from the stream to 
prevent discolored, silt-bearing water from reaching the stream during any flow level. Erosion control 
measures shall be monitored during and after each storm event. Modification, repairs, and 
improvement to erosion control measures shall be made as needed to maintain function. Upon 
Department determination that turbiditylsiltation levels resulting from project related activities constitute 
a threat to aquatic life, activities associated with the turbiditylsiltation shall be halted until effective 
Department-approved control devices are installed. 

32. Spoil sites shall not be located within a streamllake, where spoil may be washed back into a 
streamllake, or where it will cover aquatic or riparian vegetation. 

33. Nci debris, soil, silt, sand, bark, slash, sawdust, rubbish, construction waste, cement or concrete or 
washings thereof, asphalt, paint, oil or petroleum products or other materials from any construction, or 
project related activity of any nature, shall be allowed to contaminate the soil or enter into or be placed 
where it may be washed by rainfall or runoff into a stream, lake or riparian habitat. When operations are 
completed, any excess materials or debris shall be removed. 

34. Upon Department determination that turbidity/siltation/pollution levels resulting from any project- 
related activities constitute a threat to aquatic life, those activities shall be halted until effective 
Department-approved control measures are installed, and any necessary abatement procedures are 
initiated. 

35. The Applicant shall keep the project site free of litter and waste that could attract predators, and 
shall comply with all litter and pollution laws. All contractors, subcontractors, and employees shall also 
obey these laws and it shall be the responsibility of the Applicant to ensure compliance. 

CONCURRENCE 

CALIFORNIA DEPARTMENT OF TRANSPORTATION 

Date: 6/@/09 

~ A C ~ B Q  
Name (printed) 

Quo A m 3  flkv'Aai5+ 
Title 
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CALIFORNIA DEPARTMENT OF FISH AND GAME 

Date: 

Prepared by Pam Beare, Staff Environmental Scientist 
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COASTAL DEVELOPMENT PERMIT NO. 63 1853 
CWRROLk CANYON ROPnFB EXTENSION PROJECT NO. 175786 

DEVELOPMENT SERVICES DEPARTMENT 

This Coastal Development Permil No. 63 1853 is granted by the Development Services 
Department of the City of San Diego to California Department of Transportation, Permittee, 
pursuant to S ~ I I  Diego Municipal Code [SDMC] section 126.0501. The site is located within the 
public right-oC-way of Carroll Canyon Road, Mira Mesa Boulevard and Interstate 805 from just 
east of Scranton Road west to Sorrento Valley Road of the Mira Mesa and Torrey Pines 
Community Plan areas. The project site is legally described as public right-of-way. 

Subject to the terms and conditions set  forth^ in this Permit, pem~ission is granted to Pem~ittee to 
extend Carroll Canyon Road from just east of Scranton Road west to Sorrento Valley Road, 
inlprove Mira Mesa Boulevard and the on and off-ramps from Interstate 805 to Mira Mesa 
Boulevard and work within the Interstate 805 right-of-way to construct north and soutl~bou~~d 
high-occupancy vehicle lanes on Interstate 805 from Interstate 5 to Carroll Canyon Road, 
including construction of north-facing direct access ramps in the City of San Diego, Sail Diego 
County, described and identified by size, dimension, quantity, type, and location on the approved 
exhibits [Exhibit "A"] dated April 3,2009, on file in the Development Services Department. 

The project shall include: 

a. The extension of Carroll Canyon Road from just east of Scranto~~ Road west to Sorrento 
Valley Road, improve Mira Mesa Boulevard and the on and off-ramps from Interstate 
805 to Mira  mesa Boulevard and worlc within the Interstate 805 right-of-way to 
construct north and southbound high-occupancy vehicle lanes on Interstate 805 from 
Interstate 5 to Carroll Canyon Road, including construction of north-facing direct 
access ramps in the City of San Diego, San Diego County; 

b. 1,andscaping (planting, irrigation and landscape related ilnprovcments): and 
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c. Accessory improvements determined by the Development Services Department to he 
consistent with the land use and development standards in effect for this site per the 
adopted coinnlunity plan, Califonlia Environmental Quality Act Guidelines, public and 
private improvement requirements of the City Engineer, the underlying zone(s): 
conditions of this Permit, and any other applicable regulations of the SDMC in effect 
for this site. 

1. This permit must he utilized withill thirty-six (36) months after the date on which all rights 
of appeal have expired. Failure to utilize and maintain utilization ofthis permit as described in 
the SDMC will automatically void the pem~it unless an Extension of Time has been granted. 
Any such Extension of Time must meet all SDMC requirements and applicable guidelines in 
affect at the time the extension is considered by the appropriate decision maker. 

2. No permit for the const~xction or operation of any facility or improvement descrihed herein 
shall be granted, nor shall any activity authorized by this Permit be conducted on the premises 
until: 

a. The Permittee signs and returns the Permit to the Development Services Departinent. 

3. Prior to the initiation of construction authorized by this Permit, an enhancement fee shall be 
deposited with the Development Services Department for the Los Pefiasquitos Watershed 
Restoration and Enhancement Program. The enhancement fee shall be computed on the basis of 
site grading at a rate of $0.005 per square foot for all areas graded, with an additional rate of 
$0.03 per square foot for all iinpervious surfaces created by the development. The enhancement 
fee shall he computed by the Permittee and verified by the Development Services Department. 

4. Unless this Permit has been revoked by the City of §an D ~ g o  the property included by 
reference within this Permit shall be used only for the purposes and under the terms and 
conditions set forth in this Permit unless otherwise authorized by the Developnlent Services 
Department. 

5 .  This Permit is a covenant running with the subject right-of-way and shall be binding upon 
tile Permittee and any successor or successors, and the interests of any successor shall be subject 
to each and every condition set out in this Permit and all referenced documents. 

6. The continued use of this Permit shall be subject to the regulations of this and any other 
applicable govenxnental agency. 

7. Issuance of this Permit by the City of San Diego does not authorize the Permittee for this 
permit to violate any Federal, State or City laws, ordinances, regulations or policies including, 
but not limited to, the Endangered Species Act of 1973 [ESA] and any anlendnients thereto (16 
U.S.C. 5 1531 et seq.). 
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8. The Permittee shall secure all necessaly building peimits. The Permittee is informed that to 
secure these permits, substantial modifications to the improvements to comply with applicable 
building, fire, mechanical and plumbing codes and State law requiring access ibr disabled people 
may be required. 

9. Constmctioi~ plans shall be in substautial conformity to Exhibit 'I." No changes, 
lnodifications or alteratioils shall he made unless appropriate applicationjs) or amendment(s) to 
this Permit have been granted. 

10. All of the conditiolls contained in this Permit have been coilsidered and have been 
determined to be necessary in order to make the findings required for this Permit. It is the intent 
of the City that the holder of this Pennit be required to comply with each and every condition in 
order to be afforded the special rights which the holder of the Pen12it is entitled as a result of 
obtaining this Permit. 

in the event that any condition ofthis Permit, on a legal challenge by the Fernlittee of this 
Permit, is found or held by a court of competent jurisdiction to be invalid, unenforceable, or 
unreasonable, this Permit shall be void. Howex~er, in such an event, the Permittee shall have the 
right, by paying applicable processing fees, to bring a request for a new permit without the 
"invalid" conditions(s) back to the discretionary body which approved the Pennit for a 
determination by that body as to whether all of the findings necessary for the issuance of the 
proposed pemlit can still be made in the abse~lce of the "invalid" condition(s). Such hearing 
shall be a hearing de novo and the discretionary body shall have the absolute right to approve, 
disapprove, or modify the proposed permit and the condition(s) contained therein. 

11. The Permittee shall defend, indemnify, and hold harmless the City, its agents, officers, and 
employees from any and all claims, actions, proceedings, damages, judgments, or costs, 
including attorney's fees, against the City or its agents, officers, or employees, relating to the 
issuance of this permit including, but not limited to, any action to attack, set aside, void, 
challenge, or annul this development approval and any environmental document or decision. The 
City will promptly notify applicant of any claim, action, or proceeding and, if the City should fail 
to cooperate fully in the dcfense, the Permittee shall not thereafter be responsible to defend, 
inden~nify, and hold hannless the City or its agents, officers, and employees. The City may elect 
to coilduct its own defense, participate in its own defense, or obtain independent legal counsel in 
defense of any claim related to this indemnification. In the event of such election, Permittee shall 
pay all of the costs related thereto, including without limitation reasonable attomey's fees and 
costs. In the event of a disagreement between the City and Permittee regarding litigation issues, 
the City shall have the authority to control the litigation and male litigation related decisions, 
including, but not limited to, settlement or other disposition ofthe matter. However, the 
Pennittee shall not be required to pay or perform any settleme~~t uullless such settlement is 
approved by Permittee. 

12. This Permit may be developed in phases. 

INFOPWBATIBN ONLY: 
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o Any party on whom fees, dedications, reservations, or other exactiolis have beell imposed 
as conditions of approval of this develop~nent permit, may protest the inlpositioll within 
ninety days of the approval of this development permit by filing a written protest with the 
City Clerk pursuant to Caiifolnia Government Code 566020. 

* Th~s  development may be subject to Impact fees at the time of coiistmctlon pennlt lssuance 

APPROVED by the Deveioprnent Services Department of the City of San Diego on 
April 3, 2009. 
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Permit TypelPTS Approval No.: CDP No. 631853 
Date of Approval: April 3, 2009 

AUTHENTICATED BY THE DEVELOPMENT SERVICES DEPARTMENT 
C I T Y  OF SAN D I E G O  A;' 

I' ' f .:Y ,.,--.-;*= ~ -. , ,P"- 
- . / ----.-*,- 

--,-, r i  J d,.. 
,f , ,.. r ~ 

Devel~pment Project Manager 

NOTE: Notary acknowledgment 
must be attached per Civil Code 
section 1189 et seq. 

The undersigned Permittee, by execution hereof, agrees to each and every condition of this 
Permit and promises to perfonn each and every obligation of Pennittee hereunder. 

California Department of Transportation 
Permittee 

Project Manager 
California Departmei~t of Transportation 

NOTE: Notary acknowledgments 
must be attached per Civil Code 
section 11 89 et seq. 

Page 5 o f 5  



San Diego . . .  ...... G 0 . , . .  

May On . 

..... 

w?~o prt>vt+d m me mi 2138 1);1xis ~?hab;6taciory wider!ce I; 
br! Mie wlsusi@,i wtioscl nijfriq&) ~!!m si?Sscri:%d rc; tkc 
~dmhin rrmHiurnen? anl:' acknorp~ledged f(j me thaI 
@si-i&*sey mecuted the sane in @ieriitina a&.or!zed 
cai;ii,dDjw), and That &+ @he!ii~sr scgnaturturei*;~ on $he 
instrumeni the permnp:. or the entip+ up5?1 hha1.i of 
whi::ii the personpsi a n e 3  wecuind the ;nslit?menl. 

I certity under PENALTY OF PERJURY un*,! true laws 
ai LXrs Smte of Caliturliia that tile lelregr?m;j pa!agia.pc is 
LruE-. and cofr&cd 

WETNESS mv tram! sr?a otficia! see:. 
/ I  '% 4&b!4ire (l j$; t f ; /  u,\t;cp.) 

I$%<* hiixw, sax, An*.. 
Sagnaiure -i d-& 2::: k 

S~~!,Z"J<* 74 *t!+,tP) *,.z:r< 

TJPTfnAld I 



CALIFORNIA ALL-PURPQSE ACKNOWLEDGMENT 
<.<.~c-<<.c~:<:.:k<<.!,.',>.<.:<,-.>:<. ... :~'Y:*,:+..<'.,::..C.'..>.<-~: :: ,.., :*:cz.::AL<~'c&Y .. ?X.>~'.! ..'. !,..??.< : :.:4.:.?.~.<.'.;x,7>.<:.<'2 ...................... ' 

State of Caiifornia 

county of dP@ Die40 z- 

who proved to me on the basis of satisfactory evidence to 
be the person4ej-whose name& i s l ~ s u b s c r i b e d  to the 
within instrument and acknowledged to me that 
heisheithey executed the same in hislherltheir authorized 
capacityCces), and that by his signature&on the 
instrument the person(s), or the entity upon behalf of 
which the person(s) acted, executed the instrument. 

i certify under PENALTY OF PERJURY under the laws 
of the State of California that the foregoing paragraph is 
true and correct. 

WITNESS my hand and official seai. 

Signature 
Place Notary Seal Above 

Though the information below is not required by law, If may prove valuable lo persons relying on the documenl 
and could prevent fraudulent remova! and reattachment of this form ro anofhef document. 

Description of Anached Document 

Title or Type of Document: da. E;gess3 
Document Date: Number of Pages: 5 
Signer(s) Other Than Named Above: - 

Capacily(ies) Claimed by Signer(s) 

ktb-if 0 6. Samba Signer's Name:-- Signer's Name: 
i; individuai 3 Individual 
O Corporate Officer - Title(s): 3 Corporate Officer -Title@): . -. 
-~ 

_, Partner - LT1 Limited 3 General 3 Partner - L Limited C. General 
CI Attorney in Fact fl Attorney in Fact 
El Trustee 

Signer Is Representing: 

oidsr:CailToilFree 1-800-876-6827 



DEVELOPMT SERVICES RESOLUTION NO. CM-6041 
COASTAL DEVELOPMENT PERMIT NO. 63 1853 

C m O L L  CANYON ROAD EXTENSION PROJECT NO. 175786 

WHEREAS, California. Department of Tratlsporlation, OwnerIPe~~~~ittee, filed an application with the 
City of Sail Diego for a permit to extend Carroll Canyon Road from just east of Scranton Road west to 
Sorrento Valley Road, improve Mira Mesa Bouievard and the on and off-ranps froin Interstate 805 to 
Mira Mesa Boulevard and work within the Interstate 805 right-of-way to construct north and southbound 
high-occupancy vehicle lanes on Interstate 805 froin Interstate 5 to Carroll Canyoi; Road, including 
construction of north-facing direct access ramps in tile City of San Diego, Sa11 Diego County (as 
described in and by reference to the approved Exhibits ''A" and corresponding conditions of approval for 
the associated Permit No. 631853), on portioils of a public right-of-way; 

WHEREAS, the project site is located within the public right-of-way of Carroll Canyon Road, Mira Mesa 
Boulevard and Interstate 805 fiom just east of Scranton Road west to Sorrento Vaiiey Road of the Mira 
Mesa and Torrey Pines Comrnullity Plan areas; 

WHEREAS, the project site is legally described as public right-of-way; 

WHEREAS, on April 3,2009, ille Developme~~t Services Department of the City of San Diego 
considered Coastal Development Permit No. 631853 pursuant lo the Land Deveiopmei~t Code of the City 
of San Diego; 

BE 1T RESOLVED by the Development Services Department of the City of San Diego as follows: 

That the Development Services Deparinlent adopts the following written Findings, dated April 3,2009 

Coastal Development Permit - Section 126.9798 

1. The proposed coastal development will not encroach upon any existing 
physical access way that is legally used by the public or any proposed pubfie accessway 
identified in a Locai Coastal Program land use plan; and the proposed coastal development 
will enhance and protect public views to and along the ocean and other scenic coastal areas 
as specified in the Local Coastal Program land use plan. The improvement of public right-of- 
way will not encroach upon existing physical access ways legally used by the public or any 
proposed access ways identified in a Local Coastal Program land use piail due to the nature of the 
project the public access in and through the project area, which is public right-of-way, will 
improve public access not encroach upon it. The improvement of public right-of-way will have 
no effect upon public views to and along the ocean and other scenic coastal areas which are 
specified in the Local Coastal Program land use plan. 

2. Tbe proposed coastal development will not adversely affect environmentally 



sensitive lands. The improvement of public right-of-way authorized by the Coastal Development 
Permit contailis no environmentally sensitive lands. As such the coastal development will not 
adversely affect environmentally sensitive lands. 

3. The proposed coastal development is in conformi@ with the certified Local 
Coastal Program Band lase plan and complies with all regulations of  the certified 
l~kemenkat ion  Program. The inlprovement of public riglit-of-way authorized by the Coastal 
Development Pennit conforms to the Mira Mesa and Torrey Pines Community Plan Land Use 
Maps which identify the p ~ ~ b l i c  right-of-ways as circulatiori elenlent roadways. The improvement 
of public right-of-way authorized by the Coastal Development Pemit will comply with ail 
regulations of the certified Implementation Program. 

4. For every Coastal Development Permit issued for any coastal development 
between the nearest public road and the sea or the shoreline of  any body of  water located 
within the Coastal Overlay Zone the coastal development is in conformity with the public 
access and public recreation policies o f  Chapter 3 o f  the California Coastal Act. The 
improvement of public right-of-way authorized by the Coastal Development Permit is not 
between the nearest public road and the sea or tile shoreline of any body of water located within 
the Coastal Overlay Zone. Further, improvement of public right-of-way authorized by the Coasta! 
Development Permit will conform to the public access and public recreation policies of Chapter 3 
of the Califonlia Coastal Act as the project approved by tile Coastal Development Permit is the 
improvement of existing public right-of-way. 

BE IT FURTHER RESOLVED that, based on tlie findings hereinbefore adopted by the Development 
Services Department, Coastal Development Permit No. 631853 is herehy GRANTED by the 
Development Services Department to the referenced OwnerIPermittee, in the form, exhibits, terms and 
conditions as set forth in Permit No. 63 1853, a copy of wliicli is attached hereto and made a part hereof. 

Development Project Manager 
Development Services 

Adopted on: April 3,2009 

Job Order No. 523920 

cc: Legislative Recorder, Development Services Department 



Business, Trnnsportatlon and Houaln~ Agency 

To: 

State of ~n l l fo rn ia  

M e m o r a n d u m  

MS. CHUNG-YUAN WEN 
Structure Design 
Office of Bridge Design-South 2 
Bridge Design Branch 2 1 
Diamond Bar, CA 

Fltx yorrr power! 
Be energy eflcien:? 

Date: April 13, 2009 

File: 1 1-2T0401 
Carroll Canyon Rd. Br 
Br. #57C-0786 

From: DEPARTMENT OF TRANSPORTATION 
DIVISION OF ENGINEERING SERVICES 
Geotechnical Services 
Office of Geotechnicai Design - South 2 MS #5 
Design Branch B 

Subject: Foundation Report 

This report presents the foundation recommendations for the proposed Carroll Canyon Road 
Bridge (Br. #57C-0786), as well as the Abutment 1 retaining wall and the Abutment 15 
wingwall footing. The Ofice of Geotechnical Design-South 2, Design Branch B completed a 
foundation investigation pursuant to the December 8, 2008 decision by Structures Design, 
Office of Bridge Design-South 2, that Caltrans Office of Geotechnical Design wiII take over the 
foundation design for this structure. This decision was made afler it was determined that the 
consultant subsurface investigation borings were not drilled deep enough to adequately 
determine specified piIe tip elevations, as well as other related issues. This Foundation Report 
supercedes all other foundation racommmdations for this structure provided by Caltrans or any 
consultant. The Carroll Canyon Road Bridge (Br. #57C-0786) is being designcd by the 
consultant TY Lin, I t ' l .  which has provided the Office of Geotechnical Design, South-2 the 
design information used in this report to provide foundation recornmendatjons. 

The following foundation recommendations are based on subsurface information gathered 
during a recent foundation investigation (JanuarylFebruary 2008) performed by Caltrans. Wit11 
regards to the current foundation recommendations, all elevations referenced within this report 
and shown on the recent Log of Test Boring (LOTB) sheets are based on the 1929 NGVD 
datum, unless otherwise noted. 

Project Description 

The proposed bridge site is located in the northern part of the city of San Diego, where 
Tnterstate 805 (1-805) and an off-ramp pass over Carroll Canyon Creek and a railroad. The 
existing northbound and southbound freeway bridges are designated as Soledad Canyon BOH 
(Br. #57-0787 LIR) and the northbound off-ramp bridge to Mira Mesa Blvd., located just to t l ~ e  
east of the 1-805 bridges, is designated as Soledad Canyon Off-Ramp OH (57-0787s). 

The proposed Carroll Canyon Road Bridge is to connect Sorrento Valley Road, on the west side 
of 1-805, with Mira Mesa Blvd, on the east side of 1-805, passing beneath the existing 1-805 left 
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and right bridges, as well as the Soledad Canyon Off-Ramp OH bridge. Additionally, the 
proposed Carroll Canyon Direct Access Ramp (DAR) is to intersect with the Carroll Canyon 
Road bridge near its mid-point. The Carroll Canyon Road Bridge (Br. #57C-0786) is to be a 
cast-in-place, prestressed, concrete box-girder structure with seat abutments and two-column 
bents. Additionally, a retaining wall is to be constructed on the left side of Abutment I ,  and a 
wingwaIl support footing is to be located adjacent to Abutment 15, 

Geology 

The foundation investigation performed in JanuaryiFebruary 2009 consisted of 12 mud rotary 
borings. Of the borings, four were driIIed with a Christensen C S 1000 drill rig, four were drilled 
with a Central Mine Equipment (CME) 75 drill rig, two were drilled with an Acker MP5 drill 
rig, and two were drilled with a Mobile B-47 drill rig. 

The proposed bridge site is located in an area of ancient sedimentary marine terraces cut by 
creeks, which generally flow east to west. Alluvial material is generally found in the creek 
bottoms, with sedimentary formational material exposed on the canyon sides, above the creek 
bed. As-built plans from 1970 reveal that the original topography at the bridge site sloped fkorn 
south to north, with the creek flowing approximately beneath where Abutments 7 of the Soledad 
Canyon BOH left and right bridges now exist. During bridge construction, approximately 33.5 
m (1 10 ft) of fill material was placed where Abutment 7 now exists, and the stream was re- 
routed to the south, so that it passes between what is now Bents 4 and 5 .  

The 2009 foundation investigation at the bridge site genmalIy revealed alluvial material 
overlying sedimentary formational material. The proposed Abutment 1 and Bent 2 are located 
where the.sedimentary formational material is exposed at the ground surface. Bents 3 through 
14 and Abutment 15 are located where alluvium overlies the sedimentary formational material. 
The alluvial material varies in thickness across the bridge site, ranging from about 3.4 m (1 1 ft) 
thick in boring R-09-005, at the Bent 4 location, to about 14 m (46 ft) thick in Boring R-09-010, 
near the Bent 6 location. Generally, the alluvial material consists of loose to very dense, fine to 
coarse, poorly graded to well graded interbedded layers of silts and sand, with some fine to 
coarse gravels and cobbles, as well as minor clay layers. 

Underlying the alluvium is sedimentary formational material which generally consists of 
interbedded sandstone, siltstone, and conglomerate layers. The sandstone and siltstone range 
from decomposed to slightly weathered, very soft to very hard, and intensely to slightly 
fractured. Generally, the sandstone and siltstone layers overlie the conglomerate which consists 
of very hard, subrounded to subangular igneous clasts within a decomposed to slightly 
weathered, very soft to very hard, weakly to strongly cemented sand and silt matrix. 

For specific' details regarding alluvium thickness and descriptions, as well as sedimentary 
formation descriptions, refer to the LOTB sheets for the proposed new bridge. As-built LOTB 
sheets for the existing Soledad Canyon BOH and SoIedad Canyon Offramp BOH Bridges are 
available from Engineering Services Structure Maintenance and at the Transportation 
Laboratory. 
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Ground Water 

During the 2009 subsurface investigation, it was noticed that when the borings penetrated into 
the conglomerate layer underlying the siltstonelsandstone layers, artesian conditions were 
encountered. Therefore, it appears that the overlying siltstonelsandstone layers are acting as 
confining layers for the artesian ground water. Ground water was measured in three borings: R- 
09-003, R-09-007, and R-09-009. In boring R-09-003, located near Bent 14 left column, 
artesian conditions were recorded, with the static ground water level measured 0.5 rn ( I  .6 f€) 
above the ground surface at elevation 32.3 m (elev. 106.0 ft) on January 28, 2009. In boring R- 
09-007, located near Bent 10 column location, artesian conditions were recorded, with the static 
ground water level measured 0.34 m (1.1 fi) abpve the ground surface at elevation 31.7 m (elev. 
104.0 f€) an February 4, 2009. In boring R-09-009, located at Abutment 15 location, ground 
water was measured at elevation 31.1 m (elw. 102.0 ft) on February 4, 2009. In borings R-09- 
002, near Bent 3 location, and boring R-09-005, near Bent 4 location, artesian conditions were 
noticed, but the static ground water level was not measured at these boring locations. 
Additionally, in boring R-09-005 a sulfur odor was detected in the artesian water coming out of 
the boring. All other borings were immediately backfilled after completion of drilling 
operations, and no attempt was made to measure ground water in those borings, although 
artesian conditions were noticed. 

Measured ground water elevations are also shown on the LOTB sheets. Ground water levels 
indicated in this report and shown on the LOTB sheets reflect the measured ground water level 
in the borehole on the specified date. Ground water surface elevations are subject to seasonal 
fluctuations and will be encountered at higher or lower elevations depending on seasonal 
conditions and water levels in the creek, a s  well as the artesian pressure the ground water is 
under, at time of construction: 

Scour Potential 

The subsurface investigation, performed in 2009, generally revealed potentially scourable 
alluvial material overlying the sedimentary formational material beneath most of the proposed 
bridge site. At the proposed Abutment 1 and Bent 2 locations the sedimentary formational 
material is exposed at the ground surface. As well, the proposed Abutment 1 and Bent 2 
locations are far above the creek channel, therefore scour would not appear to be a problem at 
those locations. 

At, Bents 3 through 14 and Abutment I5 locations, potentially scourable alluvial material 
overlies the sedimentary formational material. The approximate depths of potentially scourable 
alluvial material in borings located nearest the proposed support locations are presented in 
Table 1, below. 
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The Final Hydraulic Report, dated January 29, 2009, provided by the Office of Design and 
Technical Services, Structure Hydraulics, states that the estimated stage for a 100-year flood is 
elevation 29.9 m (98 R). The current stream channel flows between Bents 4 and 5 of the 
Soledad Canyon BOH bridges, whereas the proposed Carroll Canyon Road Bridge is located 
between Bents 5 and 6 of the Soledad Canyon B0H bridges. The hydraulic report states, "Since 
our project is located between Bents 5 and 6, no contraction, abutment, or local scour is 
anticipated. For the area along Sorrento Creek adjacent to the proposed project it i s  anticipated 
that there will be no contraction, abutment, or local scour because the projecl is located outside 
of the anticipated flow. ...". For more detailed scour and hydraulics information, please refer to 
the Final Hydraulic Report indicated above. 

Corrosion 

Corrosion test results for soil samples collected from borings R-09-003, R-09-006, R-09-011, 
are shown below in Table 2. All of the soil samples tested are considered non-corrosive by 
current Caltrans standards. 

Location I pH I Mininium Resistiviry Sutratc Contcnt ChIoridc Content (ppm) 
(Ohm-Cm) ( P P ~ )  

Boring R-09403 
Elcv. 3 1.85 - 25.75 rn 
(Elev. 104.5 - 84.5 R) 

Boring R-09-006 
Elev. 3 1.75 - 23.55 m 

1 (Elev. 1 13.1 -. 88.1 fi) - I 
Nole: Caltrans currently defines a corrosive cnvironmcllt as an urea where thc soil has either o chloride concentration of 500 pprn or grcntcr, a 
sulrate concentraliun of 2OOO ppm or greater, ot has a pH of 5 . 5  or less. With the exception of  MSE wal)s. soil and waler arc not tested for 
chlorides and sulfates i f  the minimum resistivity i s  greater than 1,000 ohmcm. 

(Elev. 104.2 - 77.3 ft) 
Boring R-09-0 1 1 

Elev. 34.20 - 26.86 m 

6.8 

6.8 

7.2 

905 

475 

630 

23 1 

3 69 

225 

135 

375 
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Fault and Seismic Data 

The structure site is potentially subject to strong ground motions from nearby earthquake 
sources during the design life of the new structure. The site is located about 5.5 km (3.4 mi.) 
northeast of the Newport-Inglewood-Rose CanyoniE Fault (NTE, Mw=7.0, stri ke-slip). Based 
on the 1996 Caltrans California Seismic Hazard Map, the bridge is within peak horizontal 
bedrock acceleration (PBA) zone of 0.5g. The Office of Geotechnical Design, South 2, will 
provide Seismic Design Recommendations in a separate memorandum, which will be 
forwarded to your office when completed. 

Liquefaction Potential 

Liquefaction potential of the alluvial soils will be addressed in the Seismic Design 
Recommendations, which will be forwarded to your office when completed. 

Foundation Recommendations 

The following recommendations are for the proposed Carroll Canyon Road Bridge (Br. #57C- 
0786), the Abutment 1 left side retaining waIl and the Abutment 15 wingwall footing, as shown 
on the General Plan dated December 19,2008. At Abutment 1 support location, the Abutment 1 
retaining waH, and the Abutment 15 wingwall footing, spread footings are recommended for 
support. At Bents 2 through 14 and Abutment IS support locations Cast-In-Drilled-Hole 
(CIDH) piles are recommended for support, Permanent steel casings are also recommended at 
Bents 4 through 14 locations. 

Abutment I and Abwtment 15 Wingwall footing Locations 

At Abutment 1 support location and the Abutment 1 5 wingwall location, spread footings are 
recommended for support. The Abutment I footing is proposed to be located on both the 
sedimentary formational material on the left side of the footing, and on engineered fill material 
on the right side of the footing. The Abutment 1 5 wingwall footing is proposed to be on newly 
place fill material. Table 3, below, presents the Abutment 1 and Abutment 15 wingwall footing 
spread footing design information provided by the structure designer, TY Lin, Int'l. 

Table 3: Abutment 1 and Abutment 15 Wingwall Footing 
Spread Footing Design Information Provided by the structure ~ e s i ~ n & ,  TY tin, Int'l. 

I Service Limit Statc I 



MS. CHUNG-YUAN WEN 
April 13,2009 
Page G 

Carroll Canyon Road Bridge 
1 1-2T040'1 

The recommended Allowable Bearing Capacities and bottom of footing elevations are listed 
below in Table 4. 

rable 4: Foundation Design Recommendations for Abutment 1 and Abutment 15 Wingwall Spread Footings 
WSD 

-Footing Size {LRFD Service 1 Limit Statc Load Combination) 

Support 
1,ocation 

mpth Settlement Stress 

The recommended Allowable Bearing Capacities to be used for design, provided in Table 4, 
above, are based on the following design criteria: 

Ahutmeni l S  

Footing 

I )  The spread footings have a minimum width as shown in Tabla 4. 

2) The spread footings are to be constructed at or belaw the recommended elevations shown in 
Table 4. 

Nates: 1) Rccarnmendations are based on the foundation geometry and the load provided by TY Lin in the Foundation Design Data Sheet. The 
footing contact area is  aken as equal to the effective footing area, where applicable. 

2) See MTD 4-1 For definitions and applications of the recommended design parameters. 

3.66 rn 
(12.0 8) 

1.83 m 
(6.0 ft) 

3)  At Abutment I support location and the Abutment 1 wingwall footing location, the footings 
are to be positioned such that there will be a minimum horizontal distance of 1.2 m (4.0 ft) 
ffom the near facdtop of the footing to the face of the finished slope. 

4) The maximum slope in front of the ~butment 1 footing and the Abutment 15 wingwall 
footing is not to exceed 1 : 1 % (vertica1:horizontal). 

25.95 m 
(85.1 ft) 

1.83 m 
(6,O ft) 

5) All newly placed engineered fill material is to be compacted to 95% Relative Compaction 
(RC). The limits of 95% RC of engineered fill are to conform to the limits specified for 
relative compaction of embankments under retaining wall footings without piles as defined 
in section 19-5.03 of the Standard Specifications. 

If any of the above minimum footing widths or horizontal embedment depths are reduced, 
bottom of footing elevations raised, or abutment slopes increased, the Office of Geotechnical 
Design-South 2 ,  Branch B, is to be contacted for reevaluation. 

34.17 rn 
(' 12 . '  ') 

& 
34.92 m 
(114.6ft) 

41.09 m 
( I  34.8 ft) 

Abutment l Retaining Wall 

The proposed Type 1 retaining wall at the Abutment I left side location may be supported on 
spread footings. The proposed bottom of footing elevations for the four wall segments are 
above the native ground surface, except for one corner of the wall segment nearest Abutment 1. 
The native formational material beneath the retaining wall segment closest to Abutment 1 will 

1.52 m 
(5.0 R) 

2.41 m 
(8.0 n) 

25.4 rnm 
(1 .D in) 

25.4 rnm 
(1 .O in) 

335 kPa 
(7.0 ksf) 

977 kPa 
(20.4 ksO 

445.0 kPa 
(9.3 ksfl 

192 kPa 
(4,O ksf) 
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most likely be removed to facilitate construction of the abutment. Therefore, that, portion and 
all the remaining retaining wall segments will be constructed on newly placed fill. 

The recommendations for bottom of footing elevations, and Allowable Bearing Capacities are 
listed below in Table 5. 

Table 5 - Spread Fooling Design ~ecommendatlons for Abutment 1 Retaining Wall 
I I I I 3 

Segment 4 18Wrnm 37.28 m 
(5.9 tt.) ( I  22.3 ft.) 90 kPrm (1.9 ksf) 

' I 
I I I 

Notes: 1) Working Stress Design (WSD). The Maximum Contacl Pnssure, iq",,r), is not to cxcced thc rccomrncnded Gmss Allowable 
Bearing Capacity, (q& 2) Load Factor Design, (LFD). The Maximum Contact Pressure, (q,,,), dividcd by thc Strcnglh 
Reduction Factor, (4), i s  not to exceed the Nominal Bearing Resistance, (q,). 

The recommended Allowable Bearing Capacities provided in Table 5, above, are.based upon 
the follawing design criteria: 

1) All. retaining walls will be Standard Type 1 retaining walls as shown in the "Standard 
Plans (July 1999)" on sheet B3-1 for Loading Case I .  

2) All spread footings shall be constructed at or below the recommended bottom of footing 
elevations as shown in Table 5 ,  above. 

3) All retaining wall spread footings that will be constructed on the embankment slope are to 
be positioned such that they have a minimum horizontal footing embedment of 1.2 m (4 
ft), measured from the top of footing at the toe to the face of the finished slope. The 
finished slope is not to exceed a 1 : 1 h (vertical: horizontal) ratio. 

4) All newly placed engineered fill material is to be compacted to 95% Relative Compaction 
(RC). The limits of 95% RC of engineered fill are to conform to the limits specified for 
relative compaction of embankments under retaining wall footings without piles as defined 
in section 19-5.03 of the Standard Specifications. 

Jf any of the above horizontal embedment depths are reduced, the Loading Case changed, or 
wall heights or maximum slope increased, the Office of Geotechnical Design-South 2, Branch 
B is to be contacted for reevaluation. 
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Bent 2 through Bent 14, Abutment 15 and DAR Abutment Locations 

At Bent 2 through Bent 14, Abutment 15 and the DAR Abutment locations, Cast-h-Drilled- 
Hole (CIDH) piles are recommended for support of the proposed structures. Additionally, at 
Bent 3 through Bent 14, permanent steel casings are also recommended to facilitate pile 
construction. Table 6 and 7, ,below, show the foundation design information provided by the 
consultant TY Lin. 
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Table 6 (continued): General Foundation Information 
Provided by Structure Designer* TY Lin, Int'l. 

I I I 

Pile Cutkoff 
Permissible 

Elevation I!levation Scttlcmcnt Under 
Service Loud 

2400 mm 32.0 m 30.5 m 25.4 rnrn 
Rent OB (96 in) (105.0 n) (100.1 ft) ( 1  in) 

Clan 
2400 mm 32.0 rn 30.5 rn 25.4 mm 

Bent 10 (96 in) 
CIDH ' 

(105.0 ft) (100.1 !I) (I in) 

2400 rnrn 39.0 m 30,5 m 1 5 4  mm 
Bent l l A  (96 in) (1 28.0 fi) ( I  00.1 ft) (1 in) 

CIDII 
2400 mm 32.0 m 30.5 m 25.4 mm 

Bent l l B  (96 in) (105.0 R) (100.1 fl) ( 1  in) 
CIDH 

2400 mm 39,O m 35.0 m Bent l2L 
25.4 mm 

(96 in) 
ClDH 

(128.0 R) ( I  I4,8 fl) ( 1  in) 

2400 mm 
Bent 12R 

32,O m 31,Om 25.4 mm 
(96 in) 
CIDH 

( 1  05.0 ft) ( 1  01.7 ft) (1 in) 

2400 rnm 34.0 m 33.0 m 25.4 mm 
Rent 13L (96 in) ( 1  11.5 R) ( 1  08.3 R) ( 1  in), 

ClDH 
2400 mm 32.5 m 31.0m 

Bent 13R 
25.4 mm 

(96 in) ( 1  06,6 R) (1 01.7ft) 
CIDII 

(I in) 

2400 rnm 31.11m 31.Qm 25.4 mrn 
Bmt 14L (96 in) (I 04.3 fi) (lOt.7ft) ( I  in) 

CIDtl 
2400 mm 31.2 rn 30.0 m 25.4 mm 

Bent l 4 R  (96 in] (102.4 k) (98.4fl) ( 1  in) 
CIDH 

Abutment IS 1200 mm 39.0 m to 37.0 m* 35.6 m 25.4 m m  

Segment I (48 in) 
CIDH 

(128.0 ft to 121.4 R) ( 1  16.8 t?) ( 1  in) 

Abutment IS 1200 mm 39.0 m to 37.0 m* 34.4 in 25.4 mm 

Segment 2 (48 in) 
CIDH 

(128.0 ft to 1211.4 I?) ( I  12.9 R) ( 1  in) 

Abutment 15 I200 mrn 39.0 m to 37.0 m* 33.2 m 25.4 mrn 
Segmnt 3 (48 in) (128.0 ftto 121.4 ft) ( I 08.9 R) ( 1  in) 

CIDH 

Abulrncnl15 1500 mm 36.0 m lo 31.0 m* 31.1 m 25.4 nim 

Segment 4 (60 in) (1 1R.l ft to 101.7 ft) ( I  04.0 fi) (I in) 
CIDH 

Abutment 15 IS00 nim 36.0 m to 31.0 m* 30.5 rn 25.4 mm 
Scgknt  5 (60 in) (1 IB.1 ftto 101.7ft) (100 .1  n) ( 1  in) 

CIDH 

Abutment 15 1500 mm 38.0 m to 31.0 m* 20.3 m 25.4 mm 
Segmnt G (60 in) (1 18.1 fi to 101.7 11) (96.1 Tt) ( 1  in) 

ClDH 
900 mrn 43.3 m to43.8 m** 42.0 tn 25.4 nini 

UAR Abutment (36 s) (142.1 A to 143.7 m) ( 1  37.8 f l )  ( 1  in)  
CIDH 

otes: *Finished grade elevation varies across length of abutment due to abutment pile cap being stepped. 
?*finished grade elevation varies due to abutment located un slope. 
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r Structure De 
vllling Group) 

Tension 

igner, TY L 
E x m  

Coq 

Per Support 

vent Limit Stnte (Conwolling Group) 

essim Tension 7 Support Pile Per 1 Max 

Pile =-F 18,541 kN 
Bent 21. (4168 kips) 

13,517kN 25.999 kN 
(5 845 kips) 

1 9,02 I kN 
Bnnt 2R I NiA . I (4176 kips) 

13,882 kN 26,467 kN 
(3076 kip,) I Ni* 1 (5950 kips) 

23,216 kN 
(5219 kips) I j A  I O 

1 9,869 kN 1 5,02 1. kN 27,451 kN 
Bent 3L 

, (4467 kips) (3377 kips) 
'IA (61 72 kips) 

N/A 0 N/A 

NIA 0 NIA 

NIA 0 NJA 

NIA 0 N/A 

NIA 0 NIA 

N,* 1 22,585 kN 1 15,145 kN I NiA 1 28,642 kN BmtlR I (4628 kips) (3405 kips) ( U 3 9  kips) 

19,839 kN 14.767 kN 27,349 kN 
Btnt 41. N'A (4460 kips) (3320 kips) NfA (6149 kips) 

22411kN N,A , 

(5038 kips) 
20,457 kN 14,794 kN 28,418 kN 

Bent 4R N'A ($599 kips) (3326 kips) 'IA (6389 kips) 

21,169 kN 29,110 kN 
Bmf 5L I "IA 1 4 7 5  k i p  1 1 1 'IA I (6545 kips) 

- 

2 1,872 kN 1 6,177 kN 30.284 kN 
RmllR I 'IA I (4917  kip^) I (3637 kips) / N'A I (6808 kips] 

26,214 kN 
(1893 kips) I 'IA I O 

-- 

19.804 kN 1103 kN 
(248 kips) 

NJA 0 NIA 

N/A 0 NIA 

NIA 0 NJA 

NJA 0 NIA 

Bent 6R 

Bent 7B 

1 3,825 kN 
(3108 kips) 

8,703 kN 
( 1957 kips) 

6,285 kN 12,307 kN 1 1 (2767kips) ( 14 1 3 kips) 

8559 kN 
(1 924 kips) 

1 1,903 kN 
(2676 kips) 

Bent SA I NI* 
9,985 kN 

(2245 kips) 
7,477 kN 13.882 kN 

(3 12 1 kips) 
9,746 kN I I 
(2 19 1 kips) 

Bent 8B I Nl* 
10,013 kN 
(2251 kips) 

7,539 kN 13,824 kN 
(ldl5Xipr) I NtA / (3 108 kips) 

Bent 9R 

Bent 10 

10,85 1 kN 
(2440 kips) 

9,261 kN 
(2082 kips) 

NJA * 
NJA 

8,778 kN 
(1 973 kips) 

6,249 kN 12,397 kN 
(2787 kips) 
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Table 7 (continued): F o u n d a t i o n g n e r ,  TY Lln, Inttl. , I 

Service 1 Limit State I Strength Limit State (Controlling Group) I Extreme Event Limit State (Controllir 

Total Laads 1  ema anent I Compression Tension Comaressian T 

11,217kN 7,117kN 15,423 kN 14,217 kN 
Bent 1 ZR 'IA (2522 kips) (1600 kips) 'IA (3467 kips) NfA O (3  196 kips) 

15,232 kN 9,532 kN 20640 kN 16,471 k N  
Bent 13L N'A (3424 k i p )  (2143 kips) NIA (4640 kips) N'A O (3703 kips) ---------- 

I 5,824 kN 9,7 19 kN 2 I 5 8 2  kN 16,659 kN 
Dcnt 13R NIA -(3558 kips) (21 85 kips) N'A (4852 klps) N f A  O NIA (3745 kips) 

21.526 kN 15,862 kN . 29.336 kN 25,093 k N  
Bent 14L NJA (4839 Zips) (3566 kips) NIA (6595 kips) NIA O NiA (5641 kips) 

22,087 kN 1 5,924 kN 30,285 kN 25,156 kN 
Bent 14R NIA (4966 kips) (3580 kips) 'IA (6809 kips) N'A O 'IA (5656 kips) ---------- 
Abu tmcnt 

1 5 1 4 , ~ a o k ~  3J80kN 13,450kN 
1 -2 m (33 18 kips) (760 kips) (3024 kips) 

NIA NIA N/A N I A  - NIA NIA 

diam. -------- 
Abutment 

15 30,90b k, 4'1 60 kN 28,700 kN 
I ,l (W47 (935 kips) I b U 2  kips) 

N" NI A N I A  NtA NIA NfA 

diam. 

DAR 10,290 kN 2,780 kN 9,480 kN . 
Abuhnenl (2313 k~ps) (625 kips) (21 31 kips) NIA NIA N/A NIA , NIA NJA 

N/A 

N/ A 

NIA 

NI A 

NI A 

NI A 

MIA 

NI A 

Nth 

Nth 

Group) 

nsion 

Max Pcr 
, Pile 

387 kN 
(87 kips) 

N l h  

N l h  

The specified pile tip elevations for Bent 2 through Bent 14 CIDH piles are shown below in 
Table 8, and Abutment 15 and the DAR Abutment CIDH piles are shown in Table 9. 

Note: Downdrag loads, due to potential soil liquefaction in combination with the Extreme Event 
compression loads provided by the structure designer, TY Lin, Int'l. were evaluated at Bents 4 
through 14. At Bent 11A location, where the highest potential liquefaction loading may occur, it 
was determined after the addition of the downdrag load (approximately 250 kips) to the 
Extreme Event loading, the Strength Limit State compression loads still controlled the specified 
pile tip elevations. At all the other Bent Iocations, the downdrag forces will be less. Therefore, 
design tip elevations including potential downdrag forces are not provided in this report. Should 
the designer need an estimate of the potential downdrag forces per bent, they can be provided 
upon request, 
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3K 

Bent 4L 

4R 

Rent 51. 

5R 

Z400mm 
(96 in) 
ClDH 

14* rnm 
(96 in) 
CJDH 

24Q0 mm 
(9G $1 
CIDH 

2400mm 
(90 in) 

. ClDH 

z403 mm 
(96 in) 
ClDH 

2400 mm 
(96 in) 
CIDH 

Z4w mm' 
(96 in) 
ClDH 

z403 mm 
(96in) 
CIDH 

2400 mm 
(96 in) 
ClDM 

2400 rnm 
@Gin) 
crmr 

2400mm 
(96 in) 
CIUH 

2400 
(96 in) 
CIDH 

2400 mm 
(96 in) 
CIDH 

. 

Bent 6L 

Bent 6R 

27.0m 
(811.6 f l) 

27.0 m 
(88.6 tl) 

27.0 rn 
(88.6 R) 

30.0m 
(98.4 4) 

29.0 m 
(95.1 R) 

33.0' m 
(108.3 ft) 

30,O rn 
(98.4 fl) 

30.5 rn 
(100.1 ft) 

30.5 m 
(100.1 ft) 

30.5 m 
(100.1ft) 

30.5m 
(100.1 fi) 

30.5 rn 
(100.1 k) 

30.5 rn 
(1 00.1 ft) 

I 

20,600kN 
(4640 kips) 

19,850 kN 
(4470 kips) 

20.500 kN 
(4610 kips) 

21,200kN 
(4770 kips) 

21,900 kN 
(4930 kips) 

13,200 kN 
(2970 kips) 

13,850 kN 
(31 20 ki68) 

8,750 kN 
(1970 kips) 

8,600 kN 
(1 940 kips) 

10.000 kN 
(2250kips) 

10.050kN 
(2260 kips) 

10.900 kN 
(2450 kips) 

9,300 kN 
(2100 kips) 

Bent 7R 

BcntBA 

Rent 

Bent 

25.4mm 
( 1  in) 

25.4 mm 
(1 in) 

25.4 mm 
(1 in) 

-25.4mm 
( 1  in) 

25.4 mm 
(I in) 

25.4 mm 
(1 in) 

25.4 mm 
(1 in) 

25.4 mm 
(1 in) 

25.4rnrn 
(1 in) 

25.4 rnm 
( l i n )  

25.4mm 
(I in) 

25.4 rnm 
( I  in) 

25.4 nrm 
( 1  in) 

40,950kN 
(8210 kips) 

39,100 kN 
(8790 kips) 

40,600 kN 
(9130 kips) 

41,MIOkN 
(6360 k ips )  

43,300kN 
(9740 k ips )  

28,400 kN 
(6390 kips) 

30,700 kN 
(6910 kips) 

17,600 kN 
(3960 kips) 

17,050 kN 
(3840 kips) 

19.850 kN 
(4470kips) 

19,750kN 
(4440 kips) 

21.250 kN 
(4780 kips) 

17,750 kN 
(4000 kips) 

O 

O 

O 

O 

O 

' 
' 
O 

O 

O 

O 

23.600 kN 
(5310 kips) 

22,400 kH 
(5040 kips) 

22,450 kN 
(5050 kips) 

26.1 50 kN 
(5880 kips) 

26,150 kN 
(5910kips) 

1 9,850 kN 
(I170 kips) 

20,150 kN 
(4530 kips) 

10,550 kN 
(2380 kips) 

10,WOkN 
.(2460 kips) 

9,750 kN 
(2200 kips) 

9.000 kN 
(2030 kips) 

10,300 kN 
(2320 kips) 

6.900 kN 
(1560 kips) 

' 
0 

0 

0 

a 

I I 03 kN 
(248 kips) 

800 kN 
(180 kips) 

0 

' 

0 

0 

0 

0 

0 

N'A 

23.1 m 
(75.7 ft) 

23.1 m 
(75.7 ft) 

19.4 m 
(63.7 tl) 

19.4 m 
(63.7 [t) 

1 5.5 m 
(50,9 fl) 

15" 
(50,9 11) 

15.5 m 
(50.9 A) 

15.5 m 
(50.9 fi) 

16.4 m 
(53.9 fl) 

1 (l.4 m 
(53.9 n) 

16.4 m 
(53.9 n) 

1 6.4 m 
(53.9 n) 

-2.7 rn (a-1) 
8.5 rn (a-Il) 

4 5  m (a-I) 
6.1 m (0-11) 

-5 .2  rn (a-I) 
6.1 m (a-ll) 

-6.7 m (a-I) 
2.4 m (a-11) 

-7.6 m (a-I) 
2.4 m (a-11) 

( , ),, 
-3.9 rn (8-1) 

2.7 m (3-11) 
11,, g-ll) 

3,4 m (a-I) 
8.2 m (a-11) 

3.4 rn (a-I) 
8.2 m (a-11) 

3 .O m (a-t) 
9.8 m (3-11) 

3.0 m (a"[) 
9.8 m (a-11) 

I .8 m (a-I) 
9.4 rn (a-IT) - 
3.6 m (a-I) 

I 1 3 m ( I )  

-2.7 rn 
(-9.0 ft) 

-4.5 m 
(-1 5.0 ft) 

I 
-5.2 m 

(-17.0 ft} 

-6.7 m 
(-22.0 R) 

-7.6 m 
(-25.0 fl) 

-2.4 m 
(-8.0 ft) 

-3.9 rn 
(-13.0 fi) 

3.4 m 
(1 1.0 R) 

3.4 m 
( I  l .O tt) 

3.0 m 
(10.0 It) 

3.0 rn 
(10.0 ft) 

l . 8m 
(4.0 ft) 

3.6 nl , 

( I  2.0 ft) 
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Bent 14 Locations 
1 I I 

Service-I Total Required Nominal Resistance 
Cut-Off Limit State Permissible Specified 

Tip Dcsign Tip 
Spccificd 

S"pp?r( Pile Type Elwation L m d  per Support Strength Limit Ex trem Event 
Elevalion Tip 

Locat~an Column Settlement Elevation - {Casing) 
Comp. Tension Cornp. Tension 

- 1  (v' 1 ('~'1) ----- 
2400 mm 30.5 m 8.800 k N  25.4 mm 17,750 kN 11.150kN 16.4m 3.6m(a-I) 3.6 m 

sent lo (96 in) (109.1 11) (I980 kips) (I in) (4000 kips) 
O (2510 kips) O (53.9 ft) 8.8 m (a-11) (1 2.0 ft) 

ClDH 

2400 mm 30.5 m 7,650 kN 25.4 rnm 15,350 kN 10.800 kN 16.4 m 5.8 m (a-I) 5.8 m 
fgbin) (103.1 ft) (1720 kips) (1  in) (3460 kips) O (2430 kips) O (53.9 fl) 8.5 m (a-11) ( 1  9.0 fi) 
CIDH 

2400 mm 30.5 m 8,600 kN 25.4 rnm 17,200 kN I 1,700 kN 16,4 m 4.3 m (a-I) 4.3 m Bent IB (96 in) (100.1 R) (1940 kips) (I in) (3870 kips) (2640 kips) O 
O (53.9 fi) 8.5 m(a-ll) (14.0 fi) 

---------- C IDH . _ -  

2400mm 3S.Om l0.6WkN 25.4mm 20,700kN 13.850 kN 387 kN 17.1 m 3.4 m (a-I) 3.4 m 
Bent 2L (06 in) (I 14.8 ft) (2390 kips) (1 in) (4660 kips) (3 I20 kips) (87 kips) (560 tl) 

7.6 m (a-11) 
( *  1.0 fi) O 

54g bill ClDH 

24@3 3 1 .O rn 1 1,250 kN 25.4 mm 22,050 kN 14,250 kN 17.1 m 2. I m (a-0 2.1 m 
Bent (96 in) (1 01.7 ft) (2530 kips) (1 in) (4960 kips) (3210kips) 

' , O (56.0 n) 7.h rn (a-11) (7.0 R) 
CIDH ---- ------ 

2400 mm 33.0 m 15,250 kN 25.4 mm 29.500 kN 16,500 kN 17.3 m -I .S m (a-I) -1.5 m 
(96 in) (108.3 ft) (3430 kips) (1 in) (6640 kips) 

O (3710 kips) O (567ft) 6.7m(a-11) ( -5 ,Of l )  

ClDH 

2400 rnm 31.0 m 15-850 kN 25.4 mm 30,850 kN 16,700 kN 17.3 m -2.4 m (a-I) -2.4 m 
Bent 13R (96 in) ((101.7 fl) (3570 kips) (1 in) (6940 kips) 

O (3760 kips) ' (58.7 fi) 6.7 m (a-LI) (-8.0 it) 
CIDH ----- 

21,590 kN 25.4 mm 41,950 kN 25.106 kN 17.5 m -8.2 m (a-1) -8.2 m 
(4850 krp) (1 in) (9440 kips) (5650 kips) 

O O (57.3 ft) I .  I )  (-27.0 fl) 

2400 mm 30.0 rn 22,100 kN 25.4 rnm 43,300 kN 25,200 kN 17.5 m -9. I m (a-I) -9.1 m 
Bent I4sR (96 in] (98.4 fl) (4970 kips) (1 in) (9740 kips) O (5670 kips) 

' 

(57.3 ft) 1.8 rn (a-tl) (-30,O n) 
CIDH 

Note: Design tip elevations are controlled by (a-I) Compression (Strength Limit), (a-11) Compression (Extreme Event), 
(b-11) Tension (Extreme Event) 

Table 9: Foundation Design Recommendations for Abutment 15 and DAR Abu~ 

23.8 m (a) 23.8 m 
7 ? , /  PI (78.1 

Dcsigl Tip 
Elevation 

Nominal 
Rcsistance 

6,800 kN 
(1 540 kips) 

8,403 kN 
(1900 kips) 

5.600 kN 
(1,260 kips) 

Spccined Tip 
Elcvalion 

Note: 1) Design tip elevation is controlled by: (n) Cnmpression 
*Abutmtnt 15 footi~lp i s  steppcd 
*+Maximun~ factorcd Imd pcr pile as provided by designer 

"Coltrlms i i t~prrrvc~ ~nol>lliry nrro.rs filfirrrlrr " 

LRFD Service-! 
Limit Statc Total 

Load per Pile 
(Compression)** 

3,400 kN 
(770 kips) 

4.200 kN 
(950 kips) 

2,800 kN 
(630 kips) 

Location 

Abutment 

Abutment l5 

DAR Abutment 

LRFn h a d  per Support Lim't State 

Pile Type 

lZaO mm 
'48 in) 
CIDH 

I5O0 mm 
(60in) 
CIDI.1 

900 mm 
(36 in) 
CIDH 

Totnl 

14,775 kN 
(3330 kips) 

30,900 kN 
(6950 kips) 

Cut-Off 
El,,,tion* 

35.7 m - 33.3 rn 
( I  17.1 ft -109,3 ft) 

3 1.8 m - 29.4 m 
(1W.3 A.96.5 ft) 

42.1 rn 
(138.1 f l )  

Perrrtunmt 

13,450,kN 
(3030 kips) 

28,700 kN 
(6460 kips) 

10,300 kN 
(2320 kips) 

9,500 kN 
(2140 kips) 
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The Pile Data Table for Bent 2 through Bent 14, Abutment 15 and the DAR Abutment is 
presented in Table 10, below. The ultimate geotechnical pile capacity for the CPDH piles will 
meet or exceed the required nominal resistance in compression. 

Table 10: Pile Data Table 
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Table 10 (continued): Pile Data Table 

Nominal Resistaacc Casing Tip Design Tip Specified Tip 
Location Pile f ype Elevation Elevation Elevation 

Compression Tension , 

2400 mm 17,750 kN 16.4 m 3 4  m (a-I) 3.6 m 
0 Bent 9B (96 in) (4000 kips) (53.9 fi) 1 I .3 m (a-11) (12.0 R) 

CIDH 

2400 mm 17,750 kN 16.4 m 3.6 m (a-I) 3.6 m 
0 Rent 10 (96 in) 

(40M) kips) (53.9 ft) 8.8 m (a-11) (12.0 R) 
ClDH 

2400 mm 15,350 kN 16.4 m 5.8 m (a-I) 5.8 m 
0 Bent l l A  (g6 in) (3460 kips) (53.9 ft) 8.5 m (a-[I) (19.0 R) 

ClDH 

240U mm 17,200 kN 16.4 m 4.3 m (a-I) 4.3 m 
0 Bent 1 lB (g6 (3870 kips) (53,9 ft) 8.5 m (a-11) (14.0 It) 

ClDH 

2400 20,700 kN 3.4 rn (a-1) 
0 

' "' 7.6 m (a-I!) 3.4 m ~ e n t  1 2 ~  (96 in) (4660 kips) (56'0 ') 15.8 rn &-It) ( 1  1.0 A) 
CIDH 

2400 mm 22,050 kN 17.1 m 
0 

2,l m (a-I) 2.1 m 
Bent 12R j96 in) (4960 kips) (56.0 ft) 7.6 m (a-11) (7.0 ft) 

ClDH - -- --- 
2400 ~ T I  29,509 kN 17.3 rn - 1.5 rn (a-I) -1.5 rn 

0 Bent 13L (96 in) (8640 kips) (56.7 A) 6.7 rn (&-I!) (-5.0 Ft) 
ClDH 

2400 mm 30,850 kN 17.3 rn -2.4 rn (a-I) -2.4 m 
0 Bent 13R (g6 in) (6440 kips) (56.7 fl) 6.7 m (a-[I) (-8.0 ft) 

ClDH 

240° mm 4 1,950 kN 17.5 m -8.2 m (a-I) -8.2 m 
0 B a t  141. (g6 in) (9440 kips) (57.3 ft) 1.8 m (a-ll) (-27.0 R) 

ClDH 

2400 mm 43,300 k~ 17.5 m -9. I rn (a-I) -9.1 in 
0 Bent 14R (96 in) (9740 kips) (57.3 fl) 1.8 m (a-11) (-30.0 fl) 

ClDH --- --- 

{a-11) Comprassion (Extreme Event). (b-11) Tcnsinn {Extreme f.:veot) 
1)  ksim tia elevations far Abutment 15 and DAK Abutment arc controlled by; (a) Compression 
3j ~ b u h e ;  15 footing is stepped 
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General Notes: 

1) All support locations are to be plotted in plan view on the Log of Test Borings as stated in 
"Memo to Designers" 4-2. The plotting of support locations should be made prior to 
requesting a final foundation review. 

2) When applicable, the structure engineer shall show on the plans, in the pile data table, the 
design pile tip elevation required to meet the lateral load demands. If the design pile tip 
elevation required to meet lateral load dcmands exceeds the specified pile tip elevations 
given within this report, the Office of Geotechnical Design-South 2, Branch B shall be 
contacted for further recommendations. 

Construction Considerations: 

Cores Samples 

1) Cure~ampIes from the 2009 Caltrans foundation investigation are avail3ble for viewing by 
bidders at the California Department of Transportation, Transportation Laboratory, 5900 
Folsom Blvd., Sacramento, CA. The bidders are to allow the State five (5) working days to 
prepare and display the cores, 

During the 2009 fieId investigation, core samples were collected from several borings at 
1.52 m (5 R) intervals, when possible, and were submitted to the laboratory for strength 
testing, Some of the samples were so weak that they were unable to be tested. Per Stadard 
Specifications, laboratory strength test ,data are available for viewing at California 
Department of Transportation, Transportation Laboratory, 5900 Folsom Blvd., Sacramento, 
CA. 

Spread Footings 

1) At the Abutment 1 support location, the bottom of footing elevation is proposed to be placed 
on native sedimentary formational material on the left side of the footing and on newly 
placed engineered fill on the right side of the footing. As well, the Abutment 1 retaining 
wall footings and Abutment 15 wingwall footing are proposed to be placed on newly placed 
engineered fill. For those portions of the footing that are to be placed on the sedimentary 
formational material, the concrete for the proposed support footings shall be placed neat 
against the sedimentary formational material at the bottom of the footing excavation. Should 
the bottom of the footing excavation be disturbed, then the bottom of the footing excavation 
shall be extended down at 0.15 m (0.5 ft) intervals untii undisturbed formational material is 
observed and approved by the Engineer. The subexcavated material is to be replaced with 
either structure backfill or engineered fiII  compacted to 95% relative compactjon. For the 
footings that are proposed to be placed on newly placed fill material, should the bottom of 
the footing excavation be disturbed, the disturbed fill material shall be recompacted to 95% 
relative compaction prior to pIacement of the concrete for the structure support footings. 

"C:nlrrrms improves mohll l~y ncrass Cnlfin~In" 



MS. CHUNG-YUAN WEN 
April 13,2009 
Page 17 

Carroll Canyon Road Bridge 
1 1 -2T040 1 

CIDH Piles 

Artesian ground water was encountered during the 2009 field investigation and it is 
anticipated that the contractor will encounter artesian ground water during CIDH pile 
construction. During the 2009 field investigation artesian conditions were noticed in boring 
R-09-003 located near Bent 14 location, in boring R-09-007 located near Bent 10 location, 
in boring R-09-002 near Bent 3 location, and in boring R-09-005 near Bent 4 location. The 
artesian water appeared to be originating from a conglomerate layer encountered at depth 
during the drilling operations. The static ground water levels indicated on the LOTB sheets 
reflect the measured ground water levels at the time of the Caltrans investigation. At the 
time of construction, the ground water surface elevations may be significantly higher or 
lower than those shown on the LOTB due to seasonal conditions, amount of water flowing 
in the creek, and artesian pressure in the underlying conglomerate layer. 

2) During the 2009 subsurface investigation, in boring R-09-005, located near the Bent 4 
location, the artesian ground water and core samples recovered from the underlying 
conglomerate formation, were noticed to have a sulfur odor. The contractor should be aware 
that during construction of the CIDH piles, the sulfur content in the ground water being 
discharged during construction may require containment of the water and disposal offsite. 

At the proposed Carroll Canyon Road Bridge, the sedimentary formational material beneath 
the bridge site is extremely variable in hardness and weathering, ranging from very soft to 
very hard, decomposed to slightly weathered. Additionally, at depth, a conglomerate layer 
was encountered which consists of very hard, subrounded to . subangular igneous clasts 
within a decomposed to slightly weathered, very soft to very hard, weakly to strongly 
cemented sand and silt matrix. The structure of this material results in discontinuous, non- 
fractured, fresh to slightly weathered, moderately hard to very hard cobble to boulder sized 
blocks within an intensely fkactured, very intensely weathered to decomposed, moderately 
soft to very soft, rock material. Therefore, at a11 support locations where CIDH piIes are to 
be constructed, the contractor should anticipate variable drilling conditions in the 
formational material similar to the drilIing conditions of very dense soils with very to 
extremely hard cobbles and boulders. The contractor should also anticipate the need to 
alternate from soft and hard rock drilling techniques to extend the drilled holes for the CIDH 
piles to the SPTE. 

4) During the 2008 subsurface investigation, large variations in the weathering, fracturing, and 
hardness of the sedimentary formational bedrock material, occurring within relatively short 
distances both Iateralfy and vertically, were observed, and are shown in the LOT8 sheets. 
In the sandstonelsiltstone and conglomerate sedimentary formational units, the contractor 
should anticipate varying rock drilling conditions (alternating soft and hard rock drilling) 
across a11 the pier locations. The variations in rock conditions (described above) will occur 
from one pile location to the next pile location. The contractor should also be prepared for 
potential caving conditions within the conglomerate formational unit. The amount of 
diMiculty the contractor will experience will be dependent upon the methods and means the 
contractor chooses to use to construct the CIDH piles. 
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5) The contractor will need to use care while drilling the shafts for the CIDH piles. Due to the 
non-cemented nature of portions of the conglomerate formational unit, rapid insertion and 
removal of the drilling tools during the drilling process can cause excessive scouring and 
caving of the walls of the drilled shaft. 

6 )  Due to the anticipation that concrete placement for the CDH piles will require slurry 
displacement methods, the calculated geotechnical capacity of all CIDH piles is based on 
skin friction and no end-bearing was considered. The skin friction zones used to calculate 
geotechnical capacity of the CIDH piles are summarized below in Table 1 1. 

Table 11: CIDH Pile Skin Friction Zone Elevations 
P 

Skin Friction Zone Start Elevation Skin Friction Zone End Elevation 
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SkZn Friction Zone Start Elevation Skin Friction Zone End Elevation 

I 1.2 m diam. (83.0 ft) (53.0 ft) 
Abutment I5 25.3 m 15.8 m 

Bent 13R 

Bent 14L 

Bent 14R 

I Abutment I5 

7) If the CDH piles are to be constructed using slurry displacement method, the slurry shall 
consist of mineral or symthetic slurry only. Use of water shall not be allowed as slurry. 

Permanent and Temporary Steel Casings 

16.7 m 
(54.7 ft) 
16.9 m 

(55.3 ft) 
16.9 m 

('55.3 fi) 
25.3 m 

The contractor should anticipate numerous difficulties while installing the permanent and 
temporary steel casings: 

-1.2m 
(4.0 ft) 
-7.0 m 
(-23.0 ft) 
-7.9 m 

(-26.0 R) 
16.2 m 

1) Caving conditions are anticipated in the alluvial materials overlying the sedimentmy 
formational material at Bent 4 through Bent 14 locations. To facilitate construction, at Bent 
4 through Bent 14 locations, pemanent steel casings, instaIIed approximately 1.52 m (5 fi) 
into the top of the sedimentary formational material, are recommended. 

2) The recommended permanent steel casings, at Bent 4 through Bent 14 locations, are 
intended to minimize construction difficulties due. to caving of the loose alluvial material 
overlying the sedimentary formational material. The permanent steel casings will not 
eliminate the potential for caving within the sedimentary formational material below the 
casing tip elevation. The methods and means used by the contractor to install the permanent 
steel casings and seal the contact between the casing tips and sedimentary formation 
material, will directly determine the construction dificulties the contractor will encounter 
with the overlying alluvium while excavating the ClDH pile in the underlying formational 
material. 

3 At Bent 3 through Bent 10 and Bent 11A through Bent 14, the specified pile tip elevation is 
located within a conglomerate layer. Due to the potentially soft nature of the matrix material 
in this formation, the contractor may encounter caving conditions during ClDH pile 
construction. The contractor should anticipate the need to use telescoping temporary casing 
to control caving in this layer. Due to the chaotic nature of the conglomerate layer, the 
contractor should take necessary precautions, when drilling in this fomation, to prevent the 
possibility of cobble and boulder sized material caving into or causing the CDH pile 
excavation to deflect from vertical during construction. 
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4) If telescoping temporary casing is used in the conglomerate layer to control caving, the 
contractor should size the permanent steel casing accordingly to prevent damage to the 
permanent steel casing during CIDH pile excavation. 

5) The contractor should not assume that installation of the permanent steel casing will allow 
the contractor to drill and place concrete for the CIDH piles in the dry. The intent of the 
permanent steel casing is only to minimize cohstruction difficulties due to caving of the 
loose alluvial material overlying the sedimentary formational material. 

6) During construction of the CIDH piles, the contractor should choose appropriately sized 
drilling tools so as to make sure not to damage or puncture the wall of the permanent steel 
casing while inserting and removing the drilling tools. Puncturing the wall of the steel 
casing may allow alluvium to enter the drilled hole. Alluvium flowing through the 
punctured casing and into the borehole can potentially lead to subsidence at the ground 
surface. 

7) During construction of the CIDH piles, the contractor should make sure to maintain a 
positive head between the ground water surface and the fluid level inside the permanent 
steel casing. If a positive head is not maintained, it can potentially lead to caving of the 4 

walls of the drilled hole, and construction difficulties. Additionally, the contractor should be 
aware that artesian groundwater conditions exist at the site; therefore once the drilled holes 
for the CIDH piles advance into the conglomerate formation, the ground water static 
piesometric head may rise to or above the existing ground surface during construction. 

The recommendations contained in this report are based on specific project information 
regarding structure type, support locations, and design loads that have been provided by the 
Consultant TY Lin, Int'l. If any conceptual changes are made during final project design, the 
Office of Geotechnical Design-South 2, Design Branch B, should review those chariges to 
determine if these foundation recommendations are still applicable. Any questions regarding the 
above recommendations shauId be directed to the attention of Erich Neupert, (916) 227-4565, 
or Mark DeSalvatore, (91 6) 227-5391, at the Office of Geotechnical Design-South 2, Branch B. 
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Office of Bridge Design -Southern California+ 
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Subject: Foundation Report 
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Bridge No. 57C-0787 
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San Diego, California 

Dear Ms. Wen: 

In accordance with SANDAG Task Order No. 46 and Amendment No. 1, Bureau Veritas North 
America, Inc. (BVNA) is pleased to submit this Foundation Report for the proposed Business 
Access Road Undercrossing (BAUC) of the 1-805 HOV 1 Carroll Canyon Road Extension 
project. A geotechnical technical memo was prepared summarizing the geotechnical design 
parameters and recommendations in connection with the BAUC. This report summarizes the 
geotechnical conditions at the project site and our conclusions and recommendations for the 
BAUC. BVNA appreciates the opportunity to provide geotechnical services for this project and 
we look forward to continuing our role as your geotechnical consultant on this project. 

Respectfully submitted, 
Bureau Veritas North 

Senior Engineering Geo Principal Geotechnical 

Distribution: (2) Addressee 
(1) T.Y. Lin Intematlonal, Jim Ru 
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1.0. SCOPE OF SERVICES  
 
Bureau Veritas North America, Inc. (BVNA) prepared this Foundation Report (FR) for the 
proposed Business Access Road Undercrossing (BAUC) component of the I-805 HOV / Carroll 
Canyon Road Extension project (CCR project) located in San Diego, California at Interstate-805 
(I-805), Kilometer Post 42.6 to 46.2.  The purpose of this report is to document geotechnical site 
conditions; provide analyses of anticipated site conditions as they pertain to the project 
described herein; and to recommend geotechnical design parameters and construction criteria 
for the project.  The report also establishes a geotechnical baseline to assess the existence and 
scope of any changed conditions identified during construction.  The report is intended for the 
use by the project engineers, construction personnel, bidders, and contractors. 
 
The scope and type of work performed to obtain the information supporting the foundation 
recommendations included: 
 
Review of Existing Data 
 
BVNA reviewed the following geotechnical documentation: 
 

• In-house geotechnical documents and maps, topographic maps, environmental maps, and 
as-built documentation of existing facilities relevant to the project site 

• The AASHTO LRFD Bridge Design Specification, 4th Edition, dated 2007 
• The Caltrans Guidelines for Structures Foundation Reports dated March 2006 
• The Caltrans Soil and Rock Logging, Classification, and Presentation Manual dated June 

2007 
• The Department of Transportation Structures Preliminary Geotechnical Report, File No.: 

11-SD-805-PM 23.6 to PM 26.8, I-805 Managed Lanes, 11-081630, dated December 2007 
• The Department of Transportation Preliminary Geotechnical/Geological Report For 

Seismic Retrofit Design, dated February 1995 
• The Department of Transportation Preliminary Geotechnical/Geological Report (Addendum 

No.1) For Seismic Retrofit Design, dated May 1995 
• The Department of Transportation District Preliminary Geotechnical Report For Interstate 

805 Widening and HOV Lanes, from State Route 52 Interchange to Interstate 5 Merge, 
dated March 2008 

• A floodplain study prepared by Parsons Brinckerhoff dated July 2005 and finalized on 
November 05, 2008 for the project site   

• A geotechnical investigation prepared by Group Delta Consultants dated April 25, 2003 for 
the Carroll Canyon Road Extension Project, Project No. SR 281 

 
A complete listing of the project documentation utilized is included in Section 14.0, References. 
 
Site Reconnaissance 
 
BVNA performed numerous site reconnaissance visits to observe the general surficial site 
conditions; to evaluate the field locations of existing underground utilities; to determine the 
existing topographical, physical, and environmental access constraints for the field exploration 
program; and to establish test boring and Cone Penetration Test (CPT) locations.  Caltrans 
District 11 Office of Surveys surveyed and flagged the numerous test boring and CPT locations 
proposed by BVNA and Caltrans. 
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Field Exploration 
 
The field exploration program consisted of drilling forty (40) test borings using a 
203.2-millimeter (8.0-inch) diameter hollow-stem auger; nineteen (19) test borings using a sonic 
drilling method with a 152.4-millimeter (6.0-inch) diameter drill bit; and twenty-seven (27) CPTs.  
The test borings and CPTs extended to maximum depths of approximately 45.7 meters 
(150.0 feet) and 10.2 meters (33.5 feet) below the existing ground surface, respectively.  The 
test borings were logged in the field by engineers and geologists from BVNA.  Four (4) of the 
test borings drilled using a hollow stem auger were located along the alignment of the proposed 
BAUC and several additional borings were drilled nearby in support of the CCR bridge and 
miscellaneous retaining walls.  Bulk and relatively undisturbed soil and rock samples, 
representative of the various subsurface materials encountered, were obtained from the test 
borings and transported to our laboratory for further testing and evaluation.  Data from the field 
exploration program was evaluated to obtain the information supporting the foundation 
recommendations included in this report. 
 
Approximate locations of the test borings and CPTs are shown on Appendix I.3: Figure 3-Field 
Exploration Map and the Logs of Test Borings (LOTBs) (Appendices I.7 to I.10).  The data from 
the field exploration program are presented on the LOTBs and CPTs in Appendix I.  The LOTBs 
are separated into four (4) subsections for each of the specific components of the overall 
project (i.e., I.7: Carroll Canyon Road Bridge; I.8: Direct Access Ramp; I.9: Business Access 
Undercrossing; and I.10: Miscellaneous Retaining Walls).  Data for the entire field exploration 
program are presented in Appendix I.  All elevations included inb this report are in meters (feet) 
and are referenced to the 1929 NGVD Datum. 
 
Laboratory Testing 
 
BVNA performed laboratory testing on selected bulk and relatively undisturbed soil and rock 
samples obtained from the test borings to evaluate the engineering properties of the foundation 
materials.  The following tests were performed in general conformance with applicable 
American Society for Testing and Materials (ASTM) and California Test Method (CTM) 
procedures: 
 

• In-situ moisture content and unit weight (ASTM D2216 and D4767) 
• Particle size distribution and No. 200-wash (ASTM D422 and ASTM D1140) 
• Atterberg Limits (ASTM D4318) 
• Consolidation (ASTM D2435) 
• Direct Shear (ASTM D3080) 
• Maximum Dry Density and Optimum Moisture Content (ASTM D1557) 
• Expansion Index (ASTM D4829)  
• Corrosivity series including sulfate content, chloride content, pH-value, and resistivity 

(CTM 417, 422, and 643) 
 
The strength parameters assigned to the various geologic units (i.e., fill, alluvium, terrace 
deposits, and Ardath Shale) and utilized for the foundation and slope stability analyses, were 
developed from the above laboratory testing program.  A summary of the laboratory testing 
program and the test results are presented in Appendix II.  The in-situ density and moisture 
contents are depicted on the LOTBs in Appendix I. 
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Mapping 
 
Appendix I.4: Figure 4-Geotechnical Map depicts field mapping of the surface geology 
performed by BVNA for the overall project site. 
 
Assessment of Soil Conditions and Geologic Hazards 
 
BVNA assessed the general subsurface soil and rock conditions and geologic hazards (i.e., 
ground water, compressible alluvial soils, rock, expansive soils, corrosive soils, floodplain, slope 
stability, liquefaction, lateral spreading) to establish the BAUC foundation design 
recommendations, earthwork criteria, and construction considerations. 
 
Data Analyses 
 
The field and laboratory data were analyzed to develop the foundation recommendations in this 
report and included the following: 
 

• Seismic Analyses Data (Appendix III.1) 
• Spread Foundation Analyses Results (Section 9.1: Table 3 and Table 4) 

 
Report Preparation 
  
This report presents BVNA’s foundation design recommendations, earthwork criteria and 
construction considerations including Tables, Figures and Appendices. 
 
2.0. PROJECT DESCRIPTION 
 
The project site is located north of Sorrento Valley Road, south of Mira Mesa Boulevard and 
west of I-805 in San Diego, California.  Appendix I.1: Figure 1-Site Location Map depicts the 
location of the BAUC and the approximate alignment of the CCR extension.  Appendix I.2: 
Figure 2-Project Plan depicts the various proposed and existing project components.  The CCR 
project will extend the Carroll Canyon Road (CCR) westerly from its existing intersection with 
Scranton Road, under the I-805 freeway bridge, to the intersection of Sorrento Valley Road and 
comprises 4 components including the CCR Bridge, the Direct Access Ramp (DAR) retaining 
walls, the BAUC, and the miscellaneous retaining walls (MRW). 
 
The proposed CCR extension will eliminate the existing north-south section of Sorrento Valley 
Road that provides the sole access to several businesses located along the southern side of 
Sorrento Valley Road.  The proposed BAUC will restore access to the existing businesses with 
construction of a new access road that passes beneath the proposed CCR extension and loops 
around to an intersection with the north side of the CCR. 
 
The BAUC bridge will be approximately 24.0 meters (78.7 feet) long, 29.0 meters (95.1 feet) 
wide and a maximum of 10.0 meters (32.8 feet) high.  The structure will be a cast-in-place, 
reinforced concrete box girder.  The BAUC abutments may be supported on continuous spread 
foundations founded within the underlying terrace deposits. 
 
The design loading criterion presented on the project plans for the various structural 
components of the BAUC abutments are presented on the project plans prepared by T.Y. Lin 8. 
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3.0. SITE GEOLOGY AND SUBSURFACE CONDITIONS 
 
Site geology and subsurface conditions are discussed in the subsections below. 
 
3.1 Topography and Regional Geologic Setting 
 
The proposed BAUC is located near the western end of the of the proposed CCR extension 
between Sorrento Valley Road on the south and Mira Mesa Boulevard on the north, in San 
Diego, California, as shown in Appendix I.2: Figure 2-Project Plan.  The topography at the 
project site slopes gently southwest at a gradient of approximately 5.5 to 1 (horizontal to 
vertical).  Elevations at the project site range from a high of approximately 30.0 meters (98.4 
feet) to a low of approximately 26.0 meters (85.3feet).  The site drainage generally occurs as a 
sheet flow to the south and west towards Carroll Creek.  Vegetation within the project site 
generally consists of grass, weeds, and a few small shrubs.  Existing improvements adjacent to 
the project site include several commercial buildings located south of Sorrento Valley Road 
along with various overhead and underground utilities. 
 
The site is located in San Diego County within the Peninsular Ranges Geologic Province.  This 
province is underlain by a basement complex of Late Cretaceous-age undifferentiated granitic 
rocks of the Southern California Batholith and Jurassic-age prebatholithic metavolcanic rocks.  
The basement complex is non-conformably overlain by a thick sedimentary sequence of marine 
and non-marine rocks that were deposited within the San Diego Embayment.  These 
sedimentary deposits range in age from Late Cretaceous to recent.  The most abundant 
deposits of the embayment are Eocene-age marine, lagoonal, and non-marine rocks (Kennedy, 
1975). 
 
Two major northwest-trending fault zones traverse the San Diego metropolitan area: the Rose 
Canyon fault zone on the west and the Elsinore fault zone on the east.  These fault zones 
traverse the San Diego area in a predominant north to north-northwest direction. 
 
3.2. Pertinent Soil Conditions and Geologic Hazards 
 
Pertinent soil conditions and geologic hazards are discussed in the following sections. 
 
Fault Rupture 
 
Published geologic maps and literature pertaining to the general site area indicates that there 
are no known major or active faults on or in the immediate vicinity of the site (see section 14.0. 
References: 29, 32 and 33).  Evidence for active faulting on site was not observed during our 
site investigation.  Based on the California Seismic Hazard Map, Caltrans 1996, a fault with 
activity within the late Quaternary period (700,000-years) is considered “active”. An “active” fault 
is defined by the California Geologic Survey as one which has “had surface displacement within 
Holocene time (about the last 11,000 years)”.  The project site is outside any Alquist Priolo 
Earthquake Fault Zone.  Therefore, the potential for surface rupture due to faulting at the site 
during the design life of the proposed structures is considered low. 
 
The closest distance in kilometers (miles) from the site to the projection of rupture surface area 
along the fault traces from the major active earthquake faults that could possibly affect the site 
are listed below: 
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Rose Canyon (Type B)                6.1 km (3.8 mi) 
Coronado Bank (Type B)             26.4 km (16.4 mi) 
Newport-Inglewood (Offshore) (Type B)     36.4 km (22.6 mi) 
Elsinore-Julian (Type A)              54.2 km (33.7 mi) 
San Andreas – Southern (Type A)      127.8 km (79.4 mi) 

 
Seismic Shaking Potential 
 
The seismic hazard most likely to impact the site is ground shaking resulting from an 
earthquake on one of the major active regional faults.  Design considerations for the hazard of 
seismic shaking are presented in Section 7.0, Seismic Study. 
 
Liquefaction, Seismic Settlement, and Lateral Spreading 
 
The two fundamental conditions associated with the occurrence of seismically induced 
liquefaction are cohesionless sands combined with ground water above a depth of about 
15.2 meters (50.0 feet).  Research indicates that uniformly graded, rounded, very fine to fine 
grained sands in a low-density condition are most susceptible to liquefaction.  The potential for 
liquefaction under the same conditions of ground shaking intensity and duration will decrease 
for sands that are more well graded, more irregular and gritty, more coarse and more dense.  
Also, a pronounced decrease in liquefaction potential will occur with the increase in fine-grained 
(i.e., silt and clay) content.  Seed and others have suggested that a non-liquefiable classification 
be assigned if the clay faction is 15 percent or greater (Guidelines for Evaluating and Mitigating 
Seismic Hazards in California, Special Publication 117, CDMG, Ch. 6, 1997).  Dynamic 
settlement due to earthquake shaking can occur in both dry and saturated sands. 
 
The initial subsurface exploration program encountered occasional loose alluvial sand zones with 
a near-surface ground water table in the area of the CCR bridge platform and adjoining bents.  
Therefore, a detailed subsurface exploration program was performed including continuous data 
acquisition using CPTs and hollow-stem auger test borings with successive sampling intervals 
within the platform area.  An analysis of liquefaction potential in the vicinity of the CCR bridge 
platform is presented in the CCR Bridge Structure Foundation report. 
 
The project area encompassing the BAUC is not considered to be susceptible to liquefaction 
and associated hazards, including lateral spreading due to the generally dense nature of the 
underlying terrace deposits and Ardath Shale. 
 
Subsidence 
 
The site is not located in an area of known ground subsidence, occurring due to the withdrawal 
of subsurface fluids.  Accordingly, the potential for subsidence occurring at the site due to the 
withdrawal of oil, gas, or water is considered remote. 
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Landsliding 
 
There are no known landslides on or in the immediate vicinity of the project site, and the site is 
not located in the path of any known landslide. 
 
Tsunamis and Inundation Seiches 
 
The site is located inland, approximately 6.4 kilometers (4.0 miles) up Soledad Valley from the 
Pacific Ocean and at a minimum elevation of approximately 26.0 meters (85.3 feet) above mean 
sea level (MSL).  Therefore, tsunamis (seismic sea waves) are not considered a hazard at the 
site. 
 
The site is not located near to or down slope of, any large body of water that could affect the 
site in the event of an earthquake-induced failure or seiche (oscillation in a body of water due to 
earthquake shaking). 
 
3.3. Project Site Soils 
 
Based on review of existing geotechnical documents, surface geologic mapping, and subsurface 
exploration, the project site is underlain by existing fill, alluvium, terrace deposits, and Ardath Shale.  
Appendix I.4: Figure 4-Geotechnical Map presents the general distribution of the geologic units 
within the project limits.  The interpreted geologic conditions underlying the proposed BAUC are 
indicated in Appendix I.5: Figure 5-Geologic Cross Section AA-AA’.  Descriptions of the geologic 
units encountered are provided below. 
 
Existing Fill 
 
Existing fill soils were observed in forty-three (43) out of fifty-nine (59) test borings drilled for the 
overall project.  Appendix I.3: Figure 3-Field Exploration Map shows the test borings that 
encountered existing fill soils along with their respective depths.  The existing fill soils were 
generally found in the vicinity of the commercial development within the western margins of the 
project with a depth up to 3.5 meters (11.5 feet); the northern embankment for the Soledad Canyon 
Bridge within the central-northern margins of the project with a depth up to 30.5 meters (100 feet); 
and the SDG&E easement access road within the eastern margins of the project with a depth up to 
18.2 meters (59.7 feet).  The composition of the existing fill ranges from silty sand to sandy clay, 
with gravel and cobbles.  As encountered in the test borings, the fill soils were in a moist to wet 
state, ranged from medium brown to dark reddish brown in color, and the consistency ranged from 
loose to medium dense (granular fill) and moderately stiff to stiff (fine-grained fill). 
 
Alluvium 
 
Holocene-aged alluvium was observed in the active stream channel of Carroll Creek, while 
outside the creek channel the alluvium exhibited addition of soil development and increased 
consolidation.  The alluvium observed in the stream channel was composed of fine to coarse 
grained sand, with abundant gravel and cobbles.  The alluvium encountered in the test borings 
ranged from silty clay to poorly graded sand with variable concentrations of gravel and cobbles.  
The variable composition and laterally discontinuous nature of the alluvial deposits encountered 
reflect the various depositional sequences consistent with the stream channel setting.  As 
encountered in the test borings, the alluvial soils were in a moist to wet state, ranged from dark 
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brown to dark grey in color and the consistency ranged from loose to very dense.  The alluvium 
appeared to be derived from bedrock sources that lie near and east of the site. 
 
Terrace Deposits 
 
Quaternary-aged terrace deposits were observed in road cuts and hillside outcrop exposures.  
Terrace deposits were encountered intermittently throughout the project site in twenty-five (25) 
out of fifty-nine (59) test borings drilled.  The terrace deposits occur locally as a veneer of silt, 
clay, sand and conglomerate that represent fluvial deposits laid down in the past by Carroll 
Creek when it flowed at a higher elevation.  The terrace deposits were observed to be moist to 
wet, with a hard to very dense, friable consistency.  The basal portions of the terrace deposits 
were observed in the surface exposures and in the test borings to be comprised of gravel and 
cobble conglomerate with a silty sand matrix.  In the test borings that encountered terrace 
deposits, they were observed to overlie Ardath Shale. 
 
3.4. Project Site Rocks 
 
The rock underlying the site consists of a sedimentary rock and is part of the Ardath Shale 
geologic unit. 
 
Ardath Shale 
 
Eocene-aged Ardath Shale is the sedimentary bedrock unit found to underlie the entire site at 
depth.  Ardath Shale was encountered within the project site at depth in forty-one (41) out of 
fifty-nine (59) test borings drilled.  The Ardath Shale was observed to consist of siltstone and 
claystone and occasional sandstone interbeds with thin laminations of medium and dark gray 
colors.  The Ardath Shale was observed to be moist to wet, with a hard consistency.  Some 
layers of the Ardath Shale were observed to be weakly fissile, while other layers were observed 
to be concretionary. 
 
3.5. Earth Material Strength Parameters 
 
Soil strength parameters for engineering analysis were developed from laboratory testing and 
engineering evaluation.  Table 1: Soil Parameters presents typical soil and rock values assigned 
to each of the different earth materials. 
 

Table 1: Soil Parameters 
 

Soil Types Cohesion, c  Friction 
Angle, φ Effective Unit Weight, γ 

Existing Fill 14.36 kN/m2 (300 psf) 28° 19.16 kN/m3 (122 pcf) 
Caltrans Structure 
Backfill 0 kN/m2 (0 psf) 34° 19.63 kN/m3 (125 pcf) 

Alluvium 19.16 kN/m2 (400 psf) 25° 18.06 kN/m3 (115 pcf) 
Terrace Deposits 16.76 kN/m2 (350 psf) 34° 19.63 kN/m3 (125 pcf) 
Ardath Shale 47.88 kN/m2 (1,000 psf) 38° 20.41 kN/m3 (130 pcf) 
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4.0. GROUND WATER  
 
The ground water level (GWL) was encountered in the majority of test borings at an elevation 
that approximates the adjacent Carroll Creek level.  The GWLs encountered in the platform area 
ranged from 25.2 meters (82.7 feet) to 27.6 meters (90.5 feet) MSL.  The GWLs in other test 
borings vary significantly outside the platform area and aren’t considered to reflect static GWL; 
these variable GWLs reflect locally perched groundwater and anomalies from drilling methods 
(i.e., smearing), impervious nature of the Ardath Shale geologic unit, and the relatively short 
period of time from drilling to GWL measurement.  Appendix I.3: Figure 3-Field Exploration Map 
presents all of the GWL elevations MSL where encountered in the test borings.  Appendices I.7 
to I.10 include the GWL elevations MSL and the dates measured where encountered in the test 
borings. 
 
Groundwater is not expected to be a constraint to the proposed construction of the BAUC 
abutment footings, since groundwater was not encountered during our subsurface exploration 
within the BAUC footprint (borings O-08-016, O-08-017, O-08-021, O-08-022).  However, 
experience indicates that near-surface groundwater conditions can develop in areas where no 
such groundwater conditions were previously encountered, especially in areas where a 
substantial increase in surface water infiltration results from landscape irrigation or unusually 
heavy precipitation.  In the event that groundwater is encountered the abutment footing 
excavations, the contractor will have to employ proper dewatering methodology during 
construction. 
 
5.0. SCOUR EVALUATION 
 
Due to the close proximity of the site to Carroll Creek, the potential for flooding exists during 
high flow events.  The site is within the 100-year floodplain of Carroll Creek.  Based on a 
floodplain study prepared for the project, the site is located within a floodplain, but not within 
the relatively high energy floodway (see Section 14.0. References: 34).  As indicated in the 
floodplain study report, the location of the project within the floodplain is in areas of ineffective 
flow and/or backwater.  Impacts on the proposed improvements due to potential scour are 
considered low.  It is anticipated that site development will include appropriate drainage 
provisions for control and discharge of surface runoff. 
 
6.0. CORROSION EVALUATION  
 
The corrosion potential of the on-site materials to steel and buried concrete was evaluated 
within the overall project site.  Laboratory testing was performed in accordance with applicable 
CTMs on representative samples of the existing fill soils, alluvial soils, terrace deposits, and 
Ardath Shale to evaluate pH, minimum resistivity, chloride, and soluble sulfate content.  General 
recommendations to address the corrosion potential of the on-site materials are provided 
herein.  If additional recommendations are desired, it is recommended that an appropriate 
specialist be consulted.  Table 2: Soil Corrosion Test Summary, presents the results of our 
corrosion testing adjacent to the proposed BAUC along the proposed CCR bridge alignment. 



Draft Structure Foundation Report Contract No.: 38008-017046.00 
Proposed Business Access Road Undercrossing SANDAG Task Order No.46 
San Diego, California 

 9  
 

 
Table 2: Soil Corrosion Test Summary 

 
Boring 
Number Elevation 

Sulfate 
Content 

(CTM 417)  

Chloride 
Content 

(CTM 422)  

pH-value 
(CTM 643) 

Minimum Resistivity 
(CTM 643) 

A-08-007 30.8 m – 29.9 m 260 ppm 160 ppm 6.5 1,004 ohms-cms 

A-08-009 35.0 m – 34.2 m 500 ppm 290 ppm 6.5 650 ohms-cms 

A-08-046 32.5 m – 31.5 m 520 ppm 1,100 ppm 6.4 328 ohms-cms 

A-08-048 29.6 m – 29.0 m 450 ppm 390 ppm 7.2 508 ohms-cms 

A-08-049 28.1 m – 27.2 m 14 ppm 75 ppm 6.2 2,208 ohms-cms 

A-08-050 27.4 m – 26.5 m 530 ppm 120 ppm 7.1 682 ohms-cms 

A-08-051 25.1 m – 24.2 m 250 ppm 96 ppm 6.6 937 ohms-cms 

 
In accordance with the Caltrans criteria (Caltrans Corrosion Guidelines, Version 1.0, 2003), a 
corrosive area is an area where the soil contains 500 ppm chlorides or greater; sulfates of 
2000 ppm or greater; a pH of 5.5 or less; or a minimum resistivity of 1,000 ohms-cms or less. 
Therefore, the project area is considered to be corrosive.  Imported fill materials should be 
tested to check that their corrosion potential is not more severe than those assumed. 
 
An appropriate specialist should be consulted regarding special requirements for ground 
contact concrete and metallic elements, as considered necessary by the Engineer. 
 
7.0. SEISMIC STUDY 
 
The site is located in southern California which is a seismically active region that is subject to 
hazards from moderate to large earthquakes.  Ground shaking resulting from earthquakes 
should be expected over the lifetime of the proposed structures.  The closest known active fault 
is the Newport-Inglewood (NIE) fault, which trends north-northwest and is about 6.1 kilometers 
(3.8 miles) west of the project site.  According to the California Seismic Hazard Map, Caltrans 
1996, the NIE fault is capable of a Maximum Credible Earthquake of Moment Magnitude, 
Mw=7.0.  A copy of the California Seismic Hazard Map, Caltrans 1996 is attached in Appendix 
I.6. Section 3.2: Pertinent Soil Conditions or Geologic Hazards presents a detailed discussion 
regarding fault rupture, liquefaction, seismic settlement, and lateral spreading. 
 
Dynamic Analysis Parameters 
 
The California Seismic Hazard Map, Caltrans 1996 indicates that based on deterministic 
values, the design site acceleration is controlled by a Maximum Credible Earthquake (MCE) of 
Mw=7.0 on the NIE fault.  Based on the California Seismic Hazard Map, Caltrans 1996, a MCE 
of Mw=7.0 on the NIE fault could produce a peak bedrock acceleration (PBA) of about 0.5g.  
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Soil Profile Type 
 
The BAUC site should be classified as Soil Type C as defined in Appendix D of Caltrans 
Seismic Design Criteria (SDC) 2006, Version 1.4. 
 
Acceleration Response Spectrum Curve 
 
A standard Acceleration Response Spectrum (ARS) based on Figure 5 of Appendix B of SDC 
2006, Version 1.4 is recommended for design.  The ARS is based on a MCE of Mw=7.0, a 
PBA=0.5g, and Soil Type C and has been modified to account for near fault directivity effect (as 
per SDC Section 6.1.2.1).  Appendix III.1 presents the recommended modified design ARS. 
 
8.0. AS-BUILT FOUNDATION DATA 

 
Appendix I.11: As-Built LOTBs depicts As-Built foundation data of the Soledad Canyon Bridge & 
OH relative to the Earthquake Retrofit Project No. SR 281.  The As-Built LOTBs indicate that the 
existing Soledad Canyon Bridge is supported by a series of bents between two abutments 
constructed on CIDH and steel piles founded within the underlying Ardath Shale. 
 
9.0. FOUNDATION RECOMMENDATIONS 

 
The footings for Abutments 1 and 2 supporting the proposed BAUC bridge will be spread 
footings.  The abutment footings should be embedded at least 0.3 meters (1.0 foot) into 
undisturbed terrace deposits. 
 
Specific geotechnical design parameters and site earthwork recommendations for the BAUC 
project are presented in the following sections.   
 
9.1. Shallow Foundations 
 
It is recommended that the Abutments 1 and 2 for the proposed BAUC be supported on spread 
footings founded within underlying dense, undisturbed terrace deposits.  The construction of the 
proposed approach slabs to Abutments 1 and 2 should be constructed in accordance with Section 
9.2 of this report. 
 
Footing Design Parameters 
 
The foundations should be designed in accordance with the structural considerations, Caltrans 
specifications, and should incorporate the recommendations provided in the following paragraphs.  
The footing dimensions should be evaluated by the structural engineer. 
 
Working Stress Design (WSD) was used to design the abutment footings as specified in the 
Caltrans Memo to Designers 4-1, April 2008.  Table 3: Foundation Design Parameters presents the 
foundation design recommendations.  The footing dimensions shown in Table 3 were developed 
based on the total permissible settlement of 50.8 millimeters (2.0 inches) based on the Caltrans’ 
current practice for shallow footings as specified in the Caltrans Memo to Designers 4-1, 
Attachment-1, April 2008. 
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Table 3: Foundation Design Parameters 

 

Minimum Footing Size (2) 
Support No. Design 

Method 

Finish 
Grade 

Elevation (1) 

Bottom of 
Footing 

Elevation B  L 

Permissible 
Settlement Under 
Service Load (3) 

Abutment 1 WSD 25.5 m 23.6 m 6,096 mm 29,554 mm 50.8 mm 
Abutment 2 WSD 25.8 m 23.6 m 6,096 mm 29,275 mm 50.8 mm 

 
Notes:  (1) 1929 NGVD Datum 

(2) B = Short plan dimension of footing; L = Long plan dimension of the footing 
    (3) For single span structures with seat abutments 
    WSD = Working Stress Design 
 
Bearing Capacity 
 
The bearing capacity estimates for the spread footings were made in accordance with the 
guidelines presented in Section 4, Foundations of the 2003 Bridge Design Specifications by 
Caltrans.  Table 4: Bearing Capacity Values presents the bearing capacity values for the spread 
footings. 
 

Table 4: Bearing Capacity Values 
 

Working Stress Design (WSD) 

Soil Type Permissible Gross Contact 
Stress (Settlement), qpg 

Allowable Gross Bearing 
Capacity, qall  

Terrace Deposits (1) 1,316 kPa (27.5 ksf) 430 kPa (9 ksf) 
 

  
Notes:  (1) Listed bearing values may be used for Ardath Shale, if encountered. 
 
 
Lateral Earth Stresses 
 
Lateral active pressures imposed on Abutments 1 and 2, should be 5.6 kN/m3 (36.0 pcf) equivalent 
fluid pressure for Caltrans structure backfill.   
 
The lateral resistance of spread footings may be designed using a coefficient of friction and passive 
pressure.  It is recommended that a coefficient of friction of 0.4 be utilized for undisturbed terrace 
deposits.  It is recommended that a passive pressure of 66.7 kN/m3 (425.0 pcf) equivalent fluid 
pressure be utilized for Caltrans structure backfill and undisturbed terrace deposits.  The passive 
pressure may be utilized at the surface for level conditions and starting at 0.6 meters (2.0 feet) 
below the surface for a 2 to 1 (horizontal to vertical) descending fill slope condition.  The maximum 
passive pressure utilized shall be 305.4 kN/m2 (6,375.0 psf).  A factor of safety of 1.5 should be 
used when evaluating the lateral resistance.  Sliding resistance shall be calculated using only the 
base resistance or passive resistance values, or 50 percent of base resistance plus 50 percent of 
passive resistance behind the footing.  The passive resistance may be increased by one-third for 
short duration loads like wind or seismic forces.  Note:  lateral deflections are necessary to develop 
passive resistance. 
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9.2. Temporary Excavations 
 
Excavation of the on-site soils may be achieved with conventional heavy-duty grading equipment in 
good operating condition.  Temporary, unsurcharged excavation slopes may be sloped back at an 
inclination of 1 to 1 (horizontal to vertical) within existing fill and alluvium.  Temporary excavations 
within the terrace deposits may be sloped at an inclination of ¾ to 1 (horizontal to vertical). 
 
Heavy loads should not be allowed within 3.0 meters (9.8 feet) of the tops of excavated slopes.  A 
greater setback may be necessary when considering heavy vehicles, such as concrete trucks and 
cranes.  The Engineer should be advised of such heavy loadings so that specific setback 
requirements may be established.  Storm water should be directed away from temporary slopes. 
  
10.0. SLOPE STABILITY ANALYSES 
 
Minor fill slopes will be constructed in connection with the approach slabs for Abutments 1 
and 2.  These slopes will be grossly stable provided that they are graded in accordance with 
the Caltrans Standard Specifications. 
 
11.0. GENERAL NOTES TO DESIGNER 
 
The structural engineer shall show on the plans, a table with the foundation design parameters, 
including the design method, finish grade elevations, the bottom of footing elevations, the 
minimum footing dimensions, and permissible settlement under service load for Abutments 1 
and 2.  Type “B” excavation is to be shown on the plans at Abutments 1 and 2.  Support 
locations are to be plotted on the Log of Test Borings, in plan view, as stated in “Memos to 
Designers” 4-2.  The plotting of the support locations should be made prior to the foundation 
review.   
 
12.0. CONSTRUCTION CONSIDERATIONS 
 
Construction considerations for spread footings are presented below. 
 
1. The existing fill soils and terrace deposits may be excavated using conventional, heavy-duty 

excavators in good operating condition. 
 
2. Temporary excavations will be required for construction of spread footings.  The use of 

temporary shoring may be necessary for the approaches to Abutments 1 and 2 due to the 
presence on an existing adjacent ascending fill slope.  The Occupational Safety and Health 
Administration (OSHA) regulations provide trench sloping and shoring design parameters for 
excavations up to 6.0 meters (19.7 feet) deep, based on a description of the soil types 
encountered.  BVNA recommends that the following OSHA Classifications be used for 
temporary excavations and other purposes: 

 
Fill Material and Alluvium:  Type B 
Terrace Deposits and Ardath Shale: Type A 
 

Excavations should be inspected by the Engineer and the performance evaluated. 
 

3. Temporary slopes above the water table in the fill and alluvial soils should be inclined no 
steeper than 1 to 1 (horizontal to vertical).  Temporary excavations that encounter seepage 
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may need shoring or may be stabilized by placing sandbags or gravel along the base of the 
seepage zone. 

 
4. Heavy loads should not be allowed within 3.0 meters (9.8 feet) of the tops of excavated slopes.  

A greater setback may be necessary when considering heavy vehicles, such as concrete trucks 
and cranes.  The Engineer should be advised of such heavy loadings so that specific setback 
requirements may be established.  Storm water should be directed away from temporary 
slopes.  It should be noted that temporary excavations are susceptible to local failures 
depending on the duration of the excavation.  Ground water seepage zones may be 
encountered during excavation for Abutments 1 and 2, particularly during the wet weather 
season; therefore, dewatering measures might be necessary.  Where seepage zones occur, 
loose or yielding conditions may develop at the bottom of the excavations, which would 
require removal of saturated materials prior to placing concrete.  Saturated yielding 
conditions should be inspected by the Engineer to determine the appropriate remedial 
measures. 

 
13.0. DISCLAIMERS AND CONTACT INFORMATION 
 
The recommendations contained in this report are based on specific project information regarding 
structure type, location, and design loads that have been provided to BVNA.  If any conceptual 
changes are made during final project design, BVNA should review those changes to determine if 
these foundation recommendations are still applicable.  Any questions regarding the above 
recommendations should be directed to the attention of Scott Moors, (805) 656-6074 at BVNA. 
 
The recommendations and opinions expressed in this report are based on field and laboratory 
data developed by BVNA, review of background documents, project plans prepared by T.Y. Lin, 
and communications with T.Y. Lin and Caltrans. It should be noted that this study did not 
evaluate the possible presence of hazardous materials on any portion of the site. 
 
Should the proposed grades vary significantly from the existing or if any development 
configuration changes, structural loads change, or the foundation subgrade conditions vary 
significantly; the recommendations contained herein may need to be modified accordingly.  Due 
to the limited nature of the field explorations, conditions not observed and described in this 
report may be present on the site.  It should be understood that conditions different from those 
anticipated in this report may be encountered during grading operations (e.g., the extent of 
removal of unsuitable soil) and that additional effort may be required to mitigate them.   
 
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.  BVNA should 
be contacted if the reader requires additional information or has questions regarding the 
content, interpretations presented, or completeness of this document. 
 
BVNA has endeavored to perform our evaluation using the degree of care and skill ordinarily 
exercised under similar circumstances by reputable geotechnical professionals with experience 
in this area in similar soil conditions.  No other warranty, either expressed or implied, is made as 
to the conclusions and recommendations contained in this report. 
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NOTE: This figure may contain areas of color. BVNA cannot be responsible
for any subsequent misinterpretation of the information resulting from black
and white reproductions of this figure.
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REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

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

Poorly graded GRAVEL with SAND

Poorly graded GRAVEL with CLAY and

Poorly graded GRAVEL

Poorly graded GRAVEL with SILT and SAND

Poorly graded GRAVEL with SILT

Poorly graded SAND

Poorly graded SAND with SILT

Poorly graded SAND with CLAY

Poorly graded SAND with CLAY and

Poorly graded SAND with SILT and GRAVEL

Poorly graded SAND with GRAVEL

Poorly graded GRAVEL 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 PERCENT OR PROPORTION OF SOILS

MOISTURE

APPARENT DENSITY OF COHESIONLESS SOILS

PARTICLE SIZE

Description

Very loose

Loose

Medium Dense

Dense

Very Dense

Criteria

Damp but no visible water

Description

Dry

Moist

Wet

Absence of moisture, dusty, dry to the 

touch

Visible free water, usually soil is 

below water table

Criteria

5 to 10%

15 to 25%

30 to 45%

50 to 100%

Trace

Few

Little

Some

Mostly

Description

Particles are present but estimated to 

be less than 5%

Size

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

No. 10 to No. 4

No. 40 to No. 10

No. 200 to No. 40

60

0 - 4

5 - 10

11 - 30

31 - 50

   > 50

CP

C

UU

CU

CR

EI

UC

PI

Pocket PenetrometerPP

TV

M

OC

SE

UW

VS

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

Pocket Torvane

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)

Unconfined Compression-Soil

(ASTM D 2166)

Unconfined Compression-Rock

(ASTM D 2938)

Unconsolidated Undrained 

Triaxial (ASTM D 2850)

Unit Weight (ASTM D 4767)

Vane Shear (AASHTO T 223)
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76 mm to 300 mm

19 mm to 76 mm

No. 4 to 19 mm

SPT N   (Blows / 300 mm)

LOG OF TEST BORINGS SHEET NO. 1 OF 22
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Weak

Moderate

Strong

Criteria

CEMENTATION

Description

Will not crumble or break with finger 

pressure.

Crumbles or breaks with considerable 

finger pressure.

Crumbles or breaks with handling or 

little finger pressure.

CONSISTENCY OF COHESIVE SOILS

Field Approximation

Readily indented by thumbnail

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

Description

Readily indented by thumb but 

penetrated only with great effort

Indented by thumbnail with 

difficulty

Easily penetrated several inches 

by fist

Easily penetrated several inches 

by thumb

Penetrated several inches by 

thumb with moderate effort

Size

Size

S
iz

e
S

iz
e

PLASTICITY OF FINE-GRAINED SOILS

Nonplastic

Low

Medium

High

CriteriaDescription

The thread can barely be rolled and the lump cannot be formed when drier than the 

plastic limit.

The thread is easy to roll and not much time is required to reach the plastic limit. 

The thread cannot be rerolled after reaching the plastic limit. The lump crumbles 

when drier than the plastic limit.

It takes considerable time rolling and kneading to reach the plastic limit. The thread 

can be rerolled several times after reaching the plastic limit. The lump can be formed 

without crumbling when drier than the plastic limit.

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
ti

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

CONE PENETRATION TEST (CPT) SOUNDING

2

on tip element

Hole I.D.

L
o

c
a
ti

o
n

 

Top Hole El.

Boring Date

Friction Ratio (%) Tip Bearing (MPa)

0246 302010

2

Pressure measured

Dynamic Cone Penetration Boring

Auger Boring

Rotary drilled boring 

Rotary percussion boring (air)

Rotary drilled diamond core

Other

Cone Penetration Test (ASTM D 5778-95)

Symbol Description

R 

P

A 

D

R

CPT

HD 

HA

O

Hole

Type

BOREHOLE IDENTIFICATION

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)
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< 24 < 24 < 12

12 to 2424 to 48 24 to 48

24 to 4848 to 96 48 to 96

96 to 192

96 to 192 96 to 192

> 192> 383 > 383

48 to 96

192 to 383 192 to 383

A 3 mm thread cannot be rolled at any water content.

Unconfined

Compressive

Strength (tsm)

Pocket

Penetrometer

Measurement (tsm)

Torvane

Measurement (tsm)

76 25

Blows per 76 mm

(Using 12.7 kg hand 

hammer with a 76 mm

drop or as noted) Driving rate in

seconds per 300 mm

(using a Stanley

MB 156 percussion

hammer and a 56 mm

cone, or as noted)

Pressure measured

along sleeve friction

element (225 cm

area) divided by 

pressure measured

on tip element.

(2 cm area)

Size of Sampler 

(millimeters)

Note: Size in millimeters.

Hand driven (25 mm soil tube)

Hand Auger

LOG OF TEST BORINGS SHEET NO. 2 OF 22

3/9/09  
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IGNEOUS ROCK

LEGEND OF ROCK MATERIALS

SEDIMENTARY ROCK

METAMORPHIC ROCK

WEATHERING DESCRIPTORS FOR INTACT ROCK

Diagnostic features

Texture and Solutioning

Body of Rock Texture Solutioning

Preserved.

No solutioning.No change.

Decomposed

Fresh

Description

Chemical Weathering-Discoloration

and/or oxidation

Resembles a soil, partial

or complete remnant rock

structure may be preserved;

leaching of soluble

minerals usually complete.

Complete separation

of grain boundaries

(disaggregated).

Soluble min-

erals may be

mostly leached.

Generally

preserved.

Partial separation of

boundaries visible.

Texture

altered by

chemical

disintegra-

tion (hy-

dration,

argillation).

Leaching of 

soluble min-

erals may be

complete.

Minor leaching

of some solu-

ble minerals

may be noted.

No visible separation,

intact (tight).

No separation, intact

(tight).

No discoloration

or oxidation.

Mechanical Weathering-

Grain boundary condi-

tions (disaggregation)

primarily for granitics

and some coarse-grained

sediments

No discoloration, not 

oxidized.

Discoloration or oxida-

tion is limited to sur-

face of, or short dis-

tance from, fractures;

some feldspar crystals

are dull.

Discoloration or oxida-

tion extends from frac-

tures usually through-

out; Fe-Mg minerals are

"rusty," feldspar 

crystals are "cloudy."

Discolored or oxidized

throughout, but resis-

tant minerals such as

quartz may be unaltered;

all feldspars and Fe-Mg

minerals are completely

altered to clay.

Fracture 

Surfaces

General Characteristics

Hammer rings when crystalline 

rocks are struck. 

Hammer rings when crystalline 

rocks are struck. Body of 

rock not weakened. 

Hammer does not ring when 

rock is struck. Body of rock 

is slightly weakened. 

Dull sound when struck with 

hammer, usually can be broken 

with moderate to heavy manual 

pressure or by light hammer 

blow without reference to 

planes of weakness such as 

incipient or hairline frac-

tures, or veinlets. Rock is 

significantly weakened.

Can be granulated by hand.

Resistant minerals such as 

quartz may be present as 

"stringers" or "dikes."

Slightly

Weathered

Moderately

Weathered

Intensely

Weathered

Minor to complete 

discoloration or 

oxidation of most 

surfaces.

All fracture surfaces 

are discolored or

oxidized.

All fracture surfaces 

are discolored or 

oxidized, surfaces 

friable.

Partial separation, rock 

is friable; in semiarid 

conditions granitics are

disaggregated.

Discoloration or oxi-

dation throughout; all

feldspars and Fe-Mg

minerals are altered

to clay to some extent; 

or chemical alteration 

produces in-situ dis-

aggregation, see grain 

boundary conditions.

FRACTURE DENSITY

Observed Fracture Density

Unfractured

Very slightly fractured

Slightly fractured

Moderately fractured

Intensely fractured

Very intensely fractured

No fractures.

Mostly chips and fragments with a few scattered short core lengths.

Description

Combination descriptors (such as "Very intensely to intensely fractured") are used where equal 

distribution of both fracture density characteristics is present over a significant interval or 

exposure, or where characteristics are "in between" the descriptor definitions. Only two adjacent 

descriptors may be combined.

ROCK HARDNESS

Criteria

Very Soft

Soft

Hard

Very Hard

Description

PERCENT CORE RECOVERY (REC) & ROCK QUALITY DESIGNATION (RQD)

x 100%REC =

RQD = x 100%

>

Top Hole El.

B
o

ri
n

g
 

lo
c
a
ti

o
n

Hole I.D.

REC=100%

RQD=50%

REC=100%

RQD=80%

REC=88%

RQD=0%

Boring Date

End drilled interval

Begin drilled interval

Begin drilled interval

End drilled interval

Begin drilled interval

End drilled interval

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

Specimen can be scratched with a pocket knife or sharp pick with difficulty (heavy 

pressure). Heavy hammer blows required to break specimen.

Specimen can be scratched with pocket knife or sharp pick with light or moderate 

pressure. Core breaks with moderate hammer pressure.

Specimen can be grooved or gouged easily by a pocket knife or sharp pick with light 

pressure, can be scratched with fingernail. Breaks with light to moderate manual pressure.

Extremely Hard

Moderately Soft

Moderately Hard

Specimen cannot be scratched with a pocket knife or sharp pick; can only be chipped with 

repeated heavy hammer blows.

Specimen cannot be scratched with a pocket knife or sharp pick. Breaks with repeated 

heavy hammer blows.

Specimen can be readily indented, grooved or gouged with fingernail, or carved with a 

pocket knife. Breaks with light manual pressure.

Description Thickness / Spacing

Massive

1 m to 3 m

Moderately bedded

Very thinly bedded

Laminated 

Very thickly bedded

Combination descriptors (such as "slightly weathered to fresh") are permissible where equal distribution of both weathering characteristics is present over 

significant intervals or where characteristics present are "in between" the diagnostic feature. However, combination descriptors should not be used where 

significant, identifiable zones can be delineated. Only two adjacent descriptors may be combined. "Very intensely weathered" is the combination descriptor for 

"intensely weathered to decomposed."

Thickly bedded

Thinly bedded

Specimen can be grooved 5 mm deep with a pocket knife or sharp pick with moderate 

or heavy pressure. Breaks with light hammer blow or heavy manual pressure.

30 mm to 100 mm

10 mm to 30 mm

BEDDING SPACING
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Lengths greater than 1 m.

Lengths from 300 mm to 1000 mm with few lengths less than 300 mm or

greater than 1000 mm.

Lengths mostly in 100 mm to 300 mm range with most lengths about 200 mm.

Lengths average from 30 mm to 100 mm with scattered fragmented

intervals with lengths less than 100 mm.

Length of the recovered core pieces

Total length of core run

Total length of core run

Length of intact core pieces   100 mm

Term

Strong

Weak

Very Weak

Very Strong 

RELATIVE STRENGTH OF INTACT ROCK

Extremely Strong

Medium Strong

Extremely Weak

Greater than 3 m

300 mm to 1 m

Less than 10 mm

100 mm to 300 mm

Uniaxial Compressive Strength (MPa)

> 207 

100  - 207 

49  - 100 

25  - 49 

5  - 25 

1  - 5 

< 1 
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becomes slightly weathered and slightly

fractured

becomes highly interbedded with fine

SAND

becomes dark brown

50/152

50/152

El. +29.9 m

PROFILE
VERTICAL 1 : 100

1 : 500

PLAN

+30

+32

+30

+32

O-08-032

2-13-08

TERRACE DEPOSIT: SANDY SILT (ML), hard, fine

layers of alternating light brown and medium

brown, moist, about 40% fine SAND, about 60%

fines

GWS EL. 21.9m

SEDIMENTARY ROCK: [POORLY-GRADED SAND (SP):

very dense, gray, wet, medium grained]

SEDIMENTARY ROCK: [CLAYEY SAND with GRAVEL

(SC): very dense, gray, very moist, about

20% fine GRAVEL, about 65% fine to coarse

SAND, about 15% fines]

SEDIMENTARY ROCK (SHALE): gray, 

moderately weathered, hard, 

moderately fractured, weakly fissile with

concretion beds [ARDATH SHALE], 

[SILT (ML), hard, moist]

becomes interbedded with GRAVEL, about 20%

fine grained GRAVEL, about 75% SAND, 

about 5% fines

2-13-08

Terminated at El. -15.8 m

ER = 1.00

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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i

i

i

i

i

i

i

i
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GWS EL. 21.0m

ALLUVIUM: SILTY CLAY (CL), firm, 

medium brown, moist, about 15% 

fine SAND, about 85% fines

TERRACE DEPOSIT: SILT with SAND 

and GRAVEL (ML), hard, dark brown, 

moist, about 10% fine GRAVEL, 

about 20% fine to coarse SAND, 

about 70% fines 

2-14-08
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SEDIMENTARY ROCK (SHALE): gray, 

moderately weathered, hard, moderately

fractured, weakly fissile with

concretion beds [ARDATH SHALE], 

[SILT (ML), hard, moist]

SEDIMENTARY ROCK:

[interbedded CLAYEY SAND

with GRAVEL]

2-14-08

Terminated at El. -12.6 m

ER = 1.00

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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CLAYEY SANDY GRAVEL (GC): medium dense, light brown to

gray brown, wet, about 50% GRAVEL, about 40% fine to

coarse SAND, about 10% CLAY

SILTY SANDY GRAVEL (GW-GM): medium dense, light brown,

damp, about 50% subrounded GRAVEL, about 40% fine to

coarse SAND, about 10% SILT

interbedded with very fine SANDY SILT/SILTY SAND (ML/SM)
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GWS EL. 26.3m

4-03-08

A-08-049

ALLUVIUM: CLAYEY SAND with GRAVEL (SC), medium dense, 

light brown, moist, about 21% GRAVEL, 44% SAND, about 35

% fines

CP

SEDIMENTARY ROCK (SHALE): gray, moderately weathered,

hard, moderately fractured, weakly fissile with

concretion beds [ARDATH SHALE], [SILT (ML), hard, moist]

SEDIMENTARY ROCK: [CLAYSTONE (CL): hard, light brown to

light gray, damp, weakly fissile, thin layering, some Fe O

staining, high plasticity, slightly micaceous]

SEDIMENTARY ROCK: [SILTSTONE (ML): hard, light brown to

light gray, damp, weakly fissile, thin layered, heavy

oxidation, slightly micaceous]

SEDIMENTARY ROCK: [SILTSTONE (ML): hard, light gray, dry

to damp, thinly layered, weakly fissile, slightly micaceous]

becomes damp

slow drilling

3

SEDIMENTARY ROCK: [SAND-SILTY SAND (SP-SM): very dense,

light gray, damp,about 90% very fine SAND, very fine

well sorted SAND, about 10% SILT, friable]

SEDIMENTARY ROCK: [CLAYEY SILT (ML): hard, light gray,

damp to moist, about 80% SILT, about 20% CLAY, medium

plasticity, slightly micaceous, moderately foliated]

SEDIMENTARY ROCK: [SILTSTONE (ML): hard, light gray, damp,

thin layering, weakly fissile, trace very fine SAND,

slightly micaceous, some dark gray staining]

SEDIMENTARY ROCK: [CLAYEY SILT/SILTY CLAY (ML/CL): hard,

light gray, dampto moist, about 50% SILT, about 50% CLAY,

slightly micaceous, high plasticity]

SEDIMENTARY ROCK: [SILTSTONE (ML): hard, light gray,

dry to damp, weakly fissile, slightly micaceous, trace

white CaC0 ]

SEDIMENTARY ROCK: [SANDY SILT/SILTY SAND (ML/SM): hard,

light gray, damp, about 50% very fine SAND, about 50% SILT]

SEDIMENTARY ROCK: [SILTY SAND/SANDY SILT (SM-ML): very

dense, light gray, damp, about 50% very fine SAND, about

50% SILT, thinly layered]

4-18-08

Terminated at El. 8.1 m

ER = 1.45

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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CLAYEY SILT (ML): stiff, light yellow brown, damp, about

70% SILT, about 70% SILT, about 30% CLAY, high plasticity,

light oxidation

trace very fine SAND, very stiff, about 80% CLAY, slightly

porous, trace rootlets

SANDY CLAY (CL): stiff, light gray, very moist to wet,about

60% CLAY, about 40% very well sorted SAND, high plasticity,

some Fe O  staining

increase in oxidation, color change to light brown

thinly layered

slow drilling

becomes moderately micaceous
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SANDY SILT (ML): very stiff, dark brown, moist, about 48%

SAND, about 53% fines, slightly micaceous, trace rootlets

SILTY CLAY (CL): stiff to very stiff, light brown, moist,

about 70% CLAY, about 30% SILT, high plasticity, micaceous,

trace rootlets

GWS EL. 25.7m

4-22-08

A-08-050

ALLUVIUM: SILTY CLAY (CL), hard, light yellow brown, damp

to moist, about 60% CLAY, about 40% SILT, high plasticity

SAND (SP): medium dense, light gray, moist, fine grained, 

well sorted, trace GRAVEL 

SA DS CR

becomes moist

SEDIMENTARY ROCK: [SANDY SILT (ML): hard, light gray, moist,

about 70% SILT, about 30% very fine SAND, slightly micaceous]

SEDIMENTARY ROCK: [SILTSTONE (ML): hard, light gray, damp,

thinly layered, weakly fissile, slightly micaceous]

SEDIMENTARY ROCK: [SAND (SP): very dense, light gray, moist,

fine grained, well sorted, slightly micaceous]

SEDIMENTARY ROCK: [SILTY SAND (SM): some GRAVEL, very dense,

light gray, moist, about 80% fine to coarse SAND, about

20% SILT, slightly micaceous]

SEDIMENTARY ROCK: [SILTSTONE (ML): hard, light gray, dry to

damp, slightly micaceous] [ARDATH SHALE]

SEDIMENTARY ROCK: [SILTY SAND some GRAVEL (SM): very dense,

light gray, moist, about 80% very fine well sorted SAND,

about 20% SILT, slightly micaceous]

SEDIMENTARY ROCK: [SANDY SILT (ML): hard, light gray, moist,

about 70% SILT, about 30% very fine SAND, slightly micaceous]

SEDIMENTARY ROCK: [SAND some GRAVEL (SP): very dense, light

gray, moist, fine grained, well sorted, slightly micaceous]

SEDIMENTARY ROCK: [SILTSTONE (ML): hard, light gray, dry to

damp, slightly micaceous] [ARDATH SHALE]

SEDIMENTARY ROCK (SHALE): gray, moderately weathered, hard,

moderately fractured, weakly fissile with concretion beds

[ARDATH SHALE], [SILT (ML), hard, moist]

SANDY CLAY (CL): stiff, light gray, very moist, about 80% CLAY,

about 20% very fine SAND, high plasticity, some oxidation,

trace rootlets

SAND (SP): medium dense, light gray, moist to very moist, fine

to coarse SAND, slightly micaceous

4-22-08

Terminated at El. 7.0 m

ER = 1.45

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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WELL-GRADED GRAVEL with CLAY and SAND 

(GW-GC): dark gray, wet, about 46% fine 

to coarse GRAVEL, about 35%  fine to 

coarse SAND, about 12% fines

CLAYEY SAND (SC): very dense, dark gray, 

wet, about 13% GRAVEL, about 71% SAND, 

about 15% fines

GWS EL. 25.4m

2-13-08
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FILL: LEAN CLAY with SAND (CL), hard, 

medium brown, moist, about 1% fine to

coarse  GRAVEL, about 24% fine to coarse

SAND, about 75% fines 

ALLUVIUM: LEAN CLAY (CL), soft, dark brown,

moist, about 20% fine SAND, about 80% fines 

2-13-08

Terminated at El. -13.6m

SEDIMENTARY ROCK (SHALE): gray,  moderately 

weathered, hard,  moderately fractured,

weakly fissile with concretion beds

[ARDATH SHALE],  [SILT (ML), hard, moist]

SEDIMENTARY ROCK: [becomes

interbedded with SANDY SILT with

GRAVEL (ML): very dense, gray,

wet, about 20% fine to coarse

GRAVEL, about 30% fine to coarse

SAND, about 50% fines]

SEDIMENTARY ROCK: [becomes

interbedded with CLAYEY GRAVEL

with SAND (GC): very dense, gray,

wet, about 50% rounded to sub-

rounded fine to medium grained

GRAVEL, about 30% fine to coarse

SAND, about 20% fines]

ER = 1.45

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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LEAN CLAY (CL): with SAND, hard, brown, moist, 

about 25% fine to coarse SAND, about 75% fines 
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SILTY SAND (SM): loose, dark grayish brown, moist,

about 60% fine SAND, about 40% fines 

GWS EL. 25.5m

2-5-08

A-08-011

FILL: SILTY SAND with GRAVEL and COBBLES (SM),

medium dense, medium brown, moist, about 5% 

subrounded COBBLES, about 10% fine to coarse 

GRAVEL, about 70% fine to coarse SAND, about 15% 

fines  

ALLUVIUM: CLAY (CL), stiff, dark brown, moist,

about 15% fine SAND, about 85% fines 

2-05-08

Terminated at El. 22.9 m

ER = 1.00

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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203

SANDY GRAVELLY CLAY (CL): hard, light yellow brown,

damp, about 40% CLAY, about 30% subrounded GRAVEL,

about 30% fines

SANDY CLAY (CL): with GRAVEL, hard, brown, moist, about

80% CLAY, about 20% fine SAND, high plasticity

CLAY (CL): stiff to very stiff, brown, moist, high plasticity,

trace rootlets

light oxidation

SANDY CLAY (CL): very stiff, light gray, very moist to 

wet, about 90% CLAY, about 10% very fine SAND, high

plasticity, slightly micaceous, trace rootlets

encountered GRAVEL

SANDY CLAY (CL): hard, light gray, very moist to wet,

about 41% fine grained SAND, about 59% fines

SANDY GRAVEL (SW) with COBBLE: very dense, light gray,

wet, about 60% subrounded GRAVEL, about 40% fine grained

SAND

SAND (GW): very dense, light gray, wet, about 60% sub-

rounded GRAVEL, about 40% fine SAND
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GWS EL. 26.9m

4-23-08

A-08-051

FILL: GRAVELLY CLAY (CL), some COBBLE, hard, damp, about 

70% CLAY, about 30% subrounded GRAVEL, high plasticity 

ALLUVIUM: CLAY (CL), very stiff, light red brown, moist, high

plasticity, slightly porous, some structure 

4-23-08

Terminated at El. 13.5 m

+32

increase in GRAVEL and SAND, becomes wet

9.5 M PA-3623

13.416.86227 M

3615

20.017.36212 M

368 18.5 M PA-

21.417.26210 M

3650/76 M PA

36REF/25
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203El. +33.1 m

+34 +34

GWS EL. 25.2 m

CLAY with SAND (CL: and color after SAND,very stiff, brown, 

moist, about 22% fine to medium SAND, about 78% fines

CLAYEY SAND (SC): loose, brown, moist, about 55% fine to medium SAND, 

about 45% fines 

SILTY SAND with GRAVEL (SM): very dense, dark gray, wet, about 19% 

GRAVEL, about 65% fine to coarse SAND, about 16% fines  

SANDY LEAN CLAY (CL): hard, dark gray, wet, about 7% GRAVEL, about 

46% SAND,  about 47% fines 

SILTY SAND (SM): very dense, dark gray, wet, about 55% fine to coarse

SAND, about 45% fines, COBBLES encountered

2-2-08

A-08-006

ALLUVIUM: CLAY (CL), stiff, dark reddish brown, moist, about 3% fine 

to medium GRAVEL, about 10% medium SAND, about 85% fines

UW

UW

C

C

C

UW

FILL: SILTY SAND with GRAVEL and COBBLES (SM), medium dense, 

medium brown, moist, about 5% subrounded COBBLES, about 15% fine to 

coarse GRAVEL, about 65% fine to coarse SAND, about 15% fines 

2-02-08

Terminated at El. 15.4 m

SEDIMENTARY ROCK: [SAND (SP): hard, light gray, very moist,

fine grained poorly sorted]

SEDIMENTARY ROCK: [becomes medium grained, trace GRAVEL]

SEDIMENTARY ROCK: [increase in GRAVEL]

ER = 1.00 ER = 1.45

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i

i

i

i

i

i

i

i
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  57-C0786  

SEDIMENTARY ROCK (SHALE): dark gray,  moderately weathered, 

hard, moderately  fractured [ARDATH SHALE], [SILT (ML), 

hard, moist] 
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FILL: CLAYEY SAND (SC), medium dense, brown, damp

to moist

CLAY (CL): trace SAND and GRAVEL, very stiff, light yellow

brown, damp, contains small inclusions of light gray

SILTSTONE

ALLUVIUM: SILTY CLAY (CL): trace GRAVEL, very stiff, light

brown, damp to moist, about 10% fine SAND, about

90% fines, high plasticity 

SANDY GRAVEL (GW): trace clay, dense, light gray

brown, moist, about 60% subrounded GRAVEL, about

40% fine to medium grained SAND

2-6-08

GWS EL. 26.4m

SILT (ML), very stiff, tan to light yellow brown, dry to

damp, some layering with light orange brown Fe O  staining 

A-08-023

2-06-08

Terminated at El. 22.1 m

A-08-023

ER = 1.00

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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lens of loose, gray, moist medium 

grained SAND (SP) 

El. +31.3 m
+32 +32 +8 +8

O-08-028

GWS @ 26.1 m

FILL: SILTY SAND (SM), dense, medium 

brown, moist, about 15% fine to 

coarse GRAVEL, about 60% fine to 

coarse SAND, about 25% fines

ALLUVIUM: SILTY CLAY (CL), soft, 

dark brown, moist, about 15% fine 

SAND, about 85% fines

2-13-08

152

2-13-08

Terminated at El. -13.2 m

SEDIMENTARY ROCK: [CLAYEY GRAVEL

with SAND (GC), very dense, gray,

wet, about 50% rounded to subrounded

fine to medium grained GRAVEL, about

30% fine to coarse SAND, about

20% fines]

SEDIMENTARY ROCK: [CLAYEY SAND (SC):

very dense, gray, moist, about 70%

fine SAND, about 30% fines]

SEDIMENTARY ROCK (SHALE): dark gray, 

moderately weathered, hard, moderately 

fractured [ARDATH SHALE], [SILT (ML),

hard, moist]
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FILL: SILTY SAND with GRAVEL and COBBLES (SM), medium

dense, light brown, moist, about 10% subrounded

COBBLES, about 10% fine to coarse GRAVEL, about

60% fine to coarse SAND, about 20% fines

A-08-012

WELL-GRADED SAND with GRAVEL (SW): very dense, gray,

wet, about 20% fine to medium GRAVEL, about 75% fine 

to coarse SAND, about 5% fines

SILTY SAND (SM): medium dense, dark grayish brown,

moist, about 60% fine SAND, about 40% fines

ALLUVIUM: CLAY (CL), hard, dark brown, moist, about

15% fine SAND, about 85% fines 

SILTY SAND with GRAVEL (SM): very dense, yellowish

brown, moist, about 15% fine GRAVEL, about 55% fine

to coarse SAND, about 30% fines

GWS EL. 27.3 m

2-7-08

ER = 1.45

ER = 1.27

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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FILL: SILTY SAND with GRAVEL and COBBLES (SM), very 

dense, medium brown, moist, about 5% subrounded 

COBBLES, about 15% fine to coarse GRAVEL, about 65

% fine to coarse SAND, about 15% fines 

CLAYEY SAND with GRAVEL (SC): very dense, mottled 

reddish brown, light brown and gray, moist, about 

10% subangular fine GRAVEL, about 70% fine to 

coarse SAND, about 20% fines

SILTY SAND (SM): medium dense, dark grayish brown,

wet, about 85% fine to coarse SAND, about 15%

fines

ALLUVIUM: CLAYEY SAND (SC), medium dense, dark

grayish brown, very moist, about 80% fine to 

coarse SAND, about, 20% fines

A-08-031

SANDY SILT (ML), hard, mottled yellowish brown

and dark brown, moist, about 30% fine SAND,

about 60% fines

2-08-08

Terminated at El. 22.8 m

ER = 1.00

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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FILL: SILTY SAND with GRAVEL and COBBLES (SM),

very dense, grayish brown, moist, about

5% subrounded COBBLES, about 15% fine to

coarse GRAVEL, about 60% fine to coarse

SAND, about 20% fines 

SILTY SAND with GRAVEL (SM): angular clasts

of siltstone, very dense, yellowish brown,

moist, about 20% fine GRAVEL, about 70%

fine to coarse SAND, about 10% fines

SANDY SILT (ML): hard, olive brown and 

yellowish brown, moist, about 30% fine

SAND, about 70% fines

A-08-030

3614

3617

3611

3614

3618

36

36REF/152

50/152

- 23.7 M

36REF/152

36REF/152

203

+30

slow drilling

color change to brown, trace fine SAND, contains specs of musconite 

mica, pieces of manufactured wood 

CLAYEY SAND with GRAVEL (SC): medium dense, light gray, very moist to 

wet, about 90% well sorted SAND, about 10% CLAY 

SILTY CLAY (CL): stiff, light yellow brown, saturated, about 70% CLAY, 

about 30% SILT, trace GRAVEL 

CLAYEY GRAVEL (GC): firm, light brown, damp to moist, about 60% 

subrounded GRAVEL, about 40% CLAY 

LEAN CLAY with SAND (CL): stiff, brown, very moist, about 27% SAND, 

about 73% CLAY 

+28

+26

+24

+22

+20

+18

+30

+28

+26

+24

+22

+20

+18

El. +31.5 m
+32 +32

E
L

E
V

A
T

IO
N

 (
m

) E
L

E
V

A
T

IO
N

 (m
)

GWS EL. 27.2m

4-16-08

FILL: CLAYEY SILT with GRAVEL (ML), firm, light yellow brown, damp, 

about 80% SILT, about 20% CLAY, medium to high plasticity 

ALLUVIUM: SILTY CLAY (CL), stiff, brown, very moist, high plasticity, 

about 80% CLAY, about 20% SILT

A-08-045

PA PI

 2-11-08

Terminated at El. 30.8 m
SEDIMENTARY ROCK (SHALE): gray, moderately weathered, hard, moderately

fractured, weakly fissile with concretion beds [ARDATH SHALE],

[SILT (ML), hard, moist]

SEDIMENTARY ROCK: [SANDY GRAVEL/GRAVELLY SAND (GW): some CLAY, hard, 

ight gray, wet, about 50% fine to coarse SAND, about 50% subrounded

GRAVEL]

SEDIMENTARY ROCK: [CLAYEY GRAVEL (GC): firm, light brown, damp to

moist, about 60% subrounded GRAVEL, about 40% CLAY]

4-16-08

Terminated at El. 17.3 m

ER = 1.00

ER = 1.45

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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FILL: SILTY SAND with GRAVEL and COBBLES 

(SM), dense, yellowish brown, moist, about 5% 

subrounded COBBLES, about 15% fine to  

coarse GRAVEL, about 60% fine to coarse 

SAND, about 20% fines 

SILTY SAND with GRAVEL (SM): dense, grayish

brown, very moist, about 15% fine GRAVEL,

about 70% fine dot coarse SAND, about 15%

fines 

SILTY SAND with GRAVEL (SM): dense, reddish

brown, moist, about 15% subangular GRAVEL,

about 70% fine to coarse SAND, about 15%

fines 

SILTY SAND (ML): hard, mottled light and

dark brown, moist, about 30% fine to 

medium SAND, about 60% fines 

ALLUVIUM: CLAYEY SAND (SC), medium dense,

grayish brown, very moist, about 60% fine

to coarse SAND, about 40% fines 
2-11-08

+36

+34

+32

+30
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+38

2-11-08

Terminated at El. 23.6 m

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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FILL: SANDY CLAY with GRAVEL (SC), soft to firm,

brown, moist, fine to coarse grained, medium

plasticity, about 15% GRAVEL, about 10% fines,

about 75% fines 

ALLUVIUM: CLAYEY SILT (ML): dark brown, damp to

moist, slightly porous, slightly micaceous

CLAYEY SAND (SC): medium dense, light brown to

gray, very moist, fine grained, slightly

micaceous, about 75% SAND, about 25% fines

O-08-035
152

SEDIMENTARY ROCK (SHALE): gray, moderately

weatered, hard, moderately fractured, weakly

fissile with concretion beds [ARDATH SHALE],

[SILT (ML), hard, moist]

SEDIMENTARY ROCK: [SANDY GRAVEL (GW):

gray, moist to very moist, fine to

medium grained surbrounded]

SEDIMENTARY ROCK: [CLAYEY SANDY GRAVEL

(GW): very moist, medium plasticity,

about 50% GRAVEL, about 30% SAND, about 

20% fines]

SEDIMENTARY ROCK: [CLAYEY SAND with

GRAVEL (SC): very moist, medium plasticity]

2-14-08

Terminated at El. -6.8 m

SEDIMENTARY ROCK: [becomes very moist to wet]

SEDIMENTARY ROCK: [becomes damp]

SEDIMENTARY ROCK: [becomes dark gray]

SEDIMENTARY ROCK: [interbedded layer of fine

grained sands]

SEDIMENTARY ROCK: [increase in GRAVEL

content]

SEDIMENTARY ROCK: [becomes moderately

cemented, very hard, dry to damp]

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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SANDY CLAY (CL): firm, light brown to light gray brown, 

very moist, about 80% CLAY, about 20% fine SAND 

SANDY CLAY (CL): stiff, light gray, wet about 70% CLAY, 

about 30% very fine SAND 

becomes mottled with gray and light orange brown colors 
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CLAYEY SAND (SC): medium dense, light  brown, very 

moist, about 50% fine well sorted SAND, about 50% CLAY 

CLAYEY SAND (SC): dense, light gray, wet, about 60% 

El. +32.0 m
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ALLUVIUM: SILTY CLAY (CL), stiff, brown, moist, about

70% CLAY and 30% SILT, high plasticity

GWS EL. 27.4m

203

FILL: GRAVELLY CLAY (CL), firm, light brown, damp to

moist, about 30% GRAVEL, about 70% CLAY, high plasticity

4-17-08

SEDIMENTARY ROCK (SHALE): gray,  moderately weathered, 

hard,  moderately fractured, weakly fissile with

concretion beds [ARDATH SHALE],  [SILT (ML), hard, moist]

SEDIMENTARY ROCK: [SANDY GRAVEL (GW): very dense, light gray,

very moist, about 60% subrounded GRAVEL to COBBLE sized

rock, about 40% fine to coarse SAND]

4-17-08

Terminated at El. 21.8 m

SEDIMENTARY ROCK: [trace microscopic quartz, blocky, some light

orange brown Fe O  staining]

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00

1.

 

 

 

2.

 

 

 

 

3.

 

 

 

 

 

 

 

  

 

 

 

4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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CR

SANDY GRAVELLY CLAY (GC): firm, brown, moist to very moist, about

60% CLAY, about 20% subrounded GRAVEL, about 20% fine SAND, high

plasticity interlayered with dark gray SILTY CLAY

CLAYEY SAND GRAVEL (GC): medium dense, light gray to gray,

very moist to wet, about 50% subrounded GRAVEL, about 30% fine

to coarse SAND, about 20% CLAY

El. +32.5 m

+34+34
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ALLUVIUM: GRAVELLY SAND (GP): loose, light gray-brown, very 

moist, about 70% fine to coarse SAND, about 30% subrounded 

GRAVEL 

SEDIMENTARY ROCK (SHALE): gray,  moderately weathered, hard,  

moderately fractured, weakly fissile with concretion beds [ARDATH 

SHALE],  [SILT (ML), hard, moist]

SEDIMENTARY ROCK: [CLAYEY SAND some GRAVEL (SC): medium dense,

light gray to gray, very moist to wet, about 80% SAND, about

20% CLAY] [ARDATH SHALE]
4-16-08

Terminated at El. 21.2 m

FILL: SILTY GRAVELLY CLAY (GC), firm, light brown, damp to

moist, about 60% CLAY, about 20% subrounded GRAVEL, and about

20% SILT, high plasticity

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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ALLUVIUM: SANDY CLAY (CL), firm, light reddish brown,

moist, trace GRAVEL

CLAYEY SANDY GRAVEL (GC): medium dense, light brown, damp 

to moist, about 70% subrounded GRAVEL, about 20% fine to 

coarse SAND, about 10% fines

WELL-GRADED GRAVEL with CLAY and SAND (GW-GC): dense, 

light gray, damp to moist, about 50% GRAVEL, about 30% 

fine SAND, about 20% fines
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TERRACE DEPOSIT: SILTSTONE (ML), hard,light gray brown, dry

to damp, light orange brown Fe O  staining2 3
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CLAYSTONE (CL): hard, light brown, damp, weakly

layered, highly weathered, some light orange

Fe O  staining

CLAYEY GRAVELLY SAND (SW): dense, light brown to

brown, very moist to wet, about 60% fine to coarse

SAND, about 30% subrounded GRAVEL, about 10% CLAY

SANDY CLAY (CL): very stiff, light brown, wet, about

70% CLAY, about 30% very fine SAND

SANDY GRAVEL (GW): medium dense, light gray, wet,

about 70% CLAY, about 30% very fine SAND

SAND (SP): very dense, light gray, fine grained,

poorly sorted, slightly micaceous
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REF/152

REF/152

REF/152

REF/152

REF/102

REF/152

REF/152

REF/152

REF/152

REF/152

REF/152

REF/152

REF/152

REF/152

REF/76

REF/76

50/152

PA DS CR

2 3

2 3

+30

+28

+26

+24

+22

+20

+18

+16

+14

+12

+30

+28

+26

+24

+22

+20

+18

+16

+14

+12

REF/152

REF/152

3

+32+32

El. +30.8 m

A-08-048
203

GWS EL. 28.1m

4-17-08

FILL: GRAVELLY SILT (GM), firm, light yellow brown, 

damp, about 30% subrounded GRAVEL, about 70% CLAY 

ALLUVIUM: CLAYEY SAND (SC): medium dense, brown, moist, 

about 2% GRAVEL, about 79% SAND, about 19% fines 

CP

TERRACE DEPOSIT: SILTSTONE (ML), hard, light gray brown,

dry to damp, light orange brown Fe O  staining2 3

color changes to light olive brown to

light gray, increase in Fe O  staining

color change to light brown, mottled with light gray,

moist, moderately clastic

SEDIMENTARY ROCK (SHALE): gray, moderately weathered,

hard, moderately fractured, weakly fissile with

concretion beds [ARDATH SHALE], [SILT (ML), hard, moist]

SEDIMENTARY ROCK (SHALE): gray,  moderately weathered, 

hard,  moderately fractured, weakly fissile with concretion 

beds [ARDATH SHALE],  [SILT (ML), hard, moist]

SEDIMENTARY ROCK: [SILTY CLAY (CL): hard, light gray very

moist,about 80% CLAY, about 20% SILT, high plasticity]

SEDIMENTARY ROCK: [SILTY SAND (SM): very dense, light gray,

damp to moist, about 60% fine SAND, about 40% SILT,

friable, slightly micaceous]

SEDIMENTARY ROCK: [SILTSTONE (ML): hard, light gray, dry to

damp, weakly fissile, slightly micaceous]

SEDIMENTARY ROCK: [SILTSTONE (ML): hard, light gray, dry to

damp, weakly fissile, slightly micaceous, trace white CaCO ]

SEDIMENTARY ROCK: [SILTSTONE (ML): hard, light gray, moist,

moderately weathered, moderately foliated]

2-12-08

Terminated at El. 12.0 m

SEDIMENTARY ROCK: [interbedded layer of well graded GRAVEL

with CLAY and SAND (GW-GC): dense, gray, very moist, about

70% subrounded GRAVEL, about 20% fines]

SEDIMENTARY ROCK: [increase in GRAVEL and COBBLES]

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i

i

i

i

i

i

i

ER = 1.00i

ER = 1.45i

LOG OF TEST BORINGS SHEET NO. 20 OF 22

CARROLL CANYON ROAD BRIDGE

3/9/09  

  57-C0786  
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A-08-007

TERRACE DEPOSIT: SANDY LEAN CLAY (CL), hard,

alternating layers of gray and light brown,

moist, about 30% fine SAND, about 70% fines

FILL: CLAYEY SAND with GRAVEL (SC), medium

dense, reddish brown, moist, about 27% GRAVEL,

about 40% fine to coarse SAND, about 33% fines PI CP

PI

UW
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152

O-08-018

FILL: SILTY SAND (SM), medium dense, reddish

brown, moist, about 80% fine SAND, about

20% fines

TERRACE DEPOSIT: SANDY SILT (ML), hard, fine

laminations of alternating layers of brown

and gray, moist, about 30% fine SAND, about

60% fines

SEDIMENTARY ROCK (SHALE): gray,  moderately 

weathered, hard,  moderately fractured, weakly 

fissile with concretion beds [ARDATH SHALE],  

[SILT (ML), hard, moist]

2-1-08

Terminated at El. 27.0 m

2-10-08

Terminated at El. 17.1 m
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SEDIMENTARY ROCK: [becomes interbedded with

SAND and GRAVEL]

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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i

i

i

ER = 1.27i

ER = 1.45i
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All elevations shown in the LOTBs are in meters

and are referenced to the NGVD 1929 Datum.
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SANDY LEAN CLAY (CL): stiff, brown, moist, 

about 6% GRAVEL, about 47% fine to coarse 

SAND, about 47% fines

ALLUVIUM: CLAY (CL), very stiff, dark brown, moist

POORLY GRADED SAND (SP): medium dense, reddish 

brown, moist
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TERRACE DEPOSIT: SANDY SILT (ML), hard, alternating 

layers of light brown and light gray, moist, about

40% fine SAND, about 60% fines
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C

2-1-08

Terminated at El. 27.1 m

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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i

i

i

i

i

i

i

ER = 1.27i

LOG OF TEST BORINGS SHEET NO. 22 OF 22

CARROLL CANYON ROAD BRIDGE

3/9/09  

  57-C0786  

FILL: SANDY LEAN CLAY with GRAVEL (CL), hard brown, 
moist, about 15% GRAVEL, about 41% fine to 
coarse SAND, about 45% fines
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REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

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

Poorly graded GRAVEL with SAND

Poorly graded GRAVEL with CLAY and

Poorly graded GRAVEL

Poorly graded GRAVEL with SILT and SAND

Poorly graded GRAVEL with SILT

Poorly graded SAND

Poorly graded SAND with SILT

Poorly graded SAND with CLAY

Poorly graded SAND with CLAY and

Poorly graded SAND with SILT and GRAVEL

Poorly graded SAND with GRAVEL

Poorly graded GRAVEL 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 PERCENT OR PROPORTION OF SOILS

MOISTURE

APPARENT DENSITY OF COHESIONLESS SOILS

PARTICLE SIZE

Description

Very loose

Loose

Medium Dense

Dense

Very Dense

Criteria

Damp but no visible water

Description

Dry

Moist

Wet

Absence of moisture, dusty, dry to the 

touch

Visible free water, usually soil is 

below water table

Criteria

5 to 10%

15 to 25%

30 to 45%

50 to 100%

Trace

Few

Little

Some

Mostly

Description

Particles are present but estimated to 

be less than 5%

Size

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

60

0 - 4

5 - 10

11 - 30

31 - 50

   > 50

CP

C

UU

CU

CR

EI

UC

PI

Pocket PenetrometerPP

TV

M

OC

SE

UW

VS

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

Pocket Torvane

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)

Unconfined Compression-Soil

(ASTM D 2166)

Unconfined Compression-Rock

(ASTM D 2938)

Unconsolidated Undrained 

Triaxial (ASTM D 2850)

Unit Weight (ASTM D 4767)

Vane Shear (AASHTO T 223)

DIRECT ACCESS RAMP

SOIL LEGEND
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No. 10 to No. 4

No. 40 to No. 10

No. 200 to No. 40

> 300 mm

76 mm to 300 mm

19 mm to 76 mm

No. 4 to 19 mm

SPT N   (Blows / 300 mm)
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Weak

Moderate

Strong

Criteria

CEMENTATION

Description

Will not crumble or break with finger 

pressure.

Crumbles or breaks with considerable 

finger pressure.

Crumbles or breaks with handling or 

little finger pressure.

CONSISTENCY OF COHESIVE SOILS

Field Approximation

Readily indented by thumbnail

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

Description

Readily indented by thumb but 

penetrated only with great effort

Indented by thumbnail with 

difficulty

Easily penetrated several inches 

by fist

Easily penetrated several inches 

by thumb

Penetrated several inches by 

thumb with moderate effort

Size

Size

S
iz

e
S

iz
e

PLASTICITY OF FINE-GRAINED SOILS

Nonplastic

Low

Medium

High

CriteriaDescription

The thread can barely be rolled and the lump cannot be formed when drier than the 

plastic limit.

The thread is easy to roll and not much time is required to reach the plastic limit. 

The thread cannot be rerolled after reaching the plastic limit. The lump crumbles 

when drier than the plastic limit.

It takes considerable time rolling and kneading to reach the plastic limit. The thread 

can be rerolled several times after reaching the plastic limit. The lump can be formed 

without crumbling when drier than the plastic limit.

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
ti

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

CONE PENETRATION TEST (CPT) SOUNDING

Hole I.D.

L
o

c
a
ti

o
n

 

Top Hole El.

Boring Date

Friction Ratio (%) Tip Bearing (MPa)

0246 302010

Dynamic Cone Penetration Boring

Auger Boring

Rotary drilled boring 

Rotary percussion boring (air)

Rotary drilled diamond core

Other

Cone Penetration Test (ASTM D 5778-95)

Symbol Description

R 

P

A 

D

R

CPT

HD 

HA

O

Hole

Type

BOREHOLE IDENTIFICATION

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

Terminated at Elev
Terminated at Elev
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76 25

Blows per 76 mm

(Using 12.7 kg hand 

hammer with a 76 mm

drop or as noted)

A 3 mm thread cannot be rolled at any water content.

Driving rate in

seconds per 300 mm

(using a Stanley

MB 156 percussion

hammer and a 56 mm

cone, or as noted)

Pressure measured

along sleeve friction

element (225 cm

area) divided by 

pressure measured

on tip element.

on tip element

2

2(2 cm area)

Pressure measured

< 24 < 24 < 12

12 to 2424 to 48 24 to 48

24 to 4848 to 96 48 to 96

96 to 192

96 to 192 96 to 192

> 192> 383 > 383

48 to 96

192 to 383 192 to 383

Unconfined

Compressive

Strength (tsm)

Pocket

Penetrometer

Measurement (tsm)

Torvane

Measurement (tsm)

Hand driven (25 mm soil tube)

Hand Auger

Note: Size in millimeters.

Size of Sampler 

(millimeters)
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IGNEOUS ROCK

LEGEND OF ROCK MATERIALS

SEDIMENTARY ROCK

METAMORPHIC ROCK

WEATHERING DESCRIPTORS FOR INTACT ROCK

Diagnostic features

Texture and Solutioning

Body of Rock Texture Solutioning

Preserved.

No solutioning.No change.

Decomposed

Fresh

Description

Chemical Weathering-Discoloration

and/or oxidation

Resembles a soil, partial

or complete remnant rock

structure may be preserved;

leaching of soluble

minerals usually complete.

Complete separation

of grain boundaries

(disaggregated).

Soluble min-

erals may be

mostly leached.

Generally

preserved.

Partial separation of

boundaries visible.

Texture

altered by

chemical

disintegra-

tion (hy-

dration,

argillation).

Leaching of 

soluble min-

erals may be

complete.

Minor leaching

of some solu-

ble minerals

may be noted.

No visible separation,

intact (tight).

No separation, intact

(tight).

No discoloration

or oxidation.

Mechanical Weathering-

Grain boundary condi-

tions (disaggregation)

primarily for granitics

and some coarse-grained

sediments

No discoloration, not 

oxidized.

Discoloration or oxida-

tion is limited to sur-

face of, or short dis-

tance from, fractures;

some feldspar crystals

are dull.

Discoloration or oxida-

tion extends from frac-

tures usually through-

out; Fe-Mg minerals are

"rusty," feldspar 

crystals are "cloudy."

Discolored or oxidized

throughout, but resis-

tant minerals such as

quartz may be unaltered;

all feldspars and Fe-Mg

minerals are completely

altered to clay.

Fracture 

Surfaces

General Characteristics

Hammer rings when crystalline 

rocks are struck. 

Hammer rings when crystalline 

rocks are struck. Body of 

rock not weakened. 

Hammer does not ring when 

rock is struck. Body of rock 

is slightly weakened. 

Dull sound when struck with 

hammer, usually can be broken 

with moderate to heavy manual 

pressure or by light hammer 

blow without reference to 

planes of weakness such as 

incipient or hairline frac-

tures, or veinlets. Rock is 

significantly weakened.

Can be granulated by hand.

Resistant minerals such as 

quartz may be present as 

"stringers" or "dikes."

Slightly

Weathered

Moderately

Weathered

Intensely

Weathered

Minor to complete 

discoloration or 

oxidation of most 

surfaces.

All fracture surfaces 

are discolored or

oxidized.

All fracture surfaces 

are discolored or 

oxidized, surfaces 

friable.

Partial separation, rock 

is friable; in semiarid 

conditions granitics are

disaggregated.

Discoloration or oxi-

dation throughout; all

feldspars and Fe-Mg

minerals are altered

to clay to some extent; 

or chemical alteration 

produces in-situ dis-

aggregation, see grain 

boundary conditions.

FRACTURE DENSITY

Observed Fracture Density

Unfractured

Very slightly fractured

Slightly fractured

Moderately fractured

Intensely fractured

Very intensely fractured

Description

Combination descriptors (such as "Very intensely to intensely fractured") are used where equal 

distribution of both fracture density characteristics is present over a significant interval or 

exposure, or where characteristics are "in between" the descriptor definitions. Only two adjacent 

descriptors may be combined.

ROCK HARDNESS

Criteria

Very Soft

Soft

Hard

Very Hard

Description

PERCENT CORE RECOVERY (REC) & ROCK QUALITY DESIGNATION (RQD)

Top Hole El.

B
o

ri
n

g
 

lo
c
a
ti

o
n

Hole I.D.

REC=100%

RQD=50%

REC=100%

RQD=80%

REC=88%

RQD=0%

Boring Date

End drilled interval

Begin drilled interval

Begin drilled interval

End drilled interval

Begin drilled interval

End drilled interval

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

Specimen can be scratched with a pocket knife or sharp pick with difficulty (heavy 

pressure). Heavy hammer blows required to break specimen.

Specimen can be scratched with pocket knife or sharp pick with light or moderate 

pressure. Core breaks with moderate hammer pressure.

Specimen can be grooved or gouged easily by a pocket knife or sharp pick with light 

pressure, can be scratched with fingernail. Breaks with light to moderate manual pressure.

Extremely Hard

Moderately Soft

Moderately Hard

Specimen cannot be scratched with a pocket knife or sharp pick; can only be chipped with 

repeated heavy hammer blows.

Specimen cannot be scratched with a pocket knife or sharp pick. Breaks with repeated 

heavy hammer blows.

Specimen can be readily indented, grooved or gouged with fingernail, or carved with a 

pocket knife. Breaks with light manual pressure.

Description Thickness / Spacing

Massive

Moderately bedded

Very thinly bedded

Laminated 

Very thickly bedded

Combination descriptors (such as "slightly weathered to fresh") are permissible where equal distribution of both weathering characteristics is present over 

significant intervals or where characteristics present are "in between" the diagnostic feature. However, combination descriptors should not be used where 

significant, identifiable zones can be delineated. Only two adjacent descriptors may be combined. "Very intensely weathered" is the combination descriptor for 

"intensely weathered to decomposed."

Thickly bedded

Thinly bedded

Specimen can be grooved 5 mm deep with a pocket knife or sharp pick with moderate 

or heavy pressure. Breaks with light hammer blow or heavy manual pressure.

BEDDING SPACING

ROCK LEGEND

DIRECT ACCESS RAMP
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No fractures.

Mostly chips and fragments with a few scattered short core lengths.

Lengths greater than 1 m.

Lengths from 300 mm to 1000 mm with few lengths less than 300 mm or

greater than 1000 mm.

Lengths mostly in 100 mm to 300 mm range with most lengths about 200 mm.

Lengths average from 30 mm to 100 mm with scattered fragmented

intervals with lengths less than 100 mm.

x 100%REC =

RQD = x 100%

>

Length of the recovered core pieces

Total length of core run

Total length of core run

Length of intact core pieces   100 mm

1 m to 3 m

30 mm to 100 mm

10 mm to 30 mm

Greater than 3 m

300 mm to 1 m

Less than 10 mm

100 mm to 300 mm

Term

Strong

Weak

Very Weak

Very Strong 

RELATIVE STRENGTH OF INTACT ROCK

Extremely Strong

Medium Strong

Extremely Weak

Uniaxial Compressive Strength (MPa)

> 207 

100  - 207 

49  - 100 

25  - 49 

5  - 25 

1  - 5 

< 1 
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1 : 500

PLAN

VERTICAL

HORIZONTAL

1 : 100

1 : 500

+58
62

62

18.515.8 M UW DS

PA PI CR

51

3633

76 20.316.8 M UW

3658

6242 20.816.5 M UW

3663

6265

CR

3645 M PA PI

6255 16.118.0 M UW DS

3650

6265 15.518.7 M UW

3658

6240

3645

6250 22.516.5 M UW

36

62

3645

62

70

70

3676

6255

3670

6285

36REF/102

62REF/152 19.017.3 M UW

36REF/102

+56

+54

+52

+50

+48

+46

+44

+42

+40

+38

+36

+34

+32

+30

+28

+26

+24

+22

+20

+58

+56

+54

+52

+50

+48

+46

+44

+42

+40

+38

+36

+34

+32

+30

+28

+26

+24

+22

+20

becomes interlayered with fine SAND, very dense, 

light yellow brown, moist, clasts of light gray

SILTSTONE

becomes very stiff

becomes hard

becomes interlayered with LEAN CLAY with GRAVEL (CL):

moist, 10% angular to subangular GRAVEL, about 90% 

fines, clasts of light gray to light brown CLAYSTONE

LEAN CLAY (CL): trace fine SAND, hard, light brown to

brown, moist, about 5% subrounded GRAVEL, about 95%

fines

interlayered with brown LEAN CLAY (CL)

encountered some rock

interlayered with brown LEAN CLAY (CL)

contains clasts of light brown SILTSTONE, highly 

mottled

LEAN CLAY (CL): hard, brown, moist, high plasticity

slow drilling due to COBBLES add water to boring

some COBBLES

SANDY LEAN CLAY with GRAVEL (CL): hard, light brown,

moist, strong organic smell

interlayered with LEAN CLAY with GRAVEL (CL)

2 3

SILT (ML): hard, light yellow brown, moist, about 5%

subangular to subrounded GRAVEL, about 95% fines,

clasts of light gray SILTSTONE and brown CLAYSTONE,

some light orange brown Fe O  staining

3

0.1m Asphaltic Concrete

becomes hard, light brown, about 10% SAND, about 90% fines

12.3-

REF/152

El. +60.2 m

+60 +60

+62+62

+42 +42

PROFILE

E
L

E
V

A
T

I
O

N
 (

m
)

E
L

E
V

A
T

I
O

N
 (

m
)

A-08-037
203

FILL: LEAN CLAY (CL), medium stiff, light yellow brown,

moist, medium plasticity

CP

SILT (ML): hard, light yellow brown, moist, clasts

of light gray siltstone, some orange brown iron oxide

staining

SEDIMENTARY ROCK (SHALE): gray, moderately weathered,

hard, moderately fractured, weakly fissile with

concretion beds [ARDATH SHALE], [SILT (ML), hard, moist]

LEAN CLAY (CL): hard, light brown, moist, contains specs

of dark manganese, very slightly micaceous, trace

nodules of white CaC0 , slightly porous 

LEAN CLAY with SAND (CL): hard, light brown, moist, some

light brown iron oxide staining, slightly micaceous,

slightly porous, organic smell

TERRACE DEPOSITS: LEAN CLAY with SAND (CL): hard, 

brown,

moist, high plastcity, trace GRAVEL

SEDIMENTARY ROCK: [Interbedded with fine well sorted

SAND (SW): very dense, light gray, damp]

SEDIMENTARY ROCK: [CLAYSTONE: light gray, dry weakly

fissile, high plasticity, thin layering]

4-4-08

Terminated at El. 20.1 m

"D
A

R
4
" L

IN
E

"D
A

R
1
" L

IN
E

i

ER = 1.45i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00

1.

 

 

 

2.

 

 

 

 

3.

 

 

 

 

 

 

 

  

 

 

 

4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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becomes light brown to brown

some GRAVEL was encountered

LEAN CLAY (CL): hard, brown, moist, high plasticity

slow drilling

SILT (ML): hard, light orange brown, moist, contains clasts of 

moderately weathered, slightly blocky, light gray SILTSTONE 

2 3

SILT (ML):  hard, light olive brown, moist, some light orange 

brown Fe O  staining, includes minor clasts of light gray 

SILTSTONE 

2 3

LEAN CLAY (CL): hard, light brown, moist, contains some light 

orange brown Fe O  staining +58

3648

3662

3665

36
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PA CR
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LEAN CLAY with SAND (CL): hard, light yellow brown, moist, 

about 1% GRAVEL, about 20% SAND, about 79% fines, medium 

plasticity, contains light orange brown Fe  O  staining, 

microscopic specs of quartz 

.1m Asphaltic Concrete

becomes interlayered with very fine SAND

encountered clods of light gray SILTSTONE

becomes mottled with light orange brown, light gray and brown 

color changes to brown, some dark decayed organic staining 

SILT (ML): hard,light yellow brown to brown, moist, contains 

clasts of light gray SILTSTONE 
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encountered some GRAVEL

increase in GRAVEL and COBBLE
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LEAN CLAY (CL): hard, red brown to brown, moist, trace SAND 

and GRAVEL

ALLUVIUM: LEAN CLAY (CL), hard, light brown to light gray 

brown, moist

LEAN CLAY (CL): hard, brown, moist, trace fine SAND, and 

GRAVEL

TERRACE DEPOSIT: SILTY SAND (SM), dense, light brown to brown, 

moist, contains black staining, about 60% fine SAND, about

40% fines
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FILL: LEAN CLAY (CL), medium stiff, light yellow brown, 

moist, medium to high plasticity 

SILTY SAND (SM): dense, light brown, moist, about 60% fine 

SAND, about 40% SILT, mottled with light gray LEAN CLAY

PI CP

SEDIMENTARY ROCK (SHALE): gray, moderately weathered, hard,

moderately fractured, weakly fissile with concretion beds

[ARDATH SHALE], [SILT (ML), hard, moist]

4-7-08

Terminated at El. 20.3 m

W
A

L
L
 "D

A
R

1
R

"

"C
C

R
D

A
R

" L
IN

E

W
A

L
L
 "D

A
R

4
L
"

SEDIMENTARY ROCK: [trace nodules of gypsum, color changes to

light olive brown]

SEDIMENTARY ROCK: [becomes slightly weathered]
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SILT (ML): hard, light yellow brown, moist, contains small 

chunks of light gray SILTSTONE, some orange- brown Fe O  

staining, slightly micaceous 

ER = 1.45i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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.1m Asphaltic Concrete

color changes to light brown and light gray

color changes to light yellow brown

becomes interlayered with clasts of light gray SILTSTONE 

SILT (ML): very stiff, light yellow brown, moist, light orange 

brown Fe O  staining, contains specs of microscopic size 

quartz, about 2% GRAVEL, about 98% fines 
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becomes interlayered with dark brown, very fine, SANDY CLAY 

El. +57.5 m +58+58
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color changes to light yellow brown
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ALLUVIUM: LEAN CLAY (CL), hard, brown, moist, high plasticity, 

traces of rootlets, slightly porous 

TERRACE DEPOSIT: SANDY CLAY (CL), hard, light orange brown, 

moist
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CP

FILL: SILT (ML), medium stiff, light yellow brown, moist, low to 

medium plasticity 

LEAN CLAY with SAND (CL): very dense, light brown, moist, 

medium plasticity, about 2% GRAVEL, about 26% fine to 

coarse SAND, about 72% fines

SILT (ML): hard, light yellow brown, moist, low plasticity, 

contains chunks of light gray SILTSTONE, trace light 

orange brown Fe O  staining, trace GRAVEL

SEDIMENTARY ROCK (SHALE): gray, moderately weathered, hard, 

moderately fractured, weakly fissile with concretion beds

[ARDATH SHALE], [SILT (ML), hard, moist]

4-81-08

Terminated at El. 23.5 m

SEDIMENTARY ROCK: [slightly weathered, weakly fissile, lamination

between layers,trace manganese staining, trace GRAVEL and COBBLE]
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SEDIMENTARY ROCK: [color changes to light gray, becomes blocky]

SEDIMENTARY ROCK: [encountered COBBLE]

SEDIMENTARY ROCK: [very light weathering]
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ER = 1.45i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00

1.

 

 

 

2.
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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no weathering
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high plasticity, about 30% very fine SAND, about 
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blocky, trace GRAVEL 

becomes interlayered with light yellow brown 

SILT,  moderate light orange Fe O  staining 
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becomes hard, contains chunks of light gray

SILTSTONE, trace GRAVEL
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LEAN CLAY with SAND (CL): hard, light brown to 

brown, moist, about 3% subrounded GRAVEL to 

COBBLE sized rock, about 23% fine SAND, about 

74% fines, high plasticity 

SILT (ML): hard, light yellow brown, moist, 

contains chunks of light gray SILTSTONE, 

some light orange brown Fe O  staining 

contains chunks of light gray SILTSTONE, 

heavy specs of microscopic size quartz 

SILT (ML): interlayered with chunks of light 

olive brown to brown fine SANDY CLAY 

SANDY SILT (ML): hard, light yellow brown, moist, 

contains some light orange brown Fe O  

staining,  about 40% fine SAND, about 60% fines 

becomes mottled with light brown, moist, 

contains some light orange brown Fe O  

staining, about 40% fine SAND, about 60% SILT 

interlayered with LEAN CLAY, light yellow 

brown, clasts of light gray SILTSTONE, 

trace GRAVEL 
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FILL: SILT (ML), medium stiff, light yellow 

brown, moist, medium plasticity

TERRACE DEPOSITS: LEAN CLAY with SAND (CL), 

hard, light brown, moist, high plasticity,

GWS EL. 27.3m
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4-9-08

CP

ALLUVIUM: LEAN CLAY (CL), hard, light brown, 

moist, high plasticity

SEDIMENTARY ROCK (SHALE): gray, moderately

weathered, hard, moderately fractured, weakly

fissile with concretion beds [ARDATH SHALE], [SILT

(ML), hard, moist]

SEDIMENTARY ROCK: [CLAYSTONE (CL): light gray brown,

thin layering, high plasticity

SEDIMENTARY ROCK: [SILTSTONE (ML): light brown,

slightly weathered,  thin layering, weakly fissile,

Fe O  staining]

4-9-08

Terminated at El. 20.8 m
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ER = 1.45i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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and are referenced to the NGVD 1929 Datum.
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BUREAU VERITAS NORTH AMERICA, INC.
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+54
6263

62

6245

6253

.08m Asphaltic Concrete

trace GRAVEL

3645

3647

3645

3630

mottled with tan light brown color

PA PI CR

20.014.6 M UW

50/152

PA PI

19.116.2 M UW DS

16.915.9 M UW

some GRAVEL
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+56+56
El. +55.3 m

LEAN CLAY with SAND (CL): hard, light yellow 

brown, moist, about 1% GRAVEL, about 23% SAND, 

about 76% fines, interlayered with chunks of 

light gray SILTSTONE 

6243

62

6275

62

6250

62

3677

3660

3655

3658

3650

36

36

SILT (ML): hard, light yellow brown, moist

contains microscopic sized quartz

19.715.6 M UW50/152

18.217.5 M UW50/152

18.114.2 M UW

50/102

50/152

50/152

2 3

slow drilling

+42

+40

+38

+36

+34

+32

+30

+28

+26

+24

3

+42

+40

+38

+36

+34

+32

+30

+28

+26

+24

2 3

2 3light olive brown, some Fe O  staining, thin layer 

of dark colored SILT (ML) with PEBBLES 

has clasts of light gray SILTSTONE, some light 

orange brown Fe O  staining 
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FILL: SILT (ML), medium stiff, light yellow 

brown, moist, medium plasticity 

TERRACE DEPOSIT: SANDY LEAN CLAY (CL), hard, light 

brown, moist, about 70% CLAY, about 30% line SAND,

trace of Fe O staining, traces of white CaCO  ,

high plasticity

LEAN CLAY (CL): very stiff, light brown, moist, 

high plasticity, about 5% very fine grained 

SAND, about 95% fines

CP

W
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L
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   "D
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1
R

"

W
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L
L
 "D

A
R
4
L
"

SEDIMENTARY ROCK (SHALE): gray, moderately weathered,

hard, moderately fractured, weakly fissile with

concretion beds [ARDATH SHALE], [SILT (ML), hard, moist]

4-9-08

Terminated at El. 22.8 m

SEDIMENTARY ROCK: [color changes to tan to light 

brown, some dark colored manganese staining]

SEDIMENTARY ROCK: [slow drilling]

SEDIMENTARY ROCK: [no weathering]

ER = 1.45i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00

1.

 

 

 

2.

 

 

 

 

3.

 

 

 

 

 

 

 

  

 

 

 

4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i

i

i

i

i

i

i
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All elevations shown in the LOTBs are in meters

and are referenced to the NGVD 1929 Datum.

Bench Mark

BUREAU VERITAS NORTH AMERICA, INC.

m
p

a
r
a
n

j
a
p

e

+56

3627

3650

3635

3650

6250

6255

62

0.1 m Asphaltic Concrete

encountered top of concrete storm drain pipe and 

moved 3 m to the south

trace GRAVEL

LEAN CLAY with SAND (CL): hard, moist, medium plasticity

about 2% GRAVEL, about 25% SAND, about 73% fines

LEAN CLAY (CL): hard, moist, medium plasticity, trace

SAND and GRAVEL

SILT (ML): hard, light yellow brown, moist, contains

chunks of light gray SILTSTONE, trace light orange

brown Fe O  staining

increase in Fe O  staining

contains specs of microscopic size quartz, mottled

with light gray, light brown and tan colors

interlayered with brown LEAN CLAY (CL): contains 

some GRAVEL

2 3

2 3

M UW17.3 20.0

50/152

El. +54.3 m

+54

+52

+50

+48

+46

+44

+42

+56

+54

+52

+50

+48

+46

+44

+42

3673

3645

3639

3650

36

36

6255

62

6250

6238

62?3

mottled with tan and light yellow brown

trace GRAVEL

becomes interbedded with very fine CLAYEY SANDS/

CLAYEY GRAVELS (SC/GC)

SITLTY SAND (SM): dense, brown, moist, slightly micaceous,

friable about 80% fine SAND, about 20% SILT

2 3

M UW

M UW

M UW

15.6 20.0

16.7 20.3

14.7 29.6

50/152

50/152

REF/152

+42

+40

+38

+36

+34

+32

+30

+28

+26

+42

+40

+38

+36

+34

+32
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+28
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SEDIMENTARY ROCK (SHALE): gray, moderately weathered,

hard, moderately fractured, weakly fissile with

concretion beds [ARDATH SHALE], [SILT (ML), hard, moist]

LEAN CLAY (CL): hard, light yellow brown, moist, contains

chunks of light gray SILTSTONE, some light orange

Fe O  staining

SILT (ML): hard, light yellow brown, moist, contains chunks

of light gray SILTSTONE, some light orange Fe O  staining2 3

LEAN CLAY (CL): hard light brown, moist, high plasticity

4-11-08

Terminated at El. 26.4 m
"M

M
B

2
" L

IN
E

SEDIMENTARY ROCK: [light gray, gypsum crystals, blocky]

SEDIMENTARY ROCK: [slow drilling]

SEDIMENTARY ROCK: [exhibits no weathering, weakly fissile]

W
A

L
L
 "D

A
R
1
R
"

ER = 1.45i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00

1.

 

 

 

2.

 

 

 

 

3.

 

 

 

 

 

 

 

  

 

 

 

4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i

i

i

i

i

i

i
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FILL: SILT (ML), stiff, light yellow brown, moist

becomes very stiff, contains some light orange brown

iron oxide staining
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All elevations shown in the LOTBs are in meters

and are referenced to the NGVD 1929 Datum.

Bench Mark

BUREAU VERITAS NORTH AMERICA, INC.
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r
a
n

j
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e

+54

2 3

6242 18.515.2 M UW

6237

6242

6260

some light orange grown Fe O  staining

SILT with GRAVEL (ML): very stiff, light yellow brown,

moist, about 20% subrounded GRAVEL, about 80% fines

3618

36

3657

becomes interbedded with GRAVELLY LEAN CLAY

light brown

trace fine SAND

SILT (ML): hard, light yellow brown, moist, some chunks

of light gray SILTSTONE, some light orange brown

Fe O  staining

contains specs of microscopic size quartz

increase in light orange brown Fe O  staining

slow drilling

18.614.7 M UW

2 3

2 3
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50/152
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62

62
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3633

36

36

36

36

becomes interbedded with dark fine SANDY CLAY

CLAY (CL): hard, light orange brown, moist, high plasticity,

contains dark manganese staining, mottled with light

brown to light yellow brown color, about 20% subrounded

to rounded GRAVEL, about 80% fines

slow drilling

50/152

REF/152

REF/152

REF/102

REF/76

50/76

10.218.7 M UW

18.416.6 M UW

18.714.0 M UW

50/152
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FILL: SILT (ML), stiff, light yellow brown, moist, high 

plasticity
LEAN CLAY (CL): hard, light brown, moist, high plasticity
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SEDIMENTARY ROCK (SHALE): gray, moderately weathered,

hard, moderately fractured, weakly fissile with

concretion beds [ARDATH SHALE], [SILT (ML), hard, moist]

SEDIMENTARY ROCK: [CLAYSTONE: no weathering, high plasticity,

weakly layered]

4-14-08

Terminated at El. 29.3 m
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R
4
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E

SEDIMENTARY ROCK: [encountered cemented zone]

SEDIMENTARY ROCK: [weakly fissile]

ER = 1.45i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00

1.

 

 

 

2.

 

 

 

 

3.

 

 

 

 

 

 

 

  

 

 

 

4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i

i

i

i

i

i

i
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SEDIMENTARY ROCK: [SILTSTONE: tan to light brown, dry,

weakly layered, some chunks of light gray SILTSTONE]
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All elevations shown in the LOTBs are in meters

and are referenced to the NGVD 1929 Datum.

Bench Mark

BUREAU VERITAS NORTH AMERICA, INC.

m
p

a
r
a
n

j
a
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e

+54

3618

3625

3617

3625

6213

6268

6255

6263

LEAN CLAY (CL): stiff, light yellow brown, moist, some

light orange brown Fe O  staining, high plasticity,

trace GRAVEL

encountered BOULDER

SILT (ML): very stiff, light yellow brown, moist, some

light orange brown Fe O  staining, high plasticity,

trace GRAVEL

becomes hard, blocky

becomes very stiff, contains clods of light gray

SILTSTONE

becomes interlayered with brown LEAN CLAY (CL), hard

SANDY LEAN CLAY (CL): hard, light brown, moist, about

30% SAND, about 70% fines, medium to high plasticity

PA CR

21.516.0

UW

M

13.517.7
UW

DS
M

20.315.6 M UW

LEAN CLAY with SAND (CL): very stiff, light yellow

brown, moist, about 1% GRAVEL, about 18% SAND,

about 81% fines

2 3

+52

+50

+48

+46

+44

+42

+54

+52

+50

+48

+46

+44

+42

2 3

"C
C

R
D

A
R

" 
L

in
e

3632

3649

36

36

36

36

6261

62

62

SILT (ML): very stiff, light yellow brown, damp, about

80% SILT, about 20% CLAY, contains clods of light gray

SILTSTONE, some light orange brown Fe O   staining

trace GRAVEL

blocky

SANDY SILT, hard, light brown, moist, very strong

organic smell

color changes to light olive brown

50/76

REF/152

REF/152

REF/152

REF/152

REF/127

21.116.6 M UW

18.316.8 M UW

2 3

+42

+40

+38

+36

+34
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+30
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FILL: SILT (ML), stiff, light yellow brown, moist

PI CP

C

W
A

L
L
 "D

A
R
1
R
"
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R
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A
R
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"

"M
M

B
2
" L
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E

SEDIMENTARY ROCK (SHALE): gray, moderately weathered,

hard, moderately fractured, weakly fissile with

concretion beds [ARDATH SHALE], [SILT (ML), hard, moist]

4-15-08

Terminated at El. 27.1 m

SEDIMENTARY ROCK: [color changes to light yellow brown,

some dark manganese staining, some specs of microscopic

sized quartz]

SEDIMENTARY ROCK: [color changes to light gray]

SEDIMENTARY ROCK: [no weathering, weakly fissile]

ER = 1.45i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00

1.

 

 

 

2.

 

 

 

 

3.

 

 

 

 

 

 

 

  

 

 

 

4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i

i

i

i

i

i

i
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REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

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

Poorly graded GRAVEL with SAND

Poorly graded GRAVEL with CLAY and

Poorly graded GRAVEL

Poorly graded GRAVEL with SILT and SAND

Poorly graded GRAVEL with SILT

Poorly graded SAND

Poorly graded SAND with SILT

Poorly graded SAND with CLAY

Poorly graded SAND with CLAY and

Poorly graded SAND with SILT and GRAVEL

Poorly graded SAND with GRAVEL

Poorly graded GRAVEL 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 PERCENT OR PROPORTION OF SOILS

MOISTURE

APPARENT DENSITY OF COHESIONLESS SOILS

PARTICLE SIZE

Description

Very loose

Loose

Medium Dense

Dense

Very Dense

Criteria

Damp but no visible water

Description

Dry

Moist

Wet

Absence of moisture, dusty, dry to the 

touch

Visible free water, usually soil is 

below water table

Criteria

5 to 10%

15 to 25%

30 to 45%

50 to 100%

Trace

Few

Little

Some

Mostly

Description

Particles are present but estimated to 

be less than 5%

Size

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

No. 10 to No. 4

No. 40 to No. 10

No. 200 to No. 40

60

0 - 4

5 - 10

11 - 30

31 - 50

   > 50

CP

C

UU

CU

CR

EI

UC

PI

Pocket PenetrometerPP

TV

M

OC

SE

UW

VS

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

Pocket Torvane

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)

Unconfined Compression-Soil

(ASTM D 2166)

Unconfined Compression-Rock

(ASTM D 2938)

Unconsolidated Undrained 

Triaxial (ASTM D 2850)

Unit Weight (ASTM D 4767)

Vane Shear (AASHTO T 223)
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19 mm to 76 mm
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SPT N   (Blows / 300 mm)
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Weak

Moderate

Strong

Criteria

CEMENTATION

Description

Will not crumble or break with finger 

pressure.

Crumbles or breaks with considerable 

finger pressure.

Crumbles or breaks with handling or 

little finger pressure.

Size

Size

S
iz

e
S

iz
e

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
ti

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

CONE PENETRATION TEST (CPT) SOUNDING

on tip element

Hole I.D.

L
o

c
a
ti

o
n

 

Top Hole El.

Boring Date

Friction Ratio (%) Tip Bearing (MPa)

0246 302010

Pressure measured

Dynamic Cone Penetration Boring

Auger Boring

Rotary drilled boring 

Rotary percussion boring (air)

Rotary drilled diamond core

Other

Cone Penetration Test (ASTM D 5778-95)

Symbol Description

R 

P

A 

D

R

CPT

HD 

HA

O

Hole

Type

BOREHOLE IDENTIFICATION

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

Terminated at Elev
Terminated at Elev
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CONSISTENCY OF COHESIVE SOILS

Field Approximation

Readily indented by thumbnail

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

Description

Readily indented by thumb but 

penetrated only with great effort

Indented by thumbnail with 

difficulty

Easily penetrated several inches 

by fist

Easily penetrated several inches 

by thumb

Penetrated several inches by 

thumb with moderate effort

PLASTICITY OF FINE-GRAINED SOILS

Nonplastic

Low

Medium

High

CriteriaDescription

The thread can barely be rolled and the lump cannot be formed when drier than the 

plastic limit.

The thread is easy to roll and not much time is required to reach the plastic limit. 

The thread cannot be rerolled after reaching the plastic limit. The lump crumbles 

when drier than the plastic limit.

It takes considerable time rolling and kneading to reach the plastic limit. The thread 

can be rerolled several times after reaching the plastic limit. The lump can be formed 

without crumbling when drier than the plastic limit.

< 24 < 24 < 12

12 to 2424 to 48 24 to 48

24 to 4848 to 96 48 to 96

96 to 192

96 to 192 96 to 192

> 192> 383 > 383

48 to 96

192 to 383 192 to 383

A 3 mm thread cannot be rolled at any water content.

Unconfined

Compressive

Strength (tsm)

Pocket

Penetrometer

Measurement (tsm)

Torvane

Measurement (tsm)

Hand driven (25 mm soil tube)

Hand Auger

Note: Size in millimeters.

Size of Sampler 

(millimeters)

76

Blows per 76 mm

(Using 12.7 kg hand 

hammer with a 76 mm

drop or as noted)

25

Driving rate in

seconds per 300 mm

(using a Stanley

MB 156 percussion

hammer and a 56 mm

cone, or as noted)

Pressure measured

along sleeve friction

element (225 cm

area) divided by 

pressure measured

on tip element.

(2 cm area)2

2
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IGNEOUS ROCK

LEGEND OF ROCK MATERIALS

SEDIMENTARY ROCK

METAMORPHIC ROCK

WEATHERING DESCRIPTORS FOR INTACT ROCK

Diagnostic features

Texture and Solutioning

Body of Rock Texture Solutioning

Preserved.

No solutioning.No change.

Decomposed

Fresh

Description

Chemical Weathering-Discoloration

and/or oxidation

Resembles a soil, partial

or complete remnant rock

structure may be preserved;

leaching of soluble

minerals usually complete.

Complete separation

of grain boundaries

(disaggregated).

Soluble min-

erals may be

mostly leached.

Generally

preserved.

Partial separation of

boundaries visible.

Texture

altered by

chemical

disintegra-

tion (hy-

dration,

argillation).

Leaching of 

soluble min-

erals may be

complete.

Minor leaching

of some solu-

ble minerals

may be noted.

No visible separation,

intact (tight).

No separation, intact

(tight).

No discoloration

or oxidation.

Mechanical Weathering-

Grain boundary condi-

tions (disaggregation)

primarily for granitics

and some coarse-grained

sediments

No discoloration, not 

oxidized.

Discoloration or oxida-

tion is limited to sur-

face of, or short dis-

tance from, fractures;

some feldspar crystals

are dull.

Discoloration or oxida-

tion extends from frac-

tures usually through-

out; Fe-Mg minerals are

"rusty," feldspar 

crystals are "cloudy."

Discolored or oxidized

throughout, but resis-

tant minerals such as

quartz may be unaltered;

all feldspars and Fe-Mg

minerals are completely

altered to clay.

Fracture 

Surfaces

General Characteristics

Hammer rings when crystalline 

rocks are struck. 

Hammer rings when crystalline 

rocks are struck. Body of 

rock not weakened. 

Hammer does not ring when 

rock is struck. Body of rock 

is slightly weakened. 

Dull sound when struck with 

hammer, usually can be broken 

with moderate to heavy manual 

pressure or by light hammer 

blow without reference to 

planes of weakness such as 

incipient or hairline frac-

tures, or veinlets. Rock is 

significantly weakened.

Can be granulated by hand.

Resistant minerals such as 

quartz may be present as 

"stringers" or "dikes."

Slightly

Weathered

Moderately

Weathered

Intensely

Weathered

Minor to complete 

discoloration or 

oxidation of most 

surfaces.

All fracture surfaces 

are discolored or

oxidized.

All fracture surfaces 

are discolored or 

oxidized, surfaces 

friable.

Partial separation, rock 

is friable; in semiarid 

conditions granitics are

disaggregated.

Discoloration or oxi-

dation throughout; all

feldspars and Fe-Mg

minerals are altered

to clay to some extent; 

or chemical alteration 

produces in-situ dis-

aggregation, see grain 

boundary conditions.

FRACTURE DENSITY

Observed Fracture Density

Unfractured

Very slightly fractured

Slightly fractured

Moderately fractured

Intensely fractured

Very intensely fractured

Description

Combination descriptors (such as "Very intensely to intensely fractured") are used where equal 

distribution of both fracture density characteristics is present over a significant interval or 

exposure, or where characteristics are "in between" the descriptor definitions. Only two adjacent 

descriptors may be combined.

ROCK HARDNESS

Criteria

Very Soft

Soft

Hard

Very Hard

Description

PERCENT CORE RECOVERY (REC) & ROCK QUALITY DESIGNATION (RQD)

Top Hole El.

B
o

ri
n

g
 

lo
c
a
ti

o
n

Hole I.D.

REC=100%

RQD=50%

REC=100%

RQD=80%

REC=88%

RQD=0%

Boring Date

End drilled interval

Begin drilled interval

Begin drilled interval

End drilled interval

Begin drilled interval

End drilled interval

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

Specimen can be scratched with a pocket knife or sharp pick with difficulty (heavy 

pressure). Heavy hammer blows required to break specimen.

Specimen can be scratched with pocket knife or sharp pick with light or moderate 

pressure. Core breaks with moderate hammer pressure.

Specimen can be grooved or gouged easily by a pocket knife or sharp pick with light 

pressure, can be scratched with fingernail. Breaks with light to moderate manual pressure.

Extremely Hard

Moderately Soft

Moderately Hard

Specimen cannot be scratched with a pocket knife or sharp pick; can only be chipped with 

repeated heavy hammer blows.

Specimen cannot be scratched with a pocket knife or sharp pick. Breaks with repeated 

heavy hammer blows.

Specimen can be readily indented, grooved or gouged with fingernail, or carved with a 

pocket knife. Breaks with light manual pressure.

Description Thickness / Spacing

Massive

Moderately bedded

Very thinly bedded

Laminated 

Very thickly bedded

Combination descriptors (such as "slightly weathered to fresh") are permissible where equal distribution of both weathering characteristics is present over 

significant intervals or where characteristics present are "in between" the diagnostic feature. However, combination descriptors should not be used where 

significant, identifiable zones can be delineated. Only two adjacent descriptors may be combined. "Very intensely weathered" is the combination descriptor for 

"intensely weathered to decomposed."

Thickly bedded

Thinly bedded

Specimen can be grooved 5 mm deep with a pocket knife or sharp pick with moderate 

or heavy pressure. Breaks with light hammer blow or heavy manual pressure.
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No fractures.

Mostly chips and fragments with a few scattered short core lengths.

Lengths greater than 1 m.

Lengths from 300 mm to 1000 mm with few lengths less than 300 mm or

greater than 1000 mm.

Lengths mostly in 100 mm to 300 mm range with most lengths about 200 mm.

Lengths average from 30 mm to 100 mm with scattered fragmented

intervals with lengths less than 100 mm.

x 100%REC =

RQD = x 100%

>

Length of the recovered core pieces

Total length of core run

Total length of core run

Length of intact core pieces   100 mm

Term

Strong

Weak

Very Weak

Very Strong 

RELATIVE STRENGTH OF INTACT ROCK

Extremely Strong

Medium Strong

Extremely Weak

1 m to 3 m

30 mm to 100 mm

10 mm to 30 mm

Greater than 3 m

300 mm to 1 m

Less than 10 mm

100 mm to 300 mm

Uniaxial Compressive Strength (MPa)

> 207 

100  - 207 

49  - 100 

25  - 49 

5  - 25 

1  - 5 

< 1 
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FILL: CLAYEY SAND with GRAVEL (SC), dense, brown, 

moist; about 20% fine to coarse GRAVEL, about 60% 

fine to coarse SAND, about 20% fines

TERRACE DEPOSIT: WELL-GRADED SAND with CLAY and 

GRAVEL, (SW-SC), medium dense, brown, moist; about 5

% COBBLES,about 15% fine to coarse GRAVEL, about 70

% fine to coarse SAND, about 10% fines

152

O-08-016

SEDIMENTARY ROCK (SHALE): gray, moderately 

weathered, hard, moderately fractured, weakly

fissile with concretion beds [ARDATH SHALE],

[SILT (ML), hard, moist]

2-12-08

Terminated at El. -1.9 m

ER = 1.45i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00

1.

 

 

 

2.

 

 

 

 

3.

 

 

 

 

 

 

 

  

 

 

 

4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i

i

i

i

i

i

i
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TERRACE DEPOSIT: SANDY SILT (ML), hard,fine

laminations of alternating light and dark brown,

moist; about 35% fine SAND, about 65% fines

SILTY SAND with GRAVEL (SM), very dense, medium

brown, moist; about 25% fine to coarse GRAVEL,

about 65% fine to coarse SAND, about 10% fines

SEDIMENTARY ROCK (SHALE): gray, moderately 

weathered, hard, moderately fractured, weakly 

fissile with concretion beds [ARDATH SHALE], 

[SILT (ML), hard, moist]

2-6-08

Terminated at El. 3.0 m

ER = 1.45i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00

1.

 

 

 

2.

 

 

 

 

3.

 

 

 

 

 

 

 

  

 

 

 

4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i

i

i

i

i

i

i
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FILL: SILTY SAND (SM), medium dense, mottled grayish

brown and yellowish brown, moist, about 70% fine

to medium SAND, about 30% fines

TERRACE DEPOSIT: SILT (ML), very stiff, alternating 

layers of medium and light brown, moist 

SEDIMENTARY ROCK (SHALE): gray, moderately 

weathered, hard, moderately fractured, weakly 

fissile with concretion beds [ARDATH SHALE], 

[SILT (ML), hard, moist]

SEDIMENTARY ROCK: [becomes slightly weathered and

slightly fractured]

SEDIMENTARY ROCK: [Lens of fine grained,

POORLY-GRADED SAND]

2-9-08

Terminated at El. -0.6 m

ER = 1.00i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00

1.

 

 

 

2.

 

 

 

 

3.

 

 

 

 

 

 

 

  

 

 

 

4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i

i

i

i

i

i
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6250/76

+40+40

El. +30.5 m

E
L

E
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A
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IO
N

 (m
)

152

O-08-022

FILL: SILTY SAND with GRAVEL (SM), dense, yellowish

brown, moist, about 20% fine to coarse GRAVEL,

about 70% fine to coarse SAND, about 10% fines

TERRACE DEPOSIT: SILT (ML), very stiff, alternating 

layers of medium and light brown, moist 

SILTY SAND with GRAVEL and COBBLES (SM): very

dense, medium brown, moist, about 5% subrounded

COBBLES, about 20% fine to coarse GRAVEL, about

60% fine to coarse SAND, about 15% fines

SEDIMENTARY ROCK (SHALE): gray, moderately weathered,

hard, moderately fractured, weakly fissile with

concretion beds [ARDATH SHALE], [SILT (ML), hard, moist]

SEDIMENTARY ROCK: [becomes slightly fractured]

SEDIMENTARY ROCK: [becomes interbedded with

fine SAND layers]

2-9-08

Terminated at El. -1.8 m

ER = 1.00i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00

1.

 

 

 

2.

 

 

 

 

3.

 

 

 

 

 

 

 

  

 

 

 

4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i

i

i

i

i

i

i

Wall "437R"

Wall "438L"

  57-C0787  
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REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

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

Poorly graded GRAVEL with SAND

Poorly graded GRAVEL with CLAY and

Poorly graded GRAVEL

Poorly graded GRAVEL with SILT and SAND

Poorly graded GRAVEL with SILT

Poorly graded SAND

Poorly graded SAND with SILT

Poorly graded SAND with CLAY

Poorly graded SAND with CLAY and

Poorly graded SAND with SILT and GRAVEL

Poorly graded SAND with GRAVEL

Poorly graded GRAVEL 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 PERCENT OR PROPORTION OF SOILS

MOISTURE

APPARENT DENSITY OF COHESIONLESS SOILS

PARTICLE SIZE

Description

Very loose

Loose

Medium Dense

Dense

Very Dense

Criteria

Damp but no visible water

Description

Dry

Moist

Wet

Absence of moisture, dusty, dry to the 

touch

Visible free water, usually soil is 

below water table

Criteria

5 to 10%

15 to 25%

30 to 45%

50 to 100%

Trace

Few

Little

Some

Mostly

Description

Particles are present but estimated to 

be less than 5%

Size

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

No. 10 to No. 4

No. 40 to No. 10

No. 200 to No. 40

60

0 - 4

5 - 10

11 - 30

31 - 50

   > 50

CP

C

UU

CU

CR

EI

UC

PI

Pocket PenetrometerPP

TV

M

OC

SE

UW

VS

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

Pocket Torvane

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)

Unconfined Compression-Soil

(ASTM D 2166)

Unconfined Compression-Rock

(ASTM D 2938)

Unconsolidated Undrained 

Triaxial (ASTM D 2850)

Unit Weight (ASTM D 4767)

Vane Shear (AASHTO T 223)
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SPT N   (Blows / 300 mm)

> 300 mm

76 mm to 300 mm

19 mm to 76 mm

No. 4 to 19 mm

RW "437R"

MISCELLANEOUS RETAINING WALLS
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Weak

Moderate

Strong

Criteria

CEMENTATION

Description

Will not crumble or break with finger 

pressure.

Crumbles or breaks with considerable 

finger pressure.

Crumbles or breaks with handling or 

little finger pressure.

Size

Size

S
iz

e
S

iz
e

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
ti

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

CONE PENETRATION TEST (CPT) SOUNDING

on tip element

Hole I.D.

L
o

c
a
ti

o
n

 

Top Hole El.

Boring Date

Friction Ratio (%) Tip Bearing (MPa)

0246 302010

Pressure measured

Dynamic Cone Penetration Boring

Auger Boring

Rotary drilled boring 

Rotary percussion boring (air)

Rotary drilled diamond core

Other

Cone Penetration Test (ASTM D 5778-95)

Symbol Description

R 

P

A 

D

R

CPT

HD 

HA

O

Hole

Type

BOREHOLE IDENTIFICATION

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)
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CONSISTENCY OF COHESIVE SOILS

Field Approximation

Readily indented by thumbnail

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

Description

Readily indented by thumb but 

penetrated only with great effort

Indented by thumbnail with 

difficulty

Easily penetrated several inches 

by fist

Easily penetrated several inches 

by thumb

Penetrated several inches by 

thumb with moderate effort

PLASTICITY OF FINE-GRAINED SOILS

Nonplastic

Low

Medium

High

CriteriaDescription

The thread can barely be rolled and the lump cannot be formed when drier than the 

plastic limit.

The thread is easy to roll and not much time is required to reach the plastic limit. 

The thread cannot be rerolled after reaching the plastic limit. The lump crumbles 

when drier than the plastic limit.

It takes considerable time rolling and kneading to reach the plastic limit. The thread 

can be rerolled several times after reaching the plastic limit. The lump can be formed 

without crumbling when drier than the plastic limit.

< 24 < 24 < 12

12 to 2424 to 48 24 to 48

24 to 4848 to 96 48 to 96

96 to 192

96 to 192 96 to 192

> 192> 383 > 383

48 to 96

192 to 383 192 to 383

A 3 mm thread cannot be rolled at any water content.

Unconfined

Compressive

Strength (tsm)

Pocket

Penetrometer

Measurement (tsm)

Torvane

Measurement (tsm)

Hand driven (25 mm soil tube)

Hand Auger

Note: Size in millimeters.

Size of Sampler 

(millimeters)

76

Blows per 76 mm

(Using 12.7 kg hand 

hammer with a 76 mm

drop or as noted) Driving rate in

seconds per 300 mm

(using a Stanley

MB 156 percussion

hammer and a 56 mm

cone, or as noted)

25

2

Pressure measured

along sleeve friction

element (225 cm

area) divided by 

pressure measured

on tip element.

2(2 cm area)

3/9/09  
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MISCELLANEOUS RETAINING WALLS
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IGNEOUS ROCK

LEGEND OF ROCK MATERIALS

SEDIMENTARY ROCK

METAMORPHIC ROCK

WEATHERING DESCRIPTORS FOR INTACT ROCK

Diagnostic features

Texture and Solutioning

Body of Rock Texture Solutioning

Preserved.

No solutioning.No change.

Decomposed

Fresh

Description

Chemical Weathering-Discoloration

and/or oxidation

Resembles a soil, partial

or complete remnant rock

structure may be preserved;

leaching of soluble

minerals usually complete.

Complete separation

of grain boundaries

(disaggregated).

Soluble min-

erals may be

mostly leached.

Generally

preserved.

Partial separation of

boundaries visible.

Texture

altered by

chemical

disintegra-

tion (hy-

dration,

argillation).

Leaching of 

soluble min-

erals may be

complete.

Minor leaching

of some solu-

ble minerals

may be noted.

No visible separation,

intact (tight).

No separation, intact

(tight).

No discoloration

or oxidation.

Mechanical Weathering-

Grain boundary condi-

tions (disaggregation)

primarily for granitics

and some coarse-grained

sediments

No discoloration, not 

oxidized.

Fracture 

Surfaces

General Characteristics

Hammer rings when crystalline 

rocks are struck. 

Hammer rings when crystalline 

rocks are struck. Body of 

rock not weakened. 

Hammer does not ring when 

rock is struck. Body of rock 

is slightly weakened. 

Dull sound when struck with 

hammer, usually can be broken 

with moderate to heavy manual 

pressure or by light hammer 

blow without reference to 

planes of weakness such as 

incipient or hairline frac-

tures, or veinlets. Rock is 

significantly weakened.

Can be granulated by hand.

Resistant minerals such as 

quartz may be present as 

"stringers" or "dikes."

Slightly

Weathered

Moderately

Weathered

Intensely

Weathered

Minor to complete 

discoloration or 

oxidation of most 

surfaces.

All fracture surfaces 

are discolored or

oxidized.

All fracture surfaces 

are discolored or 

oxidized, surfaces 

friable.

Partial separation, rock 

is friable; in semiarid 

conditions granitics are

disaggregated.

FRACTURE DENSITY

Observed Fracture Density

Unfractured

Very slightly fractured

Slightly fractured

Moderately fractured

Intensely fractured

Very intensely fractured

Description

Combination descriptors (such as "Very intensely to intensely fractured") are used where equal 

distribution of both fracture density characteristics is present over a significant interval or 

exposure, or where characteristics are "in between" the descriptor definitions. Only two adjacent 

descriptors may be combined.

ROCK HARDNESS

Criteria

Very Soft

Soft

Hard

Very Hard

Description

PERCENT CORE RECOVERY (REC) & ROCK QUALITY DESIGNATION (RQD)

Top Hole El.

B
o

ri
n

g
 

lo
c
a
ti

o
n

Hole I.D.

REC=100%

RQD=50%

REC=100%

RQD=80%

REC=88%

RQD=0%

Boring Date

End drilled interval

Begin drilled interval

Begin drilled interval

End drilled interval

Begin drilled interval

End drilled interval

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

Specimen can be scratched with a pocket knife or sharp pick with difficulty (heavy 

pressure). Heavy hammer blows required to break specimen.

Specimen can be scratched with pocket knife or sharp pick with light or moderate 

pressure. Core breaks with moderate hammer pressure.

Specimen can be grooved or gouged easily by a pocket knife or sharp pick with light 

pressure, can be scratched with fingernail. Breaks with light to moderate manual pressure.

Extremely Hard

Moderately Soft

Moderately Hard

Specimen cannot be scratched with a pocket knife or sharp pick; can only be chipped with 

repeated heavy hammer blows.

Specimen cannot be scratched with a pocket knife or sharp pick. Breaks with repeated 

heavy hammer blows.

Specimen can be readily indented, grooved or gouged with fingernail, or carved with a 

pocket knife. Breaks with light manual pressure.

Description Thickness / Spacing

Massive

Moderately bedded

Very thinly bedded

Laminated 

Very thickly bedded

Combination descriptors (such as "slightly weathered to fresh") are permissible where equal distribution of both weathering characteristics is present over 

significant intervals or where characteristics present are "in between" the diagnostic feature. However, combination descriptors should not be used where 

significant, identifiable zones can be delineated. Only two adjacent descriptors may be combined. "Very intensely weathered" is the combination descriptor for 

"intensely weathered to decomposed."

Thickly bedded

Thinly bedded

Specimen can be grooved 5 mm deep with a pocket knife or sharp pick with moderate 

or heavy pressure. Breaks with light hammer blow or heavy manual pressure.

BEDDING SPACING

Discolored or oxidized 

throughout, but resistant 

minerals such as quartz may 

be unaltered; all feldspars 

and Fe-Mg minerals are 

completely altered to clay. 

Discoloration or oxidation 

extends from fractures 

usually throughout; Fe-Mg 

minerals are "rusty," 

feldspar  crystals are 

"cloudy." 

Discoloration or oxidation 

is limited to surface of, 

or short distance from, 

fractures; some feldspar 

crystals are dull. 

Discoloration or oxidation 

throughout; all feldspars 

and Fe-Mg minerals are 

altered to clay to some 

extent; or chemical 

alteration produces 

in-situ disaggregation, 

see grain boundary 

conditions. 
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No fractures.

Mostly chips and fragments with a few scattered short core lengths.

Lengths greater than 1 m.

Lengths from 300 mm to 1000 mm with few lengths less than 300 mm or

greater than 1000 mm.

Lengths mostly in 100 mm to 300 mm range with most lengths about 200 mm.

Lengths average from 30 mm to 100 mm with scattered fragmented

intervals with lengths less than 100 mm.

x 100%REC =

RQD = x 100%

>

Length of the recovered core pieces

Total length of core run

Total length of core run

Length of intact core pieces   100 mm

Term

Strong

Weak

Very Weak

Very Strong 

RELATIVE STRENGTH OF INTACT ROCK

Extremely Strong

Medium Strong

Extremely Weak

1 m to 3 m

30 mm to 100 mm

10 mm to 30 mm

Greater than 3 m

300 mm to 1 m

Less than 10 mm

100 mm to 300 mm

Uniaxial Compressive Strength (MPa)

> 207 

100  - 207 

49  - 100 

25  - 49 

5  - 25 

1  - 5 

< 1 
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Friction Ratio (%) Tip Bearing (MPa)
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O-08-0261
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TERRACE DEPOSIT: SANDY SILT (ML), hard, medium brown, 

very moist, about 30% fine SAND, about 70% fines
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increase in GRAVEL and COBBLES

becomes slightly weathered and cemented
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TERRACE DEPOSIT: SILTY SAND with GRAVEL (SM),

dense, reddish brown, moist, about 20% fine to 

coarse GRAVEL, about 70% fine to medium SAND,

about 10% fines

SEDIMENTARY ROCK (SHALE): gray, moderately 

weathered, hard, moderately fractured, weakly

fissile with concretion beds [ARDATH SHALE],

[SILT (ML), hard, moist]

SEDIMENTARY ROCK: [14.3 m to 13.4m cemented zone]

SEDIMENTARY ROCK: [11.9m to 11.3m cemented zone]

SEDIMENTARY ROCK: [10.4m to 9.8m cemented zone]

SEDIMENTARY ROCK: [becomes slightly fractured and

very cemented]

2-9-08

Terminated at El. 9.7 m

2-9-08

Terminated at El. 10.4 m 

SILTY SAND with GRAVEL and COBBLES (SM): very dense,  

light yellowish brown, moist, about 5% subrounded to  

subangular COBBLES, about 20% fine to coarse GRAVEL, 

about 60% fine to coarse SAND, about 15% fines

SEDIMENTARY ROCK (SHALE): gray, moderately weathered,

hard, moderately fractured, weakly fissile with

concretion beds [ARDATH SHALE], [SILT (ML), hard, moist]

ER = 1.45i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00

1.

 

 

 

2.

 

 

 

 

3.

 

 

 

 

 

 

 

  

 

 

 

4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i

i

i

i

i

i

i

ER = 1.45i
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REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

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

Poorly graded GRAVEL with SAND

Poorly graded GRAVEL with CLAY and

Poorly graded GRAVEL

Poorly graded GRAVEL with SILT and SAND

Poorly graded GRAVEL with SILT

Poorly graded SAND

Poorly graded SAND with SILT

Poorly graded SAND with CLAY

Poorly graded SAND with CLAY and

Poorly graded SAND with SILT and GRAVEL

Poorly graded SAND with GRAVEL

Poorly graded GRAVEL 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 PERCENT OR PROPORTION OF SOILS

MOISTURE

APPARENT DENSITY OF COHESIONLESS SOILS

PARTICLE SIZE

Description

Very loose

Loose

Medium Dense

Dense

Very Dense

Criteria

Damp but no visible water

Description

Dry

Moist

Wet

Absence of moisture, dusty, dry to the 

touch

Visible free water, usually soil is 

below water table

Criteria

5 to 10%

15 to 25%

30 to 45%

50 to 100%

Trace

Few

Little

Some

Mostly

Description

Particles are present but estimated to 

be less than 5%

Size

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

No. 10 to No. 4

No. 40 to No. 10

No. 200 to No. 40

60

0 - 4

5 - 10

11 - 30

31 - 50

   > 50

CP

C

UU

CU

CR

EI

UC

PI

Pocket PenetrometerPP

TV

M

OC

SE

UW

VS

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

Pocket Torvane

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)

Unconfined Compression-Soil

(ASTM D 2166)

Unconfined Compression-Rock

(ASTM D 2938)

Unconsolidated Undrained 

Triaxial (ASTM D 2850)

Unit Weight (ASTM D 4767)

Vane Shear (AASHTO T 223)
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SPT N   (Blows / 300 mm)

> 300 mm

76 mm to 300 mm

19 mm to 76 mm

No. 4 to 19 mm
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Weak

Moderate

Strong

Criteria

CEMENTATION

Description

Will not crumble or break with finger 

pressure.

Crumbles or breaks with considerable 

finger pressure.

Crumbles or breaks with handling or 

little finger pressure.

Size

Size

S
iz

e
S

iz
e

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
ti

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

CONE PENETRATION TEST (CPT) SOUNDING

on tip element

Hole I.D.

L
o

c
a
ti

o
n

 

Top Hole El.

Boring Date

Friction Ratio (%) Tip Bearing (MPa)

0246 302010

Pressure measured

Dynamic Cone Penetration Boring

Auger Boring

Rotary drilled boring 

Rotary percussion boring (air)

Rotary drilled diamond core

Other

Cone Penetration Test (ASTM D 5778-95)

Symbol Description

R 

P

A 

D

R

CPT

HD 

HA

O

Hole

Type

BOREHOLE IDENTIFICATION

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)
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CONSISTENCY OF COHESIVE SOILS

Field Approximation

Readily indented by thumbnail

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

Description

Readily indented by thumb but 

penetrated only with great effort

Indented by thumbnail with 

difficulty

Easily penetrated several inches 

by fist

Easily penetrated several inches 

by thumb

Penetrated several inches by 

thumb with moderate effort

PLASTICITY OF FINE-GRAINED SOILS

Nonplastic

Low

Medium

High

CriteriaDescription

The thread can barely be rolled and the lump cannot be formed when drier than the 

plastic limit.

The thread is easy to roll and not much time is required to reach the plastic limit. 

The thread cannot be rerolled after reaching the plastic limit. The lump crumbles 

when drier than the plastic limit.

It takes considerable time rolling and kneading to reach the plastic limit. The thread 

can be rerolled several times after reaching the plastic limit. The lump can be formed 

without crumbling when drier than the plastic limit.

< 24 < 24 < 12

12 to 2424 to 48 24 to 48

24 to 4848 to 96 48 to 96

96 to 192

96 to 192 96 to 192

> 192> 383 > 383

48 to 96

192 to 383 192 to 383

A 3 mm thread cannot be rolled at any water content.

Unconfined

Compressive

Strength (tsm)

Pocket

Penetrometer

Measurement (tsm)

Torvane

Measurement (tsm)

Hand driven (25 mm soil tube)

Hand Auger

Note: Size in millimeters.

Size of Sampler 

(millimeters)

76

Blows per 76 mm

(Using 12.7 kg hand 

hammer with a 76 mm

drop or as noted) Driving rate in

seconds per 300 mm

(using a Stanley

MB 156 percussion

hammer and a 56 mm

cone, or as noted)

25

2

Pressure measured

along sleeve friction

element (225 cm

area) divided by 

pressure measured

on tip element.

2(2 cm area)

3/9/09  
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IGNEOUS ROCK

LEGEND OF ROCK MATERIALS

SEDIMENTARY ROCK

METAMORPHIC ROCK

WEATHERING DESCRIPTORS FOR INTACT ROCK

Diagnostic features

Texture and Solutioning

Body of Rock Texture Solutioning

Preserved.

No solutioning.No change.

Decomposed

Fresh

Description

Chemical Weathering-Discoloration

and/or oxidation

Resembles a soil, partial

or complete remnant rock

structure may be preserved;

leaching of soluble

minerals usually complete.

Complete separation

of grain boundaries

(disaggregated).

Soluble min-

erals may be

mostly leached.

Generally

preserved.

Partial separation of

boundaries visible.

Texture

altered by

chemical

disintegra-

tion (hy-

dration,

argillation).

Leaching of 

soluble min-

erals may be

complete.

Minor leaching

of some solu-

ble minerals

may be noted.

No visible separation,

intact (tight).

No separation, intact

(tight).

No discoloration

or oxidation.

Mechanical Weathering-

Grain boundary condi-

tions (disaggregation)

primarily for granitics

and some coarse-grained

sediments

No discoloration, not 

oxidized.

Fracture 

Surfaces

General Characteristics

Hammer rings when crystalline 

rocks are struck. 

Hammer rings when crystalline 

rocks are struck. Body of 

rock not weakened. 

Hammer does not ring when 

rock is struck. Body of rock 

is slightly weakened. 

Dull sound when struck with 

hammer, usually can be broken 

with moderate to heavy manual 

pressure or by light hammer 

blow without reference to 

planes of weakness such as 

incipient or hairline frac-

tures, or veinlets. Rock is 

significantly weakened.

Can be granulated by hand.

Resistant minerals such as 

quartz may be present as 

"stringers" or "dikes."

Slightly

Weathered

Moderately

Weathered

Intensely

Weathered

Minor to complete 

discoloration or 

oxidation of most 

surfaces.

All fracture surfaces 

are discolored or

oxidized.

All fracture surfaces 

are discolored or 

oxidized, surfaces 

friable.

Partial separation, rock 

is friable; in semiarid 

conditions granitics are

disaggregated.

FRACTURE DENSITY

Observed Fracture Density

Unfractured

Very slightly fractured

Slightly fractured

Moderately fractured

Intensely fractured

Very intensely fractured

Description

Combination descriptors (such as "Very intensely to intensely fractured") are used where equal 

distribution of both fracture density characteristics is present over a significant interval or 

exposure, or where characteristics are "in between" the descriptor definitions. Only two adjacent 

descriptors may be combined.

ROCK HARDNESS

Criteria

Very Soft

Soft

Hard

Very Hard

Description

PERCENT CORE RECOVERY (REC) & ROCK QUALITY DESIGNATION (RQD)

Top Hole El.

B
o

ri
n

g
 

lo
c
a
ti

o
n

Hole I.D.

REC=100%

RQD=50%

REC=100%

RQD=80%

REC=88%

RQD=0%

Boring Date

End drilled interval

Begin drilled interval

Begin drilled interval

End drilled interval

Begin drilled interval

End drilled interval

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

Specimen can be scratched with a pocket knife or sharp pick with difficulty (heavy 

pressure). Heavy hammer blows required to break specimen.

Specimen can be scratched with pocket knife or sharp pick with light or moderate 

pressure. Core breaks with moderate hammer pressure.

Specimen can be grooved or gouged easily by a pocket knife or sharp pick with light 

pressure, can be scratched with fingernail. Breaks with light to moderate manual pressure.

Extremely Hard

Moderately Soft

Moderately Hard

Specimen cannot be scratched with a pocket knife or sharp pick; can only be chipped with 

repeated heavy hammer blows.

Specimen cannot be scratched with a pocket knife or sharp pick. Breaks with repeated 

heavy hammer blows.

Specimen can be readily indented, grooved or gouged with fingernail, or carved with a 

pocket knife. Breaks with light manual pressure.

Description Thickness / Spacing

Massive

Moderately bedded

Very thinly bedded

Laminated 

Very thickly bedded

Combination descriptors (such as "slightly weathered to fresh") are permissible where equal distribution of both weathering characteristics is present over 

significant intervals or where characteristics present are "in between" the diagnostic feature. However, combination descriptors should not be used where 

significant, identifiable zones can be delineated. Only two adjacent descriptors may be combined. "Very intensely weathered" is the combination descriptor for 

"intensely weathered to decomposed."

Thickly bedded

Thinly bedded

Specimen can be grooved 5 mm deep with a pocket knife or sharp pick with moderate 

or heavy pressure. Breaks with light hammer blow or heavy manual pressure.

BEDDING SPACING

Discolored or oxidized 

throughout, but resistant 

minerals such as quartz may 

be unaltered; all feldspars 

and Fe-Mg minerals are 

completely altered to clay. 

Discoloration or oxidation 

extends from fractures 

usually throughout; Fe-Mg 

minerals are "rusty," 

feldspar  crystals are 

"cloudy." 

Discoloration or oxidation 

is limited to surface of, 

or short distance from, 

fractures; some feldspar 

crystals are dull. 

Discoloration or oxidation 

throughout; all feldspars 

and Fe-Mg minerals are 

altered to clay to some 

extent; or chemical 

alteration produces 

in-situ disaggregation, 

see grain boundary 

conditions. 
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No fractures.

Mostly chips and fragments with a few scattered short core lengths.

Lengths greater than 1 m.

Lengths from 300 mm to 1000 mm with few lengths less than 300 mm or

greater than 1000 mm.

Lengths mostly in 100 mm to 300 mm range with most lengths about 200 mm.

Lengths average from 30 mm to 100 mm with scattered fragmented

intervals with lengths less than 100 mm.

x 100%REC =

RQD = x 100%

>

Length of the recovered core pieces

Total length of core run

Total length of core run

Length of intact core pieces   100 mm

Term

Strong

Weak

Very Weak

Very Strong 

RELATIVE STRENGTH OF INTACT ROCK

Extremely Strong

Medium Strong

Extremely Weak

1 m to 3 m

30 mm to 100 mm

10 mm to 30 mm

Greater than 3 m

300 mm to 1 m

Less than 10 mm

100 mm to 300 mm

Uniaxial Compressive Strength (MPa)

> 207 

100  - 207 

49  - 100 

25  - 49 

5  - 25 

1  - 5 

< 1 

3/9/09  
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PROFILE

E
L

E
V

A
T

IO
N

 (
m

)

+28

+26

+24

+22

+20

+18

+16

+30

+28

+26

+24

+22

+20

+18

+16

+30

"
C

C
R

-1
"
 L

in
e

6250/152

62

62

62REF/127

+16

+14

+12

+10

+8

+4

+2

+0

-2

+16

+14

+12

+10

+8

+6

+4

+2

+0

-2

+6

6250/102

6250/127

6250/127

6250/76

+40+40

El. +30.5 m

E
L

E
V

A
T

IO
N

 (m
)

152

O-08-022

FILL: SILTY SAND with GRAVEL (SM), dense, yellowish

brown, moist, about 20% fine to coarse GRAVEL,

about 70% fine to coarse SAND, about 10% fines

TERRACE DEPOSIT: SILT (ML), very stiff, alternating 

layers of medium and light brown, moist 

SILTY SAND with GRAVEL and COBBLES (SM): very

dense, medium brown, moist, about 5% subrounded

COBBLES, about 20% fine to coarse GRAVEL, about

60% fine to coarse SAND, about 15% fines

SEDIMENTARY ROCK (SHALE): gray, moderately weathered,

hard, moderately fractured, weakly fissile with

concretion beds [ARDATH SHALE], [SILT (ML), hard, moist]

SEDIMENTARY ROCK: [becomes slightly fractured]

SEDIMENTARY ROCK: [becomes interbedded with

fine SAND layers]

2-9-08

Terminated at El. -1.8 m

ER = 1.00i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00

1.

 

 

 

2.

 

 

 

 

3.

 

 

 

 

 

 

 

  

 

 

 

4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i

i

i

i

i

i

i

Wall "437R"

Wall "438L"

3/9/09  

MISCELLANEOUS RETAINING WALLS

RW "438L"

LOG OF TEST BORINGS SHEET NO. 4 OF 4

A-61



 

 

 

 
 
 APPENDIX I.10.3 
 

TYPE I WALL 438R LOTBs 
 

 

 

A-62



REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

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

Poorly graded GRAVEL with SAND

Poorly graded GRAVEL with CLAY and

Poorly graded GRAVEL

Poorly graded GRAVEL with SILT and SAND

Poorly graded GRAVEL with SILT

Poorly graded SAND

Poorly graded SAND with SILT

Poorly graded SAND with CLAY

Poorly graded SAND with CLAY and

Poorly graded SAND with SILT and GRAVEL

Poorly graded SAND with GRAVEL

Poorly graded GRAVEL 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 PERCENT OR PROPORTION OF SOILS

MOISTURE

APPARENT DENSITY OF COHESIONLESS SOILS

PARTICLE SIZE

Description

Very loose

Loose

Medium Dense

Dense

Very Dense

Criteria

Damp but no visible water

Description

Dry

Moist

Wet

Absence of moisture, dusty, dry to the 

touch

Visible free water, usually soil is 

below water table

Criteria

5 to 10%

15 to 25%

30 to 45%

50 to 100%

Trace

Few

Little

Some

Mostly

Description

Particles are present but estimated to 

be less than 5%

Size

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

No. 10 to No. 4

No. 40 to No. 10

No. 200 to No. 40

60

0 - 4

5 - 10

11 - 30

31 - 50

   > 50

CP

C

UU

CU

CR

EI

UC

PI

Pocket PenetrometerPP

TV

M

OC

SE

UW

VS

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

Pocket Torvane

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)

Unconfined Compression-Soil

(ASTM D 2166)

Unconfined Compression-Rock

(ASTM D 2938)

Unconsolidated Undrained 

Triaxial (ASTM D 2850)

Unit Weight (ASTM D 4767)

Vane Shear (AASHTO T 223)
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SPT N   (Blows / 300 mm)

> 300 mm

76 mm to 300 mm

19 mm to 76 mm

No. 4 to 19 mm
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Weak

Moderate

Strong

Criteria

CEMENTATION

Description

Will not crumble or break with finger 

pressure.

Crumbles or breaks with considerable 

finger pressure.

Crumbles or breaks with handling or 

little finger pressure.

Size

Size

S
iz

e
S

iz
e

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
ti

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

CONE PENETRATION TEST (CPT) SOUNDING

on tip element

Hole I.D.

L
o

c
a
ti

o
n

 

Top Hole El.

Boring Date

Friction Ratio (%) Tip Bearing (MPa)

0246 302010

Pressure measured

Dynamic Cone Penetration Boring

Auger Boring

Rotary drilled boring 

Rotary percussion boring (air)

Rotary drilled diamond core

Other

Cone Penetration Test (ASTM D 5778-95)

Symbol Description

R 

P

A 

D

R

CPT

HD 

HA

O

Hole

Type

BOREHOLE IDENTIFICATION

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

Terminated at Elev
Terminated at Elev

SOIL LEGEND
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CONSISTENCY OF COHESIVE SOILS

Field Approximation

Readily indented by thumbnail

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

Description

Readily indented by thumb but 

penetrated only with great effort

Indented by thumbnail with 

difficulty

Easily penetrated several inches 

by fist

Easily penetrated several inches 

by thumb

Penetrated several inches by 

thumb with moderate effort

PLASTICITY OF FINE-GRAINED SOILS

Nonplastic

Low

Medium

High

CriteriaDescription

The thread can barely be rolled and the lump cannot be formed when drier than the 

plastic limit.

The thread is easy to roll and not much time is required to reach the plastic limit. 

The thread cannot be rerolled after reaching the plastic limit. The lump crumbles 

when drier than the plastic limit.

It takes considerable time rolling and kneading to reach the plastic limit. The thread 

can be rerolled several times after reaching the plastic limit. The lump can be formed 

without crumbling when drier than the plastic limit.

< 24 < 24 < 12

12 to 2424 to 48 24 to 48

24 to 4848 to 96 48 to 96

96 to 192

96 to 192 96 to 192

> 192> 383 > 383

48 to 96

192 to 383 192 to 383

A 3 mm thread cannot be rolled at any water content.

Unconfined

Compressive

Strength (tsm)

Pocket

Penetrometer

Measurement (tsm)

Torvane

Measurement (tsm)

Hand driven (25 mm soil tube)

Hand Auger

Note: Size in millimeters.

Size of Sampler 

(millimeters)

76

Blows per 76 mm

(Using 12.7 kg hand 

hammer with a 76 mm

drop or as noted) Driving rate in

seconds per 300 mm

(using a Stanley

MB 156 percussion

hammer and a 56 mm

cone, or as noted)

25

2

Pressure measured

along sleeve friction

element (225 cm

area) divided by 

pressure measured

on tip element.

2(2 cm area)

3/9/09  
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IGNEOUS ROCK

LEGEND OF ROCK MATERIALS

SEDIMENTARY ROCK

METAMORPHIC ROCK

WEATHERING DESCRIPTORS FOR INTACT ROCK

Diagnostic features

Texture and Solutioning

Body of Rock Texture Solutioning

Preserved.

No solutioning.No change.

Decomposed

Fresh

Description

Chemical Weathering-Discoloration

and/or oxidation

Resembles a soil, partial

or complete remnant rock

structure may be preserved;

leaching of soluble

minerals usually complete.

Complete separation

of grain boundaries

(disaggregated).

Soluble min-

erals may be

mostly leached.

Generally

preserved.

Partial separation of

boundaries visible.

Texture

altered by

chemical

disintegra-

tion (hy-

dration,

argillation).

Leaching of 

soluble min-

erals may be

complete.

Minor leaching

of some solu-

ble minerals

may be noted.

No visible separation,

intact (tight).

No separation, intact

(tight).

No discoloration

or oxidation.

Mechanical Weathering-

Grain boundary condi-

tions (disaggregation)

primarily for granitics

and some coarse-grained

sediments

No discoloration, not 

oxidized.

Fracture 

Surfaces

General Characteristics

Hammer rings when crystalline 

rocks are struck. 

Hammer rings when crystalline 

rocks are struck. Body of 

rock not weakened. 

Hammer does not ring when 

rock is struck. Body of rock 

is slightly weakened. 

Dull sound when struck with 

hammer, usually can be broken 

with moderate to heavy manual 

pressure or by light hammer 

blow without reference to 

planes of weakness such as 

incipient or hairline frac-

tures, or veinlets. Rock is 

significantly weakened.

Can be granulated by hand.

Resistant minerals such as 

quartz may be present as 

"stringers" or "dikes."

Slightly

Weathered

Moderately

Weathered

Intensely

Weathered

Minor to complete 

discoloration or 

oxidation of most 

surfaces.

All fracture surfaces 

are discolored or

oxidized.

All fracture surfaces 

are discolored or 

oxidized, surfaces 

friable.

Partial separation, rock 

is friable; in semiarid 

conditions granitics are

disaggregated.

FRACTURE DENSITY

Observed Fracture Density

Unfractured

Very slightly fractured

Slightly fractured

Moderately fractured

Intensely fractured

Very intensely fractured

Description

Combination descriptors (such as "Very intensely to intensely fractured") are used where equal 

distribution of both fracture density characteristics is present over a significant interval or 

exposure, or where characteristics are "in between" the descriptor definitions. Only two adjacent 

descriptors may be combined.

ROCK HARDNESS

Criteria

Very Soft

Soft

Hard

Very Hard

Description

PERCENT CORE RECOVERY (REC) & ROCK QUALITY DESIGNATION (RQD)

Top Hole El.

B
o

ri
n

g
 

lo
c
a
ti

o
n

Hole I.D.

REC=100%

RQD=50%

REC=100%

RQD=80%

REC=88%

RQD=0%

Boring Date

End drilled interval

Begin drilled interval

Begin drilled interval

End drilled interval

Begin drilled interval

End drilled interval

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

Specimen can be scratched with a pocket knife or sharp pick with difficulty (heavy 

pressure). Heavy hammer blows required to break specimen.

Specimen can be scratched with pocket knife or sharp pick with light or moderate 

pressure. Core breaks with moderate hammer pressure.

Specimen can be grooved or gouged easily by a pocket knife or sharp pick with light 

pressure, can be scratched with fingernail. Breaks with light to moderate manual pressure.

Extremely Hard

Moderately Soft

Moderately Hard

Specimen cannot be scratched with a pocket knife or sharp pick; can only be chipped with 

repeated heavy hammer blows.

Specimen cannot be scratched with a pocket knife or sharp pick. Breaks with repeated 

heavy hammer blows.

Specimen can be readily indented, grooved or gouged with fingernail, or carved with a 

pocket knife. Breaks with light manual pressure.

Description Thickness / Spacing

Massive

Moderately bedded

Very thinly bedded

Laminated 

Very thickly bedded

Combination descriptors (such as "slightly weathered to fresh") are permissible where equal distribution of both weathering characteristics is present over 

significant intervals or where characteristics present are "in between" the diagnostic feature. However, combination descriptors should not be used where 

significant, identifiable zones can be delineated. Only two adjacent descriptors may be combined. "Very intensely weathered" is the combination descriptor for 

"intensely weathered to decomposed."

Thickly bedded

Thinly bedded

Specimen can be grooved 5 mm deep with a pocket knife or sharp pick with moderate 

or heavy pressure. Breaks with light hammer blow or heavy manual pressure.

BEDDING SPACING

Discolored or oxidized 

throughout, but resistant 

minerals such as quartz may 

be unaltered; all feldspars 

and Fe-Mg minerals are 

completely altered to clay. 

Discoloration or oxidation 

extends from fractures 

usually throughout; Fe-Mg 

minerals are "rusty," 

feldspar  crystals are 

"cloudy." 

Discoloration or oxidation 

is limited to surface of, 

or short distance from, 

fractures; some feldspar 

crystals are dull. 

Discoloration or oxidation 

throughout; all feldspars 

and Fe-Mg minerals are 

altered to clay to some 

extent; or chemical 

alteration produces 

in-situ disaggregation, 

see grain boundary 

conditions. 
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No fractures.

Mostly chips and fragments with a few scattered short core lengths.

Lengths greater than 1 m.

Lengths from 300 mm to 1000 mm with few lengths less than 300 mm or

greater than 1000 mm.

Lengths mostly in 100 mm to 300 mm range with most lengths about 200 mm.

Lengths average from 30 mm to 100 mm with scattered fragmented

intervals with lengths less than 100 mm.

x 100%REC =

RQD = x 100%

>

Length of the recovered core pieces

Total length of core run

Total length of core run

Length of intact core pieces   100 mm

Term

Strong

Weak

Very Weak

Very Strong 

RELATIVE STRENGTH OF INTACT ROCK

Extremely Strong

Medium Strong

Extremely Weak

1 m to 3 m

30 mm to 100 mm

10 mm to 30 mm

Greater than 3 m

300 mm to 1 m

Less than 10 mm

100 mm to 300 mm

Uniaxial Compressive Strength (MPa)

> 207 

100  - 207 

49  - 100 

25  - 49 

5  - 25 

1  - 5 

< 1 

3/9/09  
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PROFILE
VERTICAL

HORIZONTAL

1 : 100

1 : 500

+24

62REF/76

6250/25

6250/51

6250/102

+22

+20

+18

+16

+14

+12

+10

+24

+22

+20

+18

+16

+14

+12

+10 6250/51

+26 +26El. +25.6 m

E
L

E
V

A
T

IO
N

 (
m

)

GWS EL. 13.4m

O-08-024
152

2-7-08

TERRACE DEPOSIT: SILT with SAND and GRAVEL (ML), 

hard, dark brown, very moist to wet, about 10% fine 

GRAVEL, about  20% fine to coarse SAND, about 70% 

fines 

62

62

62REF/152

62

62REF/102

50/25

50/127

REF/25

+26

+24

+22

+20

+18

+16

+14

+12

+26

+24

+22

+20

+18

+16

+14

+12

+28 +28
El. +27.3 m

O-08-019
152

GWS EL. 15.1m

2-6-08

2-6-08

Terminated at El. 11.8 m

2-7-08

Terminated at El. 10.1 m

SEDIMENTARY ROCK: [interbedded with fine SAND]

FILL: SILTY SAND with GRAVEL (SM), dense, mottled 

medium and dark brown, moist, about 15% fine to 

coarse GRAVEL, about 65% fine to coarse SAND, 

about 20% fines  

SEDIMENTARY ROCK (SHALE): gray, moderately weathered,

hard, moderately fractured, weakly fissile with

concretion beds [ARDATH SHALE], [SILT (ML), hard, moist]

TERRACE DEPOSIT: SANDY SILT (ML), hard, fine 

laminations of alternating light and dark brown, 

moist, about 5% fine to coarse GRAVEL, about 35% 

fine SAND, about 60% fines 

SEDIMENTARY ROCK (SHALE): gray, moderately weathered,

hard, moderately fractured, weakly fissile with

concretion beds [ARDATH SHALE], [SILT (ML), hard, moist]

SEDIMENTARY ROCK: [No Recovery

becomes slightly weathered]

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00

1.

 

 

 

2.

 

 

 

 

3.

 

 

 

 

 

 

 

  

 

 

 

4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i

i

i

i

i

i

i

ER = 1.45i ER = 1.45i
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WELL-GRADED GRAVEL with SAND (GW): very dense, brown,

moist, about 40% fine to coarse SAND, about 60% fine

to coarse subrounded GRAVEL, about 5% fines

TERRACE DEPOSIT: SANDY SILT (ML), hard, fine 

laminations of alternating light brown and dark brown, 

moist, about 35% fine SAND, about 65% fines 
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TERRACE DEPOSIT: SANDY SILT (ML), hard, fine 

laminations of light and dark brown, moist, about 

35% fine SAND, about 65% fines 

WELL-GRADED GRAVEL with SAND (GW): very dense,

brown, about 40% fine to coarse SAND, about 55%

fine to coarse subrounded GRAVEL, about 5% fines
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SEDIMENTARY ROCK (SHALE): gray, moderately weathered,

hard, moderately fractured, weakly fissile with

concretion beds [ARDATH SHALE], [SILT (ML), hard, moist]

SEDIMENTARY ROCK (SHALE): gray, moderately 

weathered, hard, moderately fractured, weakly 

fissile with concretion beds [ARDATH SHALE], 

[SILT (ML), hard, moist]

2-6-08

Terminated at El. 13.3 m
2-4-08

Terminated at El. 13.2 m
ER = 1.45i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i

i

i

i

i

i

i

ER = 1.45i
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TERRACE DEPOSIT: SILTY SAND (ML): hard, alternating 

fine laminations of medium brown and light gray, 

moist, about 30% fine SAND, about 70% fines 
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All elevations shown in the LOTBs are in meters

and are referenced to the NGVD 1929 Datum.

Bench Mark

BUREAU VERITAS NORTH AMERICA, INC.

m
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SEDIMENTARY ROCK (SHALE): gray, moderately weathered,

hard, moderately fractured, weakly fissile with

concretion beds [ARDATH SHALE], [SILT (ML), hard, moist]

SEDIMENTARY ROCK: [becomes interbedded with fine SAND]

SEDIMENTARY ROCK: [9.5 m to 10 m, cemented zone]

2-5-08

Terminated at El. 13.0 m

ER = 1.45i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00

1.

 

 

 

2.

 

 

 

 

3.

 

 

 

 

 

 

 

  

 

 

 

4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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MISCELLANEOUS RETAINING WALLS

LOG OF TEST BORINGS SHEET NO. 6 OF 6

RW "438R"
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TYPE I WALL 443R LOTBs 
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REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

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

Poorly graded GRAVEL with SAND

Poorly graded GRAVEL with CLAY and

Poorly graded GRAVEL

Poorly graded GRAVEL with SILT and SAND

Poorly graded GRAVEL with SILT

Poorly graded SAND

Poorly graded SAND with SILT

Poorly graded SAND with CLAY

Poorly graded SAND with CLAY and

Poorly graded SAND with SILT and GRAVEL

Poorly graded SAND with GRAVEL

Poorly graded GRAVEL 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 PERCENT OR PROPORTION OF SOILS

MOISTURE

APPARENT DENSITY OF COHESIONLESS SOILS

PARTICLE SIZE

Description

Very loose

Loose

Medium Dense

Dense

Very Dense

Criteria

Damp but no visible water

Description

Dry

Moist

Wet

Absence of moisture, dusty, dry to the 

touch

Visible free water, usually soil is 

below water table

Criteria

5 to 10%

15 to 25%

30 to 45%

50 to 100%

Trace

Few

Little

Some

Mostly

Description

Particles are present but estimated to 

be less than 5%

Size

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

No. 10 to No. 4

No. 40 to No. 10

No. 200 to No. 40

60

0 - 4

5 - 10

11 - 30

31 - 50

   > 50

CP

C

UU

CU

CR

EI

UC

PI

Pocket PenetrometerPP

TV

M

OC

SE

UW

VS

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

Pocket Torvane

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)

Unconfined Compression-Soil

(ASTM D 2166)

Unconfined Compression-Rock

(ASTM D 2938)

Unconsolidated Undrained 

Triaxial (ASTM D 2850)

Unit Weight (ASTM D 4767)

Vane Shear (AASHTO T 223)
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SPT N   (Blows / 300 mm)

> 300 mm

76 mm to 300 mm

19 mm to 76 mm

No. 4 to 19 mm

MISCELLANEOUS RETAINING WALLS
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LOG OF TEST BORINGS SHEET NO. 1 OF 5

RW "443R"

A-70



Weak

Moderate

Strong

Criteria

CEMENTATION

Description

Will not crumble or break with finger 

pressure.

Crumbles or breaks with considerable 

finger pressure.

Crumbles or breaks with handling or 

little finger pressure.

Size

Size

S
iz

e
S

iz
e

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
ti

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

CONE PENETRATION TEST (CPT) SOUNDING

on tip element

Hole I.D.

L
o

c
a
ti

o
n

 

Top Hole El.

Boring Date

Friction Ratio (%) Tip Bearing (MPa)

0246 302010

Pressure measured

Dynamic Cone Penetration Boring

Auger Boring

Rotary drilled boring 

Rotary percussion boring (air)

Rotary drilled diamond core

Other

Cone Penetration Test (ASTM D 5778-95)

Symbol Description

R 

P

A 

D

R

CPT

HD 

HA

O

Hole

Type

BOREHOLE IDENTIFICATION

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)
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CONSISTENCY OF COHESIVE SOILS

Field Approximation

Readily indented by thumbnail

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

Description

Readily indented by thumb but 

penetrated only with great effort

Indented by thumbnail with 

difficulty

Easily penetrated several inches 

by fist

Easily penetrated several inches 

by thumb

Penetrated several inches by 

thumb with moderate effort

PLASTICITY OF FINE-GRAINED SOILS

Nonplastic

Low

Medium

High

CriteriaDescription

The thread can barely be rolled and the lump cannot be formed when drier than the 

plastic limit.

The thread is easy to roll and not much time is required to reach the plastic limit. 

The thread cannot be rerolled after reaching the plastic limit. The lump crumbles 

when drier than the plastic limit.

It takes considerable time rolling and kneading to reach the plastic limit. The thread 

can be rerolled several times after reaching the plastic limit. The lump can be formed 

without crumbling when drier than the plastic limit.

< 24 < 24 < 12

12 to 2424 to 48 24 to 48

24 to 4848 to 96 48 to 96

96 to 192

96 to 192 96 to 192

> 192> 383 > 383

48 to 96

192 to 383 192 to 383

A 3 mm thread cannot be rolled at any water content.

Unconfined

Compressive

Strength (tsm)

Pocket

Penetrometer

Measurement (tsm)

Torvane

Measurement (tsm)

Hand driven (25 mm soil tube)

Hand Auger

Note: Size in millimeters.

Size of Sampler 

(millimeters)

76

Blows per 76 mm

(Using 12.7 kg hand 

hammer with a 76 mm

drop or as noted) Driving rate in

seconds per 300 mm

(using a Stanley

MB 156 percussion

hammer and a 56 mm

cone, or as noted)

25

2

Pressure measured

along sleeve friction

element (225 cm

area) divided by 

pressure measured

on tip element.

2(2 cm area)
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IGNEOUS ROCK

LEGEND OF ROCK MATERIALS

SEDIMENTARY ROCK

METAMORPHIC ROCK

WEATHERING DESCRIPTORS FOR INTACT ROCK

Diagnostic features

Texture and Solutioning

Body of Rock Texture Solutioning

Preserved.

No solutioning.No change.

Decomposed

Fresh

Description

Chemical Weathering-Discoloration

and/or oxidation

Resembles a soil, partial

or complete remnant rock

structure may be preserved;

leaching of soluble

minerals usually complete.

Complete separation

of grain boundaries

(disaggregated).

Soluble min-

erals may be

mostly leached.

Generally

preserved.

Partial separation of

boundaries visible.

Texture

altered by

chemical

disintegra-

tion (hy-

dration,

argillation).

Leaching of 

soluble min-

erals may be

complete.

Minor leaching

of some solu-

ble minerals

may be noted.

No visible separation,

intact (tight).

No separation, intact

(tight).

No discoloration

or oxidation.

Mechanical Weathering-

Grain boundary condi-

tions (disaggregation)

primarily for granitics

and some coarse-grained

sediments

No discoloration, not 

oxidized.

Fracture 

Surfaces

General Characteristics

Hammer rings when crystalline 

rocks are struck. 

Hammer rings when crystalline 

rocks are struck. Body of 

rock not weakened. 

Hammer does not ring when 

rock is struck. Body of rock 

is slightly weakened. 

Dull sound when struck with 

hammer, usually can be broken 

with moderate to heavy manual 

pressure or by light hammer 

blow without reference to 

planes of weakness such as 

incipient or hairline frac-

tures, or veinlets. Rock is 

significantly weakened.

Can be granulated by hand.

Resistant minerals such as 

quartz may be present as 

"stringers" or "dikes."

Slightly

Weathered

Moderately

Weathered

Intensely

Weathered

Minor to complete 

discoloration or 

oxidation of most 

surfaces.

All fracture surfaces 

are discolored or

oxidized.

All fracture surfaces 

are discolored or 

oxidized, surfaces 

friable.

Partial separation, rock 

is friable; in semiarid 

conditions granitics are

disaggregated.

FRACTURE DENSITY

Observed Fracture Density

Unfractured

Very slightly fractured

Slightly fractured

Moderately fractured

Intensely fractured

Very intensely fractured

Description

Combination descriptors (such as "Very intensely to intensely fractured") are used where equal 

distribution of both fracture density characteristics is present over a significant interval or 

exposure, or where characteristics are "in between" the descriptor definitions. Only two adjacent 

descriptors may be combined.

ROCK HARDNESS

Criteria

Very Soft

Soft

Hard

Very Hard

Description

PERCENT CORE RECOVERY (REC) & ROCK QUALITY DESIGNATION (RQD)

Top Hole El.

B
o

ri
n

g
 

lo
c
a
ti

o
n

Hole I.D.

REC=100%

RQD=50%

REC=100%

RQD=80%

REC=88%

RQD=0%

Boring Date

End drilled interval

Begin drilled interval

Begin drilled interval

End drilled interval

Begin drilled interval

End drilled interval

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

Specimen can be scratched with a pocket knife or sharp pick with difficulty (heavy 

pressure). Heavy hammer blows required to break specimen.

Specimen can be scratched with pocket knife or sharp pick with light or moderate 

pressure. Core breaks with moderate hammer pressure.

Specimen can be grooved or gouged easily by a pocket knife or sharp pick with light 

pressure, can be scratched with fingernail. Breaks with light to moderate manual pressure.

Extremely Hard

Moderately Soft

Moderately Hard

Specimen cannot be scratched with a pocket knife or sharp pick; can only be chipped with 

repeated heavy hammer blows.

Specimen cannot be scratched with a pocket knife or sharp pick. Breaks with repeated 

heavy hammer blows.

Specimen can be readily indented, grooved or gouged with fingernail, or carved with a 

pocket knife. Breaks with light manual pressure.

Description Thickness / Spacing

Massive

Moderately bedded

Very thinly bedded

Laminated 

Very thickly bedded

Combination descriptors (such as "slightly weathered to fresh") are permissible where equal distribution of both weathering characteristics is present over 

significant intervals or where characteristics present are "in between" the diagnostic feature. However, combination descriptors should not be used where 

significant, identifiable zones can be delineated. Only two adjacent descriptors may be combined. "Very intensely weathered" is the combination descriptor for 

"intensely weathered to decomposed."

Thickly bedded

Thinly bedded

Specimen can be grooved 5 mm deep with a pocket knife or sharp pick with moderate 

or heavy pressure. Breaks with light hammer blow or heavy manual pressure.

BEDDING SPACING

Discolored or oxidized 

throughout, but resistant 

minerals such as quartz may 

be unaltered; all feldspars 

and Fe-Mg minerals are 

completely altered to clay. 

Discoloration or oxidation 

extends from fractures 

usually throughout; Fe-Mg 

minerals are "rusty," 

feldspar  crystals are 

"cloudy." 

Discoloration or oxidation 

is limited to surface of, 

or short distance from, 

fractures; some feldspar 

crystals are dull. 

Discoloration or oxidation 

throughout; all feldspars 

and Fe-Mg minerals are 

altered to clay to some 

extent; or chemical 

alteration produces 

in-situ disaggregation, 

see grain boundary 

conditions. 

ROCK LEGEND
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No fractures.

Mostly chips and fragments with a few scattered short core lengths.

Lengths greater than 1 m.

Lengths from 300 mm to 1000 mm with few lengths less than 300 mm or

greater than 1000 mm.

Lengths mostly in 100 mm to 300 mm range with most lengths about 200 mm.

Lengths average from 30 mm to 100 mm with scattered fragmented

intervals with lengths less than 100 mm.

x 100%REC =

RQD = x 100%

>

Length of the recovered core pieces

Total length of core run

Total length of core run

Length of intact core pieces   100 mm

Term

Strong

Weak

Very Weak

Very Strong 

RELATIVE STRENGTH OF INTACT ROCK

Extremely Strong

Medium Strong

Extremely Weak

1 m to 3 m

30 mm to 100 mm

10 mm to 30 mm

Greater than 3 m

300 mm to 1 m

Less than 10 mm

100 mm to 300 mm

Uniaxial Compressive Strength (MPa)

> 207 

100  - 207 

49  - 100 

25  - 49 

5  - 25 

1  - 5 

< 1 
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PROFILE
VERTICAL

HORIZONTAL

1 : 100

1 : 500

+34

"
C

C
R

1
"
 L

in
e

CLAYEY SILT/SILTY CLAY (ML-CL): stiff, light brown, 

moist, high plasticity, about 50% SILT, about 50% CLAY

trace very fine SAND, color change to light gray, highly

mottled with light orange brown oxidation, slightly micaceous

SILTY CLAY (CL): stiff, light orange-brown, moist, high

plasticity, trace micaceous, thinly layered, about 40%

SILT, about 60% CLAY

color change to light orange brown, mottled with light

gray to light brown color, trace dark manganese staining

3629

3623

6234

6241

62

36REF/152

REF/152

El. +35.2 m

+32

+30

+28

+26

+36

+34

+32

+30

+28

+26

+36

E
L

E
V

A
T

IO
N

 (
m

) E
L

E
V

A
T

IO
N

 (m
)

203

A-08-057

TERRACE DEPOSIT: SILTY CLAY trace GRAVEL and COBBLE 

(CL), stiff, light yellow brown, damp, high plasticity, 

about 40% SILT, about 60% CLAY 

+38

becomes dry to damp

color change to light gray, damp, weakly layered

SILTY CLAY (CL): very stiff, gray, damp to moist, high plasticity, 

heavily mottled with light orange brown oxidation, about 40% 

SILT, about 60% CLAY 

6245

3631

6221

62

3660

36

62

36

REF/152

REF/152

REF/152

50/76

"
C

C
R

1
"
 L

in
e

El. +36.9 m

+36

+34

+32

+30

+28

+26

+38

+36

+34

+32

+30

+28

+26

SILTY CLAY/CLAYEY SILT (CL-ML): stiff, light orange-brown, moist, 

high plasticity, slightly layered, trace nodules of dark colored 

manganese, trace micaceous, about 50% SILT, about 50% CLAY 

203

2
1
.5

m
 R

T
¨
 S

ta
 4

4
3
+

5
0
m

 ¨

FILL: GRAVELLY CLAY with SAND (GC), firm, light brown, damp

TERRACE DEPOSIT: SILTY CLAY (CL), stiff, light yellow brown, moist, 

high plasticity, some light orange brown oxidation, about 40%

SILT, about 40% SILT, about 60% CLAY

SEDIMENTARY ROCK (SHALE): gray, moderately weathered,

hard, moderately fractured, weakly fissile with

concretion beds [ARDATH SHALE], [SILT (ML), hard, moist]

SEDIMENTARY ROCK (SHALE): gray, moderately weathered, hard, 

moderately fractured,weakly fissile with concretion beds [ARDATH 

SHALE], [SILT (ML), hard, moist]

SEDIMENTARY ROCK: [interbedded with very fine light brown SANDY SILT]

5-1-08

Terminated at El. 25.9 m

5-1-08

Terminated at El. 25.8 m
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ER = 1.45i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00

1.

 

 

 

2.

 

 

 

 

3.

 

 

 

 

 

 

 

  

 

 

 

4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i

i

i

i

i

i

i

ER = 1.45i
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A-08-057

A-08-059
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GRAVELLY CLAY with SAND (CL): very stiff, light brown, damp,high plasticity,

about 40% subrounded GRAVEL to COBBLE sizerock, about 10% fine to coarse

SAND, about 0% CLAY

SILTY CLAY (CL): stiff to very stiff, light yellow brown tolight orange brown,

moist, high plasticity, some mottling, trace micaceous, about 40% SILT, about

60% CLAY

color change to light orange brown to light red brown, becomes damp to moist,

some dark manganese staining, weakly layered, trace GRAVEL

color change to brown, mottled with light gray color, slightly micaceous

SEDIMENTARY ROCK (SHALE): gray, moderately weathered, hard, moderately

fractured,weakly fissile with concretion beds [ARDATH SHALE],

[SILT (ML), hard, moist]

TERRACE DEPOSIT: CLAYEY SANDY GRAVEL (GC), stiff, light brown, damp, about 60%

subrounded GRAVEL to COBBLE size rock, about 20% fine SAND, about 20% CLAY

5-01-08

Terminated at El. 28.6 m

ER = 1.45i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00

1.

 

 

 

2.

 

 

 

 

3.

 

 

 

 

 

 

 

  

 

 

 

4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

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

Poorly graded GRAVEL with SAND

Poorly graded GRAVEL with CLAY and

Poorly graded GRAVEL

Poorly graded GRAVEL with SILT and SAND

Poorly graded GRAVEL with SILT

Poorly graded SAND

Poorly graded SAND with SILT

Poorly graded SAND with CLAY

Poorly graded SAND with CLAY and

Poorly graded SAND with SILT and GRAVEL

Poorly graded SAND with GRAVEL

Poorly graded GRAVEL 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 PERCENT OR PROPORTION OF SOILS

MOISTURE

APPARENT DENSITY OF COHESIONLESS SOILS

PARTICLE SIZE

Description

Very loose

Loose

Medium Dense

Dense

Very Dense

Criteria

Damp but no visible water

Description

Dry

Moist

Wet

Absence of moisture, dusty, dry to the 

touch

Visible free water, usually soil is 

below water table

Criteria

5 to 10%

15 to 25%

30 to 45%

50 to 100%

Trace

Few

Little

Some

Mostly

Description

Particles are present but estimated to 

be less than 5%

Size

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

No. 10 to No. 4

No. 40 to No. 10

No. 200 to No. 40

60

0 - 4

5 - 10

11 - 30

31 - 50

   > 50

CP

C

UU

CU

CR

EI

UC

PI

Pocket PenetrometerPP

TV

M

OC

SE

UW

VS

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

Pocket Torvane

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)

Unconfined Compression-Soil

(ASTM D 2166)

Unconfined Compression-Rock

(ASTM D 2938)

Unconsolidated Undrained 

Triaxial (ASTM D 2850)

Unit Weight (ASTM D 4767)

Vane Shear (AASHTO T 223)
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SPT N   (Blows / 300 mm)

> 300 mm

76 mm to 300 mm

19 mm to 76 mm

No. 4 to 19 mm

MISCELLANEOUS RETAINING WALLS

3/9/09  

RW "445L"

LOG OF TEST BORINGS SHEET NO. 1 OF 5
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Weak

Moderate

Strong

Criteria

CEMENTATION

Description

Will not crumble or break with finger 

pressure.

Crumbles or breaks with considerable 

finger pressure.

Crumbles or breaks with handling or 

little finger pressure.

Size

Size

S
iz

e
S

iz
e

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
ti

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

CONE PENETRATION TEST (CPT) SOUNDING

on tip element

Hole I.D.

L
o

c
a
ti

o
n

 

Top Hole El.

Boring Date

Friction Ratio (%) Tip Bearing (MPa)

0246 302010

Pressure measured

Dynamic Cone Penetration Boring

Auger Boring

Rotary drilled boring 

Rotary percussion boring (air)

Rotary drilled diamond core

Other

Cone Penetration Test (ASTM D 5778-95)

Symbol Description

R 

P

A 

D

R

CPT

HD 

HA

O

Hole

Type

BOREHOLE IDENTIFICATION

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

Terminated at Elev
Terminated at Elev
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CONSISTENCY OF COHESIVE SOILS

Field Approximation

Readily indented by thumbnail

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

Description

Readily indented by thumb but 

penetrated only with great effort

Indented by thumbnail with 

difficulty

Easily penetrated several inches 

by fist

Easily penetrated several inches 

by thumb

Penetrated several inches by 

thumb with moderate effort

PLASTICITY OF FINE-GRAINED SOILS

Nonplastic

Low

Medium

High

CriteriaDescription

The thread can barely be rolled and the lump cannot be formed when drier than the 

plastic limit.

The thread is easy to roll and not much time is required to reach the plastic limit. 

The thread cannot be rerolled after reaching the plastic limit. The lump crumbles 

when drier than the plastic limit.

It takes considerable time rolling and kneading to reach the plastic limit. The thread 

can be rerolled several times after reaching the plastic limit. The lump can be formed 

without crumbling when drier than the plastic limit.

< 24 < 24 < 12

12 to 2424 to 48 24 to 48

24 to 4848 to 96 48 to 96

96 to 192

96 to 192 96 to 192

> 192> 383 > 383

48 to 96

192 to 383 192 to 383

A 3 mm thread cannot be rolled at any water content.

Unconfined

Compressive

Strength (tsm)

Pocket

Penetrometer

Measurement (tsm)

Torvane

Measurement (tsm)

Hand driven (25 mm soil tube)

Hand Auger

Note: Size in millimeters.

Size of Sampler 

(millimeters)

76

Blows per 76 mm

(Using 12.7 kg hand 

hammer with a 76 mm

drop or as noted) Driving rate in

seconds per 300 mm

(using a Stanley

MB 156 percussion

hammer and a 56 mm

cone, or as noted)

25

2

Pressure measured

along sleeve friction

element (225 cm

area) divided by 

pressure measured

on tip element.

2(2 cm area)

3/9/09  

MISCELLANEOUS RETAINING WALLS
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IGNEOUS ROCK

LEGEND OF ROCK MATERIALS

SEDIMENTARY ROCK

METAMORPHIC ROCK

WEATHERING DESCRIPTORS FOR INTACT ROCK

Diagnostic features

Texture and Solutioning

Body of Rock Texture Solutioning

Preserved.

No solutioning.No change.

Decomposed

Fresh

Description

Chemical Weathering-Discoloration

and/or oxidation

Resembles a soil, partial

or complete remnant rock

structure may be preserved;

leaching of soluble

minerals usually complete.

Complete separation

of grain boundaries

(disaggregated).

Soluble min-

erals may be

mostly leached.

Generally

preserved.

Partial separation of

boundaries visible.

Texture

altered by

chemical

disintegra-

tion (hy-

dration,

argillation).

Leaching of 

soluble min-

erals may be

complete.

Minor leaching

of some solu-

ble minerals

may be noted.

No visible separation,

intact (tight).

No separation, intact

(tight).

No discoloration

or oxidation.

Mechanical Weathering-

Grain boundary condi-

tions (disaggregation)

primarily for granitics

and some coarse-grained

sediments

No discoloration, not 

oxidized.

Fracture 

Surfaces

General Characteristics

Hammer rings when crystalline 

rocks are struck. 

Hammer rings when crystalline 

rocks are struck. Body of 

rock not weakened. 

Hammer does not ring when 

rock is struck. Body of rock 

is slightly weakened. 

Dull sound when struck with 

hammer, usually can be broken 

with moderate to heavy manual 

pressure or by light hammer 

blow without reference to 

planes of weakness such as 

incipient or hairline frac-

tures, or veinlets. Rock is 

significantly weakened.

Can be granulated by hand.

Resistant minerals such as 

quartz may be present as 

"stringers" or "dikes."

Slightly

Weathered

Moderately

Weathered

Intensely

Weathered

Minor to complete 

discoloration or 

oxidation of most 

surfaces.

All fracture surfaces 

are discolored or

oxidized.

All fracture surfaces 

are discolored or 

oxidized, surfaces 

friable.

Partial separation, rock 

is friable; in semiarid 

conditions granitics are

disaggregated.

FRACTURE DENSITY

Observed Fracture Density

Unfractured

Very slightly fractured

Slightly fractured

Moderately fractured

Intensely fractured

Very intensely fractured

Description

Combination descriptors (such as "Very intensely to intensely fractured") are used where equal 

distribution of both fracture density characteristics is present over a significant interval or 

exposure, or where characteristics are "in between" the descriptor definitions. Only two adjacent 

descriptors may be combined.

ROCK HARDNESS

Criteria

Very Soft

Soft

Hard

Very Hard

Description

PERCENT CORE RECOVERY (REC) & ROCK QUALITY DESIGNATION (RQD)

Top Hole El.

B
o

ri
n

g
 

lo
c
a
ti

o
n

Hole I.D.

REC=100%

RQD=50%

REC=100%

RQD=80%

REC=88%

RQD=0%

Boring Date

End drilled interval

Begin drilled interval

Begin drilled interval

End drilled interval

Begin drilled interval

End drilled interval

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

Specimen can be scratched with a pocket knife or sharp pick with difficulty (heavy 

pressure). Heavy hammer blows required to break specimen.

Specimen can be scratched with pocket knife or sharp pick with light or moderate 

pressure. Core breaks with moderate hammer pressure.

Specimen can be grooved or gouged easily by a pocket knife or sharp pick with light 

pressure, can be scratched with fingernail. Breaks with light to moderate manual pressure.

Extremely Hard

Moderately Soft

Moderately Hard

Specimen cannot be scratched with a pocket knife or sharp pick; can only be chipped with 

repeated heavy hammer blows.

Specimen cannot be scratched with a pocket knife or sharp pick. Breaks with repeated 

heavy hammer blows.

Specimen can be readily indented, grooved or gouged with fingernail, or carved with a 

pocket knife. Breaks with light manual pressure.

Description Thickness / Spacing

Massive

Moderately bedded

Very thinly bedded

Laminated 

Very thickly bedded

Combination descriptors (such as "slightly weathered to fresh") are permissible where equal distribution of both weathering characteristics is present over 

significant intervals or where characteristics present are "in between" the diagnostic feature. However, combination descriptors should not be used where 

significant, identifiable zones can be delineated. Only two adjacent descriptors may be combined. "Very intensely weathered" is the combination descriptor for 

"intensely weathered to decomposed."

Thickly bedded

Thinly bedded

Specimen can be grooved 5 mm deep with a pocket knife or sharp pick with moderate 

or heavy pressure. Breaks with light hammer blow or heavy manual pressure.

BEDDING SPACING

Discolored or oxidized 

throughout, but resistant 

minerals such as quartz may 

be unaltered; all feldspars 

and Fe-Mg minerals are 

completely altered to clay. 

Discoloration or oxidation 

extends from fractures 

usually throughout; Fe-Mg 

minerals are "rusty," 

feldspar  crystals are 

"cloudy." 

Discoloration or oxidation 

is limited to surface of, 

or short distance from, 

fractures; some feldspar 

crystals are dull. 

Discoloration or oxidation 

throughout; all feldspars 

and Fe-Mg minerals are 

altered to clay to some 

extent; or chemical 

alteration produces 

in-situ disaggregation, 

see grain boundary 

conditions. 
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No fractures.

Mostly chips and fragments with a few scattered short core lengths.

Lengths greater than 1 m.

Lengths from 300 mm to 1000 mm with few lengths less than 300 mm or

greater than 1000 mm.

Lengths mostly in 100 mm to 300 mm range with most lengths about 200 mm.

Lengths average from 30 mm to 100 mm with scattered fragmented

intervals with lengths less than 100 mm.

x 100%REC =

RQD = x 100%

>

Length of the recovered core pieces

Total length of core run

Total length of core run

Length of intact core pieces   100 mm

Term

Strong

Weak

Very Weak

Very Strong 

RELATIVE STRENGTH OF INTACT ROCK

Extremely Strong

Medium Strong

Extremely Weak

1 m to 3 m

30 mm to 100 mm

10 mm to 30 mm

Greater than 3 m

300 mm to 1 m

Less than 10 mm

100 mm to 300 mm

Uniaxial Compressive Strength (MPa)

> 207 

100  - 207 

49  - 100 

25  - 49 

5  - 25 

1  - 5 

< 1 

3/9/09  

RW "445L"

MISCELLANEOUS RETAINING WALLS
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FILL:SILT (ML), stiff, brown, moist

SANDY LEAN CLAY (CL): hard, medium brown

moist, about 15% GRAVEL, about 40% fine 

to coarse SAND, about 60% fines

SEDIMENTARY ROCK (SHALE): gray, moderately

weathered, hard, moderately fractured,

weakly fissile with concretion beds

[ARDATH SHALE], [SILT (ML), hard, moist]

1-31-08

Terminated at El. 32.1 m

ER = 1.27i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i

i

i

i

i

i

i

3/9/09  

MISCELLANEOUS RETAINING WALLS
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FILL: SILT (ML), with SAND and GRAVEL,

very stiff, light brown, moist, some

roots

SANDY LEAN CLAY with GRAVEL (CL): very 

dense, light brown with mottling, 

moist, about 15% fine to coarse GRAVEL, 

about 45% fine to coarse SAND, about 

60% fines

becomes very stiff, light brown with 

gray mottling, moist

PI CP

UW

PI

SANDY CLAY with GRAVEL (CL) very dense, light

brown with mottling, moist, about 15% fine

to coarse GRAVEL, about 45% fine to coarse

SAND, about 60% fine

1-31-08

Terminated at El. 32.8 m

ER = 1.27i

LOG OF TEST BORINGS SHEET NO. 4 OF 5
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PROFILE
VERTICAL

HORIZONTAL
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Wall "445R"
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NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00

1.
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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MISCELLANEOUS RETAINING WALLS
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1-30-08

Terminated at El. 33.4 m

FILL: SILT (ML), soft, olive brown,

moist

SANDY LEAN CLAY (CL): hard, grayish

brown, moist, about 35% fine to coarse

SAND, about 65% fines

TERRACE DEPOSIT: SILT (ML), very stiff,

olive gray, moist

PI

LOG OF TEST BORINGS SHEET NO. 5 OF 5
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REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

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

Poorly graded GRAVEL with SAND

Poorly graded GRAVEL with CLAY and

Poorly graded GRAVEL

Poorly graded GRAVEL with SILT and SAND

Poorly graded GRAVEL with SILT

Poorly graded SAND

Poorly graded SAND with SILT

Poorly graded SAND with CLAY

Poorly graded SAND with CLAY and

Poorly graded SAND with SILT and GRAVEL

Poorly graded SAND with GRAVEL

Poorly graded GRAVEL 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 PERCENT OR PROPORTION OF SOILS

MOISTURE

APPARENT DENSITY OF COHESIONLESS SOILS

PARTICLE SIZE

Description

Very loose

Loose

Medium Dense

Dense

Very Dense

Criteria

Damp but no visible water

Description

Dry

Moist

Wet

Absence of moisture, dusty, dry to the 

touch

Visible free water, usually soil is 

below water table

Criteria

5 to 10%

15 to 25%

30 to 45%

50 to 100%

Trace

Few

Little

Some

Mostly

Description

Particles are present but estimated to 

be less than 5%

Size

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

No. 10 to No. 4

No. 40 to No. 10

No. 200 to No. 40

60

0 - 4

5 - 10

11 - 30

31 - 50

   > 50

CP

C

UU

CU

CR

EI

UC

PI

Pocket PenetrometerPP

TV

M

OC

SE

UW

VS

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

Pocket Torvane

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)

Unconfined Compression-Soil

(ASTM D 2166)

Unconfined Compression-Rock

(ASTM D 2938)

Unconsolidated Undrained 

Triaxial (ASTM D 2850)

Unit Weight (ASTM D 4767)

Vane Shear (AASHTO T 223)
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Weak

Moderate

Strong

Criteria

CEMENTATION

Description

Will not crumble or break with finger 

pressure.

Crumbles or breaks with considerable 

finger pressure.

Crumbles or breaks with handling or 

little finger pressure.

Size

Size

S
iz

e
S

iz
e

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
ti

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

CONE PENETRATION TEST (CPT) SOUNDING

on tip element

Hole I.D.

L
o

c
a
ti

o
n

 

Top Hole El.

Boring Date

Friction Ratio (%) Tip Bearing (MPa)

0246 302010

Pressure measured

Dynamic Cone Penetration Boring

Auger Boring

Rotary drilled boring 

Rotary percussion boring (air)

Rotary drilled diamond core

Other

Cone Penetration Test (ASTM D 5778-95)

Symbol Description

R 

P

A 

D

R

CPT

HD 

HA

O

Hole

Type

BOREHOLE IDENTIFICATION

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)
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CONSISTENCY OF COHESIVE SOILS

Field Approximation

Readily indented by thumbnail

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

Description

Readily indented by thumb but 

penetrated only with great effort

Indented by thumbnail with 

difficulty

Easily penetrated several inches 

by fist

Easily penetrated several inches 

by thumb

Penetrated several inches by 

thumb with moderate effort

PLASTICITY OF FINE-GRAINED SOILS

Nonplastic

Low

Medium

High

CriteriaDescription

The thread can barely be rolled and the lump cannot be formed when drier than the 

plastic limit.

The thread is easy to roll and not much time is required to reach the plastic limit. 

The thread cannot be rerolled after reaching the plastic limit. The lump crumbles 

when drier than the plastic limit.

It takes considerable time rolling and kneading to reach the plastic limit. The thread 

can be rerolled several times after reaching the plastic limit. The lump can be formed 

without crumbling when drier than the plastic limit.

< 24 < 24 < 12

12 to 2424 to 48 24 to 48

24 to 4848 to 96 48 to 96

96 to 192

96 to 192 96 to 192

> 192> 383 > 383

48 to 96

192 to 383 192 to 383

A 3 mm thread cannot be rolled at any water content.

Unconfined

Compressive

Strength (tsm)

Pocket

Penetrometer

Measurement (tsm)

Torvane

Measurement (tsm)

Hand driven (25 mm soil tube)

Hand Auger

Note: Size in millimeters.

Size of Sampler 

(millimeters)

76

Blows per 76 mm

(Using 12.7 kg hand 

hammer with a 76 mm

drop or as noted) Driving rate in

seconds per 300 mm

(using a Stanley

MB 156 percussion

hammer and a 56 mm

cone, or as noted)

25

2

Pressure measured

along sleeve friction

element (225 cm

area) divided by 

pressure measured

on tip element.

2(2 cm area)

3/9/09  
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IGNEOUS ROCK

LEGEND OF ROCK MATERIALS

SEDIMENTARY ROCK

METAMORPHIC ROCK

WEATHERING DESCRIPTORS FOR INTACT ROCK

Diagnostic features

Texture and Solutioning

Body of Rock Texture Solutioning

Preserved.

No solutioning.No change.

Decomposed

Fresh

Description

Chemical Weathering-Discoloration

and/or oxidation

Resembles a soil, partial

or complete remnant rock

structure may be preserved;

leaching of soluble

minerals usually complete.

Complete separation

of grain boundaries

(disaggregated).

Soluble min-

erals may be

mostly leached.

Generally

preserved.

Partial separation of

boundaries visible.

Texture

altered by

chemical

disintegra-

tion (hy-

dration,

argillation).

Leaching of 

soluble min-

erals may be

complete.

Minor leaching

of some solu-

ble minerals

may be noted.

No visible separation,

intact (tight).

No separation, intact

(tight).

No discoloration

or oxidation.

Mechanical Weathering-

Grain boundary condi-

tions (disaggregation)

primarily for granitics

and some coarse-grained

sediments

No discoloration, not 

oxidized.

Fracture 

Surfaces

General Characteristics

Hammer rings when crystalline 

rocks are struck. 

Hammer rings when crystalline 

rocks are struck. Body of 

rock not weakened. 

Hammer does not ring when 

rock is struck. Body of rock 

is slightly weakened. 

Dull sound when struck with 

hammer, usually can be broken 

with moderate to heavy manual 

pressure or by light hammer 

blow without reference to 

planes of weakness such as 

incipient or hairline frac-

tures, or veinlets. Rock is 

significantly weakened.

Can be granulated by hand.

Resistant minerals such as 

quartz may be present as 

"stringers" or "dikes."

Slightly

Weathered

Moderately

Weathered

Intensely

Weathered

Minor to complete 

discoloration or 

oxidation of most 

surfaces.

All fracture surfaces 

are discolored or

oxidized.

All fracture surfaces 

are discolored or 

oxidized, surfaces 

friable.

Partial separation, rock 

is friable; in semiarid 

conditions granitics are

disaggregated.

FRACTURE DENSITY

Observed Fracture Density

Unfractured

Very slightly fractured

Slightly fractured

Moderately fractured

Intensely fractured

Very intensely fractured

Description

Combination descriptors (such as "Very intensely to intensely fractured") are used where equal 

distribution of both fracture density characteristics is present over a significant interval or 

exposure, or where characteristics are "in between" the descriptor definitions. Only two adjacent 

descriptors may be combined.

ROCK HARDNESS

Criteria

Very Soft

Soft

Hard

Very Hard

Description

PERCENT CORE RECOVERY (REC) & ROCK QUALITY DESIGNATION (RQD)

Top Hole El.

B
o

ri
n

g
 

lo
c
a
ti

o
n

Hole I.D.

REC=100%

RQD=50%

REC=100%

RQD=80%

REC=88%

RQD=0%

Boring Date

End drilled interval

Begin drilled interval

Begin drilled interval

End drilled interval

Begin drilled interval

End drilled interval

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

Specimen can be scratched with a pocket knife or sharp pick with difficulty (heavy 

pressure). Heavy hammer blows required to break specimen.

Specimen can be scratched with pocket knife or sharp pick with light or moderate 

pressure. Core breaks with moderate hammer pressure.

Specimen can be grooved or gouged easily by a pocket knife or sharp pick with light 

pressure, can be scratched with fingernail. Breaks with light to moderate manual pressure.

Extremely Hard

Moderately Soft

Moderately Hard

Specimen cannot be scratched with a pocket knife or sharp pick; can only be chipped with 

repeated heavy hammer blows.

Specimen cannot be scratched with a pocket knife or sharp pick. Breaks with repeated 

heavy hammer blows.

Specimen can be readily indented, grooved or gouged with fingernail, or carved with a 

pocket knife. Breaks with light manual pressure.

Description Thickness / Spacing

Massive

Moderately bedded

Very thinly bedded

Laminated 

Very thickly bedded

Combination descriptors (such as "slightly weathered to fresh") are permissible where equal distribution of both weathering characteristics is present over 

significant intervals or where characteristics present are "in between" the diagnostic feature. However, combination descriptors should not be used where 

significant, identifiable zones can be delineated. Only two adjacent descriptors may be combined. "Very intensely weathered" is the combination descriptor for 

"intensely weathered to decomposed."

Thickly bedded

Thinly bedded

Specimen can be grooved 5 mm deep with a pocket knife or sharp pick with moderate 

or heavy pressure. Breaks with light hammer blow or heavy manual pressure.

BEDDING SPACING

Discolored or oxidized 

throughout, but resistant 

minerals such as quartz may 

be unaltered; all feldspars 

and Fe-Mg minerals are 

completely altered to clay. 

Discoloration or oxidation 

extends from fractures 

usually throughout; Fe-Mg 

minerals are "rusty," 

feldspar  crystals are 

"cloudy." 

Discoloration or oxidation 

is limited to surface of, 

or short distance from, 

fractures; some feldspar 

crystals are dull. 

Discoloration or oxidation 

throughout; all feldspars 

and Fe-Mg minerals are 

altered to clay to some 

extent; or chemical 

alteration produces 

in-situ disaggregation, 

see grain boundary 

conditions. 
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No fractures.

Mostly chips and fragments with a few scattered short core lengths.

Lengths greater than 1 m.

Lengths from 300 mm to 1000 mm with few lengths less than 300 mm or

greater than 1000 mm.

Lengths mostly in 100 mm to 300 mm range with most lengths about 200 mm.

Lengths average from 30 mm to 100 mm with scattered fragmented

intervals with lengths less than 100 mm.

x 100%REC =

RQD = x 100%

>

Length of the recovered core pieces

Total length of core run

Total length of core run

Length of intact core pieces   100 mm

Term

Strong

Weak

Very Weak

Very Strong 

RELATIVE STRENGTH OF INTACT ROCK

Extremely Strong

Medium Strong

Extremely Weak

1 m to 3 m

30 mm to 100 mm

10 mm to 30 mm

Greater than 3 m

300 mm to 1 m

Less than 10 mm

100 mm to 300 mm

Uniaxial Compressive Strength (MPa)

> 207 

100  - 207 

49  - 100 

25  - 49 

5  - 25 

1  - 5 

< 1 
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North Wingwall

Wall "445R"

Abutment 15
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6247 12.416.5
EI CR

M DS PA

6233 15.517.1
DS

M

3611
- 6.9 M PA

3617

62

3661

50/127

+36

+34

+32
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+28
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El. +36.9 m
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A-08-009
203

SANDY LEAN CLAY (CL): stiff, brown, moist, 

about 6% GRAVEL, about 47% fine to coarse 

SAND, about 47% fines

ALLUVIUM: CLAY (CL), very stiff, dark brown, moist

POORLY GRADED SAND (SP): medium dense, reddish 

brown, moist

TERRACE DEPOSIT: SANDY SILT (ML), hard, alternating 

layers of light brown and light gray, moist, about

40% fine SAND, about 60% fines
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2-1-08

Terminated at El. 27.1 m

ER = 1.27i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00

1.

 

 

 

2.

 

 

 

 

3.

 

 

 

 

 

 

 

  

 

 

 

4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i

i

i

i

i

i

i
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MISCELLANEOUS RETAINING WALLS

RW "445R"

3/9/09  

LOG OF TEST BORINGS SHEET NO. 4 OR 11

FILL: SANDY LEAN CLAY with GRAVEL (CL), hard brown, 
moist, about 15% GRAVEL, about 41% fine to 
coarse SAND, about 45% fines

A-85



1 : 500

PLAN

PROFILE
VERTICAL

HORIZONTAL

1 : 100

1 : 500

"C
C

R
1" 

L
IN

E

Abutment 15

Wall "445R"

North Wingwall

203

203
203

A-08-007 O-08-018
152203

444

"
C

C
R

1
"
 L

in
e

+32

+30

+28

+32

+30

+28

3619 - 6.9 M

CR6.1
PAM

-

3665/273

11.6 PAM-

19.2 M PA-

6291/203 22.2 M16.1

+34+34

El. +32.6 m

E
L

E
V

A
T

IO
N

 (
m

) E
L

E
V

A
T

IO
N

 (m
)

203

A-08-007

TERRACE DEPOSIT: SANDY LEAN CLAY (CL), hard,

alternating layers of gray and light brown,

moist, about 30% fine SAND, about 70% fines

FILL: CLAYEY SAND with GRAVEL (SC), medium

dense, reddish brown, moist, about 27% GRAVEL,

about 40% fine to coarse SAND, about 33% fines 
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GWS EL. 26.5m

2-10-08

152

O-08-018

FILL: SILTY SAND (SM), medium dense, reddish

brown, moist, about 80% fine SAND, about

20% fines

TERRACE DEPOSIT: SANDY SILT (ML), hard, fine

laminations of alternating layers of brown

and gray, moist, about 30% fine SAND, about

60% fines

6
.0

m
 R

T
¨
 S

ta
 4

4
4

+
8

2
m

 ¨

STATE OF

CALIFORNIA
DEPARTMENT OF TRANSPORTATION

CU

EA

MRW24.dgnFILE =>

BRIDGE NO.

EARLIER REVISION DATES

DISREGARD PRINTS BEARING
SHEET OF

U
S

E
R

N
A

M
E

 =
>

D
A

T
E

 P
L

O
T

T
E

D
 =

>
3

/
1

0
/
2

0
0

9
T

I
M

E
 P

L
O

T
T

E
D

 =
>

2
:
3

0
:
3

8
 P

M

10/14/08

11275

2T0401                                                                 

REVISION DATES

DESIGN BRANCH   G. CUSTENBORDER                

11   SD    805  R42.6/R46.2     

DIST COUNTY ROUTE
SHEET TOTAL

No SHEETS

OGS CIVIL LOG OF TEST BORINGS SHEET 

POST MILES

GEOTECHNICAL SERVICESENGINEERING SERVICES

DRAWN BY:

CHECKED BY:

FUNCTIONAL SUPERVISOR

NAME:

J. JOHNS                          
FIELD INVESTIGATIONS BY:

G. CUSTENBORDER                                              

DIVISION OF ENGINEERING SERVICES

STRUCTURE DESIGN

0 10 20 30 40 50 60 70 80 90 100

ORIGINAL SCALE IN MILLIMETERS

FOR REDUCED PLANS

shall not be responsible for the accuracy or

completeness of electronic copies of this plan sheet.

The State of California or its officers or agents

        

             

PLANS APPROVAL DATE

SANDAG

401 B STREET,

SAN DIEGO, CA. 92101

SAN DIEGO, CA. 92111

7895 CONVOY CT.

O
T

C

C

E

S

N

E
E

I

I

I

I

I

N

C
E

INT
E

A

H

ALOF

E

G

D

NO. 

EXP.   

ER
T

S
G

E
R

S
T

E OSORP
F

OF
R

R
N

AL

L

A

A

NEG

VAN OLIN

2578

6-30-10

V. OLIN                                

KP43.2/PM26.8

KILOMETER POST

TOTAL PROJECT

REGISTERED GEOTECHNICAL ENGINEER

All elevations shown in the LOTBs are in meters

and are referenced to the NGVD 1929 Datum.

Bench Mark

BUREAU VERITAS NORTH AMERICA, INC.

m
p

a
r
a
n

j
a
p

e

SEDIMENTARY ROCK: [becomes interbedded with

SAND and GRAVEL]

2-1-08

Terminated at El. 27.0 m

2-10-08

Terminated at El. 17.1 m

i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00

1.

 

 

 

2.

 

 

 

 

3.

 

 

 

 

 

 

 

  

 

 

 

4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i

i

i

i

i

i

i

ER = 1.45i

ER = 1.27

MISCELLANEOUS RETAINING WALLS

RW "445R"

3/9/09  

LOG OF TEST BORINGS SHEET NO. 5 OF 11

SEDIMENTARY ROCK (SHALE): gray,  moderately 

weathered, hard,  moderately fractured,weakly 

fissile with concretion beds [ARDATH SHALE],  

(SILT, hard, moist) 
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FILL: SILT SAND (SM), medium dense, 

reddish brown, moist

SANDY CLAY (CL): very stiff, light brown,

moist, about 35% fine to medium SAND,

about 65% fines
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FILL: SANDY CLAY (CL), stiff, dark brown, moist,

about 2% GRAVEL, 36% fine to medium SAND, about

62% fines

TERRACE DEPOSIT: CLAYEY GRAVEL with SAND (GC):

very dense, brown, moist, about 50% GRAVEL, about

35% SAND, about 15% fines
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Terminated at El. 29.8 m
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NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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i

i

i

ER = 1.27i
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FILL: SILTY SAND with GRAVEL (SM), medium dense, reddish

brown, moist to very moist, about 20% fine to coarse

GRAVEL, about 70% fine to coarse SAND, about 10% fines

TERRACE DEPOSIT: CLAYEY SAND with GRAVEL and COBBLES (SC),

very dense, reddish brown, wet, about 5% subrounded COBBLES,

about 20% fine to coarse GRAVEL, about 60% fine to coarse

SAND, about 15% fines

WELL-GRADED GRAVEL with COBBLES and SAND (GW): very

dense, reddish brown, wet, about 20% COBBLES, about

60% fine to coarse GRAVEL, about 20% fine to coarse 

SAND
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FILL: SANDY LEAN CLAY (CL), soft, dark brown,

moist, about 6% GRAVEL, 24% fine to medium

SAND, about 70% fines

ALLUVIUM: LEAN CLAY with SAND (CL), hard,

dark brown moist, about 15% GRAVEL, about

25% SAND, about 60% fines
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SEDIMENTARY ROCK (SHALE): gray, moderately weathered,

hard, moderately fractured, weakly fissile with

concretion beds [ARDATH SHALE], [SILT (ML), hard, moist]

2-10-08

Terminated at El. 17.5 m

2-1-08

Terminated at El. 29.2 m
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ER = 1.45i
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NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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ER = 1.27i
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FILL: SANDY LEAN CLAY with GRAVEL (CL), hard, mix of

reddish brown, light brown and gray, moist, about

35% fine to coarse SAND, about 15% fine to coarse

GRAVEL, about 60% fines

ALLUVIUM: SANDY SILT (ML), very stiff, mix of dark,

medium and light brown, moist, about 5% fine GRAVEL,

about 35% fine SAND, about 60% fines

445
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Terminated at El. 29.9 m
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NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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gray, wet about 40% subrounded GRAVEL, about 40% fine to 

coarse SAND, about 20% CLAY

SANDY CLAY/CLAYEY SAND (CL/SC): hard, tan to light gray,

wet, about 50% CLAY, about 50% fine SAND, medium

plasticity, slightly micaceous

SANDY GRAVEL (GW): very dense, light gray, wet, about 70%

subangular to subrounded GRAVEL, about 30% fine to coarse
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FILL: SANDY GRAVEL (GW), medium dense, light brown, damp, about

60% subangular to angular GRAVEL, about 40% fine SAND

[AGGREGATE BASE MATERIAL]

GRAVELLY CLAY (GC), stiff, light brown, damp to moist,

about 90% CLAY, about 10% subrounded GRAVEL, high plasticity

CLAYEY SILT (ML): very stiff, light yellow brown, damp to 

moist, about 80% SILT, about 30% CLAY, moderate plasticity, 

some light orange-brown oxidation 
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Terminated at El. 20.5 m

ER = 1.45i

ALLUVIUM: SILTY CLAY (CL): hard, light brow, damp to moist,

about 80% CLAY, about 20% SILT, rootlets, some oxidation,

some modules of dark manganese staining 
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79% fines
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GRAVEL, about 17% fine to medium SAND, about

79% fines
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ALLUVIUM: LEAN CLAY with SAND (CL): very stiff,

light brown, moist, about 20% fine to medium

SAND, about 80% fines
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(SP): very dense, reddish brown, moist

1-30-08

1-30-08

Terminated at El. 24.7 m
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VERTICAL 1 : 100
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increase in SAND

trace CLAY
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62REF/152

36REF/152

REF/152

REF/152

REF/102

6269/229

REF/76

SILT (ML): hard, light gray brown, moist, slightly

micaceous, mottled, trace very fine SAND and 

GRAVEL

CLAYEY SILT (ML): hard, light brown, moist, slightly micaceous, 

some light brown CLAY clods, trace very fine SAND and GRAVEL 

El. +48.0 m
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GWS EL. 32.4m

4-28-08

12.714.6 M UW DS

FILL: SILTY SANDY GRAVEL (GW), dense, light gray brown, damp 

about 50% GRAVEL, about 40% SAND, about 10% SILT 

[AGGREGATE BASE]

SILT with GRAVEL (ML): hard, light yellow brown, dry to

damp, about 90% SILT, about 10% subrounded GRAVEL

CLAYEY SILT (ML): hard, light yellow brown, damp, about

90% SILT, about 10% CLAY, medium plasticity, contains

light brown clods of CLAY

CLAYEY GRAVEL (GC) stiff, light brown, damp about

60% subangular to subrounded GRAVEL, about 40% CLAY

0.18 m Asphaltic Concrete

some light orange brown Fe o  staining

SILTY CLAY (CL): very stiff, light yellow brown, damp,

about 60% CLAY, about 40% SILT, light orange to red

brown oxidation, some inclusions of light gray SILTSTONE,

trace fine SAND and GRAVEL

CLAYEY SILT (ML): increase in GRAVEL, slightly micaceous

contains small fragments of asphalt

ALLUVIUM: SANDY CLAY (CL), hard, light brown, moist, about

60% CLAY, about 40% fine SAND, medium plasticity, mottled

with light orange brown oxidation, trace GRAVEL

SANDY GRAVEL some CLAY (GW): very dense, light brown,

wet, about 60% subrounded GRAVEL, about 30% fine to coarse

SAND, about 10% CLAY, some COBBLE sized crystalline rock

SANDY GRAVEL (GW): very dense, light gray, wet, about

60% subrounded GRAVEL, about 40% fine to coarse SAND,

some COBBLE sized crystalline rock
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0.15 m Asphaltic Concrete

CLAY with GRAVEL (CL): hard, light brown, damp about 80%

CLAY, about 20% subrounded GRAVEL, some light orange

brown Fe O  staining

CLAYEY SILT (ML): hard, light yellow brown, damp, about

80% SILT, about 20% CLAY, medium plasticity, blocky,

disturbed sample

trace GRAVEL

contains clods of light gray SILTSTONE, light Fe O  

staining

trace nodules of white CaCO , blocky, mottled

trace clods of light brown SILTY CLAY

slow drilling

thin layering, trace dark nodules of manganese

SILTY CLAY (CL): hard, brown, moist, about 70% CLAY, about

30% SILT, high plasticity, slightly micaceous, trace fine

SAND and GRAVEL

CLAYEY SAND (SC): very dense, light brown, moist, about 

80% fine to coarse SAND, about 20% CLAY, trace GRAVEL

and COBBLE
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6263

3653
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6250/76
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3
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2 3

203

A-08-053

ALLUVIUM: SANDY CLAYEY GRAVEL (GC), hard, brown, moist,

about 70% CLAY, about 30% SAND, mottled with light

orange brown oxidation, trace GRAVEL and COBBLE

UW

FILL: SANDY GRAVEL (GW): dense, tan to light brown, damp

about 60% angular GRAVEL, about 40% SAND [AGGREGATE BASE]

SILTY CLAY (CL), some subrounded GRAVEL, stiff, light 

yellow brown, damp about 60% CLAY, about 40% SILT, high 

plasticity 

4-25-08

Terminated at El. 28.8 m

4-28-08

Terminated at El. 23.4 m
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ER = 1.45i
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NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00

1.
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3.

 

 

 

 

 

 

 

  

 

 

 

4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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0.18 m Asphaltic Concrete

becomes blocky, encountered cobble-sized rock

interlayered with brown SILTY CLAY (CL), very stiff

contains clods of light gray SILTSTONE, some light orange

brown oxidation, trace of nodules of white CaCo

SILTY CLAY (CL): hard, light brown, damp, about 60% CLAY,

about 40% SILT, high plasticity, mottled with light orange

brown to brown colors, trace GRAVEL and SAND

GRAVELLY CLAY (GC): hard, light brown to brown, damp, about

80% CLAY, about 20% subrounded CLAY, high plasticity, mottled

with light orange brown to brown colors, trace SAND and COBBLE

SILTY  CLAY (CL): hard, brown to gray brown, moist, about 70%

CLAY, about 30% SILT, high plasticity, highly mottled, trace

GRAVEL

SILTY SAND (SM): very dense, light brown, moist, about 90%

very fine SAND, about 10% SILT, some light orange-brown

oxidation

interlayered with light gray SANDS (SP): becomes wet and

GRAVEL becomes subrounded to rounded

GRAVELLY SILTY SAND (SM): very dense, light brown, moist, about 

70% fine SAND, about 20% SILT, about 10% rounded  GRAVEL 

13.0115 M DS

mottled with light yellow brown, light red brown to dark

brown, trace manganese staining, GRAVEL becomes angular

to rounded

3643

50/152 62

50/152 62

50/152 62

50/76 62
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REF/152

36REF/152

36REF/152
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36REF/152

CLAYEY SAND/SANDY CLAY (SC/CL): very dense, light brown,

moist, to very moist, about 50% fine SAND, about 50% CLAY

El. +50.0 m
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ALLUVIUM: SANDY CLAY (CL), hard, gray brown, moist, about

90% CLAY, about 10% fine SAND, high plasticity, weakly

layered, mottled with dark manganese staining, some light

orange brown oxidation

203

A-08-056

UW

FILL: SILTY SANDY GRAVEL (GW), dense, tan, damp, about 50%

angular to subangular GRAVEL, about 40% fine SAND, about

10% SILT [AGGREGATE BASE] 
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0.15 m Asphaltic Concrete

becomes dry to damp, blocky

blocky

slow drilling

slightly micaceous

CLAYEY SILT some GRAVEL (ML): very stiff to hard, light yellow 

brown, damp, mottled with light orange brown Fe O , contains 

inclusions of light gray SILTSTONE, about 90% SILT, about 10% CLAY 

GRAVELLY SILT with COBBLES (ML): very stiff yellow brown, damp, 

some light orange brown Fe O  staining, about 20% subrounded 

GRAVEL, about 80% SILT 

CLAYEY SILT with GRAVEL (ML): very stiff, light yellow brown, 

damp, mottled with light orange brown to light red brown colors, 

about 90% SILT, about 10% CLAY 

Contains clods of brown CLAY (CL), some inclusions of light gray 

SILTSTONE 

SILTY CLAY (CL): trace very fine SAND, some subrounded GRAVEL, 

stiff to very stiff, light brown, moist, mottled with light orange 

brown and light gray green colors,  slightly micaceous, about 40% 

SILT, about 60% CLAY 

slow drilling Interlayered with light green fine SANDY SILT, color 

change to gray brown, increase in CLAY content, high plasticity, 

trace pebble size SILTSTONE 

13.215.1 M DS6250/152

3637
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FILL: SILTY SAND GRAVEL (GM), dense, light brown, damp, 0.38 m 

thick, Base Material 

GRAVELLY SILT (ML): stiff to very stiff, light yellow brown, damp, 

about 30% subrounded GRAVEL, about 70% SILT

UW

447

SEDIMENTARY ROCK (SHALE): gray, moderately weathered,

hard, moderately fractured,weakly fissile with

concretion beds [ARDATH SHALE], [SILT (ML), hard, moist]

4-29-08

Terminated at El. 32.3 m

4-8-08

Terminated at El. 23.9 m

ER = 1.45i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00

1.

 

 

 

2.

 

 

 

 

3.

 

 

 

 

 

 

 

  

 

 

 

4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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SILT with GRAVEL (ML), very stiff to hard, light yellow brown,

damp, about 90% SILT, about 10% subrounded GRAVEL,

medium plasticity
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GREGG DRILLING & TESTING, INC. 
 

GEOTECHNICAL AND ENVIRONMENTAL INVESTIGATION SERVICES 
 

 

 

 

2726 Walnut Ave • Signal Hill, California 90755 • (562) 427-6899 • FAX (562) 427-3314 
OTHER OFFICES: SAN FRANCISCO • HOUSTON • SOUTH CAROLINA 

www.greggdrilling.com 
 

 

May 5, 2008 
 
Testing Engineers 
Attn:  Dan Kirkman 
7895 Convoy Court, Suite 18 
San Diego, California 92111 
 
Subject: CPT Site Investigation 
  Caroll Canyon 
  San Diego, California 
  GREGG Project Number:  08-0174SH 
 
 
Dear Mr. Kirkman: 
 
The following report presents the results of GREGG Drilling & Testing’s Cone Penetration Test 
investigation for the above referenced site.  The following testing services were performed: 

 

1 Cone Penetration Tests (CPTU)  

2 Pore Pressure Dissipation Tests (PPD)  
3 Seismic Cone Penetration Tests (SCPTU)  
4 Resistivity Cone Penetration Tests (RCPTU)  

5 UVOST Laser Induced Fluorescence (UVOST)  
6 Groundwater Sampling (GWS)  
7 Soil Sampling (SS)  

8 Vapor Sampling (VS)  
9 Vane Shear Testing (VST)  
10 SPT Energy Calibration (SPTE)  

 
A list of reference papers providing additional background on the specific tests conducted is 
provided in the bibliography following the text of the report.  If you would like a copy of any of 
these publications or should you have any questions or comments regarding the contents of this 
report, please do not hesitate to contact our office at (562) 427-6899. 
 
Sincerely, 
GREGG Drilling & Testing, Inc. 
 
 
 
Peter Robertson 
Technical Operations 
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GREGG DRILLING & TESTING, INC. 
 

GEOTECHNICAL AND ENVIRONMENTAL INVESTIGATION SERVICES 
 

 

 

 

2726 Walnut Ave • Signal Hill, California 90755 • (562) 427-6899 • FAX (562) 427-3314 
OTHER OFFICES: SAN FRANCISCO • HOUSTON • SOUTH CAROLINA 

www.greggdrilling.com 
 

Cone Penetration Test Sounding Summary 
 

-Table 1- 
 
 

CPT Sounding 
Identification 

 

Date Termination Depth 
(Meters) 

Depth of Groundwater 
Samples (Meters) 

Depth of Soil Samples 
(Meters) 

Depth of Pore Pressure 
Dissipation Tests (Meters) 

440+62.5 4/30/08 4.9 - - - 
440+90 4/30/08 6.4 - - - 
441+22.5 4/30/08 8.8 - - - 
441+42 4/30/08 8.5 - - 7.0 
441+64 4/28/08 7.3 - - - 
441+82b 4/28/08 7.3 - - - 
441+96 4/28/08 7.3 - - 6.7 
442+05 4/28/08 8.5 - - - 
442+15 4/29/08 9.8 - - - 
442+23.5 4/29/08 7.3 - - 4.9 
442+32 4/30/08 9.1 - - - 
442+42.5 4/29/08 7.3 - - - 
442+50 4/30/08 10.0 - - - 
442+55 4/30/08 8.8 - - - 
442+70 4/30/08 4.0 - - - 
442+87 4/29/08 7.0 - - - 
443+20 4/29/08 7.3 - - - 
443+40 4/29/08 2.3 - - - 
443+82 4/29/08 5.2 - - - 
444+00 4/29/08 3.8 - - - 
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GREGG DRILLING & TESTING, INC. 
 

GEOTECHNICAL AND ENVIRONMENTAL INVESTIGATION SERVICES 
 

 

 

 

2726 Walnut Ave • Signal Hill, California 90755 • (562) 427-6899 • FAX (562) 427-3314 
OTHER OFFICES: SAN FRANCISCO • HOUSTON • SOUTH CAROLINA 

www.greggdrilling.com 
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SUMMARY 

 

OF 

CONE PENETRATION TEST DATA 
 
 
 
1. INTRODUCTION 
 
This report presents the results of a Cone Penetration Test (CPT) program carried out for the 
project located at Sorrento Valley Road in San Diego, California.  The work was performed by 
Kehoe Testing & Engineering (KTE) on February 11, 2008.  The scope of work was performed 
as directed by Testing Engineers (Bureau Veritas) personnel. 
 
2. SUMMARY OF FIELD WORK 
 
The fieldwork consisted of performing CPT soundings at eight locations to determine the soil 
lithology.  The groundwater measurements were taken in the open CPT hole approximately 10 
minutes after completion of CPT.  The following TABLE 2.1 summarizes the CPT soundings 
performed: 
 

 

 
LOCATION 

 

DEPTH OF 
 CPT (ft) 

 

 
COMMENTS/NOTES: 

C-437+1015RT 12 Refusal, hole open to 3.4 m (dry) 
C-437+251500RT 11 Refusal, hole open to 3.6 m (dry) 
C-438+35144RT 15 Refusal, hole open to 4.2 m (dry) 
C-438+65144RT 12 Refusal, hole open to 3.6 m (dry) 
C-439+4256RT 15 Refusal, groundwater @ 4.2 m 
C-440+02.54RT 24 Refusal, groundwater @ 2.1 m 
C-440+0254LT 27 Refusal, groundwater @ 2.1 m 
C-440+62.5 26 Refusal, groundwater @ 2.4 m 

TABLE 2.1  -  Summary of CPT Soundings 
 
3. FIELD EQUIPMENT & PROCEDURES 
 
The CPT soundings were carried out by KTE using an integrated electronic cone system 
manufactured by Vertek.  The CPT soundings were performed in accordance with ASTM 
standards (D5778).  The cone penetrometers were pushed using a 30-ton CPT rig.  The cone 
used during the program was a 15 cm^2 cone and recorded the following parameters at 
approximately 2.5 cm depth intervals: 
 

• Cone Resistance (qc) • Inclination 
• Sleeve Friction (fs) • Penetration Speed 
• Dynamic Pore Pressure (u) • Pore Pressure Dissipation (at selected depths) 
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The above parameters were recorded and viewed in real time using a portable computer and 
stored on a diskette for future analysis and reference.  A complete set of baseline readings 
was taken prior to each sounding to determine temperature shifts and any zero load offsets.  
Monitoring base line readings ensures that the cone electronics are operating properly.  
 
4. CONE PENETRATION TEST DATA & INTERPRETATION 
 
The Cone Penetration Test data is presented in graphical form in the attached Appendix.  
Penetration depths are referenced to ground surface.  The soil classification on the CPT plots 
is derived from the CPT Classification Chart (Robertson, 1986) and presents major soil 
lithologic changes.  The stratigraphic interpretation is based on relationships between cone 
resistance (qc), sleeve friction (fs), and penetration pore pressure (u).  The friction ratio (Rf), 
which is sleeve friction divided by cone resistance, is a calculated parameter that is used to 
infer soil behavior type.  Generally, cohesive soils (clays) have high friction ratios, low cone 
resistance and generate excess pore water pressures.  Cohesionless soils (sands) have lower 
friction ratios, high cone bearing and generate little (or negative) excess pore water pressures. 
 
Output from the interpretation program CPTINT provides averaged CPT data over 0.3-meter 
intervals.  The CPTINT output includes Soil Classification Zones, SPT N Values and Undrained 
Shear Strength (Su).  A summary of the equations used for the tabulated parameters is 
provided in the CPTINT Correlation Table in the Appendix.  
 
The interpretation of soils encountered on this project was carried out using correlations 
developed by Robertson et al, 1986.  It should be noted that it is not always possible to clearly 
identify a soil type based on qc, fs and u.  In these situations, experience, judgment and an 
assessment of the pore pressure data should be used to infer the soil behavior type. 
 
If you have any questions regarding this information, please do not hesitate to call our office at 
(714) 901-7270. 
  
Sincerely, 
 

�����������	
����	
�	����	
�
 
 
 
 
Richard W. Koester, Jr. 
General Manager 
 
02/19/08-ld-3-8276 
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Maximum depth: 3.58 (m)

Kehoe Testing & Engineering
Office: (714) 901-7270
Fax: (714) 901-7289
rich@kehoetesting.com
skehoe@msn.com

CPT Data
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Client: Testing Engineers
Job Site: End of Sorrento Rd.

Date: 11/Feb/2008
Test ID: C-437+1015RT
Project: CarrollCanyon
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Maximum depth: 3.43 (m)

Kehoe Testing & Engineering
Office: (714) 901-7270
Fax: (714) 901-7289
rich@kehoetesting.com
skehoe@msn.com

CPT Data
30 ton rig

Client: Testing Engineers
Job Site: End of Sorrento Rd.

Date: 11/Feb/2008
Test ID: C-437+251500RT
Project: CarrollCanyon

Test ID: C-437+251500RT
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Maximum depth: 4.54 (m)

Kehoe Testing & Engineering
Office: (714) 901-7270
Fax: (714) 901-7289
rich@kehoetesting.com
skehoe@msn.com

CPT Data
30 ton rig

Client: Testing Engineers
Job Site: End of Sorrento Rd.

Date: 11/Feb/2008
Test ID: C-437+90147RT
Project: CarrollCanyon

Test ID: C-437+90147RT
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Maximum depth: 4.44 (m)

Kehoe Testing & Engineering
Office: (714) 901-7270
Fax: (714) 901-7289
rich@kehoetesting.com
skehoe@msn.com

CPT Data
30 ton rig

Client: Testing Engineers
Job Site: End of Sorrento Rd.

Date: 11/Feb/2008
Test ID: C-438+35144RT
Project: CarrollCanyon

Test ID: C-438+35144RT

File: Z11F0806C.ECP
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Maximum depth: 3.67 (m)

Kehoe Testing & Engineering
Office: (714) 901-7270
Fax: (714) 901-7289
rich@kehoetesting.com
skehoe@msn.com

CPT Data
30 ton rig

Client: Testing Engineers
Job Site: End of Sorrento Rd.

Date: 11/Feb/2008
Test ID: C-438+65144RT
Project: CarrollCanyon

Test ID: C-438+65144RT

File: Z11F0807C.ECP
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Maximum depth: 4.42 (m)

Kehoe Testing & Engineering
Office: (714) 901-7270
Fax: (714) 901-7289
rich@kehoetesting.com
skehoe@msn.com

CPT Data
30 ton rig

Client: Testing Engineers
Job Site: End of Sorrento Rd.

Date: 11/Feb/2008
Test ID: C-439+4256RT
Project: CarrollCanyon

Test ID: C-439+4256RT

File: Z11F0804C.ECP
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Maximum depth: 7.40 (m)

Kehoe Testing & Engineering
Office: (714) 901-7270
Fax: (714) 901-7289
rich@kehoetesting.com
skehoe@msn.com

CPT Data
30 ton rig

Client: Testing Engineers
Job Site: End of Sorrento Rd.

Date: 11/Feb/2008
Test ID: C-440+02.54RT
Project: CarrollCanyon

Test ID: C-440+02.54RT

File: Z11F0803C.ECP
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Maximum depth: 8.37 (m)

Kehoe Testing & Engineering
Office: (714) 901-7270
Fax: (714) 901-7289
rich@kehoetesting.com
skehoe@msn.com

CPT Data
30 ton rig

Client: Testing Engineers
Job Site: End of Sorrento Rd.

Date: 11/Feb/2008
Test ID: C-440+0254LT
Project: CarrollCanyon

Test ID: C-440+0254LT
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Maximum depth: 7.77 (m)

Kehoe Testing & Engineering
Office: (714) 901-7270
Fax: (714) 901-7289
rich@kehoetesting.com
skehoe@msn.com

CPT Data
30 ton rig

Client: Testing Engineers
Job Site: End of Sorrento Rd.

Date: 11/Feb/2008
Test ID: C-440+62.5
Project: CarrollCanyon

Test ID: C-440+62.5
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"
NPUT FILE: c:\temp\C-437+1015RT.CSV |----------------------------------------------------
" Depth Qc(avg) Fs(avg) Rf Rf Zone Spt N Spt N1 Su
" (meter) (MPa) (MPa) (%) (zone #) (blow/ft) (blow/ft) (MPa)
"----------------------------------------------------------------------------------

0.152 11.687 0.124 1.060 8 29 44 9E9
0.457 34.554 0.337 0.974 9 69 104 9E9
0.762 31.829 0.297 0.933 9 64 96 9E9
1.067 46.422 0.346 0.744 10 77 116 9E9
1.372 62.392 0.502 0.804 10 104 156 9E9
1.676 42.057 0.474 1.126 9 84 126 9E9
1.981 11.012 0.271 2.449 7 37 56 9E9
2.286 4.376 0.082 1.856 7 15 23 9E9
2.591 2.986 0.063 2.108 6 12 18 9E9
2.896 2.865 0.072 2.487 6 12 18 9E9
3.200 5.355 0.113 2.100 6 22 30 9E9
3.505 59.233 0.251 0.424 10 99 127 9E9
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"
NPUT FILE: c:\temp\C-437+251500RT.CSV |----------------------------------------------------
" Depth Qc(avg) Fs(avg) Rf Rf Zone Spt N Spt N1 Su
" (meter) (MPa) (MPa) (%) (zone #) (blow/ft) (blow/ft) (MPa)
"----------------------------------------------------------------------------------

0.152 7.671 0.066 0.857 8 19 29 9E9
0.457 3.800 0.111 2.899 6 15 23 9E9
0.762 10.000 0.267 2.670 6 40 60 9E9
1.067 10.180 0.362 3.554 6 41 62 9E9
1.372 13.458 0.226 1.678 8 34 51 9E9
1.676 11.905 0.274 2.294 7 40 60 9E9
1.981 6.450 0.179 2.771 6 26 39 9E9
2.286 31.964 0.267 0.835 9 64 96 9E9
2.591 57.277 0.580 1.013 9 115 173 9E9
2.896 37.927 0.570 1.502 9 76 114 9E9
3.200 41.281 0.498 1.206 9 83 115 9E9
3.505 65.400 0.000 0.000 10 9E9 9E9 9E9
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"
NPUT FILE: c:\temp\C-437+90147RT.CSV |----------------------------------------------------
" Depth Qc(avg) Fs(avg) Rf Rf Zone Spt N Spt N1 Su
" (meter) (MPa) (MPa) (%) (zone #) (blow/ft) (blow/ft) (MPa)
"----------------------------------------------------------------------------------

0.152 27.072 0.024 0.088 10 45 68 9E9
0.457 1.068 0.015 1.441 5 5 8 0.071
0.762 5.114 0.040 0.791 8 13 20 9E9
1.067 41.204 0.479 1.163 9 82 123 9E9
1.372 33.842 0.766 2.264 8 85 128 9E9
1.676 23.882 0.719 3.011 12 119 179 9E9
1.981 25.300 0.633 2.502 7 84 126 9E9
2.286 20.175 0.397 1.970 8 50 75 9E9
2.591 18.682 0.374 2.000 7 62 93 9E9
2.896 17.143 0.394 2.300 7 57 85 9E9
3.200 11.536 0.303 2.628 7 38 53 9E9
3.505 5.796 0.202 3.491 5 29 38 0.382
3.810 5.476 0.164 2.991 6 22 27 9E9
4.115 19.825 0.378 1.907 8 50 57 9E9
4.420 58.861 0.283 0.481 10 98 106 9E9
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"
NPUT FILE: c:\temp\C-438+35144RT.CSV |-------------------------------------------------
" Depth Qc(avg) Fs(avg) Rf Rf Zone Spt N Spt N1 Su
" (meter) (meter) (meter) (%) (zone #) (blow/ft) (blow/ft) (meter)
"----------------------------------------------------------------------------------

0.152 1.880 0.026 1.383 1 0 0 0.109
0.457 0.732 0.009 1.180 1 0 0 0.000
0.762 13.668 0.117 0.855 1 1 2 0.830
1.067 44.504 0.630 1.416 1 2 3 2.852
1.372 29.170 0.770 2.638 3 3 5 1.792
1.676 23.305 0.668 2.865 3 2 3 1.362
1.981 24.645 0.594 2.409 3 2 3 1.412
2.286 19.233 0.392 2.036 1 1 2 1.015
2.591 18.914 0.374 1.978 1 1 2 0.962
2.896 14.625 0.345 2.356 1 1 2 0.643
3.200 9.871 0.309 3.131 2 1 2 0.296
3.505 5.023 0.165 3.277 2 9E9 9E9 9E9
3.810 6.553 0.189 2.890 2 1 1 0.020
4.115 34.106 0.452 1.325 1 2 3 1.826
4.420 62.867 0.197 0.313 1 3 4 3.709
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"
NPUT FILE: c:\temp\C-438+65144RT.CSV |----------------------------------------------------
" Depth Qc(avg) Fs(avg) Rf Rf Zone Spt N Spt N1 Su
" (meter) (MPa) (MPa) (%) (zone #) (blow/ft) (blow/ft) (MPa)
"----------------------------------------------------------------------------------

0.152 2.995 0.063 2.109 6 12 18 9E9
0.457 12.339 0.367 2.975 6 49 74 9E9
0.762 19.588 0.591 3.018 7 65 98 9E9
1.067 27.578 0.806 2.915 12 138 207 9E9
1.372 30.056 0.862 2.865 12 151 227 9E9
1.676 29.184 0.877 2.997 12 146 219 9E9
1.981 22.109 0.677 3.056 12 111 167 9E9
2.286 29.345 0.704 2.390 7 98 147 9E9
2.591 36.795 0.639 1.728 8 92 138 9E9
2.896 33.924 0.604 1.765 8 86 126 9E9
3.200 31.679 0.553 1.723 8 80 109 9E9
3.505 61.535 0.615 0.998 10 103 131 9E9
3.810 37.900 0.000 0.000 10 9E9 9E9 9E9
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"
NPUT FILE: c:\temp\C-439+4256RT.CSV |----------------------------------------------------
" Depth Qc(avg) Fs(avg) Rf Rf Zone Spt N Spt N1 Su
" (meter) (MPa) (MPa) (%) (zone #) (blow/ft) (blow/ft) (MPa)
"----------------------------------------------------------------------------------

0.152 33.675 0.177 0.526 10 56 84 9E9
0.457 14.665 0.190 1.295 8 37 56 9E9
0.762 4.819 0.152 3.153 6 19 29 9E9
1.067 3.392 0.131 3.865 5 17 26 0.225
1.372 5.411 0.199 3.676 5 27 41 0.359
1.676 5.033 0.222 4.394 4 34 51 0.334
1.981 4.833 0.210 4.340 4 32 48 0.320
2.286 3.581 0.152 4.233 4 24 36 0.236
2.591 4.241 0.145 3.412 5 21 32 0.281
2.896 3.688 0.121 3.270 5 18 27 0.242
3.200 3.556 0.134 3.779 5 18 25 0.233
3.505 13.783 0.397 2.879 7 46 59 9E9
3.810 18.241 0.560 3.065 7 61 74 9E9
4.115 24.804 0.593 2.389 7 83 95 9E9
4.420 29.886 0.419 1.403 9 60 65 9E9
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"
NPUT FILE: c:\temp\C-440+025.54LT.CSV |----------------------------------------------------
" Depth Qc(avg) Fs(avg) Rf Rf Zone Spt N Spt N1 Su
" (meter) (MPa) (MPa) (%) (zone #) (blow/ft) (blow/ft) (MPa)
"----------------------------------------------------------------------------------

0.152 0.707 0.027 3.761 3 7 11 0.048
0.457 0.569 0.033 5.761 3 6 9 0.038
0.762 0.987 0.043 4.333 3 10 15 0.066
1.067 2.835 0.052 1.814 6 11 17 9E9
1.372 2.594 0.045 1.730 6 10 15 9E9
1.676 1.329 0.066 4.848 3 14 21 0.088
1.981 1.000 0.056 5.580 3 10 15 0.064
2.286 0.737 0.040 5.352 3 7 11 0.047
2.591 0.667 0.033 4.839 3 7 11 0.043
2.896 0.644 0.027 4.068 3 7 11 0.040
3.200 0.279 0.019 6.000 3 3 4 0.017
3.505 0.725 0.027 3.506 3 8 10 0.047
3.810 0.442 0.020 4.086 3 5 6 0.028
4.115 0.255 0.010 3.667 3 3 3 0.013
4.420 0.258 0.013 4.545 3 3 3 0.013
4.724 0.285 0.010 3.333 3 3 3 0.014
5.029 0.273 0.014 4.545 3 3 3 0.014
5.334 3.925 0.101 2.564 6 16 15 9E9
5.639 4.200 0.155 3.661 5 21 19 0.274
5.944 9.533 0.302 3.173 6 38 33 9E9
6.248 9.747 0.322 3.285 6 39 33 9E9
6.553 16.090 0.318 1.940 7 55 45 9E9
6.858 17.455 0.391 2.213 7 59 46 9E9
7.163 17.664 0.400 2.231 7 60 45 9E9
7.468 40.429 0.000 0.000 10 9E9 9E9 9E9

A-170



"
NPUT FILE: c:\temp\C-440+0254LT.CSV |----------------------------------------------------
" Depth Qc(avg) Fs(avg) Rf Rf Zone Spt N Spt N1 Su
" (meter) (MPa) (MPa) (%) (zone #) (blow/ft) (blow/ft) (MPa)
"----------------------------------------------------------------------------------

0.152 0.795 0.016 2.013 4 5 8 0.053
0.457 0.521 0.020 3.871 3 5 8 0.034
0.762 1.280 0.029 2.292 5 6 9 0.084
1.067 6.012 0.041 0.686 8 15 23 9E9
1.372 5.669 0.051 0.904 8 14 21 9E9
1.676 2.929 0.035 1.205 7 10 15 9E9
1.981 1.535 0.057 3.716 4 10 15 0.100
2.286 0.945 0.039 4.135 3 9 14 0.060
2.591 0.823 0.032 3.925 3 8 12 0.052
2.896 0.877 0.032 3.684 3 9 14 0.055
3.200 0.414 0.016 3.966 3 4 6 0.024
3.505 0.357 0.010 2.800 3 4 5 0.019
3.810 0.650 0.017 2.637 4 4 5 0.039
4.115 0.567 0.016 2.824 3 6 7 0.033
4.420 0.425 0.010 2.353 3 4 4 0.023
4.724 0.820 0.010 1.220 5 4 4 0.049
5.029 7.790 0.094 1.212 8 19 19 9E9
5.334 5.500 0.025 0.446 8 14 13 9E9
5.639 0.665 0.010 1.438 5 3 3 0.037
5.944 7.195 0.075 1.044 8 18 16 9E9
6.248 5.165 0.085 1.650 7 17 14 9E9
6.553 6.186 0.098 1.578 7 21 17 9E9
6.858 3.714 0.063 1.703 7 12 9 9E9
7.163 8.038 0.127 1.586 7 27 21 9E9
7.468 12.561 0.381 3.033 6 50 37 9E9
7.772 22.347 0.682 3.043 12 112 80 9E9
8.077 28.342 0.721 2.497 7 96 66 9E9
8.382 45.492 0.324 0.702 10 77 52 9E9
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"
NPUT FILE: c:\temp\C-440+62.5.CSV |----------------------------------------------------
" Depth Qc(avg) Fs(avg) Rf Rf Zone Spt N Spt N1 Su
" (meter) (MPa) (MPa) (%) (zone #) (blow/ft) (blow/ft) (MPa)
"----------------------------------------------------------------------------------

0.152 4.907 0.035 0.707 8 12 18 9E9
0.457 6.738 0.051 0.761 8 17 26 9E9
0.762 4.378 0.058 1.329 7 15 23 9E9
1.067 1.648 0.031 1.864 6 7 11 9E9
1.372 9.872 0.146 1.474 8 25 38 9E9
1.676 8.918 0.135 1.509 7 30 45 9E9
1.981 12.059 0.098 0.810 9 24 36 9E9
2.286 15.668 0.134 0.856 9 31 47 9E9
2.591 16.132 0.270 1.674 8 40 60 9E9
2.896 12.364 0.107 0.867 9 25 38 9E9
3.200 4.055 0.048 1.179 7 14 20 9E9
3.505 14.800 0.204 1.376 8 37 48 9E9
3.810 18.491 0.190 1.025 9 37 45 9E9
4.115 13.311 0.241 1.807 7 45 52 9E9
4.420 15.371 0.284 1.834 8 39 43 9E9
4.724 14.493 0.303 2.067 7 49 51 9E9
5.029 18.115 0.398 2.187 7 61 60 9E9
5.334 13.535 0.320 2.347 7 45 43 9E9
5.639 20.395 0.423 2.038 8 52 47 9E9
5.944 19.990 0.340 1.641 8 52 45 9E9
6.248 21.755 0.379 1.679 8 56 47 9E9
6.553 26.822 0.409 1.469 8 70 56 9E9
6.858 33.652 0.444 1.248 9 71 55 9E9
7.163 37.126 0.513 1.312 9 78 59 9E9
7.468 38.250 0.485 1.203 9 81 59 9E9
7.772 41.392 0.182 0.420 10 72 51 9E9
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    CPTCP.TBL - CPTINT Correlation and Parameters Table File       Page 1/10 
    -------------with NOTES & References at end------------- 
 
    Program:        CPTINT - CPT Cone Interpretation Program 
    Version:        5.2 
    Table File by:  Dr. R. G. (DICK) Campanella, P.Eng. 
    Rev. Dated:     April 3, 2002 
 
+---------------------------------------------------------------------------+ 
¦   Parameter   ¦       Methods              ¦Refer. ¦  Valid  ¦ Valid Zone ¦ 
¦               ¦                            ¦ Number¦Soil Type¦            ¦ 
¦---------------+----------------------------+-------+---------+------------¦ 
¦ Depth average ¦ Depth averaged over speci- ¦       ¦   All   ¦    All     ¦ 
¦  see NOTE #1  ¦ fied range (see menu)      ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦ Parameter     ¦ Averaged over range        ¦       ¦         ¦            ¦ 
¦ Averaging     ¦ specified for depth. If no ¦       ¦   All   ¦    All     ¦ 
¦               ¦ values exist, your choice  ¦       ¦         ¦            ¦ 
¦               ¦ is zero's or no value      ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦ Qc, Tip Stress¦ measured tip force/area    ¦ #6,#8 ¦   All   ¦    All     ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦     Qt        ¦ Qt = Qc + (1 - a) x U2 and ¦ #6,#8 ¦   All   ¦    All     ¦ 
¦ corrtd for U2 ¦  a = tip area ratio        ¦       ¦         ¦            ¦ 
¦               ¦ Defaults to U2 if given or ¦       ¦         ¦            ¦ 
¦  see NOTE #2  ¦ uses U1 or U3 times Const. ¦       ¦         ¦            ¦ 
¦ [ Note: Input value from input file is used if defined, not calculated ]  ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦     Q         ¦       Qt - sv              ¦       ¦         ¦            ¦ 
¦(Qt Normalized)¦   Q = -------              ¦#9 & 13¦   All   ¦    All     ¦ 
¦               ¦         sv'                ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦     Fs        ¦ measured sleeve force/area ¦ #6,#8 ¦   All   ¦    All     ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦     Rf        ¦          Fs                ¦       ¦         ¦            ¦ 
¦ Friction Ratio¦     Rf = -- x 100%         ¦ #6,#8 ¦   All   ¦    All     ¦ 
¦(if Rf>8, Rf=8)¦          Qt                ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦      F        ¦          Fs                ¦       ¦         ¦            ¦ 
¦(Rf Normalized)¦   F = --------- x 100%     ¦#9 & 13¦   All   ¦    All     ¦ 
¦               ¦       (Qt - sv)            ¦       ¦         ¦            ¦ 
+---------------+------------------------------------+---------+------------¦ 
¦     Gamma     ¦ Based on Rf or Bq Classif. Zone    ¦         ¦            ¦ 
¦               ¦ Zone #     Gamma = kN/m^3  ¦       ¦         ¦            ¦ 
¦     Total     ¦    1      Qt<4bar   15.70  ¦       ¦         ¦            ¦ 
¦  Unit Weight  ¦    1      Qt=4bar   17.30  ¦       ¦         ¦            ¦ 
¦(Soil + Water) ¦    2      Rf<5%     13.36  ¦       ¦         ¦            ¦ 
¦               ¦    2      Rf=5%     11.80  ¦       ¦         ¦            ¦ 
¦               ¦    2      Bq Zone   12.58  ¦       ¦         ¦            ¦ 
¦  see NOTE #3  ¦    3      Qt<10bar  18.86  ¦       ¦   All   ¦    All     ¦ 
¦               ¦    3      Qt=10bar  19.65  ¦       ¦         ¦            ¦ 
¦               ¦ 4, 5 & 6  Qt<20bar  18.86  ¦       ¦         ¦            ¦ 
¦               ¦ 4, 5 & 6  Qt=20bar  19.65  ¦       ¦         ¦            ¦ 
¦               ¦    7                18.86  ¦       ¦         ¦            ¦ 
¦               ¦  8 & 9              19.65  ¦       ¦         ¦            ¦ 
¦               ¦   10                20.44  ¦       ¦         ¦            ¦ 
¦               ¦ 11 & 12             21.22  ¦       ¦         ¦            ¦ 
+---------------------------------------------------------------------------+ 
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+---------------------------------------------------------------------------+ 
¦   Parameter   ¦         Methods            ¦Refer. ¦  Valid  ¦ Valid Zone ¦ 
¦               ¦                            ¦ Number¦Soil Type¦            ¦ 
¦---------------+----------------------------+-------+---------+------------¦ 
¦       U       ¦ U1,measured on Face of tip ¦       ¦         ¦            ¦ 
¦  Penetration  ¦ U2,measured Behind Tip at  ¦       ¦         ¦            ¦ 
¦ Pore Pressure ¦    shoulder (std location) ¦       ¦   All   ¦    All     ¦ 
¦               ¦ U3,measured Behind Friction¦       ¦         ¦            ¦ 
¦  see NOTE #4  ¦    Sleeve                  ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦ Water Table   ¦ Depth below ground surface ¦       ¦         ¦            ¦ 
¦               ¦ to where pore pressure = 0 ¦       ¦   All   ¦    All     ¦ 
¦               ¦ Make negative if water     ¦       ¦         ¦            ¦ 
¦               ¦ level is above ground      ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦       Uo      ¦ Uo = water depth,Hw x unit ¦       ¦         ¦            ¦ 
¦  Hydrostatic  ¦    weight water, Gamma or  ¦       ¦         ¦            ¦ 
¦ Pore Pressure ¦ Uo=Hw=depth-depth to water ¦       ¦   All   ¦    All     ¦ 
¦               ¦       table                ¦       ¦         ¦            ¦ 
¦  see NOTE #4  ¦ if depth<water table,Uo = 0¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦       dU      ¦ dU = U2 - Uo               ¦       ¦         ¦            ¦ 
¦     Excess    ¦ Defaults to U2 if given    ¦       ¦   All   ¦    All     ¦ 
¦ Pore Pressure ¦  or uses U1 or U3 x const. ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦      DPPR     ¦        dU   U - Uo         ¦       ¦         ¦            ¦ 
¦ (Differential ¦ DPPR = -- = ------         ¦ #6,#8 ¦         ¦            ¦ 
¦ Pore Pressure ¦        Qt     Qt           ¦       ¦   All   ¦    All     ¦ 
¦        Ratio) ¦ Defaults to U2 if given    ¦       ¦         ¦            ¦ 
¦               ¦  or uses U1 or U3 x const. ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦               ¦        dU                  ¦ # 4   ¦         ¦            ¦ 
¦      Bq       ¦ Bq = -------               ¦ # 8   ¦   All   ¦    All     ¦ 
¦               ¦      Qt - sv               ¦ # 13  ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦ OS (Overburden¦ OS = sv = S (Gamma x Depth)¦       ¦   All   ¦    All     ¦ 
¦     Stress)   ¦                            ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦ EOS (Effective¦ EOS = sv' = OS - Uo        ¦       ¦         ¦            ¦ 
¦Overburden Stress)         = sv - Uo        ¦       ¦   All   ¦    All     ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦    Rf Zone    ¦ Classification chart for   ¦ #6    ¦         ¦            ¦ 
¦               ¦       Qc and Rf            ¦       ¦         ¦            ¦ 
¦     Soil      ¦Zone # =  Soil Behavior Type¦ #8,   ¦         ¦            ¦ 
¦ Behavior Type ¦ 1=sensitive fine grained   ¦ Fig4.3¦         ¦            ¦ 
¦               ¦ 2=organic material         ¦       ¦         ¦            ¦ 
¦  see NOTE #5  ¦ 3=clay                     ¦       ¦         ¦            ¦ 
¦               ¦ 4=silty clay               ¦       ¦         ¦            ¦ 
¦               ¦ 5=clayey silt              ¦       ¦   All   ¦1<Qt<1000bar¦ 
¦               ¦ 6=sandy silt               ¦       ¦         ¦0<Rf<8%     ¦ 
¦               ¦ 7=silty sand               ¦       ¦         ¦            ¦ 
¦               ¦ 8=fine sand                ¦       ¦         ¦            ¦ 
¦               ¦ 9=sand                     ¦       ¦         ¦            ¦ 
¦               ¦10=gravelly sand            ¦       ¦         ¦            ¦ 
¦               ¦11=very stiff fine grained ¥¦       ¦         ¦            ¦ 
¦               ¦12=sand to clayey sand ¥    ¦       ¦         ¦            ¦ 
¦               ¦ ¥ overconsolidated or cemented     ¦         ¦            ¦ 
+---------------------------------------------------------------------------+ 
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+---------------------------------------------------------------------------+ 
¦   Parameter   ¦         Methods            ¦Refer. ¦  Valid  ¦ Valid Zone ¦ 
¦               ¦                            ¦ Number¦Soil Type¦            ¦ 
¦---------------+----------------------------+-------+---------+------------¦ 
¦    Bq Zone    ¦ Classification chart for   ¦       ¦         ¦0<Qt<1000bar¦ 
¦     Soil      ¦        Qc and Bq           ¦ #8    ¦   All   ¦ -0.1<Bq<1.4¦ 
¦ Behavior Type ¦(same zone #'s as Rf above) ¦Fig 4.3¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦   Spt N(60)   ¦   Qt/N ratio per zone      ¦ # 7   ¦         ¦            ¦ 
¦   Standard    ¦Zone #  Qt/N    Zone #  Qt/N¦       ¦         ¦            ¦ 
¦  Penetration  ¦    1    2          7    3  ¦ # 8   ¦         ¦            ¦ 
¦     Test      ¦    2    1          8    4  ¦Fig 4.2¦   All   ¦    All     ¦ 
¦ (Blows/foot)  ¦    3    1          9    5  ¦       ¦         ¦            ¦ 
¦ at 60% Energy ¦    4    1.5       10    6  ¦       ¦         ¦            ¦ 
¦After R&C(1983)¦    5    2         11    1  ¦       ¦         ¦            ¦ 
¦  see NOTE #6  ¦    6    2.5       12    2  ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦  Spt N1(60)   ¦ Spt N1(60) = Cn x Spt N(60)¦       ¦         ¦            ¦ 
¦ Normalized for¦ where Cn = (sv')^(-0.77)   ¦ # 8   ¦   All   ¦ 0.5<Cn<1.5 ¦ 
¦ Overburden str¦                            ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦      Dr       ¦ Specific Sands:            ¦ # 8   ¦         ¦            ¦ 
¦   Relative    ¦                            ¦       ¦         ¦            ¦ 
¦   Density     ¦      100      +    Qc    + ¦       ¦         ¦            ¦ 
¦               ¦ Dr = --- * ln ¦ -------- ¦ ¦       ¦         ¦            ¦ 
¦  see NOTE #7  ¦      C2       ¦       C1 ¦ ¦       ¦         ¦            ¦ 
¦               ¦               + C0 sv'   + ¦       ¦         ¦            ¦ 
¦               ¦ where:                     ¦       ¦         ¦            ¦ 
¦               ¦  All are NC & UNAGED       ¦       ¦         ¦            ¦ 
¦Compressibility¦ Sand      ¦ C0  ¦ C1 ¦ C2  ¦       ¦         ¦            ¦ 
¦               ¦ ----------+-----+----+---- ¦       ¦         ¦            ¦ 
¦   moderate    ¦ Ticino    ¦17.37¦.558¦2.58 ¦ # 1   ¦       / ¦  7 to 10   ¦ 
¦     high      ¦Schmertmann¦15.32¦.520¦2.75 ¦ # 1   ¦   Sand--¦ 0<Qt<500bar¦ 
¦               ¦                            ¦       ¦       \ ¦ 0<sv'<5bar ¦ 
¦               ¦ -------------------------- ¦       ¦         ¦            ¦ 
¦     all       ¦ ALL SANDS:                 ¦       ¦         ¦            ¦ 
¦               ¦  NC, OC, ALL TESTS         ¦ # 5   ¦         ¦            ¦ 
¦               ¦                +  + Qc +  +¦       ¦         ¦            ¦ 
¦               ¦                ¦  ¦ -- ¦  ¦¦       ¦         ¦            ¦ 
¦               ¦                ¦  + C1 +  ¦¦       ¦         ¦            ¦ 
¦               ¦ Dr=C3 + C4log  ¦ -------- ¦¦       ¦         ¦            ¦ 
¦               ¦              10¦ + sv'+C2 ¦¦       ¦         ¦            ¦ 
¦               ¦                ¦ ¦ ---¦   ¦¦       ¦         ¦            ¦ 
¦               ¦                + + C0 +   +¦       ¦         ¦            ¦ 
¦               ¦ where:                     ¦       ¦         ¦            ¦ 
¦               ¦                            ¦       ¦         ¦            ¦ 
¦               ¦  C0  ¦  C1  ¦ C2 ¦ C3 ¦ C4 ¦       ¦         ¦            ¦ 
¦               ¦ -----+------+----+----+--- ¦       ¦   Sand  ¦  7 to 10   ¦ 
¦               ¦ 0.100¦0.0981¦ 0.5¦ -98¦ 66 ¦       ¦         ¦(6 possible)¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦      Phi      ¦ Methods:                   ¦       ¦         ¦            ¦ 
¦               ¦ 1) Robertson & Campanella  ¦#6, #8 ¦         ¦ 7 to 10 & 6¦ 
¦ Friction Angle¦ 2) Durgunoglu & Mitchell   ¦  # 2  ¦       / ¦ 0<Qt<500bar¦ 
¦               ¦ 3) Janbu beta = +15 degree ¦#6, #8 ¦   Sand--¦ 0<sv'<4bar ¦ 
¦               ¦ 4) Janbu beta =  0  degree ¦#6, #8 ¦       \ ¦ 29<phi<49  ¦ 
¦               ¦ 5) Janbu beta = -15 degree ¦#6, #8 ¦         ¦            ¦ 
+---------------------------------------------------------------------------+ 
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+---------------------------------------------------------------------------+ 
¦   Parameter   ¦        Methods             ¦Refer. ¦  Valid  ¦ Valid Zone ¦ 
¦               ¦                            ¦ Number¦Soil Type¦            ¦ 
¦---------------+----------------------------+-------+---------+------------¦ 
¦    Gmax       ¦ Clay:                      ¦       ¦         ¦            ¦ 
¦ Maximum Shear ¦                            ¦ # 8   ¦         ¦            ¦ 
¦   Modulus at  ¦ Gmax = alpha x Qt          ¦Fig4.18¦   Clay  ¦   1 to 6   ¦ 
¦   very small  ¦                            ¦       ¦         ¦            ¦ 
¦    strains    ¦ Sand:                      ¦ # 6   ¦         ¦            ¦ 
¦               ¦ Digitized figure of Qc vs  ¦ # 8   ¦         ¦(6 possible)¦ 
¦               ¦ Gmax with interpolation    ¦Fig4.13¦   Sand  ¦  7 to 10   ¦ 
¦               ¦between sv'curves,R&C method¦       ¦         ¦.25<sv'<8bar¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦ CSR(Qc), t/s  ¦ Seed's CSR vs N1(60) graph ¦ # 11  ¦         ¦            ¦ 
¦ LEVEL ground  + for specified equake Magni-¦ # 12  ¦         ¦            ¦ 
¦ Liquefaction  ¦ tude.Can include silty sand¦       ¦   Sand  ¦  7 to 10   ¦ 
¦SAND Resistance¦ corr. for Zone 7. N1(60)   ¦       ¦         ¦(6 possible)¦ 
¦ see NOTE #8   ¦ from CPT correlations.     ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦ CSR(Eq), t/s  ¦              Amax   sv     ¦       ¦         ¦            ¦ 
¦ Cyclic Stress ¦CSR(Eq) = 0.65 ---- ---- rd ¦ # 12  ¦         ¦            ¦ 
¦ Ratio applied ¦               g    svo'    ¦       ¦   Sand  ¦  7 to 10   ¦ 
¦by design quake¦Amax=max surface acceleratn ¦ # 3   ¦         ¦(6 possible)¦ 
¦               ¦including Amplification     ¦       ¦         ¦            ¦ 
¦ [ Note: Input value from input file is used if defined, & not calculated] ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦      rd       ¦ Digitized graph to use     ¦       ¦         ¦(6 possible)¦ 
¦   Reduction   ¦ for depth vs rd:           ¦       ¦         ¦  7 to 10   ¦ 
¦Factor to find ¦ 1) Seed's mean             ¦ # 12  ¦   Sand  ¦ 0<depth<30m¦ 
¦    CSR(Eq)    ¦ 2) Fraser Delta            ¦ # 3   ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦FL,Safety Factor    FL = CSR(Qc)/CSR(Eq)    ¦ # 3   ¦   Sand  ¦  7 to 10   ¦ 
¦against Liquefaction                        ¦       ¦         ¦(6 possible)¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦     Qcr       ¦ Qcr backcalculated from    ¦       ¦         ¦            ¦ 
¦Critical Bearng¦ CSR(Eq) for a specified FL.¦ # 12  ¦   Sand  ¦  7 to 10   ¦ 
¦required to    ¦ Qcr is only for the given  ¦       ¦         ¦(6 possible)¦ 
¦resist Liquefctn GWT,EOS,OS,Amax/g & Eq.Mag ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦      Su,      ¦            Qc - st         ¦ # 8   ¦         ¦            ¦ 
¦   Undrained   ¦ Nk:   Su = -------         ¦       ¦   Clay  ¦   1 to 6   ¦ 
¦     Shear     ¦              Nk            ¦       ¦         ¦            ¦ 
¦   Strength    ¦                            ¦       ¦         ¦            ¦ 
¦      of       ¦            Qt - U2         ¦       ¦         ¦            ¦ 
¦     CLAY      ¦ Nke:  Su = -------         ¦       ¦   Clay  ¦   1 to 6   ¦ 
¦               ¦              Nke           ¦       ¦         ¦            ¦ 
¦   METHODS:    ¦                            ¦       ¦         ¦            ¦ 
¦               ¦            Qt - sv         ¦       ¦         ¦            ¦ 
¦               ¦ Nkt:  Su = -------         ¦       ¦   Clay  ¦   1 to 6   ¦ 
¦               ¦              Nkt           ¦       ¦         ¦            ¦ 
¦               ¦                            ¦       ¦         ¦            ¦ 
¦               ¦            Qt              ¦       ¦         ¦            ¦ 
¦               ¦ Nc:   Su = --              ¦       ¦   Clay  ¦   1 to 6   ¦ 
¦               ¦            Nc              ¦       ¦         ¦            ¦ 
¦               ¦                            ¦       ¦         ¦            ¦ 
¦               ¦            dU2 (dU1 or dU3)¦       ¦         ¦            ¦ 
¦  see NOTE #9  ¦ NdU:  Su = ---             ¦       ¦   Clay  ¦   1 to 6   ¦ 
¦               ¦            NdU             ¦       ¦         ¦            ¦ 
+---------------------------------------------------------------------------+ 
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+---------------------------------------------------------------------------+ 
¦  Parameter    ¦         Methods            ¦Refer. ¦  Valid  ¦ Valid Zone ¦ 
¦               ¦                            ¦ Number¦Soil Type¦            ¦ 
¦---------------+----------------------------+-------+---------+------------¦ 
¦               ¦           Su               ¦       ¦         ¦            ¦ 
¦    Su/EOS     ¦ Su/EOS = ----              ¦ # 8   ¦   Clay  ¦   1 to 6   ¦ 
¦               ¦           sv'              ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦    Ko (NC)    ¦                            ¦       ¦         ¦            ¦ 
¦    Normally   ¦ (Ko)NC = 1 - Sin( f )      ¦ # 8   ¦   Sand  ¦  7 to 10   ¦ 
¦  Consolidated ¦     see NOTE #10           ¦       ¦         ¦(6 possible)¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦    Ko (OC)    ¦                      0.42  ¦       ¦         ¦            ¦ 
¦     Over      ¦ (Ko)OC = (Ko)NC x OCR      ¦ # 8   ¦   Sand  ¦  7 to 10   ¦ 
¦  Consolidated ¦                            ¦       ¦         ¦(6 possible)¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦      E25      ¦ E25 = alpha x Qt           ¦ # 8   ¦   Sand  ¦(6) 7 to 10 ¦ 
¦ Youngs Modulus¦ where user input alpha     ¦4.11&12¦         ¦ 0<Qt<500bar¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦       M       ¦ CLAY:                      ¦ # 8   ¦         ¦            ¦ 
¦  Constrained  ¦ M = alpha x Qt             ¦Tabl4.3¦   Clay  ¦   1 to 6   ¦ 
¦    Modulus    ¦ where user input alpha     ¦       ¦         ¦            ¦ 
¦               ¦                            ¦       ¦         ¦            ¦ 
¦               ¦ SAND:                      ¦       ¦         ¦            ¦ 
¦               ¦ Methods:                   ¦       ¦         ¦            ¦ 
¦               ¦ Qt:                        ¦       ¦         ¦            ¦ 
¦               ¦       M = alpha x Qt       ¦       ¦   Sand  ¦  7 to 10   ¦ 
¦               ¦ Baldi:                     ¦ # 8   ¦         ¦(6 possible)¦ 
¦               ¦ M            + sv' +C1     ¦Fig4.10¦         ¦            ¦ 
¦               ¦ -- = C0 x pa ¦ --- ¦   x   ¦       ¦   Sand  ¦  7 to 10   ¦ 
¦               ¦ Qt           + pa  +       ¦       ¦         ¦            ¦ 
¦               ¦         C2                 ¦       ¦         ¦            ¦ 
¦               ¦      OCR   x exp( C3 Dr )  ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦   OCR (Clay)  ¦       +    Su      +1.25   ¦       ¦         ¦            ¦ 
¦    Over-      ¦       ¦    ----    ¦       ¦ # 6   ¦         ¦            ¦ 
¦ Consolidation ¦       ¦    svo'    ¦       ¦       ¦         ¦            ¦ 
¦    Ratio      ¦ OCR = ¦ ---------- ¦       ¦ # 8   ¦   Clay  ¦   1 to 6   ¦ 
¦               ¦       ¦ +  Su  +   ¦       ¦Fig4.19¦         ¦            ¦ 
¦  see NOTE #11 ¦       ¦ ¦ ---- ¦   ¦       ¦       ¦         ¦            ¦ 
¦               ¦       + + svo' +NC +       ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦               ¦      + +                +2 ¦       ¦         ¦            ¦ 
¦     Ic        ¦ Ic = ¦ ¦3-log  (Q(1-Bq))¦  ¦       ¦         ¦            ¦ 
¦               ¦      + +     10         +  ¦       ¦         ¦            ¦ 
¦   Material    ¦                            ¦ # 13  ¦   All   ¦     All    ¦ 
¦    Index      ¦      +             +2+0.5  ¦       ¦         ¦            ¦ 
¦After J&D(1993)¦    + ¦1.5+1.3log  F¦ ¦     ¦ # 17  ¦         ¦            ¦ 
¦  see NOTE #18 ¦      +          10 + +     ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦   Spt N(60)   ¦                            ¦       ¦         ¦            ¦ 
¦   Standard    ¦                            ¦       ¦         ¦            ¦ 
¦  Penetration  ¦  Qc/N = 8.5(1-(Ic/4.75))   ¦       ¦         ¦            ¦ 
¦     Test      ¦                            ¦ # 13  ¦   All   ¦    All     ¦ 
¦ (Blows/foot)  ¦   where Qc in bars         ¦       ¦         ¦            ¦ 
¦ at 60% Energy ¦                            ¦       ¦         ¦            ¦ 
¦After J&D(1993)¦                            ¦       ¦         ¦            ¦ 
¦  see NOTE #16 ¦                            ¦       ¦         ¦            ¦ 
+---------------------------------------------------------------------------+ 
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+---------------------------------------------------------------------------+ 
¦   Parameter   ¦        Methods             ¦Refer. ¦  Valid  ¦ Valid Zone ¦ 
¦               ¦                            ¦ Number¦Soil Type¦            ¦ 
¦---------------+----------------------------+-------+---------+------------¦ 
¦State Parameter¦          +           +     ¦       ¦         ¦            ¦ 
¦               ¦          ¦3M + 8.5M/F¦     ¦       ¦         ¦            ¦ 
¦State,(e-units)¦        ln¦-----------¦     ¦       ¦         ¦            ¦ 
¦               ¦          +  Q(1-Bq)  +     ¦       ¦         ¦            ¦ 
¦Current Void   ¦State =  ---------------    ¦       ¦         ¦            ¦ 
¦   Void Ratio  ¦           11.9 - 1.33F     ¦ # 14  ¦   All   ¦    All     ¦ 
¦     minus     ¦                            ¦       ¦         ¦            ¦ 
¦Critical       ¦          6 Sin fcv         ¦       ¦         ¦            ¦ 
¦   Void Ratio  ¦     M = -------------      ¦       ¦         ¦            ¦ 
¦               ¦          3 - Sin fcv       ¦       ¦         ¦            ¦ 
¦               ¦                            ¦       ¦         ¦            ¦ 
¦               ¦ fcv = const. vol. Phi angle¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦ Fines Content ¦                            ¦       ¦         ¦            ¦ 
¦               ¦FC(%) = 42.4179(Ic) - 54.8574       ¦         ¦            ¦ 
¦     FC(%)     ¦                            ¦       ¦         ¦            ¦ 
¦               ¦ FC(%) =   0% if Ic < 1.2933¦ # 15  ¦   All   ¦    All     ¦ 
¦Percent        ¦                            ¦       ¦         ¦            ¦ 
¦  less than    ¦ FC(%) = 100% if Ic > 3.6508¦       ¦         ¦            ¦ 
¦     #200 Sieve¦                            ¦       ¦         ¦            ¦ 
¦After Davies,99¦                            ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦   OCR (Clay)  ¦ OCR = 0.5 + 1.50(PPD)      ¦       ¦         ¦            ¦ 
¦Overcons. Ratio¦                            ¦       ¦         ¦            ¦ 
¦by Pore Press. ¦ PPD = (U1 - U2)/Uo or      ¦       ¦         ¦            ¦ 
¦U1 & U2        ¦ PPD = (U1 - U3)/Uo         ¦ # 16  ¦   Clay  ¦   1 to 6   ¦ 
¦   or U1 & U3  ¦                            ¦       ¦         ¦            ¦ 
¦  see NOTE #17 ¦ and default 0.5 & 1.5      ¦       ¦         ¦            ¦ 
¦               ¦       are settable         ¦       ¦         ¦            ¦ 
+---------------------------------------------------------------------------+ 
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          +++++++++++++NOTES++++++++++++++            Page 7/10 
           
1. Depth averaging may be in 0.5, 1, 2.5 or 5 ft. intervals or 
0.1, 0.25, 0.5 or 1.0 m intervals, or no depth averaging if 
zero is selected. The average is the mean value of the readings  
in the interval. The depth value is the mid-depth of the  
averaged interval. It is convenient to start at half the depth 
averaging interval.  For example, if you want "even" depths and 
the depth averaging is set at 0.50 m then start at 0.25 to get 
values of depth of 0.5, 1.0, 1.5, etc. 
 
2. Basic input CPTU data columns are for Depth, Qc, Fs, U1, U2, 
U3, INC and TEMP may be selected.  In addition the following 
parameters may also be specified as an INPUT data column:  Qt, 
Gamma, Uo, Spt N, Rf Zone, Bq Zone and CSR(EQ).  These values 
will be used where required to obtain other interpreted 
parameters.  If they are not specified the program will 
estimate them when they are required.  For example, you can 
create an OUTPUT data file of any of the above parameters and 
then edit some or all of the values to suite your measurements 
or your desires to specify their values.  You can do that with 
"Gamma" values to input your measurements of unit weight, or 
with "Uo" if you want to input values of pore water pressure 
other than hydrostatic, or with any of the other input 
parameters.  You would use your edited file of adjusted data as 
your new INPUT data file.  Thus, you can specify these 
parameters if you want to override the Program's values. 
 
   You can also use the designated value of "9E9" to denote an 
unknown value. 
 
   You can use the "OTHER" designation to input other data that 
exists on your input file and identify its units. This allows 
you to output it, without operating on it, if you choose. 
 
   It is best NOT to use depth averaging when using input data 
that is not continuous at regular depth intervals.  Always use 
DEPTH AVERAGING with extreme caution since the program averages 
ALL INPUT parameters over the interval chosen irregardless of 
soil type. Careful use of start and end depth choises can make 
depth averaging very effective. 
 
3. Since there is no data in the file within the initial depth 
interval, a default Gamma (unit weight) must be specified from 
the surface to the starting depth.  This is done in the "Param" 
Menu in units of kN/m^3 (1kN/m^3=6.36pcf).  Also, you can specify 
the values of Gamma to be used by the program as in NOTE #2 above. 
 
4. If pore pressures are not measured by the cone then the 
program will take Qc as being equal to Qt for all interpretations 
requiring Qt.  Also, Uo may be specified in the input file as a 
column of Uo vs depth values, if the water pressures are not 
hydrostatic. See NOTE #2 for more info on customizing input data. 
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5. You can choose to use either the Rf classif. Zone or the Bq 
classif. Zone to divide soil into Undrained Parameters (Zones 1 
to 6) and Drained Parameters (Zones 7 to 10) in the "Param" 
Menu. (However, in order to use the Bq Zone you must have Pore 
Pressure, U2, data.)  Also, you may choose to switch Zone 6 to 
a Drained Zone from its Undrained Zone status.  This is done if 
you feel that the soil identified as Zone 6 (sandy silt) is 
really coaser (using other sources of information) and/or you 
want it analyzed as a Drained rather than Undrained soil. 
Finally, the soil behavior names in each zone were shortened in 
version 5.0 for simplicity.  For example, Zone 6 was named 
"sandy silt to clayey silt" but was shortened to "sandy silt". 
 
6. Spt N is the same as Spt N(60) for 60% transferred energy. 
This value is calculated from the Qt/N ratios given for each 
Soil Zone (you can specify either Rf or Bq Zone) and these 
values are used in the Level Ground Liquefaction analysis. 
Values of Spt N may be specified in the Input File, if 
indepedently measured values are to be used.  We suggest that 
you not use depth averaging if you only have selected 
Spt N values at a few depths. You may use "9E9" for missing data. 
 
7. If Dr values are negative then soil is very loose or likely 
more of an undrained soil like a silty sand rather than a 
drained soil for which the Dr correlations were developed. 
Use Dr interpretations very cautiously since they also assume 
the soil is free draining, uncemented, unaged and has the same 
compressibility of grains as the soil used for the correlations 
in chamber calibration tests. 
 
8. The simplified sand liquefaction analysis for level ground 
according to Seed et al requires Spt N1(60) and earthquake 
magnitude to obtain the cyclic stress ratio to cause 
liquefaction, CSR(Qc).  The design maximum ground acceleration, 
the depth-reduction factor, Rd, and overburden total and 
effective stresses are required to calculate the cyclic stress 
ratio applied by the design earthquake, CSR(EQ).  The program 
estimates the N1(60) values from the cone stresses, the operator 
identifies the earthquake magnitude and Seed et al chart is used 
to get CSR(Qc).  The program also calculates CSR(EQ) from the 
user specified maximum ground acceleration including any 
amplification factors, the calculated overburden stresses and 
either Seed's mean or the Fraser Delta Rd factor.  The Fraser 
Delta is used only when amplification factors of the order of 
2 or more are used.  See Reference Nos. 3, 6, 11 and 12 for more 
information.  The user can INPUT specific values for Spt N, 
CSR(EQ), Soil Zones, Gamma's, etc. in order to customize the 
analysis for the existing data base of information.  It is 
recommended that you do not use depth averaging when using 
specific input data but make calculations at specific depths 
where external input data exists. The calculated value of Qcr 
is the minimum value of cone bearing stress required at a given 
depth such that the factor of safety against liquefaction, or 
the ratio FL = CSR(Qc)/CSR(EQ) have the specified value for a 
given earthquake magnitude, max. ground acceleration, depth 
reduction factor, and calculated overburden stresses.  This 
value of Qcr is useful to identify the required minimum level 
of soil improvement for a given design condition. 
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9. The NdU method to calculate undrained shear strength has been 
extended to allow the user to choose either dU1, or dU2 or dU3 
provided such pore pressure measurements exist. 
 
10. The Overconsolidation Ratio, OCR, for the sand must be 
estimated by the user in the "Param" menu if you want to 
estimate Ko in the sand layers.  For the typical normally 
consolidated sand, OCR = 1.0. 
 
11. It is currently only possible to estimate the OCR for a 
clay, which makes use of the correlations obtained from 
extensive laboratory tests. 
 
12. An improved calculation and print routine was added to 
version 5.0 which uses swap routines to reduce memory 
requirements, but slows down the calculations. 
 
13. The classification charts for Rf has been extended at all 
boundaries such that values of Rf>8 and values of Qc<1.00 are 
possible. The Bq classification chart which requires dU2 and 
can now accept values of Bq>1.2 and Qt<1.  Unfortunately, this 
feature does not work. 
 
14. Version 5.1ppd added several enhancements to the program. 
You may input an average vertical flow gradient, which is  
applied over the entire profile depth to be analysed so adjust 
the depth of interest accordingly. Zero gives hydrostatic and  
no flow, a negative gradient is upward flow which increases  
pore pressure and reduces vertical effective stress.  A  
positive gradient gives downward flow. 
 
15. A State Parameter or current void ratio minus critical 
void ratio is calculated according to the paper by Ref. 14, 
Plewes, Davies and Jefferies, 1994. 
 
16. An alternate method to estimate SPT from CPT is provided  
according to Ref. 13, Jefferies and Davies, 1993 in ASTM.  
 
17. An alternate method to estimate OCR in clays is provided 
which uses the measured pore pressure difference, ppd, so  
both U1 and U2 or U1 and U3 must be measured at the same time. 
(see Ref. 16) 
 
18. Version 5.2 added the value Ic (Material Index) according  
to Jefferies & Davies, 1993, 1991 (Ref. 13 & 17) which combines  
all Normalized parameters Q, F and Bq.  
(Note: QtN was changed to Q and RfN to F.) 
 
18A. In Version 5.2, if at any depth the value of Bq>1 (in very  
sensitive saturated soil)then Bq is made equal to 0.99.  Also,  
if Rf>8 it is made 7.99.  These changes have a negligable  
effect on the results. 
 
19. FC(%) or percent of dry weight less than #200 sieve (.074mm) 
was also added according to Davies, 1999 Ref.#15) 
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Soil Consolidation
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Fault: Newport-Inglewood-Rose Canyon/East
Style: Strike-Slip
Magnitude 7
R(km) 5.8
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Note: ARS curve was obtained from Fig B-5 of Seismic Design Criteria, June 2006, Version 1.4

(1) Spectral Acceleration Values were magnified by 20% for T >= 1.0 seconds, since project site is within 15 km of an active fault zone
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1.0. SCOPE OF SERVICES 
 
Bureau Veritas North America, Inc. (BVNA) prepared this Draft Structure Foundation Report 
(FR) for the proposed Direct Access Ramp structure (DAR) associated with the I-805 HOV / 
Carroll Canyon Road (CCR) Extension project (CCR project) located in San Diego, California at 
Interstate-805 (I-805), Kilometer Post 42.6 to 46.2.  The purpose of this report is to document 
geotechnical site conditions; provide analyses of anticipated site conditions as they pertain to 
the project described herein; and to recommend geotechnical design and construction criteria 
for the project.  The report also establishes a geotechnical baseline to assess the existence and 
scope of any changed conditions.  The report is intended for the use by the project engineers, 
construction personnel, bidders, and contractors. 
 
The scope and type of work performed to obtain the information supporting the foundation 
recommendations included: 
 
Review of Existing Data 
 
BVNA reviewed the following geotechnical documentation: 
 

• In-house geotechnical documents and maps, topographic maps, environmental maps, and 
as-built documentation of existing facilities relevant to the project site 

• The AASHTO LRFD Bridge Design Specification, 4th Edition, dated 2007 
• The Caltrans Guidelines for Structures Foundation Reports dated March 2006 
• The Caltrans Soil and Rock Logging, Classification, and Presentation Manual dated June 

2007 
• The Department of Transportation Structures Preliminary Geotechnical Report, File No.: 

11-SD-805-PM 23.6 to PM 26.8, I-805 Managed Lanes, 11-081630, dated December 2007 
• The Department of Transportation Preliminary Geotechnical/Geological Report For 

Seismic Retrofit Design, dated February 1995 
• The Department of Transportation Preliminary Geotechnical/Geological Report (Addendum 

No.1) For Seismic Retrofit Design, dated May 1995 
• The Department of Transportation District Preliminary Geotechnical Report For Interstate 

805 Widening and HOV Lanes, from State Route 52 Interchange to Interstate 5 Merge, 
dated March 2008 

• A floodplain study prepared by Parsons Brinckerhoff dated July 2005 and finalized on 
November 05, 2008 for the project site   

• A geotechnical investigation prepared by Group Delta Consultants dated April 25, 2003 for 
the Carroll Canyon Road Extension Project, Project No. SR 281 

 
A complete listing of the project documentation utilized is included in Section 13.0. References. 
 
Site Reconnaissance 
 
BVNA performed site reconnaissance visits to observe the general surficial site conditions; to 
evaluate the field locations of existing underground utilities; to determine the existing 
topographical, physical, and environmental access constraints for the field exploration program; 
and to establish test boring and Cone Penetration Test (CPT) locations.  Caltrans District 11 
Office of Surveys surveyed and flagged the numerous test boring and CPT locations proposed 
by BVNA. 
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Field Exploration 
 
The field exploration program consisted of drilling forty (40) test borings using a 
203.2-millimeter (8.0-inch) diameter hollow-stem auger; nineteen (19) test borings using a sonic 
drilling method with a 152.4-millimeter (6.0-inch) diameter drill bit; and twenty-seven (27) CPTs.  
The test borings and CPTs extended to maximum depths of approximately 45.7 meters 
(150.0 feet) and 10.2 meters (33.5 feet) below the existing ground surface, respectively.  The 
test borings were logged in the field by engineers and geologists from BVNA.  Eight (8) of the 
test borings drilled using a hollow stem auger were located along the alignment of the proposed 
DAR.  Bulk and relatively undisturbed soil and rock samples, representative of the various 
subsurface materials encountered, were obtained from the test borings and transported to our 
laboratory for further testing and evaluation.  Data from the field exploration program was 
evaluated to obtain the information supporting the foundation recommendations included in this 
report. 
 
Approximate locations of the test borings and CPTs are shown on Appendix I.3: Figure 3-Field 
Exploration Map and the Logs of Test Borings (LOTBs) (Appendices I.7 to I.10).  The data from 
the field exploration program are presented on the LOTBs and CPTs in Appendix I.  The LOTBs 
are separated into four (4) subsections for each of the specific components of the overall 
project (i.e., I.7: Carroll Canyon Road Bridge; I.8: Direct Access Ramp; I.9: Business Access 
Undercrossing; and I.10: Miscellaneous Retaining Walls).  Data for the entire field exploration 
program are presented in Appendix I.  All elevations included in this report are in meters (feet) 
and are referenced to the 1929 NGVD Datum. 
 
Laboratory Testing 
 
BVNA performed laboratory testing on selected bulk and relatively undisturbed soil and rock 
samples obtained from the test borings to evaluate the engineering properties of the foundation 
materials.  The following tests were performed in general conformance with applicable 
American Society for Testing and Materials (ASTM) and California Test Methods (CTM) 
procedures: 
 

• In-situ moisture content and unit weight (ASTM D2216 and D4767) 
• Particle size distribution and No. 200-wash (ASTM D422 and ASTM D1140) 
• Atterberg Limits (ASTM D4318) 
• Consolidation (ASTM D2435) 
• Direct Shear (ASTM D3080) 
• Maximum Dry Density and Optimum Moisture Content (ASTM D1557) 
• Expansion Index (ASTM D4829)  
• Corrosivity series including sulfate content, chloride content, pH-value, and resistivity 

(CTM 417, 422, and 643) 
 
The strength parameters assigned to the various geologic units (i.e., fill, alluvium, terrace 
deposits, and Ardath Shale) and utilized for the foundation and slope stability analyses were 
developed from the above laboratory testing program.  A summary of the laboratory testing 
program and the test results are presented in Appendix II.  The in-situ density and moisture 
contents are depicted on the LOTBs in Appendix I.   
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Mapping 
 
Appendix I.4: Figure 4-Geotechnical Map depicts field mapping of the surface geology 
performed by BVNA for the overall project site. 
 
Assessment of Soil Conditions and Geologic Hazards 
 
BVNA assessed the general subsurface soil and rock conditions and geologic hazards (i.e., 
ground water, compressible alluvial soils, rock, expansive soils, corrosive soils, floodplain, slope 
stability, liquefaction, lateral spreading) to establish the DAR design recommendations, 
earthwork criteria, and construction considerations. 
 
Data Analyses 
 
The field and laboratory data were analyzed to develop the foundation recommendations in this 
report and included the following: 
 

• Seismic Analysis (Appendix III.1) 
• Lateral Earth Pressure Distributions (Appendix III.2) 
• Slope Stability Analyses  
 – Global Stability Analysis  (Appendix III.3.1) 
 – Embankment Stability Analysis (Appendix III.3.2) 
 

Report Preparation 
  
This report presents BVNA’s foundation design recommendations, earthwork criteria and 
construction considerations including Tables, Figures and Appendices. 
 
2.0. PROJECT DESCRIPTION 
 
The project site is located in San Diego, California.  Appendix I.1: Figure 1-Site Location Map 
depicts the location of the DAR and approximate alignment of the CCR extension.  Appendix I.2: 
Figure 2-Project Plan depicts the various proposed and existing project components.  The CCR 
project will extend the Carroll Canyon Road (CCR) westerly from its existing intersection with 
Scranton Road, under the I-805 freeway bridge, to the intersection of Sorrento Valley Road and 
comprises four (4) components including the CCR Bridge, the DAR, the Business Access 
Undercrossing (BAUC), and the miscellaneous retaining walls (MRW). 
 
The DAR site is a large freeway embankment fill leading to and supporting the north abutment 
of the Interstate-805 (I-805) Soledad Canyon Bridge.  The proposed DAR is planned in the 
median between the northbound and southbound lanes of I-805 that will descend below the 
freeway to connect to the proposed Carroll Canyon Road Bridge.  The DAR will provide an 
entrance and exit for the northbound and southbound freeway HOV lanes, respectively.  The 
DAR will include two parallel retaining walls that will extend approximately 250.0 meters 
(819.7 feet) northwest from the proposed CCR Bridge to the Mira Mesa undercrossing to the 
north.  The width between the retaining walls will vary from 17.3 meters (56.7 feet) to 
12.2 meters (40.0 feet) to accommodate two (2) access lanes, a median, and shoulders.  The 
narrowest width between the walls will be at the I-805 Soledad Canyon Bridge north abutment.  
The height of the retaining walls varies from 0.9 meters (2.9 feet) to 12.8 meters (42.0 feet) at 
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the Soledad Canyon Bridge north abutment.  The DAR retaining walls will include soldier piles, 
tie-backs and strut braces to provide vertical, horizontal and moment equilibrium.  Where lateral 
support is required and struts are not possible (due to vertical clearance issues), the DAR 
retaining walls will be cantilevered or will incorporate tiebacks. 
 
3.0. SITE GEOLOGY AND SUBSURFACE CONDITIONS 
 
Site geology and subsurface conditions are discussed in the subsections below. 
 
3.1. Topography and Regional Geologic Setting 
 
The DAR is located on a large freeway fill embankment on the northern bank of Carroll Creek, a 
westerly flowing ephemeral stream in San Diego, California, as shown in Appendix I.2: Figure 2-
Project Plan.  The embankment slopes at a gradient of approximately 2 to 1 (horizontal to 
vertical).  Elevations in the immediate vicinity of the project site range from a low of 
approximately 26.0 meters (85.3 feet) in the creek bottom near the western portion of the site to 
a high of approximately 62.0 meters (203.4 feet) at the top of the I-805 embankment in the 
north-central portion of the site.  Site drainage generally occurs as sheet flow to the south and 
west towards the Carroll Creek.  Vegetation within the DAR project site generally consists of 
grasses and weeds. 
 
The site is located in San Diego County within the Peninsular Ranges Geologic Province.  This 
province is underlain by a basement complex of Late Cretaceous-age undifferentiated granitic 
rocks of the Southern California Batholith and Jurassic-age prebatholithic metavolcanic rocks.  
The basement complex is non-conformably overlain by a thick sedimentary sequence of marine 
and non-marine rocks that were deposited within the San Diego Embayment.  These 
sedimentary deposits range in age from Late Cretaceous to recent.  The most abundant 
deposits of the embayment are Eocene-age marine, lagoonal, and non-marine rocks (Kennedy, 
1975). 
 
Two major northwest-trending fault zones traverse the San Diego metropolitan area: the Rose 
Canyon fault zone on the west and the Elsinore fault zone on the east.  These fault zones 
traverse the San Diego area in a predominant north to north-northwest direction. 
 
3.2. Pertinent Soil Conditions and Geologic Hazards 
 
Pertinent soil conditions and geologic hazards are discussed in the following section. 
 
Fault Rupture 
 
Published geologic maps and literature pertaining to the general site area indicate that there are 
no known major or active faults on or in the immediate vicinity of the site (see Section 13.0. 
References: 29, 32 and 33).  Evidence for active faulting on site was not observed during our 
site investigation.  Based on the California Seismic Hazard Map, Caltrans 1996, a fault with 
activity within the late Quaternary period (700,000-years) is considered “active”. An “active” fault 
is defined by the California Geologic Survey as one which has “had surface displacement within 
Holocene time (about the last 11,000 years)”.  The project site is outside any Alquist Priolo 
Earthquake Fault Zone.  Therefore, the potential for surface rupture due to faulting at the site 
during the design life of the proposed structures is considered low. 
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The closest distance in kilometers (miles) from the site to the projection of rupture surface area 
along the fault traces from the major active earthquake faults that could possibly affect the site 
are listed below: 
 
 

Rose Canyon (Type B)               6.1 km (3.8 mi) 
Coronado Bank (Type B) -           26.4 km (16.4 mi) 
Newport-Inglewood (Offshore) (Type B)    36.4 km (22.6 mi) 
Elsinore-Julian (Type A)             54.2 km (33.7 mi) 
San Andreas – Southern (Type A)       127.8 km (79.4 mi) 

 
Seismic Shaking Potential 
 
The seismic hazard most likely to impact the site is ground shaking resulting from an 
earthquake on one of the major active regional faults.  Design considerations for the hazard of 
seismic shaking are presented in Section 7.0, Seismic Study. 
 
Liquefaction, Seismic Settlement, and Lateral Spreading 
 
The two fundamental conditions associated with the occurrence of seismically induced 
liquefaction are cohesionless sands combined with ground water above a depth of about 
15.2 meters (50.0 feet).  Research indicates that uniformly graded, rounded, very fine to fine 
grained sands in a low-density condition are most susceptible to liquefaction.  The potential for 
liquefaction under the same conditions of ground shaking intensity and duration will decrease 
for sands that are more well graded, more irregular and gritty, more coarse and more dense.  
Also, a pronounced decrease in liquefaction potential will occur with the increase in fine-grained 
(i.e., silt and clay) content.  Seed and others have suggested that a non-liquefiable classification 
be assigned if the clay faction is 15 percent or greater (Guidelines for Evaluating and Mitigating 
Seismic Hazards in California, Special Publication 117, CDMG, Ch. 6, 1997).  Dynamic 
settlement due to earthquake shaking can occur in both dry and saturated sands. 
 
The initial subsurface exploration program encountered occasional loose alluvial sand zones with 
a near-surface ground water table in the area of the CCR bridge platform and adjoining bents.  
Therefore, a detailed subsurface exploration program was performed including continuous data 
acquisition using CPTs and hollow-stem auger test borings with successive sampling intervals 
within the platform area.  An analysis of liquefaction potential in the vicinity of the CCR bridge 
platform is presented in the CCR Bridge Structure Foundation report. 
 
Liquefaction analyses were performed using the CivilTech software program LiquefyPro – 
Version 5; both the Seed and Modified Robertson methods were used, which gave a Cyclic 
Stress Ratio (CSR, earthquake “load”) that was compared with the Cyclic Resistance Ratio 
(CRR, soil “strength”) of the soil.  The CRR calculations were based upon input data obtained 
from the CPTs and test borings.  All of the potential liquefaction induced settlements were 
performed utilizing the Tokimatsu & Seed method.  Detailed information regarding liquefaction 
analysis is presented in a published National Center for Earthquake Engineering Research 
(NCEER) document (see Section 13.0. References: 40). 
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In summary, the analyses indicated that there was a potential for localized liquefaction for the 
design-event earthquake.  However, due to the variable thickness of the overlying non-
liquefiable layers and the somewhat discontinuous and isolated distribution of the underlying 
liquefiable soils, the potential for lateral spreading within the CCR Bridge and DAR footprints 
during the life of the structures is low. 
 
Subsidence 
 
The site is not located in an area of known ground subsidence, occurring due to the withdrawal 
of subsurface fluids.  Accordingly, the potential for subsidence occurring at the site due to the 
withdrawal of oil, gas, or water is considered remote. 
 
Landsliding 
 
There are no known landslides on or in the immediate vicinity of the project site, and the site is 
not located in the path of any known landslide. 
 
Tsunamis and Inundation Seiches 
 
The site is located inland, approximately 6.4 kilometers (4.0 miles) up Soledad Valley from the 
Pacific Ocean and at a minimum elevation of approximately 26.0 meters (85.3 feet) above mean 
sea level (MSL).  Therefore, tsunamis (seismic sea waves) are not considered a hazard at the 
site. 
 
The site is not located near to or down slope of, any large body of water that could affect the 
site in the event of an earthquake-induced failure or seiche (oscillation in a body of water due to 
earthquake shaking).  
 
3.3. Project Site Soils  
 
Based on review of existing geotechnical documents, surface geologic mapping, and 
subsurface exploration, the project site is underlain by existing fill, alluvium, terrace deposits, 
and Ardath Shale.  Appendix I.4: Figure 4-Geotechnical Map depicts the general distribution of 
the geologic units within the project limits.  Appendix III.3 includes Cross Section G-G’ which 
depicts the interpreted geologic units underlying the Soledad Canyon Bridge embankment, 
immediately adjacent to the DAR retaining walls and along the connection to the CCR Bridge.  
Descriptions of the units are provided below. 
 
Existing Fill 
 
Existing fill soils were observed in forty-three (43) out of fifty-nine (59) test borings drilled for the 
overall project.  Appendix I.3: Figure 3-Field Exploration Map shows the test borings that 
encountered existing fill soils along with their respective depths.  The existing fill soils were 
generally found in the vicinity of the commercial development within the western margins of the 
project with a depth up to 3.5 meters (11.5 feet); the northern embankment for the Soledad Canyon 
Bridge within the central-northern margins of the project with a depth up to 30.5 meters (100.0 feet); 
and the SDG&E easement access road within the eastern margins of the project with a depth up to 
18.2 meters (59.7 feet).  The composition of the existing fill ranges from silty sand to sandy clay, 
with gravel and cobbles.  As encountered in the test borings, the fill soils were in a moist to wet 
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state, ranged from medium brown to dark reddish brown in color, and the consistency ranged from 
loose to dense (granular fill) and moderately stiff to stiff (fine-grained fill). 
 
Rubble Fill 
 
As-built drawings for the earthquake retrofit for the Soledad Canyon Bridge (see Section 13.0. 
References: 17) depict  a rubble fill consisting of broken concrete north of Bent 6 of the existing 
Soledad Canyon Bridge.  Notes on the as-built drawings indicate that the concrete rubble measures 
up to 0.3 meters (12.0 inches) maximum.  Considering the reported size of the rubble, voids are 
likely to be present within the rubble fill.  Based on the as-built drawings, the rubble fill should be 
anticipated to consist of a loose to medium dense mix of fine grained soil and gravel with irregularly 
shaped cobble and boulder size material.  It is anticipated that this rubble will be encountered 
during construction of the DAR.  A copy of the as-built sheets is included as Appendix I. 11 of this 
report. 
 
The extent of the rubble fill could not be investigated in detail because exploratory equipment could 
not access the relatively steep and high embankment in which it is located.  However, as mapped 
on the as built drawings, the rubble fill spans nearly the entire width of the north and south bound 
bridges.  The mapped dimensions of the rubble fill are approximately 54.9 meters (180.0 feet) in a 
general east-west orientation by 15.2 meters (50.0 feet) in a general north-south orientation.  Notes 
on the as-builts indicate the rubble was confined to a vertical zone from the top of footing to 1.8 
meters (6.0 feet) below finished grade.  A copy of the as built sheets is included as Appendix I. 10 
of this report.  According to the as-builts, the top of the Bent 6 footings have a cover that ranges 
from 3.0 meters (10.0 feet) to 4.5 meters (14.8 feet) thick.  Thus, according to the as-builts, the 
vertical thickness of the rubble fill is inferred to range from 1.2 meters (4 feet) to 2.7 meters (8.8 
feet) thick. 
 
Alluvium 
 
Holocene-aged alluvium was observed in the active stream channel of Carroll Creek, while 
outside the creek channel the alluvium exhibited soil development and increased consolidation.  
The alluvium observed in the stream channel was composed of fine to coarse grained sand, 
with abundant gravel and cobbles.  The alluvium encountered in the test borings ranged from 
silty clay to poorly graded sand with variable concentrations of gravel and cobbles.  The variable 
composition and laterally discontinuous nature of the alluvial deposits encountered reflect the 
various depositional sequences consistent with the stream channel setting.  As encountered in 
the test borings, the alluvial soils were in a moist to wet state, ranged from dark brown to dark 
grey in color and the consistency ranged from loose to very dense.  The alluvium appeared to 
be derived from bedrock sources that lie near and east of the site. 
 
Terrace Deposits 
 
Quaternary-aged terrace deposits were observed in road cuts and hillside outcrop exposures.  
Terrace deposits were encountered intermittently throughout the project site in twenty-five (25) 
out of fifty-nine (59) test borings drilled.  The terrace deposits occur locally as a veneer of silt, 
clay, sand and conglomerate that represent fluvial deposits laid down in the past by Carroll 
Creek when it flowed at a higher elevation.  The terrace deposits were observed to be moist to 
wet, with a hard to very dense, friable consistency.  The basal portions of the terrace deposits 
were observed in the surface exposures and in the test borings to be comprised of gravel and 
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cobble conglomerate with a silty sand matrix.  In the test borings that encountered terrace 
deposits, they were observed to overlie Ardath Shale. 
 
3.4. Project Site Rocks 
 
The rock underlying the site consists of a sedimentary rock and is part of the Ardath Shale 
geologic unit. 
 
Ardath Shale 
 
Eocene-aged Ardath Shale is the sedimentary bedrock unit found to underlie the entire site at 
depth.  Ardath Shale was encountered within the project site at depth in forty-one (41) out of 
fifty-nine (59) test borings drilled.  The Ardath Shale was observed to consist of siltstone and 
claystone and occasional sandstone interbeds with thin laminations of medium and dark gray 
colors.  The Ardath Shale was observed to be moist to wet, with a hard consistency.  Some 
layers of the Ardath Shale were observed to be weakly fissile, while other layers were observed 
to be concretionary. 
 
3.5 Earth Material Strength Parameters 
 
Soil strength parameters for engineering analysis were developed from the laboratory testing and 
engineering evaluation.  Table 1: Soil Parameters presents typical soil and rock values assigned 
to each of the different earth materials. 
 

Table 1: Soil Parameters      

 

SOIL TYPES COHESION, c FRICTION 
ANGLE, φ  

EFFECTIVE UNIT 
WEIGHT, γ 

Existing Fill 14.36 kN/m2 (300 psf) 28° 19.16 kN/m3 (122 pcf) 

Alluvium 19.16 kN/m2 (400 psf) 25° 18.06 kN/m3 (115 pcf) 

Alluvium (residual) 19.16 kN/m2 (400 psf) 22° 18.06 kN/m3 (115 pcf) 

Terrace Deposits 16.76 kN/m2 (350 psf) 34° 19.63 kN/m3 (125 pcf) 

Ardath Shale 47.88 kN/m2 (1,000 psf) 38° 20.41 kN/m3 (130 pcf) 
 

 
4.0. GROUNDWATER  
 
The ground water level (GWL) was encountered in the majority of test borings at an elevation 
that approximates the adjacent Carroll Creek level.  The GWLs encountered in the platform area 
ranged from 25.2 meters (82.7 feet) to 27.6 meters (90.5 feet) MSL.  The GWLs in other test 
borings vary significantly outside the platform area and aren’t considered to reflect static GWL; 
these variable GWLs reflect locally perched groundwater and anomalies from drilling methods 
(i.e., smearing), impervious nature of the Ardath Shale geologic unit, and the relatively short 
period of time from drilling to GWL measurement.  Appendix I.3: Figure 3-Field Exploration Map 
presents all of the GWL elevations MSL where encountered in the test borings.  Appendices I.2 
to I.15 include the GWL elevations MSL and the dates measured where encountered in the test 
borings. 
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Groundwater is not expected to be a constraint to the proposed construction of the DAR walls, 
since the deepest tip elevation of the soldier piles will not extend below elevation of 35.0 meters 
(114.8 feet).  However, our experience indicates that near-surface groundwater conditions can 
develop in areas where no such groundwater conditions were previously encountered, 
especially in areas where a substantial increase in surface water infiltration results from 
landscape irrigation or unusually heavy precipitation. 
 
5.0. SCOUR EVALUATION 
 
Due to the close proximity of the site to Carroll Creek, the potential for flooding exists during 
high flow events.  The site is within the 100-year floodplain of Carroll Creek.  Based on a 
floodplain study prepared for the project, the site is located within a floodplain, but not within 
the relatively high energy floodway (see Section 13.0. References: 34).  As indicated in the 
floodplain study report, the location of the project within the floodplain is in areas of ineffective 
flow and/or backwater.  Impacts on the proposed improvements due to potential scour are 
considered low.  It is anticipated that site development will include appropriate drainage 
provisions for control and discharge of surface runoff. 
 
6.0. CORROSION EVALUATION 
 
The corrosion potential of the on-site materials to steel and buried concrete was evaluated 
within the overall project site.  Laboratory testing was performed in accordance with applicable 
CTMs on representative samples of the existing fill soils, alluvial soils, terrace deposits, and 
Ardath Shale to evaluate pH, minimum resistivity, chloride, and soluble sulfate content.  General 
recommendations to address the corrosion potential of the on-site materials are provided 
herein.  If additional recommendations are desired, it is recommended that an appropriate 
specialist be consulted.  Table 3: Soil Corrosion Test Summary, presents the results of our 
corrosion testing adjacent to the proposed DAR retaining walls within CCR project alignment. 
 

Table 2: Soil Corrosion Test Summary 
 

Boring 
Number Depth 

Sulfate 
Content 

(CTM 417) 

Chloride 
Content  

(CTM 422) 

pH-value 
(CTM 643) 

Resistivity 
(CTM 643) 

A-08-037 0.3 m 31 ppm  11 ppm 6.8 1,873 ohms-cms 

A-08-037 11.6 m 590 ppm 820 ppm  6.7 408 ohms-cms 

A-08-038 9.8 m 770 ppm 21 ppm 7.4 937 ohms-cms 

A-08-039 0.3 m 14 ppm 11 ppm 6.4 1,806 ohms-cms 

A-08-040 0.3 m 46 ppm 11 ppm 6.9 1,472 ohms-cms 

A-08-041 0.3 m 32 ppm 11 ppm 6.3 2,141 ohms-cms 

A-08-044 3.0 m 150 ppm 64 ppm 6.9 1,137 ohms-cms 

In accordance with the Caltrans criteria (Caltrans Corrosion Guidelines, Version 1.0, 2003), a 
corrosive area is an area where the soil contains 500 ppm chlorides or greater; sulfates of 
2000 ppm or greater; a pH of 5.5 or less; or a minimum resistivity of 1,000 ohms-cms or less. 
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Therefore, the project area is considered to be corrosive.  Imported fill materials should be 
tested to check that their corrosion potential is not more severe than those assumed. 
 
An appropriate specialist should be consulted regarding special requirements for ground 
contact concrete and metallic elements, as considered necessary by the Engineer. 
 
7.0. SEISMIC STUDY 
 
The site is located in southern California which is a seismically active region that is subject to 
hazards from moderate to large earthquakes.  Ground shaking resulting from earthquakes 
should be expected over the lifetime of the proposed structures.  The closest known active fault 
is the Newport-Inglewood (NIE) fault, which trends north-northwest and is about 6.1 kilometers 
(3.8 miles) west of the project site.  According to the California Seismic Hazard Map, Caltrans 
1996, the NIE fault is capable of a Maximum Credible Earthquake of Moment Magnitude, 
Mw=7.0.  A copy of the California Seismic Hazard Map, Caltrans 1996 is attached in Appendix 
I.6. Section 3.2: Pertinent Soil Conditions or Geologic Hazards presents a detailed discussion 
regarding fault rupture, liquefaction, seismic settlement, and lateral spreading. 
 
Dynamic Analysis Parameters 

 
The California Seismic Hazard Map, Caltrans 1996 indicates that based on deterministic 
values, the design site acceleration is controlled by a Maximum Credible Earthquake (MCE) of 
Mw=7.0 on the NIE fault.  Based on the California Seismic Hazard Map, Caltrans 1996, a MCE 
of Mw=7.0 on the NIE fault could produce a peak bedrock acceleration (PBA) of about 0.5g. 

Soil Profile Type 
 
The DAR within the CCR project site should be classified as Soil Type D as defined in 
Appendix D of Caltrans Seismic Design Criteria (SDC) 2006, Version 1.4. 
 
Acceleration Response Spectrum Curve 

 
A standard Acceleration Response Spectrum (ARS) based on Figure 8 of Appendix B of SDC 
2006, Version 1.4 is recommended for design.  The ARS is based on a MCE of Mw=7.0, a 
PBA=0.5g, and Soil Type D and has been modified to account for near fault directivity effect (as 
per SDC Section 6.1.2.1).  Appendix III.1 presents the recommended modified design ARS. 

8.0. AS-BUILT FOUNDATION DATA 
 
Appendix I.11: As-Built LOTBs depicts As-Built foundation data of the Soledad Canyon Bridge & 
OH relative to the Earthquake Retrofit Project No. SR 281.  The As-Built LOTBs indicate that the 
existing Soledad Canyon Bridge is supported by a series of bents between two abutments 
constructed on CIDH and steel piles founded into the underlying Ardath Shale. 
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9.0. GEOTECHNICAL DESIGN PARAMETERS 
 
Recommended geotechnical design parameters for the design of the DAR including lateral earth 
pressures, tie-back anchors and soldier piles are presented in the following sections.  A slope 
stability analysis was also performed to evaluate the stability of the existing Soledad Canyon 
Bridge north embankment.  The existing deep fill soils encountered during our subsurface 
exploration appear to be well compacted and are deemed suitable for supporting the proposed 
DAR. 
 
9.1. Lateral Earth Pressures 
 
Due to the heights of the proposed DAR retaining walls and their proximity to the I-805, BVNA 
has provided recommendations for the following 3 wall scenarios: 
 
• Cantilevered Soldier Pile Walls (Appendix III.2.1), 
• Soldier Pile Walls with single tieback or strut brace (Appendix III.2.2), and 
• Soldier Pile Walls with multiple levels of tiebacks or struts (Appendix III.2.3) 
 
The tolerable movements of the DAR Wall structures shall not exceed 25.4 millimeters 
(1.0 inch) in the vertical direction and 101.6 millimeters (4.0 inches) in the lateral direction, or as 
deemed appropriate by the Structural Engineer.  Due to the anticipated lateral deflections (in the 
range of about 25.4 millimeters [1.0 inch] to 101.6 millimeters [4.0 inches] over the majority of 
the wall profiles) an active state of in-situ stress is considered appropriate for the existing fill soil 
retained by the DAR. 
 
Appendices III.2.1 to III.2.3 depict the lateral earth pressure distributions for the three wall 
scenarios.  The lateral reduction factors associated with the lateral loading on the soldier piles 
for the proposed DAR retaining walls are tabulated below: 

 
 

Table 3 - Lateral Reduction Factors in Direction Normal to Loading 
 

Pile Spacing (1) Reduction Factor 

greater than or equal to 3D 1.00 
2D 0.68 

less than or equal to D 0.30 
 

Note:  (1)   D = Soldier Pile diameter 
 
9.2. Tieback Anchors 
 
Tieback anchors should have a minimum unbonded length that 
extends between the wall and a plane at an inclination of 60 degrees 
from the horizontal, initiating from a point a horizontal distance from 
the toe of the wall, of H divided by 5 (where H is the total retained wall 
height) and a minimum distance of 1.5 meters as indicated in the 
adjacent figure.  For all cases, the minimum unbonded length shall not 
be less than 4.6 meters. 

 11  
 

H 

Unbonded Length 
(4.6m min.) 

60°H/5 
(1.5m min.) 
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Conventional drilled anchors (gravity grouted) may be designed for an allowable bond stresses 
ranging from 38.3 kiloPascals to 57.5 kiloPascals (800 pounds per square foot to 1,200 pounds 
per square foot).  Pressure grouted anchors may be designed for an allowable bond stress of 
115.0 kiloPascals (2,400 pounds per square).  Only the resistance developed within the bonded 
length should be used in resisting lateral loads.  If anchors are spaced at least 1.8 meters (6.0 
feet) on center, no reduction in the capacity of the anchors need be considered due to effects of 
group action. 
 
The anchors may be installed at angles of 15 to 30 degrees below the horizontal.  The 
unbonded portion of the anchor tendons shall be sleeved in plastic.  If the anchor tendons are 
sleeved, it is acceptable to grout the entire length of the anchor.  The purpose of the sleeving of 
unbonded tie-back anchor zones is to exclude lateral stresses from those zones.  Any portion of 
tieback anchors that extend through the rubble fill (see Section 3.3) shall be sleeved and 
considered unbonded. 
 
9.3. Soldier Piles 
 
A recommended skin friction value of 38.3 kiloPascals (1,200 pounds per square foot) applied 
below the toe of the DAR retaining walls shall be used to determine soldier pile tip elevations for 
vertical equilibrium. 
 
Global slope stability analyses were performed to develop a baseline soldier pile embedment 
depth.  The cross section was analyzed utilizing the computer software program Slide, version 
5.0, created by Rocscience®.  The Bishop Simplified method of analysis was used to locate the 
critical slip surface for static and pseudo-static conditions.  The subsurface conditions were 
modeled based upon data from the subsurface exploration program and the earth materials 
were assigned the strength characteristics presented in Table 1.  The minimum specified safety 
factor is 1.5 and 1.1 for static and seismic, respectively.  In accordance with Section 3.10 of the 
Caltrans Guidelines for Structures Foundation Reports, 2006; a seismic factor (k) equal to one-
third of the horizontal peak bedrock acceleration (i.e., 0.167g) was added as a horizontal force, 
while the effects of vertical acceleration were omitted.   
 
The analyses indicate a minimum embedment depth of 3.0 meters (10.0 feet), produce 
acceptable factors of safety, as shown on Appendices III.3.1.1 and III.3.1.2 for static and 
seismic conditions, respectively.  The minimum safety factors yielded during the analyses were 
in excess of 1.5 and 1.1 for static and seismic conditions, respectively. 
 
The analysis did not incorporate the tiebacks or struts in modeling the DAR wall section, since 
this inclusion would constitute a soil-structure interaction analysis, which was addressed by T.Y. 
Lin International, Inc.  The inclusion of such restraints would result in a shallower embedment 
depth. 
 
10.0. EMBANKMENT STABILITY ANALYSES 
 
Slope stability analyses including static and pseudo-static conditions were performed to 
evaluate the existing Soledad Canyon Bridge north embankment. 
 
Cross Section G-G’ along the existing Soledad Canyon Bridge north embankment was 
modeled and analyzed utilizing the computer software program Slide, version 5.0, created by 
Rocscience®.  The Bishop Simplified method of analysis was used to locate the critical slip 
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surface for static and pseudo-static conditions.  The subsurface soil/rock conditions were 
modeled from the subsurface exploration program and were assigned the strength 
characteristics presented in Table 1. In accordance with Section 3.10 of the Caltrans 
Guidelines for Structures Foundation Reports, 2006; a seismic factor (k) equal to one-third of 
the horizontal peak bedrock acceleration (i.e., 0.167) was added as a horizontal force, while the 
effects of vertical acceleration were omitted. 
 
The minimum specified safety factors are 1.5 and 1.1 for static and pseudo-static conditions, 
respectively. Minimum safety factors obtained along Section G-G’ were in excess of 1.5 and 1.1 
for static and seismic conditions, respectively.  Appendix III.3.2: Embankment Stability 
Analyses Results includes graphical outputs of the slope stability analyses. 
 
11.0. CONSTRUCTION CONSIDERATIONS 
 
Construction considerations for the proposed DAR are presented below. 
 
Project Excavations 
 
The existing fill soils may be excavated using conventional heavy-duty excavators in good 
operating condition.  Construction of solider piles and/or tiebacks may be accomplished with 
heavy-duty spin-auger drill rigs.  Localized oversize materials may be present in the fill which 
may require additional effort if encountered during soldier pile or tie-back installation.  If 
encountered during construction, rotary hammer or percussion equipment may be required.  
Soldier pile holes may need to be cased. 
 
In addition to the potential for localized oversize materials in the fill, difficult drilling conditions should 
be anticipated during construction of soldier piles and tieback anchors in the vicinity of the concrete 
rubble fill located north of Bent 6 of the I-805 Soledad Canyon Bridges (see Appendix I.4: Figure 4- 
Geotechnical Map).  As mapped on the as built drawings, the rubble fill spans nearly the entire 
width of the north and south bound bridges.  Information regarding the location of the rubble fill, 
based upon as-built data from the seismic retrofit project (Section 13.0. References: 17) is provided 
in Section 3.3. Project Site Soils.  Rotary hammer or percussion drilling equipment may be needed 
if the rubble is encountered during tieback anchor construction, and anchor holes may need to be 
cased.  Any portion of tieback anchors that extend through the rubble fill shall be sleeved and 
considered unbonded.  Additional grout take should be anticipated for tieback anchors in the rubble 
fill. 
 
Groundwater is not expected to be a constraint to the proposed construction of the DAR walls, 
since the deepest tip elevation of the soldier piles will not extend below elevation of 35.0 meters 
(114.8 feet) MSL.  However, experience indicates that near-surface groundwater conditions or 
seepage can develop in areas where no such conditions were previously encountered, 
especially in areas where a substantial increase in surface water infiltration results from 
landscape irrigation or unusually heavy precipitation.  It is recommended that the contractor be 
experienced with techniques for wet-hole soldier pile and/or tieback installations. 
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12.0. DISCLAIMERS AND CONTACT INFORMATION 
 
The recommendations contained in this report are based on specific project information regarding 
structure type, location, and design loads that have been provided to BVNA.  If any conceptual 
changes are made during final project design, BVNA should review those changes to determine if 
these foundation recommendations are still applicable.  Any questions regarding the above 
recommendations should be directed to the attention of Scott Moors, (805) 656-6074 at BVNA. 
 
The recommendations and opinions expressed in this report are based on field and laboratory 
data developed by BVNA, review of background documents, project plans prepared by T.Y. Lin, 
and communications with T.Y. Lin and Caltrans. It should be noted that this study did not 
evaluate the possible presence of hazardous materials on any portion of the site. 
 
Should the proposed grades vary significantly from the existing or if any development 
configuration changes, structural loads change, or the foundation subgrade conditions vary 
significantly; the recommendations presented herein may need to be modified accordingly. 
 
Due to the limited nature of the field explorations, conditions not observed and described in this 
report may be present on the site.  It should be understood that conditions different from those 
anticipated in this report may be encountered during grading operations (e.g., the extent of 
removal of unsuitable soil) and that additional effort may be required to mitigate them. 
 
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.  BVNA should 
be contacted if the reader requires additional information or has questions regarding the 
content, interpretations presented, or completeness of this document. 
 
BVNA has endeavored to perform our evaluation using the degree of care and skill ordinarily 
exercised under similar circumstances by reputable geotechnical professionals with experience 
in this area in similar soil conditions.  No other warranty, either expressed or implied, is made as 
to the conclusions and recommendations contained in this report. 
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FIGURES, LOG OF TEST BORINGS (LOTB), AND CONE PENETRATION TESTING 
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LEGEND

Carroll Canyon Road Bridge

Miscellaneous Retaining Walls

Business Access Undercrossing

Direct Access Ramp

Note:

(Depth below surface to bottom of fill)

(Elevation of ground water surface mean sea level)

(Depth below surface to Ardath Shale contact)

O-08-035
442+23.5~8 Rt

Fill:1.8m

AS:8.5m

GWS El.:27.6m

TD:38.4m (Total depth of Test Boring / CPT)

(Station location in meters)

The Legend depicts color coding to differentiate between field exploration operations relevant 

to each of the 4 components of the overall project (i.e., CCR Bridge, Business Access 

Undercrossing, DAR Retaining Walls, Miscellaneous Retaining Walls) and are included in companion 

LOTB subappendices. However, all of the field exploration information is  relevant to each of 

the 4 project components to depict a broader subsurface site characterization. 
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Table I.7
Types of Drill Rigs Used

Boring Number Location Reference Project Drilling Company Rig Type Diameter 
(mm) Hammer Type

A-08-001 445+25 10 RT (15 RT on plan) "CCR1" Line Misc RW Pacific Unimog 203 Safety Auto

A-08-002 445+15 15 L (~ 10' offset 
south and downslope) "CCR1" Line Misc RW Pacific Unimog 203 Safety Auto

A-08-003 444+40 15LT "CCR1" Line Misc RW Pacific Unimog 203 Safety Auto

A-08-004 444+10 CL "CCR1" Line Misc RW Pacific Unimog 203 Safety Auto

A-08-005 444+85 15LT (~15' offset south "CCR1" Line Misc RW Pacific Unimog 203 Safety Auto

A-08-006 441+82 6LT "CCR1" Line CCR Bridge Pacific Mole 203 Safety Auto

A-08-007 443+82 6RT "CCR1" Line Misc RW/ CCR Bridge Pacific Unimog 203 Safety Auto

A-08-008 444+45 15RT "CCR1" Line Misc RW Pacific Unimog 203 Safety Auto

A-08-009 443+82 6LT (~10' offset North 
of stake) "CCR1" Line Misc RW/ CCR Bridge Pacific Unimog 203 Safety Auto

A-08-010 444+00 15RT "CCR1" Line Misc RW Pacific Unimog 203 Safety Auto

A-08-011 441+64 6LT "CCR1" Line CCR Bridge Pacific Mole 203 Safety Auto

A-08-012 442+02 14LT "CCR1" Line CCR Bridge Pacific Unimog 203 Safety Auto

A-08-015 444+80 15RT "CCR1" Line Misc RW Pacific Mini Mole 203 Safety Auto

A-08-023 441+93.04 8LT "CCR1" Line CCR Bridge Pacific Mole 203 Safety Auto

A-08-029 442+23.5 8LT "CCR1" Line CCR Bridge Pacific Mole 203 Safety Auto

A-08-030 442+13.5 13LT "CCR1" Line CCR Bridge Pacific Mole 203 Safety Auto

A-08-031 442+10 20LT "CCR1" Line CCR Bridge Pacific Mole 203 Safety Auto

A-08-037 443+15 3RT "CCRDAR" Line DAR Test America CME-95 203 Safety Auto

A-08-038 443+45 3RT "CCRDAR" Line DAR Test America CME-95 203 Safety Auto

A-08-039 443+75 3RT "CCRDAR" Line DAR Test America CME-95 203 Safety Auto

A-08-040 444+05 3RT "CCRDAR" Line DAR Test America CME-95 203 Safety Auto

A-08-041 444+35 3RT "CCRDAR" Line DAR Test America CME-95 203 Safety Auto

A-08-042 444+65 3RT "CCRDAR" Line DAR Test America CME-95 203 Safety Auto

A-08-043 444+80 3LT "CCRDAR" Line DAR Test America CME-95 203 Safety Auto
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Table I.7
Types of Drill Rigs Used

Boring Number Location Reference Project Drilling Company Rig Type Diameter 
(mm) Hammer Type

A-08-044 444+50 3LT "CCRDAR" Line DAR Test America CME-95 203 Safety Auto

A-08-045 442+15 8RT "CCR1" Line CCR Bridge Test America CME-95 203 Safety Auto

A-08-046 442+87 6RT "CCR1" Line CCR Bridge Test America CME-95 203 Safety Auto

A-08-047 442+42.5 6RT "CCR1" Line CCR Bridge Test America CME-95 203 Safety Auto

A-08-048 443+35 6RT "CCR1" Line CCR Bridge Test America CME-95 203 Safety Auto

A-08-049 440+62.5 6RT "CCR1" Line CCR Bridge Test America CME-95 203 Safety Auto

A-08-050 441+22.5 6RT "CCR1" Line CCR Bridge Test America CME-95 203 Safety Auto

A-08-051 441+82 6RT "CCR1" Line CCR Bridge Test America CME-95 203 Safety Auto

A-08-052 445+60 "CCR2" Line Misc RW Test America CME-95 203 Safety Auto

A-08-053 445+95 "CCR2" Line Misc RW Test America CME-95 203 Safety Auto

A-08-054 446+30 "CCR2" Line Misc RW Test America CME-95 203 Safety Auto

A-08-055 447+00 "CCR2" Line Misc RW Test America CME-95 203 Safety Auto

A-08-056 447+35 "CCR2" Line Misc RW Test America CME-95 203 Safety Auto

A-08-057 443+20 21.8 RT #68 "MMBMOD" Line Misc RW Test America CME-95 203 Safety Auto

A-08-058 443+65 21.2 RT #65 "MMBMOD" Line Misc RW Test America CME-95 203 Safety Auto

A-08-059 443+50 21.5 RT #66 "MMBMOD" Line Misc RW Test America CME-95 203 Safety Auto

O-08-013 438+20 14.4 RT "CCR1" Line Misc RW Boart L Longyear 1405 152 Safety Auto

O-08-014 438+50 14.4 RT "CCR1" Line Misc RW Boart L Longyear 1405 152 Safety Auto

O-08-016 437+70 7RT "CCR1" Line BAUC Boart L Prosonic 1 152 Safety Auto

O-08-017 437+43 7RT "CCR1" Line BAUC Boart L Prosonic 1 152 Safety Auto

O-08-018 443+82 6RT "CCR1" Line Misc RW/ CCR Bridge Boart L Longyear 1405 152 Safety Auto

O-08-019 437+90 14.7RT "CCR1" Line Misc RW Boart L Longyear 1405 152 Safety Auto

O-08-020 437+10 15RT "CCR1" Line Misc RW Boart L Longyear 1405 152 Safety Auto

O-08-021 437+40 12LT "CCR1" Line BAUC Boart L Prosonic Track Mounted 152 Safety Auto

O-08-022 437+70 10LT "CCR1" Line BAUC Boart L Prosonic Track Mounted 152 Safety Auto
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Table I.7
Types of Drill Rigs Used

Boring Number Location Reference Project Drilling Company Rig Type Diameter 
(mm) Hammer Type

O-08-024 437+75 15RT "CCR1" Line Misc RW Boart L Longyear 1405 152 Safety Auto

O-08-025 438+80 14.4RT "CCR1" Line Misc RW Boart L Longyear 1405 152 Safety Auto

O-08-026 437+40 15RT "CCR1" Line Misc RW Boart L Longyear 1405 152 Safety Auto

O-08-027 444+45 15RT "CCR1" Line Misc RW Boart L Longyear 1405 152 Safety Auto

O-08-028 441+96.2 6RT "CCR1" Line CCR Bridge Boart L Prosonic 1 152 Safety Auto

O-08-032 439+42.5 6RT "CCR1" Line CCR Bridge Boart L Prosonic Track Mounted 152 Safety Auto

O-08-033 440+02.5 6LT "CCR1" Line CCR Bridge Boart L Prosonic Track Mounted 152 Safety Auto

O-08-034 441+64 6RT "CCR1" Line CCR Bridge Boart L Prosonic 1 152 Safety Auto

O-08-035 442+23.5 8RT "CCR1" Line CCR Bridge Boart L Prosonic 1 152 Safety Auto

O-08-036 443+35 6LT "CCR1" Line CCR Bridge Boart L Mini Sonic 152 Safety Auto
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REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

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

Poorly graded GRAVEL with SAND

Poorly graded GRAVEL with CLAY and

Poorly graded GRAVEL

Poorly graded GRAVEL with SILT and SAND

Poorly graded GRAVEL with SILT

Poorly graded SAND

Poorly graded SAND with SILT

Poorly graded SAND with CLAY

Poorly graded SAND with CLAY and

Poorly graded SAND with SILT and GRAVEL

Poorly graded SAND with GRAVEL

Poorly graded GRAVEL 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 PERCENT OR PROPORTION OF SOILS

MOISTURE

APPARENT DENSITY OF COHESIONLESS SOILS

PARTICLE SIZE

Description

Very loose

Loose

Medium Dense

Dense

Very Dense

Criteria

Damp but no visible water

Description

Dry

Moist

Wet

Absence of moisture, dusty, dry to the 

touch

Visible free water, usually soil is 

below water table

Criteria

5 to 10%

15 to 25%

30 to 45%

50 to 100%

Trace

Few

Little

Some

Mostly

Description

Particles are present but estimated to 

be less than 5%

Size

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

No. 10 to No. 4

No. 40 to No. 10

No. 200 to No. 40

60

0 - 4

5 - 10

11 - 30

31 - 50

   > 50

CP

C

UU

CU

CR

EI

UC

PI

Pocket PenetrometerPP

TV

M

OC

SE

UW

VS

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

Pocket Torvane

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)

Unconfined Compression-Soil

(ASTM D 2166)

Unconfined Compression-Rock

(ASTM D 2938)

Unconsolidated Undrained 

Triaxial (ASTM D 2850)

Unit Weight (ASTM D 4767)

Vane Shear (AASHTO T 223)
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> 300 mm

76 mm to 300 mm

19 mm to 76 mm

No. 4 to 19 mm

SPT N   (Blows / 300 mm)
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Weak

Moderate

Strong

Criteria

CEMENTATION

Description

Will not crumble or break with finger 

pressure.

Crumbles or breaks with considerable 

finger pressure.

Crumbles or breaks with handling or 

little finger pressure.

CONSISTENCY OF COHESIVE SOILS

Field Approximation

Readily indented by thumbnail

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

Description

Readily indented by thumb but 

penetrated only with great effort

Indented by thumbnail with 

difficulty

Easily penetrated several inches 

by fist

Easily penetrated several inches 

by thumb

Penetrated several inches by 

thumb with moderate effort

Size

Size

S
iz

e
S

iz
e

PLASTICITY OF FINE-GRAINED SOILS

Nonplastic

Low

Medium

High

CriteriaDescription

The thread can barely be rolled and the lump cannot be formed when drier than the 

plastic limit.

The thread is easy to roll and not much time is required to reach the plastic limit. 

The thread cannot be rerolled after reaching the plastic limit. The lump crumbles 

when drier than the plastic limit.

It takes considerable time rolling and kneading to reach the plastic limit. The thread 

can be rerolled several times after reaching the plastic limit. The lump can be formed 

without crumbling when drier than the plastic limit.

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
ti

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

CONE PENETRATION TEST (CPT) SOUNDING

2

on tip element

Hole I.D.

L
o

c
a
ti

o
n

 

Top Hole El.

Boring Date

Friction Ratio (%) Tip Bearing (MPa)

0246 302010

2

Pressure measured

Dynamic Cone Penetration Boring

Auger Boring

Rotary drilled boring 

Rotary percussion boring (air)

Rotary drilled diamond core

Other

Cone Penetration Test (ASTM D 5778-95)

Symbol Description

R 

P

A 

D

R

CPT

HD 

HA

O

Hole

Type

BOREHOLE IDENTIFICATION

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)
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< 24 < 24 < 12

12 to 2424 to 48 24 to 48

24 to 4848 to 96 48 to 96

96 to 192

96 to 192 96 to 192

> 192> 383 > 383

48 to 96

192 to 383 192 to 383

A 3 mm thread cannot be rolled at any water content.

Unconfined

Compressive

Strength (tsm)

Pocket

Penetrometer

Measurement (tsm)

Torvane

Measurement (tsm)

76 25

Blows per 76 mm

(Using 12.7 kg hand 

hammer with a 76 mm

drop or as noted) Driving rate in

seconds per 300 mm

(using a Stanley

MB 156 percussion

hammer and a 56 mm

cone, or as noted)

Pressure measured

along sleeve friction

element (225 cm

area) divided by 

pressure measured

on tip element.

(2 cm area)

Size of Sampler 

(millimeters)

Note: Size in millimeters.

Hand driven (25 mm soil tube)

Hand Auger

LOG OF TEST BORINGS SHEET NO. 2 OF 22
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IGNEOUS ROCK

LEGEND OF ROCK MATERIALS

SEDIMENTARY ROCK

METAMORPHIC ROCK

WEATHERING DESCRIPTORS FOR INTACT ROCK

Diagnostic features

Texture and Solutioning

Body of Rock Texture Solutioning

Preserved.

No solutioning.No change.

Decomposed

Fresh

Description

Chemical Weathering-Discoloration

and/or oxidation

Resembles a soil, partial

or complete remnant rock

structure may be preserved;

leaching of soluble

minerals usually complete.

Complete separation

of grain boundaries

(disaggregated).

Soluble min-

erals may be

mostly leached.

Generally

preserved.

Partial separation of

boundaries visible.

Texture

altered by

chemical

disintegra-

tion (hy-

dration,

argillation).

Leaching of 

soluble min-

erals may be

complete.

Minor leaching

of some solu-

ble minerals

may be noted.

No visible separation,

intact (tight).

No separation, intact

(tight).

No discoloration

or oxidation.

Mechanical Weathering-

Grain boundary condi-

tions (disaggregation)

primarily for granitics

and some coarse-grained

sediments

No discoloration, not 

oxidized.

Discoloration or oxida-

tion is limited to sur-

face of, or short dis-

tance from, fractures;

some feldspar crystals

are dull.

Discoloration or oxida-

tion extends from frac-

tures usually through-

out; Fe-Mg minerals are

"rusty," feldspar 

crystals are "cloudy."

Discolored or oxidized

throughout, but resis-

tant minerals such as

quartz may be unaltered;

all feldspars and Fe-Mg

minerals are completely

altered to clay.

Fracture 

Surfaces

General Characteristics

Hammer rings when crystalline 

rocks are struck. 

Hammer rings when crystalline 

rocks are struck. Body of 

rock not weakened. 

Hammer does not ring when 

rock is struck. Body of rock 

is slightly weakened. 

Dull sound when struck with 

hammer, usually can be broken 

with moderate to heavy manual 

pressure or by light hammer 

blow without reference to 

planes of weakness such as 

incipient or hairline frac-

tures, or veinlets. Rock is 

significantly weakened.

Can be granulated by hand.

Resistant minerals such as 

quartz may be present as 

"stringers" or "dikes."

Slightly

Weathered

Moderately

Weathered

Intensely

Weathered

Minor to complete 

discoloration or 

oxidation of most 

surfaces.

All fracture surfaces 

are discolored or

oxidized.

All fracture surfaces 

are discolored or 

oxidized, surfaces 

friable.

Partial separation, rock 

is friable; in semiarid 

conditions granitics are

disaggregated.

Discoloration or oxi-

dation throughout; all

feldspars and Fe-Mg

minerals are altered

to clay to some extent; 

or chemical alteration 

produces in-situ dis-

aggregation, see grain 

boundary conditions.

FRACTURE DENSITY

Observed Fracture Density

Unfractured

Very slightly fractured

Slightly fractured

Moderately fractured

Intensely fractured

Very intensely fractured

No fractures.

Mostly chips and fragments with a few scattered short core lengths.

Description

Combination descriptors (such as "Very intensely to intensely fractured") are used where equal 

distribution of both fracture density characteristics is present over a significant interval or 

exposure, or where characteristics are "in between" the descriptor definitions. Only two adjacent 

descriptors may be combined.

ROCK HARDNESS

Criteria

Very Soft

Soft

Hard

Very Hard

Description

PERCENT CORE RECOVERY (REC) & ROCK QUALITY DESIGNATION (RQD)

x 100%REC =

RQD = x 100%

>

Top Hole El.

B
o

ri
n

g
 

lo
c
a
ti

o
n

Hole I.D.

REC=100%

RQD=50%

REC=100%

RQD=80%

REC=88%

RQD=0%

Boring Date

End drilled interval

Begin drilled interval

Begin drilled interval

End drilled interval

Begin drilled interval

End drilled interval

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

Specimen can be scratched with a pocket knife or sharp pick with difficulty (heavy 

pressure). Heavy hammer blows required to break specimen.

Specimen can be scratched with pocket knife or sharp pick with light or moderate 

pressure. Core breaks with moderate hammer pressure.

Specimen can be grooved or gouged easily by a pocket knife or sharp pick with light 

pressure, can be scratched with fingernail. Breaks with light to moderate manual pressure.

Extremely Hard

Moderately Soft

Moderately Hard

Specimen cannot be scratched with a pocket knife or sharp pick; can only be chipped with 

repeated heavy hammer blows.

Specimen cannot be scratched with a pocket knife or sharp pick. Breaks with repeated 

heavy hammer blows.

Specimen can be readily indented, grooved or gouged with fingernail, or carved with a 

pocket knife. Breaks with light manual pressure.

Description Thickness / Spacing

Massive

1 m to 3 m

Moderately bedded

Very thinly bedded

Laminated 

Very thickly bedded

Combination descriptors (such as "slightly weathered to fresh") are permissible where equal distribution of both weathering characteristics is present over 

significant intervals or where characteristics present are "in between" the diagnostic feature. However, combination descriptors should not be used where 

significant, identifiable zones can be delineated. Only two adjacent descriptors may be combined. "Very intensely weathered" is the combination descriptor for 

"intensely weathered to decomposed."

Thickly bedded

Thinly bedded

Specimen can be grooved 5 mm deep with a pocket knife or sharp pick with moderate 

or heavy pressure. Breaks with light hammer blow or heavy manual pressure.

30 mm to 100 mm

10 mm to 30 mm

BEDDING SPACING
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Lengths greater than 1 m.

Lengths from 300 mm to 1000 mm with few lengths less than 300 mm or

greater than 1000 mm.

Lengths mostly in 100 mm to 300 mm range with most lengths about 200 mm.

Lengths average from 30 mm to 100 mm with scattered fragmented

intervals with lengths less than 100 mm.

Length of the recovered core pieces

Total length of core run

Total length of core run

Length of intact core pieces   100 mm

Term

Strong

Weak

Very Weak

Very Strong 

RELATIVE STRENGTH OF INTACT ROCK

Extremely Strong

Medium Strong

Extremely Weak

Greater than 3 m

300 mm to 1 m

Less than 10 mm

100 mm to 300 mm

Uniaxial Compressive Strength (MPa)

> 207 

100  - 207 

49  - 100 

25  - 49 

5  - 25 

1  - 5 

< 1 
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becomes slightly weathered and slightly

fractured

becomes highly interbedded with fine

SAND

becomes dark brown

50/152

50/152

El. +29.9 m

PROFILE
VERTICAL 1 : 100

1 : 500

PLAN

+30

+32

+30

+32

O-08-032

2-13-08

TERRACE DEPOSIT: SANDY SILT (ML), hard, fine

layers of alternating light brown and medium

brown, moist, about 40% fine SAND, about 60%

fines

GWS EL. 21.9m

SEDIMENTARY ROCK: [POORLY-GRADED SAND (SP):

very dense, gray, wet, medium grained]

SEDIMENTARY ROCK: [CLAYEY SAND with GRAVEL

(SC): very dense, gray, very moist, about

20% fine GRAVEL, about 65% fine to coarse

SAND, about 15% fines]

SEDIMENTARY ROCK (SHALE): gray, 

moderately weathered, hard, 

moderately fractured, weakly fissile with

concretion beds [ARDATH SHALE], 

[SILT (ML), hard, moist]

becomes interbedded with GRAVEL, about 20%

fine grained GRAVEL, about 75% SAND, 

about 5% fines

2-13-08

Terminated at El. -15.8 m

ER = 1.00

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i

i

i

i

i

i

i

i

3/9/09  

LOG OF TEST BORINGS SHEET NO. 4 OF 22

  57-C0786  

A-12



Top Hole El. +29.9 m

0 10 20 30 40 50 60 70246

Friction Ratio (%) Tip Bearing (MPa)

8

0 10 20 30 40 50 60 70246

Friction Ratio (%) Tip Bearing (MPa)

8

Top Hole El. +29.9 m

80 90 100

152

"CCR1"

1 : 500

PLAN

HORIZONTAL 1 : 500

B
E

N
T

 3

O-08-033

CPT-08-006

CPT-08-007

B
E

N
T

 4

CPT-08-006

CPT-08-007

CARROLL CANYON ROAD BRIDGE

203

02-11-08

Terminated at El. 22.5m

02-11-08

Terminated at El. 21.5m

CONE PENETRATION TEST (CPT) SOUNDINGS

4
.0

m
 R

t¨
 S

ta
 4

4
0

+
0

2
.5

m
 ¨

4
.0

m
 L

t¨
 S

ta
 4

4
0

+
0

2
.5

m
 ¨

440

STATE OF

CALIFORNIA
DEPARTMENT OF TRANSPORTATION

CU

EA

57-c0786-z-lotb05.dgnFILE =>

BRIDGE NO.

EARLIER REVISION DATES

DISREGARD PRINTS BEARING
SHEET OF

U
S

E
R

N
A

M
E

 =
>

D
A

T
E

 P
L

O
T

T
E

D
 =

>
3

/
1

0
/
2

0
0

9
T

I
M

E
 P

L
O

T
T

E
D

 =
>

1
:
0
7
:
2
6
 P

M

10/14/08

11275

2T0401                                                                 

REVISION DATES

DESIGN BRANCH   G. CUSTENBORDER       

11   SD    805  R42.6/R46.2     

DIST COUNTY ROUTE
SHEET TOTAL

No SHEETS

OGS CIVIL LOG OF TEST BORINGS SHEET 

POST MILES

GEOTECHNICAL SERVICESENGINEERING SERVICES

DRAWN BY:

CHECKED BY:

FUNCTIONAL SUPERVISOR

NAME:

J. JOHNS                          
FIELD INVESTIGATIONS BY:

G. CUSTENBORDER                                              

DIVISION OF ENGINEERING SERVICES

STRUCTURE DESIGN

0 10 20 30 40 50 60 70 80 90 100

ORIGINAL SCALE IN MILLIMETERS

FOR REDUCED PLANS

shall not be responsible for the accuracy or

completeness of electronic copies of this plan sheet.

The State of California or its officers or agents

        

             

PLANS APPROVAL DATE

SANDAG

401 B STREET,

SAN DIEGO, CA. 92101

SAN DIEGO, CA. 92111

7895 CONVOY CT.

O
T

C

C

E

S

N

E
E

I

I

I

I

I

N

C
E

INT
E

A

H

ALOF

E

G

D

NO. 

EXP.   

ER
T

S
G

E
R

S
T

E OSORP
F

OF
R

R
N

AL

L

A

A

NEG

VAN OLIN

2578

6-30-10

V. OLIN                                

KP43.2/PM26.8

KILOMETER POST

TOTAL PROJECT

REGISTERED GEOTECHNICAL ENGINEER

All elevations shown in the LOTBs are in meters

and are referenced to the NGVD 1929 Datum.

Bench Mark

BUREAU VERITAS NORTH AMERICA, INC.

m
p

a
r
a
n

j
a
p

e

62

62

62

62

REF/102

REF/76

REF/76

REF/76

DS

+10

+8

+6

+4

+2

+0

-2

-4

-6

-8

-10

-12

+10

+8

+6

+4

+2

+0

-2

-4

-6

-8

-10

-12

PROFILE
VERTICAL 1 : 100

62

62

50/152

REF/76

"
C

C
R

1
"
 L

in
e

152

+28

+26

+24

+22

+20

+18

+16

+14

+12

+10

+26

+24

+22

+20

+18

+16

+14

+12

+10

El. +28.6 m

+30+30

+28

O-08-033

GWS EL. 21.0m

ALLUVIUM: SILTY CLAY (CL), firm, 

medium brown, moist, about 15% 

fine SAND, about 85% fines

TERRACE DEPOSIT: SILT with SAND 

and GRAVEL (ML), hard, dark brown, 

moist, about 10% fine GRAVEL, 

about 20% fine to coarse SAND, 

about 70% fines 

2-14-08
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SEDIMENTARY ROCK (SHALE): gray, 

moderately weathered, hard, moderately

fractured, weakly fissile with

concretion beds [ARDATH SHALE], 

[SILT (ML), hard, moist]

SEDIMENTARY ROCK:

[interbedded CLAYEY SAND

with GRAVEL]

2-14-08

Terminated at El. -12.6 m

ER = 1.00

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i

i

i

i

i

i

i

i

LOG OF TEST BORINGS SHEET NO. 5 OF 22

3/9/09  

  57-C0786  

A-13



0 10 20 30246

Friction Ratio (%) Tip Bearing (MPa)

0 10 20 30 40 50 60 70246

Friction Ratio (%) Tip Bearing (MPa)

80

"CCR1"

0 10 20 30246

Friction Ratio (%) Tip Bearing (MPa)

203

1 : 500

PLAN

HORIZONTAL 1 : 500

CARROLL CANYON ROAD BRIDGE

B
E

N
T

 4

B
E

N
T

 5

CPT-08-010

CPT-08-008

CPT-08-009

CPT-08-010

CONE PENETRATION TEST (CPT) SOUNDINGS

203

Top Hole El. +27.5m

02-11-08

Terminated at El. 19.7m

Top Hole El. +27.5m

02-11-08

Terminated at El. 22.3m

Top Hole El. +30.3m

02-11-08

Terminated at El. 23.8m

S
ta

 4
4
0
+

6
2
.5

m
 ¨

S
ta

 4
4
0
+

6
2
.5

m
 ¨

S
ta

 4
4

0
+

9
0

m
 ¨

6
.0

m
 R

T
¨
 S

ta
 4

4
0
+

6
2
.5

m
 ¨

441

CPT-08-008

CPT-08-009

A-08-049

STATE OF

CALIFORNIA
DEPARTMENT OF TRANSPORTATION

CU

EA

57-c0786-z-lotb06.dgnFILE =>

BRIDGE NO.

EARLIER REVISION DATES

DISREGARD PRINTS BEARING
SHEET OF

U
S

E
R

N
A

M
E

 =
>

D
A

T
E

 P
L

O
T

T
E

D
 =

>
3

/
1

0
/
2

0
0

9
T

I
M

E
 P

L
O

T
T

E
D

 =
>

1
:
0
7
:
3
3
 P

M

10/14/08

11275

2T0401                                                                 

REVISION DATES

DESIGN BRANCH   G. CUSTENBORDER                

11   SD    805  R42.6/R46.2     

DIST COUNTY ROUTE
SHEET TOTAL

No SHEETS

OGS CIVIL LOG OF TEST BORINGS SHEET 

POST MILES

GEOTECHNICAL SERVICESENGINEERING SERVICES

DRAWN BY:

CHECKED BY:

FUNCTIONAL SUPERVISOR

NAME:

J. JOHNS                          
FIELD INVESTIGATIONS BY:

G. CUSTENBORDER                                              

DIVISION OF ENGINEERING SERVICES

STRUCTURE DESIGN

0 10 20 30 40 50 60 70 80 90 100

ORIGINAL SCALE IN MILLIMETERS

FOR REDUCED PLANS

shall not be responsible for the accuracy or

completeness of electronic copies of this plan sheet.

The State of California or its officers or agents

        

             

PLANS APPROVAL DATE

SANDAG

401 B STREET,

SAN DIEGO, CA. 92101

SAN DIEGO, CA. 92111

7895 CONVOY CT.

O
T

C

C

E

S

N

E
E

I

I

I

I

I

N

C
E

INT
E

A

H

ALOF

E

G

D

NO. 

EXP.   

ER
T

S
G

E
R

S
T

E OSORP
F

OF
R

R
N

AL

L

A

A

NEG

VAN OLIN

2578

6-30-10

V. OLIN                                

KP43.2/PM26.8

KILOMETER POST

TOTAL PROJECT

REGISTERED GEOTECHNICAL ENGINEER

All elevations shown in the LOTBs are in meters

and are referenced to the NGVD 1929 Datum.

Bench Mark

BUREAU VERITAS NORTH AMERICA, INC.

m
p

a
r
a
n

j
a
p

e

VERTICAL 1 : 100

E
L

E
V

A
T

I
O

N
 (

m
)

"
C

C
R

1
"
 L

in
e

PROFILE

+28

203

CLAYEY SANDY GRAVEL (GC): medium dense, light brown to

gray brown, wet, about 50% GRAVEL, about 40% fine to

coarse SAND, about 10% CLAY

SILTY SANDY GRAVEL (GW-GM): medium dense, light brown,

damp, about 50% subrounded GRAVEL, about 40% fine to

coarse SAND, about 10% SILT

interbedded with very fine SANDY SILT/SILTY SAND (ML/SM)
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ALLUVIUM: CLAYEY SAND with GRAVEL (SC), medium dense, 

light brown, moist, about 21% GRAVEL, 44% SAND, about 35

% fines

CP

SEDIMENTARY ROCK (SHALE): gray, moderately weathered,

hard, moderately fractured, weakly fissile with

concretion beds [ARDATH SHALE], [SILT (ML), hard, moist]

SEDIMENTARY ROCK: [CLAYSTONE (CL): hard, light brown to

light gray, damp, weakly fissile, thin layering, some Fe O

staining, high plasticity, slightly micaceous]

SEDIMENTARY ROCK: [SILTSTONE (ML): hard, light brown to

light gray, damp, weakly fissile, thin layered, heavy

oxidation, slightly micaceous]

SEDIMENTARY ROCK: [SILTSTONE (ML): hard, light gray, dry

to damp, thinly layered, weakly fissile, slightly micaceous]

becomes damp

slow drilling

3

SEDIMENTARY ROCK: [SAND-SILTY SAND (SP-SM): very dense,

light gray, damp,about 90% very fine SAND, very fine

well sorted SAND, about 10% SILT, friable]

SEDIMENTARY ROCK: [CLAYEY SILT (ML): hard, light gray,

damp to moist, about 80% SILT, about 20% CLAY, medium

plasticity, slightly micaceous, moderately foliated]

SEDIMENTARY ROCK: [SILTSTONE (ML): hard, light gray, damp,

thin layering, weakly fissile, trace very fine SAND,

slightly micaceous, some dark gray staining]

SEDIMENTARY ROCK: [CLAYEY SILT/SILTY CLAY (ML/CL): hard,

light gray, dampto moist, about 50% SILT, about 50% CLAY,

slightly micaceous, high plasticity]

SEDIMENTARY ROCK: [SILTSTONE (ML): hard, light gray,

dry to damp, weakly fissile, slightly micaceous, trace

white CaC0 ]

SEDIMENTARY ROCK: [SANDY SILT/SILTY SAND (ML/SM): hard,

light gray, damp, about 50% very fine SAND, about 50% SILT]

SEDIMENTARY ROCK: [SILTY SAND/SANDY SILT (SM-ML): very

dense, light gray, damp, about 50% very fine SAND, about

50% SILT, thinly layered]

4-18-08

Terminated at El. 8.1 m

ER = 1.45

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i

i

i

i

i

i

i

i

LOG OF TEST BORINGS SHEET NO. 6 OF 22

3/9/09  

  57-C0786  

A-14



0 10 20 30246

Friction Ratio (%) Tip Bearing (MPa)

0 10 20 30246

Friction Ratio (%) Tip Bearing (MPa)

8

203

"CCR1"

1 : 500

PLAN

VERTICAL

HORIZONTAL

1 : 100

1 : 500

CPT-08-011

B
E

N
T

 5

B
E

N
T

 6

CARROLL CANYON ROAD BRIDGE

CPT-08-012

CPT-08-011

CPT-08-012

Top Hole El. + 30.8m

04-30-08

Terminated at El. 21.9m

Top Hole El. + 31.0m

04-30-08

Terminated at El. 22.4m

152

203
203

203

CONE PENETRATION TEST (CPT) SOUNDING

CONE PENETRATION TEST (CPT) SOUNDING

S
ta

 4
4
1
+

2
2
.5

m
 ¨

S
ta

 4
4

1
+

4
2

m
 ¨

A-08-050

"
C

C
R

1
"
 L

in
e

weakly fissile

slow drilling

STATE OF

CALIFORNIA
DEPARTMENT OF TRANSPORTATION

CU

EA

57-c0786-z-lotb07.dgnFILE =>

BRIDGE NO.

EARLIER REVISION DATES

DISREGARD PRINTS BEARING
SHEET OF

U
S

E
R

N
A

M
E

 =
>

D
A

T
E

 P
L

O
T

T
E

D
 =

>
3

/
1

0
/
2

0
0

9
T

I
M

E
 P

L
O

T
T

E
D

 =
>

1
:
0
7
:
4
2
 P

M

10/14/08

11275

2T0401                                                                 

REVISION DATES

DESIGN BRANCH   G. CUSTENBORDER                

11   SD    805  R42.6/R46.2     

DIST COUNTY ROUTE
SHEET TOTAL

No SHEETS

OGS CIVIL LOG OF TEST BORINGS SHEET 

POST MILES

GEOTECHNICAL SERVICESENGINEERING SERVICES

DRAWN BY:

CHECKED BY:

FUNCTIONAL SUPERVISOR

NAME:

J. JOHNS                          
FIELD INVESTIGATIONS BY:

G. CUSTENBORDER                                              

DIVISION OF ENGINEERING SERVICES

STRUCTURE DESIGN

0 10 20 30 40 50 60 70 80 90 100

ORIGINAL SCALE IN MILLIMETERS

FOR REDUCED PLANS

shall not be responsible for the accuracy or

completeness of electronic copies of this plan sheet.

The State of California or its officers or agents

        

             

PLANS APPROVAL DATE

SANDAG

401 B STREET,

SAN DIEGO, CA. 92101

SAN DIEGO, CA. 92111

7895 CONVOY CT.

O
T

C

C

E

S

N

E
E

I

I

I

I

I

N

C
E

INT
E

A

H

ALOF

E

G

D

NO. 

EXP.   

ER
T

S
G

E
R

S
T

E OSORP
F

OF
R

R
N

AL

L

A

A

NEG

VAN OLIN

2578

6-30-10

V. OLIN                                

KP43.2/PM26.8

KILOMETER POST

TOTAL PROJECT

REGISTERED GEOTECHNICAL ENGINEER

All elevations shown in the LOTBs are in meters

and are referenced to the NGVD 1929 Datum.

Bench Mark

BUREAU VERITAS NORTH AMERICA, INC.

m
p

a
r
a
n

j
a
p

e

6
.0

m
 R

T
¨
 S

ta
 4

4
1
+

2
2
.5

m
 ¨

PROFILE

+30
203

2 3

CLAYEY SILT (ML): stiff, light yellow brown, damp, about

70% SILT, about 70% SILT, about 30% CLAY, high plasticity,

light oxidation

trace very fine SAND, very stiff, about 80% CLAY, slightly

porous, trace rootlets

SANDY CLAY (CL): stiff, light gray, very moist to wet,about

60% CLAY, about 40% very well sorted SAND, high plasticity,

some Fe O  staining

increase in oxidation, color change to light brown

thinly layered

slow drilling

becomes moderately micaceous
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SANDY SILT (ML): very stiff, dark brown, moist, about 48%

SAND, about 53% fines, slightly micaceous, trace rootlets

SILTY CLAY (CL): stiff to very stiff, light brown, moist,

about 70% CLAY, about 30% SILT, high plasticity, micaceous,

trace rootlets

GWS EL. 25.7m

4-22-08

A-08-050

ALLUVIUM: SILTY CLAY (CL), hard, light yellow brown, damp

to moist, about 60% CLAY, about 40% SILT, high plasticity

SAND (SP): medium dense, light gray, moist, fine grained, 

well sorted, trace GRAVEL 

SA DS CR

becomes moist

SEDIMENTARY ROCK: [SANDY SILT (ML): hard, light gray, moist,

about 70% SILT, about 30% very fine SAND, slightly micaceous]

SEDIMENTARY ROCK: [SILTSTONE (ML): hard, light gray, damp,

thinly layered, weakly fissile, slightly micaceous]

SEDIMENTARY ROCK: [SAND (SP): very dense, light gray, moist,

fine grained, well sorted, slightly micaceous]

SEDIMENTARY ROCK: [SILTY SAND (SM): some GRAVEL, very dense,

light gray, moist, about 80% fine to coarse SAND, about

20% SILT, slightly micaceous]

SEDIMENTARY ROCK: [SILTSTONE (ML): hard, light gray, dry to

damp, slightly micaceous] [ARDATH SHALE]

SEDIMENTARY ROCK: [SILTY SAND some GRAVEL (SM): very dense,

light gray, moist, about 80% very fine well sorted SAND,

about 20% SILT, slightly micaceous]

SEDIMENTARY ROCK: [SANDY SILT (ML): hard, light gray, moist,

about 70% SILT, about 30% very fine SAND, slightly micaceous]

SEDIMENTARY ROCK: [SAND some GRAVEL (SP): very dense, light

gray, moist, fine grained, well sorted, slightly micaceous]

SEDIMENTARY ROCK: [SILTSTONE (ML): hard, light gray, dry to

damp, slightly micaceous] [ARDATH SHALE]

SEDIMENTARY ROCK (SHALE): gray, moderately weathered, hard,

moderately fractured, weakly fissile with concretion beds

[ARDATH SHALE], [SILT (ML), hard, moist]

SANDY CLAY (CL): stiff, light gray, very moist, about 80% CLAY,

about 20% very fine SAND, high plasticity, some oxidation,

trace rootlets

SAND (SP): medium dense, light gray, moist to very moist, fine

to coarse SAND, slightly micaceous

4-22-08

Terminated at El. 7.0 m

ER = 1.45

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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WELL-GRADED GRAVEL with CLAY and SAND 

(GW-GC): dark gray, wet, about 46% fine 

to coarse GRAVEL, about 35%  fine to 

coarse SAND, about 12% fines

CLAYEY SAND (SC): very dense, dark gray, 

wet, about 13% GRAVEL, about 71% SAND, 

about 15% fines

GWS EL. 25.4m

2-13-08
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FILL: LEAN CLAY with SAND (CL), hard, 

medium brown, moist, about 1% fine to

coarse  GRAVEL, about 24% fine to coarse

SAND, about 75% fines 

ALLUVIUM: LEAN CLAY (CL), soft, dark brown,

moist, about 20% fine SAND, about 80% fines 

2-13-08

Terminated at El. -13.6m

SEDIMENTARY ROCK (SHALE): gray,  moderately 

weathered, hard,  moderately fractured,

weakly fissile with concretion beds

[ARDATH SHALE],  [SILT (ML), hard, moist]

SEDIMENTARY ROCK: [becomes

interbedded with SANDY SILT with

GRAVEL (ML): very dense, gray,

wet, about 20% fine to coarse

GRAVEL, about 30% fine to coarse

SAND, about 50% fines]

SEDIMENTARY ROCK: [becomes

interbedded with CLAYEY GRAVEL

with SAND (GC): very dense, gray,

wet, about 50% rounded to sub-

rounded fine to medium grained

GRAVEL, about 30% fine to coarse

SAND, about 20% fines]

ER = 1.45

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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LEAN CLAY (CL): with SAND, hard, brown, moist, 

about 25% fine to coarse SAND, about 75% fines 
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SILTY SAND (SM): loose, dark grayish brown, moist,

about 60% fine SAND, about 40% fines 

GWS EL. 25.5m

2-5-08

A-08-011

FILL: SILTY SAND with GRAVEL and COBBLES (SM),

medium dense, medium brown, moist, about 5% 

subrounded COBBLES, about 10% fine to coarse 

GRAVEL, about 70% fine to coarse SAND, about 15% 

fines  

ALLUVIUM: CLAY (CL), stiff, dark brown, moist,

about 15% fine SAND, about 85% fines 

2-05-08

Terminated at El. 22.9 m

ER = 1.00

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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SANDY GRAVELLY CLAY (CL): hard, light yellow brown,

damp, about 40% CLAY, about 30% subrounded GRAVEL,

about 30% fines

SANDY CLAY (CL): with GRAVEL, hard, brown, moist, about

80% CLAY, about 20% fine SAND, high plasticity

CLAY (CL): stiff to very stiff, brown, moist, high plasticity,

trace rootlets

light oxidation

SANDY CLAY (CL): very stiff, light gray, very moist to 

wet, about 90% CLAY, about 10% very fine SAND, high

plasticity, slightly micaceous, trace rootlets

encountered GRAVEL

SANDY CLAY (CL): hard, light gray, very moist to wet,

about 41% fine grained SAND, about 59% fines

SANDY GRAVEL (SW) with COBBLE: very dense, light gray,

wet, about 60% subrounded GRAVEL, about 40% fine grained

SAND

SAND (GW): very dense, light gray, wet, about 60% sub-

rounded GRAVEL, about 40% fine SAND
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GWS EL. 26.9m

4-23-08

A-08-051

FILL: GRAVELLY CLAY (CL), some COBBLE, hard, damp, about 

70% CLAY, about 30% subrounded GRAVEL, high plasticity 

ALLUVIUM: CLAY (CL), very stiff, light red brown, moist, high

plasticity, slightly porous, some structure 

4-23-08

Terminated at El. 13.5 m

+32

increase in GRAVEL and SAND, becomes wet

9.5 M PA-3623

13.416.86227 M

3615

20.017.36212 M

368 18.5 M PA-

21.417.26210 M

3650/76 M PA
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+34 +34

GWS EL. 25.2 m

CLAY with SAND (CL: and color after SAND,very stiff, brown, 

moist, about 22% fine to medium SAND, about 78% fines

CLAYEY SAND (SC): loose, brown, moist, about 55% fine to medium SAND, 

about 45% fines 

SILTY SAND with GRAVEL (SM): very dense, dark gray, wet, about 19% 

GRAVEL, about 65% fine to coarse SAND, about 16% fines  

SANDY LEAN CLAY (CL): hard, dark gray, wet, about 7% GRAVEL, about 

46% SAND,  about 47% fines 

SILTY SAND (SM): very dense, dark gray, wet, about 55% fine to coarse

SAND, about 45% fines, COBBLES encountered

2-2-08

A-08-006

ALLUVIUM: CLAY (CL), stiff, dark reddish brown, moist, about 3% fine 

to medium GRAVEL, about 10% medium SAND, about 85% fines

UW

UW

C

C

C

UW

FILL: SILTY SAND with GRAVEL and COBBLES (SM), medium dense, 

medium brown, moist, about 5% subrounded COBBLES, about 15% fine to 

coarse GRAVEL, about 65% fine to coarse SAND, about 15% fines 

2-02-08

Terminated at El. 15.4 m

SEDIMENTARY ROCK: [SAND (SP): hard, light gray, very moist,

fine grained poorly sorted]

SEDIMENTARY ROCK: [becomes medium grained, trace GRAVEL]

SEDIMENTARY ROCK: [increase in GRAVEL]

ER = 1.00 ER = 1.45

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i

i

i

i

i

i

i

i
i
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SEDIMENTARY ROCK (SHALE): dark gray,  moderately weathered, 

hard, moderately  fractured [ARDATH SHALE], [SILT (ML), 

hard, moist] 
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FILL: CLAYEY SAND (SC), medium dense, brown, damp

to moist

CLAY (CL): trace SAND and GRAVEL, very stiff, light yellow

brown, damp, contains small inclusions of light gray

SILTSTONE

ALLUVIUM: SILTY CLAY (CL): trace GRAVEL, very stiff, light

brown, damp to moist, about 10% fine SAND, about

90% fines, high plasticity 

SANDY GRAVEL (GW): trace clay, dense, light gray

brown, moist, about 60% subrounded GRAVEL, about

40% fine to medium grained SAND

2-6-08

GWS EL. 26.4m

SILT (ML), very stiff, tan to light yellow brown, dry to

damp, some layering with light orange brown Fe O  staining 

A-08-023

2-06-08

Terminated at El. 22.1 m

A-08-023

ER = 1.00

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00

1.

 

 

 

2.

 

 

 

 

3.

 

 

 

 

 

 

 

  

 

 

 

4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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lens of loose, gray, moist medium 

grained SAND (SP) 

El. +31.3 m
+32 +32 +8 +8

O-08-028

GWS @ 26.1 m

FILL: SILTY SAND (SM), dense, medium 

brown, moist, about 15% fine to 

coarse GRAVEL, about 60% fine to 

coarse SAND, about 25% fines

ALLUVIUM: SILTY CLAY (CL), soft, 

dark brown, moist, about 15% fine 

SAND, about 85% fines

2-13-08

152

2-13-08

Terminated at El. -13.2 m

SEDIMENTARY ROCK: [CLAYEY GRAVEL

with SAND (GC), very dense, gray,

wet, about 50% rounded to subrounded

fine to medium grained GRAVEL, about

30% fine to coarse SAND, about

20% fines]

SEDIMENTARY ROCK: [CLAYEY SAND (SC):

very dense, gray, moist, about 70%

fine SAND, about 30% fines]

SEDIMENTARY ROCK (SHALE): dark gray, 

moderately weathered, hard, moderately 

fractured [ARDATH SHALE], [SILT (ML),

hard, moist]
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FILL: SILTY SAND with GRAVEL and COBBLES (SM), medium

dense, light brown, moist, about 10% subrounded

COBBLES, about 10% fine to coarse GRAVEL, about

60% fine to coarse SAND, about 20% fines

A-08-012

WELL-GRADED SAND with GRAVEL (SW): very dense, gray,

wet, about 20% fine to medium GRAVEL, about 75% fine 

to coarse SAND, about 5% fines

SILTY SAND (SM): medium dense, dark grayish brown,

moist, about 60% fine SAND, about 40% fines

ALLUVIUM: CLAY (CL), hard, dark brown, moist, about

15% fine SAND, about 85% fines 

SILTY SAND with GRAVEL (SM): very dense, yellowish

brown, moist, about 15% fine GRAVEL, about 55% fine

to coarse SAND, about 30% fines

GWS EL. 27.3 m

2-7-08

ER = 1.45

ER = 1.27

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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becomes hard with angular clasts of yellowish
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FILL: SILTY SAND with GRAVEL and COBBLES (SM), very 

dense, medium brown, moist, about 5% subrounded 

COBBLES, about 15% fine to coarse GRAVEL, about 65

% fine to coarse SAND, about 15% fines 

CLAYEY SAND with GRAVEL (SC): very dense, mottled 

reddish brown, light brown and gray, moist, about 

10% subangular fine GRAVEL, about 70% fine to 

coarse SAND, about 20% fines

SILTY SAND (SM): medium dense, dark grayish brown,

wet, about 85% fine to coarse SAND, about 15%

fines

ALLUVIUM: CLAYEY SAND (SC), medium dense, dark

grayish brown, very moist, about 80% fine to 

coarse SAND, about, 20% fines

A-08-031

SANDY SILT (ML), hard, mottled yellowish brown

and dark brown, moist, about 30% fine SAND,

about 60% fines

2-08-08

Terminated at El. 22.8 m

ER = 1.00

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i

i

i

i

i

i

i

i

3/9/09  

  57-C0786  

LOG OF TEST BORINGS SHEET NO. 13 OF 22

A-21



203

203

"C
CR1"

1 : 500

PLAN

"C
C

R
D

A
R

"

B
E

N
T

 8
B

B
E

N
T

 1
1
A

B
E

N
T

 9
B

B
E

N
T

 7
B

203

203

152

B
E

N
T

 9
A

B
E

N
T

 1
0

203

203

B
E

N
T

 1
2

A-08-030

A-08-045

STATE OF

CALIFORNIA
DEPARTMENT OF TRANSPORTATION

CU

EA

57-c0786-z-lotb14.dgnFILE =>

BRIDGE NO.

EARLIER REVISION DATES

DISREGARD PRINTS BEARING
SHEET OF

U
S

E
R

N
A

M
E

 =
>

D
A

T
E

 P
L

O
T

T
E

D
 =

>
3

/
1

0
/
2

0
0

9
T

I
M

E
 P

L
O

T
T

E
D

 =
>

1
:
0
8
:
3
7
 P

M

10/14/08

11275

2T0401                                                                 

REVISION DATES

DESIGN BRANCH   G. CUSTENBORDER                

11   SD    805  R42.6/R46.2     

DIST COUNTY ROUTE
SHEET TOTAL

No SHEETS

OGS CIVIL LOG OF TEST BORINGS SHEET 

POST MILES

GEOTECHNICAL SERVICESENGINEERING SERVICES

DRAWN BY:

CHECKED BY:

FUNCTIONAL SUPERVISOR

NAME:

J. JOHNS                          
FIELD INVESTIGATIONS BY:

G. CUSTENBORDER                                              

DIVISION OF ENGINEERING SERVICES

STRUCTURE DESIGN

0 10 20 30 40 50 60 70 80 90 100

ORIGINAL SCALE IN MILLIMETERS

FOR REDUCED PLANS

shall not be responsible for the accuracy or

completeness of electronic copies of this plan sheet.

The State of California or its officers or agents

        

             

PLANS APPROVAL DATE

SANDAG

401 B STREET,

SAN DIEGO, CA. 92101

SAN DIEGO, CA. 92111

7895 CONVOY CT.

O
T

C

C

E

S

N

E
E

I

I

I

I

I

N

C
E

INT
E

A

H

ALOF

E

G

D

NO. 

EXP.   

ER
T

S
G

E
R

S
T

E OSORP
F

OF
R

R
N

AL

L

A

A

NEG

VAN OLIN

2578

6-30-10

V. OLIN                                

KP43.2/PM26.8

KILOMETER POST

TOTAL PROJECT

REGISTERED GEOTECHNICAL ENGINEER

All elevations shown in the LOTBs are in meters

and are referenced to the NGVD 1929 Datum.

Bench Mark

BUREAU VERITAS NORTH AMERICA, INC.

m
p

a
r
a
n

j
a
p

e

442

"
C

C
R

1
"
 L

in
e

1
3
.0

m
 L

T
¨
 S

ta
 4

4
2
+

1
3
.5

m
 ¨

"
C

C
R

1
"
 L

in
e

8
.0

m
 R

T
¨
 S

ta
 4

4
2

+
1

5
m

 ¨

PROFILE
VERTICAL

HORIZONTAL

1 : 100

1 : 500

3634

6253

6224

3657

3623

203

+38

+36

+34

+32

+30

+38

+36

+34

+32

+30

becomes very stiff

encountered GRAVEL and COBBLES

El. +39.0 m

+40 +40

E
L

E
V

A
T

IO
N

 (
m

) E
L

E
V

A
T

IO
N

 (m
)

FILL: SILTY SAND with GRAVEL and COBBLES (SM),

very dense, grayish brown, moist, about

5% subrounded COBBLES, about 15% fine to

coarse GRAVEL, about 60% fine to coarse

SAND, about 20% fines 

SILTY SAND with GRAVEL (SM): angular clasts

of siltstone, very dense, yellowish brown,

moist, about 20% fine GRAVEL, about 70%

fine to coarse SAND, about 10% fines

SANDY SILT (ML): hard, olive brown and 

yellowish brown, moist, about 30% fine

SAND, about 70% fines

A-08-030

3614

3617

3611

3614

3618

36

36REF/152

50/152

- 23.7 M

36REF/152

36REF/152

203

+30

slow drilling

color change to brown, trace fine SAND, contains specs of musconite 

mica, pieces of manufactured wood 

CLAYEY SAND with GRAVEL (SC): medium dense, light gray, very moist to 

wet, about 90% well sorted SAND, about 10% CLAY 

SILTY CLAY (CL): stiff, light yellow brown, saturated, about 70% CLAY, 

about 30% SILT, trace GRAVEL 

CLAYEY GRAVEL (GC): firm, light brown, damp to moist, about 60% 

subrounded GRAVEL, about 40% CLAY 

LEAN CLAY with SAND (CL): stiff, brown, very moist, about 27% SAND, 

about 73% CLAY 
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GWS EL. 27.2m

4-16-08

FILL: CLAYEY SILT with GRAVEL (ML), firm, light yellow brown, damp, 

about 80% SILT, about 20% CLAY, medium to high plasticity 

ALLUVIUM: SILTY CLAY (CL), stiff, brown, very moist, high plasticity, 

about 80% CLAY, about 20% SILT

A-08-045

PA PI

 2-11-08

Terminated at El. 30.8 m
SEDIMENTARY ROCK (SHALE): gray, moderately weathered, hard, moderately

fractured, weakly fissile with concretion beds [ARDATH SHALE],

[SILT (ML), hard, moist]

SEDIMENTARY ROCK: [SANDY GRAVEL/GRAVELLY SAND (GW): some CLAY, hard, 

ight gray, wet, about 50% fine to coarse SAND, about 50% subrounded

GRAVEL]

SEDIMENTARY ROCK: [CLAYEY GRAVEL (GC): firm, light brown, damp to

moist, about 60% subrounded GRAVEL, about 40% CLAY]

4-16-08

Terminated at El. 17.3 m

ER = 1.00

ER = 1.45

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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FILL: SILTY SAND with GRAVEL and COBBLES 

(SM), dense, yellowish brown, moist, about 5% 

subrounded COBBLES, about 15% fine to  

coarse GRAVEL, about 60% fine to coarse 

SAND, about 20% fines 

SILTY SAND with GRAVEL (SM): dense, grayish

brown, very moist, about 15% fine GRAVEL,

about 70% fine dot coarse SAND, about 15%

fines 

SILTY SAND with GRAVEL (SM): dense, reddish

brown, moist, about 15% subangular GRAVEL,

about 70% fine to coarse SAND, about 15%

fines 

SILTY SAND (ML): hard, mottled light and

dark brown, moist, about 30% fine to 

medium SAND, about 60% fines 

ALLUVIUM: CLAYEY SAND (SC), medium dense,

grayish brown, very moist, about 60% fine

to coarse SAND, about 40% fines 
2-11-08

+36

+34

+32

+30

+28

+26

+24

+38

2-11-08

Terminated at El. 23.6 m

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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2-14-08

FILL: SANDY CLAY with GRAVEL (SC), soft to firm,

brown, moist, fine to coarse grained, medium

plasticity, about 15% GRAVEL, about 10% fines,

about 75% fines 

ALLUVIUM: CLAYEY SILT (ML): dark brown, damp to

moist, slightly porous, slightly micaceous

CLAYEY SAND (SC): medium dense, light brown to

gray, very moist, fine grained, slightly

micaceous, about 75% SAND, about 25% fines

O-08-035
152

SEDIMENTARY ROCK (SHALE): gray, moderately

weatered, hard, moderately fractured, weakly

fissile with concretion beds [ARDATH SHALE],

[SILT (ML), hard, moist]

SEDIMENTARY ROCK: [SANDY GRAVEL (GW):

gray, moist to very moist, fine to

medium grained surbrounded]

SEDIMENTARY ROCK: [CLAYEY SANDY GRAVEL

(GW): very moist, medium plasticity,

about 50% GRAVEL, about 30% SAND, about 

20% fines]

SEDIMENTARY ROCK: [CLAYEY SAND with

GRAVEL (SC): very moist, medium plasticity]

2-14-08

Terminated at El. -6.8 m

SEDIMENTARY ROCK: [becomes very moist to wet]

SEDIMENTARY ROCK: [becomes damp]

SEDIMENTARY ROCK: [becomes dark gray]

SEDIMENTARY ROCK: [interbedded layer of fine

grained sands]

SEDIMENTARY ROCK: [increase in GRAVEL

content]

SEDIMENTARY ROCK: [becomes moderately

cemented, very hard, dry to damp]

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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trace fine SAND, light orange brown Fe O  staining

interlayered with SILTY SAND (SM)

becomes hard, damp

very moist, firm
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SANDY CLAY (CL): firm, light brown to light gray brown, 

very moist, about 80% CLAY, about 20% fine SAND 

SANDY CLAY (CL): stiff, light gray, wet about 70% CLAY, 

about 30% very fine SAND 

becomes mottled with gray and light orange brown colors 

2

2 3

+32

3

+30

+28

+26

+24

+22

+32

CLAYEY SAND (SC): medium dense, light  brown, very 

moist, about 50% fine well sorted SAND, about 50% CLAY 

CLAYEY SAND (SC): dense, light gray, wet, about 60% 

El. +32.0 m
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ALLUVIUM: SILTY CLAY (CL), stiff, brown, moist, about

70% CLAY and 30% SILT, high plasticity

GWS EL. 27.4m

203

FILL: GRAVELLY CLAY (CL), firm, light brown, damp to

moist, about 30% GRAVEL, about 70% CLAY, high plasticity

4-17-08

SEDIMENTARY ROCK (SHALE): gray,  moderately weathered, 

hard,  moderately fractured, weakly fissile with

concretion beds [ARDATH SHALE],  [SILT (ML), hard, moist]

SEDIMENTARY ROCK: [SANDY GRAVEL (GW): very dense, light gray,

very moist, about 60% subrounded GRAVEL to COBBLE sized

rock, about 40% fine to coarse SAND]

4-17-08

Terminated at El. 21.8 m

SEDIMENTARY ROCK: [trace microscopic quartz, blocky, some light

orange brown Fe O  staining]

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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ER = 1.45i
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NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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CR

SANDY GRAVELLY CLAY (GC): firm, brown, moist to very moist, about

60% CLAY, about 20% subrounded GRAVEL, about 20% fine SAND, high

plasticity interlayered with dark gray SILTY CLAY

CLAYEY SAND GRAVEL (GC): medium dense, light gray to gray,

very moist to wet, about 50% subrounded GRAVEL, about 30% fine

to coarse SAND, about 20% CLAY

El. +32.5 m

+34+34
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A-08-046

ALLUVIUM: GRAVELLY SAND (GP): loose, light gray-brown, very 

moist, about 70% fine to coarse SAND, about 30% subrounded 

GRAVEL 

SEDIMENTARY ROCK (SHALE): gray,  moderately weathered, hard,  

moderately fractured, weakly fissile with concretion beds [ARDATH 

SHALE],  [SILT (ML), hard, moist]

SEDIMENTARY ROCK: [CLAYEY SAND some GRAVEL (SC): medium dense,

light gray to gray, very moist to wet, about 80% SAND, about

20% CLAY] [ARDATH SHALE]
4-16-08

Terminated at El. 21.2 m

FILL: SILTY GRAVELLY CLAY (GC), firm, light brown, damp to

moist, about 60% CLAY, about 20% subrounded GRAVEL, and about

20% SILT, high plasticity

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i

i

i

i

i

i

i

ER = 1.45i

LOG OF TEST BORINGS SHEET NO. 19 OF 22

CARROLL CANYON ROAD BRIDGE

3/9/09  

  57-C0786  

A-27



152

203

"C
C

R
1"

1 : 500

PLAN

PROFILE
VERTICAL

HORIZONTAL

1 : 100

1 : 500

B
e
n
t 1

4

O-08-036

A-08-048

"
C

C
R

1
"
 L

in
e

1
5
.0

m
 L

T
¨
 S

ta
 4

4
3
+

3
5
m

 ¨

"
C

C
R

1
"
 L

in
e

E
L

E
V

A
T

IO
N

 (m
)

3
.2

m
 R

T
¨
 S

ta
 4

4
3

+
3

5
m

 ¨

STATE OF

CALIFORNIA
DEPARTMENT OF TRANSPORTATION

CU

EA

57-c0786-z-lotb20.dgnFILE =>

BRIDGE NO.

EARLIER REVISION DATES

DISREGARD PRINTS BEARING
SHEET OF

U
S

E
R

N
A

M
E

 =
>

D
A

T
E

 P
L

O
T

T
E

D
 =

>
3

/
1

0
/
2

0
0

9
T

I
M

E
 P

L
O

T
T

E
D

 =
>

1
:
0
9
:
1
6
 P

M

10/14/08

11275

2T0401                                                                 

REVISION DATES

DESIGN BRANCH   G. CUSTENBORDER                

11   SD    805  R42.6/R46.2     

DIST COUNTY ROUTE
SHEET TOTAL

No SHEETS

OGS CIVIL LOG OF TEST BORINGS SHEET 

POST MILES

GEOTECHNICAL SERVICESENGINEERING SERVICES

DRAWN BY:

CHECKED BY:

FUNCTIONAL SUPERVISOR

NAME:

J. JOHNS                          
FIELD INVESTIGATIONS BY:

G. CUSTENBORDER                                              

DIVISION OF ENGINEERING SERVICES

STRUCTURE DESIGN

0 10 20 30 40 50 60 70 80 90 100

ORIGINAL SCALE IN MILLIMETERS

FOR REDUCED PLANS

shall not be responsible for the accuracy or

completeness of electronic copies of this plan sheet.

The State of California or its officers or agents

        

             

PLANS APPROVAL DATE

SANDAG

401 B STREET,

SAN DIEGO, CA. 92101

SAN DIEGO, CA. 92111

7895 CONVOY CT.

O
T

C

C

E

S

N

E
E

I

I

I

I

I

N

C
E

INT
E

A

H

ALOF

E

G

D

NO. 

EXP.   

ER
T

S
G

E
R

S
T

E OSORP
F

OF
R

R
N

AL

L

A

A

NEG

VAN OLIN

2578

6-30-10

V. OLIN                                

KP43.2/PM26.8

KILOMETER POST

TOTAL PROJECT

REGISTERED GEOTECHNICAL ENGINEER

All elevations shown in the LOTBs are in meters

and are referenced to the NGVD 1929 Datum.

Bench Mark

BUREAU VERITAS NORTH AMERICA, INC.

m
p

a
r
a
n

j
a
p

e

4-17-08

Terminated at El. 10.8 m
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GWS EL. 25.6m

2-12-08

ALLUVIUM: SANDY CLAY (CL), firm, light reddish brown,

moist, trace GRAVEL

CLAYEY SANDY GRAVEL (GC): medium dense, light brown, damp 

to moist, about 70% subrounded GRAVEL, about 20% fine to 

coarse SAND, about 10% fines

WELL-GRADED GRAVEL with CLAY and SAND (GW-GC): dense, 

light gray, damp to moist, about 50% GRAVEL, about 30% 

fine SAND, about 20% fines

O-08-036

TERRACE DEPOSIT: SILTSTONE (ML), hard,light gray brown, dry

to damp, light orange brown Fe O  staining2 3
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CLAYSTONE (CL): hard, light brown, damp, weakly

layered, highly weathered, some light orange

Fe O  staining

CLAYEY GRAVELLY SAND (SW): dense, light brown to

brown, very moist to wet, about 60% fine to coarse

SAND, about 30% subrounded GRAVEL, about 10% CLAY

SANDY CLAY (CL): very stiff, light brown, wet, about

70% CLAY, about 30% very fine SAND

SANDY GRAVEL (GW): medium dense, light gray, wet,

about 70% CLAY, about 30% very fine SAND

SAND (SP): very dense, light gray, fine grained,

poorly sorted, slightly micaceous

becomes damp

weakly fissile, thinly layered

REF/152

REF/152

REF/152
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REF/152
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El. +30.8 m

A-08-048
203

GWS EL. 28.1m

4-17-08

FILL: GRAVELLY SILT (GM), firm, light yellow brown, 

damp, about 30% subrounded GRAVEL, about 70% CLAY 

ALLUVIUM: CLAYEY SAND (SC): medium dense, brown, moist, 

about 2% GRAVEL, about 79% SAND, about 19% fines 

CP

TERRACE DEPOSIT: SILTSTONE (ML), hard, light gray brown,

dry to damp, light orange brown Fe O  staining2 3

color changes to light olive brown to

light gray, increase in Fe O  staining

color change to light brown, mottled with light gray,

moist, moderately clastic

SEDIMENTARY ROCK (SHALE): gray, moderately weathered,

hard, moderately fractured, weakly fissile with

concretion beds [ARDATH SHALE], [SILT (ML), hard, moist]

SEDIMENTARY ROCK (SHALE): gray,  moderately weathered, 

hard,  moderately fractured, weakly fissile with concretion 

beds [ARDATH SHALE],  [SILT (ML), hard, moist]

SEDIMENTARY ROCK: [SILTY CLAY (CL): hard, light gray very

moist,about 80% CLAY, about 20% SILT, high plasticity]

SEDIMENTARY ROCK: [SILTY SAND (SM): very dense, light gray,

damp to moist, about 60% fine SAND, about 40% SILT,

friable, slightly micaceous]

SEDIMENTARY ROCK: [SILTSTONE (ML): hard, light gray, dry to

damp, weakly fissile, slightly micaceous]

SEDIMENTARY ROCK: [SILTSTONE (ML): hard, light gray, dry to

damp, weakly fissile, slightly micaceous, trace white CaCO ]

SEDIMENTARY ROCK: [SILTSTONE (ML): hard, light gray, moist,

moderately weathered, moderately foliated]

2-12-08

Terminated at El. 12.0 m

SEDIMENTARY ROCK: [interbedded layer of well graded GRAVEL

with CLAY and SAND (GW-GC): dense, gray, very moist, about

70% subrounded GRAVEL, about 20% fines]

SEDIMENTARY ROCK: [increase in GRAVEL and COBBLES]

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i

i

i

i

i

i

i

ER = 1.00i

ER = 1.45i

LOG OF TEST BORINGS SHEET NO. 20 OF 22

CARROLL CANYON ROAD BRIDGE

3/9/09  

  57-C0786  
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TERRACE DEPOSIT: SANDY LEAN CLAY (CL), hard,

alternating layers of gray and light brown,

moist, about 30% fine SAND, about 70% fines

FILL: CLAYEY SAND with GRAVEL (SC), medium

dense, reddish brown, moist, about 27% GRAVEL,
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FILL: SILTY SAND (SM), medium dense, reddish

brown, moist, about 80% fine SAND, about

20% fines

TERRACE DEPOSIT: SANDY SILT (ML), hard, fine

laminations of alternating layers of brown

and gray, moist, about 30% fine SAND, about

60% fines

SEDIMENTARY ROCK (SHALE): gray,  moderately 

weathered, hard,  moderately fractured, weakly 

fissile with concretion beds [ARDATH SHALE],  

[SILT (ML), hard, moist]

2-1-08

Terminated at El. 27.0 m

2-10-08

Terminated at El. 17.1 m
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SEDIMENTARY ROCK: [becomes interbedded with

SAND and GRAVEL]

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i

i

i

i

i

i

i

ER = 1.27i

ER = 1.45i

LOG OF TEST BORINGS SHEET NO. 21 OF 22
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SANDY LEAN CLAY (CL): stiff, brown, moist, 

about 6% GRAVEL, about 47% fine to coarse 
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ALLUVIUM: CLAY (CL), very stiff, dark brown, moist

POORLY GRADED SAND (SP): medium dense, reddish 

brown, moist
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TERRACE DEPOSIT: SANDY SILT (ML), hard, alternating 

layers of light brown and light gray, moist, about

40% fine SAND, about 60% fines
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Terminated at El. 27.1 m

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i

i

i

i

i

i

i

ER = 1.27i

LOG OF TEST BORINGS SHEET NO. 22 OF 22

CARROLL CANYON ROAD BRIDGE

3/9/09  

  57-C0786  

FILL: SANDY LEAN CLAY with GRAVEL (CL), hard brown, 
moist, about 15% GRAVEL, about 41% fine to 
coarse SAND, about 45% fines
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REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

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

Poorly graded GRAVEL with SAND

Poorly graded GRAVEL with CLAY and

Poorly graded GRAVEL

Poorly graded GRAVEL with SILT and SAND

Poorly graded GRAVEL with SILT

Poorly graded SAND

Poorly graded SAND with SILT

Poorly graded SAND with CLAY

Poorly graded SAND with CLAY and

Poorly graded SAND with SILT and GRAVEL

Poorly graded SAND with GRAVEL

Poorly graded GRAVEL 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 PERCENT OR PROPORTION OF SOILS

MOISTURE

APPARENT DENSITY OF COHESIONLESS SOILS

PARTICLE SIZE

Description

Very loose

Loose

Medium Dense

Dense

Very Dense

Criteria

Damp but no visible water

Description

Dry

Moist

Wet

Absence of moisture, dusty, dry to the 

touch

Visible free water, usually soil is 

below water table

Criteria

5 to 10%

15 to 25%

30 to 45%

50 to 100%

Trace

Few

Little

Some

Mostly

Description

Particles are present but estimated to 

be less than 5%

Size

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

60

0 - 4

5 - 10

11 - 30

31 - 50

   > 50

CP

C

UU

CU

CR

EI

UC

PI

Pocket PenetrometerPP

TV

M

OC

SE

UW

VS

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

Pocket Torvane

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)

Unconfined Compression-Soil

(ASTM D 2166)

Unconfined Compression-Rock

(ASTM D 2938)

Unconsolidated Undrained 

Triaxial (ASTM D 2850)

Unit Weight (ASTM D 4767)

Vane Shear (AASHTO T 223)

DIRECT ACCESS RAMP

SOIL LEGEND
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Weak

Moderate

Strong

Criteria

CEMENTATION

Description

Will not crumble or break with finger 

pressure.

Crumbles or breaks with considerable 

finger pressure.

Crumbles or breaks with handling or 

little finger pressure.

CONSISTENCY OF COHESIVE SOILS

Field Approximation

Readily indented by thumbnail

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

Description

Readily indented by thumb but 

penetrated only with great effort

Indented by thumbnail with 

difficulty

Easily penetrated several inches 

by fist

Easily penetrated several inches 

by thumb

Penetrated several inches by 

thumb with moderate effort

Size

Size

S
iz

e
S

iz
e

PLASTICITY OF FINE-GRAINED SOILS

Nonplastic

Low

Medium

High

CriteriaDescription

The thread can barely be rolled and the lump cannot be formed when drier than the 

plastic limit.

The thread is easy to roll and not much time is required to reach the plastic limit. 

The thread cannot be rerolled after reaching the plastic limit. The lump crumbles 

when drier than the plastic limit.

It takes considerable time rolling and kneading to reach the plastic limit. The thread 

can be rerolled several times after reaching the plastic limit. The lump can be formed 

without crumbling when drier than the plastic limit.

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
ti

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

CONE PENETRATION TEST (CPT) SOUNDING

Hole I.D.

L
o

c
a
ti

o
n

 

Top Hole El.

Boring Date

Friction Ratio (%) Tip Bearing (MPa)

0246 302010

Dynamic Cone Penetration Boring

Auger Boring

Rotary drilled boring 

Rotary percussion boring (air)

Rotary drilled diamond core

Other

Cone Penetration Test (ASTM D 5778-95)

Symbol Description

R 

P

A 

D

R

CPT

HD 

HA

O

Hole

Type

BOREHOLE IDENTIFICATION

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

Terminated at Elev
Terminated at Elev
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76 25

Blows per 76 mm

(Using 12.7 kg hand 

hammer with a 76 mm

drop or as noted)

A 3 mm thread cannot be rolled at any water content.

Driving rate in

seconds per 300 mm

(using a Stanley

MB 156 percussion

hammer and a 56 mm

cone, or as noted)

Pressure measured

along sleeve friction

element (225 cm

area) divided by 

pressure measured

on tip element.

on tip element

2

2(2 cm area)

Pressure measured

< 24 < 24 < 12

12 to 2424 to 48 24 to 48

24 to 4848 to 96 48 to 96

96 to 192

96 to 192 96 to 192

> 192> 383 > 383

48 to 96

192 to 383 192 to 383

Unconfined

Compressive

Strength (tsm)

Pocket

Penetrometer

Measurement (tsm)

Torvane

Measurement (tsm)

Hand driven (25 mm soil tube)

Hand Auger

Note: Size in millimeters.

Size of Sampler 

(millimeters)
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IGNEOUS ROCK

LEGEND OF ROCK MATERIALS

SEDIMENTARY ROCK

METAMORPHIC ROCK

WEATHERING DESCRIPTORS FOR INTACT ROCK

Diagnostic features

Texture and Solutioning

Body of Rock Texture Solutioning

Preserved.

No solutioning.No change.

Decomposed

Fresh

Description

Chemical Weathering-Discoloration

and/or oxidation

Resembles a soil, partial

or complete remnant rock

structure may be preserved;

leaching of soluble

minerals usually complete.

Complete separation

of grain boundaries

(disaggregated).

Soluble min-

erals may be

mostly leached.

Generally

preserved.

Partial separation of

boundaries visible.

Texture

altered by

chemical

disintegra-

tion (hy-

dration,

argillation).

Leaching of 

soluble min-

erals may be

complete.

Minor leaching

of some solu-

ble minerals

may be noted.

No visible separation,

intact (tight).

No separation, intact

(tight).

No discoloration

or oxidation.

Mechanical Weathering-

Grain boundary condi-

tions (disaggregation)

primarily for granitics

and some coarse-grained

sediments

No discoloration, not 

oxidized.

Discoloration or oxida-

tion is limited to sur-

face of, or short dis-

tance from, fractures;

some feldspar crystals

are dull.

Discoloration or oxida-

tion extends from frac-

tures usually through-

out; Fe-Mg minerals are

"rusty," feldspar 

crystals are "cloudy."

Discolored or oxidized

throughout, but resis-

tant minerals such as

quartz may be unaltered;

all feldspars and Fe-Mg

minerals are completely

altered to clay.

Fracture 

Surfaces

General Characteristics

Hammer rings when crystalline 

rocks are struck. 

Hammer rings when crystalline 

rocks are struck. Body of 

rock not weakened. 

Hammer does not ring when 

rock is struck. Body of rock 

is slightly weakened. 

Dull sound when struck with 

hammer, usually can be broken 

with moderate to heavy manual 

pressure or by light hammer 

blow without reference to 

planes of weakness such as 

incipient or hairline frac-

tures, or veinlets. Rock is 

significantly weakened.

Can be granulated by hand.

Resistant minerals such as 

quartz may be present as 

"stringers" or "dikes."

Slightly

Weathered

Moderately

Weathered

Intensely

Weathered

Minor to complete 

discoloration or 

oxidation of most 

surfaces.

All fracture surfaces 

are discolored or

oxidized.

All fracture surfaces 

are discolored or 

oxidized, surfaces 

friable.

Partial separation, rock 

is friable; in semiarid 

conditions granitics are

disaggregated.

Discoloration or oxi-

dation throughout; all

feldspars and Fe-Mg

minerals are altered

to clay to some extent; 

or chemical alteration 

produces in-situ dis-

aggregation, see grain 

boundary conditions.

FRACTURE DENSITY

Observed Fracture Density

Unfractured

Very slightly fractured

Slightly fractured

Moderately fractured

Intensely fractured

Very intensely fractured

Description

Combination descriptors (such as "Very intensely to intensely fractured") are used where equal 

distribution of both fracture density characteristics is present over a significant interval or 

exposure, or where characteristics are "in between" the descriptor definitions. Only two adjacent 

descriptors may be combined.

ROCK HARDNESS

Criteria

Very Soft

Soft

Hard

Very Hard

Description

PERCENT CORE RECOVERY (REC) & ROCK QUALITY DESIGNATION (RQD)

Top Hole El.

B
o

ri
n

g
 

lo
c
a
ti

o
n

Hole I.D.

REC=100%

RQD=50%

REC=100%

RQD=80%

REC=88%

RQD=0%

Boring Date

End drilled interval

Begin drilled interval

Begin drilled interval

End drilled interval

Begin drilled interval

End drilled interval

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

Specimen can be scratched with a pocket knife or sharp pick with difficulty (heavy 

pressure). Heavy hammer blows required to break specimen.

Specimen can be scratched with pocket knife or sharp pick with light or moderate 

pressure. Core breaks with moderate hammer pressure.

Specimen can be grooved or gouged easily by a pocket knife or sharp pick with light 

pressure, can be scratched with fingernail. Breaks with light to moderate manual pressure.

Extremely Hard

Moderately Soft

Moderately Hard

Specimen cannot be scratched with a pocket knife or sharp pick; can only be chipped with 

repeated heavy hammer blows.

Specimen cannot be scratched with a pocket knife or sharp pick. Breaks with repeated 

heavy hammer blows.

Specimen can be readily indented, grooved or gouged with fingernail, or carved with a 

pocket knife. Breaks with light manual pressure.

Description Thickness / Spacing

Massive

Moderately bedded

Very thinly bedded

Laminated 

Very thickly bedded

Combination descriptors (such as "slightly weathered to fresh") are permissible where equal distribution of both weathering characteristics is present over 

significant intervals or where characteristics present are "in between" the diagnostic feature. However, combination descriptors should not be used where 

significant, identifiable zones can be delineated. Only two adjacent descriptors may be combined. "Very intensely weathered" is the combination descriptor for 

"intensely weathered to decomposed."

Thickly bedded

Thinly bedded

Specimen can be grooved 5 mm deep with a pocket knife or sharp pick with moderate 

or heavy pressure. Breaks with light hammer blow or heavy manual pressure.

BEDDING SPACING

ROCK LEGEND
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No fractures.

Mostly chips and fragments with a few scattered short core lengths.

Lengths greater than 1 m.

Lengths from 300 mm to 1000 mm with few lengths less than 300 mm or

greater than 1000 mm.

Lengths mostly in 100 mm to 300 mm range with most lengths about 200 mm.

Lengths average from 30 mm to 100 mm with scattered fragmented

intervals with lengths less than 100 mm.

x 100%REC =

RQD = x 100%

>

Length of the recovered core pieces

Total length of core run

Total length of core run

Length of intact core pieces   100 mm

1 m to 3 m

30 mm to 100 mm

10 mm to 30 mm

Greater than 3 m

300 mm to 1 m

Less than 10 mm

100 mm to 300 mm

Term

Strong

Weak

Very Weak

Very Strong 

RELATIVE STRENGTH OF INTACT ROCK

Extremely Strong

Medium Strong

Extremely Weak

Uniaxial Compressive Strength (MPa)

> 207 

100  - 207 

49  - 100 

25  - 49 

5  - 25 

1  - 5 

< 1 
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1 : 500

PLAN

VERTICAL

HORIZONTAL

1 : 100

1 : 500

+58
62

62

18.515.8 M UW DS

PA PI CR

51

3633

76 20.316.8 M UW

3658

6242 20.816.5 M UW

3663

6265

CR

3645 M PA PI

6255 16.118.0 M UW DS

3650

6265 15.518.7 M UW

3658

6240

3645

6250 22.516.5 M UW

36

62

3645

62

70

70

3676

6255

3670

6285

36REF/102

62REF/152 19.017.3 M UW

36REF/102

+56

+54

+52

+50

+48

+46

+44

+42

+40

+38

+36

+34

+32

+30

+28

+26

+24

+22

+20

+58

+56

+54

+52

+50

+48

+46

+44

+42

+40

+38

+36

+34

+32

+30

+28

+26

+24

+22

+20

becomes interlayered with fine SAND, very dense, 

light yellow brown, moist, clasts of light gray

SILTSTONE

becomes very stiff

becomes hard

becomes interlayered with LEAN CLAY with GRAVEL (CL):

moist, 10% angular to subangular GRAVEL, about 90% 

fines, clasts of light gray to light brown CLAYSTONE

LEAN CLAY (CL): trace fine SAND, hard, light brown to

brown, moist, about 5% subrounded GRAVEL, about 95%

fines

interlayered with brown LEAN CLAY (CL)

encountered some rock

interlayered with brown LEAN CLAY (CL)

contains clasts of light brown SILTSTONE, highly 

mottled

LEAN CLAY (CL): hard, brown, moist, high plasticity

slow drilling due to COBBLES add water to boring

some COBBLES

SANDY LEAN CLAY with GRAVEL (CL): hard, light brown,

moist, strong organic smell

interlayered with LEAN CLAY with GRAVEL (CL)

2 3

SILT (ML): hard, light yellow brown, moist, about 5%

subangular to subrounded GRAVEL, about 95% fines,

clasts of light gray SILTSTONE and brown CLAYSTONE,

some light orange brown Fe O  staining

3

0.1m Asphaltic Concrete

becomes hard, light brown, about 10% SAND, about 90% fines

12.3-

REF/152

El. +60.2 m

+60 +60

+62+62

+42 +42

PROFILE

E
L

E
V

A
T

I
O

N
 (

m
)

E
L

E
V

A
T

I
O

N
 (

m
)

A-08-037
203

FILL: LEAN CLAY (CL), medium stiff, light yellow brown,

moist, medium plasticity

CP

SILT (ML): hard, light yellow brown, moist, clasts

of light gray siltstone, some orange brown iron oxide

staining

SEDIMENTARY ROCK (SHALE): gray, moderately weathered,

hard, moderately fractured, weakly fissile with

concretion beds [ARDATH SHALE], [SILT (ML), hard, moist]

LEAN CLAY (CL): hard, light brown, moist, contains specs

of dark manganese, very slightly micaceous, trace

nodules of white CaC0 , slightly porous 

LEAN CLAY with SAND (CL): hard, light brown, moist, some

light brown iron oxide staining, slightly micaceous,

slightly porous, organic smell

TERRACE DEPOSITS: LEAN CLAY with SAND (CL): hard, 

brown,

moist, high plastcity, trace GRAVEL

SEDIMENTARY ROCK: [Interbedded with fine well sorted

SAND (SW): very dense, light gray, damp]

SEDIMENTARY ROCK: [CLAYSTONE: light gray, dry weakly

fissile, high plasticity, thin layering]

4-4-08

Terminated at El. 20.1 m

"D
A

R
4
" L

IN
E

"D
A

R
1
" L

IN
E

i

ER = 1.45i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00

1.

 

 

 

2.

 

 

 

 

3.

 

 

 

 

 

 

 

  

 

 

 

4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i

i

i

i

i

i

i
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becomes light brown to brown

some GRAVEL was encountered

LEAN CLAY (CL): hard, brown, moist, high plasticity

slow drilling

SILT (ML): hard, light orange brown, moist, contains clasts of 

moderately weathered, slightly blocky, light gray SILTSTONE 

2 3

SILT (ML):  hard, light olive brown, moist, some light orange 

brown Fe O  staining, includes minor clasts of light gray 

SILTSTONE 

2 3

LEAN CLAY (CL): hard, light brown, moist, contains some light 

orange brown Fe O  staining +58

3648

3662
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LEAN CLAY with SAND (CL): hard, light yellow brown, moist, 

about 1% GRAVEL, about 20% SAND, about 79% fines, medium 

plasticity, contains light orange brown Fe  O  staining, 

microscopic specs of quartz 

.1m Asphaltic Concrete

becomes interlayered with very fine SAND

encountered clods of light gray SILTSTONE

becomes mottled with light orange brown, light gray and brown 

color changes to brown, some dark decayed organic staining 

SILT (ML): hard,light yellow brown to brown, moist, contains 

clasts of light gray SILTSTONE 
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encountered some GRAVEL

increase in GRAVEL and COBBLE
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LEAN CLAY (CL): hard, red brown to brown, moist, trace SAND 

and GRAVEL

ALLUVIUM: LEAN CLAY (CL), hard, light brown to light gray 

brown, moist

LEAN CLAY (CL): hard, brown, moist, trace fine SAND, and 

GRAVEL

TERRACE DEPOSIT: SILTY SAND (SM), dense, light brown to brown, 

moist, contains black staining, about 60% fine SAND, about

40% fines
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FILL: LEAN CLAY (CL), medium stiff, light yellow brown, 

moist, medium to high plasticity 

SILTY SAND (SM): dense, light brown, moist, about 60% fine 

SAND, about 40% SILT, mottled with light gray LEAN CLAY

PI CP

SEDIMENTARY ROCK (SHALE): gray, moderately weathered, hard,

moderately fractured, weakly fissile with concretion beds

[ARDATH SHALE], [SILT (ML), hard, moist]

4-7-08

Terminated at El. 20.3 m
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SEDIMENTARY ROCK: [trace nodules of gypsum, color changes to

light olive brown]

SEDIMENTARY ROCK: [becomes slightly weathered]
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SILT (ML): hard, light yellow brown, moist, contains small 

chunks of light gray SILTSTONE, some orange- brown Fe O  

staining, slightly micaceous 

ER = 1.45i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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.1m Asphaltic Concrete

color changes to light brown and light gray

color changes to light yellow brown

becomes interlayered with clasts of light gray SILTSTONE 

SILT (ML): very stiff, light yellow brown, moist, light orange 

brown Fe O  staining, contains specs of microscopic size 

quartz, about 2% GRAVEL, about 98% fines 

PA PI CR
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becomes interlayered with dark brown, very fine, SANDY CLAY 

El. +57.5 m +58+58
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ALLUVIUM: LEAN CLAY (CL), hard, brown, moist, high plasticity, 

traces of rootlets, slightly porous 

TERRACE DEPOSIT: SANDY CLAY (CL), hard, light orange brown, 

moist
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CP

FILL: SILT (ML), medium stiff, light yellow brown, moist, low to 

medium plasticity 

LEAN CLAY with SAND (CL): very dense, light brown, moist, 

medium plasticity, about 2% GRAVEL, about 26% fine to 

coarse SAND, about 72% fines

SILT (ML): hard, light yellow brown, moist, low plasticity, 

contains chunks of light gray SILTSTONE, trace light 

orange brown Fe O  staining, trace GRAVEL

SEDIMENTARY ROCK (SHALE): gray, moderately weathered, hard, 

moderately fractured, weakly fissile with concretion beds

[ARDATH SHALE], [SILT (ML), hard, moist]

4-81-08

Terminated at El. 23.5 m

SEDIMENTARY ROCK: [slightly weathered, weakly fissile, lamination

between layers,trace manganese staining, trace GRAVEL and COBBLE]
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SEDIMENTARY ROCK: [color changes to light gray, becomes blocky]

SEDIMENTARY ROCK: [encountered COBBLE]

SEDIMENTARY ROCK: [very light weathering]
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ER = 1.45i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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CLAY (CL): hard, brown, moist, trace GRAVEL
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no weathering
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SANDY LEAN CLAY (CL): hard, brown, moist to wet, 

high plasticity, about 30% very fine SAND, about 
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SILT (ML): hard, light yellow brown, moist, 

blocky, trace GRAVEL 

becomes interlayered with light yellow brown 

SILT,  moderate light orange Fe O  staining 
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becomes hard, contains chunks of light gray

SILTSTONE, trace GRAVEL

becomes interlayered with fine SAND

trace GRAVEL
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PA PI CR
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2 3

El. +56.3 m
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LEAN CLAY with SAND (CL): hard, light brown to 

brown, moist, about 3% subrounded GRAVEL to 

COBBLE sized rock, about 23% fine SAND, about 

74% fines, high plasticity 

SILT (ML): hard, light yellow brown, moist, 

contains chunks of light gray SILTSTONE, 

some light orange brown Fe O  staining 

contains chunks of light gray SILTSTONE, 

heavy specs of microscopic size quartz 

SILT (ML): interlayered with chunks of light 

olive brown to brown fine SANDY CLAY 

SANDY SILT (ML): hard, light yellow brown, moist, 

contains some light orange brown Fe O  

staining,  about 40% fine SAND, about 60% fines 

becomes mottled with light brown, moist, 

contains some light orange brown Fe O  

staining, about 40% fine SAND, about 60% SILT 

interlayered with LEAN CLAY, light yellow 

brown, clasts of light gray SILTSTONE, 

trace GRAVEL 
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FILL: SILT (ML), medium stiff, light yellow 

brown, moist, medium plasticity

TERRACE DEPOSITS: LEAN CLAY with SAND (CL), 

hard, light brown, moist, high plasticity,

GWS EL. 27.3m
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4-9-08

CP

ALLUVIUM: LEAN CLAY (CL), hard, light brown, 

moist, high plasticity

SEDIMENTARY ROCK (SHALE): gray, moderately

weathered, hard, moderately fractured, weakly

fissile with concretion beds [ARDATH SHALE], [SILT

(ML), hard, moist]

SEDIMENTARY ROCK: [CLAYSTONE (CL): light gray brown,

thin layering, high plasticity

SEDIMENTARY ROCK: [SILTSTONE (ML): light brown,

slightly weathered,  thin layering, weakly fissile,

Fe O  staining]

4-9-08

Terminated at El. 20.8 m
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ER = 1.45i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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.08m Asphaltic Concrete

trace GRAVEL
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mottled with tan light brown color

PA PI CR

20.014.6 M UW
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El. +55.3 m

LEAN CLAY with SAND (CL): hard, light yellow 

brown, moist, about 1% GRAVEL, about 23% SAND, 

about 76% fines, interlayered with chunks of 

light gray SILTSTONE 

6243

62

6275

62

6250

62

3677

3660

3655

3658

3650

36

36

SILT (ML): hard, light yellow brown, moist

contains microscopic sized quartz

19.715.6 M UW50/152

18.217.5 M UW50/152

18.114.2 M UW

50/102

50/152

50/152

2 3

slow drilling
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+24

3
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+24

2 3

2 3light olive brown, some Fe O  staining, thin layer 

of dark colored SILT (ML) with PEBBLES 

has clasts of light gray SILTSTONE, some light 

orange brown Fe O  staining 
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FILL: SILT (ML), medium stiff, light yellow 

brown, moist, medium plasticity 

TERRACE DEPOSIT: SANDY LEAN CLAY (CL), hard, light 

brown, moist, about 70% CLAY, about 30% line SAND,

trace of Fe O staining, traces of white CaCO  ,

high plasticity

LEAN CLAY (CL): very stiff, light brown, moist, 

high plasticity, about 5% very fine grained 

SAND, about 95% fines

CP
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SEDIMENTARY ROCK (SHALE): gray, moderately weathered,

hard, moderately fractured, weakly fissile with

concretion beds [ARDATH SHALE], [SILT (ML), hard, moist]

4-9-08

Terminated at El. 22.8 m

SEDIMENTARY ROCK: [color changes to tan to light 

brown, some dark colored manganese staining]

SEDIMENTARY ROCK: [slow drilling]

SEDIMENTARY ROCK: [no weathering]

ER = 1.45i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00

1.
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i

i

i

i

i

i
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BUREAU VERITAS NORTH AMERICA, INC.
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3627

3650

3635

3650

6250

6255

62

0.1 m Asphaltic Concrete

becomes very stiff, contains some light orange brown

iron oxide staining

encountered top of concrete storm drain pipe and 

moved 3 m to the south

trace GRAVEL

LEAN CLAY with SAND (CL): hard, moist, medium plasticity

about 2% GRAVEL, about 25% SAND, about 73% fines

LEAN CLAY (CL): hard, moist, medium plasticity, trace

SAND and GRAVEL

SILT (ML): hard, light yellow brown, moist, contains

chunks of light gray SILTSTONE, trace light orange

brown Fe O  staining

increase in Fe O  staining

contains specs of microscopic size quartz, mottled

with light gray, light brown and tan colors

interlayered with brown LEAN CLAY (CL): contains 

some GRAVEL

2 3

2 3

M UW17.3 20.0

50/152

El. +54.3 m
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6255
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62?3

mottled with tan and light yellow brown

trace GRAVEL

becomes interbedded with very fine CLAYEY SANDS/

CLAYEY GRAVELS (SC/GC)

SITLTY SAND (SM): dense, brown, moist, slightly micaceous,

friable about 80% fine SAND, about 20% SILT

2 3

M UW

M UW

M UW

15.6 20.0

16.7 20.3

14.7 29.6
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FILL: SILT (ML), stiff, light yellow brown, moist
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SEDIMENTARY ROCK (SHALE): gray, moderately weathered,

hard, moderately fractured, weakly fissile with

concretion beds [ARDATH SHALE], [SILT (ML), hard, moist]

LEAN CLAY (CL): hard, light yellow brown, moist, contains

chunks of light gray SILTSTONE, some light orange

Fe O  staining

SILT (ML): hard, light yellow brown, moist, contains chunks

of light gray SILTSTONE, some light orange Fe O  staining2 3

LEAN CLAY (CL): hard light brown, moist, high plasticity

4-11-08

Terminated at El. 26.4 m
"M

M
B

2
" L

IN
E

SEDIMENTARY ROCK: [light gray, gypsum crystals, blocky]

SEDIMENTARY ROCK: [slow drilling]

SEDIMENTARY ROCK: [exhibits no weathering, weakly fissile]

W
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L
L
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A
R
1
R
"

ER = 1.45i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00

1.

 

 

 

2.

 

 

 

 

3.

 

 

 

 

 

 

 

  

 

 

 

4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i
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Bench Mark

BUREAU VERITAS NORTH AMERICA, INC.
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2 3

6242 18.515.2 M UW

6237

6242

6260

some light orange grown Fe O  staining

SILT with GRAVEL (ML): very stiff, light yellow brown,

moist, about 20% subrounded GRAVEL, about 80% fines

3618

36

3657

becomes interbedded with GRAVELLY LEAN CLAY

light brown

trace fine SAND

SILT (ML): hard, light yellow brown, moist, some chunks

of light gray SILTSTONE, some light orange brown

Fe O  staining

contains specs of microscopic size quartz

increase in light orange brown Fe O  staining

slow drilling

18.614.7 M UW
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becomes interbedded with dark fine SANDY CLAY

CLAY (CL): hard, light orange brown, moist, high plasticity,

contains dark manganese staining, mottled with light

brown to light yellow brown color, about 20% subrounded

to rounded GRAVEL, about 80% fines

slow drilling

50/152

REF/152

REF/152

REF/102

REF/76
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10.218.7 M UW

18.416.6 M UW
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FILL: SILT (ML), stiff, light yellow brown, moist, high 

plasticity
LEAN CLAY (CL): hard, light brown, moist, high plasticity
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SEDIMENTARY ROCK (SHALE): gray, moderately weathered,

hard, moderately fractured, weakly fissile with

concretion beds [ARDATH SHALE], [SILT (ML), hard, moist]

SEDIMENTARY ROCK: [CLAYSTONE: no weathering, high plasticity,

weakly layered]

SEDIMENTARY ROCK: [SILTSTONE: tan to light brown, dry,

weakly layered,some chunks of light gray SILTSTONE]

4-14-08

Terminated at El. 29.3 m

"D
A

R
4
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E

SEDIMENTARY ROCK: [encountered cemented zone]

SEDIMENTARY ROCK: [weakly fissile]

ER = 1.45i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00

1.

 

 

 

2.
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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3618
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3617

3625

6213

6268

6255

6263

LEAN CLAY (CL): stiff, light yellow brown, moist, some

light orange brown Fe O  staining, high plasticity,

trace GRAVEL

encountered BOULDER

SILT (ML): very stiff, light yellow brown, moist, some

light orange brown Fe O  staining, high plasticity,

trace GRAVEL

becomes hard, blocky

becomes very stiff, contains clods of light gray

SILTSTONE

becomes interlayered with brown LEAN CLAY (CL), hard

SANDY LEAN CLAY (CL): hard, light brown, moist, about

30% SAND, about 70% fines, medium to high plasticity

PA CR

21.516.0

UW

M

13.517.7
UW

DS
M

20.315.6 M UW

LEAN CLAY with SAND (CL): very stiff, light yellow

brown, moist, about 1% GRAVEL, about 18% SAND,

about 81% fines
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SILT (ML): very stiff, light yellow brown, damp, about

80% SILT, about 20% CLAY, contains clods of light gray

SILTSTONE, some light orange brown Fe O   staining

trace GRAVEL

blocky

SANDY SILT, hard, light brown, moist, very strong

organic smell

color changes to light olive brown
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21.116.6 M UW
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FILL: SILT (ML), stiff, light yellow brown, moist

PI CP
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SEDIMENTARY ROCK (SHALE): gray, moderately weathered,

hard, moderately fractured, weakly fissile with

concretion beds [ARDATH SHALE], [SILT (ML), hard, moist]

4-15-08

Terminated at El. 27.1 m

SEDIMENTARY ROCK: [color changes to light yellow brown,

some dark manganese staining, some specs of microscopic

sized quartz]

SEDIMENTARY ROCK: [color changes to light gray]

SEDIMENTARY ROCK: [no weathering, weakly fissile]

ER = 1.45i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00

1.

 

 

 

2.

 

 

 

 

3.

 

 

 

 

 

 

 

  

 

 

 

4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i

i

i

i

i

i

i

LOG OF TEST BORINGS SHEET NO. 11 OF 11

  57-E0075/76  

3/9/09  

A-42



 
 
 APPENDIX I.9 
 

BUSINESS ACCESS UNDERCROSSING LOTBs 
 

 

 

A-43



REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

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

Poorly graded GRAVEL with SAND

Poorly graded GRAVEL with CLAY and

Poorly graded GRAVEL

Poorly graded GRAVEL with SILT and SAND

Poorly graded GRAVEL with SILT

Poorly graded SAND

Poorly graded SAND with SILT

Poorly graded SAND with CLAY

Poorly graded SAND with CLAY and

Poorly graded SAND with SILT and GRAVEL

Poorly graded SAND with GRAVEL

Poorly graded GRAVEL 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 PERCENT OR PROPORTION OF SOILS

MOISTURE

APPARENT DENSITY OF COHESIONLESS SOILS

PARTICLE SIZE

Description

Very loose

Loose

Medium Dense

Dense

Very Dense

Criteria

Damp but no visible water

Description

Dry

Moist

Wet

Absence of moisture, dusty, dry to the 

touch

Visible free water, usually soil is 

below water table

Criteria

5 to 10%

15 to 25%

30 to 45%

50 to 100%

Trace

Few

Little

Some

Mostly

Description

Particles are present but estimated to 

be less than 5%

Size

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

No. 10 to No. 4

No. 40 to No. 10

No. 200 to No. 40

60

0 - 4

5 - 10

11 - 30

31 - 50

   > 50

CP

C

UU

CU

CR

EI

UC

PI

Pocket PenetrometerPP

TV

M

OC

SE

UW

VS

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

Pocket Torvane

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)

Unconfined Compression-Soil

(ASTM D 2166)

Unconfined Compression-Rock

(ASTM D 2938)

Unconsolidated Undrained 

Triaxial (ASTM D 2850)

Unit Weight (ASTM D 4767)

Vane Shear (AASHTO T 223)
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76 mm to 300 mm

19 mm to 76 mm
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SPT N   (Blows / 300 mm)
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Weak

Moderate

Strong

Criteria

CEMENTATION

Description

Will not crumble or break with finger 

pressure.

Crumbles or breaks with considerable 

finger pressure.

Crumbles or breaks with handling or 

little finger pressure.

Size

Size

S
iz

e
S

iz
e

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
ti

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

CONE PENETRATION TEST (CPT) SOUNDING

on tip element

Hole I.D.

L
o

c
a
ti

o
n

 

Top Hole El.

Boring Date

Friction Ratio (%) Tip Bearing (MPa)

0246 302010

Pressure measured

Dynamic Cone Penetration Boring

Auger Boring

Rotary drilled boring 

Rotary percussion boring (air)

Rotary drilled diamond core

Other

Cone Penetration Test (ASTM D 5778-95)

Symbol Description

R 

P

A 

D

R

CPT

HD 

HA

O

Hole

Type

BOREHOLE IDENTIFICATION

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

Terminated at Elev
Terminated at Elev
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CONSISTENCY OF COHESIVE SOILS

Field Approximation

Readily indented by thumbnail

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

Description

Readily indented by thumb but 

penetrated only with great effort

Indented by thumbnail with 

difficulty

Easily penetrated several inches 

by fist

Easily penetrated several inches 

by thumb

Penetrated several inches by 

thumb with moderate effort

PLASTICITY OF FINE-GRAINED SOILS

Nonplastic

Low

Medium

High

CriteriaDescription

The thread can barely be rolled and the lump cannot be formed when drier than the 

plastic limit.

The thread is easy to roll and not much time is required to reach the plastic limit. 

The thread cannot be rerolled after reaching the plastic limit. The lump crumbles 

when drier than the plastic limit.

It takes considerable time rolling and kneading to reach the plastic limit. The thread 

can be rerolled several times after reaching the plastic limit. The lump can be formed 

without crumbling when drier than the plastic limit.

< 24 < 24 < 12

12 to 2424 to 48 24 to 48

24 to 4848 to 96 48 to 96

96 to 192

96 to 192 96 to 192

> 192> 383 > 383

48 to 96

192 to 383 192 to 383

A 3 mm thread cannot be rolled at any water content.

Unconfined

Compressive

Strength (tsm)

Pocket

Penetrometer

Measurement (tsm)

Torvane

Measurement (tsm)

Hand driven (25 mm soil tube)

Hand Auger

Note: Size in millimeters.

Size of Sampler 

(millimeters)

76

Blows per 76 mm

(Using 12.7 kg hand 

hammer with a 76 mm

drop or as noted)

25

Driving rate in

seconds per 300 mm

(using a Stanley

MB 156 percussion

hammer and a 56 mm

cone, or as noted)

Pressure measured

along sleeve friction

element (225 cm

area) divided by 

pressure measured

on tip element.

(2 cm area)2

2
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IGNEOUS ROCK

LEGEND OF ROCK MATERIALS

SEDIMENTARY ROCK

METAMORPHIC ROCK

WEATHERING DESCRIPTORS FOR INTACT ROCK

Diagnostic features

Texture and Solutioning

Body of Rock Texture Solutioning

Preserved.

No solutioning.No change.

Decomposed

Fresh

Description

Chemical Weathering-Discoloration

and/or oxidation

Resembles a soil, partial

or complete remnant rock

structure may be preserved;

leaching of soluble

minerals usually complete.

Complete separation

of grain boundaries

(disaggregated).

Soluble min-

erals may be

mostly leached.

Generally

preserved.

Partial separation of

boundaries visible.

Texture

altered by

chemical

disintegra-

tion (hy-

dration,

argillation).

Leaching of 

soluble min-

erals may be

complete.

Minor leaching

of some solu-

ble minerals

may be noted.

No visible separation,

intact (tight).

No separation, intact

(tight).

No discoloration

or oxidation.

Mechanical Weathering-

Grain boundary condi-

tions (disaggregation)

primarily for granitics

and some coarse-grained

sediments

No discoloration, not 

oxidized.

Discoloration or oxida-

tion is limited to sur-

face of, or short dis-

tance from, fractures;

some feldspar crystals

are dull.

Discoloration or oxida-

tion extends from frac-

tures usually through-

out; Fe-Mg minerals are

"rusty," feldspar 

crystals are "cloudy."

Discolored or oxidized

throughout, but resis-

tant minerals such as

quartz may be unaltered;

all feldspars and Fe-Mg

minerals are completely

altered to clay.

Fracture 

Surfaces

General Characteristics

Hammer rings when crystalline 

rocks are struck. 

Hammer rings when crystalline 

rocks are struck. Body of 

rock not weakened. 

Hammer does not ring when 

rock is struck. Body of rock 

is slightly weakened. 

Dull sound when struck with 

hammer, usually can be broken 

with moderate to heavy manual 

pressure or by light hammer 

blow without reference to 

planes of weakness such as 

incipient or hairline frac-

tures, or veinlets. Rock is 

significantly weakened.

Can be granulated by hand.

Resistant minerals such as 

quartz may be present as 

"stringers" or "dikes."

Slightly

Weathered

Moderately

Weathered

Intensely

Weathered

Minor to complete 

discoloration or 

oxidation of most 

surfaces.

All fracture surfaces 

are discolored or

oxidized.

All fracture surfaces 

are discolored or 

oxidized, surfaces 

friable.

Partial separation, rock 

is friable; in semiarid 

conditions granitics are

disaggregated.

Discoloration or oxi-

dation throughout; all

feldspars and Fe-Mg

minerals are altered

to clay to some extent; 

or chemical alteration 

produces in-situ dis-

aggregation, see grain 

boundary conditions.

FRACTURE DENSITY

Observed Fracture Density

Unfractured

Very slightly fractured

Slightly fractured

Moderately fractured

Intensely fractured

Very intensely fractured

Description

Combination descriptors (such as "Very intensely to intensely fractured") are used where equal 

distribution of both fracture density characteristics is present over a significant interval or 

exposure, or where characteristics are "in between" the descriptor definitions. Only two adjacent 

descriptors may be combined.

ROCK HARDNESS

Criteria

Very Soft

Soft

Hard

Very Hard

Description

PERCENT CORE RECOVERY (REC) & ROCK QUALITY DESIGNATION (RQD)

Top Hole El.

B
o

ri
n

g
 

lo
c
a
ti

o
n

Hole I.D.

REC=100%

RQD=50%

REC=100%

RQD=80%

REC=88%

RQD=0%

Boring Date

End drilled interval

Begin drilled interval

Begin drilled interval

End drilled interval

Begin drilled interval

End drilled interval

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

Specimen can be scratched with a pocket knife or sharp pick with difficulty (heavy 

pressure). Heavy hammer blows required to break specimen.

Specimen can be scratched with pocket knife or sharp pick with light or moderate 

pressure. Core breaks with moderate hammer pressure.

Specimen can be grooved or gouged easily by a pocket knife or sharp pick with light 

pressure, can be scratched with fingernail. Breaks with light to moderate manual pressure.

Extremely Hard

Moderately Soft

Moderately Hard

Specimen cannot be scratched with a pocket knife or sharp pick; can only be chipped with 

repeated heavy hammer blows.

Specimen cannot be scratched with a pocket knife or sharp pick. Breaks with repeated 

heavy hammer blows.

Specimen can be readily indented, grooved or gouged with fingernail, or carved with a 

pocket knife. Breaks with light manual pressure.

Description Thickness / Spacing

Massive

Moderately bedded

Very thinly bedded

Laminated 

Very thickly bedded

Combination descriptors (such as "slightly weathered to fresh") are permissible where equal distribution of both weathering characteristics is present over 

significant intervals or where characteristics present are "in between" the diagnostic feature. However, combination descriptors should not be used where 

significant, identifiable zones can be delineated. Only two adjacent descriptors may be combined. "Very intensely weathered" is the combination descriptor for 

"intensely weathered to decomposed."

Thickly bedded

Thinly bedded

Specimen can be grooved 5 mm deep with a pocket knife or sharp pick with moderate 

or heavy pressure. Breaks with light hammer blow or heavy manual pressure.

BEDDING SPACING
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No fractures.

Mostly chips and fragments with a few scattered short core lengths.

Lengths greater than 1 m.

Lengths from 300 mm to 1000 mm with few lengths less than 300 mm or

greater than 1000 mm.

Lengths mostly in 100 mm to 300 mm range with most lengths about 200 mm.

Lengths average from 30 mm to 100 mm with scattered fragmented

intervals with lengths less than 100 mm.

x 100%REC =

RQD = x 100%

>

Length of the recovered core pieces

Total length of core run

Total length of core run

Length of intact core pieces   100 mm

Term

Strong

Weak

Very Weak

Very Strong 

RELATIVE STRENGTH OF INTACT ROCK

Extremely Strong

Medium Strong

Extremely Weak

1 m to 3 m

30 mm to 100 mm

10 mm to 30 mm

Greater than 3 m

300 mm to 1 m

Less than 10 mm

100 mm to 300 mm

Uniaxial Compressive Strength (MPa)

> 207 

100  - 207 

49  - 100 

25  - 49 

5  - 25 

1  - 5 

< 1 
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FILL: CLAYEY SAND with GRAVEL (SC), dense, brown, 

moist; about 20% fine to coarse GRAVEL, about 60% 

fine to coarse SAND, about 20% fines

TERRACE DEPOSIT: WELL-GRADED SAND with CLAY and 

GRAVEL, (SW-SC), medium dense, brown, moist; about 5

% COBBLES,about 15% fine to coarse GRAVEL, about 70

% fine to coarse SAND, about 10% fines

152

O-08-016

SEDIMENTARY ROCK (SHALE): gray, moderately 

weathered, hard, moderately fractured, weakly

fissile with concretion beds [ARDATH SHALE],

[SILT (ML), hard, moist]

2-12-08

Terminated at El. -1.9 m

ER = 1.45i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00

1.

 

 

 

2.

 

 

 

 

3.

 

 

 

 

 

 

 

  

 

 

 

4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i

i

i

i

i

i

i
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VERTICAL 1 : 100
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152

TERRACE DEPOSIT: SANDY SILT (ML), hard,fine

laminations of alternating light and dark brown,

moist; about 35% fine SAND, about 65% fines

SILTY SAND with GRAVEL (SM), very dense, medium

brown, moist; about 25% fine to coarse GRAVEL,

about 65% fine to coarse SAND, about 10% fines

SEDIMENTARY ROCK (SHALE): gray, moderately 

weathered, hard, moderately fractured, weakly 

fissile with concretion beds [ARDATH SHALE], 

[SILT (ML), hard, moist]

2-6-08

Terminated at El. 3.0 m

ER = 1.45i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00

1.

 

 

 

2.

 

 

 

 

3.

 

 

 

 

 

 

 

  

 

 

 

4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i

i

i

i

i

i

i
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Wall "438L"
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FILL: SILTY SAND (SM), medium dense, mottled grayish

brown and yellowish brown, moist, about 70% fine

to medium SAND, about 30% fines

TERRACE DEPOSIT: SILT (ML), very stiff, alternating 

layers of medium and light brown, moist 

SEDIMENTARY ROCK (SHALE): gray, moderately 

weathered, hard, moderately fractured, weakly 

fissile with concretion beds [ARDATH SHALE], 

[SILT (ML), hard, moist]

SEDIMENTARY ROCK: [becomes slightly weathered and

slightly fractured]

SEDIMENTARY ROCK: [Lens of fine grained,

POORLY-GRADED SAND]

2-9-08

Terminated at El. -0.6 m

ER = 1.00i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00

1.

 

 

 

2.

 

 

 

 

3.

 

 

 

 

 

 

 

  

 

 

 

4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i

i

i

i

i

i

i
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FILL: SILTY SAND with GRAVEL (SM), dense, yellowish

brown, moist, about 20% fine to coarse GRAVEL,

about 70% fine to coarse SAND, about 10% fines

TERRACE DEPOSIT: SILT (ML), very stiff, alternating 

layers of medium and light brown, moist 

SILTY SAND with GRAVEL and COBBLES (SM): very

dense, medium brown, moist, about 5% subrounded

COBBLES, about 20% fine to coarse GRAVEL, about

60% fine to coarse SAND, about 15% fines

SEDIMENTARY ROCK (SHALE): gray, moderately weathered,

hard, moderately fractured, weakly fissile with

concretion beds [ARDATH SHALE], [SILT (ML), hard, moist]

SEDIMENTARY ROCK: [becomes slightly fractured]

SEDIMENTARY ROCK: [becomes interbedded with

fine SAND layers]

2-9-08

Terminated at El. -1.8 m

ER = 1.00i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i

i

i

i

i

i

i

Wall "437R"

Wall "438L"

  57-C0787  

3/9/09  

LOG OF TEST BORINGS SHEET NO. 7 OF 7
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REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

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

Poorly graded GRAVEL with SAND

Poorly graded GRAVEL with CLAY and

Poorly graded GRAVEL

Poorly graded GRAVEL with SILT and SAND

Poorly graded GRAVEL with SILT

Poorly graded SAND

Poorly graded SAND with SILT

Poorly graded SAND with CLAY

Poorly graded SAND with CLAY and

Poorly graded SAND with SILT and GRAVEL

Poorly graded SAND with GRAVEL

Poorly graded GRAVEL 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 PERCENT OR PROPORTION OF SOILS

MOISTURE

APPARENT DENSITY OF COHESIONLESS SOILS

PARTICLE SIZE

Description

Very loose

Loose

Medium Dense

Dense

Very Dense

Criteria

Damp but no visible water

Description

Dry

Moist

Wet

Absence of moisture, dusty, dry to the 

touch

Visible free water, usually soil is 

below water table

Criteria

5 to 10%

15 to 25%

30 to 45%

50 to 100%

Trace

Few

Little

Some

Mostly

Description

Particles are present but estimated to 

be less than 5%

Size

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

No. 10 to No. 4

No. 40 to No. 10

No. 200 to No. 40

60

0 - 4

5 - 10

11 - 30

31 - 50

   > 50

CP

C

UU

CU

CR

EI

UC

PI

Pocket PenetrometerPP

TV

M

OC

SE

UW

VS

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

Pocket Torvane

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)

Unconfined Compression-Soil

(ASTM D 2166)

Unconfined Compression-Rock

(ASTM D 2938)

Unconsolidated Undrained 

Triaxial (ASTM D 2850)

Unit Weight (ASTM D 4767)

Vane Shear (AASHTO T 223)
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SPT N   (Blows / 300 mm)

> 300 mm

76 mm to 300 mm

19 mm to 76 mm

No. 4 to 19 mm

RW "437R"

MISCELLANEOUS RETAINING WALLS

3/9/09  

LOG OF TEST BORINGS SHEET NO. 1 OF 4
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Weak

Moderate

Strong

Criteria

CEMENTATION

Description

Will not crumble or break with finger 

pressure.

Crumbles or breaks with considerable 

finger pressure.

Crumbles or breaks with handling or 

little finger pressure.

Size

Size

S
iz

e
S

iz
e

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
ti

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

CONE PENETRATION TEST (CPT) SOUNDING

on tip element

Hole I.D.

L
o

c
a
ti

o
n

 

Top Hole El.

Boring Date

Friction Ratio (%) Tip Bearing (MPa)

0246 302010

Pressure measured

Dynamic Cone Penetration Boring

Auger Boring

Rotary drilled boring 

Rotary percussion boring (air)

Rotary drilled diamond core

Other

Cone Penetration Test (ASTM D 5778-95)

Symbol Description

R 

P

A 

D

R

CPT

HD 

HA

O

Hole

Type

BOREHOLE IDENTIFICATION

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)
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CONSISTENCY OF COHESIVE SOILS

Field Approximation

Readily indented by thumbnail

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

Description

Readily indented by thumb but 

penetrated only with great effort

Indented by thumbnail with 

difficulty

Easily penetrated several inches 

by fist

Easily penetrated several inches 

by thumb

Penetrated several inches by 

thumb with moderate effort

PLASTICITY OF FINE-GRAINED SOILS

Nonplastic

Low

Medium

High

CriteriaDescription

The thread can barely be rolled and the lump cannot be formed when drier than the 

plastic limit.

The thread is easy to roll and not much time is required to reach the plastic limit. 

The thread cannot be rerolled after reaching the plastic limit. The lump crumbles 

when drier than the plastic limit.

It takes considerable time rolling and kneading to reach the plastic limit. The thread 

can be rerolled several times after reaching the plastic limit. The lump can be formed 

without crumbling when drier than the plastic limit.

< 24 < 24 < 12

12 to 2424 to 48 24 to 48

24 to 4848 to 96 48 to 96

96 to 192

96 to 192 96 to 192

> 192> 383 > 383

48 to 96

192 to 383 192 to 383

A 3 mm thread cannot be rolled at any water content.

Unconfined

Compressive

Strength (tsm)

Pocket

Penetrometer

Measurement (tsm)

Torvane

Measurement (tsm)

Hand driven (25 mm soil tube)

Hand Auger

Note: Size in millimeters.

Size of Sampler 

(millimeters)

76

Blows per 76 mm

(Using 12.7 kg hand 

hammer with a 76 mm

drop or as noted) Driving rate in

seconds per 300 mm

(using a Stanley

MB 156 percussion

hammer and a 56 mm

cone, or as noted)

25

2

Pressure measured

along sleeve friction

element (225 cm

area) divided by 

pressure measured

on tip element.

2(2 cm area)

3/9/09  

RW "437R"

MISCELLANEOUS RETAINING WALLS
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IGNEOUS ROCK

LEGEND OF ROCK MATERIALS

SEDIMENTARY ROCK

METAMORPHIC ROCK

WEATHERING DESCRIPTORS FOR INTACT ROCK

Diagnostic features

Texture and Solutioning

Body of Rock Texture Solutioning

Preserved.

No solutioning.No change.

Decomposed

Fresh

Description

Chemical Weathering-Discoloration

and/or oxidation

Resembles a soil, partial

or complete remnant rock

structure may be preserved;

leaching of soluble

minerals usually complete.

Complete separation

of grain boundaries

(disaggregated).

Soluble min-

erals may be

mostly leached.

Generally

preserved.

Partial separation of

boundaries visible.

Texture

altered by

chemical

disintegra-

tion (hy-

dration,

argillation).

Leaching of 

soluble min-

erals may be

complete.

Minor leaching

of some solu-

ble minerals

may be noted.

No visible separation,

intact (tight).

No separation, intact

(tight).

No discoloration

or oxidation.

Mechanical Weathering-

Grain boundary condi-

tions (disaggregation)

primarily for granitics

and some coarse-grained

sediments

No discoloration, not 

oxidized.

Fracture 

Surfaces

General Characteristics

Hammer rings when crystalline 

rocks are struck. 

Hammer rings when crystalline 

rocks are struck. Body of 

rock not weakened. 

Hammer does not ring when 

rock is struck. Body of rock 

is slightly weakened. 

Dull sound when struck with 

hammer, usually can be broken 

with moderate to heavy manual 

pressure or by light hammer 

blow without reference to 

planes of weakness such as 

incipient or hairline frac-

tures, or veinlets. Rock is 

significantly weakened.

Can be granulated by hand.

Resistant minerals such as 

quartz may be present as 

"stringers" or "dikes."

Slightly

Weathered

Moderately

Weathered

Intensely

Weathered

Minor to complete 

discoloration or 

oxidation of most 

surfaces.

All fracture surfaces 

are discolored or

oxidized.

All fracture surfaces 

are discolored or 

oxidized, surfaces 

friable.

Partial separation, rock 

is friable; in semiarid 

conditions granitics are

disaggregated.

FRACTURE DENSITY

Observed Fracture Density

Unfractured

Very slightly fractured

Slightly fractured

Moderately fractured

Intensely fractured

Very intensely fractured

Description

Combination descriptors (such as "Very intensely to intensely fractured") are used where equal 

distribution of both fracture density characteristics is present over a significant interval or 

exposure, or where characteristics are "in between" the descriptor definitions. Only two adjacent 

descriptors may be combined.

ROCK HARDNESS

Criteria

Very Soft

Soft

Hard

Very Hard

Description

PERCENT CORE RECOVERY (REC) & ROCK QUALITY DESIGNATION (RQD)

Top Hole El.

B
o

ri
n

g
 

lo
c
a
ti

o
n

Hole I.D.

REC=100%

RQD=50%

REC=100%

RQD=80%

REC=88%

RQD=0%

Boring Date

End drilled interval

Begin drilled interval

Begin drilled interval

End drilled interval

Begin drilled interval

End drilled interval

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

Specimen can be scratched with a pocket knife or sharp pick with difficulty (heavy 

pressure). Heavy hammer blows required to break specimen.

Specimen can be scratched with pocket knife or sharp pick with light or moderate 

pressure. Core breaks with moderate hammer pressure.

Specimen can be grooved or gouged easily by a pocket knife or sharp pick with light 

pressure, can be scratched with fingernail. Breaks with light to moderate manual pressure.

Extremely Hard

Moderately Soft

Moderately Hard

Specimen cannot be scratched with a pocket knife or sharp pick; can only be chipped with 

repeated heavy hammer blows.

Specimen cannot be scratched with a pocket knife or sharp pick. Breaks with repeated 

heavy hammer blows.

Specimen can be readily indented, grooved or gouged with fingernail, or carved with a 

pocket knife. Breaks with light manual pressure.

Description Thickness / Spacing

Massive

Moderately bedded

Very thinly bedded

Laminated 

Very thickly bedded

Combination descriptors (such as "slightly weathered to fresh") are permissible where equal distribution of both weathering characteristics is present over 

significant intervals or where characteristics present are "in between" the diagnostic feature. However, combination descriptors should not be used where 

significant, identifiable zones can be delineated. Only two adjacent descriptors may be combined. "Very intensely weathered" is the combination descriptor for 

"intensely weathered to decomposed."

Thickly bedded

Thinly bedded

Specimen can be grooved 5 mm deep with a pocket knife or sharp pick with moderate 

or heavy pressure. Breaks with light hammer blow or heavy manual pressure.

BEDDING SPACING

Discolored or oxidized 

throughout, but resistant 

minerals such as quartz may 

be unaltered; all feldspars 

and Fe-Mg minerals are 

completely altered to clay. 

Discoloration or oxidation 

extends from fractures 

usually throughout; Fe-Mg 

minerals are "rusty," 

feldspar  crystals are 

"cloudy." 

Discoloration or oxidation 

is limited to surface of, 

or short distance from, 

fractures; some feldspar 

crystals are dull. 

Discoloration or oxidation 

throughout; all feldspars 

and Fe-Mg minerals are 

altered to clay to some 

extent; or chemical 

alteration produces 

in-situ disaggregation, 

see grain boundary 

conditions. 
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No fractures.

Mostly chips and fragments with a few scattered short core lengths.

Lengths greater than 1 m.

Lengths from 300 mm to 1000 mm with few lengths less than 300 mm or

greater than 1000 mm.

Lengths mostly in 100 mm to 300 mm range with most lengths about 200 mm.

Lengths average from 30 mm to 100 mm with scattered fragmented

intervals with lengths less than 100 mm.

x 100%REC =

RQD = x 100%

>

Length of the recovered core pieces

Total length of core run

Total length of core run

Length of intact core pieces   100 mm

Term

Strong

Weak

Very Weak

Very Strong 

RELATIVE STRENGTH OF INTACT ROCK

Extremely Strong

Medium Strong

Extremely Weak

1 m to 3 m

30 mm to 100 mm

10 mm to 30 mm

Greater than 3 m

300 mm to 1 m

Less than 10 mm

100 mm to 300 mm

Uniaxial Compressive Strength (MPa)

> 207 

100  - 207 

49  - 100 

25  - 49 

5  - 25 

1  - 5 

< 1 
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Friction Ratio (%) Tip Bearing (MPa)
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6250/25
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62REF/25

31
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TERRACE DEPOSIT: SANDY SILT (ML), hard, medium brown, 

very moist, about 30% fine SAND, about 70% fines
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becomes clayey

increase in GRAVEL and COBBLES

becomes slightly weathered and cemented
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TERRACE DEPOSIT: SILTY SAND with GRAVEL (SM),

dense, reddish brown, moist, about 20% fine to 

coarse GRAVEL, about 70% fine to medium SAND,

about 10% fines

SEDIMENTARY ROCK (SHALE): gray, moderately 

weathered, hard, moderately fractured, weakly

fissile with concretion beds [ARDATH SHALE],

[SILT (ML), hard, moist]

SEDIMENTARY ROCK: [14.3 m to 13.4m cemented zone]

SEDIMENTARY ROCK: [11.9m to 11.3m cemented zone]

SEDIMENTARY ROCK: [10.4m to 9.8m cemented zone]

SEDIMENTARY ROCK: [becomes slightly fractured and

very cemented]

2-9-08

Terminated at El. 9.7 m

2-9-08

Terminated at El. 10.4 m 

SILTY SAND with GRAVEL and COBBLES (SM): very dense,  

light yellowish brown, moist, about 5% subrounded to  

subangular COBBLES, about 20% fine to coarse GRAVEL, 

about 60% fine to coarse SAND, about 15% fines

SEDIMENTARY ROCK (SHALE): gray, moderately weathered,

hard, moderately fractured, weakly fissile with

concretion beds [ARDATH SHALE], [SILT (ML), hard, moist]

ER = 1.45i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00

1.

 

 

 

2.

 

 

 

 

3.

 

 

 

 

 

 

 

  

 

 

 

4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i

i

i

i

i

i

i

ER = 1.45i
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REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

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

Poorly graded GRAVEL with SAND

Poorly graded GRAVEL with CLAY and

Poorly graded GRAVEL

Poorly graded GRAVEL with SILT and SAND

Poorly graded GRAVEL with SILT

Poorly graded SAND

Poorly graded SAND with SILT

Poorly graded SAND with CLAY

Poorly graded SAND with CLAY and

Poorly graded SAND with SILT and GRAVEL

Poorly graded SAND with GRAVEL

Poorly graded GRAVEL 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 PERCENT OR PROPORTION OF SOILS

MOISTURE

APPARENT DENSITY OF COHESIONLESS SOILS

PARTICLE SIZE

Description

Very loose

Loose

Medium Dense

Dense

Very Dense

Criteria

Damp but no visible water

Description

Dry

Moist

Wet

Absence of moisture, dusty, dry to the 

touch

Visible free water, usually soil is 

below water table

Criteria

5 to 10%

15 to 25%

30 to 45%

50 to 100%

Trace

Few

Little

Some

Mostly

Description

Particles are present but estimated to 

be less than 5%

Size

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

No. 10 to No. 4

No. 40 to No. 10

No. 200 to No. 40

60

0 - 4

5 - 10

11 - 30

31 - 50

   > 50

CP

C

UU

CU

CR

EI

UC

PI

Pocket PenetrometerPP

TV

M

OC

SE

UW

VS

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

Pocket Torvane

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)

Unconfined Compression-Soil

(ASTM D 2166)

Unconfined Compression-Rock

(ASTM D 2938)

Unconsolidated Undrained 

Triaxial (ASTM D 2850)

Unit Weight (ASTM D 4767)

Vane Shear (AASHTO T 223)
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SPT N   (Blows / 300 mm)

> 300 mm

76 mm to 300 mm

19 mm to 76 mm

No. 4 to 19 mm
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Weak

Moderate

Strong

Criteria

CEMENTATION

Description

Will not crumble or break with finger 

pressure.

Crumbles or breaks with considerable 

finger pressure.

Crumbles or breaks with handling or 

little finger pressure.

Size

Size

S
iz

e
S

iz
e

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
ti

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

CONE PENETRATION TEST (CPT) SOUNDING

on tip element

Hole I.D.

L
o

c
a
ti

o
n

 

Top Hole El.

Boring Date

Friction Ratio (%) Tip Bearing (MPa)

0246 302010

Pressure measured

Dynamic Cone Penetration Boring

Auger Boring

Rotary drilled boring 

Rotary percussion boring (air)

Rotary drilled diamond core

Other

Cone Penetration Test (ASTM D 5778-95)

Symbol Description

R 

P

A 

D

R

CPT

HD 

HA

O

Hole

Type

BOREHOLE IDENTIFICATION

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)
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CONSISTENCY OF COHESIVE SOILS

Field Approximation

Readily indented by thumbnail

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

Description

Readily indented by thumb but 

penetrated only with great effort

Indented by thumbnail with 

difficulty

Easily penetrated several inches 

by fist

Easily penetrated several inches 

by thumb

Penetrated several inches by 

thumb with moderate effort

PLASTICITY OF FINE-GRAINED SOILS

Nonplastic

Low

Medium

High

CriteriaDescription

The thread can barely be rolled and the lump cannot be formed when drier than the 

plastic limit.

The thread is easy to roll and not much time is required to reach the plastic limit. 

The thread cannot be rerolled after reaching the plastic limit. The lump crumbles 

when drier than the plastic limit.

It takes considerable time rolling and kneading to reach the plastic limit. The thread 

can be rerolled several times after reaching the plastic limit. The lump can be formed 

without crumbling when drier than the plastic limit.

< 24 < 24 < 12

12 to 2424 to 48 24 to 48

24 to 4848 to 96 48 to 96

96 to 192

96 to 192 96 to 192

> 192> 383 > 383

48 to 96

192 to 383 192 to 383

A 3 mm thread cannot be rolled at any water content.

Unconfined

Compressive

Strength (tsm)

Pocket

Penetrometer

Measurement (tsm)

Torvane

Measurement (tsm)

Hand driven (25 mm soil tube)

Hand Auger

Note: Size in millimeters.

Size of Sampler 

(millimeters)

76

Blows per 76 mm

(Using 12.7 kg hand 

hammer with a 76 mm

drop or as noted) Driving rate in

seconds per 300 mm

(using a Stanley

MB 156 percussion

hammer and a 56 mm

cone, or as noted)

25

2

Pressure measured

along sleeve friction

element (225 cm

area) divided by 

pressure measured

on tip element.

2(2 cm area)

3/9/09  
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IGNEOUS ROCK

LEGEND OF ROCK MATERIALS

SEDIMENTARY ROCK

METAMORPHIC ROCK

WEATHERING DESCRIPTORS FOR INTACT ROCK

Diagnostic features

Texture and Solutioning

Body of Rock Texture Solutioning

Preserved.

No solutioning.No change.

Decomposed

Fresh

Description

Chemical Weathering-Discoloration

and/or oxidation

Resembles a soil, partial

or complete remnant rock

structure may be preserved;

leaching of soluble

minerals usually complete.

Complete separation

of grain boundaries

(disaggregated).

Soluble min-

erals may be

mostly leached.

Generally

preserved.

Partial separation of

boundaries visible.

Texture

altered by

chemical

disintegra-

tion (hy-

dration,

argillation).

Leaching of 

soluble min-

erals may be

complete.

Minor leaching

of some solu-

ble minerals

may be noted.

No visible separation,

intact (tight).

No separation, intact

(tight).

No discoloration

or oxidation.

Mechanical Weathering-

Grain boundary condi-

tions (disaggregation)

primarily for granitics

and some coarse-grained

sediments

No discoloration, not 

oxidized.

Fracture 

Surfaces

General Characteristics

Hammer rings when crystalline 

rocks are struck. 

Hammer rings when crystalline 

rocks are struck. Body of 

rock not weakened. 

Hammer does not ring when 

rock is struck. Body of rock 

is slightly weakened. 

Dull sound when struck with 

hammer, usually can be broken 

with moderate to heavy manual 

pressure or by light hammer 

blow without reference to 

planes of weakness such as 

incipient or hairline frac-

tures, or veinlets. Rock is 

significantly weakened.

Can be granulated by hand.

Resistant minerals such as 

quartz may be present as 

"stringers" or "dikes."

Slightly

Weathered

Moderately

Weathered

Intensely

Weathered

Minor to complete 

discoloration or 

oxidation of most 

surfaces.

All fracture surfaces 

are discolored or

oxidized.

All fracture surfaces 

are discolored or 

oxidized, surfaces 

friable.

Partial separation, rock 

is friable; in semiarid 

conditions granitics are

disaggregated.

FRACTURE DENSITY

Observed Fracture Density

Unfractured

Very slightly fractured

Slightly fractured

Moderately fractured

Intensely fractured

Very intensely fractured

Description

Combination descriptors (such as "Very intensely to intensely fractured") are used where equal 

distribution of both fracture density characteristics is present over a significant interval or 

exposure, or where characteristics are "in between" the descriptor definitions. Only two adjacent 

descriptors may be combined.

ROCK HARDNESS

Criteria

Very Soft

Soft

Hard

Very Hard

Description

PERCENT CORE RECOVERY (REC) & ROCK QUALITY DESIGNATION (RQD)

Top Hole El.

B
o

ri
n

g
 

lo
c
a
ti

o
n

Hole I.D.

REC=100%

RQD=50%

REC=100%

RQD=80%

REC=88%

RQD=0%

Boring Date

End drilled interval

Begin drilled interval

Begin drilled interval

End drilled interval

Begin drilled interval

End drilled interval

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

Specimen can be scratched with a pocket knife or sharp pick with difficulty (heavy 

pressure). Heavy hammer blows required to break specimen.

Specimen can be scratched with pocket knife or sharp pick with light or moderate 

pressure. Core breaks with moderate hammer pressure.

Specimen can be grooved or gouged easily by a pocket knife or sharp pick with light 

pressure, can be scratched with fingernail. Breaks with light to moderate manual pressure.

Extremely Hard

Moderately Soft

Moderately Hard

Specimen cannot be scratched with a pocket knife or sharp pick; can only be chipped with 

repeated heavy hammer blows.

Specimen cannot be scratched with a pocket knife or sharp pick. Breaks with repeated 

heavy hammer blows.

Specimen can be readily indented, grooved or gouged with fingernail, or carved with a 

pocket knife. Breaks with light manual pressure.

Description Thickness / Spacing

Massive

Moderately bedded

Very thinly bedded

Laminated 

Very thickly bedded

Combination descriptors (such as "slightly weathered to fresh") are permissible where equal distribution of both weathering characteristics is present over 

significant intervals or where characteristics present are "in between" the diagnostic feature. However, combination descriptors should not be used where 

significant, identifiable zones can be delineated. Only two adjacent descriptors may be combined. "Very intensely weathered" is the combination descriptor for 

"intensely weathered to decomposed."

Thickly bedded

Thinly bedded

Specimen can be grooved 5 mm deep with a pocket knife or sharp pick with moderate 

or heavy pressure. Breaks with light hammer blow or heavy manual pressure.

BEDDING SPACING

Discolored or oxidized 

throughout, but resistant 

minerals such as quartz may 

be unaltered; all feldspars 

and Fe-Mg minerals are 

completely altered to clay. 

Discoloration or oxidation 

extends from fractures 

usually throughout; Fe-Mg 

minerals are "rusty," 

feldspar  crystals are 

"cloudy." 

Discoloration or oxidation 

is limited to surface of, 

or short distance from, 

fractures; some feldspar 

crystals are dull. 

Discoloration or oxidation 

throughout; all feldspars 

and Fe-Mg minerals are 

altered to clay to some 

extent; or chemical 

alteration produces 

in-situ disaggregation, 

see grain boundary 

conditions. 
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No fractures.

Mostly chips and fragments with a few scattered short core lengths.

Lengths greater than 1 m.

Lengths from 300 mm to 1000 mm with few lengths less than 300 mm or

greater than 1000 mm.

Lengths mostly in 100 mm to 300 mm range with most lengths about 200 mm.

Lengths average from 30 mm to 100 mm with scattered fragmented

intervals with lengths less than 100 mm.

x 100%REC =

RQD = x 100%

>

Length of the recovered core pieces

Total length of core run

Total length of core run

Length of intact core pieces   100 mm

Term

Strong

Weak

Very Weak

Very Strong 

RELATIVE STRENGTH OF INTACT ROCK

Extremely Strong

Medium Strong

Extremely Weak

1 m to 3 m

30 mm to 100 mm

10 mm to 30 mm

Greater than 3 m

300 mm to 1 m

Less than 10 mm

100 mm to 300 mm

Uniaxial Compressive Strength (MPa)

> 207 

100  - 207 

49  - 100 

25  - 49 

5  - 25 

1  - 5 

< 1 

3/9/09  
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Bench Mark

BUREAU VERITAS NORTH AMERICA, INC.
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a
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j
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p

e

PROFILE

E
L

E
V

A
T

IO
N

 (
m

)

+28

+26

+24

+22

+20

+18

+16

+30

+28

+26

+24

+22

+20

+18

+16

+30

"
C

C
R

-1
"
 L

in
e

6250/152

62

62

62REF/127

+16

+14

+12

+10

+8

+4

+2

+0

-2

+16

+14

+12

+10

+8

+6

+4

+2

+0

-2

+6

6250/102

6250/127

6250/127

6250/76

+40+40

El. +30.5 m

E
L

E
V

A
T

IO
N

 (m
)

152

O-08-022

FILL: SILTY SAND with GRAVEL (SM), dense, yellowish

brown, moist, about 20% fine to coarse GRAVEL,

about 70% fine to coarse SAND, about 10% fines

TERRACE DEPOSIT: SILT (ML), very stiff, alternating 

layers of medium and light brown, moist 

SILTY SAND with GRAVEL and COBBLES (SM): very

dense, medium brown, moist, about 5% subrounded

COBBLES, about 20% fine to coarse GRAVEL, about

60% fine to coarse SAND, about 15% fines

SEDIMENTARY ROCK (SHALE): gray, moderately weathered,

hard, moderately fractured, weakly fissile with

concretion beds [ARDATH SHALE], [SILT (ML), hard, moist]

SEDIMENTARY ROCK: [becomes slightly fractured]

SEDIMENTARY ROCK: [becomes interbedded with

fine SAND layers]

2-9-08

Terminated at El. -1.8 m

ER = 1.00i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00

1.

 

 

 

2.

 

 

 

 

3.

 

 

 

 

 

 

 

  

 

 

 

4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i

i

i

i

i

i

i

Wall "437R"

Wall "438L"
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REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

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

Poorly graded GRAVEL with SAND

Poorly graded GRAVEL with CLAY and

Poorly graded GRAVEL

Poorly graded GRAVEL with SILT and SAND

Poorly graded GRAVEL with SILT

Poorly graded SAND

Poorly graded SAND with SILT

Poorly graded SAND with CLAY

Poorly graded SAND with CLAY and

Poorly graded SAND with SILT and GRAVEL

Poorly graded SAND with GRAVEL

Poorly graded GRAVEL 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 PERCENT OR PROPORTION OF SOILS

MOISTURE

APPARENT DENSITY OF COHESIONLESS SOILS

PARTICLE SIZE

Description

Very loose

Loose

Medium Dense

Dense

Very Dense

Criteria

Damp but no visible water

Description

Dry

Moist

Wet

Absence of moisture, dusty, dry to the 

touch

Visible free water, usually soil is 

below water table

Criteria

5 to 10%

15 to 25%

30 to 45%

50 to 100%

Trace

Few

Little

Some

Mostly

Description

Particles are present but estimated to 

be less than 5%

Size

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

No. 10 to No. 4

No. 40 to No. 10

No. 200 to No. 40

60

0 - 4

5 - 10

11 - 30

31 - 50

   > 50

CP

C

UU

CU

CR

EI

UC

PI

Pocket PenetrometerPP

TV

M

OC

SE

UW

VS

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

Pocket Torvane

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)

Unconfined Compression-Soil

(ASTM D 2166)

Unconfined Compression-Rock

(ASTM D 2938)

Unconsolidated Undrained 

Triaxial (ASTM D 2850)

Unit Weight (ASTM D 4767)

Vane Shear (AASHTO T 223)
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Weak

Moderate

Strong

Criteria

CEMENTATION

Description

Will not crumble or break with finger 

pressure.

Crumbles or breaks with considerable 

finger pressure.

Crumbles or breaks with handling or 

little finger pressure.

Size

Size

S
iz

e
S

iz
e

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
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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. 
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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
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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

CONE PENETRATION TEST (CPT) SOUNDING

on tip element

Hole I.D.

L
o

c
a
ti

o
n

 

Top Hole El.

Boring Date

Friction Ratio (%) Tip Bearing (MPa)

0246 302010

Pressure measured

Dynamic Cone Penetration Boring

Auger Boring

Rotary drilled boring 

Rotary percussion boring (air)

Rotary drilled diamond core

Other

Cone Penetration Test (ASTM D 5778-95)

Symbol Description

R 

P

A 

D

R

CPT

HD 

HA

O

Hole

Type

BOREHOLE IDENTIFICATION

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

Terminated at Elev
Terminated at Elev
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CONSISTENCY OF COHESIVE SOILS

Field Approximation

Readily indented by thumbnail

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

Description

Readily indented by thumb but 

penetrated only with great effort

Indented by thumbnail with 

difficulty

Easily penetrated several inches 

by fist

Easily penetrated several inches 

by thumb

Penetrated several inches by 

thumb with moderate effort

PLASTICITY OF FINE-GRAINED SOILS

Nonplastic

Low

Medium

High

CriteriaDescription

The thread can barely be rolled and the lump cannot be formed when drier than the 

plastic limit.

The thread is easy to roll and not much time is required to reach the plastic limit. 

The thread cannot be rerolled after reaching the plastic limit. The lump crumbles 

when drier than the plastic limit.

It takes considerable time rolling and kneading to reach the plastic limit. The thread 

can be rerolled several times after reaching the plastic limit. The lump can be formed 

without crumbling when drier than the plastic limit.

< 24 < 24 < 12

12 to 2424 to 48 24 to 48

24 to 4848 to 96 48 to 96

96 to 192

96 to 192 96 to 192

> 192> 383 > 383

48 to 96

192 to 383 192 to 383

A 3 mm thread cannot be rolled at any water content.

Unconfined

Compressive

Strength (tsm)

Pocket

Penetrometer

Measurement (tsm)

Torvane

Measurement (tsm)

Hand driven (25 mm soil tube)

Hand Auger

Note: Size in millimeters.

Size of Sampler 

(millimeters)

76

Blows per 76 mm

(Using 12.7 kg hand 

hammer with a 76 mm

drop or as noted) Driving rate in

seconds per 300 mm

(using a Stanley

MB 156 percussion

hammer and a 56 mm

cone, or as noted)

25

2

Pressure measured

along sleeve friction

element (225 cm

area) divided by 

pressure measured

on tip element.

2(2 cm area)

3/9/09  
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IGNEOUS ROCK

LEGEND OF ROCK MATERIALS

SEDIMENTARY ROCK

METAMORPHIC ROCK

WEATHERING DESCRIPTORS FOR INTACT ROCK

Diagnostic features

Texture and Solutioning

Body of Rock Texture Solutioning

Preserved.

No solutioning.No change.

Decomposed

Fresh

Description

Chemical Weathering-Discoloration

and/or oxidation

Resembles a soil, partial

or complete remnant rock

structure may be preserved;

leaching of soluble

minerals usually complete.

Complete separation

of grain boundaries

(disaggregated).

Soluble min-

erals may be

mostly leached.

Generally

preserved.

Partial separation of

boundaries visible.

Texture

altered by

chemical

disintegra-

tion (hy-

dration,

argillation).

Leaching of 

soluble min-

erals may be

complete.

Minor leaching

of some solu-

ble minerals

may be noted.

No visible separation,

intact (tight).

No separation, intact

(tight).

No discoloration

or oxidation.

Mechanical Weathering-

Grain boundary condi-

tions (disaggregation)

primarily for granitics

and some coarse-grained

sediments

No discoloration, not 

oxidized.

Fracture 

Surfaces

General Characteristics

Hammer rings when crystalline 

rocks are struck. 

Hammer rings when crystalline 

rocks are struck. Body of 

rock not weakened. 

Hammer does not ring when 

rock is struck. Body of rock 

is slightly weakened. 

Dull sound when struck with 

hammer, usually can be broken 

with moderate to heavy manual 

pressure or by light hammer 

blow without reference to 

planes of weakness such as 

incipient or hairline frac-

tures, or veinlets. Rock is 

significantly weakened.

Can be granulated by hand.

Resistant minerals such as 

quartz may be present as 

"stringers" or "dikes."

Slightly

Weathered

Moderately

Weathered

Intensely

Weathered

Minor to complete 

discoloration or 

oxidation of most 

surfaces.

All fracture surfaces 

are discolored or

oxidized.

All fracture surfaces 

are discolored or 

oxidized, surfaces 

friable.

Partial separation, rock 

is friable; in semiarid 

conditions granitics are

disaggregated.

FRACTURE DENSITY

Observed Fracture Density

Unfractured

Very slightly fractured

Slightly fractured

Moderately fractured

Intensely fractured

Very intensely fractured

Description

Combination descriptors (such as "Very intensely to intensely fractured") are used where equal 

distribution of both fracture density characteristics is present over a significant interval or 

exposure, or where characteristics are "in between" the descriptor definitions. Only two adjacent 

descriptors may be combined.

ROCK HARDNESS

Criteria

Very Soft

Soft

Hard

Very Hard

Description

PERCENT CORE RECOVERY (REC) & ROCK QUALITY DESIGNATION (RQD)

Top Hole El.

B
o

ri
n

g
 

lo
c
a
ti

o
n

Hole I.D.

REC=100%

RQD=50%

REC=100%

RQD=80%

REC=88%

RQD=0%

Boring Date

End drilled interval

Begin drilled interval

Begin drilled interval

End drilled interval

Begin drilled interval

End drilled interval

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

Specimen can be scratched with a pocket knife or sharp pick with difficulty (heavy 

pressure). Heavy hammer blows required to break specimen.

Specimen can be scratched with pocket knife or sharp pick with light or moderate 

pressure. Core breaks with moderate hammer pressure.

Specimen can be grooved or gouged easily by a pocket knife or sharp pick with light 

pressure, can be scratched with fingernail. Breaks with light to moderate manual pressure.

Extremely Hard

Moderately Soft

Moderately Hard

Specimen cannot be scratched with a pocket knife or sharp pick; can only be chipped with 

repeated heavy hammer blows.

Specimen cannot be scratched with a pocket knife or sharp pick. Breaks with repeated 

heavy hammer blows.

Specimen can be readily indented, grooved or gouged with fingernail, or carved with a 

pocket knife. Breaks with light manual pressure.

Description Thickness / Spacing

Massive

Moderately bedded

Very thinly bedded

Laminated 

Very thickly bedded

Combination descriptors (such as "slightly weathered to fresh") are permissible where equal distribution of both weathering characteristics is present over 

significant intervals or where characteristics present are "in between" the diagnostic feature. However, combination descriptors should not be used where 

significant, identifiable zones can be delineated. Only two adjacent descriptors may be combined. "Very intensely weathered" is the combination descriptor for 

"intensely weathered to decomposed."

Thickly bedded

Thinly bedded

Specimen can be grooved 5 mm deep with a pocket knife or sharp pick with moderate 

or heavy pressure. Breaks with light hammer blow or heavy manual pressure.

BEDDING SPACING

Discolored or oxidized 

throughout, but resistant 

minerals such as quartz may 

be unaltered; all feldspars 

and Fe-Mg minerals are 

completely altered to clay. 

Discoloration or oxidation 

extends from fractures 

usually throughout; Fe-Mg 

minerals are "rusty," 

feldspar  crystals are 

"cloudy." 

Discoloration or oxidation 

is limited to surface of, 

or short distance from, 

fractures; some feldspar 

crystals are dull. 

Discoloration or oxidation 

throughout; all feldspars 

and Fe-Mg minerals are 

altered to clay to some 

extent; or chemical 

alteration produces 

in-situ disaggregation, 

see grain boundary 

conditions. 
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No fractures.

Mostly chips and fragments with a few scattered short core lengths.

Lengths greater than 1 m.

Lengths from 300 mm to 1000 mm with few lengths less than 300 mm or

greater than 1000 mm.

Lengths mostly in 100 mm to 300 mm range with most lengths about 200 mm.

Lengths average from 30 mm to 100 mm with scattered fragmented

intervals with lengths less than 100 mm.

x 100%REC =

RQD = x 100%

>

Length of the recovered core pieces

Total length of core run

Total length of core run

Length of intact core pieces   100 mm

Term

Strong

Weak

Very Weak

Very Strong 

RELATIVE STRENGTH OF INTACT ROCK

Extremely Strong

Medium Strong

Extremely Weak

1 m to 3 m

30 mm to 100 mm

10 mm to 30 mm

Greater than 3 m

300 mm to 1 m

Less than 10 mm

100 mm to 300 mm

Uniaxial Compressive Strength (MPa)

> 207 

100  - 207 

49  - 100 

25  - 49 

5  - 25 

1  - 5 

< 1 

3/9/09  
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PROFILE
VERTICAL

HORIZONTAL

1 : 100

1 : 500

+24

62REF/76

6250/25

6250/51

6250/102

+22

+20

+18

+16

+14

+12

+10

+24

+22

+20

+18

+16

+14

+12

+10 6250/51

+26 +26El. +25.6 m

E
L

E
V

A
T

IO
N

 (
m

)

GWS EL. 13.4m

O-08-024
152

2-7-08

TERRACE DEPOSIT: SILT with SAND and GRAVEL (ML), 

hard, dark brown, very moist to wet, about 10% fine 

GRAVEL, about  20% fine to coarse SAND, about 70% 

fines 

62

62

62REF/152

62

62REF/102

50/25

50/127

REF/25

+26

+24

+22

+20

+18

+16

+14

+12

+26

+24

+22

+20

+18

+16

+14

+12

+28 +28
El. +27.3 m

O-08-019
152

GWS EL. 15.1m

2-6-08

2-6-08

Terminated at El. 11.8 m

2-7-08

Terminated at El. 10.1 m

SEDIMENTARY ROCK: [interbedded with fine SAND]

FILL: SILTY SAND with GRAVEL (SM), dense, mottled 

medium and dark brown, moist, about 15% fine to 

coarse GRAVEL, about 65% fine to coarse SAND, 

about 20% fines  

SEDIMENTARY ROCK (SHALE): gray, moderately weathered,

hard, moderately fractured, weakly fissile with

concretion beds [ARDATH SHALE], [SILT (ML), hard, moist]

TERRACE DEPOSIT: SANDY SILT (ML), hard, fine 

laminations of alternating light and dark brown, 

moist, about 5% fine to coarse GRAVEL, about 35% 

fine SAND, about 60% fines 

SEDIMENTARY ROCK (SHALE): gray, moderately weathered,

hard, moderately fractured, weakly fissile with

concretion beds [ARDATH SHALE], [SILT (ML), hard, moist]

SEDIMENTARY ROCK: [No Recovery

becomes slightly weathered]

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00

1.

 

 

 

2.

 

 

 

 

3.

 

 

 

 

 

 

 

  

 

 

 

4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i

i

i

i

i

i

i

ER = 1.45i ER = 1.45i

MISCELLANEOUS RETAINING WALLS

3/9/09  

RW "438R"
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WELL-GRADED GRAVEL with SAND (GW): very dense, brown,

moist, about 40% fine to coarse SAND, about 60% fine

to coarse subrounded GRAVEL, about 5% fines

TERRACE DEPOSIT: SANDY SILT (ML), hard, fine 

laminations of alternating light brown and dark brown, 

moist, about 35% fine SAND, about 65% fines 
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35% fine SAND, about 65% fines 

WELL-GRADED GRAVEL with SAND (GW): very dense,

brown, about 40% fine to coarse SAND, about 55%

fine to coarse subrounded GRAVEL, about 5% fines
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SEDIMENTARY ROCK (SHALE): gray, moderately weathered,

hard, moderately fractured, weakly fissile with

concretion beds [ARDATH SHALE], [SILT (ML), hard, moist]

SEDIMENTARY ROCK (SHALE): gray, moderately 

weathered, hard, moderately fractured, weakly 

fissile with concretion beds [ARDATH SHALE], 

[SILT (ML), hard, moist]

2-6-08

Terminated at El. 13.3 m
2-4-08

Terminated at El. 13.2 m
ER = 1.45i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i

i

i

i

i

i

i

ER = 1.45i

MISCELLANEOUS RETAINING WALLS

RW "438R"

3/9/09  

LOG OF TEST BORINGS SHEET NO. 5 OF 6
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TERRACE DEPOSIT: SILTY SAND (ML): hard, alternating 

fine laminations of medium brown and light gray, 

moist, about 30% fine SAND, about 70% fines 
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All elevations shown in the LOTBs are in meters

and are referenced to the NGVD 1929 Datum.

Bench Mark

BUREAU VERITAS NORTH AMERICA, INC.

m
p
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e

SEDIMENTARY ROCK (SHALE): gray, moderately weathered,

hard, moderately fractured, weakly fissile with

concretion beds [ARDATH SHALE], [SILT (ML), hard, moist]

SEDIMENTARY ROCK: [becomes interbedded with fine SAND]

SEDIMENTARY ROCK: [9.5 m to 10 m, cemented zone]

2-5-08

Terminated at El. 13.0 m

ER = 1.45i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00

1.
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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MISCELLANEOUS RETAINING WALLS

LOG OF TEST BORINGS SHEET NO. 6 OF 6

RW "438R"
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REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

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

Poorly graded GRAVEL with SAND

Poorly graded GRAVEL with CLAY and

Poorly graded GRAVEL

Poorly graded GRAVEL with SILT and SAND

Poorly graded GRAVEL with SILT

Poorly graded SAND

Poorly graded SAND with SILT

Poorly graded SAND with CLAY

Poorly graded SAND with CLAY and

Poorly graded SAND with SILT and GRAVEL

Poorly graded SAND with GRAVEL

Poorly graded GRAVEL 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 PERCENT OR PROPORTION OF SOILS

MOISTURE

APPARENT DENSITY OF COHESIONLESS SOILS

PARTICLE SIZE

Description

Very loose

Loose

Medium Dense

Dense

Very Dense

Criteria

Damp but no visible water

Description

Dry

Moist

Wet

Absence of moisture, dusty, dry to the 

touch

Visible free water, usually soil is 

below water table

Criteria

5 to 10%

15 to 25%

30 to 45%

50 to 100%

Trace

Few

Little

Some

Mostly

Description

Particles are present but estimated to 

be less than 5%

Size

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

No. 10 to No. 4

No. 40 to No. 10

No. 200 to No. 40

60

0 - 4

5 - 10

11 - 30

31 - 50

   > 50

CP

C

UU

CU

CR

EI

UC

PI

Pocket PenetrometerPP

TV

M

OC

SE

UW

VS

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

Pocket Torvane

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)

Unconfined Compression-Soil

(ASTM D 2166)

Unconfined Compression-Rock

(ASTM D 2938)

Unconsolidated Undrained 

Triaxial (ASTM D 2850)

Unit Weight (ASTM D 4767)

Vane Shear (AASHTO T 223)
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SPT N   (Blows / 300 mm)

> 300 mm

76 mm to 300 mm

19 mm to 76 mm

No. 4 to 19 mm

MISCELLANEOUS RETAINING WALLS

3/9/09  

LOG OF TEST BORINGS SHEET NO. 1 OF 5

RW "443R"
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Weak

Moderate

Strong

Criteria

CEMENTATION

Description

Will not crumble or break with finger 

pressure.

Crumbles or breaks with considerable 

finger pressure.

Crumbles or breaks with handling or 

little finger pressure.

Size

Size

S
iz

e
S

iz
e

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
ti

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

CONE PENETRATION TEST (CPT) SOUNDING

on tip element

Hole I.D.

L
o

c
a
ti

o
n

 

Top Hole El.

Boring Date

Friction Ratio (%) Tip Bearing (MPa)

0246 302010

Pressure measured

Dynamic Cone Penetration Boring

Auger Boring

Rotary drilled boring 

Rotary percussion boring (air)

Rotary drilled diamond core

Other

Cone Penetration Test (ASTM D 5778-95)

Symbol Description

R 

P

A 

D

R

CPT

HD 

HA

O

Hole

Type

BOREHOLE IDENTIFICATION

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

Terminated at Elev
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CONSISTENCY OF COHESIVE SOILS

Field Approximation

Readily indented by thumbnail

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

Description

Readily indented by thumb but 

penetrated only with great effort

Indented by thumbnail with 

difficulty

Easily penetrated several inches 

by fist

Easily penetrated several inches 

by thumb

Penetrated several inches by 

thumb with moderate effort

PLASTICITY OF FINE-GRAINED SOILS

Nonplastic

Low

Medium

High

CriteriaDescription

The thread can barely be rolled and the lump cannot be formed when drier than the 

plastic limit.

The thread is easy to roll and not much time is required to reach the plastic limit. 

The thread cannot be rerolled after reaching the plastic limit. The lump crumbles 

when drier than the plastic limit.

It takes considerable time rolling and kneading to reach the plastic limit. The thread 

can be rerolled several times after reaching the plastic limit. The lump can be formed 

without crumbling when drier than the plastic limit.

< 24 < 24 < 12

12 to 2424 to 48 24 to 48

24 to 4848 to 96 48 to 96

96 to 192

96 to 192 96 to 192

> 192> 383 > 383

48 to 96

192 to 383 192 to 383

A 3 mm thread cannot be rolled at any water content.

Unconfined

Compressive

Strength (tsm)

Pocket

Penetrometer

Measurement (tsm)

Torvane

Measurement (tsm)

Hand driven (25 mm soil tube)

Hand Auger

Note: Size in millimeters.

Size of Sampler 

(millimeters)

76

Blows per 76 mm

(Using 12.7 kg hand 

hammer with a 76 mm

drop or as noted) Driving rate in

seconds per 300 mm

(using a Stanley

MB 156 percussion

hammer and a 56 mm

cone, or as noted)

25

2

Pressure measured

along sleeve friction

element (225 cm

area) divided by 

pressure measured

on tip element.

2(2 cm area)
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IGNEOUS ROCK

LEGEND OF ROCK MATERIALS

SEDIMENTARY ROCK

METAMORPHIC ROCK

WEATHERING DESCRIPTORS FOR INTACT ROCK

Diagnostic features

Texture and Solutioning

Body of Rock Texture Solutioning

Preserved.

No solutioning.No change.

Decomposed

Fresh

Description

Chemical Weathering-Discoloration

and/or oxidation

Resembles a soil, partial

or complete remnant rock

structure may be preserved;

leaching of soluble

minerals usually complete.

Complete separation

of grain boundaries

(disaggregated).

Soluble min-

erals may be

mostly leached.

Generally

preserved.

Partial separation of

boundaries visible.

Texture

altered by

chemical

disintegra-

tion (hy-

dration,

argillation).

Leaching of 

soluble min-

erals may be

complete.

Minor leaching

of some solu-

ble minerals

may be noted.

No visible separation,

intact (tight).

No separation, intact

(tight).

No discoloration

or oxidation.

Mechanical Weathering-

Grain boundary condi-

tions (disaggregation)

primarily for granitics

and some coarse-grained

sediments

No discoloration, not 

oxidized.

Fracture 

Surfaces

General Characteristics

Hammer rings when crystalline 

rocks are struck. 

Hammer rings when crystalline 

rocks are struck. Body of 

rock not weakened. 

Hammer does not ring when 

rock is struck. Body of rock 

is slightly weakened. 

Dull sound when struck with 

hammer, usually can be broken 

with moderate to heavy manual 

pressure or by light hammer 

blow without reference to 

planes of weakness such as 

incipient or hairline frac-

tures, or veinlets. Rock is 

significantly weakened.

Can be granulated by hand.

Resistant minerals such as 

quartz may be present as 

"stringers" or "dikes."

Slightly

Weathered

Moderately

Weathered

Intensely

Weathered

Minor to complete 

discoloration or 

oxidation of most 

surfaces.

All fracture surfaces 

are discolored or

oxidized.

All fracture surfaces 

are discolored or 

oxidized, surfaces 

friable.

Partial separation, rock 

is friable; in semiarid 

conditions granitics are

disaggregated.

FRACTURE DENSITY

Observed Fracture Density

Unfractured

Very slightly fractured

Slightly fractured

Moderately fractured

Intensely fractured

Very intensely fractured

Description

Combination descriptors (such as "Very intensely to intensely fractured") are used where equal 

distribution of both fracture density characteristics is present over a significant interval or 

exposure, or where characteristics are "in between" the descriptor definitions. Only two adjacent 

descriptors may be combined.

ROCK HARDNESS

Criteria

Very Soft

Soft

Hard

Very Hard

Description

PERCENT CORE RECOVERY (REC) & ROCK QUALITY DESIGNATION (RQD)

Top Hole El.

B
o

ri
n

g
 

lo
c
a
ti

o
n

Hole I.D.

REC=100%

RQD=50%

REC=100%

RQD=80%

REC=88%

RQD=0%

Boring Date

End drilled interval

Begin drilled interval

Begin drilled interval

End drilled interval

Begin drilled interval

End drilled interval

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

Specimen can be scratched with a pocket knife or sharp pick with difficulty (heavy 

pressure). Heavy hammer blows required to break specimen.

Specimen can be scratched with pocket knife or sharp pick with light or moderate 

pressure. Core breaks with moderate hammer pressure.

Specimen can be grooved or gouged easily by a pocket knife or sharp pick with light 

pressure, can be scratched with fingernail. Breaks with light to moderate manual pressure.

Extremely Hard

Moderately Soft

Moderately Hard

Specimen cannot be scratched with a pocket knife or sharp pick; can only be chipped with 

repeated heavy hammer blows.

Specimen cannot be scratched with a pocket knife or sharp pick. Breaks with repeated 

heavy hammer blows.

Specimen can be readily indented, grooved or gouged with fingernail, or carved with a 

pocket knife. Breaks with light manual pressure.

Description Thickness / Spacing

Massive

Moderately bedded

Very thinly bedded

Laminated 

Very thickly bedded

Combination descriptors (such as "slightly weathered to fresh") are permissible where equal distribution of both weathering characteristics is present over 

significant intervals or where characteristics present are "in between" the diagnostic feature. However, combination descriptors should not be used where 

significant, identifiable zones can be delineated. Only two adjacent descriptors may be combined. "Very intensely weathered" is the combination descriptor for 

"intensely weathered to decomposed."

Thickly bedded

Thinly bedded

Specimen can be grooved 5 mm deep with a pocket knife or sharp pick with moderate 

or heavy pressure. Breaks with light hammer blow or heavy manual pressure.

BEDDING SPACING

Discolored or oxidized 

throughout, but resistant 

minerals such as quartz may 

be unaltered; all feldspars 

and Fe-Mg minerals are 

completely altered to clay. 

Discoloration or oxidation 

extends from fractures 

usually throughout; Fe-Mg 

minerals are "rusty," 

feldspar  crystals are 

"cloudy." 

Discoloration or oxidation 

is limited to surface of, 

or short distance from, 

fractures; some feldspar 

crystals are dull. 

Discoloration or oxidation 

throughout; all feldspars 

and Fe-Mg minerals are 

altered to clay to some 

extent; or chemical 

alteration produces 

in-situ disaggregation, 

see grain boundary 

conditions. 

ROCK LEGEND
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No fractures.

Mostly chips and fragments with a few scattered short core lengths.

Lengths greater than 1 m.

Lengths from 300 mm to 1000 mm with few lengths less than 300 mm or

greater than 1000 mm.

Lengths mostly in 100 mm to 300 mm range with most lengths about 200 mm.

Lengths average from 30 mm to 100 mm with scattered fragmented

intervals with lengths less than 100 mm.

x 100%REC =

RQD = x 100%

>

Length of the recovered core pieces

Total length of core run

Total length of core run

Length of intact core pieces   100 mm

Term

Strong

Weak

Very Weak

Very Strong 

RELATIVE STRENGTH OF INTACT ROCK

Extremely Strong

Medium Strong

Extremely Weak

1 m to 3 m

30 mm to 100 mm

10 mm to 30 mm

Greater than 3 m

300 mm to 1 m

Less than 10 mm

100 mm to 300 mm

Uniaxial Compressive Strength (MPa)

> 207 

100  - 207 

49  - 100 

25  - 49 

5  - 25 

1  - 5 

< 1 
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PROFILE
VERTICAL

HORIZONTAL

1 : 100

1 : 500

+34

"
C

C
R

1
"
 L

in
e

CLAYEY SILT/SILTY CLAY (ML-CL): stiff, light brown, 

moist, high plasticity, about 50% SILT, about 50% CLAY

trace very fine SAND, color change to light gray, highly

mottled with light orange brown oxidation, slightly micaceous

SILTY CLAY (CL): stiff, light orange-brown, moist, high

plasticity, trace micaceous, thinly layered, about 40%

SILT, about 60% CLAY

color change to light orange brown, mottled with light

gray to light brown color, trace dark manganese staining

3629

3623

6234

6241

62

36REF/152

REF/152

El. +35.2 m

+32

+30

+28

+26

+36

+34

+32

+30

+28

+26

+36

E
L

E
V

A
T

IO
N

 (
m

) E
L

E
V

A
T

IO
N

 (m
)

203

A-08-057

TERRACE DEPOSIT: SILTY CLAY trace GRAVEL and COBBLE 

(CL), stiff, light yellow brown, damp, high plasticity, 

about 40% SILT, about 60% CLAY 

+38

becomes dry to damp

color change to light gray, damp, weakly layered

SILTY CLAY (CL): very stiff, gray, damp to moist, high plasticity, 

heavily mottled with light orange brown oxidation, about 40% 

SILT, about 60% CLAY 

6245

3631

6221

62

3660

36

62

36

REF/152

REF/152

REF/152

50/76

"
C

C
R

1
"
 L

in
e

El. +36.9 m

+36

+34

+32

+30

+28

+26

+38

+36

+34

+32

+30

+28

+26

SILTY CLAY/CLAYEY SILT (CL-ML): stiff, light orange-brown, moist, 

high plasticity, slightly layered, trace nodules of dark colored 

manganese, trace micaceous, about 50% SILT, about 50% CLAY 

203

2
1
.5

m
 R

T
¨
 S

ta
 4

4
3
+

5
0
m

 ¨

FILL: GRAVELLY CLAY with SAND (GC), firm, light brown, damp

TERRACE DEPOSIT: SILTY CLAY (CL), stiff, light yellow brown, moist, 

high plasticity, some light orange brown oxidation, about 40%

SILT, about 40% SILT, about 60% CLAY

SEDIMENTARY ROCK (SHALE): gray, moderately weathered,

hard, moderately fractured, weakly fissile with

concretion beds [ARDATH SHALE], [SILT (ML), hard, moist]

SEDIMENTARY ROCK (SHALE): gray, moderately weathered, hard, 

moderately fractured,weakly fissile with concretion beds [ARDATH 

SHALE], [SILT (ML), hard, moist]

SEDIMENTARY ROCK: [interbedded with very fine light brown SANDY SILT]

5-1-08

Terminated at El. 25.9 m

5-1-08

Terminated at El. 25.8 m

E
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ER = 1.45i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00

1.

 

 

 

2.

 

 

 

 

3.

 

 

 

 

 

 

 

  

 

 

 

4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i

i

i

i

i

i

i

ER = 1.45i
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A-08-057

A-08-059
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Wall "443R"
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+40

3650/152
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62REF/127

3634
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El. 38.2 m
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GRAVELLY CLAY with SAND (CL): very stiff, light brown, damp,high plasticity,

about 40% subrounded GRAVEL to COBBLE sizerock, about 10% fine to coarse

SAND, about 0% CLAY

SILTY CLAY (CL): stiff to very stiff, light yellow brown tolight orange brown,

moist, high plasticity, some mottling, trace micaceous, about 40% SILT, about

60% CLAY

color change to light orange brown to light red brown, becomes damp to moist,

some dark manganese staining, weakly layered, trace GRAVEL

color change to brown, mottled with light gray color, slightly micaceous

SEDIMENTARY ROCK (SHALE): gray, moderately weathered, hard, moderately

fractured,weakly fissile with concretion beds [ARDATH SHALE],

[SILT (ML), hard, moist]

TERRACE DEPOSIT: CLAYEY SANDY GRAVEL (GC), stiff, light brown, damp, about 60%

subrounded GRAVEL to COBBLE size rock, about 20% fine SAND, about 20% CLAY

5-01-08

Terminated at El. 28.6 m

ER = 1.45i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00

1.

 

 

 

2.

 

 

 

 

3.

 

 

 

 

 

 

 

  

 

 

 

4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

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

Poorly graded GRAVEL with SAND

Poorly graded GRAVEL with CLAY and

Poorly graded GRAVEL

Poorly graded GRAVEL with SILT and SAND

Poorly graded GRAVEL with SILT

Poorly graded SAND

Poorly graded SAND with SILT

Poorly graded SAND with CLAY

Poorly graded SAND with CLAY and

Poorly graded SAND with SILT and GRAVEL

Poorly graded SAND with GRAVEL

Poorly graded GRAVEL 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 PERCENT OR PROPORTION OF SOILS

MOISTURE

APPARENT DENSITY OF COHESIONLESS SOILS

PARTICLE SIZE

Description

Very loose

Loose

Medium Dense

Dense

Very Dense

Criteria

Damp but no visible water

Description

Dry

Moist

Wet

Absence of moisture, dusty, dry to the 

touch

Visible free water, usually soil is 

below water table

Criteria

5 to 10%

15 to 25%

30 to 45%

50 to 100%

Trace

Few

Little

Some

Mostly

Description

Particles are present but estimated to 

be less than 5%

Size

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

No. 10 to No. 4

No. 40 to No. 10

No. 200 to No. 40

60

0 - 4

5 - 10

11 - 30

31 - 50

   > 50

CP

C

UU

CU

CR

EI

UC

PI

Pocket PenetrometerPP

TV

M

OC

SE

UW

VS

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

Pocket Torvane

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)

Unconfined Compression-Soil

(ASTM D 2166)

Unconfined Compression-Rock

(ASTM D 2938)

Unconsolidated Undrained 

Triaxial (ASTM D 2850)

Unit Weight (ASTM D 4767)

Vane Shear (AASHTO T 223)
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SPT N   (Blows / 300 mm)

> 300 mm

76 mm to 300 mm

19 mm to 76 mm

No. 4 to 19 mm

MISCELLANEOUS RETAINING WALLS

3/9/09  

RW "445L"

LOG OF TEST BORINGS SHEET NO. 1 OF 5

A-76



Weak

Moderate

Strong

Criteria

CEMENTATION

Description

Will not crumble or break with finger 

pressure.

Crumbles or breaks with considerable 

finger pressure.

Crumbles or breaks with handling or 

little finger pressure.

Size

Size

S
iz

e
S

iz
e

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
ti

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

CONE PENETRATION TEST (CPT) SOUNDING

on tip element

Hole I.D.

L
o

c
a
ti

o
n

 

Top Hole El.

Boring Date

Friction Ratio (%) Tip Bearing (MPa)

0246 302010

Pressure measured

Dynamic Cone Penetration Boring

Auger Boring

Rotary drilled boring 

Rotary percussion boring (air)

Rotary drilled diamond core

Other

Cone Penetration Test (ASTM D 5778-95)

Symbol Description

R 

P

A 

D

R

CPT

HD 

HA

O

Hole

Type

BOREHOLE IDENTIFICATION

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

Terminated at Elev
Terminated at Elev
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CONSISTENCY OF COHESIVE SOILS

Field Approximation

Readily indented by thumbnail

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

Description

Readily indented by thumb but 

penetrated only with great effort

Indented by thumbnail with 

difficulty

Easily penetrated several inches 

by fist

Easily penetrated several inches 

by thumb

Penetrated several inches by 

thumb with moderate effort

PLASTICITY OF FINE-GRAINED SOILS

Nonplastic

Low

Medium

High

CriteriaDescription

The thread can barely be rolled and the lump cannot be formed when drier than the 

plastic limit.

The thread is easy to roll and not much time is required to reach the plastic limit. 

The thread cannot be rerolled after reaching the plastic limit. The lump crumbles 

when drier than the plastic limit.

It takes considerable time rolling and kneading to reach the plastic limit. The thread 

can be rerolled several times after reaching the plastic limit. The lump can be formed 

without crumbling when drier than the plastic limit.

< 24 < 24 < 12

12 to 2424 to 48 24 to 48

24 to 4848 to 96 48 to 96

96 to 192

96 to 192 96 to 192

> 192> 383 > 383

48 to 96

192 to 383 192 to 383

A 3 mm thread cannot be rolled at any water content.

Unconfined

Compressive

Strength (tsm)

Pocket

Penetrometer

Measurement (tsm)

Torvane

Measurement (tsm)

Hand driven (25 mm soil tube)

Hand Auger

Note: Size in millimeters.

Size of Sampler 

(millimeters)

76

Blows per 76 mm

(Using 12.7 kg hand 

hammer with a 76 mm

drop or as noted) Driving rate in

seconds per 300 mm

(using a Stanley

MB 156 percussion

hammer and a 56 mm

cone, or as noted)

25

2

Pressure measured

along sleeve friction

element (225 cm

area) divided by 

pressure measured

on tip element.

2(2 cm area)

3/9/09  

MISCELLANEOUS RETAINING WALLS

RW "445L"

LOG OF TEST BORINGS SHEET NO. 2 OF 5

A-77



IGNEOUS ROCK

LEGEND OF ROCK MATERIALS

SEDIMENTARY ROCK

METAMORPHIC ROCK

WEATHERING DESCRIPTORS FOR INTACT ROCK

Diagnostic features

Texture and Solutioning

Body of Rock Texture Solutioning

Preserved.

No solutioning.No change.

Decomposed

Fresh

Description

Chemical Weathering-Discoloration

and/or oxidation

Resembles a soil, partial

or complete remnant rock

structure may be preserved;

leaching of soluble

minerals usually complete.

Complete separation

of grain boundaries

(disaggregated).

Soluble min-

erals may be

mostly leached.

Generally

preserved.

Partial separation of

boundaries visible.

Texture

altered by

chemical

disintegra-

tion (hy-

dration,

argillation).

Leaching of 

soluble min-

erals may be

complete.

Minor leaching

of some solu-

ble minerals

may be noted.

No visible separation,

intact (tight).

No separation, intact

(tight).

No discoloration

or oxidation.

Mechanical Weathering-

Grain boundary condi-

tions (disaggregation)

primarily for granitics

and some coarse-grained

sediments

No discoloration, not 

oxidized.

Fracture 

Surfaces

General Characteristics

Hammer rings when crystalline 

rocks are struck. 

Hammer rings when crystalline 

rocks are struck. Body of 

rock not weakened. 

Hammer does not ring when 

rock is struck. Body of rock 

is slightly weakened. 

Dull sound when struck with 

hammer, usually can be broken 

with moderate to heavy manual 

pressure or by light hammer 

blow without reference to 

planes of weakness such as 

incipient or hairline frac-

tures, or veinlets. Rock is 

significantly weakened.

Can be granulated by hand.

Resistant minerals such as 

quartz may be present as 

"stringers" or "dikes."

Slightly

Weathered

Moderately

Weathered

Intensely

Weathered

Minor to complete 

discoloration or 

oxidation of most 

surfaces.

All fracture surfaces 

are discolored or

oxidized.

All fracture surfaces 

are discolored or 

oxidized, surfaces 

friable.

Partial separation, rock 

is friable; in semiarid 

conditions granitics are

disaggregated.

FRACTURE DENSITY

Observed Fracture Density

Unfractured

Very slightly fractured

Slightly fractured

Moderately fractured

Intensely fractured

Very intensely fractured

Description

Combination descriptors (such as "Very intensely to intensely fractured") are used where equal 

distribution of both fracture density characteristics is present over a significant interval or 

exposure, or where characteristics are "in between" the descriptor definitions. Only two adjacent 

descriptors may be combined.

ROCK HARDNESS

Criteria

Very Soft

Soft

Hard

Very Hard

Description

PERCENT CORE RECOVERY (REC) & ROCK QUALITY DESIGNATION (RQD)

Top Hole El.

B
o

ri
n

g
 

lo
c
a
ti

o
n

Hole I.D.

REC=100%

RQD=50%

REC=100%

RQD=80%

REC=88%

RQD=0%

Boring Date

End drilled interval

Begin drilled interval

Begin drilled interval

End drilled interval

Begin drilled interval

End drilled interval

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

Specimen can be scratched with a pocket knife or sharp pick with difficulty (heavy 

pressure). Heavy hammer blows required to break specimen.

Specimen can be scratched with pocket knife or sharp pick with light or moderate 

pressure. Core breaks with moderate hammer pressure.

Specimen can be grooved or gouged easily by a pocket knife or sharp pick with light 

pressure, can be scratched with fingernail. Breaks with light to moderate manual pressure.

Extremely Hard

Moderately Soft

Moderately Hard

Specimen cannot be scratched with a pocket knife or sharp pick; can only be chipped with 

repeated heavy hammer blows.

Specimen cannot be scratched with a pocket knife or sharp pick. Breaks with repeated 

heavy hammer blows.

Specimen can be readily indented, grooved or gouged with fingernail, or carved with a 

pocket knife. Breaks with light manual pressure.

Description Thickness / Spacing

Massive

Moderately bedded

Very thinly bedded

Laminated 

Very thickly bedded

Combination descriptors (such as "slightly weathered to fresh") are permissible where equal distribution of both weathering characteristics is present over 

significant intervals or where characteristics present are "in between" the diagnostic feature. However, combination descriptors should not be used where 

significant, identifiable zones can be delineated. Only two adjacent descriptors may be combined. "Very intensely weathered" is the combination descriptor for 

"intensely weathered to decomposed."

Thickly bedded

Thinly bedded

Specimen can be grooved 5 mm deep with a pocket knife or sharp pick with moderate 

or heavy pressure. Breaks with light hammer blow or heavy manual pressure.

BEDDING SPACING

Discolored or oxidized 

throughout, but resistant 

minerals such as quartz may 

be unaltered; all feldspars 

and Fe-Mg minerals are 

completely altered to clay. 

Discoloration or oxidation 

extends from fractures 

usually throughout; Fe-Mg 

minerals are "rusty," 

feldspar  crystals are 

"cloudy." 

Discoloration or oxidation 

is limited to surface of, 

or short distance from, 

fractures; some feldspar 

crystals are dull. 

Discoloration or oxidation 

throughout; all feldspars 

and Fe-Mg minerals are 

altered to clay to some 

extent; or chemical 

alteration produces 

in-situ disaggregation, 

see grain boundary 

conditions. 
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No fractures.

Mostly chips and fragments with a few scattered short core lengths.

Lengths greater than 1 m.

Lengths from 300 mm to 1000 mm with few lengths less than 300 mm or

greater than 1000 mm.

Lengths mostly in 100 mm to 300 mm range with most lengths about 200 mm.

Lengths average from 30 mm to 100 mm with scattered fragmented

intervals with lengths less than 100 mm.

x 100%REC =

RQD = x 100%

>

Length of the recovered core pieces

Total length of core run

Total length of core run

Length of intact core pieces   100 mm

Term

Strong

Weak

Very Weak

Very Strong 

RELATIVE STRENGTH OF INTACT ROCK

Extremely Strong

Medium Strong

Extremely Weak

1 m to 3 m

30 mm to 100 mm

10 mm to 30 mm

Greater than 3 m

300 mm to 1 m

Less than 10 mm

100 mm to 300 mm

Uniaxial Compressive Strength (MPa)

> 207 

100  - 207 

49  - 100 

25  - 49 

5  - 25 

1  - 5 

< 1 

3/9/09  

RW "445L"

MISCELLANEOUS RETAINING WALLS
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445

1 : 500

PLAN

PROFILE
VERTICAL

HORIZONTAL

1 : 100

1 : 500

Wall "445R"

"
C

C
R

1
"
 L

in
e

+44

COBBLES encountered

16.116.96242 M CW C DS

PA PI EI CR

3614 - 17.1 M

3650/51 - 19.0 M

16.217.86233 M CW C DS
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FILL:SILT (ML), stiff, brown, moist

SANDY LEAN CLAY (CL): hard, medium brown

moist, about 15% GRAVEL, about 40% fine 

to coarse SAND, about 60% fines

SEDIMENTARY ROCK (SHALE): gray, moderately

weathered, hard, moderately fractured,

weakly fissile with concretion beds

[ARDATH SHALE], [SILT (ML), hard, moist]

1-31-08

Terminated at El. 32.1 m

ER = 1.27i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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i
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i

i

i
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FILL: SILT (ML), with SAND and GRAVEL,

very stiff, light brown, moist, some

roots

SANDY LEAN CLAY with GRAVEL (CL): very 

dense, light brown with mottling, 

moist, about 15% fine to coarse GRAVEL, 

about 45% fine to coarse SAND, about 

60% fines

becomes very stiff, light brown with 

gray mottling, moist

PI CP

UW

PI

SANDY CLAY with GRAVEL (CL) very dense, light

brown with mottling, moist, about 15% fine

to coarse GRAVEL, about 45% fine to coarse

SAND, about 60% fine

1-31-08

Terminated at El. 32.8 m

ER = 1.27i
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1 : 500

PLAN

PROFILE
VERTICAL

HORIZONTAL

1 : 100

1 : 500

Wall "445R"
i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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1-30-08

Terminated at El. 33.4 m

FILL: SILT (ML), soft, olive brown,

moist

SANDY LEAN CLAY (CL): hard, grayish

brown, moist, about 35% fine to coarse

SAND, about 65% fines

TERRACE DEPOSIT: SILT (ML), very stiff,

olive gray, moist

PI
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REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

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

Poorly graded GRAVEL with SAND

Poorly graded GRAVEL with CLAY and

Poorly graded GRAVEL

Poorly graded GRAVEL with SILT and SAND

Poorly graded GRAVEL with SILT

Poorly graded SAND

Poorly graded SAND with SILT

Poorly graded SAND with CLAY

Poorly graded SAND with CLAY and

Poorly graded SAND with SILT and GRAVEL

Poorly graded SAND with GRAVEL

Poorly graded GRAVEL 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 PERCENT OR PROPORTION OF SOILS

MOISTURE

APPARENT DENSITY OF COHESIONLESS SOILS

PARTICLE SIZE

Description

Very loose

Loose

Medium Dense

Dense

Very Dense

Criteria

Damp but no visible water

Description

Dry

Moist

Wet

Absence of moisture, dusty, dry to the 

touch

Visible free water, usually soil is 

below water table

Criteria

5 to 10%

15 to 25%

30 to 45%

50 to 100%

Trace

Few

Little

Some

Mostly

Description

Particles are present but estimated to 

be less than 5%

Size

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

No. 10 to No. 4

No. 40 to No. 10

No. 200 to No. 40

60

0 - 4

5 - 10

11 - 30

31 - 50

   > 50

CP

C

UU

CU

CR

EI

UC

PI

Pocket PenetrometerPP

TV

M

OC

SE

UW

VS

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

Pocket Torvane

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)

Unconfined Compression-Soil

(ASTM D 2166)

Unconfined Compression-Rock

(ASTM D 2938)

Unconsolidated Undrained 

Triaxial (ASTM D 2850)

Unit Weight (ASTM D 4767)

Vane Shear (AASHTO T 223)

SOIL LEGEND

STATE OF

CALIFORNIA
DEPARTMENT OF TRANSPORTATION

CU

EA

MRW20.dgnFILE =>

BRIDGE NO.

EARLIER REVISION DATES

DISREGARD PRINTS BEARING
SHEET OF

U
S

E
R

N
A

M
E

 =
>

D
A

T
E

 P
L

O
T

T
E

D
 =

>
3

/
1

0
/
2

0
0

9
T

I
M

E
 P

L
O

T
T

E
D

 =
>

2
:
3

0
:
0

5
 P

M

10/14/08

11275

2T0401                                                                 

REVISION DATES

DESIGN BRANCH   G. CUSTENBORDER       

11   SD    805  R42.6/R46.2     

DIST COUNTY ROUTE
SHEET TOTAL

No SHEETS

OGS CIVIL LOG OF TEST BORINGS SHEET 

POST MILES

GEOTECHNICAL SERVICESENGINEERING SERVICES

DRAWN BY:

CHECKED BY:

FUNCTIONAL SUPERVISOR

NAME:

J. JOHNS                          
FIELD INVESTIGATIONS BY:

G. CUSTENBORDER                                              

DIVISION OF ENGINEERING SERVICES

STRUCTURE DESIGN

0 10 20 30 40 50 60 70 80 90 100

ORIGINAL SCALE IN MILLIMETERS

FOR REDUCED PLANS

shall not be responsible for the accuracy or

completeness of electronic copies of this plan sheet.

The State of California or its officers or agents

        

             

PLANS APPROVAL DATE

SANDAG

401 B STREET,

SAN DIEGO, CA. 92101

SAN DIEGO, CA. 92111

7895 CONVOY CT.

O
T

C

C

E

S

N

E
E

I

I

I

I

I

N

C
E

INT
E

A

H

ALOF

E

G

D

NO. 

EXP.   

ER
T

S
G

E
R

S
T

E OSORP
F

OF
R

R
N

AL

L

A

A

NEG

VAN OLIN

2578

6-30-10

V. OLIN                                

KP43.2/PM26.8

KILOMETER POST

TOTAL PROJECT

REGISTERED GEOTECHNICAL ENGINEER

BUREAU VERITAS NORTH AMERICA, INC.

m
p

a
r
a
n

j
a
p

e

SPT N   (Blows / 300 mm)
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Weak

Moderate

Strong

Criteria

CEMENTATION

Description

Will not crumble or break with finger 

pressure.

Crumbles or breaks with considerable 

finger pressure.

Crumbles or breaks with handling or 

little finger pressure.

Size

Size

S
iz

e
S

iz
e

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
ti

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

CONE PENETRATION TEST (CPT) SOUNDING

on tip element

Hole I.D.

L
o

c
a
ti

o
n

 

Top Hole El.

Boring Date

Friction Ratio (%) Tip Bearing (MPa)

0246 302010

Pressure measured

Dynamic Cone Penetration Boring

Auger Boring

Rotary drilled boring 

Rotary percussion boring (air)

Rotary drilled diamond core

Other

Cone Penetration Test (ASTM D 5778-95)

Symbol Description

R 

P

A 

D

R

CPT

HD 

HA

O

Hole

Type

BOREHOLE IDENTIFICATION

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

Terminated at Elev
Terminated at Elev

SOIL LEGEND

STATE OF

CALIFORNIA
DEPARTMENT OF TRANSPORTATION

CU

EA

MRW21.dgnFILE =>

BRIDGE NO.

EARLIER REVISION DATES

DISREGARD PRINTS BEARING
SHEET OF

U
S

E
R

N
A

M
E

 =
>

D
A

T
E

 P
L

O
T

T
E

D
 =

>
3

/
1

0
/
2

0
0

9
T

I
M

E
 P

L
O

T
T

E
D

 =
>

2
:
3

0
:
1

4
 P

M

10/14/08

11275

2T0401                                                                 

REVISION DATES

DESIGN BRANCH   G. CUSTENBORDER                

11   SD    805  R42.6/R46.2     

DIST COUNTY ROUTE
SHEET TOTAL

No SHEETS

OGS CIVIL LOG OF TEST BORINGS SHEET 

POST MILES

GEOTECHNICAL SERVICESENGINEERING SERVICES

DRAWN BY:

CHECKED BY:

FUNCTIONAL SUPERVISOR

NAME:

J. JOHNS                          
FIELD INVESTIGATIONS BY:

G. CUSTENBORDER                                              

DIVISION OF ENGINEERING SERVICES

STRUCTURE DESIGN

0 10 20 30 40 50 60 70 80 90 100

ORIGINAL SCALE IN MILLIMETERS

FOR REDUCED PLANS

shall not be responsible for the accuracy or

completeness of electronic copies of this plan sheet.

The State of California or its officers or agents

        

             

PLANS APPROVAL DATE

SANDAG

401 B STREET,

SAN DIEGO, CA. 92101

SAN DIEGO, CA. 92111

7895 CONVOY CT.

O
T

C

C

E

S

N

E
E

I

I

I

I

I

N

C
E

INT
E

A

H

ALOF

E

G

D

NO. 

EXP.   

ER
T

S
G

E
R

S
T

E OSORP
F

OF
R

R
N

AL

L

A

A

NEG

VAN OLIN

2578

6-30-10

V. OLIN                                

KP43.2/PM26.8

KILOMETER POST

TOTAL PROJECT

REGISTERED GEOTECHNICAL ENGINEER

BUREAU VERITAS NORTH AMERICA, INC.

m
p

a
r
a
n

j
a
p

e

CONSISTENCY OF COHESIVE SOILS

Field Approximation

Readily indented by thumbnail

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

Description

Readily indented by thumb but 

penetrated only with great effort

Indented by thumbnail with 

difficulty

Easily penetrated several inches 

by fist

Easily penetrated several inches 

by thumb

Penetrated several inches by 

thumb with moderate effort

PLASTICITY OF FINE-GRAINED SOILS

Nonplastic

Low

Medium

High

CriteriaDescription

The thread can barely be rolled and the lump cannot be formed when drier than the 

plastic limit.

The thread is easy to roll and not much time is required to reach the plastic limit. 

The thread cannot be rerolled after reaching the plastic limit. The lump crumbles 

when drier than the plastic limit.

It takes considerable time rolling and kneading to reach the plastic limit. The thread 

can be rerolled several times after reaching the plastic limit. The lump can be formed 

without crumbling when drier than the plastic limit.

< 24 < 24 < 12

12 to 2424 to 48 24 to 48

24 to 4848 to 96 48 to 96

96 to 192

96 to 192 96 to 192

> 192> 383 > 383

48 to 96

192 to 383 192 to 383

A 3 mm thread cannot be rolled at any water content.

Unconfined

Compressive

Strength (tsm)

Pocket

Penetrometer

Measurement (tsm)

Torvane

Measurement (tsm)

Hand driven (25 mm soil tube)

Hand Auger

Note: Size in millimeters.

Size of Sampler 

(millimeters)

76

Blows per 76 mm

(Using 12.7 kg hand 

hammer with a 76 mm

drop or as noted) Driving rate in

seconds per 300 mm

(using a Stanley

MB 156 percussion

hammer and a 56 mm

cone, or as noted)

25

2

Pressure measured

along sleeve friction

element (225 cm

area) divided by 

pressure measured

on tip element.

2(2 cm area)

3/9/09  

MISCELLANEOUS RETAINING WALLS

LOG OF TEST BORINGS SHEET NO. 2 OF 11
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IGNEOUS ROCK

LEGEND OF ROCK MATERIALS

SEDIMENTARY ROCK

METAMORPHIC ROCK

WEATHERING DESCRIPTORS FOR INTACT ROCK

Diagnostic features

Texture and Solutioning

Body of Rock Texture Solutioning

Preserved.

No solutioning.No change.

Decomposed

Fresh

Description

Chemical Weathering-Discoloration

and/or oxidation

Resembles a soil, partial

or complete remnant rock

structure may be preserved;

leaching of soluble

minerals usually complete.

Complete separation

of grain boundaries

(disaggregated).

Soluble min-

erals may be

mostly leached.

Generally

preserved.

Partial separation of

boundaries visible.

Texture

altered by

chemical

disintegra-

tion (hy-

dration,

argillation).

Leaching of 

soluble min-

erals may be

complete.

Minor leaching

of some solu-

ble minerals

may be noted.

No visible separation,

intact (tight).

No separation, intact

(tight).

No discoloration

or oxidation.

Mechanical Weathering-

Grain boundary condi-

tions (disaggregation)

primarily for granitics

and some coarse-grained

sediments

No discoloration, not 

oxidized.

Fracture 

Surfaces

General Characteristics

Hammer rings when crystalline 

rocks are struck. 

Hammer rings when crystalline 

rocks are struck. Body of 

rock not weakened. 

Hammer does not ring when 

rock is struck. Body of rock 

is slightly weakened. 

Dull sound when struck with 

hammer, usually can be broken 

with moderate to heavy manual 

pressure or by light hammer 

blow without reference to 

planes of weakness such as 

incipient or hairline frac-

tures, or veinlets. Rock is 

significantly weakened.

Can be granulated by hand.

Resistant minerals such as 

quartz may be present as 

"stringers" or "dikes."

Slightly

Weathered

Moderately

Weathered

Intensely

Weathered

Minor to complete 

discoloration or 

oxidation of most 

surfaces.

All fracture surfaces 

are discolored or

oxidized.

All fracture surfaces 

are discolored or 

oxidized, surfaces 

friable.

Partial separation, rock 

is friable; in semiarid 

conditions granitics are

disaggregated.

FRACTURE DENSITY

Observed Fracture Density

Unfractured

Very slightly fractured

Slightly fractured

Moderately fractured

Intensely fractured

Very intensely fractured

Description

Combination descriptors (such as "Very intensely to intensely fractured") are used where equal 

distribution of both fracture density characteristics is present over a significant interval or 

exposure, or where characteristics are "in between" the descriptor definitions. Only two adjacent 

descriptors may be combined.

ROCK HARDNESS

Criteria

Very Soft

Soft

Hard

Very Hard

Description

PERCENT CORE RECOVERY (REC) & ROCK QUALITY DESIGNATION (RQD)

Top Hole El.

B
o

ri
n

g
 

lo
c
a
ti

o
n

Hole I.D.

REC=100%

RQD=50%

REC=100%

RQD=80%

REC=88%

RQD=0%

Boring Date

End drilled interval

Begin drilled interval

Begin drilled interval

End drilled interval

Begin drilled interval

End drilled interval

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

Specimen can be scratched with a pocket knife or sharp pick with difficulty (heavy 

pressure). Heavy hammer blows required to break specimen.

Specimen can be scratched with pocket knife or sharp pick with light or moderate 

pressure. Core breaks with moderate hammer pressure.

Specimen can be grooved or gouged easily by a pocket knife or sharp pick with light 

pressure, can be scratched with fingernail. Breaks with light to moderate manual pressure.

Extremely Hard

Moderately Soft

Moderately Hard

Specimen cannot be scratched with a pocket knife or sharp pick; can only be chipped with 

repeated heavy hammer blows.

Specimen cannot be scratched with a pocket knife or sharp pick. Breaks with repeated 

heavy hammer blows.

Specimen can be readily indented, grooved or gouged with fingernail, or carved with a 

pocket knife. Breaks with light manual pressure.

Description Thickness / Spacing

Massive

Moderately bedded

Very thinly bedded

Laminated 

Very thickly bedded

Combination descriptors (such as "slightly weathered to fresh") are permissible where equal distribution of both weathering characteristics is present over 

significant intervals or where characteristics present are "in between" the diagnostic feature. However, combination descriptors should not be used where 

significant, identifiable zones can be delineated. Only two adjacent descriptors may be combined. "Very intensely weathered" is the combination descriptor for 

"intensely weathered to decomposed."

Thickly bedded

Thinly bedded

Specimen can be grooved 5 mm deep with a pocket knife or sharp pick with moderate 

or heavy pressure. Breaks with light hammer blow or heavy manual pressure.

BEDDING SPACING

Discolored or oxidized 

throughout, but resistant 

minerals such as quartz may 

be unaltered; all feldspars 

and Fe-Mg minerals are 

completely altered to clay. 

Discoloration or oxidation 

extends from fractures 

usually throughout; Fe-Mg 

minerals are "rusty," 

feldspar  crystals are 

"cloudy." 

Discoloration or oxidation 

is limited to surface of, 

or short distance from, 

fractures; some feldspar 

crystals are dull. 

Discoloration or oxidation 

throughout; all feldspars 

and Fe-Mg minerals are 

altered to clay to some 

extent; or chemical 

alteration produces 

in-situ disaggregation, 

see grain boundary 

conditions. 
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No fractures.

Mostly chips and fragments with a few scattered short core lengths.

Lengths greater than 1 m.

Lengths from 300 mm to 1000 mm with few lengths less than 300 mm or

greater than 1000 mm.

Lengths mostly in 100 mm to 300 mm range with most lengths about 200 mm.

Lengths average from 30 mm to 100 mm with scattered fragmented

intervals with lengths less than 100 mm.

x 100%REC =

RQD = x 100%

>

Length of the recovered core pieces

Total length of core run

Total length of core run

Length of intact core pieces   100 mm

Term

Strong

Weak

Very Weak

Very Strong 

RELATIVE STRENGTH OF INTACT ROCK

Extremely Strong

Medium Strong

Extremely Weak

1 m to 3 m

30 mm to 100 mm

10 mm to 30 mm

Greater than 3 m

300 mm to 1 m

Less than 10 mm

100 mm to 300 mm

Uniaxial Compressive Strength (MPa)

> 207 

100  - 207 

49  - 100 

25  - 49 

5  - 25 

1  - 5 

< 1 
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MISCELLANEOUS RETAINING WALLS

LOG OF TEST BORINGS SHEET NO. 3 OF 11
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203
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A-08-009

North Wingwall

Wall "445R"

Abutment 15

444

"
C

C
R

1
"
 L

in
e

6247 12.416.5
EI CR

M DS PA

6233 15.517.1
DS

M

3611
- 6.9 M PA

3617

62

3661

50/127

+36

+34

+32

+30

+28

+36

+34

+32

+30

+28

layer of COBBLES encountered

El. +36.9 m

+38+38

E
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A
T

IO
N

 (
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) E
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E
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 (m
)

A-08-009
203

SANDY LEAN CLAY (CL): stiff, brown, moist, 

about 6% GRAVEL, about 47% fine to coarse 

SAND, about 47% fines

ALLUVIUM: CLAY (CL), very stiff, dark brown, moist

POORLY GRADED SAND (SP): medium dense, reddish 

brown, moist

TERRACE DEPOSIT: SANDY SILT (ML), hard, alternating 

layers of light brown and light gray, moist, about

40% fine SAND, about 60% fines
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BUREAU VERITAS NORTH AMERICA, INC.
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2-1-08

Terminated at El. 27.1 m

ER = 1.27i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00

1.

 

 

 

2.

 

 

 

 

3.

 

 

 

 

 

 

 

  

 

 

 

4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i

i

i

i

i

i

i
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MISCELLANEOUS RETAINING WALLS

RW "445R"

3/9/09  

LOG OF TEST BORINGS SHEET NO. 4 OR 11

FILL: SANDY LEAN CLAY with GRAVEL (CL), hard brown, 
moist, about 15% GRAVEL, about 41% fine to 
coarse SAND, about 45% fines
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PLAN

PROFILE
VERTICAL

HORIZONTAL
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Abutment 15

Wall "445R"

North Wingwall
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152203
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1
"
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+32

+30

+28

+32

+30

+28

3619 - 6.9 M

CR6.1
PAM

-

3665/273

11.6 PAM-

19.2 M PA-

6291/203 22.2 M16.1

+34+34

El. +32.6 m
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) E
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 (m
)

203

A-08-007

TERRACE DEPOSIT: SANDY LEAN CLAY (CL), hard,

alternating layers of gray and light brown,

moist, about 30% fine SAND, about 70% fines

FILL: CLAYEY SAND with GRAVEL (SC), medium

dense, reddish brown, moist, about 27% GRAVEL,

about 40% fine to coarse SAND, about 33% fines 

6
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m
 R

T
¨
 S

ta
 4

4
4

+
8

2
m

 ¨

PI CP

PI

UW

6250

62REF/25

62REF/76
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+28

+26

+24

+22

+20

+18

+32
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+24
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+20
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El. +32.6 m
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) E
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E
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A
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N

 (m
)

GWS EL. 26.5m

2-10-08

152

O-08-018

FILL: SILTY SAND (SM), medium dense, reddish

brown, moist, about 80% fine SAND, about

20% fines

TERRACE DEPOSIT: SANDY SILT (ML), hard, fine

laminations of alternating layers of brown

and gray, moist, about 30% fine SAND, about

60% fines
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and are referenced to the NGVD 1929 Datum.

Bench Mark
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SEDIMENTARY ROCK: [becomes interbedded with

SAND and GRAVEL]

2-1-08

Terminated at El. 27.0 m

2-10-08

Terminated at El. 17.1 m

i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00

1.

 

 

 

2.

 

 

 

 

3.

 

 

 

 

 

 

 

  

 

 

 

4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i

i

i

i

i

i

i

ER = 1.45i

ER = 1.27

MISCELLANEOUS RETAINING WALLS

RW "445R"

3/9/09  

LOG OF TEST BORINGS SHEET NO. 5 OF 11

SEDIMENTARY ROCK (SHALE): gray,  moderately 

weathered, hard,  moderately fractured,weakly 

fissile with concretion beds [ARDATH SHALE],  

(SILT, hard, moist) 
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FILL: SILT SAND (SM), medium dense, 

reddish brown, moist

SANDY CLAY (CL): very stiff, light brown,

moist, about 35% fine to medium SAND,

about 65% fines
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FILL: SANDY CLAY (CL), stiff, dark brown, moist,

about 2% GRAVEL, 36% fine to medium SAND, about

62% fines

TERRACE DEPOSIT: CLAYEY GRAVEL with SAND (GC):

very dense, brown, moist, about 50% GRAVEL, about

35% SAND, about 15% fines
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NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i
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i

i

i

i

ER = 1.27i
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FILL: SILTY SAND with GRAVEL (SM), medium dense, reddish

brown, moist to very moist, about 20% fine to coarse

GRAVEL, about 70% fine to coarse SAND, about 10% fines

TERRACE DEPOSIT: CLAYEY SAND with GRAVEL and COBBLES (SC),

very dense, reddish brown, wet, about 5% subrounded COBBLES,

about 20% fine to coarse GRAVEL, about 60% fine to coarse

SAND, about 15% fines

WELL-GRADED GRAVEL with COBBLES and SAND (GW): very

dense, reddish brown, wet, about 20% COBBLES, about

60% fine to coarse GRAVEL, about 20% fine to coarse 

SAND
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FILL: SANDY LEAN CLAY (CL), soft, dark brown,

moist, about 6% GRAVEL, 24% fine to medium

SAND, about 70% fines

ALLUVIUM: LEAN CLAY with SAND (CL), hard,

dark brown moist, about 15% GRAVEL, about

25% SAND, about 60% fines
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SEDIMENTARY ROCK (SHALE): gray, moderately weathered,

hard, moderately fractured, weakly fissile with

concretion beds [ARDATH SHALE], [SILT (ML), hard, moist]

2-10-08

Terminated at El. 17.5 m

2-1-08

Terminated at El. 29.2 m
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ER = 1.45i
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NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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ER = 1.27i
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FILL: SANDY LEAN CLAY with GRAVEL (CL), hard, mix of

reddish brown, light brown and gray, moist, about

35% fine to coarse SAND, about 15% fine to coarse

GRAVEL, about 60% fines

ALLUVIUM: SANDY SILT (ML), very stiff, mix of dark,

medium and light brown, moist, about 5% fine GRAVEL,

about 35% fine SAND, about 60% fines
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NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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SANDY GRAVEL (GW): very dense, light gray, wet, about 70%
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[AGGREGATE BASE MATERIAL]

GRAVELLY CLAY (GC), stiff, light brown, damp to moist,

about 90% CLAY, about 10% subrounded GRAVEL, high plasticity

CLAYEY SILT (ML): very stiff, light yellow brown, damp to 

moist, about 80% SILT, about 30% CLAY, moderate plasticity, 

some light orange-brown oxidation 
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Terminated at El. 20.5 m

ER = 1.45i

ALLUVIUM: SILTY CLAY (CL): hard, light brow, damp to moist,

about 80% CLAY, about 20% SILT, rootlets, some oxidation,

some modules of dark manganese staining 
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trace CLAY
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SILT (ML): hard, light gray brown, moist, slightly

micaceous, mottled, trace very fine SAND and 

GRAVEL

CLAYEY SILT (ML): hard, light brown, moist, slightly micaceous, 

some light brown CLAY clods, trace very fine SAND and GRAVEL 
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12.714.6 M UW DS

FILL: SILTY SANDY GRAVEL (GW), dense, light gray brown, damp 

about 50% GRAVEL, about 40% SAND, about 10% SILT 

[AGGREGATE BASE]

SILT with GRAVEL (ML): hard, light yellow brown, dry to

damp, about 90% SILT, about 10% subrounded GRAVEL

CLAYEY SILT (ML): hard, light yellow brown, damp, about

90% SILT, about 10% CLAY, medium plasticity, contains

light brown clods of CLAY

CLAYEY GRAVEL (GC) stiff, light brown, damp about

60% subangular to subrounded GRAVEL, about 40% CLAY

0.18 m Asphaltic Concrete

some light orange brown Fe o  staining

SILTY CLAY (CL): very stiff, light yellow brown, damp,

about 60% CLAY, about 40% SILT, light orange to red

brown oxidation, some inclusions of light gray SILTSTONE,

trace fine SAND and GRAVEL

CLAYEY SILT (ML): increase in GRAVEL, slightly micaceous

contains small fragments of asphalt

ALLUVIUM: SANDY CLAY (CL), hard, light brown, moist, about

60% CLAY, about 40% fine SAND, medium plasticity, mottled

with light orange brown oxidation, trace GRAVEL

SANDY GRAVEL some CLAY (GW): very dense, light brown,

wet, about 60% subrounded GRAVEL, about 30% fine to coarse

SAND, about 10% CLAY, some COBBLE sized crystalline rock

SANDY GRAVEL (GW): very dense, light gray, wet, about

60% subrounded GRAVEL, about 40% fine to coarse SAND,

some COBBLE sized crystalline rock
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0.15 m Asphaltic Concrete

CLAY with GRAVEL (CL): hard, light brown, damp about 80%

CLAY, about 20% subrounded GRAVEL, some light orange

brown Fe O  staining

CLAYEY SILT (ML): hard, light yellow brown, damp, about

80% SILT, about 20% CLAY, medium plasticity, blocky,

disturbed sample

trace GRAVEL

contains clods of light gray SILTSTONE, light Fe O  

staining

trace nodules of white CaCO , blocky, mottled

trace clods of light brown SILTY CLAY

slow drilling

thin layering, trace dark nodules of manganese

SILTY CLAY (CL): hard, brown, moist, about 70% CLAY, about

30% SILT, high plasticity, slightly micaceous, trace fine

SAND and GRAVEL

CLAYEY SAND (SC): very dense, light brown, moist, about 

80% fine to coarse SAND, about 20% CLAY, trace GRAVEL

and COBBLE
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ALLUVIUM: SANDY CLAYEY GRAVEL (GC), hard, brown, moist,

about 70% CLAY, about 30% SAND, mottled with light

orange brown oxidation, trace GRAVEL and COBBLE

UW

FILL: SANDY GRAVEL (GW): dense, tan to light brown, damp

about 60% angular GRAVEL, about 40% SAND [AGGREGATE BASE]

SILTY CLAY (CL), some subrounded GRAVEL, stiff, light 

yellow brown, damp about 60% CLAY, about 40% SILT, high 

plasticity 

4-25-08

Terminated at El. 28.8 m

4-28-08

Terminated at El. 23.4 m
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ER = 1.45i
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NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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ER = 1.45i
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0.18 m Asphaltic Concrete

becomes blocky, encountered cobble-sized rock

interlayered with brown SILTY CLAY (CL), very stiff

contains clods of light gray SILTSTONE, some light orange

brown oxidation, trace of nodules of white CaCo

SILTY CLAY (CL): hard, light brown, damp, about 60% CLAY,

about 40% SILT, high plasticity, mottled with light orange

brown to brown colors, trace GRAVEL and SAND

GRAVELLY CLAY (GC): hard, light brown to brown, damp, about

80% CLAY, about 20% subrounded CLAY, high plasticity, mottled

with light orange brown to brown colors, trace SAND and COBBLE

SILTY  CLAY (CL): hard, brown to gray brown, moist, about 70%

CLAY, about 30% SILT, high plasticity, highly mottled, trace

GRAVEL

SILTY SAND (SM): very dense, light brown, moist, about 90%

very fine SAND, about 10% SILT, some light orange-brown

oxidation

interlayered with light gray SANDS (SP): becomes wet and

GRAVEL becomes subrounded to rounded

GRAVELLY SILTY SAND (SM): very dense, light brown, moist, about 

70% fine SAND, about 20% SILT, about 10% rounded  GRAVEL 

13.0115 M DS

mottled with light yellow brown, light red brown to dark

brown, trace manganese staining, GRAVEL becomes angular

to rounded

3643

50/152 62

50/152 62

50/152 62

50/76 62

3668

3630

3669

3662

3644

36

6255

6285

REF/152

36REF/152

36REF/152

36REF/152

36REF/152

CLAYEY SAND/SANDY CLAY (SC/CL): very dense, light brown,

moist, to very moist, about 50% fine SAND, about 50% CLAY

El. +50.0 m
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ALLUVIUM: SANDY CLAY (CL), hard, gray brown, moist, about

90% CLAY, about 10% fine SAND, high plasticity, weakly

layered, mottled with dark manganese staining, some light

orange brown oxidation
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A-08-056

UW

FILL: SILTY SANDY GRAVEL (GW), dense, tan, damp, about 50%

angular to subangular GRAVEL, about 40% fine SAND, about

10% SILT [AGGREGATE BASE] 
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0.15 m Asphaltic Concrete

becomes dry to damp, blocky

blocky

slow drilling

slightly micaceous

CLAYEY SILT some GRAVEL (ML): very stiff to hard, light yellow 

brown, damp, mottled with light orange brown Fe O , contains 

inclusions of light gray SILTSTONE, about 90% SILT, about 10% CLAY 

GRAVELLY SILT with COBBLES (ML): very stiff yellow brown, damp, 

some light orange brown Fe O  staining, about 20% subrounded 

GRAVEL, about 80% SILT 

CLAYEY SILT with GRAVEL (ML): very stiff, light yellow brown, 

damp, mottled with light orange brown to light red brown colors, 

about 90% SILT, about 10% CLAY 

Contains clods of brown CLAY (CL), some inclusions of light gray 

SILTSTONE 

SILTY CLAY (CL): trace very fine SAND, some subrounded GRAVEL, 

stiff to very stiff, light brown, moist, mottled with light orange 

brown and light gray green colors,  slightly micaceous, about 40% 

SILT, about 60% CLAY 

slow drilling Interlayered with light green fine SANDY SILT, color 

change to gray brown, increase in CLAY content, high plasticity, 

trace pebble size SILTSTONE 

13.215.1 M DS6250/152
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FILL: SILTY SAND GRAVEL (GM), dense, light brown, damp, 0.38 m 

thick, Base Material 

GRAVELLY SILT (ML): stiff to very stiff, light yellow brown, damp, 

about 30% subrounded GRAVEL, about 70% SILT

UW

447

SEDIMENTARY ROCK (SHALE): gray, moderately weathered,

hard, moderately fractured,weakly fissile with

concretion beds [ARDATH SHALE], [SILT (ML), hard, moist]

4-29-08

Terminated at El. 32.3 m

4-8-08

Terminated at El. 23.9 m

ER = 1.45i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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SILT with GRAVEL (ML), very stiff to hard, light yellow brown,

damp, about 90% SILT, about 10% subrounded GRAVEL,

medium plasticity
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NOTE: A COPY OF THIS LOG OF TEST BORINGS IS
AVAILABLE AT OFFICE OF STRUCTURE MAINTENANCE
AND INVESTIGATIONS, SACRAMENTO, CALIFORNIA

As-Built Log of Test Borings sheet is considered an informational document only. As such,
the State of California registration seal with signature, license number and registration
certificate expiration date confirm that this is a true and accurate copy of the original
document. It does not attest to the accuracy or validity of the information contained in the
original document. This drawing is available and presented only for the convenience of
any bidder, contractor or other interested party.
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GREGG DRILLING & TESTING, INC. 
 

GEOTECHNICAL AND ENVIRONMENTAL INVESTIGATION SERVICES 
 

 

 

 

2726 Walnut Ave • Signal Hill, California 90755 • (562) 427-6899 • FAX (562) 427-3314 
OTHER OFFICES: SAN FRANCISCO • HOUSTON • SOUTH CAROLINA 

www.greggdrilling.com 
 

 

May 5, 2008 
 
Testing Engineers 
Attn:  Dan Kirkman 
7895 Convoy Court, Suite 18 
San Diego, California 92111 
 
Subject: CPT Site Investigation 
  Caroll Canyon 
  San Diego, California 
  GREGG Project Number:  08-0174SH 
 
 
Dear Mr. Kirkman: 
 
The following report presents the results of GREGG Drilling & Testing’s Cone Penetration Test 
investigation for the above referenced site.  The following testing services were performed: 

 

1 Cone Penetration Tests (CPTU)  

2 Pore Pressure Dissipation Tests (PPD)  
3 Seismic Cone Penetration Tests (SCPTU)  
4 Resistivity Cone Penetration Tests (RCPTU)  

5 UVOST Laser Induced Fluorescence (UVOST)  
6 Groundwater Sampling (GWS)  
7 Soil Sampling (SS)  

8 Vapor Sampling (VS)  
9 Vane Shear Testing (VST)  
10 SPT Energy Calibration (SPTE)  

 
A list of reference papers providing additional background on the specific tests conducted is 
provided in the bibliography following the text of the report.  If you would like a copy of any of 
these publications or should you have any questions or comments regarding the contents of this 
report, please do not hesitate to contact our office at (562) 427-6899. 
 
Sincerely, 
GREGG Drilling & Testing, Inc. 
 
 
 
Peter Robertson 
Technical Operations 
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GREGG DRILLING & TESTING, INC. 
 

GEOTECHNICAL AND ENVIRONMENTAL INVESTIGATION SERVICES 
 

 

 

 

2726 Walnut Ave • Signal Hill, California 90755 • (562) 427-6899 • FAX (562) 427-3314 
OTHER OFFICES: SAN FRANCISCO • HOUSTON • SOUTH CAROLINA 

www.greggdrilling.com 
 

Cone Penetration Test Sounding Summary 
 

-Table 1- 
 
 

CPT Sounding 
Identification 

 

Date Termination Depth 
(Meters) 

Depth of Groundwater 
Samples (Meters) 

Depth of Soil Samples 
(Meters) 

Depth of Pore Pressure 
Dissipation Tests (Meters) 

440+62.5 4/30/08 4.9 - - - 
440+90 4/30/08 6.4 - - - 
441+22.5 4/30/08 8.8 - - - 
441+42 4/30/08 8.5 - - 7.0 
441+64 4/28/08 7.3 - - - 
441+82b 4/28/08 7.3 - - - 
441+96 4/28/08 7.3 - - 6.7 
442+05 4/28/08 8.5 - - - 
442+15 4/29/08 9.8 - - - 
442+23.5 4/29/08 7.3 - - 4.9 
442+32 4/30/08 9.1 - - - 
442+42.5 4/29/08 7.3 - - - 
442+50 4/30/08 10.0 - - - 
442+55 4/30/08 8.8 - - - 
442+70 4/30/08 4.0 - - - 
442+87 4/29/08 7.0 - - - 
443+20 4/29/08 7.3 - - - 
443+40 4/29/08 2.3 - - - 
443+82 4/29/08 5.2 - - - 
444+00 4/29/08 3.8 - - - 

A-98



GREGG DRILLING & TESTING, INC. 
 

GEOTECHNICAL AND ENVIRONMENTAL INVESTIGATION SERVICES 
 

 

 

 

2726 Walnut Ave • Signal Hill, California 90755 • (562) 427-6899 • FAX (562) 427-3314 
OTHER OFFICES: SAN FRANCISCO • HOUSTON • SOUTH CAROLINA 

www.greggdrilling.com 
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SUMMARY 

 

OF 

CONE PENETRATION TEST DATA 
 
 
 
1. INTRODUCTION 
 
This report presents the results of a Cone Penetration Test (CPT) program carried out for the 
project located at Sorrento Valley Road in San Diego, California.  The work was performed by 
Kehoe Testing & Engineering (KTE) on February 11, 2008.  The scope of work was performed 
as directed by Testing Engineers (Bureau Veritas) personnel. 
 
2. SUMMARY OF FIELD WORK 
 
The fieldwork consisted of performing CPT soundings at eight locations to determine the soil 
lithology.  The groundwater measurements were taken in the open CPT hole approximately 10 
minutes after completion of CPT.  The following TABLE 2.1 summarizes the CPT soundings 
performed: 
 

 

 
LOCATION 

 

DEPTH OF 
 CPT (ft) 

 

 
COMMENTS/NOTES: 

C-437+1015RT 12 Refusal, hole open to 3.4 m (dry) 
C-437+251500RT 11 Refusal, hole open to 3.6 m (dry) 
C-438+35144RT 15 Refusal, hole open to 4.2 m (dry) 
C-438+65144RT 12 Refusal, hole open to 3.6 m (dry) 
C-439+4256RT 15 Refusal, groundwater @ 4.2 m 
C-440+02.54RT 24 Refusal, groundwater @ 2.1 m 
C-440+0254LT 27 Refusal, groundwater @ 2.1 m 
C-440+62.5 26 Refusal, groundwater @ 2.4 m 

TABLE 2.1  -  Summary of CPT Soundings 
 
3. FIELD EQUIPMENT & PROCEDURES 
 
The CPT soundings were carried out by KTE using an integrated electronic cone system 
manufactured by Vertek.  The CPT soundings were performed in accordance with ASTM 
standards (D5778).  The cone penetrometers were pushed using a 30-ton CPT rig.  The cone 
used during the program was a 15 cm^2 cone and recorded the following parameters at 
approximately 2.5 cm depth intervals: 
 

• Cone Resistance (qc) • Inclination 
• Sleeve Friction (fs) • Penetration Speed 
• Dynamic Pore Pressure (u) • Pore Pressure Dissipation (at selected depths) 
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The above parameters were recorded and viewed in real time using a portable computer and 
stored on a diskette for future analysis and reference.  A complete set of baseline readings 
was taken prior to each sounding to determine temperature shifts and any zero load offsets.  
Monitoring base line readings ensures that the cone electronics are operating properly.  
 
4. CONE PENETRATION TEST DATA & INTERPRETATION 
 
The Cone Penetration Test data is presented in graphical form in the attached Appendix.  
Penetration depths are referenced to ground surface.  The soil classification on the CPT plots 
is derived from the CPT Classification Chart (Robertson, 1986) and presents major soil 
lithologic changes.  The stratigraphic interpretation is based on relationships between cone 
resistance (qc), sleeve friction (fs), and penetration pore pressure (u).  The friction ratio (Rf), 
which is sleeve friction divided by cone resistance, is a calculated parameter that is used to 
infer soil behavior type.  Generally, cohesive soils (clays) have high friction ratios, low cone 
resistance and generate excess pore water pressures.  Cohesionless soils (sands) have lower 
friction ratios, high cone bearing and generate little (or negative) excess pore water pressures. 
 
Output from the interpretation program CPTINT provides averaged CPT data over 0.3-meter 
intervals.  The CPTINT output includes Soil Classification Zones, SPT N Values and Undrained 
Shear Strength (Su).  A summary of the equations used for the tabulated parameters is 
provided in the CPTINT Correlation Table in the Appendix.  
 
The interpretation of soils encountered on this project was carried out using correlations 
developed by Robertson et al, 1986.  It should be noted that it is not always possible to clearly 
identify a soil type based on qc, fs and u.  In these situations, experience, judgment and an 
assessment of the pore pressure data should be used to infer the soil behavior type. 
 
If you have any questions regarding this information, please do not hesitate to call our office at 
(714) 901-7270. 
  
Sincerely, 
 

�����������	
����	
�	����	
�
 
 
 
 
Richard W. Koester, Jr. 
General Manager 
 
02/19/08-ld-3-8276 
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Maximum depth: 3.58 (m)

Kehoe Testing & Engineering
Office: (714) 901-7270
Fax: (714) 901-7289
rich@kehoetesting.com
skehoe@msn.com

CPT Data
30 ton rig

Client: Testing Engineers
Job Site: End of Sorrento Rd.

Date: 11/Feb/2008
Test ID: C-437+1015RT
Project: CarrollCanyon
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Maximum depth: 3.43 (m)

Kehoe Testing & Engineering
Office: (714) 901-7270
Fax: (714) 901-7289
rich@kehoetesting.com
skehoe@msn.com

CPT Data
30 ton rig

Client: Testing Engineers
Job Site: End of Sorrento Rd.

Date: 11/Feb/2008
Test ID: C-437+251500RT
Project: CarrollCanyon

Test ID: C-437+251500RT
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Maximum depth: 4.54 (m)

Kehoe Testing & Engineering
Office: (714) 901-7270
Fax: (714) 901-7289
rich@kehoetesting.com
skehoe@msn.com

CPT Data
30 ton rig

Client: Testing Engineers
Job Site: End of Sorrento Rd.

Date: 11/Feb/2008
Test ID: C-437+90147RT
Project: CarrollCanyon

Test ID: C-437+90147RT

File: Z11F0805C.ECP
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Maximum depth: 4.44 (m)

Kehoe Testing & Engineering
Office: (714) 901-7270
Fax: (714) 901-7289
rich@kehoetesting.com
skehoe@msn.com

CPT Data
30 ton rig

Client: Testing Engineers
Job Site: End of Sorrento Rd.

Date: 11/Feb/2008
Test ID: C-438+35144RT
Project: CarrollCanyon

Test ID: C-438+35144RT

File: Z11F0806C.ECP
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Maximum depth: 3.67 (m)

Kehoe Testing & Engineering
Office: (714) 901-7270
Fax: (714) 901-7289
rich@kehoetesting.com
skehoe@msn.com

CPT Data
30 ton rig

Client: Testing Engineers
Job Site: End of Sorrento Rd.

Date: 11/Feb/2008
Test ID: C-438+65144RT
Project: CarrollCanyon

Test ID: C-438+65144RT

File: Z11F0807C.ECP
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Maximum depth: 4.42 (m)

Kehoe Testing & Engineering
Office: (714) 901-7270
Fax: (714) 901-7289
rich@kehoetesting.com
skehoe@msn.com

CPT Data
30 ton rig

Client: Testing Engineers
Job Site: End of Sorrento Rd.

Date: 11/Feb/2008
Test ID: C-439+4256RT
Project: CarrollCanyon

Test ID: C-439+4256RT

File: Z11F0804C.ECP
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Maximum depth: 7.40 (m)

Kehoe Testing & Engineering
Office: (714) 901-7270
Fax: (714) 901-7289
rich@kehoetesting.com
skehoe@msn.com

CPT Data
30 ton rig

Client: Testing Engineers
Job Site: End of Sorrento Rd.

Date: 11/Feb/2008
Test ID: C-440+02.54RT
Project: CarrollCanyon

Test ID: C-440+02.54RT

File: Z11F0803C.ECP
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Maximum depth: 8.37 (m)

Kehoe Testing & Engineering
Office: (714) 901-7270
Fax: (714) 901-7289
rich@kehoetesting.com
skehoe@msn.com

CPT Data
30 ton rig

Client: Testing Engineers
Job Site: End of Sorrento Rd.

Date: 11/Feb/2008
Test ID: C-440+0254LT
Project: CarrollCanyon

Test ID: C-440+0254LT

File: Z11F0802C.ECP
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Maximum depth: 7.77 (m)

Kehoe Testing & Engineering
Office: (714) 901-7270
Fax: (714) 901-7289
rich@kehoetesting.com
skehoe@msn.com

CPT Data
30 ton rig

Client: Testing Engineers
Job Site: End of Sorrento Rd.

Date: 11/Feb/2008
Test ID: C-440+62.5
Project: CarrollCanyon

Test ID: C-440+62.5
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"
NPUT FILE: c:\temp\C-437+1015RT.CSV |----------------------------------------------------
" Depth Qc(avg) Fs(avg) Rf Rf Zone Spt N Spt N1 Su
" (meter) (MPa) (MPa) (%) (zone #) (blow/ft) (blow/ft) (MPa)
"----------------------------------------------------------------------------------

0.152 11.687 0.124 1.060 8 29 44 9E9
0.457 34.554 0.337 0.974 9 69 104 9E9
0.762 31.829 0.297 0.933 9 64 96 9E9
1.067 46.422 0.346 0.744 10 77 116 9E9
1.372 62.392 0.502 0.804 10 104 156 9E9
1.676 42.057 0.474 1.126 9 84 126 9E9
1.981 11.012 0.271 2.449 7 37 56 9E9
2.286 4.376 0.082 1.856 7 15 23 9E9
2.591 2.986 0.063 2.108 6 12 18 9E9
2.896 2.865 0.072 2.487 6 12 18 9E9
3.200 5.355 0.113 2.100 6 22 30 9E9
3.505 59.233 0.251 0.424 10 99 127 9E9
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"
NPUT FILE: c:\temp\C-437+251500RT.CSV |----------------------------------------------------
" Depth Qc(avg) Fs(avg) Rf Rf Zone Spt N Spt N1 Su
" (meter) (MPa) (MPa) (%) (zone #) (blow/ft) (blow/ft) (MPa)
"----------------------------------------------------------------------------------

0.152 7.671 0.066 0.857 8 19 29 9E9
0.457 3.800 0.111 2.899 6 15 23 9E9
0.762 10.000 0.267 2.670 6 40 60 9E9
1.067 10.180 0.362 3.554 6 41 62 9E9
1.372 13.458 0.226 1.678 8 34 51 9E9
1.676 11.905 0.274 2.294 7 40 60 9E9
1.981 6.450 0.179 2.771 6 26 39 9E9
2.286 31.964 0.267 0.835 9 64 96 9E9
2.591 57.277 0.580 1.013 9 115 173 9E9
2.896 37.927 0.570 1.502 9 76 114 9E9
3.200 41.281 0.498 1.206 9 83 115 9E9
3.505 65.400 0.000 0.000 10 9E9 9E9 9E9
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"
NPUT FILE: c:\temp\C-437+90147RT.CSV |----------------------------------------------------
" Depth Qc(avg) Fs(avg) Rf Rf Zone Spt N Spt N1 Su
" (meter) (MPa) (MPa) (%) (zone #) (blow/ft) (blow/ft) (MPa)
"----------------------------------------------------------------------------------

0.152 27.072 0.024 0.088 10 45 68 9E9
0.457 1.068 0.015 1.441 5 5 8 0.071
0.762 5.114 0.040 0.791 8 13 20 9E9
1.067 41.204 0.479 1.163 9 82 123 9E9
1.372 33.842 0.766 2.264 8 85 128 9E9
1.676 23.882 0.719 3.011 12 119 179 9E9
1.981 25.300 0.633 2.502 7 84 126 9E9
2.286 20.175 0.397 1.970 8 50 75 9E9
2.591 18.682 0.374 2.000 7 62 93 9E9
2.896 17.143 0.394 2.300 7 57 85 9E9
3.200 11.536 0.303 2.628 7 38 53 9E9
3.505 5.796 0.202 3.491 5 29 38 0.382
3.810 5.476 0.164 2.991 6 22 27 9E9
4.115 19.825 0.378 1.907 8 50 57 9E9
4.420 58.861 0.283 0.481 10 98 106 9E9
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"
NPUT FILE: c:\temp\C-438+35144RT.CSV |-------------------------------------------------
" Depth Qc(avg) Fs(avg) Rf Rf Zone Spt N Spt N1 Su
" (meter) (meter) (meter) (%) (zone #) (blow/ft) (blow/ft) (meter)
"----------------------------------------------------------------------------------

0.152 1.880 0.026 1.383 1 0 0 0.109
0.457 0.732 0.009 1.180 1 0 0 0.000
0.762 13.668 0.117 0.855 1 1 2 0.830
1.067 44.504 0.630 1.416 1 2 3 2.852
1.372 29.170 0.770 2.638 3 3 5 1.792
1.676 23.305 0.668 2.865 3 2 3 1.362
1.981 24.645 0.594 2.409 3 2 3 1.412
2.286 19.233 0.392 2.036 1 1 2 1.015
2.591 18.914 0.374 1.978 1 1 2 0.962
2.896 14.625 0.345 2.356 1 1 2 0.643
3.200 9.871 0.309 3.131 2 1 2 0.296
3.505 5.023 0.165 3.277 2 9E9 9E9 9E9
3.810 6.553 0.189 2.890 2 1 1 0.020
4.115 34.106 0.452 1.325 1 2 3 1.826
4.420 62.867 0.197 0.313 1 3 4 3.709
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"
NPUT FILE: c:\temp\C-438+65144RT.CSV |----------------------------------------------------
" Depth Qc(avg) Fs(avg) Rf Rf Zone Spt N Spt N1 Su
" (meter) (MPa) (MPa) (%) (zone #) (blow/ft) (blow/ft) (MPa)
"----------------------------------------------------------------------------------

0.152 2.995 0.063 2.109 6 12 18 9E9
0.457 12.339 0.367 2.975 6 49 74 9E9
0.762 19.588 0.591 3.018 7 65 98 9E9
1.067 27.578 0.806 2.915 12 138 207 9E9
1.372 30.056 0.862 2.865 12 151 227 9E9
1.676 29.184 0.877 2.997 12 146 219 9E9
1.981 22.109 0.677 3.056 12 111 167 9E9
2.286 29.345 0.704 2.390 7 98 147 9E9
2.591 36.795 0.639 1.728 8 92 138 9E9
2.896 33.924 0.604 1.765 8 86 126 9E9
3.200 31.679 0.553 1.723 8 80 109 9E9
3.505 61.535 0.615 0.998 10 103 131 9E9
3.810 37.900 0.000 0.000 10 9E9 9E9 9E9
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"
NPUT FILE: c:\temp\C-439+4256RT.CSV |----------------------------------------------------
" Depth Qc(avg) Fs(avg) Rf Rf Zone Spt N Spt N1 Su
" (meter) (MPa) (MPa) (%) (zone #) (blow/ft) (blow/ft) (MPa)
"----------------------------------------------------------------------------------

0.152 33.675 0.177 0.526 10 56 84 9E9
0.457 14.665 0.190 1.295 8 37 56 9E9
0.762 4.819 0.152 3.153 6 19 29 9E9
1.067 3.392 0.131 3.865 5 17 26 0.225
1.372 5.411 0.199 3.676 5 27 41 0.359
1.676 5.033 0.222 4.394 4 34 51 0.334
1.981 4.833 0.210 4.340 4 32 48 0.320
2.286 3.581 0.152 4.233 4 24 36 0.236
2.591 4.241 0.145 3.412 5 21 32 0.281
2.896 3.688 0.121 3.270 5 18 27 0.242
3.200 3.556 0.134 3.779 5 18 25 0.233
3.505 13.783 0.397 2.879 7 46 59 9E9
3.810 18.241 0.560 3.065 7 61 74 9E9
4.115 24.804 0.593 2.389 7 83 95 9E9
4.420 29.886 0.419 1.403 9 60 65 9E9
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"
NPUT FILE: c:\temp\C-440+025.54LT.CSV |----------------------------------------------------
" Depth Qc(avg) Fs(avg) Rf Rf Zone Spt N Spt N1 Su
" (meter) (MPa) (MPa) (%) (zone #) (blow/ft) (blow/ft) (MPa)
"----------------------------------------------------------------------------------

0.152 0.707 0.027 3.761 3 7 11 0.048
0.457 0.569 0.033 5.761 3 6 9 0.038
0.762 0.987 0.043 4.333 3 10 15 0.066
1.067 2.835 0.052 1.814 6 11 17 9E9
1.372 2.594 0.045 1.730 6 10 15 9E9
1.676 1.329 0.066 4.848 3 14 21 0.088
1.981 1.000 0.056 5.580 3 10 15 0.064
2.286 0.737 0.040 5.352 3 7 11 0.047
2.591 0.667 0.033 4.839 3 7 11 0.043
2.896 0.644 0.027 4.068 3 7 11 0.040
3.200 0.279 0.019 6.000 3 3 4 0.017
3.505 0.725 0.027 3.506 3 8 10 0.047
3.810 0.442 0.020 4.086 3 5 6 0.028
4.115 0.255 0.010 3.667 3 3 3 0.013
4.420 0.258 0.013 4.545 3 3 3 0.013
4.724 0.285 0.010 3.333 3 3 3 0.014
5.029 0.273 0.014 4.545 3 3 3 0.014
5.334 3.925 0.101 2.564 6 16 15 9E9
5.639 4.200 0.155 3.661 5 21 19 0.274
5.944 9.533 0.302 3.173 6 38 33 9E9
6.248 9.747 0.322 3.285 6 39 33 9E9
6.553 16.090 0.318 1.940 7 55 45 9E9
6.858 17.455 0.391 2.213 7 59 46 9E9
7.163 17.664 0.400 2.231 7 60 45 9E9
7.468 40.429 0.000 0.000 10 9E9 9E9 9E9
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"
NPUT FILE: c:\temp\C-440+0254LT.CSV |----------------------------------------------------
" Depth Qc(avg) Fs(avg) Rf Rf Zone Spt N Spt N1 Su
" (meter) (MPa) (MPa) (%) (zone #) (blow/ft) (blow/ft) (MPa)
"----------------------------------------------------------------------------------

0.152 0.795 0.016 2.013 4 5 8 0.053
0.457 0.521 0.020 3.871 3 5 8 0.034
0.762 1.280 0.029 2.292 5 6 9 0.084
1.067 6.012 0.041 0.686 8 15 23 9E9
1.372 5.669 0.051 0.904 8 14 21 9E9
1.676 2.929 0.035 1.205 7 10 15 9E9
1.981 1.535 0.057 3.716 4 10 15 0.100
2.286 0.945 0.039 4.135 3 9 14 0.060
2.591 0.823 0.032 3.925 3 8 12 0.052
2.896 0.877 0.032 3.684 3 9 14 0.055
3.200 0.414 0.016 3.966 3 4 6 0.024
3.505 0.357 0.010 2.800 3 4 5 0.019
3.810 0.650 0.017 2.637 4 4 5 0.039
4.115 0.567 0.016 2.824 3 6 7 0.033
4.420 0.425 0.010 2.353 3 4 4 0.023
4.724 0.820 0.010 1.220 5 4 4 0.049
5.029 7.790 0.094 1.212 8 19 19 9E9
5.334 5.500 0.025 0.446 8 14 13 9E9
5.639 0.665 0.010 1.438 5 3 3 0.037
5.944 7.195 0.075 1.044 8 18 16 9E9
6.248 5.165 0.085 1.650 7 17 14 9E9
6.553 6.186 0.098 1.578 7 21 17 9E9
6.858 3.714 0.063 1.703 7 12 9 9E9
7.163 8.038 0.127 1.586 7 27 21 9E9
7.468 12.561 0.381 3.033 6 50 37 9E9
7.772 22.347 0.682 3.043 12 112 80 9E9
8.077 28.342 0.721 2.497 7 96 66 9E9
8.382 45.492 0.324 0.702 10 77 52 9E9
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"
NPUT FILE: c:\temp\C-440+62.5.CSV |----------------------------------------------------
" Depth Qc(avg) Fs(avg) Rf Rf Zone Spt N Spt N1 Su
" (meter) (MPa) (MPa) (%) (zone #) (blow/ft) (blow/ft) (MPa)
"----------------------------------------------------------------------------------

0.152 4.907 0.035 0.707 8 12 18 9E9
0.457 6.738 0.051 0.761 8 17 26 9E9
0.762 4.378 0.058 1.329 7 15 23 9E9
1.067 1.648 0.031 1.864 6 7 11 9E9
1.372 9.872 0.146 1.474 8 25 38 9E9
1.676 8.918 0.135 1.509 7 30 45 9E9
1.981 12.059 0.098 0.810 9 24 36 9E9
2.286 15.668 0.134 0.856 9 31 47 9E9
2.591 16.132 0.270 1.674 8 40 60 9E9
2.896 12.364 0.107 0.867 9 25 38 9E9
3.200 4.055 0.048 1.179 7 14 20 9E9
3.505 14.800 0.204 1.376 8 37 48 9E9
3.810 18.491 0.190 1.025 9 37 45 9E9
4.115 13.311 0.241 1.807 7 45 52 9E9
4.420 15.371 0.284 1.834 8 39 43 9E9
4.724 14.493 0.303 2.067 7 49 51 9E9
5.029 18.115 0.398 2.187 7 61 60 9E9
5.334 13.535 0.320 2.347 7 45 43 9E9
5.639 20.395 0.423 2.038 8 52 47 9E9
5.944 19.990 0.340 1.641 8 52 45 9E9
6.248 21.755 0.379 1.679 8 56 47 9E9
6.553 26.822 0.409 1.469 8 70 56 9E9
6.858 33.652 0.444 1.248 9 71 55 9E9
7.163 37.126 0.513 1.312 9 78 59 9E9
7.468 38.250 0.485 1.203 9 81 59 9E9
7.772 41.392 0.182 0.420 10 72 51 9E9

A-172



    CPTCP.TBL - CPTINT Correlation and Parameters Table File       Page 1/10 
    -------------with NOTES & References at end------------- 
 
    Program:        CPTINT - CPT Cone Interpretation Program 
    Version:        5.2 
    Table File by:  Dr. R. G. (DICK) Campanella, P.Eng. 
    Rev. Dated:     April 3, 2002 
 
+---------------------------------------------------------------------------+ 
¦   Parameter   ¦       Methods              ¦Refer. ¦  Valid  ¦ Valid Zone ¦ 
¦               ¦                            ¦ Number¦Soil Type¦            ¦ 
¦---------------+----------------------------+-------+---------+------------¦ 
¦ Depth average ¦ Depth averaged over speci- ¦       ¦   All   ¦    All     ¦ 
¦  see NOTE #1  ¦ fied range (see menu)      ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦ Parameter     ¦ Averaged over range        ¦       ¦         ¦            ¦ 
¦ Averaging     ¦ specified for depth. If no ¦       ¦   All   ¦    All     ¦ 
¦               ¦ values exist, your choice  ¦       ¦         ¦            ¦ 
¦               ¦ is zero's or no value      ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦ Qc, Tip Stress¦ measured tip force/area    ¦ #6,#8 ¦   All   ¦    All     ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦     Qt        ¦ Qt = Qc + (1 - a) x U2 and ¦ #6,#8 ¦   All   ¦    All     ¦ 
¦ corrtd for U2 ¦  a = tip area ratio        ¦       ¦         ¦            ¦ 
¦               ¦ Defaults to U2 if given or ¦       ¦         ¦            ¦ 
¦  see NOTE #2  ¦ uses U1 or U3 times Const. ¦       ¦         ¦            ¦ 
¦ [ Note: Input value from input file is used if defined, not calculated ]  ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦     Q         ¦       Qt - sv              ¦       ¦         ¦            ¦ 
¦(Qt Normalized)¦   Q = -------              ¦#9 & 13¦   All   ¦    All     ¦ 
¦               ¦         sv'                ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦     Fs        ¦ measured sleeve force/area ¦ #6,#8 ¦   All   ¦    All     ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦     Rf        ¦          Fs                ¦       ¦         ¦            ¦ 
¦ Friction Ratio¦     Rf = -- x 100%         ¦ #6,#8 ¦   All   ¦    All     ¦ 
¦(if Rf>8, Rf=8)¦          Qt                ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦      F        ¦          Fs                ¦       ¦         ¦            ¦ 
¦(Rf Normalized)¦   F = --------- x 100%     ¦#9 & 13¦   All   ¦    All     ¦ 
¦               ¦       (Qt - sv)            ¦       ¦         ¦            ¦ 
+---------------+------------------------------------+---------+------------¦ 
¦     Gamma     ¦ Based on Rf or Bq Classif. Zone    ¦         ¦            ¦ 
¦               ¦ Zone #     Gamma = kN/m^3  ¦       ¦         ¦            ¦ 
¦     Total     ¦    1      Qt<4bar   15.70  ¦       ¦         ¦            ¦ 
¦  Unit Weight  ¦    1      Qt=4bar   17.30  ¦       ¦         ¦            ¦ 
¦(Soil + Water) ¦    2      Rf<5%     13.36  ¦       ¦         ¦            ¦ 
¦               ¦    2      Rf=5%     11.80  ¦       ¦         ¦            ¦ 
¦               ¦    2      Bq Zone   12.58  ¦       ¦         ¦            ¦ 
¦  see NOTE #3  ¦    3      Qt<10bar  18.86  ¦       ¦   All   ¦    All     ¦ 
¦               ¦    3      Qt=10bar  19.65  ¦       ¦         ¦            ¦ 
¦               ¦ 4, 5 & 6  Qt<20bar  18.86  ¦       ¦         ¦            ¦ 
¦               ¦ 4, 5 & 6  Qt=20bar  19.65  ¦       ¦         ¦            ¦ 
¦               ¦    7                18.86  ¦       ¦         ¦            ¦ 
¦               ¦  8 & 9              19.65  ¦       ¦         ¦            ¦ 
¦               ¦   10                20.44  ¦       ¦         ¦            ¦ 
¦               ¦ 11 & 12             21.22  ¦       ¦         ¦            ¦ 
+---------------------------------------------------------------------------+ 
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+---------------------------------------------------------------------------+ 
¦   Parameter   ¦         Methods            ¦Refer. ¦  Valid  ¦ Valid Zone ¦ 
¦               ¦                            ¦ Number¦Soil Type¦            ¦ 
¦---------------+----------------------------+-------+---------+------------¦ 
¦       U       ¦ U1,measured on Face of tip ¦       ¦         ¦            ¦ 
¦  Penetration  ¦ U2,measured Behind Tip at  ¦       ¦         ¦            ¦ 
¦ Pore Pressure ¦    shoulder (std location) ¦       ¦   All   ¦    All     ¦ 
¦               ¦ U3,measured Behind Friction¦       ¦         ¦            ¦ 
¦  see NOTE #4  ¦    Sleeve                  ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦ Water Table   ¦ Depth below ground surface ¦       ¦         ¦            ¦ 
¦               ¦ to where pore pressure = 0 ¦       ¦   All   ¦    All     ¦ 
¦               ¦ Make negative if water     ¦       ¦         ¦            ¦ 
¦               ¦ level is above ground      ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦       Uo      ¦ Uo = water depth,Hw x unit ¦       ¦         ¦            ¦ 
¦  Hydrostatic  ¦    weight water, Gamma or  ¦       ¦         ¦            ¦ 
¦ Pore Pressure ¦ Uo=Hw=depth-depth to water ¦       ¦   All   ¦    All     ¦ 
¦               ¦       table                ¦       ¦         ¦            ¦ 
¦  see NOTE #4  ¦ if depth<water table,Uo = 0¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦       dU      ¦ dU = U2 - Uo               ¦       ¦         ¦            ¦ 
¦     Excess    ¦ Defaults to U2 if given    ¦       ¦   All   ¦    All     ¦ 
¦ Pore Pressure ¦  or uses U1 or U3 x const. ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦      DPPR     ¦        dU   U - Uo         ¦       ¦         ¦            ¦ 
¦ (Differential ¦ DPPR = -- = ------         ¦ #6,#8 ¦         ¦            ¦ 
¦ Pore Pressure ¦        Qt     Qt           ¦       ¦   All   ¦    All     ¦ 
¦        Ratio) ¦ Defaults to U2 if given    ¦       ¦         ¦            ¦ 
¦               ¦  or uses U1 or U3 x const. ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦               ¦        dU                  ¦ # 4   ¦         ¦            ¦ 
¦      Bq       ¦ Bq = -------               ¦ # 8   ¦   All   ¦    All     ¦ 
¦               ¦      Qt - sv               ¦ # 13  ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦ OS (Overburden¦ OS = sv = S (Gamma x Depth)¦       ¦   All   ¦    All     ¦ 
¦     Stress)   ¦                            ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦ EOS (Effective¦ EOS = sv' = OS - Uo        ¦       ¦         ¦            ¦ 
¦Overburden Stress)         = sv - Uo        ¦       ¦   All   ¦    All     ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦    Rf Zone    ¦ Classification chart for   ¦ #6    ¦         ¦            ¦ 
¦               ¦       Qc and Rf            ¦       ¦         ¦            ¦ 
¦     Soil      ¦Zone # =  Soil Behavior Type¦ #8,   ¦         ¦            ¦ 
¦ Behavior Type ¦ 1=sensitive fine grained   ¦ Fig4.3¦         ¦            ¦ 
¦               ¦ 2=organic material         ¦       ¦         ¦            ¦ 
¦  see NOTE #5  ¦ 3=clay                     ¦       ¦         ¦            ¦ 
¦               ¦ 4=silty clay               ¦       ¦         ¦            ¦ 
¦               ¦ 5=clayey silt              ¦       ¦   All   ¦1<Qt<1000bar¦ 
¦               ¦ 6=sandy silt               ¦       ¦         ¦0<Rf<8%     ¦ 
¦               ¦ 7=silty sand               ¦       ¦         ¦            ¦ 
¦               ¦ 8=fine sand                ¦       ¦         ¦            ¦ 
¦               ¦ 9=sand                     ¦       ¦         ¦            ¦ 
¦               ¦10=gravelly sand            ¦       ¦         ¦            ¦ 
¦               ¦11=very stiff fine grained ¥¦       ¦         ¦            ¦ 
¦               ¦12=sand to clayey sand ¥    ¦       ¦         ¦            ¦ 
¦               ¦ ¥ overconsolidated or cemented     ¦         ¦            ¦ 
+---------------------------------------------------------------------------+ 
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+---------------------------------------------------------------------------+ 
¦   Parameter   ¦         Methods            ¦Refer. ¦  Valid  ¦ Valid Zone ¦ 
¦               ¦                            ¦ Number¦Soil Type¦            ¦ 
¦---------------+----------------------------+-------+---------+------------¦ 
¦    Bq Zone    ¦ Classification chart for   ¦       ¦         ¦0<Qt<1000bar¦ 
¦     Soil      ¦        Qc and Bq           ¦ #8    ¦   All   ¦ -0.1<Bq<1.4¦ 
¦ Behavior Type ¦(same zone #'s as Rf above) ¦Fig 4.3¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦   Spt N(60)   ¦   Qt/N ratio per zone      ¦ # 7   ¦         ¦            ¦ 
¦   Standard    ¦Zone #  Qt/N    Zone #  Qt/N¦       ¦         ¦            ¦ 
¦  Penetration  ¦    1    2          7    3  ¦ # 8   ¦         ¦            ¦ 
¦     Test      ¦    2    1          8    4  ¦Fig 4.2¦   All   ¦    All     ¦ 
¦ (Blows/foot)  ¦    3    1          9    5  ¦       ¦         ¦            ¦ 
¦ at 60% Energy ¦    4    1.5       10    6  ¦       ¦         ¦            ¦ 
¦After R&C(1983)¦    5    2         11    1  ¦       ¦         ¦            ¦ 
¦  see NOTE #6  ¦    6    2.5       12    2  ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦  Spt N1(60)   ¦ Spt N1(60) = Cn x Spt N(60)¦       ¦         ¦            ¦ 
¦ Normalized for¦ where Cn = (sv')^(-0.77)   ¦ # 8   ¦   All   ¦ 0.5<Cn<1.5 ¦ 
¦ Overburden str¦                            ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦      Dr       ¦ Specific Sands:            ¦ # 8   ¦         ¦            ¦ 
¦   Relative    ¦                            ¦       ¦         ¦            ¦ 
¦   Density     ¦      100      +    Qc    + ¦       ¦         ¦            ¦ 
¦               ¦ Dr = --- * ln ¦ -------- ¦ ¦       ¦         ¦            ¦ 
¦  see NOTE #7  ¦      C2       ¦       C1 ¦ ¦       ¦         ¦            ¦ 
¦               ¦               + C0 sv'   + ¦       ¦         ¦            ¦ 
¦               ¦ where:                     ¦       ¦         ¦            ¦ 
¦               ¦  All are NC & UNAGED       ¦       ¦         ¦            ¦ 
¦Compressibility¦ Sand      ¦ C0  ¦ C1 ¦ C2  ¦       ¦         ¦            ¦ 
¦               ¦ ----------+-----+----+---- ¦       ¦         ¦            ¦ 
¦   moderate    ¦ Ticino    ¦17.37¦.558¦2.58 ¦ # 1   ¦       / ¦  7 to 10   ¦ 
¦     high      ¦Schmertmann¦15.32¦.520¦2.75 ¦ # 1   ¦   Sand--¦ 0<Qt<500bar¦ 
¦               ¦                            ¦       ¦       \ ¦ 0<sv'<5bar ¦ 
¦               ¦ -------------------------- ¦       ¦         ¦            ¦ 
¦     all       ¦ ALL SANDS:                 ¦       ¦         ¦            ¦ 
¦               ¦  NC, OC, ALL TESTS         ¦ # 5   ¦         ¦            ¦ 
¦               ¦                +  + Qc +  +¦       ¦         ¦            ¦ 
¦               ¦                ¦  ¦ -- ¦  ¦¦       ¦         ¦            ¦ 
¦               ¦                ¦  + C1 +  ¦¦       ¦         ¦            ¦ 
¦               ¦ Dr=C3 + C4log  ¦ -------- ¦¦       ¦         ¦            ¦ 
¦               ¦              10¦ + sv'+C2 ¦¦       ¦         ¦            ¦ 
¦               ¦                ¦ ¦ ---¦   ¦¦       ¦         ¦            ¦ 
¦               ¦                + + C0 +   +¦       ¦         ¦            ¦ 
¦               ¦ where:                     ¦       ¦         ¦            ¦ 
¦               ¦                            ¦       ¦         ¦            ¦ 
¦               ¦  C0  ¦  C1  ¦ C2 ¦ C3 ¦ C4 ¦       ¦         ¦            ¦ 
¦               ¦ -----+------+----+----+--- ¦       ¦   Sand  ¦  7 to 10   ¦ 
¦               ¦ 0.100¦0.0981¦ 0.5¦ -98¦ 66 ¦       ¦         ¦(6 possible)¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦      Phi      ¦ Methods:                   ¦       ¦         ¦            ¦ 
¦               ¦ 1) Robertson & Campanella  ¦#6, #8 ¦         ¦ 7 to 10 & 6¦ 
¦ Friction Angle¦ 2) Durgunoglu & Mitchell   ¦  # 2  ¦       / ¦ 0<Qt<500bar¦ 
¦               ¦ 3) Janbu beta = +15 degree ¦#6, #8 ¦   Sand--¦ 0<sv'<4bar ¦ 
¦               ¦ 4) Janbu beta =  0  degree ¦#6, #8 ¦       \ ¦ 29<phi<49  ¦ 
¦               ¦ 5) Janbu beta = -15 degree ¦#6, #8 ¦         ¦            ¦ 
+---------------------------------------------------------------------------+ 
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+---------------------------------------------------------------------------+ 
¦   Parameter   ¦        Methods             ¦Refer. ¦  Valid  ¦ Valid Zone ¦ 
¦               ¦                            ¦ Number¦Soil Type¦            ¦ 
¦---------------+----------------------------+-------+---------+------------¦ 
¦    Gmax       ¦ Clay:                      ¦       ¦         ¦            ¦ 
¦ Maximum Shear ¦                            ¦ # 8   ¦         ¦            ¦ 
¦   Modulus at  ¦ Gmax = alpha x Qt          ¦Fig4.18¦   Clay  ¦   1 to 6   ¦ 
¦   very small  ¦                            ¦       ¦         ¦            ¦ 
¦    strains    ¦ Sand:                      ¦ # 6   ¦         ¦            ¦ 
¦               ¦ Digitized figure of Qc vs  ¦ # 8   ¦         ¦(6 possible)¦ 
¦               ¦ Gmax with interpolation    ¦Fig4.13¦   Sand  ¦  7 to 10   ¦ 
¦               ¦between sv'curves,R&C method¦       ¦         ¦.25<sv'<8bar¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦ CSR(Qc), t/s  ¦ Seed's CSR vs N1(60) graph ¦ # 11  ¦         ¦            ¦ 
¦ LEVEL ground  + for specified equake Magni-¦ # 12  ¦         ¦            ¦ 
¦ Liquefaction  ¦ tude.Can include silty sand¦       ¦   Sand  ¦  7 to 10   ¦ 
¦SAND Resistance¦ corr. for Zone 7. N1(60)   ¦       ¦         ¦(6 possible)¦ 
¦ see NOTE #8   ¦ from CPT correlations.     ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦ CSR(Eq), t/s  ¦              Amax   sv     ¦       ¦         ¦            ¦ 
¦ Cyclic Stress ¦CSR(Eq) = 0.65 ---- ---- rd ¦ # 12  ¦         ¦            ¦ 
¦ Ratio applied ¦               g    svo'    ¦       ¦   Sand  ¦  7 to 10   ¦ 
¦by design quake¦Amax=max surface acceleratn ¦ # 3   ¦         ¦(6 possible)¦ 
¦               ¦including Amplification     ¦       ¦         ¦            ¦ 
¦ [ Note: Input value from input file is used if defined, & not calculated] ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦      rd       ¦ Digitized graph to use     ¦       ¦         ¦(6 possible)¦ 
¦   Reduction   ¦ for depth vs rd:           ¦       ¦         ¦  7 to 10   ¦ 
¦Factor to find ¦ 1) Seed's mean             ¦ # 12  ¦   Sand  ¦ 0<depth<30m¦ 
¦    CSR(Eq)    ¦ 2) Fraser Delta            ¦ # 3   ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦FL,Safety Factor    FL = CSR(Qc)/CSR(Eq)    ¦ # 3   ¦   Sand  ¦  7 to 10   ¦ 
¦against Liquefaction                        ¦       ¦         ¦(6 possible)¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦     Qcr       ¦ Qcr backcalculated from    ¦       ¦         ¦            ¦ 
¦Critical Bearng¦ CSR(Eq) for a specified FL.¦ # 12  ¦   Sand  ¦  7 to 10   ¦ 
¦required to    ¦ Qcr is only for the given  ¦       ¦         ¦(6 possible)¦ 
¦resist Liquefctn GWT,EOS,OS,Amax/g & Eq.Mag ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦      Su,      ¦            Qc - st         ¦ # 8   ¦         ¦            ¦ 
¦   Undrained   ¦ Nk:   Su = -------         ¦       ¦   Clay  ¦   1 to 6   ¦ 
¦     Shear     ¦              Nk            ¦       ¦         ¦            ¦ 
¦   Strength    ¦                            ¦       ¦         ¦            ¦ 
¦      of       ¦            Qt - U2         ¦       ¦         ¦            ¦ 
¦     CLAY      ¦ Nke:  Su = -------         ¦       ¦   Clay  ¦   1 to 6   ¦ 
¦               ¦              Nke           ¦       ¦         ¦            ¦ 
¦   METHODS:    ¦                            ¦       ¦         ¦            ¦ 
¦               ¦            Qt - sv         ¦       ¦         ¦            ¦ 
¦               ¦ Nkt:  Su = -------         ¦       ¦   Clay  ¦   1 to 6   ¦ 
¦               ¦              Nkt           ¦       ¦         ¦            ¦ 
¦               ¦                            ¦       ¦         ¦            ¦ 
¦               ¦            Qt              ¦       ¦         ¦            ¦ 
¦               ¦ Nc:   Su = --              ¦       ¦   Clay  ¦   1 to 6   ¦ 
¦               ¦            Nc              ¦       ¦         ¦            ¦ 
¦               ¦                            ¦       ¦         ¦            ¦ 
¦               ¦            dU2 (dU1 or dU3)¦       ¦         ¦            ¦ 
¦  see NOTE #9  ¦ NdU:  Su = ---             ¦       ¦   Clay  ¦   1 to 6   ¦ 
¦               ¦            NdU             ¦       ¦         ¦            ¦ 
+---------------------------------------------------------------------------+ 
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+---------------------------------------------------------------------------+ 
¦  Parameter    ¦         Methods            ¦Refer. ¦  Valid  ¦ Valid Zone ¦ 
¦               ¦                            ¦ Number¦Soil Type¦            ¦ 
¦---------------+----------------------------+-------+---------+------------¦ 
¦               ¦           Su               ¦       ¦         ¦            ¦ 
¦    Su/EOS     ¦ Su/EOS = ----              ¦ # 8   ¦   Clay  ¦   1 to 6   ¦ 
¦               ¦           sv'              ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦    Ko (NC)    ¦                            ¦       ¦         ¦            ¦ 
¦    Normally   ¦ (Ko)NC = 1 - Sin( f )      ¦ # 8   ¦   Sand  ¦  7 to 10   ¦ 
¦  Consolidated ¦     see NOTE #10           ¦       ¦         ¦(6 possible)¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦    Ko (OC)    ¦                      0.42  ¦       ¦         ¦            ¦ 
¦     Over      ¦ (Ko)OC = (Ko)NC x OCR      ¦ # 8   ¦   Sand  ¦  7 to 10   ¦ 
¦  Consolidated ¦                            ¦       ¦         ¦(6 possible)¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦      E25      ¦ E25 = alpha x Qt           ¦ # 8   ¦   Sand  ¦(6) 7 to 10 ¦ 
¦ Youngs Modulus¦ where user input alpha     ¦4.11&12¦         ¦ 0<Qt<500bar¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦       M       ¦ CLAY:                      ¦ # 8   ¦         ¦            ¦ 
¦  Constrained  ¦ M = alpha x Qt             ¦Tabl4.3¦   Clay  ¦   1 to 6   ¦ 
¦    Modulus    ¦ where user input alpha     ¦       ¦         ¦            ¦ 
¦               ¦                            ¦       ¦         ¦            ¦ 
¦               ¦ SAND:                      ¦       ¦         ¦            ¦ 
¦               ¦ Methods:                   ¦       ¦         ¦            ¦ 
¦               ¦ Qt:                        ¦       ¦         ¦            ¦ 
¦               ¦       M = alpha x Qt       ¦       ¦   Sand  ¦  7 to 10   ¦ 
¦               ¦ Baldi:                     ¦ # 8   ¦         ¦(6 possible)¦ 
¦               ¦ M            + sv' +C1     ¦Fig4.10¦         ¦            ¦ 
¦               ¦ -- = C0 x pa ¦ --- ¦   x   ¦       ¦   Sand  ¦  7 to 10   ¦ 
¦               ¦ Qt           + pa  +       ¦       ¦         ¦            ¦ 
¦               ¦         C2                 ¦       ¦         ¦            ¦ 
¦               ¦      OCR   x exp( C3 Dr )  ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦   OCR (Clay)  ¦       +    Su      +1.25   ¦       ¦         ¦            ¦ 
¦    Over-      ¦       ¦    ----    ¦       ¦ # 6   ¦         ¦            ¦ 
¦ Consolidation ¦       ¦    svo'    ¦       ¦       ¦         ¦            ¦ 
¦    Ratio      ¦ OCR = ¦ ---------- ¦       ¦ # 8   ¦   Clay  ¦   1 to 6   ¦ 
¦               ¦       ¦ +  Su  +   ¦       ¦Fig4.19¦         ¦            ¦ 
¦  see NOTE #11 ¦       ¦ ¦ ---- ¦   ¦       ¦       ¦         ¦            ¦ 
¦               ¦       + + svo' +NC +       ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦               ¦      + +                +2 ¦       ¦         ¦            ¦ 
¦     Ic        ¦ Ic = ¦ ¦3-log  (Q(1-Bq))¦  ¦       ¦         ¦            ¦ 
¦               ¦      + +     10         +  ¦       ¦         ¦            ¦ 
¦   Material    ¦                            ¦ # 13  ¦   All   ¦     All    ¦ 
¦    Index      ¦      +             +2+0.5  ¦       ¦         ¦            ¦ 
¦After J&D(1993)¦    + ¦1.5+1.3log  F¦ ¦     ¦ # 17  ¦         ¦            ¦ 
¦  see NOTE #18 ¦      +          10 + +     ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦   Spt N(60)   ¦                            ¦       ¦         ¦            ¦ 
¦   Standard    ¦                            ¦       ¦         ¦            ¦ 
¦  Penetration  ¦  Qc/N = 8.5(1-(Ic/4.75))   ¦       ¦         ¦            ¦ 
¦     Test      ¦                            ¦ # 13  ¦   All   ¦    All     ¦ 
¦ (Blows/foot)  ¦   where Qc in bars         ¦       ¦         ¦            ¦ 
¦ at 60% Energy ¦                            ¦       ¦         ¦            ¦ 
¦After J&D(1993)¦                            ¦       ¦         ¦            ¦ 
¦  see NOTE #16 ¦                            ¦       ¦         ¦            ¦ 
+---------------------------------------------------------------------------+ 
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+---------------------------------------------------------------------------+ 
¦   Parameter   ¦        Methods             ¦Refer. ¦  Valid  ¦ Valid Zone ¦ 
¦               ¦                            ¦ Number¦Soil Type¦            ¦ 
¦---------------+----------------------------+-------+---------+------------¦ 
¦State Parameter¦          +           +     ¦       ¦         ¦            ¦ 
¦               ¦          ¦3M + 8.5M/F¦     ¦       ¦         ¦            ¦ 
¦State,(e-units)¦        ln¦-----------¦     ¦       ¦         ¦            ¦ 
¦               ¦          +  Q(1-Bq)  +     ¦       ¦         ¦            ¦ 
¦Current Void   ¦State =  ---------------    ¦       ¦         ¦            ¦ 
¦   Void Ratio  ¦           11.9 - 1.33F     ¦ # 14  ¦   All   ¦    All     ¦ 
¦     minus     ¦                            ¦       ¦         ¦            ¦ 
¦Critical       ¦          6 Sin fcv         ¦       ¦         ¦            ¦ 
¦   Void Ratio  ¦     M = -------------      ¦       ¦         ¦            ¦ 
¦               ¦          3 - Sin fcv       ¦       ¦         ¦            ¦ 
¦               ¦                            ¦       ¦         ¦            ¦ 
¦               ¦ fcv = const. vol. Phi angle¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦ Fines Content ¦                            ¦       ¦         ¦            ¦ 
¦               ¦FC(%) = 42.4179(Ic) - 54.8574       ¦         ¦            ¦ 
¦     FC(%)     ¦                            ¦       ¦         ¦            ¦ 
¦               ¦ FC(%) =   0% if Ic < 1.2933¦ # 15  ¦   All   ¦    All     ¦ 
¦Percent        ¦                            ¦       ¦         ¦            ¦ 
¦  less than    ¦ FC(%) = 100% if Ic > 3.6508¦       ¦         ¦            ¦ 
¦     #200 Sieve¦                            ¦       ¦         ¦            ¦ 
¦After Davies,99¦                            ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦   OCR (Clay)  ¦ OCR = 0.5 + 1.50(PPD)      ¦       ¦         ¦            ¦ 
¦Overcons. Ratio¦                            ¦       ¦         ¦            ¦ 
¦by Pore Press. ¦ PPD = (U1 - U2)/Uo or      ¦       ¦         ¦            ¦ 
¦U1 & U2        ¦ PPD = (U1 - U3)/Uo         ¦ # 16  ¦   Clay  ¦   1 to 6   ¦ 
¦   or U1 & U3  ¦                            ¦       ¦         ¦            ¦ 
¦  see NOTE #17 ¦ and default 0.5 & 1.5      ¦       ¦         ¦            ¦ 
¦               ¦       are settable         ¦       ¦         ¦            ¦ 
+---------------------------------------------------------------------------+ 
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          +++++++++++++NOTES++++++++++++++            Page 7/10 
           
1. Depth averaging may be in 0.5, 1, 2.5 or 5 ft. intervals or 
0.1, 0.25, 0.5 or 1.0 m intervals, or no depth averaging if 
zero is selected. The average is the mean value of the readings  
in the interval. The depth value is the mid-depth of the  
averaged interval. It is convenient to start at half the depth 
averaging interval.  For example, if you want "even" depths and 
the depth averaging is set at 0.50 m then start at 0.25 to get 
values of depth of 0.5, 1.0, 1.5, etc. 
 
2. Basic input CPTU data columns are for Depth, Qc, Fs, U1, U2, 
U3, INC and TEMP may be selected.  In addition the following 
parameters may also be specified as an INPUT data column:  Qt, 
Gamma, Uo, Spt N, Rf Zone, Bq Zone and CSR(EQ).  These values 
will be used where required to obtain other interpreted 
parameters.  If they are not specified the program will 
estimate them when they are required.  For example, you can 
create an OUTPUT data file of any of the above parameters and 
then edit some or all of the values to suite your measurements 
or your desires to specify their values.  You can do that with 
"Gamma" values to input your measurements of unit weight, or 
with "Uo" if you want to input values of pore water pressure 
other than hydrostatic, or with any of the other input 
parameters.  You would use your edited file of adjusted data as 
your new INPUT data file.  Thus, you can specify these 
parameters if you want to override the Program's values. 
 
   You can also use the designated value of "9E9" to denote an 
unknown value. 
 
   You can use the "OTHER" designation to input other data that 
exists on your input file and identify its units. This allows 
you to output it, without operating on it, if you choose. 
 
   It is best NOT to use depth averaging when using input data 
that is not continuous at regular depth intervals.  Always use 
DEPTH AVERAGING with extreme caution since the program averages 
ALL INPUT parameters over the interval chosen irregardless of 
soil type. Careful use of start and end depth choises can make 
depth averaging very effective. 
 
3. Since there is no data in the file within the initial depth 
interval, a default Gamma (unit weight) must be specified from 
the surface to the starting depth.  This is done in the "Param" 
Menu in units of kN/m^3 (1kN/m^3=6.36pcf).  Also, you can specify 
the values of Gamma to be used by the program as in NOTE #2 above. 
 
4. If pore pressures are not measured by the cone then the 
program will take Qc as being equal to Qt for all interpretations 
requiring Qt.  Also, Uo may be specified in the input file as a 
column of Uo vs depth values, if the water pressures are not 
hydrostatic. See NOTE #2 for more info on customizing input data. 
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5. You can choose to use either the Rf classif. Zone or the Bq 
classif. Zone to divide soil into Undrained Parameters (Zones 1 
to 6) and Drained Parameters (Zones 7 to 10) in the "Param" 
Menu. (However, in order to use the Bq Zone you must have Pore 
Pressure, U2, data.)  Also, you may choose to switch Zone 6 to 
a Drained Zone from its Undrained Zone status.  This is done if 
you feel that the soil identified as Zone 6 (sandy silt) is 
really coaser (using other sources of information) and/or you 
want it analyzed as a Drained rather than Undrained soil. 
Finally, the soil behavior names in each zone were shortened in 
version 5.0 for simplicity.  For example, Zone 6 was named 
"sandy silt to clayey silt" but was shortened to "sandy silt". 
 
6. Spt N is the same as Spt N(60) for 60% transferred energy. 
This value is calculated from the Qt/N ratios given for each 
Soil Zone (you can specify either Rf or Bq Zone) and these 
values are used in the Level Ground Liquefaction analysis. 
Values of Spt N may be specified in the Input File, if 
indepedently measured values are to be used.  We suggest that 
you not use depth averaging if you only have selected 
Spt N values at a few depths. You may use "9E9" for missing data. 
 
7. If Dr values are negative then soil is very loose or likely 
more of an undrained soil like a silty sand rather than a 
drained soil for which the Dr correlations were developed. 
Use Dr interpretations very cautiously since they also assume 
the soil is free draining, uncemented, unaged and has the same 
compressibility of grains as the soil used for the correlations 
in chamber calibration tests. 
 
8. The simplified sand liquefaction analysis for level ground 
according to Seed et al requires Spt N1(60) and earthquake 
magnitude to obtain the cyclic stress ratio to cause 
liquefaction, CSR(Qc).  The design maximum ground acceleration, 
the depth-reduction factor, Rd, and overburden total and 
effective stresses are required to calculate the cyclic stress 
ratio applied by the design earthquake, CSR(EQ).  The program 
estimates the N1(60) values from the cone stresses, the operator 
identifies the earthquake magnitude and Seed et al chart is used 
to get CSR(Qc).  The program also calculates CSR(EQ) from the 
user specified maximum ground acceleration including any 
amplification factors, the calculated overburden stresses and 
either Seed's mean or the Fraser Delta Rd factor.  The Fraser 
Delta is used only when amplification factors of the order of 
2 or more are used.  See Reference Nos. 3, 6, 11 and 12 for more 
information.  The user can INPUT specific values for Spt N, 
CSR(EQ), Soil Zones, Gamma's, etc. in order to customize the 
analysis for the existing data base of information.  It is 
recommended that you do not use depth averaging when using 
specific input data but make calculations at specific depths 
where external input data exists. The calculated value of Qcr 
is the minimum value of cone bearing stress required at a given 
depth such that the factor of safety against liquefaction, or 
the ratio FL = CSR(Qc)/CSR(EQ) have the specified value for a 
given earthquake magnitude, max. ground acceleration, depth 
reduction factor, and calculated overburden stresses.  This 
value of Qcr is useful to identify the required minimum level 
of soil improvement for a given design condition. 
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9. The NdU method to calculate undrained shear strength has been 
extended to allow the user to choose either dU1, or dU2 or dU3 
provided such pore pressure measurements exist. 
 
10. The Overconsolidation Ratio, OCR, for the sand must be 
estimated by the user in the "Param" menu if you want to 
estimate Ko in the sand layers.  For the typical normally 
consolidated sand, OCR = 1.0. 
 
11. It is currently only possible to estimate the OCR for a 
clay, which makes use of the correlations obtained from 
extensive laboratory tests. 
 
12. An improved calculation and print routine was added to 
version 5.0 which uses swap routines to reduce memory 
requirements, but slows down the calculations. 
 
13. The classification charts for Rf has been extended at all 
boundaries such that values of Rf>8 and values of Qc<1.00 are 
possible. The Bq classification chart which requires dU2 and 
can now accept values of Bq>1.2 and Qt<1.  Unfortunately, this 
feature does not work. 
 
14. Version 5.1ppd added several enhancements to the program. 
You may input an average vertical flow gradient, which is  
applied over the entire profile depth to be analysed so adjust 
the depth of interest accordingly. Zero gives hydrostatic and  
no flow, a negative gradient is upward flow which increases  
pore pressure and reduces vertical effective stress.  A  
positive gradient gives downward flow. 
 
15. A State Parameter or current void ratio minus critical 
void ratio is calculated according to the paper by Ref. 14, 
Plewes, Davies and Jefferies, 1994. 
 
16. An alternate method to estimate SPT from CPT is provided  
according to Ref. 13, Jefferies and Davies, 1993 in ASTM.  
 
17. An alternate method to estimate OCR in clays is provided 
which uses the measured pore pressure difference, ppd, so  
both U1 and U2 or U1 and U3 must be measured at the same time. 
(see Ref. 16) 
 
18. Version 5.2 added the value Ic (Material Index) according  
to Jefferies & Davies, 1993, 1991 (Ref. 13 & 17) which combines  
all Normalized parameters Q, F and Bq.  
(Note: QtN was changed to Q and RfN to F.) 
 
18A. In Version 5.2, if at any depth the value of Bq>1 (in very  
sensitive saturated soil)then Bq is made equal to 0.99.  Also,  
if Rf>8 it is made 7.99.  These changes have a negligable  
effect on the results. 
 
19. FC(%) or percent of dry weight less than #200 sieve (.074mm) 
was also added according to Davies, 1999 Ref.#15) 
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Fault: Newport-Inglewood-Rose Canyon/East
Style: Strike-Slip
Magnitude 7
R(km) 6.1
PBA 0.5g
Note: ARS curve was obtained from Fig B-8 of Seismic Design Criteria, June 2006, Version 1.4

(1) Spectral Acceleration Values were magnified by 20% for T >= 1.0 seconds, since project site is within 15 km of an active fault zone
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NOTE: This figure may contain areas of color. BVNA cannot be responsible
for any subsequent misinterpretation of the information resulting from black
and white reproductions of this figure.
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NOTES:

1. ACTIVE PRESSURE, Pa
Pa = 5.97H kPa (equivalent to 38H psf in imperial units)

2. CONSTRUCTION TRAFFIC SURCHAGE PRESSURE, Ps
Ps = 5.75 kPa (equivalent to 120 psf in imperial units)

3. PASSIVE PRESSURE, Pp
Pp = 58.92D kPa (equivalent to 375D psf in imperial units)

4. LATERAL PRESSURE DUE TO EARTHQUAKE LOADING, Pe
Pe = 3.14H kPa (equivalent to 20H psf in imperial units)

5. SURCHARGES FROM EXCAVATED SOIL OR CONSTRUCTION MATERIALS ARE NOT INCLUDED
6. ‘H’ and ‘D’ ARE IN METERS
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for any subsequent misinterpretation of the information resulting from black
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NOTES:

1. LATERAL EARTH PRESSURE, Pa
Pa = 5.66H kPa (equivalent to 36H psf in imperial units)

2. CONSTRUCTION TRAFFIC SURCHAGE PRESSURE, Ps
Ps = 5.75 kPa (equivalent to 120 psf in imperial units)

3. PASSIVE PRESSURE, Pp
Pp = 58.92D kPa (equivalent to 375D psf in imperial units)

4. LATERAL PRESSURE DUE TO EARTHQUAKE LOADING, Pe
Pe = 3.14H kPa (equivalent to 20H psf in imperial units)

5. SURCHARGES FROM EXCAVATED SOIL OR CONSTRUCTION MATERIALS ARE NOT INCLUDED
6. ‘H’, ‘H1' and ‘D’ ARE IN METERS.
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NOTES:

1. LATERAL EARTH PRESSURE, Pa
Pa = 5.66H kPa (equivalent to 36H psf in imperial units)

2. CONSTRUCTION TRAFFIC SURCHAGE PRESSURE, Ps
Ps = 5.75 kPa (equivalent to 120 psf in imperial units)

3. PASSIVE PRESSURE, Pp
Pp = 58.92D kPa (equivalent to 375D psf in imperial units)

4. LATERAL PRESSURE DUE TO EARTHQUAKE LOADING, Pe
Pe = 3.14H kPa (equivalent to 20H psf in imperial units)

5. SURCHARGES FROM EXCAVATED SOIL OR CONSTRUCTION MATERIALS ARE NOT INCLUDED
6. ‘H’, ‘H1', ‘Hn’, ‘Hn+1', and ‘D’ ARE IN METERS.
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State of California Baainas, T m n r p o ~ o  and Eomrlng Agency 

M e m o r a n d u m  

ro: MS. CHUNG-YUAN WEN 
Structure Desiga 
Office of Bridge Design - South 2 
Bridge Design EPranch 21 
Diamond Bar, CA 

ostc: November 19,2008 

Pile: 11-SD-805 KP 43.546 
11-267601 
Mira Mesa Blvd UC (Widening) 
Br. # 57-0785 R/L 

Attention: Mr. Kumar Ghosh 

From: DEPARTMENT OF TRANSPORTATION 
DIVISION OF ENGINEERING SERVICES 
Geotechnical Services 
Office of Geotechnical Design - South 2, MS#5 
Design Branch C 

Subject: Revised Foundation Recommendations 

A request for revised foundation recommendations was prepared by your Office on September 4, 
2008. This revision request includes a foundation type recommendation for the proposed median 
widening and a new recommendation for the southbound, left side widening of Mira Mesa Boulevard 
Undercrossing, bridge number 57-0785 R/L. The recommendations in this report supercede the 
recommendations dated April 1,2008 prepared by our office. 

Our office has completed a foundation investigation for the proposed widening. The investigation 
consisted of a review of the ''.&-built" plans, and fieldwork consisting of a new mud rotary boring at 
the proposed project site. All elevations referenced in this memo are in meters (feet), and are 
referenced to the 1929 NGVD Datum. The foundation recommendations were based on the General 
Plans provided by DSD dated 3/06/08. 

Project I Site Description 

The existing project site is located in the City of Sorrento Valley, California, on State Route 805, 
south of Interstate Route 5. The proposed project consists of widening the median section to 
connect the left and right bridges, and widening the outside of the left bridge (southbound side). 

Geology 

The "As-built" Log of Test Boring (LOTB) describes the soils consisting of dense to very dense, silty 
gravelly SAND With clay, to lean CLAY with silt, sand and cobbles overlying iron stained light gray 
siltstone. The new boring, R-08-001 is located in the median near Abutment 1. This new boring 
revealed soils consisting of very stiff to hard lean clay with silt and some fine to coarse gravel. For 
site specific soil information, please refer to the LOTBs. A new set of LOTBs has been prepared for 
this project and has been forwarded to your office. 

Ground water was not encountered during the 1969 field investigation for the original bridge, or 
during the field investigation of 2008. It should be noted that ground water levels will fluctuate with 
the change of seasons and other factors including local irrigation. 
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Mir& Mesa Boulevard UC (Widening) 
Br. # 57-0785RlL 

Seismicity I 
The controlling fault for this site is the Newport-Inglewood-Rose Canyon~East fault (NIE, strike slip 
type). The site is located approximately 4.8 km (3 mi) southwest of the fault. The NIE fault is 
capable of generating a Maximum Credible Earthquake Moment Magnitude, Mw = 7.0. The 
corresponding Peak Bedrock Acceleration (PBA) for the NIE fault at the site is estimated to be 0.5g. 
For specific seismic design recommendations and site-specific criteria, Mahmoud Khojasteh of our 
office, should be contacted. 

Corrosivity 

No corrosion data was found in this Office's files for this site. However, the subsurface information 
shown on the "As-built" LOTBs could be interpreted as being non-corrosive. A review of nearby 
structures with similar soil descriptions indicates that the soils are non-corrosive. Normal design 
techniques and construction methods may be used. 

Construction History of the Existing Bridge Foundation 

' The existing Mira Mesa Boulevard Undercrossing was built in 1972. It features a left and right 
bridge. Each bridge consists of a simple span Cast-in-place Prestressed box gmler (9 cell) on 
Reinforced Conmte open end diaphragm abutments on spread footings. The allowable footing 
pressure at each support location is 2 tsf. The estimated Bottom of Footing Elevation (BOFE) for the 
supports is shown in Table 1 below. 

Tahle 1 ----- - 

Estimated BOFE 

Foundation Rec~rnmendations 

The following foundation recommendations are for the proposed widening of Mira Mesa Boulevard 
Undercrossing, as shown on the Bridge Site Submittal, dated 2/1/08 and plotted 05-Aug-2008. The 
proposed median widening may be supported on spread footing foundations. The left bridge outside 
widening may be supported on driven steel H-piles. 
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Mira Mesa Boulevard UC (Widening) 
Br. # 57-0785- 

Median Widening 
Structure Design has provided the information for spread footings shown in Table 2 below. This 
information has been used to determine the foundation recommendations for the median widening. 

Table 2 

Note: *See Table 3.4.1-2in the AASHTO L@D Bridge Design Specifications for eomponmts of permanent load. Total pnd Pcmmnent L d s  arc 
NET for Bent8 and Gross for Abutments. 

The proposed median widening may be supported on spread footings, as shown in Table 3 below. 
The recommended Allowable Gross Bearing Capacity and bottom of footing elevations are listed in 
Table 3 below. 

Table 3 
Foundation Design Recommendations for Spread Footings 

' Design Data Sheet. The footing contact area is taken as equal to the effective footing area, wherr appicable. 
2) See MTD 4-1 for definitions and applications of the recommended design parmeters. 

Abut 

Abut 

The recommended Allowable Gross Bearing Capacity to be used for design, provided in Table 3, 
above, is based on the following design criteria: 

Support 
Locations 

1) The abutment footing has a minimum width (B) as shown in the table above. 

Minimum 
Footing 

Depth 

Notes: I) Recommendations are based on the foundation geometry and the load provided by Shuchlre Design in the Foundation 

4.57 m 
(15.0 ft) 
4.57 m 
(15.0 ft) 

2) The abutmqt spread footing is to be constructed at or below the recommended elevation as 
shown in the table above. 

If any of the above; minimum footing width, or horizontal embedment depth are reduced, or bottom 
of footing elevation raised, our office is to be contacted for re-evaluation. 

Bottom of 
Footing 

Elevation 

WSD 
(LRFD Service I Limit State Load Combination) Footing Size 

9.17 m 
(30.0 ft) 
9.17m 
(30.0 ft) 

Permissible Gross 
Contact Stress B 

Allowable Gross 
Bearing Capacity L 

47.53 m 
(155.9 ft) 
45.67m 
(149.8 ft) 

1.53 m 
(5.0 ft) 
1.53 m 
(5.0 ft) 

72 H a  
(1.5 ksf) 
72 kPa 
(1.5 ksf) 

192 kPa 
(4.0 ksf) 
192 kPa 
(4.0 ksf) 



Ms. Chung-Yuan Wen 
November 19,2008 
Page 4 

Mira Mesa Boulevard UC (Widening) 
Br. # 57-0785Rn 

Lefr Bridge Outside Widening 
The information for pile foundations shown in Table 4 and Table 5 below, has been provided 
by Structure Design and was used to determine the foundation recommendations provided in 
Table 6 and Table 7 below. 

Table 4 

Table 5 

The proposed left bridge outside widening may be supported on driven steel H-piles. The Specified 
Pile Tip Elevation (SPTE) is provided in Table 6 below. 

Table 6 

I Abutment Foundations Design Recommendations I 

Notes: I )  Desim tip elevations are controlled by: (a) Compression. - * . . .  
2j Design tip elevation for Luteral Load is typical&provided by SD 

The Pile Data Table for the Left Bridge Outside Widening is presented in Table 7, below. The 
ultimate geotechnical pile capacity for the Driven Steel H-piles will meet or exceed the required 
nominal resistance in compression. 
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Mira Mesa Boulevard UC (Widening) 
Br. # 57-0785WL 

Table 7 
Pile Data Table I 

General Notes 

1. Support lbcations are to be plotted on the LOTB's on the plan view as stated in "Memos to 
Designers" 4-2. The plotting of support locations should be made prior to requesting a 
foundation review. 

2. Should there be any reduction in the support spread footing width, or increase in the 
maximum allowed bottom of footing elevation, a request to reevaluate the recommended 
gross allowable bearing capacity should be sent to our Office. 

Notes: 1) Design tib elevationsfor abutments are controlled by: Compression. 

Specified Tip 
Elevation 

39.4 m 
(129.3 !?) 
37.3 m 

(122.4 fi) 

Design Tip 
Elmtlon 
39.4 m (a) 

(129.3 ft) (a) 
37.3 m (a) 

(122.4 A) (a) 

Support Location 

Abut l 

Abut 2 

Construction Considerations 

Nominal Driving 
Resistan~s 

1210kN 
(272 kips) 
1210 kN 

(272 kips) 

1. When the footing excavations are completed to final grade, the excavations are to be 
inspectedand approved by a representative from our Office prior to placing any steel, forms 
or concrete into the footing excavation. 

Pile Typc 

HP25Ox85 
WlOx.57) 
HP250x85 
plOx.57) 

2. The footing concrete at the support locations shall be placed neat against undisturbed soil at 
the bottotn of the footing excavation. If the soils at the bottom of the excavation are 
disturbed or loosened, they shall be re-compacted to 95% relative density prior to placing 
any concrete or steel. 

3. The calculated geotechnical capacity of the H-piles is based on a combination of skin fTiction 
and end bearing. 

Nominal Resistance 

4. Any H-pile that achieves refusal within 1.0 m (3.3 ft) of the SPTE may be considered 
satisfactory and cut off with written approval from the Engineer. R e h a l  shall be defined as 
a pile achieving two times the required nominal resistance in compression as shown on the 
Contract Plans. Two times the required nominal resistance in compression shall be 2420 kN 
(545 kips). 

Compression 
I210 kN 

(272 kips) 
I210 kN 

(272 kips) 

5. Due to vririations of the top of bedrock elevation as well as the hardness, and the degree of 
weathering of the bedrock material beneath the abutment widenings, hard and erratic driving 
of the H-piles should be anticipated. The contractor should anticipate that some piles will 
require splicing or cutting-off in the field. 

Tension 

0 

0 

6. Difficult driving should be anticipated at all support locations due to the presence of dense to 
very dense soils containing occasional lenses of gravel, underlying the proposed bridge site. 
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~ i r a  ~ e s a  Boulevard UC (Widening) 
Br. # 57-0785Rn 

Due to anticipated hard driving, driven precast concrete piling is not recommended. 

7. The design of the proposed bridge widenings should incorporate a closure pour to allow for 
any settlement of the widening to occur prior to joining the existing structure. 

The recommendations contained in this report are based on specific project information regarding 
proposed structure support locations that have been provided to Office of Geotechnical Design - 
South 2. If any conceptual changes are made during final project design, our Office should review 
those changes to determine if the foundation recommendations contained in this report are still 
applicable. 

Any questions regarding the above recommendations should be directed to Gina Pursell, (916) 227- 
4539, or Shawn Wei, (916) 227-5252, of Office of Geotechnical Design- South 2, Branch C. 

G ~ A  W. P U R S ~ ~ L ,  R.C.E. # 54512 ' 
Associate Materials & Research Engineer 
Office of Geotechnical Design, South 2, Branch C 

c: OGDSZ-Syei 
OGDSZ - AAbghari 
Specs &Estimates - John Stayton 



State of CaIifornin 

TO: MS. CHUNG-WAN WEN 
Branch Chief 
Bridge Design Branch 2 1 

Attention: Mr. Kumar Ghosh 

Business, Transportation and Housing Agcnty 

mtt: April 7,2008 

Sorrento Valley Blvd UC (Widening) 
Br. # 57-0786 

From: DEPARTMENT OF TRANSPORTATION 
DIVISION OF ENONBEUNQ SERVXCaS 
Geotechnid Services - MS#5 
Office of Geotechnical Design - South 2, Branch C 

Subject: Foundation Recommendations Addendum 

This addendum was written to include new information provided to our Office pertaining to 
corrosion. This report will supercede the Foundation Recommendation& dated April 1,2008. 

A request for foundation recommendations was made by the Division of Structure Design (DSD), 
Bridge Design Branch 21 on January 17,2008, for the proposed median wideraing of S m t o  Valley 
Boulevard Undercrossing, bridge number 57-0786 RLL. Our office has completed a foundation 
investigation for the proposed widening. The investigation consisted of a review of the "As-built" 
plans, and field work consisting of two new rotary mud borings at the proposed project site. All 
elevations referenced in this memo are in feet (meters), and are referenced to the 1929 NGVD 
Datum. The foundation recommendations were based on the General Plans provided by DSD dated 
12/24/07, and plotted 17-Jan-2008. 

Project I Site Description 

The existing project site is located in the City of Sorrento Valley, on State Route 805, south of 
Interstate Route 5. Tbe existing bridge is a simple span Cast-in-place Pmtressed box girder (8 cell) 
on reinforced concrete open end diaphragm abutments on 10BP57 (70 ton bearing) pila. The 
proposed project consists of widening the median section to connect the lea and right bridges. 

Geology 

Foundation soil at the site generally consists of about forty-five feet of very loose to compact silty 
sand with clay and very soft to medium stiff lean clay with silt and fine sand overlying dense sandy 
gravel with clay. For site specific soil information, please refer to the Log of Test Boriags (LOTBs). 
A new set of LOTBs is being prepared for this project and will be fmarded when complete. 

Ground water was encountered at elevation 25.4 to 26.4 R (7.7 to 8.0 m) in May of 1 969 and at 25.2 
ft (7.7 m) in March of 2008. It should be noted that ground water levels will fluctuate with the 
change of seasons and other factors including local irrigation. 
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Smento Valley Boulevard UC (Widening) 
Br. # 57-0786WL 

Seismicity 

The controlling fault for this site is the Newport-hglewood-Rose CanyodFaf fault (ME, strike 
dip). The site is lo~ated approximately 3.7 Icm (2.3 mi) southwest of the fault. The NIE fault is 
capable of generating a Maximum Credible Earthquake Moment Magnitude, Mw = 7.0. The 
corresponding Peak Bedrock Acceleration (PBA) is estimated to be 0.5~. For specific seismic design 
remendations and site specific criteria, Mahmoud Khojasteh of our office, should be contacted. 

The soil at the site has been tested for corrosion. The site has proven corrosive. The following results 
were reported h m  Materials Engineering and Testing Services, Corrosion Technology Bmch, 
Dated April 7,2008. Design techniques and construction methods will need to take into account the 
corrosive environment. 

Corrosion Data 

Note: Foz smrcnrral elements the Dlepamnent considers a site to k corrosive if one or more of the following conditions 
exist for the rsprr~m~iva soil andl01 water q l e s  taken at the site: Chloride concentration is 500 ppm or greater, 
d t e  wncenkation is 2000 ppm or greater or the pH is 5.5 or less. 

Construction History of the Existing Bridge Foundation 

The existing Smnto Valley Boulevard Undercrossing was built in 1972 and consists of a simple 
span Cast-in-place hwtressed box girder (8 cell) on Reinfomd Concrete open end diaphragm 
abutments on driven steel 20BP57 piles. The design load for these piIes is 70 ton. The "As-built" 
pile data is shown in the table 1 below. 

As-built Pile Data, 

Abut 1 44.0 ft -25.0 ft -30.0 A -24.5 ft -28.0 ft 1 -29.0 R 
Abut 2 42.0 ft -25.0 ft -30.0 ft -23.5 fi -27.7 A -30.8 ft 

Foundation Recommendatfons 

The following foundation recommendations are for the proposed Somto Valley Blvd 
Undmssing Widening, Bridge number 57-0786. These momendstions are based on the General 
Plans provided by DSD dated 12/24/07, and plotted 17-Jan-2008. 

The proposed structure widening may be supported on 70 ton (625 kN) design load driven steel H- 
piles. Due to the high elevation of the groundwater, CIDH piles Iess than 600 mm (24 inches) in 
diameter are not recommended for the support locations. 
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Somento Valley Boulevard UC (Widening) 
Br. # 57-0786WL 

Driven Steel H-Pile Data 

qote:  Dcsign tip elevations are controlled by the following demands: [I] Compression. 

General Notes 

1. Support locations are to be plotted on the WTB's on the plan view as stated in "Memos to 
Designersn 4-2. The plotting of support locations should be made prior to questing a 
foundation review. 

2. Design tip elevations for lateral loads are to be &&mined by Office of Bridge Design. The 
Specified Pile Tip Elevation (SPTE) for each support' location is to be controlled by the deepest 
design tip elevation fox either compression, tension or him1 loads, If the required lateral design 
tip elevation is deeper than the SPTE provided above, the Office of Omtechnical Design must 
be notified to reevaluate the design tip elevations. 

1. Due to the anticipated elevation of the groundwater, CIDH piles less than 600 mm (24 inches) 
in diameter are not recommended for the support locations. 

2. The geotechnicaI capacity of the driven steel piles is based on skin friction and a d  bearing. The 
contractor should anticipate athhing bearing for these piIes varying across the support location 
and that the piles may require spliGing or cutting off in the field, 

3. Steel H piles shall be driven with lugs installed to reduce the length of the piles to be drivem 
The lugs shall be placed in accordance with Bridge Construction Menzo # 2 30-5.0. 

4. Pile bearing will be assessed according to the Standard Specifications, Section 49-1.08 "Pile 
Driving Acceptance Criteria". At both support locations, any driven steel pile that achieves two 
times the required design loading as shown on the contract plans, within 5 fi (1.5 m) of the 
SPTE may be considered satisfactory and cut off with witten approval from the Engineer. Two 
times the design loading will be 1250 kN (1 40 tons). 

5 .  The contractor & u l d  anticipate that some of the driven steel piles may not achieve bearing at 
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Sorrento Valley Boulevard UC (Widening) 
Br. # 57-0786WL 

the end of driving at the SPTE due to the nature of the underlying cohesive soils. A& &iven 

steel piles that do not achieve bearing at the end of driving should bc restruck after a minimum 
setup period. A minimum setup period of 12 hours is recommendtd. 

6. The design of the proposed widening should incorporate a closure pour to allow for any 
settlement of the widenings to occur prior to joining the existing structures. 

The recommendations contained in this report are based on specific project information regarding 
structure support Iocations that have been pmvidad to Office of Gaotechnical Design - South 2. If 
any concqtual changes are made duing final project design, our Office should review those changes 
to determine if the foundation recommendations contained in this report are still applicable. 

Any questions re@% the above recommendations should be dimted to Gina Pursell, (9 1 6) 227- 
4539, or Shawn Wei, (916) 227-5252, of Offrce of Geotechaical Design - South 2, Branch C. 

Reviewed by o + b ? / 0 8  

GINA W. PURSELL, RC.E. # 54512 BONALA, PMP, P.E.,# 63046 
Associate Materials & Research Engineer Transportation Engineer, Civil 
OfXice of Geotechnical Design, South 2, Branch C Office of ~ t ~ c a l  Design, South 2, Branch C 

c: 00DS2-Swei 
Specs & Estimates - John Stayton 
Geology project 6lt - Nor& 
Geolagy project fite - Swth 
RE pending file 
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June 23,2009 Contract Number: 38008-017046.00 

Ms. Chung-Yuan Wen, Ph.D., P.E. 
Senior Bridge Engineer, Branch Chief 
Department of Transportation 
Division of Engineering Services 
Office of Bridge Design -Southern California 
21073 Pathfinder Road, Suite 200 
Diamond Bar, CA 91765 

Subject: Foundation Report 
1-805 HOV I Carroll Canyon Road Extension 
Miscellaneous Retaining Walls 
San Diego, California 

Dear Ms. Wen: 

In accordance with SANDAG Task Order No. 46 and Amendment No. 1, Bureau Veritas North 
America, Inc. (BVNA) is pleased to submit this Foundation Report for the proposed 
Miscellaneous Retaining Walls (MRW) of the 1-805 HOV 1 Carroll Canyon Road Extension 
project. A geotechnical technical memo was previously prepared summarizing the geotechnical 
design parameters and recommendations in connection with the MRW. This report 
summarizes the geotechnical conditions at the project site and our conclusions and 
recommendations for the MRW. BVNA appreciates the opportunity to provide geotechnical 
services for this project and we look forward to continuing our role as your geotechnical 
consultant on this project. 

Respectfully submitted, 

Van Olin, GE 2578 
Principal Geotechnical 

NO. 1BM 

rincipal Engineering Geologist 
GCNOISM: cs 

Distribution: (2) Addressee 
(1) T.Y. Lin International. Jim Rucker 
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1.0. SCOPE OF SERVICES 
 
Bureau Veritas North America, Inc. (BVNA) prepared this Foundation Report (FR) for the 
proposed Miscellaneous Retaining Walls (MRW) associated with the I-805 HOV / Carroll 
Canyon Road Extension project (CCR project) located in San Diego, California at Interstate-805 
(I-805), Kilometer Post 42.6 to 46.2.  The purpose of this report is to document geotechnical site 
conditions; provide analyses of anticipated site conditions as they pertain to the project 
described herein; and to recommend geotechnical design and construction criteria for the 
project.  The report also establishes a geotechnical baseline to assess the existence and scope 
of any changed conditions.  The report is intended for the use by the project engineers, 
construction personnel, bidders, and contractors. 
 
The scope and type of work performed to obtain the information supporting the foundation 
recommendations included: 
 
Review of Existing Data 
 
BVNA reviewed the following geotechnical documentation: 
 

• In-house geotechnical documents and maps, topographic maps, environmental maps, and 
as-built documentation of existing facilities relevant to the project site 

• The AASHTO LRFD Bridge Design Specification, 4th Edition, dated 2007 
• The Caltrans Guidelines for Structures Foundation Reports dated March 2006 
• The Caltrans Soil and Rock Logging, Classification, and Presentation Manual dated 

June 2007 
• The Department of Transportation, Structures Preliminary Geotechnical Report, File No.: 

11-SD-805-PM 23.6 TO PM 26.8, I-805 Managed Lanes, 11-081630, dated December 
2007 

• The Department of Transportation Preliminary Geotechnical/Geological Report For 
Seismic Retrofit Design, dated February 1995 

• The Department of Transportation Preliminary Geotechnical/Geological Report (Addendum 
No.1) For Seismic Retrofit Design, dated May 1995 

• The Department of Transportation District Preliminary Geotechnical Report For Interstate 
805 Widening and HOV Lanes, from State Route 52 Interchange to Interstate 5 Merge, 
dated March 2008 

• A floodplain study prepared by Parsons Brinckerhoff dated July 2005 and finalized on 
November 05, 2008 for the project site   

• A geotechnical investigation prepared by Group Delta Consultants dated April 25, 2003 for 
the Carroll Canyon Road Extension Project, Project No. SR 281 

 
A complete listing of the project documentation utilized is included in Section 13.0, References. 
 
Site Reconnaissance 
 
BVNA performed numerous site reconnaissance visits to observe the general surficial site 
conditions; to evaluate the field locations of existing underground utilities; to determine the 
existing topographical, physical, and environmental access constraints for the field exploration 
program; and to establish test boring and Cone Penetration Test (CPT) locations.  Caltrans 
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District 11 Office of Surveys surveyed and flagged the numerous test boring and CPT locations 
proposed by BVNA.  
 
Field Exploration 
 
The field exploration program consisted of drilling forty (40) test borings using a 
203.2-millimeter (8.0-inch) diameter hollow-stem auger; nineteen (19) test borings using a sonic 
drilling method with a 152.4-millimeter (6.0-inch) diameter drill bit; and twenty-seven (27) CPTs.  
The test borings and CPTs extended to maximum depths of approximately 45.7 meters (150.0 
feet) and 10.2 meters (33.5 feet) below the existing ground surface, respectively.  The test 
borings were logged in the field by engineers and geologists from BVNA.  Sixteen (16) of the 
test borings drilled using a hollow stem auger and ten (10) of the test borings using a sonic 
drilling method were located along the alignment of the proposed MRW.  Bulk and relatively 
undisturbed soil and rock samples, representative of the various subsurface materials 
encountered, were obtained from the test borings and transported to our laboratory for further 
evaluation and testing.  Data from the field exploration program was evaluated to obtain the 
information supporting the foundation recommendations included in this report. 
 
Approximate locations of the test borings and CPTs are shown on Appendix I.3: Figure 3-Field 
Exploration Map and the Logs of Test Borings (LOTBs) (Appendices I.12 to I.15).  The data 
from the field exploration program are presented on the LOTBs and CPTs in Appendix I.  The 
LOTBs are separated into four (4) subsections for each of the specific components of the 
overall project (i.e., I.12: Carroll Canyon Road Bridge; I.13: Direct Access Ramp Retaining 
Walls; I.14: Business Access Undercrossing; and I.15: Miscellaneous Retaining Walls).  
Appendix I.15: Miscellaneous Retaining Walls LOTBs are separated into six (6) subsection for 
each of the proposed walls (i.e., I.15.1: 437R, I.15.2: 438L, I.15.3: 438R, I.15.4: 443R, I.15.5: 
445L, I.15.6: 445R).  Data for the entire field exploration program are presented in Appendix I.  
All elevations included in this report are in meters (feet) and are referenced to the 1929 NGVD 
Datum. 
 
Laboratory Testing 
 
BVNA performed laboratory testing on selected bulk and relatively undisturbed soil and rock 
samples obtained from the test borings to evaluate engineering properties of the foundation 
materials.  The following tests were performed in general conformance with applicable 
American Society for Testing and Materials (ASTM) and California Test Method (CTM) 
procedures: 
 

• In-situ moisture content and unit weight (ASTM D2216 and D4767) 
• Particle size distribution and No. 200-wash (ASTM D422 and ASTM D1140) 
• Atterberg Limits (ASTM D4318) 
• Consolidation (ASTM D2435) 
• Direct Shear (ASTM D3080) 
• Maximum Dry Density and Optimum Moisture Content (ASTM D1557) 
• Expansion Index (ASTM D4829)  
• Corrosivity series including sulfate content, chloride content, pH-value, and resistivity 

(CTM 417, 422, and 643) 
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The strength parameters assigned to the various geologic units (i.e., fill, alluvium, terrace 
deposits, and Ardath Shale) and utilized for the foundation and slope stability analyses were 
developed from the above laboratory testing program.  A summary of the laboratory testing 
program and the test results are presented in Appendix II.  The in-situ density and moisture 
contents are depicted on the LOTBs in Appendix I.   
 
Mapping 
 
Appendix I.4: Figure 4-Geotechnical Map depicts field mapping of the surface geology 
performed by BVNA for the overall project site. 
 
Assessment of Soil Conditions and Geologic Hazards 
 
BVNA assessed the general subsurface soil and rock conditions and geologic hazards (i.e. 
ground water, compressible alluvial soils, rock, expansive soils, corrosive soils, floodplain, slope 
stability, liquefaction, lateral spreading) to establish the MRW foundation design 
recommendations, earthwork criteria, and construction considerations. 
 
Data Analyses 
 
The field and laboratory data were analyzed to develop the foundation recommendations in this 
report and included the following: 
 

• Seismic Analysis (Appendix III.1) 
• Slope Stability Analyses (Appendix III.2 and III.3) 
• Foundation Analyses Results (Section 9.0) 

 
Report Preparation 
  
This report presents BVNA’s foundation design recommendations, earthwork criteria, and 
construction considerations including Tables, Figures and Appendices. 
 
2.0. PROJECT DESCRIPTION 
 
The project site is located in San Diego, California.  Appendix I.1: Figure 1-Site Location Map 
depicts the locations of the proposed six walls and approximate alignment of the CCR 
extension.  Appendix I.2: Figure 2-Project Plan depicts the various proposed and existing 
project components.  The CCR project will extend the Carroll Canyon Road (CCR) westerly 
from its existing intersection with Scranton Road, under the I-805 freeway bridge, to the 
intersection of Sorrento Valley Road and comprises 4 components including the CCR Bridge, 
the Direct Access Ramp (DAR) retaining walls, the Business Access Undercrossing (BAUC), 
and the MRW. 
 
There are six retaining walls proposed at various locations along the north and south sides of 
the proposed CCR extension alignment.  The walls are identified as 437R, 438R, 438L, 443R, 
445R, and 445L.  The lengths of the walls vary from approximately 30 meters (98 feet) to 
400 meters (1,312 feet).  The heights of the walls vary from 1.8 meters (5.9 feet) to 12.1 meters 
(40 feet).  Wall 445R is proposed as a battered mechanically stabilized earth (MSE) retaining 
wall and Wall 445L is proposed as a crib-type retaining wall.  The remaining retaining walls will 
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be Type 1, cantilever, cast-in-place retaining walls.  A summary of the six walls is tabulated 
below. 

 
Table 1: Miscellaneous Retaining Walls 

 
Wall 
No. Wall Type Approximate Wall 

Length 
Maximum Wall 

Height 

437R TYPE I 53 meters 8.5 meters 
438L TYPE I 25 meters 9.7 meters 

438R TYPE I 126 meters 10.3 meters  
443R TYPE I 84 meters 6.0 meters  
445L CRIB 88 meters 1.8 meters  
445R Battered MSE 400 meters 12.1 meters  

 
 
3.0. SITE GEOLOGY AND SUBSURFACE CONDITIONS 
 
Site geology and subsurface conditions are discussed in the subsections below. 
 
3.1. Topography and Regional Geologic Setting 
 
The six (6) proposed MRW are located to the north and south of the proposed CCR extension 
alignment in San Diego, California, as shown in Appendix I.2: Figure 1- Project Plan.  The 
topography at the project site gently slopes southwest at a gradient of approximately 5.5 to 1 
(horizontal to vertical).  Elevations at the project site range from a high of approximately 
50.0 meters (164.0 feet) along CCR to a low of approximately 26.0 meters (85.3 feet) along 
Sorrento Valley Road.  The site drainage generally occurs as a sheet flow to the south and west 
towards Carroll Creek.  Vegetation within the project site generally consists of grass, weeds, a 
few small shrubs, and an oak tree.   
 
The site is located in San Diego County within the Peninsular Ranges Geologic Province.  This 
province is underlain by a basement complex of Late Cretaceous-age undifferentiated granitic 
rocks of the Southern California Batholith and Jurassic-age prebatholithic metavolcanic rocks.  
The basement complex is non-conformably overlain by a thick sedimentary sequence of marine 
and non-marine rocks that were deposited within the San Diego Embayment.  These 
sedimentary deposits range in age from Late Cretaceous to recent.  The most abundant 
deposits of the embayment are Eocene-age marine, lagoonal, and non-marine rocks (Kennedy, 
1975). 
 
Two major northwest-trending fault zones traverse the San Diego metropolitan area: the Rose 
Canyon fault zone on the west and the Elsinore fault zone on the east.  These fault zones 
traverse the San Diego area in a predominant north to north-northwest direction. 
 
3.2. Pertinent Soil Conditions and Geologic Hazards 
 
Pertinent soil conditions and geologic hazards are discussed in the following sections. 
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Fault Rupture 

Published geologic maps and literature pertaining to the general site area indicate that there are 
no known major or active faults on or in the immediate vicinity of the site (see Section 
13.0 References: 29, 32, 33).  Evidence for active faulting on site was not observed during our 
site investigation.  Based on the California Seismic Hazard Map, Caltrans 1996, a fault with 
activity within the late Quaternary period (700,000-years) is considered “active”. An “active” fault 
is defined by the California Geologic Survey as one which has “had surface displacement within 
Holocene time (about the last 11,000 years)”.  The project site is outside any Alquist Priolo 
Earthquake Fault Zone.  Therefore, the potential for surface rupture due to faulting at the site 
during the design life of the proposed structures is considered low. 
 
The closest distance in kilometers (miles) from the site to the projection of rupture surface area 
along the fault traces from the major active earthquake faults that could possibly affect the site 
are listed below: 
 

Rose Canyon/ Newport-Inglewood (Type B) -  6.1 km (3.8 mi) 
Coronado Bank (Type B) -               26.4 km (16.4 mi) 
Elsinore-Julian (Type A) -               54.2 km (33.7 mi) 
San Andreas – Southern (Type A) -        127.8 km (79.4 mi) 

 
Seismic Shaking Potential 
 
The seismic hazard most likely to impact the site is ground shaking resulting from an 
earthquake on one of the major active regional faults.  Design considerations for the hazard of 
seismic shaking are presented in Section 7.0, Seismic Study. 
 
Liquefaction, Seismic Settlement, and Lateral Spreading 
 
The two fundamental conditions associated with the occurrence of seismically induced 
liquefaction are cohesionless sands combined with ground water above a depth of about 
15.2 meters (50.0 feet).  Research indicates that uniformly graded, rounded, very fine to fine 
grained sands in a low-density condition are most susceptible to liquefaction.  The potential for 
liquefaction under the same conditions of ground shaking intensity and duration will decrease 
for sands that are more well graded, more irregular and gritty, more coarse and more dense.  
Also, a pronounced decrease in liquefaction potential will occur with the increase in fine-grained 
(i.e., silt and clay) content.  Seed and others have suggested that a non-liquefiable classification 
be assigned if the clay faction is 15 percent or greater (Guidelines for Evaluating and Mitigating 
Seismic Hazards in California, Special Publication 117, CDMG, Ch. 6, 1997).  Dynamic 
settlement due to earthquake shaking can occur in both dry and saturated sands. 
 
The initial subsurface exploration program encountered occasional loose alluvial sand zones with 
a near-surface ground water table in the area of the CCR bridge platform and adjoining bents.  
Therefore, a detailed subsurface exploration program was performed including continuous data 
acquisition using CPTs and hollow-stem auger test borings with successive sampling intervals 
within the platform area.  An analysis of liquefaction potential in the vicinity of the CCR bridge 
platform is presented in the CCR Bridge Foundation report. 



Foundation Report Contract No.: 38008-017046.00 
Proposed Miscellaneous Retaining Walls SANDAG Task Order No.46 
San Diego, California 

 6  
 

The project areas comprising the MRW are not considered susceptible to liquefaction and 
associated hazards, including lateral spreading, due to the generally fine-grained and/or dense 
nature of the site soils underlying the MRW. 
 
Subsidence 
 
The site is not located in an area of known ground subsidence, occurring due to the withdrawal 
of subsurface fluids.  Accordingly, the potential for subsidence occurring at the site due to the 
withdrawal of oil, gas, or water is considered remote. 
 
Landsliding 
 
There are no known landslides on or in the immediate vicinity of the project site, and the site is 
not located in the path of any known landslide. 
 
Tsunamis and Inundation Seiches 
 
The site is located inland, approximately 6.4 kilometers (4.0 miles) up Soledad Valley from the 
Pacific Ocean and at a minimum elevation of approximately 26.0 meters (85.3 feet) above mean 
sea level (MSL).  Therefore, tsunamis (seismic sea waves) are not considered a hazard at the 
site. 
 
The site is not located near to or down slope of, any large body of water that could affect the 
site in the event of an earthquake-induced failure or seiche (oscillation in a body of water due to 
earthquake shaking).  
 
3.3. Project Site Soils  
 
Based on review of existing geotechnical documents, surface geologic mapping, and 
subsurface exploration, the project site is underlain by existing fill, alluvium, terrace deposits, 
and Ardath Shale.  Appendix I.4: Figure 4-Geotechnical Map presents the general distribution of 
the geologic units within the project limits.  The interpreted geologic conditions underlying the 
proposed walls are indicated on four cross sections presented in Appendix I.5, I.6, I.7 and I.8.  
Descriptions of the geologic units encountered are provided below. 
 
Existing Fill 
 
Existing fill soils were observed in forty-three (43) out of fifty-nine (59) test borings drilled for the 
overall project.  Appendix I.3: Figure 3-Field Exploration Map shows the test borings that 
encountered existing fill soils along with their respective depths.  The existing fill soils were 
generally found in the vicinity of the commercial development within the western margins of the 
project with a depth up to 3.5 meters (11.5 feet); the northern embankment for the Soledad Canyon 
Bridge within the central-northern margins of the project with a depth up to 30.5 meters (100.1 feet); 
and the SDG&E easement access road within the eastern margins of the project with a depth up to 
18.2 meters (59.7 feet).  The composition of the existing fill ranges from silty sand to sandy clay, 
with gravel and cobbles.  As encountered in the test borings, the fill soils were in a moist to wet 
state, ranged from medium brown to dark reddish brown in color, and the consistency ranged from 
loose to dense (granular fill) and moderately stiff to stiff (fine-grained fill). 
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Alluvium 
 
Holocene-aged alluvium was observed in the active stream channel of Carroll Creek, while 
outside the creek channel the alluvium exhibited addition of soil development and increased 
consolidation.  The alluvium observed in the stream channel was composed of fine to coarse 
grained sand, with abundant gravel and cobbles.  The alluvium encountered in the test borings 
ranged from silty clay to poorly graded sand with variable concentrations of gravel and cobbles.  
The variable composition and laterally discontinuous nature of the alluvial deposits encountered 
reflect the various depositional sequences consistent with the stream channel setting.  As 
encountered in the test borings, the alluvial soils were in a moist to wet state, ranged from dark 
brown to dark grey in color and the consistency ranged from loose to very dense.  The alluvium 
appeared to be derived from bedrock sources that lie near and east of the site. 
 
Terrace Deposits 
 
Quaternary-aged terrace deposits were observed in road cuts and hillside outcrop exposures.  
Terrace deposits were encountered intermittently throughout the project site in twenty-five (25) 
out of fifty-nine (59) test borings drilled.  The terrace deposits occur locally as a veneer of silt, 
clay, sand and conglomerate that represent fluvial deposits laid down in the past by Carroll 
Creek when it flowed at a higher elevation.  The terrace deposits were observed to be moist to 
wet, with a hard to very dense, friable consistency.  The basal portions of the terrace deposits 
were observed in the surface exposures and in the test borings to be comprised of gravel and 
cobble conglomerate with a silty sand matrix.  In the test borings that encountered terrace 
deposits, they were observed to overlie Ardath Shale. 
 
3.4. Project Site Rocks 
 
The rock underlying the site consists of a sedimentary rock and is part of the Ardath Shale 
geologic unit. 
 
Ardath Shale 
 
Eocene-aged Ardath Shale is the sedimentary bedrock unit found to underlie the entire site at 
depth.  Ardath Shale was encountered within the project site at depth in forty-one (41) out of 
fifty-nine (59) test borings drilled.  The Ardath Shale was observed to consist of siltstone and 
claystone and occasional sandstone interbeds with thin laminations of medium and dark gray 
colors.  The Ardath Shale was observed to be moist to wet, with a hard consistency.  Some 
layers of the Ardath Shale were observed to be weakly fissile, while other layers were observed 
to be concretionary. 
 
3.5 Earth Material Strength Parameters 
 
Soil strength parameters for engineering analysis were developed from our laboratory testing and 
engineering evaluation.  Table 2: Soil Parameters presents typical soil and rock values assigned 
to each of the different earth materials. 
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Table 2: Soil Parameters 
 

SOIL TYPES COHESION, c FRICTION 
ANGLE, φ  MOIST UNIT WEIGHT, γ 

Existing Fill 14.36 kN/m2 (300 psf) 28° 19.16 kN/m3  (122 pcf) 
Caltrans Structure Backfill 0 kN/m2  (0 psf) 34° 19.63 kN/m3  (125 pcf) 
Caltrans Class 2 Base 0 kN/m2  (0 psf) 36° 19.63 kN/m3  (125 pcf) 
Alluvium 19.15 kN/m2 (400 psf) 25° 18.06 kN/m3  (115 pcf) 
Terrace Deposits 16.76 kN/m2 (350 psf) 34° 19.63 kN/m3  (125 pcf) 
Ardath Shale 47.88 kN/m2 (1,000 psf) 38° 20.41 kN/m3  (130 pcf) 

 
 
4.0. GROUNDWATER  
 
The groundwater level (GWL) was encountered in the majority of test borings at an elevation 
that approximates the adjacent Carroll Creek level.  The GWLs encountered in the platform area 
ranged from 25.2 meters (82.7 feet) to 27.6 meters (90.5 feet) MSL.  The GWLs in other test 
borings vary significantly outside the platform area and aren’t considered to reflect static GWL; 
these variable GWLs reflect locally perched groundwater and anomalies from drilling methods 
(i.e., smearing), impervious nature of the Ardath Shale geologic unit, and the relatively short 
period of time from drilling to GWL measurement.  Appendix I.3: Figure 3-Field Exploration Map 
presents all of the GWL elevations MSL where encountered in the test borings.  Appendices I.2 
to I.15 include the GWL elevations MSL and the dates measured where encountered in the test 
borings. 
 
Groundwater is not expected to be a constraint to the proposed construction of the MRW 
footings, since the groundwater levels are deeper than the proposed footing bottoms.  However, 
near-surface groundwater conditions can develop in areas where no such groundwater 
conditions were previously encountered, especially in areas where a substantial increase in 
surface water infiltration results from landscape irrigation or unusually heavy precipitation.  In 
the event that groundwater is encountered the footing excavations, the contractor will have to 
employ proper dewatering methodology during construction. 
 
5.0. SCOUR EVALUATION 
 
Due to the close proximity of the site to Carroll Creek, the potential for flooding exists during 
high flow events.  The site is within the 100-year floodplain of Carroll Creek.  Based on a 
floodplain study prepared for the project, the site is located within a floodplain, but not within 
the relatively high energy floodway (see Section 13.0 References: 34).  As indicated in the 
floodplain study report, the location of the project within the floodplain is in areas of ineffective 
flow and/or backwater.  Impacts on the proposed improvements due to potential scour are 
considered low.  It is anticipated that site development will include appropriate drainage 
provisions for control and discharge of surface runoff. 
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6.0. CORROSION EVALUATION  
 
The corrosion potential of the on-site materials to steel and buried concrete was evaluated 
within the overall project site.  Laboratory testing was performed in accordance with applicable 
CTMs on representative samples of the existing fill soils, alluvial soils, terrace deposits, and 
Ardath Shale to evaluate pH, minimum resistivity, chloride, and soluble sulfate content.  General 
recommendations to address the corrosion potential of the on-site materials are provided 
herein.  If additional recommendations are desired, it is recommended that an appropriate 
specialist be consulted.  Table 3: Soil Corrosion Test Summary, presents the results of our 
corrosion testing adjacent to the proposed MRW along the CCR project alignment.     

 
Table 3: Soil Corrosion Test Summary 

 
Boring 
Number Depth Sulfate Content 

(CTM 417) 
Chloride Content 

(CTM 422) 
pH-value 

(CTM 643) 
Minimum Resistivity  

(CTM 643) 

A-08-001 2.4 m 400 ppm 400 ppm 7.8 515 ohms-cms 

A-08-001 8.2 m 280 ppm 150 ppm 6.7 870 ohms-cms 

A-08-001 14.0 m 410 ppm 330 ppm 6.6 515 ohms-cms 

A-08-002 6.1 m 380 ppm 500 ppm 7.1 468 ohms-cms 

A-08-003 5.2 m 460 ppm 680 ppm 7.7 381 ohms-cms 

A-08-003 9.5 m 520 ppm 650 ppm 6.9 401 ohms-cms 

A-08-004 1.5 m 390 ppm 980 ppm 6.8 341 ohms-cms 

A-08-004 3.4 m 510 ppm 890 ppm 7.4 341 ohms-cms 

A-08-004 6.4 m 310 ppm 420 ppm 7.3 515 ohms-cms 

A-08-005 3.1 m 510 ppm 700 ppm 7.0 375 ohms-cms 

A-08-005 6.2 m 200 ppm 350 ppm 6.9 488 ohms-cms 

A-08-007 1.8 m 260 ppm 160 ppm 6.5 1,004 ohms-cms 

A-08-008 0.3 m 790 ppm 780 ppm 6.8 388 ohms-cms 

A-08-009 1.8 m 500 ppm 290 ppm 6.5 650 ohms-cms 

A-08-010 2.4 m 640 ppm 170 ppm 6.8 803 ohms-cms 

 
In accordance with the Caltrans criteria (Caltrans Corrosion Guidelines, Version 1.0, 2003), a 
corrosive area is an area where the soil contains 500 ppm chlorides or greater; sulfates of 
2000 ppm or greater; or the pH is 5.5 or less.  Therefore, the project area is considered to be 
corrosive.  Imported fill materials should be tested to check that their corrosion potential is not 
more severe than those assumed. 
 
An appropriate specialist should be consulted regarding special requirements for ground 
contact concrete and metallic elements, as considered necessary by the Engineer. 
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7.0. SEISMIC STUDY 
 
The site is located in southern California which is a seismically active region that is subject to 
hazards from moderate to large earthquakes.  Ground shaking resulting from earthquakes 
should be expected over the lifetime of the proposed structures.  The closest known active fault 
is the Rose Canyon/ Newport-Inglewood (NIE) fault, which trends north-northwest and is about 
6.1 kilometers (3.8 miles) west of the project site.  According to the California Seismic Hazard 
Map, Caltrans 1996, the NIE fault is capable of a Maximum Credible Earthquake of Moment 
Magnitude, Mw=7.0.  A copy of the California Seismic Hazard Map, Caltrans 1996 is attached in 
Appendix I.9. Section 3.2: Pertinent Soil Conditions or Geologic Hazards presents a detailed 
discussion regarding fault rupture, liquefaction, seismic settlement, and lateral spreading. 

Dynamic Analysis Parameters 
 

The California Seismic Hazard Map, Caltrans 1996 indicates that based on deterministic 
values, the design site acceleration is controlled by a Maximum Credible Earthquake (MCE) of 
Mw=7.0 on the NIE fault.  Based on the California Seismic Hazard Map, Caltrans 1996, a MCE 
of Mw=7.0 on the NIE fault could produce a peak bedrock acceleration (PBA) of about 0.5g.  

Soil Profile Type 
 
The miscellaneous retaining walls within the CCR project site should be classified as Soil Type 
D as defined in Appendix D of Caltrans Seismic Design Criteria (SDC) 2006, Version 1.4. 

Acceleration Response Spectrum Curve 
 

A standard Acceleration Response Spectrum (ARS) based on Figure 8 of Appendix B of SDC 
2006, Version 1.4 is recommended for design.  The ARS is based on a MCE of Mw=7.0, a 
PBA=0.5g, and Soil Type D and has been modified to account for near fault directivity effect (as 
per SDC Section 6.1.2.1).  Appendix III.1 presents the recommended modified design ARS. 

8.0. AS-BUILT FOUNDATION DATA 
 
Appendix I.16: As-Built LOTBs depicts As-Built foundation data of the Soledad Canyon Bridge & 
OH relative to the Earthquake Retrofit Project No. SR 281.  The As-Built LOTBs indicate that the 
existing Soledad Canyon Bridge is supported by a series of bents between two abutments 
constructed on CIDH piles founded into the underlying Ardath Shale. 
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9.0. FOUNDATION RECOMMENDATIONS 
 
The footings for Type 1 retaining walls and crib walls shall be designed to conform to 
50.8 millimeters (2.0 inches) and 25.4 millimeters (1.0 inch) in 12 meters (39.4 feet) of total and 
differential settlement, respectively.  The footings shall have a minimum embedment of 
1.0 meter (3.3 feet) from the lowest adjacent grade.  The outer edge of the footing bottom shall 
be a minimum horizontal distance of 1.5 meters (4.9 feet) from any adjacent descending slope 
(see Figure 10 for typical details).  The footings for Wall 445R shall have a minimum 
embedment of 1.35 meters (4.4 feet) from the lowest adjacent grade as shown in Figure 11-
Battered MSE Wall 445R Detail. 
 
Specific foundation recommendations including geotechnical parameters are presented in the 
following sections. 
 
9.1 Retaining Wall 437R (Type I Wall) 
 
Anticipated Foundation Soil Conditions 
 
LOTBs O-08-20 and O-08-26 generally depict subsurface conditions for Wall 437R.  The station 
numbers indicated in the following paragraphs refer to the plan stations indicated on the 
retaining wall plan sheets (see Section 13.0 References: 41). 

Retaining Wall 437R is underlain primarily by dense terrace deposits to the east of approximate 
plan station +33, which consist of silty sands with varying amounts of cobbles, gravel, and clay.  
The original grades to the west of approximate station +33 will be raised to achieve finish grade 
elevations for the Wall 437R.  It is anticipated that these finish grade elevations will be obtained 
by placement of fill soils.  It is recommended that these fill soils consist of Caltrans Class 2 
Base. 

Foundation Recommendations 
 
Any existing fill soils encountered during construction are considered compressible and 
unsuitable for the support of structural loads in their present condition.  These soils should be 
overexcavated within the footprints of the footings and backfill zones of the retaining walls.  The 
actual depth of removal should be evaluated by the Engineer during grading. 

The anticipated bearing materials for Wall 437R are dense terrace deposits east of approximate 
plan station +33.  West of station +33 the wall footing should bear on Caltrans Class 2 Base 
placed over dense terrace deposits.  Where footings are designed for embedment into terrace 
deposits, footings shall be deepened as necessary to achieve a minimum of 0.3 meter 
embedment into competent terrace deposit.  A construction joint shall be provided in the wall 
(not extending through the footing) at any transition in bearing material (i.e. terrace deposit to 
Caltrans Class 2 Base material).  Typical details for limits of select backfill placement and slope 
setback requirements are presented in Figure 10. 

Recommended bearing materials, bearing capacity values, lateral resistance values are 
provided below in Tables 6, 7, and 8, respectively. 
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Construction Considerations 
 
It is anticipated that excavations for Wall 437R may be accomplished with the use of standard 
(heavy) earthwork equipment.  
 
9.2 Retaining Wall 438L (Type I Wall) 
 
Anticipated Foundation Soil Conditions 
 
LOTB O-08-22 generally depicts subsurface conditions for Wall 438L.  The station numbers 
indicated in the following paragraphs refer to the plan stations indicated on the retaining wall 
plan sheets (see Section 13.0 References: 42). 

Retaining Wall 438L is underlain primarily by dense terrace deposits to the west of approximate 
plan station +17, which consist of silty sands with varying amounts of cobbles, gravel, and clay.  
The original grades to the east of approximate station +17 will be raised to achieve finish grade 
elevations for the Wall 438L.  It is anticipated that these finish grade elevations will be obtained 
by placement of fill soils.  It is recommended that these fill soils consist of Caltrans Class 2 
Base.  

Foundation Recommendations 
 
Any existing fill soils encountered during construction are considered compressible and 
unsuitable for the support of structural loads in their present condition.  These soils should be 
overexcavated within the footprints of the footings and backfill zones of the retaining walls.  The 
actual depth of removal should be evaluated by the Engineer during grading. 

The anticipated bearing materials for Wall 438L are dense terrace deposits west of approximate 
plan station +17 and Caltrans Class 2 Base to the east.  Where footings are designed for 
embedment into terrace deposits, footings shall be deepened as necessary to achieve a 
minimum of 0.3 meter embedment into competent terrace deposit.  A construction joint shall be 
provided in the wall (not extending through the footing) at any transition in bearing material (i.e. 
terrace deposit to Caltrans Class 2 Base material).  Typical details for limits of select backfill 
placement and slope setback requirements are presented in Figure 10. 

Recommended bearing materials, bearing capacity values, lateral resistance values are 
provided below in tables 6, 7, and 8, respectively. 

Construction Considerations 
 
It is anticipated that excavations for Wall 438L may be accomplished with the use of standard 
(heavy) earthwork equipment.  
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9.3 Retaining Wall 438R (Type I Wall) 
 
Anticipated Foundation Soil Conditions 
 
LOTBs O-08-13, O-08-14, O-08-19, O-08-24, and O-08-25 generally depict subsurface 
conditions for Wall 438L.  The station numbers indicated in the following paragraphs refer to the 
plan stations indicated on the retaining wall plan sheets (see Section 13.0 References: 43). 

Retaining Wall 438R is underlain primarily by dense terrace deposits to the west of approximate 
plan station +35, which consist of silty sands with varying amounts of cobbles, gravel, and clay.  
The original grades to the east of approximate station +35 will be raised to achieve finish grade 
elevation for Wall 438R.  It is anticipated that these finish grade elevations will be obtained by 
placement of fill soils.  It is recommended that these fill soils consist of Caltrans Class 2 Base. 

Foundation Recommendations 
 
Any existing fill soils encountered during construction are considered compressible and 
unsuitable for the support of structural loads in their present condition.  These soils should be 
overexcavated within the footprints of the footings and backfill zones of the retaining walls.  The 
actual depth of removal should be evaluated by the Engineer during grading. 

The anticipated bearing materials for Wall 438R are dense terrace deposits west of approximate 
plan station +35 and Caltrans Class 2 Base to the east.   Where footings are designed for 
embedment into terrace deposits, footings shall be deepened as necessary to achieve a 
minimum of 0.3-meter embedment into competent terrace deposit.  A construction joint shall be 
provided in the wall (not extending through the footing) at any transition in bearing material (i.e. 
terrace deposit to Caltrans Class 2 Base material).  Typical details for limits of select backfill 
placement and slope setback requirements are presented in Figure 10. 

Recommended bearing materials, bearing capacity values, lateral resistance values are 
provided below in tables 6, 7, and 8, respectively. 

Construction Considerations 
 
It is anticipated that excavations for Wall 438L may be accomplished with the use of standard 
(heavy) earthwork equipment.  
 
9.4 Retaining Wall 443R (Type I Wall) 
 
Anticipated Foundation Soil Conditions 
 
LOTBs A-08-57, A-08-58, and A-08-59 generally depict subsurface conditions for Wall 443R. 

Retaining Wall 443R is underlain primarily by dense terrace deposits consisting of silty sands 
with varying amounts of cobbles, gravel, and clay. 
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Foundation Recommendations 
 
Any existing fill soils encountered during construction are considered compressible and 
unsuitable for the support of structural loads in their present condition.  These soils should be 
overexcavated within the footprints of the footings and backfill zones of the retaining walls.  The 
actual depth of removal should be evaluated by the Engineer during grading. 

The recommended bearing material for Wall 443R is dense terrace deposits.   Where footings 
are designed for embedment into terrace deposits, footings shall be deepened as necessary to 
achieve a minimum of 0.3-meter embedment into competent terrace deposit. 

Recommended bearing materials, bearing capacity values, lateral resistance values are 
provided below in tables 6, 7, and 8, respectively. 

Construction Considerations 
 
It is anticipated that excavations for Wall 443R may be accomplished with the use of standard 
(heavy) earthwork equipment.  
 
9.5 Retaining Wall 445L (Crib Wall) 
 
Anticipated Foundation Soil Conditions 
 
LOTBs A-08-02, A-08-03 and A-08-05 generally depict subsurface conditions for Wall 445L. 

Retaining Wall 445L is underlain by existing fill consisting primarily of stiff to hard silt and lean 
clay with varying amounts of sand and gravel.  

Foundation Recommendations 
 
The recommended bearing material for Wall 445L is the existing fill. 

Recommended bearing materials, bearing capacity values, lateral resistance values are 
provided below in tables 6, 7, and 8, respectively. 

Construction Considerations 
 
It is anticipated that excavations for Wall 445L may be accomplished with the use of standard 
(heavy) earthwork equipment.  
 
9.6 Retaining Wall 445R (Battered MSE Wall) 
 
Anticipated Foundation Soil Conditions 
 
LOTBs A-08-01, A-08-04, A-08-07, A-08-08, A-08-09, A-08-10, A-08-15, O-08-18, O-08-27, 
A-08-52, A-08-53, A-08-54, A-08-55, and A-08-56 generally depict subsurface conditions for 
Wall 445R. 

Retaining Wall 445R is underlain primarily by existing fill consisting primarily of stiff to hard silt 
and lean clay with varying amounts of sand and gravel.  The western end of the wall will bear on 



Foundation Report Contract No.: 38008-017046.00 
Proposed Miscellaneous Retaining Walls SANDAG Task Order No.46 
San Diego, California 

 15  
 

alluvium consisting of silty clay to poorly graded sand with variable concentrations of gravel and 
cobbles.   

Foundation Recommendations 
 
The recommended bearing material for Wall 445R is 1.0 meter of select backfill overlying the 
existing fill or alluvium as indicated on Figure 11 - Battered MSE Wall 445R Detail. 

The footings for Wall 445R shall have a minimum embedment of 1.35 meters (4.4 feet) from the 
lowest adjacent grade as shown in Figure 11- Battered MSE Wall 445R Detail.   

The reinforced soil structure will incorporate placement of geogrids to obtain the minimum factor 
of safety against global stability.  The Table 4: Geogrid Table presents the geogrid parameters 
used in the design of the Wall 445R. 
 

Table 4: Geogrid Table 
 

Design Height Geogrid Length Geogrid Spacing Grid Tensile 
Strength 

Grid Pullout 
Adhesion 

0 – 3 m 2.4 m 0.45 m 35 kN/m 5 kN/m2 
3 – 6 m 4.8 m 0.45 m 60 kN/m 5 kN/m2 

6 – 9 m (1) 7.2 m 0.45 m 60 kN/m 5 kN/m2 
9 – 12 m (1) 9.6 m 0.45 m 60 kN/m 5 kN/m2 
> 12 m (1) 10.0 m 0.45 m 60 kN/m 5 kN/m2 

 
Note: (1) For wall sections with Design Height exceeding 6.0 meters the upper 3.0 meters of the wall have been 
designed for geogrid reinforcement with tensile strength of 35 kN/m and a grid length of 5.0 meters. 
 
West End of Wall 445R at CCR Bridge Abutment:  Where the MSE wall abuts the east CCR 
bridge abutment, the geogrid length recommended in Table 4 may not be possible and the 
curving wall will require overlapping of the grids.  Where the wall curves to meet the bridge 
abutment, grids should be overlapped in accordance with the manufacturer’s recommendations. 
 
The MSE wall shall be embedded a minimum depth of 1.35 meters below the lowest adjacent 
finish grade, as depicted on Figure 11. 
 
The MSE wall backfill shall be free from organic, deleterious, and other unsuitable materials as 
determined by the Engineer; and shall conform to the requirements set forth in Table 5 below. 
 

Table 5: MSE Wall Backfill Requirements 
 

Property Value CA Test No. 

Sieve Size Percent Passing 202 
37.5 mm 100 202 
19 mm 70-100 202 

4.75 mm 20-70 202 
0.42 mm 0-70 202 

0.075 mm 0-60 202 
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Quality Requirements 
Test Operating  

Sand Equivalent 10 minimum 217 
Plasticity Index 30 maximum 204 

pH 5 to 9 643 
 
 
If the proposed backfill materials do not meet the requirements in Table 5 above, they should 
have minimum shear strength parameters as follows: 

Cohesion greater than or equal to 14.36 kN/m2 (300 psf) 

Friction angle greater than or equal to 28 degrees 

Recommended bearing materials, bearing capacity values, lateral resistance values are 
provided below in tables 6, 7, and 8, respectively. 

Construction Considerations 
 
Construction of Wall 445R at the west end of the wall where the MSE wall abuts the east CCR 
bridge abutment will require special construction considerations. 
 
It is anticipated that excavations for Wall 445R may be accomplished with the use of standard 
(heavy) earthwork equipment. 
 
The temporary excavation for Wall 445R was evaluated and found to have a calculated safety 
factor for static conditions in excess of 1.3 (refer to Appendix III.3.6, page A-136).  The 
temporary excavation for Wall 445R will encroach onto the existing paved surfaces of Carroll 
Canyon Road and Scranton Road.  Provisions for appropriate traffic control will be required and 
should be evaluated by the Engineer.  Existing surface and subsurface improvements and 
utilities may also be affected by the temporary excavation.  The presence of existing 
improvements and utilities should be investigated, and potential impacts due to the excavation 
of the temporary slope should be evaluated by the Engineer. 
 
The use of temporary shoring may be necessary for the Wall 445R due to the presence of an 
existing adjacent ascending fill slope.  The Occupational Safety and Health Administration 
(OSHA) regulations provide trench sloping and shoring design parameters for excavations up to 
6.0 meters (19.7 feet) deep, based on a description of the soil types encountered.  BVNA 
recommends that the following OSHA Classifications be used for temporary excavations and 
other purposes: 

 
Existing Fill, Caltrans Class 2 Base Material, and Terrace Deposits:  Type B 
 

Excavations should be inspected by the Engineer and the performance evaluated. 
 
9.7 Select Backfill Requirements 

 
Select backfill specified as bearing material for portions of retaining Walls 437R, 438L, 438R, 
and 445R shall conform to the specifications of Caltrans Class 2 Aggregate Base. 
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9.8 Bearing Materials 

 
Recommended bearing materials for each proposed retaining wall are summarized in Table 6 
below.  Specific discussions regarding recommended bearing materials for each wall are 
provided in the preceding sections. 
 

Table 6: Retaining Wall Bearing Material 
 

Wall 
No. 

Wall Type 
(Maximum Wall Height) Bearing Material 

437R TYPE I (8.5 meters) Terrace Deposits and Caltrans Class 2 Base 
438L TYPE I (9.7 meters) Terrace Deposits and Caltrans Class 2 Base 

438R TYPE I (10.3 meters) Terrace Deposits and Caltrans Class 2 Base 

443R TYPE I (6.0 meters) Terrace Deposits 

445L CRIB (1.8 meters) Existing  Fill/ Alluvium 

445R Battered MSE (12.1 meters) Caltrans Class II Aggregate Base over Existing 
Fill and Alluvium 

 

9.9 Bearing Capacity 
 

The bearing capacity estimates for the spread footings were made in accordance with the 
guidelines presented in Section 4, Foundations of the 2003 Bridge Design Specifications by 
Caltrans.  In addition, the bottom of the footings should be embedded a minimum of 1.0 meter 
(3.3 feet) below the lowest adjacent grade.  The recommended bearing capacity values for the 
spread footings are presented in Table 7, below. 
 

Table 7: Bearing Capacity Values 
 

Working Stress Design (WSD) 

Soil Type Wall Types Allowable Gross 
Bearing Capacity, qall 

Permissible Gross 
Contact Stress 

(Settlement), qpg 
Existing Fill/ Alluvium 445L, 445R 191.6 kPa (4 ksf) 574.8 kPa (12 ksf) 

Caltrans Class 2 Base 

437R (west of Station 
No. 437+33),  
438L (east of Station 
No. 438+18), 
438R (east of Station 
No. 438+35) 

287.4 kPa (6 ksf) 862.2 kPa (18 ksf) 

Terrace Deposits 

437R (east of Station 
No. 437+33),  
438L (west of Station 
No. 438+18), 
438R (west of Station 
No. 438+35), 
443R 

430.0 kPa (9 ksf) 1,290 kPa (27 ksf) 

 
9.10 Lateral Resistance 
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The active pressure exerted on the retaining walls will be derived from the Caltrans structure backfill 
material and may be calculated using 5.79H kilopascal (36H pounds per square foot), where H is 
the retained backfill height in meters. 
 
The lateral resistance values for the proposed spread footings should be designed using the values 
listed in Table 8 below: 
 

Table 8: Lateral Resistance  
 

Passive Pressure 
Soil Type Wall Type Equivalent Fluid 

Pressure 
Maximum Pressure 

Value 

Coefficient of 
Friction 

Existing Fill/ Alluvium 445L 53.05 kN/m3 (0.338 kcf) 242.8 kN/m2 (5.07 ksf) 0.35 
Caltrans Class 2 
Base 438R, 438L, 445R 75.6 kN/m3 (0.481 kcf) 345.9 kN/m2 (7.2 ksf) 0.40 

Terrace Deposits 437R, 443R 69.4 kN/m3 (0.442 kcf) 317.7 kN/m2 (6.6 ksf) 0.40 
 
A factor of safety of 1.5 should be used when evaluating the lateral resistance.  Sliding resistance 
shall be calculated using only the base resistance or passive resistance values, or 50 percent of 
base resistance plus 50 percent of passive resistance behind the footing.  The passive resistance 
may be increased by one-third for short duration loads like wind or seismic forces. 
 
10.0. SLOPE STABILITY ANALYSES 
 
Slope stability analyses including static and pseudo-static conditions were performed to 
evaluate the global stability for the Type I Walls 437R and 438R, along with the battered MSE 
Wall 445R.  The cross sections were analyzed utilizing the computer software program Slide, 
version 5.0, created by Rocscience®.  The Bishop Simplified method of analysis was used to 
locate the critical slip surface for static and pseudo-static conditions.  The subsurface 
conditions were modeled based upon data from the subsurface exploration program and the 
earth materials were assigned the strength characteristics presented in Table 2.  The minimum 
specified safety factor is 1.5 and 1.1 for static and seismic, respectively.  In accordance with 
Section 3.10 of the Caltrans Guidelines for Structures Foundation Reports, 2006; a seismic 
factor (k) equal to a third of the horizontal peak bedrock acceleration (i.e., 0.167g) was added 
as a horizontal force, while the effects of vertical acceleration were omitted. 
 
Walls 437R and 438R 
 
Global stability analyses were also performed for Walls 437R and 438R and the graphical 
outputs have been presented in Appendix III.2: Slope Stability Analyses Results for Type I Walls 
437R and 438R.  The results of the analyses indicated that the calculated safety factors were in 
excess of 1.5 and 1.1 for static and pseudo-static conditions, respectively. 
 
Wall 445R 
 
Slope stability analyses including static and pseudo-static conditions were performed to 
evaluate the proposed Wall 445R along the seven (7) cross sections shown in Appendix III.3.1.  
The geogrid reinforcement was also modeled into the sections using the parameters presented 
in Table 6.  The graphical outputs of the slope stability analyses results are presented in 
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Appendix III.3.  The results of the analyses indicated that the calculated safety factors were in 
excess of 1.5 and 1.1 for static and pseudo-static conditions, respectively. 
 
11.0. CONSTRUCTION CONSIDERATIONS 
 
Construction considerations for spread footings are presented below. 
 
Spread Footings 
   
1. Temporary excavations will be required for construction of spread footings.  The use of 

temporary shoring may be necessary as some locations due to the presence of existing 
infrastructure.  The Occupational Safety and Health Administration (OSHA) regulations 
provide trench sloping and shoring design parameters for excavations up to 6.0 meters 
(19.7 feet) deep, based on a description of the soil types encountered.  BVNA recommends 
that the following OSHA Classifications be used for temporary excavations and other 
purposes: 

 
Existing Fill, Select Backfill Material, and Terrace Deposits:  Type B 
 

Excavations should be inspected by the Engineer and the performance evaluated. 
 

2. Temporary slopes above the water table in the fill soils should be inclined no steeper than 1 
to 1 (horizontal to vertical).  Temporary excavations that encounter seepage may need 
shoring or may be stabilized by placing sandbags or gravel along the base of the seepage 
zone. 

 
3. Heavy loads should not be allowed within 3.0 meters (10 feet) of the tops of excavated slopes.  

A greater setback may be necessary when considering heavy vehicles, such as concrete trucks 
and cranes.  The Engineer should be advised of such heavy loadings so that specific setback 
requirements may be established.  Storm water should be directed away from temporary 
slopes.  It should be noted that temporary excavations are susceptible to local failures 
depending on the duration of the excavation.  Ground water seepage zones may be 
encountered during excavation, particularly during the wet weather season; therefore, 
dewatering measures might be necessary.  Where seepage zones occur, loose or yielding 
conditions may develop at the bottom of the excavations, which would require removal and 
replacement of saturated materials with select structural fill soils.  In lieu of complete 
removal and replacement, partial removal and placement of a stabilization section consisting 
of clean drain rock and geosynthetics may be more cost-effective.  Saturated yielding 
conditions should be inspected by the Engineer to determine the appropriate remedial 
measures. 

 
4. If foundation materials at the bottom of the excavation are disturbed during the excavation, 

these should be removed and recompacted to a minimum 95 percent relative compaction, 
based on CTM 216. 
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12.0. DISCLAIMERS AND CONTACT INFORMATION 
 
The recommendations contained in this report are based on specific project information regarding 
structure type, location, and design loads that have been provided to BVNA. If any conceptual 
changes are made during final project design, BVNA should review those changes to determine if 
these foundation recommendations are still applicable.  Any questions regarding the above 
recommendations should be directed to the attention of Scott Moors, (805) 656-6074 at BVNA. 
 
The recommendations and opinions expressed in this report are based on field and laboratory 
data developed by BVNA, review of background documents, project plans prepared by T.Y. Lin 
dated October 27, 2008, and communications with T.Y. Lin and Caltrans. It should be noted that 
this study did not evaluate the possible presence of hazardous materials on any portion of the 
site. 
 
Should the proposed grades vary significantly from the existing or if any development 
configuration changes, structural loads change, or the foundation subgrade conditions vary 
significantly; our recommendations may need to be modified accordingly.   
 
Due to the limited nature of our field explorations, conditions not observed and described in this 
report may be present on the site.  It should be understood that conditions different from those 
anticipated in this report may be encountered during grading operations (e.g., the extent of 
removal of unsuitable soil) and that additional effort may be required to mitigate them.   
 
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.  BVNA should 
be contacted if the reader requires additional information or has questions regarding the 
content, interpretations presented, or completeness of this document. 
 
BVNA has endeavored to perform our evaluation using the degree of care and skill ordinarily 
exercised under similar circumstances by reputable geotechnical professionals with experience 
in this area in similar soil conditions.  No other warranty, either expressed or implied, is made as 
to the conclusions and recommendations contained in this report. 
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Table I.7
Types of Drill Rigs Used

Boring Number Location Reference Project Drilling Company Rig Type Diameter 
(mm) Hammer Type

A-08-001 445+25 10 RT (15 RT on plan) "CCR1" Line Misc RW Pacific Unimog 203 Safety Auto

A-08-002 445+15 15 L (~ 10' offset 
south and downslope) "CCR1" Line Misc RW Pacific Unimog 203 Safety Auto

A-08-003 444+40 15LT "CCR1" Line Misc RW Pacific Unimog 203 Safety Auto

A-08-004 444+10 CL "CCR1" Line Misc RW Pacific Unimog 203 Safety Auto

A-08-005 444+85 15LT (~15' offset south "CCR1" Line Misc RW Pacific Unimog 203 Safety Auto

A-08-006 441+82 6LT "CCR1" Line CCR Bridge Pacific Mole 203 Safety Auto

A-08-007 443+82 6RT "CCR1" Line Misc RW/ CCR Bridge Pacific Unimog 203 Safety Auto

A-08-008 444+45 15RT "CCR1" Line Misc RW Pacific Unimog 203 Safety Auto

A-08-009 443+82 6LT (~10' offset North 
of stake) "CCR1" Line Misc RW/ CCR Bridge Pacific Unimog 203 Safety Auto

A-08-010 444+00 15RT "CCR1" Line Misc RW Pacific Unimog 203 Safety Auto

A-08-011 441+64 6LT "CCR1" Line CCR Bridge Pacific Mole 203 Safety Auto

A-08-012 442+02 14LT "CCR1" Line CCR Bridge Pacific Unimog 203 Safety Auto

A-08-015 444+80 15RT "CCR1" Line Misc RW Pacific Mini Mole 203 Safety Auto

A-08-023 441+93.04 8LT "CCR1" Line CCR Bridge Pacific Mole 203 Safety Auto

A-08-029 442+23.5 8LT "CCR1" Line CCR Bridge Pacific Mole 203 Safety Auto

A-08-030 442+13.5 13LT "CCR1" Line CCR Bridge Pacific Mole 203 Safety Auto

A-08-031 442+10 20LT "CCR1" Line CCR Bridge Pacific Mole 203 Safety Auto

A-08-037 443+15 3RT "CCRDAR" Line DAR Test America CME-95 203 Safety Auto

A-08-038 443+45 3RT "CCRDAR" Line DAR Test America CME-95 203 Safety Auto

A-08-039 443+75 3RT "CCRDAR" Line DAR Test America CME-95 203 Safety Auto

A-08-040 444+05 3RT "CCRDAR" Line DAR Test America CME-95 203 Safety Auto

A-08-041 444+35 3RT "CCRDAR" Line DAR Test America CME-95 203 Safety Auto

A-08-042 444+65 3RT "CCRDAR" Line DAR Test America CME-95 203 Safety Auto

A-08-043 444+80 3LT "CCRDAR" Line DAR Test America CME-95 203 Safety Auto
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Table I.7
Types of Drill Rigs Used

Boring Number Location Reference Project Drilling Company Rig Type Diameter 
(mm) Hammer Type

A-08-044 444+50 3LT "CCRDAR" Line DAR Test America CME-95 203 Safety Auto

A-08-045 442+15 8RT "CCR1" Line CCR Bridge Test America CME-95 203 Safety Auto

A-08-046 442+87 6RT "CCR1" Line CCR Bridge Test America CME-95 203 Safety Auto

A-08-047 442+42.5 6RT "CCR1" Line CCR Bridge Test America CME-95 203 Safety Auto

A-08-048 443+35 6RT "CCR1" Line CCR Bridge Test America CME-95 203 Safety Auto

A-08-049 440+62.5 6RT "CCR1" Line CCR Bridge Test America CME-95 203 Safety Auto

A-08-050 441+22.5 6RT "CCR1" Line CCR Bridge Test America CME-95 203 Safety Auto

A-08-051 441+82 6RT "CCR1" Line CCR Bridge Test America CME-95 203 Safety Auto

A-08-052 445+60 "CCR2" Line Misc RW Test America CME-95 203 Safety Auto

A-08-053 445+95 "CCR2" Line Misc RW Test America CME-95 203 Safety Auto

A-08-054 446+30 "CCR2" Line Misc RW Test America CME-95 203 Safety Auto

A-08-055 447+00 "CCR2" Line Misc RW Test America CME-95 203 Safety Auto

A-08-056 447+35 "CCR2" Line Misc RW Test America CME-95 203 Safety Auto

A-08-057 443+20 21.8 RT #68 "MMBMOD" Line Misc RW Test America CME-95 203 Safety Auto

A-08-058 443+65 21.2 RT #65 "MMBMOD" Line Misc RW Test America CME-95 203 Safety Auto

A-08-059 443+50 21.5 RT #66 "MMBMOD" Line Misc RW Test America CME-95 203 Safety Auto

O-08-013 438+20 14.4 RT "CCR1" Line Misc RW Boart L Longyear 1405 152 Safety Auto

O-08-014 438+50 14.4 RT "CCR1" Line Misc RW Boart L Longyear 1405 152 Safety Auto

O-08-016 437+70 7RT "CCR1" Line BAUC Boart L Prosonic 1 152 Safety Auto

O-08-017 437+43 7RT "CCR1" Line BAUC Boart L Prosonic 1 152 Safety Auto

O-08-018 443+82 6RT "CCR1" Line Misc RW/ CCR Bridge Boart L Longyear 1405 152 Safety Auto

O-08-019 437+90 14.7RT "CCR1" Line Misc RW Boart L Longyear 1405 152 Safety Auto

O-08-020 437+10 15RT "CCR1" Line Misc RW Boart L Longyear 1405 152 Safety Auto

O-08-021 437+40 12LT "CCR1" Line BAUC Boart L Prosonic Track Mounted 152 Safety Auto

O-08-022 437+70 10LT "CCR1" Line BAUC Boart L Prosonic Track Mounted 152 Safety Auto
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Table I.7
Types of Drill Rigs Used

Boring Number Location Reference Project Drilling Company Rig Type Diameter 
(mm) Hammer Type

O-08-024 437+75 15RT "CCR1" Line Misc RW Boart L Longyear 1405 152 Safety Auto

O-08-025 438+80 14.4RT "CCR1" Line Misc RW Boart L Longyear 1405 152 Safety Auto

O-08-026 437+40 15RT "CCR1" Line Misc RW Boart L Longyear 1405 152 Safety Auto

O-08-027 444+45 15RT "CCR1" Line Misc RW Boart L Longyear 1405 152 Safety Auto

O-08-028 441+96.2 6RT "CCR1" Line CCR Bridge Boart L Prosonic 1 152 Safety Auto

O-08-032 439+42.5 6RT "CCR1" Line CCR Bridge Boart L Prosonic Track Mounted 152 Safety Auto

O-08-033 440+02.5 6LT "CCR1" Line CCR Bridge Boart L Prosonic Track Mounted 152 Safety Auto

O-08-034 441+64 6RT "CCR1" Line CCR Bridge Boart L Prosonic 1 152 Safety Auto

O-08-035 442+23.5 8RT "CCR1" Line CCR Bridge Boart L Prosonic 1 152 Safety Auto

O-08-036 443+35 6LT "CCR1" Line CCR Bridge Boart L Mini Sonic 152 Safety Auto
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REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

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

Poorly graded GRAVEL with SAND

Poorly graded GRAVEL with CLAY and

Poorly graded GRAVEL

Poorly graded GRAVEL with SILT and SAND

Poorly graded GRAVEL with SILT

Poorly graded SAND

Poorly graded SAND with SILT

Poorly graded SAND with CLAY

Poorly graded SAND with CLAY and

Poorly graded SAND with SILT and GRAVEL

Poorly graded SAND with GRAVEL

Poorly graded GRAVEL 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 PERCENT OR PROPORTION OF SOILS

MOISTURE

APPARENT DENSITY OF COHESIONLESS SOILS

PARTICLE SIZE

Description

Very loose

Loose

Medium Dense

Dense

Very Dense

Criteria

Damp but no visible water

Description

Dry

Moist

Wet

Absence of moisture, dusty, dry to the 

touch

Visible free water, usually soil is 

below water table

Criteria

5 to 10%

15 to 25%

30 to 45%

50 to 100%

Trace

Few

Little

Some

Mostly

Description

Particles are present but estimated to 

be less than 5%

Size

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

No. 10 to No. 4

No. 40 to No. 10

No. 200 to No. 40

60

0 - 4

5 - 10

11 - 30

31 - 50

   > 50

CP

C

UU

CU

CR

EI

UC

PI

Pocket PenetrometerPP

TV

M

OC

SE

UW

VS

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

Pocket Torvane

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)

Unconfined Compression-Soil

(ASTM D 2166)

Unconfined Compression-Rock

(ASTM D 2938)

Unconsolidated Undrained 

Triaxial (ASTM D 2850)

Unit Weight (ASTM D 4767)

Vane Shear (AASHTO T 223)
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Weak

Moderate

Strong

Criteria

CEMENTATION

Description

Will not crumble or break with finger 

pressure.

Crumbles or breaks with considerable 

finger pressure.

Crumbles or breaks with handling or 

little finger pressure.

CONSISTENCY OF COHESIVE SOILS

Field Approximation

Readily indented by thumbnail

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

Description

Readily indented by thumb but 

penetrated only with great effort

Indented by thumbnail with 

difficulty

Easily penetrated several inches 

by fist

Easily penetrated several inches 

by thumb

Penetrated several inches by 

thumb with moderate effort

Size

Size

S
iz

e
S

iz
e

PLASTICITY OF FINE-GRAINED SOILS

Nonplastic

Low

Medium

High

CriteriaDescription

The thread can barely be rolled and the lump cannot be formed when drier than the 

plastic limit.

The thread is easy to roll and not much time is required to reach the plastic limit. 

The thread cannot be rerolled after reaching the plastic limit. The lump crumbles 

when drier than the plastic limit.

It takes considerable time rolling and kneading to reach the plastic limit. The thread 

can be rerolled several times after reaching the plastic limit. The lump can be formed 

without crumbling when drier than the plastic limit.

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
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ti

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

CONE PENETRATION TEST (CPT) SOUNDING

2

on tip element

Hole I.D.

L
o

c
a
ti

o
n

 

Top Hole El.

Boring Date

Friction Ratio (%) Tip Bearing (MPa)

0246 302010

2

Pressure measured

Dynamic Cone Penetration Boring

Auger Boring

Rotary drilled boring 

Rotary percussion boring (air)

Rotary drilled diamond core

Other

Cone Penetration Test (ASTM D 5778-95)

Symbol Description

R 

P

A 

D

R

CPT

HD 

HA

O

Hole

Type

BOREHOLE IDENTIFICATION

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

Terminated at Elev
Terminated at Elev
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< 24 < 24 < 12

12 to 2424 to 48 24 to 48

24 to 4848 to 96 48 to 96

96 to 192

96 to 192 96 to 192

> 192> 383 > 383

48 to 96

192 to 383 192 to 383

A 3 mm thread cannot be rolled at any water content.

Unconfined

Compressive

Strength (tsm)

Pocket

Penetrometer

Measurement (tsm)

Torvane

Measurement (tsm)

76 25

Blows per 76 mm

(Using 12.7 kg hand 

hammer with a 76 mm

drop or as noted) Driving rate in

seconds per 300 mm

(using a Stanley

MB 156 percussion

hammer and a 56 mm

cone, or as noted)

Pressure measured

along sleeve friction

element (225 cm

area) divided by 

pressure measured

on tip element.

(2 cm area)

Size of Sampler 

(millimeters)

Note: Size in millimeters.

Hand driven (25 mm soil tube)

Hand Auger

LOG OF TEST BORINGS SHEET NO. 2 OF 22
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IGNEOUS ROCK

LEGEND OF ROCK MATERIALS

SEDIMENTARY ROCK

METAMORPHIC ROCK

WEATHERING DESCRIPTORS FOR INTACT ROCK

Diagnostic features

Texture and Solutioning

Body of Rock Texture Solutioning

Preserved.

No solutioning.No change.

Decomposed

Fresh

Description

Chemical Weathering-Discoloration

and/or oxidation

Resembles a soil, partial

or complete remnant rock

structure may be preserved;

leaching of soluble

minerals usually complete.

Complete separation

of grain boundaries

(disaggregated).

Soluble min-

erals may be

mostly leached.

Generally

preserved.

Partial separation of

boundaries visible.

Texture

altered by

chemical

disintegra-

tion (hy-

dration,

argillation).

Leaching of 

soluble min-

erals may be

complete.

Minor leaching

of some solu-

ble minerals

may be noted.

No visible separation,

intact (tight).

No separation, intact

(tight).

No discoloration

or oxidation.

Mechanical Weathering-

Grain boundary condi-

tions (disaggregation)

primarily for granitics

and some coarse-grained

sediments

No discoloration, not 

oxidized.

Discoloration or oxida-

tion is limited to sur-

face of, or short dis-

tance from, fractures;

some feldspar crystals

are dull.

Discoloration or oxida-

tion extends from frac-

tures usually through-

out; Fe-Mg minerals are

"rusty," feldspar 

crystals are "cloudy."

Discolored or oxidized

throughout, but resis-

tant minerals such as

quartz may be unaltered;

all feldspars and Fe-Mg

minerals are completely

altered to clay.

Fracture 

Surfaces

General Characteristics

Hammer rings when crystalline 

rocks are struck. 

Hammer rings when crystalline 

rocks are struck. Body of 

rock not weakened. 

Hammer does not ring when 

rock is struck. Body of rock 

is slightly weakened. 

Dull sound when struck with 

hammer, usually can be broken 

with moderate to heavy manual 

pressure or by light hammer 

blow without reference to 

planes of weakness such as 

incipient or hairline frac-

tures, or veinlets. Rock is 

significantly weakened.

Can be granulated by hand.

Resistant minerals such as 

quartz may be present as 

"stringers" or "dikes."

Slightly

Weathered

Moderately

Weathered

Intensely

Weathered

Minor to complete 

discoloration or 

oxidation of most 

surfaces.

All fracture surfaces 

are discolored or

oxidized.

All fracture surfaces 

are discolored or 

oxidized, surfaces 

friable.

Partial separation, rock 

is friable; in semiarid 

conditions granitics are

disaggregated.

Discoloration or oxi-

dation throughout; all

feldspars and Fe-Mg

minerals are altered

to clay to some extent; 

or chemical alteration 

produces in-situ dis-

aggregation, see grain 

boundary conditions.

FRACTURE DENSITY

Observed Fracture Density

Unfractured

Very slightly fractured

Slightly fractured

Moderately fractured

Intensely fractured

Very intensely fractured

No fractures.

Mostly chips and fragments with a few scattered short core lengths.

Description

Combination descriptors (such as "Very intensely to intensely fractured") are used where equal 

distribution of both fracture density characteristics is present over a significant interval or 

exposure, or where characteristics are "in between" the descriptor definitions. Only two adjacent 

descriptors may be combined.

ROCK HARDNESS

Criteria

Very Soft

Soft

Hard

Very Hard

Description

PERCENT CORE RECOVERY (REC) & ROCK QUALITY DESIGNATION (RQD)

x 100%REC =

RQD = x 100%

>

Top Hole El.

B
o

ri
n

g
 

lo
c
a
ti

o
n

Hole I.D.

REC=100%

RQD=50%

REC=100%

RQD=80%

REC=88%

RQD=0%

Boring Date

End drilled interval

Begin drilled interval

Begin drilled interval

End drilled interval

Begin drilled interval

End drilled interval

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

Specimen can be scratched with a pocket knife or sharp pick with difficulty (heavy 

pressure). Heavy hammer blows required to break specimen.

Specimen can be scratched with pocket knife or sharp pick with light or moderate 

pressure. Core breaks with moderate hammer pressure.

Specimen can be grooved or gouged easily by a pocket knife or sharp pick with light 

pressure, can be scratched with fingernail. Breaks with light to moderate manual pressure.

Extremely Hard

Moderately Soft

Moderately Hard

Specimen cannot be scratched with a pocket knife or sharp pick; can only be chipped with 

repeated heavy hammer blows.

Specimen cannot be scratched with a pocket knife or sharp pick. Breaks with repeated 

heavy hammer blows.

Specimen can be readily indented, grooved or gouged with fingernail, or carved with a 

pocket knife. Breaks with light manual pressure.

Description Thickness / Spacing

Massive

1 m to 3 m

Moderately bedded

Very thinly bedded

Laminated 

Very thickly bedded

Combination descriptors (such as "slightly weathered to fresh") are permissible where equal distribution of both weathering characteristics is present over 

significant intervals or where characteristics present are "in between" the diagnostic feature. However, combination descriptors should not be used where 

significant, identifiable zones can be delineated. Only two adjacent descriptors may be combined. "Very intensely weathered" is the combination descriptor for 

"intensely weathered to decomposed."

Thickly bedded

Thinly bedded

Specimen can be grooved 5 mm deep with a pocket knife or sharp pick with moderate 

or heavy pressure. Breaks with light hammer blow or heavy manual pressure.

30 mm to 100 mm

10 mm to 30 mm

BEDDING SPACING
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Lengths greater than 1 m.

Lengths from 300 mm to 1000 mm with few lengths less than 300 mm or

greater than 1000 mm.

Lengths mostly in 100 mm to 300 mm range with most lengths about 200 mm.

Lengths average from 30 mm to 100 mm with scattered fragmented

intervals with lengths less than 100 mm.

Length of the recovered core pieces

Total length of core run

Total length of core run

Length of intact core pieces   100 mm

Term

Strong

Weak

Very Weak

Very Strong 

RELATIVE STRENGTH OF INTACT ROCK

Extremely Strong

Medium Strong

Extremely Weak

Greater than 3 m

300 mm to 1 m

Less than 10 mm

100 mm to 300 mm

Uniaxial Compressive Strength (MPa)

> 207 

100  - 207 

49  - 100 

25  - 49 

5  - 25 

1  - 5 

< 1 
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Friction Ratio (%) Tip Bearing (MPa)

Top Hole El. +29.9 m

"CCR1"
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HORIZONTAL 1 : 500

CARROLL CANYON ROAD BRIDGE

CPT-08-005O-08-032
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50/152 62

50/127 62

50/152 62

50/127 62

50/152 62

62

62

+28

+26

+24

+22

+20

+18

+16

+14

+12

+10

+8

152

"
C

C
R

1
"
 L
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e

50/76 62

50/76 62

50/76 62

6285

+6

+4

+2

+0

-2

-4

-6

-8

-10

-12

-14

-16

+28

+26

+24

+22

+20

+18

+16

+14

+12

+10

+8

+6

+4

+2

+0

-2

-4

-6

-8

-10

-12

-14

-16

+6+6

becomes slightly weathered and slightly

fractured

becomes highly interbedded with fine

SAND

becomes dark brown

50/152

50/152

El. +29.9 m

PROFILE
VERTICAL 1 : 100

1 : 500

PLAN

+30

+32

+30

+32

O-08-032

2-13-08

TERRACE DEPOSIT: SANDY SILT (ML), hard, fine

layers of alternating light brown and medium

brown, moist, about 40% fine SAND, about 60%

fines

GWS EL. 21.9m

SEDIMENTARY ROCK: [POORLY-GRADED SAND (SP):

very dense, gray, wet, medium grained]

SEDIMENTARY ROCK: [CLAYEY SAND with GRAVEL

(SC): very dense, gray, very moist, about

20% fine GRAVEL, about 65% fine to coarse

SAND, about 15% fines]

SEDIMENTARY ROCK (SHALE): gray, 

moderately weathered, hard, 

moderately fractured, weakly fissile with

concretion beds [ARDATH SHALE], 

[SILT (ML), hard, moist]

becomes interbedded with GRAVEL, about 20%

fine grained GRAVEL, about 75% SAND, 

about 5% fines

2-13-08

Terminated at El. -15.8 m

ER = 1.00

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00

1.

 

 

 

2.

 

 

 

 

3.

 

 

 

 

 

 

 

  

 

 

 

4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i

i

i

i

i

i

i

i

3/9/09  

LOG OF TEST BORINGS SHEET NO. 4 OF 22

  57-C0786  

A-17



Top Hole El. +29.9 m
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Friction Ratio (%) Tip Bearing (MPa)
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Friction Ratio (%) Tip Bearing (MPa)
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80 90 100

152

"CCR1"

1 : 500

PLAN

HORIZONTAL 1 : 500

B
E

N
T

 3

O-08-033

CPT-08-006

CPT-08-007

B
E

N
T

 4

CPT-08-006

CPT-08-007

CARROLL CANYON ROAD BRIDGE

203

02-11-08

Terminated at El. 22.5m

02-11-08

Terminated at El. 21.5m
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VERTICAL 1 : 100
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+26
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El. +28.6 m

+30+30

+28

O-08-033

GWS EL. 21.0m

ALLUVIUM: SILTY CLAY (CL), firm, 

medium brown, moist, about 15% 

fine SAND, about 85% fines

TERRACE DEPOSIT: SILT with SAND 

and GRAVEL (ML), hard, dark brown, 

moist, about 10% fine GRAVEL, 

about 20% fine to coarse SAND, 

about 70% fines 

2-14-08
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SEDIMENTARY ROCK (SHALE): gray, 

moderately weathered, hard, moderately

fractured, weakly fissile with

concretion beds [ARDATH SHALE], 

[SILT (ML), hard, moist]

SEDIMENTARY ROCK:

[interbedded CLAYEY SAND

with GRAVEL]

2-14-08

Terminated at El. -12.6 m

ER = 1.00

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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i

i

i

i

i

i

i
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CLAYEY SANDY GRAVEL (GC): medium dense, light brown to

gray brown, wet, about 50% GRAVEL, about 40% fine to

coarse SAND, about 10% CLAY

SILTY SANDY GRAVEL (GW-GM): medium dense, light brown,

damp, about 50% subrounded GRAVEL, about 40% fine to

coarse SAND, about 10% SILT

interbedded with very fine SANDY SILT/SILTY SAND (ML/SM)
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GWS EL. 26.3m

4-03-08

A-08-049

ALLUVIUM: CLAYEY SAND with GRAVEL (SC), medium dense, 

light brown, moist, about 21% GRAVEL, 44% SAND, about 35

% fines

CP

SEDIMENTARY ROCK (SHALE): gray, moderately weathered,

hard, moderately fractured, weakly fissile with

concretion beds [ARDATH SHALE], [SILT (ML), hard, moist]

SEDIMENTARY ROCK: [CLAYSTONE (CL): hard, light brown to

light gray, damp, weakly fissile, thin layering, some Fe O

staining, high plasticity, slightly micaceous]

SEDIMENTARY ROCK: [SILTSTONE (ML): hard, light brown to

light gray, damp, weakly fissile, thin layered, heavy

oxidation, slightly micaceous]

SEDIMENTARY ROCK: [SILTSTONE (ML): hard, light gray, dry

to damp, thinly layered, weakly fissile, slightly micaceous]

becomes damp

slow drilling

3

SEDIMENTARY ROCK: [SAND-SILTY SAND (SP-SM): very dense,

light gray, damp,about 90% very fine SAND, very fine

well sorted SAND, about 10% SILT, friable]

SEDIMENTARY ROCK: [CLAYEY SILT (ML): hard, light gray,

damp to moist, about 80% SILT, about 20% CLAY, medium

plasticity, slightly micaceous, moderately foliated]

SEDIMENTARY ROCK: [SILTSTONE (ML): hard, light gray, damp,

thin layering, weakly fissile, trace very fine SAND,

slightly micaceous, some dark gray staining]

SEDIMENTARY ROCK: [CLAYEY SILT/SILTY CLAY (ML/CL): hard,

light gray, dampto moist, about 50% SILT, about 50% CLAY,

slightly micaceous, high plasticity]

SEDIMENTARY ROCK: [SILTSTONE (ML): hard, light gray,

dry to damp, weakly fissile, slightly micaceous, trace

white CaC0 ]

SEDIMENTARY ROCK: [SANDY SILT/SILTY SAND (ML/SM): hard,

light gray, damp, about 50% very fine SAND, about 50% SILT]

SEDIMENTARY ROCK: [SILTY SAND/SANDY SILT (SM-ML): very

dense, light gray, damp, about 50% very fine SAND, about

50% SILT, thinly layered]

4-18-08

Terminated at El. 8.1 m

ER = 1.45

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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2 3

CLAYEY SILT (ML): stiff, light yellow brown, damp, about

70% SILT, about 70% SILT, about 30% CLAY, high plasticity,

light oxidation

trace very fine SAND, very stiff, about 80% CLAY, slightly

porous, trace rootlets

SANDY CLAY (CL): stiff, light gray, very moist to wet,about

60% CLAY, about 40% very well sorted SAND, high plasticity,

some Fe O  staining

increase in oxidation, color change to light brown

thinly layered

slow drilling

becomes moderately micaceous
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SANDY SILT (ML): very stiff, dark brown, moist, about 48%

SAND, about 53% fines, slightly micaceous, trace rootlets

SILTY CLAY (CL): stiff to very stiff, light brown, moist,

about 70% CLAY, about 30% SILT, high plasticity, micaceous,

trace rootlets

GWS EL. 25.7m

4-22-08

A-08-050

ALLUVIUM: SILTY CLAY (CL), hard, light yellow brown, damp

to moist, about 60% CLAY, about 40% SILT, high plasticity

SAND (SP): medium dense, light gray, moist, fine grained, 

well sorted, trace GRAVEL 

SA DS CR

becomes moist

SEDIMENTARY ROCK: [SANDY SILT (ML): hard, light gray, moist,

about 70% SILT, about 30% very fine SAND, slightly micaceous]

SEDIMENTARY ROCK: [SILTSTONE (ML): hard, light gray, damp,

thinly layered, weakly fissile, slightly micaceous]

SEDIMENTARY ROCK: [SAND (SP): very dense, light gray, moist,

fine grained, well sorted, slightly micaceous]

SEDIMENTARY ROCK: [SILTY SAND (SM): some GRAVEL, very dense,

light gray, moist, about 80% fine to coarse SAND, about

20% SILT, slightly micaceous]

SEDIMENTARY ROCK: [SILTSTONE (ML): hard, light gray, dry to

damp, slightly micaceous] [ARDATH SHALE]

SEDIMENTARY ROCK: [SILTY SAND some GRAVEL (SM): very dense,

light gray, moist, about 80% very fine well sorted SAND,

about 20% SILT, slightly micaceous]

SEDIMENTARY ROCK: [SANDY SILT (ML): hard, light gray, moist,

about 70% SILT, about 30% very fine SAND, slightly micaceous]

SEDIMENTARY ROCK: [SAND some GRAVEL (SP): very dense, light

gray, moist, fine grained, well sorted, slightly micaceous]

SEDIMENTARY ROCK: [SILTSTONE (ML): hard, light gray, dry to

damp, slightly micaceous] [ARDATH SHALE]

SEDIMENTARY ROCK (SHALE): gray, moderately weathered, hard,

moderately fractured, weakly fissile with concretion beds

[ARDATH SHALE], [SILT (ML), hard, moist]

SANDY CLAY (CL): stiff, light gray, very moist, about 80% CLAY,

about 20% very fine SAND, high plasticity, some oxidation,

trace rootlets

SAND (SP): medium dense, light gray, moist to very moist, fine

to coarse SAND, slightly micaceous

4-22-08

Terminated at El. 7.0 m

ER = 1.45

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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WELL-GRADED GRAVEL with CLAY and SAND 

(GW-GC): dark gray, wet, about 46% fine 

to coarse GRAVEL, about 35%  fine to 

coarse SAND, about 12% fines

CLAYEY SAND (SC): very dense, dark gray, 

wet, about 13% GRAVEL, about 71% SAND, 

about 15% fines

GWS EL. 25.4m

2-13-08
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FILL: LEAN CLAY with SAND (CL), hard, 

medium brown, moist, about 1% fine to

coarse  GRAVEL, about 24% fine to coarse

SAND, about 75% fines 

ALLUVIUM: LEAN CLAY (CL), soft, dark brown,

moist, about 20% fine SAND, about 80% fines 

2-13-08

Terminated at El. -13.6m

SEDIMENTARY ROCK (SHALE): gray,  moderately 

weathered, hard,  moderately fractured,

weakly fissile with concretion beds

[ARDATH SHALE],  [SILT (ML), hard, moist]

SEDIMENTARY ROCK: [becomes

interbedded with SANDY SILT with

GRAVEL (ML): very dense, gray,

wet, about 20% fine to coarse

GRAVEL, about 30% fine to coarse

SAND, about 50% fines]

SEDIMENTARY ROCK: [becomes

interbedded with CLAYEY GRAVEL

with SAND (GC): very dense, gray,

wet, about 50% rounded to sub-

rounded fine to medium grained

GRAVEL, about 30% fine to coarse

SAND, about 20% fines]

ER = 1.45

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i

i

i

i

i

i

i

i

BENT 7B

BENT 7A

LOG OF TEST BORINGS SHEET NO. 8 OF 22

CARROLL CANYON ROAD BRIDGE

3/9/09  

  57-C0786  

A-21



0 10 20 30246

Friction Ratio (%) Tip Bearing (MPa)

0 10 20 30246

Friction Ratio (%) Tip Bearing (MPa)

810

810 40

"CCR1"

203

1 : 500

PLAN

A-08-011

CPT-08-013

B
E

N
T

 7
A

B
E

N
T

 6

B
E

N
T

 7
B

CPT-08-013

CPT-08-014

"C
C

R
D

A
R

"

CONE PENETRATION TEST (CPT) SOUNDING

CONE PENETRATION TEST (CPT) SOUNDING

152

203

203

203

203

203

203

Top Hole El. + 33.7m

04-28-08

Terminated at El. 25.6m

Top Hole El. + 33.2m

04-28-08

Terminated at El. 26.0m

S
ta

 4
4

1
+

6
4

m
 ¨

S
ta

 4
4

1
+

8
2

B
m

 ¨

152

6
.0

m
 L

T
¨
 S

ta
 4

4
1

+
6

4
m

 ¨

"
C

C
R

1
"
 L

in
e

442

STATE OF

CALIFORNIA
DEPARTMENT OF TRANSPORTATION

CU

EA

57-c0786-z-lotb09.dgnFILE =>

BRIDGE NO.

EARLIER REVISION DATES

DISREGARD PRINTS BEARING
SHEET OF

U
S

E
R

N
A

M
E

 =
>

D
A

T
E

 P
L

O
T

T
E

D
 =

>
3

/
1

0
/
2

0
0

9
T

I
M

E
 P

L
O

T
T

E
D

 =
>

1
:
0
7
:
5
9
 P

M

10/14/08

11275

2T0401                                                                 

REVISION DATES

DESIGN BRANCH   G. CUSTENBORDER                

11   SD    805  R42.6/R46.2     

DIST COUNTY ROUTE
SHEET TOTAL

No SHEETS

OGS CIVIL LOG OF TEST BORINGS SHEET 

POST MILES

GEOTECHNICAL SERVICESENGINEERING SERVICES

DRAWN BY:

CHECKED BY:

FUNCTIONAL SUPERVISOR

NAME:

J. JOHNS                          
FIELD INVESTIGATIONS BY:

G. CUSTENBORDER                                              

DIVISION OF ENGINEERING SERVICES

STRUCTURE DESIGN

0 10 20 30 40 50 60 70 80 90 100

ORIGINAL SCALE IN MILLIMETERS

FOR REDUCED PLANS

shall not be responsible for the accuracy or

completeness of electronic copies of this plan sheet.

The State of California or its officers or agents

        

             

PLANS APPROVAL DATE

SANDAG

401 B STREET,

SAN DIEGO, CA. 92101

SAN DIEGO, CA. 92111

7895 CONVOY CT.

O
T

C

C

E

S

N

E
E

I

I

I

I

I

N

C
E

INT
E

A

H

ALOF

E

G

D

NO. 

EXP.   

ER
T

S
G

E
R

S
T

E OSORP
F

OF
R

R
N

AL

L

A

A

NEG

VAN OLIN

2578

6-30-10

V. OLIN                                

KP43.2/PM26.8

KILOMETER POST

TOTAL PROJECT

REGISTERED GEOTECHNICAL ENGINEER

All elevations shown in the LOTBs are in meters

and are referenced to the NGVD 1929 Datum.

Bench Mark

BUREAU VERITAS NORTH AMERICA, INC.

m
p

a
r
a
n

j
a
p

e

CPT-08-014

PROFILE
VERTICAL

HORIZONTAL

1 : 100

1 : 500

3625

6242

3613

6220

369

6251

36REF/25

BULK

203

+32

+30

+28

+26

+24

+22

+32

+30

+28

+26

+24

+22

encountered GRAVEL

LEAN CLAY (CL): with SAND, hard, brown, moist, 

about 25% fine to coarse SAND, about 75% fines 

El. +33.1 m
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SILTY SAND (SM): loose, dark grayish brown, moist,

about 60% fine SAND, about 40% fines 

GWS EL. 25.5m

2-5-08

A-08-011

FILL: SILTY SAND with GRAVEL and COBBLES (SM),

medium dense, medium brown, moist, about 5% 

subrounded COBBLES, about 10% fine to coarse 

GRAVEL, about 70% fine to coarse SAND, about 15% 

fines  

ALLUVIUM: CLAY (CL), stiff, dark brown, moist,

about 15% fine SAND, about 85% fines 

2-05-08

Terminated at El. 22.9 m

ER = 1.00

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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SANDY GRAVELLY CLAY (CL): hard, light yellow brown,

damp, about 40% CLAY, about 30% subrounded GRAVEL,

about 30% fines

SANDY CLAY (CL): with GRAVEL, hard, brown, moist, about

80% CLAY, about 20% fine SAND, high plasticity

CLAY (CL): stiff to very stiff, brown, moist, high plasticity,

trace rootlets

light oxidation

SANDY CLAY (CL): very stiff, light gray, very moist to 

wet, about 90% CLAY, about 10% very fine SAND, high

plasticity, slightly micaceous, trace rootlets

encountered GRAVEL

SANDY CLAY (CL): hard, light gray, very moist to wet,

about 41% fine grained SAND, about 59% fines

SANDY GRAVEL (SW) with COBBLE: very dense, light gray,

wet, about 60% subrounded GRAVEL, about 40% fine grained

SAND

SAND (GW): very dense, light gray, wet, about 60% sub-

rounded GRAVEL, about 40% fine SAND
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GWS EL. 26.9m

4-23-08

A-08-051

FILL: GRAVELLY CLAY (CL), some COBBLE, hard, damp, about 

70% CLAY, about 30% subrounded GRAVEL, high plasticity 

ALLUVIUM: CLAY (CL), very stiff, light red brown, moist, high

plasticity, slightly porous, some structure 

4-23-08

Terminated at El. 13.5 m

+32

increase in GRAVEL and SAND, becomes wet

9.5 M PA-3623

13.416.86227 M

3615

20.017.36212 M

368 18.5 M PA-

21.417.26210 M

3650/76 M PA
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CLAY with SAND (CL: and color after SAND,very stiff, brown, 

moist, about 22% fine to medium SAND, about 78% fines

CLAYEY SAND (SC): loose, brown, moist, about 55% fine to medium SAND, 

about 45% fines 

SILTY SAND with GRAVEL (SM): very dense, dark gray, wet, about 19% 

GRAVEL, about 65% fine to coarse SAND, about 16% fines  

SANDY LEAN CLAY (CL): hard, dark gray, wet, about 7% GRAVEL, about 

46% SAND,  about 47% fines 

SILTY SAND (SM): very dense, dark gray, wet, about 55% fine to coarse

SAND, about 45% fines, COBBLES encountered

2-2-08

A-08-006

ALLUVIUM: CLAY (CL), stiff, dark reddish brown, moist, about 3% fine 

to medium GRAVEL, about 10% medium SAND, about 85% fines

UW

UW

C

C

C

UW

FILL: SILTY SAND with GRAVEL and COBBLES (SM), medium dense, 

medium brown, moist, about 5% subrounded COBBLES, about 15% fine to 

coarse GRAVEL, about 65% fine to coarse SAND, about 15% fines 

2-02-08

Terminated at El. 15.4 m

SEDIMENTARY ROCK: [SAND (SP): hard, light gray, very moist,

fine grained poorly sorted]

SEDIMENTARY ROCK: [becomes medium grained, trace GRAVEL]

SEDIMENTARY ROCK: [increase in GRAVEL]

ER = 1.00 ER = 1.45

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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FILL: CLAYEY SAND (SC), medium dense, brown, damp

to moist

CLAY (CL): trace SAND and GRAVEL, very stiff, light yellow

brown, damp, contains small inclusions of light gray

SILTSTONE

ALLUVIUM: SILTY CLAY (CL): trace GRAVEL, very stiff, light

brown, damp to moist, about 10% fine SAND, about

90% fines, high plasticity 

SANDY GRAVEL (GW): trace clay, dense, light gray

brown, moist, about 60% subrounded GRAVEL, about

40% fine to medium grained SAND

2-6-08

GWS EL. 26.4m

SILT (ML), very stiff, tan to light yellow brown, dry to

damp, some layering with light orange brown Fe O  staining 

A-08-023

2-06-08

Terminated at El. 22.1 m

A-08-023

ER = 1.00

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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lens of loose, gray, moist medium 

grained SAND (SP) 

El. +31.3 m
+32 +32 +8 +8

O-08-028

GWS @ 26.1 m

FILL: SILTY SAND (SM), dense, medium 

brown, moist, about 15% fine to 

coarse GRAVEL, about 60% fine to 

coarse SAND, about 25% fines

ALLUVIUM: SILTY CLAY (CL), soft, 

dark brown, moist, about 15% fine 

SAND, about 85% fines

2-13-08

152

2-13-08

Terminated at El. -13.2 m

SEDIMENTARY ROCK: [CLAYEY GRAVEL

with SAND (GC), very dense, gray,

wet, about 50% rounded to subrounded

fine to medium grained GRAVEL, about

30% fine to coarse SAND, about

20% fines]

SEDIMENTARY ROCK: [CLAYEY SAND (SC):

very dense, gray, moist, about 70%

fine SAND, about 30% fines]

SEDIMENTARY ROCK (SHALE): dark gray, 

moderately weathered, hard, moderately 

fractured [ARDATH SHALE], [SILT (ML),

hard, moist]
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FILL: SILTY SAND with GRAVEL and COBBLES (SM), medium

dense, light brown, moist, about 10% subrounded

COBBLES, about 10% fine to coarse GRAVEL, about

60% fine to coarse SAND, about 20% fines

A-08-012

WELL-GRADED SAND with GRAVEL (SW): very dense, gray,

wet, about 20% fine to medium GRAVEL, about 75% fine 

to coarse SAND, about 5% fines

SILTY SAND (SM): medium dense, dark grayish brown,

moist, about 60% fine SAND, about 40% fines

ALLUVIUM: CLAY (CL), hard, dark brown, moist, about

15% fine SAND, about 85% fines 

SILTY SAND with GRAVEL (SM): very dense, yellowish

brown, moist, about 15% fine GRAVEL, about 55% fine

to coarse SAND, about 30% fines

GWS EL. 27.3 m

2-7-08

ER = 1.45

ER = 1.27

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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becomes hard with angular clasts of yellowish
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FILL: SILTY SAND with GRAVEL and COBBLES (SM), very 

dense, medium brown, moist, about 5% subrounded 

COBBLES, about 15% fine to coarse GRAVEL, about 65

% fine to coarse SAND, about 15% fines 

CLAYEY SAND with GRAVEL (SC): very dense, mottled 

reddish brown, light brown and gray, moist, about 

10% subangular fine GRAVEL, about 70% fine to 

coarse SAND, about 20% fines

SILTY SAND (SM): medium dense, dark grayish brown,

wet, about 85% fine to coarse SAND, about 15%

fines

ALLUVIUM: CLAYEY SAND (SC), medium dense, dark

grayish brown, very moist, about 80% fine to 

coarse SAND, about, 20% fines

A-08-031

SANDY SILT (ML), hard, mottled yellowish brown

and dark brown, moist, about 30% fine SAND,

about 60% fines

2-08-08

Terminated at El. 22.8 m

ER = 1.00

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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FILL: SILTY SAND with GRAVEL and COBBLES (SM),

very dense, grayish brown, moist, about

5% subrounded COBBLES, about 15% fine to

coarse GRAVEL, about 60% fine to coarse

SAND, about 20% fines 

SILTY SAND with GRAVEL (SM): angular clasts

of siltstone, very dense, yellowish brown,

moist, about 20% fine GRAVEL, about 70%

fine to coarse SAND, about 10% fines

SANDY SILT (ML): hard, olive brown and 

yellowish brown, moist, about 30% fine

SAND, about 70% fines

A-08-030

3614

3617

3611

3614

3618

36

36REF/152

50/152

- 23.7 M

36REF/152

36REF/152

203

+30

slow drilling

color change to brown, trace fine SAND, contains specs of musconite 

mica, pieces of manufactured wood 

CLAYEY SAND with GRAVEL (SC): medium dense, light gray, very moist to 

wet, about 90% well sorted SAND, about 10% CLAY 

SILTY CLAY (CL): stiff, light yellow brown, saturated, about 70% CLAY, 

about 30% SILT, trace GRAVEL 

CLAYEY GRAVEL (GC): firm, light brown, damp to moist, about 60% 

subrounded GRAVEL, about 40% CLAY 

LEAN CLAY with SAND (CL): stiff, brown, very moist, about 27% SAND, 

about 73% CLAY 
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GWS EL. 27.2m

4-16-08

FILL: CLAYEY SILT with GRAVEL (ML), firm, light yellow brown, damp, 

about 80% SILT, about 20% CLAY, medium to high plasticity 

ALLUVIUM: SILTY CLAY (CL), stiff, brown, very moist, high plasticity, 

about 80% CLAY, about 20% SILT

A-08-045

PA PI

 2-11-08

Terminated at El. 30.8 m
SEDIMENTARY ROCK (SHALE): gray, moderately weathered, hard, moderately

fractured, weakly fissile with concretion beds [ARDATH SHALE],

[SILT (ML), hard, moist]

SEDIMENTARY ROCK: [SANDY GRAVEL/GRAVELLY SAND (GW): some CLAY, hard, 

ight gray, wet, about 50% fine to coarse SAND, about 50% subrounded

GRAVEL]

SEDIMENTARY ROCK: [CLAYEY GRAVEL (GC): firm, light brown, damp to

moist, about 60% subrounded GRAVEL, about 40% CLAY]

4-16-08

Terminated at El. 17.3 m

ER = 1.00

ER = 1.45

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00

1.

 

 

 

2.

 

 

 

 

3.

 

 

 

 

 

 

 

  

 

 

 

4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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CONE PENETRATION TEST (CPT) SOUNDING

Top Hole El. + 35.7m
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FILL: SILTY SAND with GRAVEL and COBBLES 

(SM), dense, yellowish brown, moist, about 5% 

subrounded COBBLES, about 15% fine to  

coarse GRAVEL, about 60% fine to coarse 

SAND, about 20% fines 

SILTY SAND with GRAVEL (SM): dense, grayish

brown, very moist, about 15% fine GRAVEL,

about 70% fine dot coarse SAND, about 15%

fines 

SILTY SAND with GRAVEL (SM): dense, reddish

brown, moist, about 15% subangular GRAVEL,

about 70% fine to coarse SAND, about 15%

fines 

SILTY SAND (ML): hard, mottled light and

dark brown, moist, about 30% fine to 

medium SAND, about 60% fines 

ALLUVIUM: CLAYEY SAND (SC), medium dense,

grayish brown, very moist, about 60% fine

to coarse SAND, about 40% fines 
2-11-08

+36

+34
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+30

+28

+26

+24

+38

2-11-08

Terminated at El. 23.6 m

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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FILL: SANDY CLAY with GRAVEL (SC), soft to firm,

brown, moist, fine to coarse grained, medium

plasticity, about 15% GRAVEL, about 10% fines,

about 75% fines 

ALLUVIUM: CLAYEY SILT (ML): dark brown, damp to

moist, slightly porous, slightly micaceous

CLAYEY SAND (SC): medium dense, light brown to

gray, very moist, fine grained, slightly

micaceous, about 75% SAND, about 25% fines

O-08-035
152

SEDIMENTARY ROCK (SHALE): gray, moderately

weatered, hard, moderately fractured, weakly

fissile with concretion beds [ARDATH SHALE],

[SILT (ML), hard, moist]

SEDIMENTARY ROCK: [SANDY GRAVEL (GW):

gray, moist to very moist, fine to

medium grained surbrounded]

SEDIMENTARY ROCK: [CLAYEY SANDY GRAVEL

(GW): very moist, medium plasticity,

about 50% GRAVEL, about 30% SAND, about 

20% fines]

SEDIMENTARY ROCK: [CLAYEY SAND with

GRAVEL (SC): very moist, medium plasticity]

2-14-08

Terminated at El. -6.8 m

SEDIMENTARY ROCK: [becomes very moist to wet]

SEDIMENTARY ROCK: [becomes damp]

SEDIMENTARY ROCK: [becomes dark gray]

SEDIMENTARY ROCK: [interbedded layer of fine

grained sands]

SEDIMENTARY ROCK: [increase in GRAVEL

content]

SEDIMENTARY ROCK: [becomes moderately

cemented, very hard, dry to damp]

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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interlayered with SILTY SAND (SM)
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very moist, firm
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SANDY CLAY (CL): firm, light brown to light gray brown, 

very moist, about 80% CLAY, about 20% fine SAND 

SANDY CLAY (CL): stiff, light gray, wet about 70% CLAY, 

about 30% very fine SAND 

becomes mottled with gray and light orange brown colors 

2

2 3

+32
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CLAYEY SAND (SC): medium dense, light  brown, very 

moist, about 50% fine well sorted SAND, about 50% CLAY 

CLAYEY SAND (SC): dense, light gray, wet, about 60% 

El. +32.0 m
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ALLUVIUM: SILTY CLAY (CL), stiff, brown, moist, about

70% CLAY and 30% SILT, high plasticity

GWS EL. 27.4m

203

FILL: GRAVELLY CLAY (CL), firm, light brown, damp to

moist, about 30% GRAVEL, about 70% CLAY, high plasticity

4-17-08

SEDIMENTARY ROCK (SHALE): gray,  moderately weathered, 

hard,  moderately fractured, weakly fissile with

concretion beds [ARDATH SHALE],  [SILT (ML), hard, moist]

SEDIMENTARY ROCK: [SANDY GRAVEL (GW): very dense, light gray,

very moist, about 60% subrounded GRAVEL to COBBLE sized

rock, about 40% fine to coarse SAND]

4-17-08

Terminated at El. 21.8 m

SEDIMENTARY ROCK: [trace microscopic quartz, blocky, some light

orange brown Fe O  staining]

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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SANDY GRAVELLY CLAY (GC): firm, brown, moist to very moist, about

60% CLAY, about 20% subrounded GRAVEL, about 20% fine SAND, high

plasticity interlayered with dark gray SILTY CLAY

CLAYEY SAND GRAVEL (GC): medium dense, light gray to gray,

very moist to wet, about 50% subrounded GRAVEL, about 30% fine

to coarse SAND, about 20% CLAY

El. +32.5 m

+34+34
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ALLUVIUM: GRAVELLY SAND (GP): loose, light gray-brown, very 

moist, about 70% fine to coarse SAND, about 30% subrounded 

GRAVEL 

SEDIMENTARY ROCK (SHALE): gray,  moderately weathered, hard,  

moderately fractured, weakly fissile with concretion beds [ARDATH 

SHALE],  [SILT (ML), hard, moist]

SEDIMENTARY ROCK: [CLAYEY SAND some GRAVEL (SC): medium dense,

light gray to gray, very moist to wet, about 80% SAND, about

20% CLAY] [ARDATH SHALE]
4-16-08

Terminated at El. 21.2 m

FILL: SILTY GRAVELLY CLAY (GC), firm, light brown, damp to

moist, about 60% CLAY, about 20% subrounded GRAVEL, and about

20% SILT, high plasticity

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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i

ER = 1.45i

LOG OF TEST BORINGS SHEET NO. 19 OF 22

CARROLL CANYON ROAD BRIDGE

3/9/09  

  57-C0786  

A-32



152

203

"C
C

R
1"

1 : 500

PLAN

PROFILE
VERTICAL

HORIZONTAL

1 : 100

1 : 500

B
e
n
t 1

4

O-08-036

A-08-048

"
C

C
R

1
"
 L

in
e

1
5
.0

m
 L

T
¨
 S

ta
 4

4
3
+

3
5
m

 ¨

"
C

C
R

1
"
 L

in
e

E
L

E
V

A
T

IO
N

 (m
)

3
.2

m
 R

T
¨
 S

ta
 4

4
3

+
3

5
m

 ¨

STATE OF

CALIFORNIA
DEPARTMENT OF TRANSPORTATION

CU

EA

57-c0786-z-lotb20.dgnFILE =>

BRIDGE NO.

EARLIER REVISION DATES

DISREGARD PRINTS BEARING
SHEET OF

U
S

E
R

N
A

M
E

 =
>

D
A

T
E

 P
L

O
T

T
E

D
 =

>
3

/
1

0
/
2

0
0

9
T

I
M

E
 P

L
O

T
T

E
D

 =
>

1
:
0
9
:
1
6
 P

M

10/14/08

11275

2T0401                                                                 

REVISION DATES

DESIGN BRANCH   G. CUSTENBORDER                

11   SD    805  R42.6/R46.2     

DIST COUNTY ROUTE
SHEET TOTAL

No SHEETS

OGS CIVIL LOG OF TEST BORINGS SHEET 

POST MILES

GEOTECHNICAL SERVICESENGINEERING SERVICES

DRAWN BY:

CHECKED BY:

FUNCTIONAL SUPERVISOR

NAME:

J. JOHNS                          
FIELD INVESTIGATIONS BY:

G. CUSTENBORDER                                              

DIVISION OF ENGINEERING SERVICES

STRUCTURE DESIGN

0 10 20 30 40 50 60 70 80 90 100

ORIGINAL SCALE IN MILLIMETERS

FOR REDUCED PLANS

shall not be responsible for the accuracy or

completeness of electronic copies of this plan sheet.

The State of California or its officers or agents

        

             

PLANS APPROVAL DATE

SANDAG

401 B STREET,

SAN DIEGO, CA. 92101

SAN DIEGO, CA. 92111

7895 CONVOY CT.

O
T

C

C

E

S

N

E
E

I

I

I

I

I

N

C
E

INT
E

A

H

ALOF

E

G

D

NO. 

EXP.   

ER
T

S
G

E
R

S
T

E OSORP
F

OF
R

R
N

AL

L

A

A

NEG

VAN OLIN

2578

6-30-10

V. OLIN                                

KP43.2/PM26.8

KILOMETER POST

TOTAL PROJECT

REGISTERED GEOTECHNICAL ENGINEER

All elevations shown in the LOTBs are in meters

and are referenced to the NGVD 1929 Datum.

Bench Mark

BUREAU VERITAS NORTH AMERICA, INC.

m
p

a
r
a
n

j
a
p

e

4-17-08

Terminated at El. 10.8 m
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2-12-08

ALLUVIUM: SANDY CLAY (CL), firm, light reddish brown,

moist, trace GRAVEL

CLAYEY SANDY GRAVEL (GC): medium dense, light brown, damp 

to moist, about 70% subrounded GRAVEL, about 20% fine to 

coarse SAND, about 10% fines

WELL-GRADED GRAVEL with CLAY and SAND (GW-GC): dense, 

light gray, damp to moist, about 50% GRAVEL, about 30% 

fine SAND, about 20% fines

O-08-036

TERRACE DEPOSIT: SILTSTONE (ML), hard,light gray brown, dry

to damp, light orange brown Fe O  staining2 3
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CLAYSTONE (CL): hard, light brown, damp, weakly

layered, highly weathered, some light orange

Fe O  staining

CLAYEY GRAVELLY SAND (SW): dense, light brown to

brown, very moist to wet, about 60% fine to coarse

SAND, about 30% subrounded GRAVEL, about 10% CLAY

SANDY CLAY (CL): very stiff, light brown, wet, about

70% CLAY, about 30% very fine SAND

SANDY GRAVEL (GW): medium dense, light gray, wet,

about 70% CLAY, about 30% very fine SAND

SAND (SP): very dense, light gray, fine grained,

poorly sorted, slightly micaceous

becomes damp

weakly fissile, thinly layered

REF/152

REF/152

REF/152
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REF/152
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El. +30.8 m

A-08-048
203

GWS EL. 28.1m

4-17-08

FILL: GRAVELLY SILT (GM), firm, light yellow brown, 

damp, about 30% subrounded GRAVEL, about 70% CLAY 

ALLUVIUM: CLAYEY SAND (SC): medium dense, brown, moist, 

about 2% GRAVEL, about 79% SAND, about 19% fines 

CP

TERRACE DEPOSIT: SILTSTONE (ML), hard, light gray brown,

dry to damp, light orange brown Fe O  staining2 3

color changes to light olive brown to

light gray, increase in Fe O  staining

color change to light brown, mottled with light gray,

moist, moderately clastic

SEDIMENTARY ROCK (SHALE): gray, moderately weathered,

hard, moderately fractured, weakly fissile with

concretion beds [ARDATH SHALE], [SILT (ML), hard, moist]

SEDIMENTARY ROCK (SHALE): gray,  moderately weathered, 

hard,  moderately fractured, weakly fissile with concretion 

beds [ARDATH SHALE],  [SILT (ML), hard, moist]

SEDIMENTARY ROCK: [SILTY CLAY (CL): hard, light gray very

moist,about 80% CLAY, about 20% SILT, high plasticity]

SEDIMENTARY ROCK: [SILTY SAND (SM): very dense, light gray,

damp to moist, about 60% fine SAND, about 40% SILT,

friable, slightly micaceous]

SEDIMENTARY ROCK: [SILTSTONE (ML): hard, light gray, dry to

damp, weakly fissile, slightly micaceous]

SEDIMENTARY ROCK: [SILTSTONE (ML): hard, light gray, dry to

damp, weakly fissile, slightly micaceous, trace white CaCO ]

SEDIMENTARY ROCK: [SILTSTONE (ML): hard, light gray, moist,

moderately weathered, moderately foliated]

2-12-08

Terminated at El. 12.0 m

SEDIMENTARY ROCK: [interbedded layer of well graded GRAVEL

with CLAY and SAND (GW-GC): dense, gray, very moist, about

70% subrounded GRAVEL, about 20% fines]

SEDIMENTARY ROCK: [increase in GRAVEL and COBBLES]

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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ER = 1.00i

ER = 1.45i
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BUREAU VERITAS NORTH AMERICA, INC.
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TERRACE DEPOSIT: SANDY LEAN CLAY (CL), hard,

alternating layers of gray and light brown,

moist, about 30% fine SAND, about 70% fines

FILL: CLAYEY SAND with GRAVEL (SC), medium

dense, reddish brown, moist, about 27% GRAVEL,

about 40% fine to coarse SAND, about 33% fines PI CP

PI

UW
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152

O-08-018

FILL: SILTY SAND (SM), medium dense, reddish

brown, moist, about 80% fine SAND, about

20% fines

TERRACE DEPOSIT: SANDY SILT (ML), hard, fine

laminations of alternating layers of brown

and gray, moist, about 30% fine SAND, about

60% fines

SEDIMENTARY ROCK (SHALE): gray,  moderately 

weathered, hard,  moderately fractured, weakly 

fissile with concretion beds [ARDATH SHALE],  

[SILT (ML), hard, moist]

2-1-08

Terminated at El. 27.0 m

2-10-08

Terminated at El. 17.1 m
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SEDIMENTARY ROCK: [becomes interbedded with

SAND and GRAVEL]

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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Bench Mark
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PROFILE
VERTICAL 1 : 100
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62

3661

50/127

+36

+34
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layer of COBBLES encountered

El. +36.9 m

+38+38
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203

SANDY LEAN CLAY (CL): stiff, brown, moist, 

about 6% GRAVEL, about 47% fine to coarse 

SAND, about 47% fines

ALLUVIUM: CLAY (CL), very stiff, dark brown, moist

POORLY GRADED SAND (SP): medium dense, reddish 

brown, moist

1
9
.3

m
 L

T
¨
 S

ta
 4

4
3
+

8
2
m

 ¨

TERRACE DEPOSIT: SANDY SILT (ML), hard, alternating 

layers of light brown and light gray, moist, about

40% fine SAND, about 60% fines

PI

UW

C

2-1-08

Terminated at El. 27.1 m

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00

1.

 

 

 

2.

 

 

 

 

3.

 

 

 

 

 

 

 

  

 

 

 

4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i

i

i

i

i

i

i

ER = 1.27i

LOG OF TEST BORINGS SHEET NO. 22 OF 22

CARROLL CANYON ROAD BRIDGE

3/9/09  

  57-C0786  

FILL: SANDY LEAN CLAY with GRAVEL (CL), hard brown, 
moist, about 15% GRAVEL, about 41% fine to 
coarse SAND, about 45% fines
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REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

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

Poorly graded GRAVEL with SAND

Poorly graded GRAVEL with CLAY and

Poorly graded GRAVEL

Poorly graded GRAVEL with SILT and SAND

Poorly graded GRAVEL with SILT

Poorly graded SAND

Poorly graded SAND with SILT

Poorly graded SAND with CLAY

Poorly graded SAND with CLAY and

Poorly graded SAND with SILT and GRAVEL

Poorly graded SAND with GRAVEL

Poorly graded GRAVEL 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 PERCENT OR PROPORTION OF SOILS

MOISTURE

APPARENT DENSITY OF COHESIONLESS SOILS

PARTICLE SIZE

Description

Very loose

Loose

Medium Dense

Dense

Very Dense

Criteria

Damp but no visible water

Description

Dry

Moist

Wet

Absence of moisture, dusty, dry to the 

touch

Visible free water, usually soil is 

below water table

Criteria

5 to 10%

15 to 25%

30 to 45%

50 to 100%

Trace

Few

Little

Some

Mostly

Description

Particles are present but estimated to 

be less than 5%

Size

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

60

0 - 4

5 - 10

11 - 30

31 - 50

   > 50

CP

C

UU

CU

CR

EI

UC

PI

Pocket PenetrometerPP

TV

M

OC

SE

UW

VS

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

Pocket Torvane

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)

Unconfined Compression-Soil

(ASTM D 2166)

Unconfined Compression-Rock

(ASTM D 2938)

Unconsolidated Undrained 

Triaxial (ASTM D 2850)

Unit Weight (ASTM D 4767)

Vane Shear (AASHTO T 223)
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No. 10 to No. 4

No. 40 to No. 10

No. 200 to No. 40

> 300 mm

76 mm to 300 mm

19 mm to 76 mm

No. 4 to 19 mm

SPT N   (Blows / 300 mm)

LOG OF TEST BORINGS SHEET NO. 1 OF 11

57-E0075/76

3/9/09  
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Weak

Moderate

Strong

Criteria

CEMENTATION

Description

Will not crumble or break with finger 

pressure.

Crumbles or breaks with considerable 

finger pressure.

Crumbles or breaks with handling or 

little finger pressure.

CONSISTENCY OF COHESIVE SOILS

Field Approximation

Readily indented by thumbnail

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

Description

Readily indented by thumb but 

penetrated only with great effort

Indented by thumbnail with 

difficulty

Easily penetrated several inches 

by fist

Easily penetrated several inches 

by thumb

Penetrated several inches by 

thumb with moderate effort

Size

Size

S
iz

e
S

iz
e

PLASTICITY OF FINE-GRAINED SOILS

Nonplastic

Low

Medium

High

CriteriaDescription

The thread can barely be rolled and the lump cannot be formed when drier than the 

plastic limit.

The thread is easy to roll and not much time is required to reach the plastic limit. 

The thread cannot be rerolled after reaching the plastic limit. The lump crumbles 

when drier than the plastic limit.

It takes considerable time rolling and kneading to reach the plastic limit. The thread 

can be rerolled several times after reaching the plastic limit. The lump can be formed 

without crumbling when drier than the plastic limit.

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
ti

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

CONE PENETRATION TEST (CPT) SOUNDING

Hole I.D.

L
o

c
a
ti

o
n

 

Top Hole El.

Boring Date

Friction Ratio (%) Tip Bearing (MPa)

0246 302010

Dynamic Cone Penetration Boring

Auger Boring

Rotary drilled boring 

Rotary percussion boring (air)

Rotary drilled diamond core

Other

Cone Penetration Test (ASTM D 5778-95)

Symbol Description

R 

P

A 

D

R

CPT

HD 

HA

O

Hole

Type

BOREHOLE IDENTIFICATION

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

Terminated at Elev
Terminated at Elev
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76 25

Blows per 76 mm

(Using 12.7 kg hand 

hammer with a 76 mm

drop or as noted)

A 3 mm thread cannot be rolled at any water content.

Driving rate in

seconds per 300 mm

(using a Stanley

MB 156 percussion

hammer and a 56 mm

cone, or as noted)

Pressure measured

along sleeve friction

element (225 cm

area) divided by 

pressure measured

on tip element.

on tip element

2

2(2 cm area)

Pressure measured

< 24 < 24 < 12

12 to 2424 to 48 24 to 48

24 to 4848 to 96 48 to 96

96 to 192

96 to 192 96 to 192

> 192> 383 > 383

48 to 96

192 to 383 192 to 383

Unconfined

Compressive

Strength (tsm)

Pocket

Penetrometer

Measurement (tsm)

Torvane

Measurement (tsm)

Hand driven (25 mm soil tube)

Hand Auger

Note: Size in millimeters.

Size of Sampler 

(millimeters)

LOG OF TEST BORINGS SHEET NO. 2 OF 11

57-E0075/76

3/9/09  

A-38



D
A

T
E

 P
L

O
T

T
E

D
 =

>
3

/
1

0
/
2

0
0

9
T

I
M

E
 P

L
O

T
T

E
D

 =
>

1
:
1
5
:
0
6
 P

M

IGNEOUS ROCK

LEGEND OF ROCK MATERIALS

SEDIMENTARY ROCK

METAMORPHIC ROCK

WEATHERING DESCRIPTORS FOR INTACT ROCK

Diagnostic features

Texture and Solutioning

Body of Rock Texture Solutioning

Preserved.

No solutioning.No change.

Decomposed

Fresh

Description

Chemical Weathering-Discoloration

and/or oxidation

Resembles a soil, partial

or complete remnant rock

structure may be preserved;

leaching of soluble

minerals usually complete.

Complete separation

of grain boundaries

(disaggregated).

Soluble min-

erals may be

mostly leached.

Generally

preserved.

Partial separation of

boundaries visible.

Texture

altered by

chemical

disintegra-

tion (hy-

dration,

argillation).

Leaching of 

soluble min-

erals may be

complete.

Minor leaching

of some solu-

ble minerals

may be noted.

No visible separation,

intact (tight).

No separation, intact

(tight).

No discoloration

or oxidation.

Mechanical Weathering-

Grain boundary condi-

tions (disaggregation)

primarily for granitics

and some coarse-grained

sediments

No discoloration, not 

oxidized.

Discoloration or oxida-

tion is limited to sur-

face of, or short dis-

tance from, fractures;

some feldspar crystals

are dull.

Discoloration or oxida-

tion extends from frac-

tures usually through-

out; Fe-Mg minerals are

"rusty," feldspar 

crystals are "cloudy."

Discolored or oxidized

throughout, but resis-

tant minerals such as

quartz may be unaltered;

all feldspars and Fe-Mg

minerals are completely

altered to clay.

Fracture 

Surfaces

General Characteristics

Hammer rings when crystalline 

rocks are struck. 

Hammer rings when crystalline 

rocks are struck. Body of 

rock not weakened. 

Hammer does not ring when 

rock is struck. Body of rock 

is slightly weakened. 

Dull sound when struck with 

hammer, usually can be broken 

with moderate to heavy manual 

pressure or by light hammer 

blow without reference to 

planes of weakness such as 

incipient or hairline frac-

tures, or veinlets. Rock is 

significantly weakened.

Can be granulated by hand.

Resistant minerals such as 

quartz may be present as 

"stringers" or "dikes."

Slightly

Weathered

Moderately

Weathered

Intensely

Weathered

Minor to complete 

discoloration or 

oxidation of most 

surfaces.

All fracture surfaces 

are discolored or

oxidized.

All fracture surfaces 

are discolored or 

oxidized, surfaces 

friable.

Partial separation, rock 

is friable; in semiarid 

conditions granitics are

disaggregated.

Discoloration or oxi-

dation throughout; all

feldspars and Fe-Mg

minerals are altered

to clay to some extent; 

or chemical alteration 

produces in-situ dis-

aggregation, see grain 

boundary conditions.

FRACTURE DENSITY

Observed Fracture Density

Unfractured

Very slightly fractured

Slightly fractured

Moderately fractured

Intensely fractured

Very intensely fractured

Description

Combination descriptors (such as "Very intensely to intensely fractured") are used where equal 

distribution of both fracture density characteristics is present over a significant interval or 

exposure, or where characteristics are "in between" the descriptor definitions. Only two adjacent 

descriptors may be combined.

ROCK HARDNESS

Criteria

Very Soft

Soft

Hard

Very Hard

Description

PERCENT CORE RECOVERY (REC) & ROCK QUALITY DESIGNATION (RQD)

Top Hole El.

B
o

ri
n

g
 

lo
c
a
ti

o
n

Hole I.D.

REC=100%

RQD=50%

REC=100%

RQD=80%

REC=88%

RQD=0%

Boring Date

End drilled interval

Begin drilled interval

Begin drilled interval

End drilled interval

Begin drilled interval

End drilled interval

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

Specimen can be scratched with a pocket knife or sharp pick with difficulty (heavy 

pressure). Heavy hammer blows required to break specimen.

Specimen can be scratched with pocket knife or sharp pick with light or moderate 

pressure. Core breaks with moderate hammer pressure.

Specimen can be grooved or gouged easily by a pocket knife or sharp pick with light 

pressure, can be scratched with fingernail. Breaks with light to moderate manual pressure.

Extremely Hard

Moderately Soft

Moderately Hard

Specimen cannot be scratched with a pocket knife or sharp pick; can only be chipped with 

repeated heavy hammer blows.

Specimen cannot be scratched with a pocket knife or sharp pick. Breaks with repeated 

heavy hammer blows.

Specimen can be readily indented, grooved or gouged with fingernail, or carved with a 

pocket knife. Breaks with light manual pressure.

Description Thickness / Spacing

Massive

Moderately bedded

Very thinly bedded

Laminated 

Very thickly bedded

Combination descriptors (such as "slightly weathered to fresh") are permissible where equal distribution of both weathering characteristics is present over 

significant intervals or where characteristics present are "in between" the diagnostic feature. However, combination descriptors should not be used where 

significant, identifiable zones can be delineated. Only two adjacent descriptors may be combined. "Very intensely weathered" is the combination descriptor for 

"intensely weathered to decomposed."

Thickly bedded

Thinly bedded

Specimen can be grooved 5 mm deep with a pocket knife or sharp pick with moderate 

or heavy pressure. Breaks with light hammer blow or heavy manual pressure.
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No fractures.

Mostly chips and fragments with a few scattered short core lengths.

Lengths greater than 1 m.

Lengths from 300 mm to 1000 mm with few lengths less than 300 mm or

greater than 1000 mm.

Lengths mostly in 100 mm to 300 mm range with most lengths about 200 mm.

Lengths average from 30 mm to 100 mm with scattered fragmented

intervals with lengths less than 100 mm.

x 100%REC =

RQD = x 100%

>

Length of the recovered core pieces

Total length of core run

Total length of core run

Length of intact core pieces   100 mm

1 m to 3 m

30 mm to 100 mm

10 mm to 30 mm

Greater than 3 m

300 mm to 1 m

Less than 10 mm

100 mm to 300 mm

Term

Strong

Weak

Very Weak

Very Strong 

RELATIVE STRENGTH OF INTACT ROCK

Extremely Strong

Medium Strong

Extremely Weak

Uniaxial Compressive Strength (MPa)

> 207 

100  - 207 

49  - 100 

25  - 49 

5  - 25 

1  - 5 

< 1 
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VERTICAL

HORIZONTAL

1 : 100

1 : 500

+58
62

62

18.515.8 M UW DS

PA PI CR

51

3633

76 20.316.8 M UW

3658

6242 20.816.5 M UW

3663

6265

CR

3645 M PA PI

6255 16.118.0 M UW DS

3650

6265 15.518.7 M UW

3658

6240

3645

6250 22.516.5 M UW

36

62

3645

62

70

70

3676

6255

3670

6285

36REF/102

62REF/152 19.017.3 M UW

36REF/102

+56
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+30

+28
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becomes interlayered with fine SAND, very dense, 

light yellow brown, moist, clasts of light gray

SILTSTONE

becomes very stiff

becomes hard

becomes interlayered with LEAN CLAY with GRAVEL (CL):

moist, 10% angular to subangular GRAVEL, about 90% 

fines, clasts of light gray to light brown CLAYSTONE

LEAN CLAY (CL): trace fine SAND, hard, light brown to

brown, moist, about 5% subrounded GRAVEL, about 95%

fines

interlayered with brown LEAN CLAY (CL)

encountered some rock

interlayered with brown LEAN CLAY (CL)

contains clasts of light brown SILTSTONE, highly 

mottled

LEAN CLAY (CL): hard, brown, moist, high plasticity

slow drilling due to COBBLES add water to boring

some COBBLES

SANDY LEAN CLAY with GRAVEL (CL): hard, light brown,

moist, strong organic smell

interlayered with LEAN CLAY with GRAVEL (CL)

2 3

SILT (ML): hard, light yellow brown, moist, about 5%

subangular to subrounded GRAVEL, about 95% fines,

clasts of light gray SILTSTONE and brown CLAYSTONE,

some light orange brown Fe O  staining

3

0.1m Asphaltic Concrete

becomes hard, light brown, about 10% SAND, about 90% fines

12.3-

REF/152

El. +60.2 m

+60 +60

+62+62

+42 +42
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A-08-037
203

FILL: LEAN CLAY (CL), medium stiff, light yellow brown,

moist, medium plasticity

CP

SILT (ML): hard, light yellow brown, moist, clasts

of light gray siltstone, some orange brown iron oxide

staining

SEDIMENTARY ROCK (SHALE): gray, moderately weathered,

hard, moderately fractured, weakly fissile with

concretion beds [ARDATH SHALE], [SILT (ML), hard, moist]

LEAN CLAY (CL): hard, light brown, moist, contains specs

of dark manganese, very slightly micaceous, trace

nodules of white CaC0 , slightly porous 

LEAN CLAY with SAND (CL): hard, light brown, moist, some

light brown iron oxide staining, slightly micaceous,

slightly porous, organic smell

TERRACE DEPOSITS: LEAN CLAY with SAND (CL): hard, 

brown,

moist, high plastcity, trace GRAVEL

SEDIMENTARY ROCK: [Interbedded with fine well sorted

SAND (SW): very dense, light gray, damp]

SEDIMENTARY ROCK: [CLAYSTONE: light gray, dry weakly

fissile, high plasticity, thin layering]

4-4-08

Terminated at El. 20.1 m
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i

ER = 1.45i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00

1.

 

 

 

2.

 

 

 

 

3.

 

 

 

 

 

 

 

  

 

 

 

4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i

i

i

i

i

i

i
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6257
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20.217.6 M UW

14.317.1 M UW

15.216.4 M UW

20.216.7 M UW50/127

50/152
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+20

+42

+40
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becomes light brown to brown

some GRAVEL was encountered

LEAN CLAY (CL): hard, brown, moist, high plasticity

slow drilling

SILT (ML): hard, light orange brown, moist, contains clasts of 

moderately weathered, slightly blocky, light gray SILTSTONE 

2 3

SILT (ML):  hard, light olive brown, moist, some light orange 

brown Fe O  staining, includes minor clasts of light gray 

SILTSTONE 

2 3

LEAN CLAY (CL): hard, light brown, moist, contains some light 

orange brown Fe O  staining +58

3648

3662

3665

36

36

6258

6275

62

6263

62

2 3

2 3

PA CR

19.417.5 M UW

16.018.1
UW
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M
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50/152

50/152

+58
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+54

+52
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+46

+44

+42

LEAN CLAY with SAND (CL): hard, light yellow brown, moist, 

about 1% GRAVEL, about 20% SAND, about 79% fines, medium 

plasticity, contains light orange brown Fe  O  staining, 

microscopic specs of quartz 

.1m Asphaltic Concrete

becomes interlayered with very fine SAND

encountered clods of light gray SILTSTONE

becomes mottled with light orange brown, light gray and brown 

color changes to brown, some dark decayed organic staining 

SILT (ML): hard,light yellow brown to brown, moist, contains 

clasts of light gray SILTSTONE 
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encountered some GRAVEL

increase in GRAVEL and COBBLE

50/152
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El. +58.9 m
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LEAN CLAY (CL): hard, red brown to brown, moist, trace SAND 

and GRAVEL

ALLUVIUM: LEAN CLAY (CL), hard, light brown to light gray 

brown, moist

LEAN CLAY (CL): hard, brown, moist, trace fine SAND, and 

GRAVEL

TERRACE DEPOSIT: SILTY SAND (SM), dense, light brown to brown, 

moist, contains black staining, about 60% fine SAND, about

40% fines
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FILL: LEAN CLAY (CL), medium stiff, light yellow brown, 

moist, medium to high plasticity 

SILTY SAND (SM): dense, light brown, moist, about 60% fine 

SAND, about 40% SILT, mottled with light gray LEAN CLAY

PI CP

SEDIMENTARY ROCK (SHALE): gray, moderately weathered, hard,

moderately fractured, weakly fissile with concretion beds

[ARDATH SHALE], [SILT (ML), hard, moist]

4-7-08

Terminated at El. 20.3 m
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SEDIMENTARY ROCK: [trace nodules of gypsum, color changes to

light olive brown]

SEDIMENTARY ROCK: [becomes slightly weathered]
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R
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SILT (ML): hard, light yellow brown, moist, contains small 

chunks of light gray SILTSTONE, some orange- brown Fe O  

staining, slightly micaceous 

ER = 1.45i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00

1.

 

 

 

2.

 

 

 

 

3.

 

 

 

 

 

 

 

  

 

 

 

4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i

i

i

i

i

i

i
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.1m Asphaltic Concrete

color changes to light brown and light gray

color changes to light yellow brown

becomes interlayered with clasts of light gray SILTSTONE 

SILT (ML): very stiff, light yellow brown, moist, light orange 

brown Fe O  staining, contains specs of microscopic size 

quartz, about 2% GRAVEL, about 98% fines 
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becomes interlayered with dark brown, very fine, SANDY CLAY 

El. +57.5 m +58+58
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ALLUVIUM: LEAN CLAY (CL), hard, brown, moist, high plasticity, 

traces of rootlets, slightly porous 

TERRACE DEPOSIT: SANDY CLAY (CL), hard, light orange brown, 

moist
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CP

FILL: SILT (ML), medium stiff, light yellow brown, moist, low to 

medium plasticity 

LEAN CLAY with SAND (CL): very dense, light brown, moist, 

medium plasticity, about 2% GRAVEL, about 26% fine to 

coarse SAND, about 72% fines

SILT (ML): hard, light yellow brown, moist, low plasticity, 

contains chunks of light gray SILTSTONE, trace light 

orange brown Fe O  staining, trace GRAVEL

SEDIMENTARY ROCK (SHALE): gray, moderately weathered, hard, 

moderately fractured, weakly fissile with concretion beds

[ARDATH SHALE], [SILT (ML), hard, moist]

4-81-08

Terminated at El. 23.5 m

SEDIMENTARY ROCK: [slightly weathered, weakly fissile, lamination

between layers,trace manganese staining, trace GRAVEL and COBBLE]
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SEDIMENTARY ROCK: [color changes to light gray, becomes blocky]

SEDIMENTARY ROCK: [encountered COBBLE]

SEDIMENTARY ROCK: [very light weathering]
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NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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(No Recovery)

CLAY (CL): hard, brown, moist, trace GRAVEL

SILT (ML): clasts of light gray SILTSTONE

no weathering

2 3

16.516.7 M UW

50/152

50/152 21.714.4 M UW
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light orange brown Fe O  staining 
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50/152

SANDY LEAN CLAY (CL): hard, brown, moist to wet, 

high plasticity, about 30% very fine SAND, about 

70% CLAY 

SILT (ML): hard, light yellow brown, moist, 

blocky, trace GRAVEL 

becomes interlayered with light yellow brown 

SILT,  moderate light orange Fe O  staining 
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becomes hard, contains chunks of light gray

SILTSTONE, trace GRAVEL

becomes interlayered with fine SAND

trace GRAVEL
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PA PI CR

M UW
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17.815.6 M UW

50/152 17.415.5 M UW
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2 3

El. +56.3 m

+56

+58 +58

+56

LEAN CLAY with SAND (CL): hard, light brown to 

brown, moist, about 3% subrounded GRAVEL to 

COBBLE sized rock, about 23% fine SAND, about 

74% fines, high plasticity 

SILT (ML): hard, light yellow brown, moist, 

contains chunks of light gray SILTSTONE, 

some light orange brown Fe O  staining 

contains chunks of light gray SILTSTONE, 

heavy specs of microscopic size quartz 

SILT (ML): interlayered with chunks of light 

olive brown to brown fine SANDY CLAY 

SANDY SILT (ML): hard, light yellow brown, moist, 

contains some light orange brown Fe O  

staining,  about 40% fine SAND, about 60% fines 

becomes mottled with light brown, moist, 

contains some light orange brown Fe O  

staining, about 40% fine SAND, about 60% SILT 

interlayered with LEAN CLAY, light yellow 

brown, clasts of light gray SILTSTONE, 

trace GRAVEL 
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A-08-040

FILL: SILT (ML), medium stiff, light yellow 

brown, moist, medium plasticity

TERRACE DEPOSITS: LEAN CLAY with SAND (CL), 

hard, light brown, moist, high plasticity,

GWS EL. 27.3m
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4-9-08

CP

ALLUVIUM: LEAN CLAY (CL), hard, light brown, 

moist, high plasticity

SEDIMENTARY ROCK (SHALE): gray, moderately

weathered, hard, moderately fractured, weakly

fissile with concretion beds [ARDATH SHALE], [SILT

(ML), hard, moist]

SEDIMENTARY ROCK: [CLAYSTONE (CL): light gray brown,

thin layering, high plasticity

SEDIMENTARY ROCK: [SILTSTONE (ML): light brown,

slightly weathered,  thin layering, weakly fissile,

Fe O  staining]

4-9-08

Terminated at El. 20.8 m
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ER = 1.45i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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trace GRAVEL
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El. +55.3 m

LEAN CLAY with SAND (CL): hard, light yellow 

brown, moist, about 1% GRAVEL, about 23% SAND, 

about 76% fines, interlayered with chunks of 

light gray SILTSTONE 

6243
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6275
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SILT (ML): hard, light yellow brown, moist

contains microscopic sized quartz
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slow drilling
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2 3

2 3light olive brown, some Fe O  staining, thin layer 

of dark colored SILT (ML) with PEBBLES 

has clasts of light gray SILTSTONE, some light 

orange brown Fe O  staining 

E
L

E
V

A
T

I
O

N
 (

m
)

E
L

E
V

A
T

I
O

N
 (

m
)

203

A-08-0413
.0

m
 R

T
¨
 S

ta
 4

4
4

+
3

5
m

 ¨

FILL: SILT (ML), medium stiff, light yellow 

brown, moist, medium plasticity 

TERRACE DEPOSIT: SANDY LEAN CLAY (CL), hard, light 

brown, moist, about 70% CLAY, about 30% line SAND,

trace of Fe O staining, traces of white CaCO  ,

high plasticity

LEAN CLAY (CL): very stiff, light brown, moist, 

high plasticity, about 5% very fine grained 

SAND, about 95% fines

CP
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SEDIMENTARY ROCK (SHALE): gray, moderately weathered,

hard, moderately fractured, weakly fissile with

concretion beds [ARDATH SHALE], [SILT (ML), hard, moist]

4-9-08

Terminated at El. 22.8 m

SEDIMENTARY ROCK: [color changes to tan to light 

brown, some dark colored manganese staining]

SEDIMENTARY ROCK: [slow drilling]

SEDIMENTARY ROCK: [no weathering]

ER = 1.45i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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401 B STREET,
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0.1 m Asphaltic Concrete

encountered top of concrete storm drain pipe and 

moved 3 m to the south

trace GRAVEL

LEAN CLAY with SAND (CL): hard, moist, medium plasticity

about 2% GRAVEL, about 25% SAND, about 73% fines

LEAN CLAY (CL): hard, moist, medium plasticity, trace

SAND and GRAVEL

SILT (ML): hard, light yellow brown, moist, contains

chunks of light gray SILTSTONE, trace light orange

brown Fe O  staining

increase in Fe O  staining

contains specs of microscopic size quartz, mottled

with light gray, light brown and tan colors

interlayered with brown LEAN CLAY (CL): contains 

some GRAVEL

2 3
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M UW17.3 20.0
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El. +54.3 m
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mottled with tan and light yellow brown

trace GRAVEL

becomes interbedded with very fine CLAYEY SANDS/

CLAYEY GRAVELS (SC/GC)

SITLTY SAND (SM): dense, brown, moist, slightly micaceous,

friable about 80% fine SAND, about 20% SILT
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SEDIMENTARY ROCK (SHALE): gray, moderately weathered,

hard, moderately fractured, weakly fissile with

concretion beds [ARDATH SHALE], [SILT (ML), hard, moist]

LEAN CLAY (CL): hard, light yellow brown, moist, contains

chunks of light gray SILTSTONE, some light orange

Fe O  staining

SILT (ML): hard, light yellow brown, moist, contains chunks

of light gray SILTSTONE, some light orange Fe O  staining2 3

LEAN CLAY (CL): hard light brown, moist, high plasticity

4-11-08

Terminated at El. 26.4 m
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SEDIMENTARY ROCK: [light gray, gypsum crystals, blocky]

SEDIMENTARY ROCK: [slow drilling]

SEDIMENTARY ROCK: [exhibits no weathering, weakly fissile]
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ER = 1.45i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00

1.

 

 

 

2.

 

 

 

 

3.

 

 

 

 

 

 

 

  

 

 

 

4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i

i

i

i

i

i

i
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FILL: SILT (ML), stiff, light yellow brown, moist

becomes very stiff, contains some light orange brown

iron oxide staining
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slow drilling
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becomes interbedded with dark fine SANDY CLAY

CLAY (CL): hard, light orange brown, moist, high plasticity,

contains dark manganese staining, mottled with light

brown to light yellow brown color, about 20% subrounded

to rounded GRAVEL, about 80% fines

slow drilling
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FILL: SILT (ML), stiff, light yellow brown, moist, high 

plasticity
LEAN CLAY (CL): hard, light brown, moist, high plasticity

W
A

L
L
 "D

A
R
4
L
"

"D
A

R
1
" L

IN
E

"D
A

R
4
" L

IN
E

W
A

L
L
 "D

A
R
1
R
"

"M
M

B
2
" L

IN
E

SEDIMENTARY ROCK (SHALE): gray, moderately weathered,

hard, moderately fractured, weakly fissile with

concretion beds [ARDATH SHALE], [SILT (ML), hard, moist]

SEDIMENTARY ROCK: [CLAYSTONE: no weathering, high plasticity,

weakly layered]

4-14-08

Terminated at El. 29.3 m
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SEDIMENTARY ROCK: [encountered cemented zone]

SEDIMENTARY ROCK: [weakly fissile]

ER = 1.45i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i
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i

i

i

i

i
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LOG OF TEST BORINGS SHEET NO. 10 OF 11
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SEDIMENTARY ROCK: [SILTSTONE: tan to light brown, dry,

weakly layered, some chunks of light gray SILTSTONE]

A-46



"C
C
R
D

A
R
" L

IN
E

1 : 500

PLAN

PROFILE
VERTICAL

HORIZONTAL

1 : 100

1 : 500

203

203

203A-08-044

DIRECT ACCESS RAMPSTATE OF

CALIFORNIA
DEPARTMENT OF TRANSPORTATION

CU

EA

57-e0075_76-z-lotb11.dgnFILE =>

BRIDGE NO.

EARLIER REVISION DATES

DISREGARD PRINTS BEARING
SHEET OF

U
S

E
R

N
A

M
E

 =
>

D
A

T
E

 P
L

O
T

T
E

D
 =

>
3

/
1

0
/
2

0
0

9
T

I
M

E
 P

L
O

T
T

E
D

 =
>

1
:
1
5
:
5
9
 P

M

10/14/08

11275

2T0401                                                                 

REVISION DATES

DESIGN BRANCH   G. CUSTENBORDER                

11   SD    805  R42.6/R46.2

DIST COUNTY ROUTE
SHEET TOTAL

No SHEETS

OGS CIVIL LOG OF TEST BORINGS SHEET 

POST MILES

GEOTECHNICAL SERVICESENGINEERING SERVICES

DRAWN BY:

CHECKED BY:

FUNCTIONAL SUPERVISOR

NAME:

J. JOHNS                          
FIELD INVESTIGATIONS BY:

G. CUSTENBORDER                                              

DIVISION OF ENGINEERING SERVICES

STRUCTURE DESIGN

0 10 20 30 40 50 60 70 80 90 100

ORIGINAL SCALE IN MILLIMETERS

FOR REDUCED PLANS

shall not be responsible for the accuracy or

completeness of electronic copies of this plan sheet.

The State of California or its officers or agents

        

             

PLANS APPROVAL DATE

SANDAG

401 B STREET,

SAN DIEGO, CA. 92101

SAN DIEGO, CA. 92111

7895 CONVOY CT.

O
T

C

C

E

S

N

E
E

I

I

I

I

I

N

C
E

INT
E

A

H

ALOF

E

G

D

NO. 

EXP.   

ER
T

S
G

E
R

S
T

E OSORP
F

OF
R

R
N

AL

L

A

A

NEG

VAN OLIN

2578

6-30-10

V. OLIN                                

KP43.2/PM26.8

KILOMETER POST

TOTAL PROJECT

REGISTERED GEOTECHNICAL ENGINEER

All elevations shown in the LOTBs are in meters

and are referenced to the NGVD 1929 Datum.

Bench Mark

BUREAU VERITAS NORTH AMERICA, INC.

m
p

a
r
a
n

j
a
p

e

+54

3618

3625

3617

3625

6213

6268

6255

6263

LEAN CLAY (CL): stiff, light yellow brown, moist, some

light orange brown Fe O  staining, high plasticity,
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encountered BOULDER

SILT (ML): very stiff, light yellow brown, moist, some

light orange brown Fe O  staining, high plasticity,

trace GRAVEL

becomes hard, blocky

becomes very stiff, contains clods of light gray
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becomes interlayered with brown LEAN CLAY (CL), hard

SANDY LEAN CLAY (CL): hard, light brown, moist, about

30% SAND, about 70% fines, medium to high plasticity
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SILT (ML): very stiff, light yellow brown, damp, about

80% SILT, about 20% CLAY, contains clods of light gray

SILTSTONE, some light orange brown Fe O   staining

trace GRAVEL

blocky

SANDY SILT, hard, light brown, moist, very strong

organic smell

color changes to light olive brown
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FILL: SILT (ML), stiff, light yellow brown, moist
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SEDIMENTARY ROCK (SHALE): gray, moderately weathered,

hard, moderately fractured, weakly fissile with

concretion beds [ARDATH SHALE], [SILT (ML), hard, moist]

4-15-08

Terminated at El. 27.1 m

SEDIMENTARY ROCK: [color changes to light yellow brown,

some dark manganese staining, some specs of microscopic

sized quartz]

SEDIMENTARY ROCK: [color changes to light gray]

SEDIMENTARY ROCK: [no weathering, weakly fissile]

ER = 1.45i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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i

i
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LOG OF TEST BORINGS SHEET NO. 11 OF 11
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REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

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

Poorly graded GRAVEL with SAND

Poorly graded GRAVEL with CLAY and

Poorly graded GRAVEL

Poorly graded GRAVEL with SILT and SAND

Poorly graded GRAVEL with SILT

Poorly graded SAND

Poorly graded SAND with SILT

Poorly graded SAND with CLAY

Poorly graded SAND with CLAY and

Poorly graded SAND with SILT and GRAVEL

Poorly graded SAND with GRAVEL

Poorly graded GRAVEL 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 PERCENT OR PROPORTION OF SOILS

MOISTURE

APPARENT DENSITY OF COHESIONLESS SOILS

PARTICLE SIZE

Description

Very loose

Loose

Medium Dense

Dense

Very Dense

Criteria

Damp but no visible water

Description

Dry

Moist

Wet

Absence of moisture, dusty, dry to the 

touch

Visible free water, usually soil is 

below water table

Criteria

5 to 10%

15 to 25%

30 to 45%

50 to 100%

Trace

Few

Little

Some

Mostly

Description

Particles are present but estimated to 

be less than 5%

Size

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

No. 10 to No. 4

No. 40 to No. 10

No. 200 to No. 40

60

0 - 4

5 - 10

11 - 30

31 - 50

   > 50

CP

C

UU

CU

CR

EI

UC

PI

Pocket PenetrometerPP

TV

M

OC

SE

UW

VS

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

Pocket Torvane

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)

Unconfined Compression-Soil

(ASTM D 2166)

Unconfined Compression-Rock

(ASTM D 2938)

Unconsolidated Undrained 

Triaxial (ASTM D 2850)

Unit Weight (ASTM D 4767)

Vane Shear (AASHTO T 223)
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> 300 mm

76 mm to 300 mm

19 mm to 76 mm

No. 4 to 19 mm

SPT N   (Blows / 300 mm)
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Weak

Moderate

Strong

Criteria

CEMENTATION

Description

Will not crumble or break with finger 

pressure.

Crumbles or breaks with considerable 

finger pressure.

Crumbles or breaks with handling or 

little finger pressure.

Size

Size

S
iz

e
S

iz
e

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
ti

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

CONE PENETRATION TEST (CPT) SOUNDING

on tip element

Hole I.D.

L
o

c
a
ti

o
n

 

Top Hole El.

Boring Date

Friction Ratio (%) Tip Bearing (MPa)

0246 302010

Pressure measured

Dynamic Cone Penetration Boring

Auger Boring

Rotary drilled boring 

Rotary percussion boring (air)

Rotary drilled diamond core

Other

Cone Penetration Test (ASTM D 5778-95)

Symbol Description

R 

P

A 

D

R

CPT

HD 

HA

O

Hole

Type

BOREHOLE IDENTIFICATION

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

Terminated at Elev
Terminated at Elev
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CONSISTENCY OF COHESIVE SOILS

Field Approximation

Readily indented by thumbnail

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

Description

Readily indented by thumb but 

penetrated only with great effort

Indented by thumbnail with 

difficulty

Easily penetrated several inches 

by fist

Easily penetrated several inches 

by thumb

Penetrated several inches by 

thumb with moderate effort

PLASTICITY OF FINE-GRAINED SOILS

Nonplastic

Low

Medium

High

CriteriaDescription

The thread can barely be rolled and the lump cannot be formed when drier than the 

plastic limit.

The thread is easy to roll and not much time is required to reach the plastic limit. 

The thread cannot be rerolled after reaching the plastic limit. The lump crumbles 

when drier than the plastic limit.

It takes considerable time rolling and kneading to reach the plastic limit. The thread 

can be rerolled several times after reaching the plastic limit. The lump can be formed 

without crumbling when drier than the plastic limit.

< 24 < 24 < 12

12 to 2424 to 48 24 to 48

24 to 4848 to 96 48 to 96

96 to 192

96 to 192 96 to 192

> 192> 383 > 383

48 to 96

192 to 383 192 to 383

A 3 mm thread cannot be rolled at any water content.

Unconfined

Compressive

Strength (tsm)

Pocket

Penetrometer

Measurement (tsm)

Torvane

Measurement (tsm)

Hand driven (25 mm soil tube)

Hand Auger

Note: Size in millimeters.

Size of Sampler 

(millimeters)

76

Blows per 76 mm

(Using 12.7 kg hand 

hammer with a 76 mm

drop or as noted)

25

Driving rate in

seconds per 300 mm

(using a Stanley

MB 156 percussion

hammer and a 56 mm

cone, or as noted)

Pressure measured

along sleeve friction

element (225 cm

area) divided by 

pressure measured

on tip element.

(2 cm area)2

2
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IGNEOUS ROCK

LEGEND OF ROCK MATERIALS

SEDIMENTARY ROCK

METAMORPHIC ROCK

WEATHERING DESCRIPTORS FOR INTACT ROCK

Diagnostic features

Texture and Solutioning

Body of Rock Texture Solutioning

Preserved.

No solutioning.No change.

Decomposed

Fresh

Description

Chemical Weathering-Discoloration

and/or oxidation

Resembles a soil, partial

or complete remnant rock

structure may be preserved;

leaching of soluble

minerals usually complete.

Complete separation

of grain boundaries

(disaggregated).

Soluble min-

erals may be

mostly leached.

Generally

preserved.

Partial separation of

boundaries visible.

Texture

altered by

chemical

disintegra-

tion (hy-

dration,

argillation).

Leaching of 

soluble min-

erals may be

complete.

Minor leaching

of some solu-

ble minerals

may be noted.

No visible separation,

intact (tight).

No separation, intact

(tight).

No discoloration

or oxidation.

Mechanical Weathering-

Grain boundary condi-

tions (disaggregation)

primarily for granitics

and some coarse-grained

sediments

No discoloration, not 

oxidized.

Discoloration or oxida-

tion is limited to sur-

face of, or short dis-

tance from, fractures;

some feldspar crystals

are dull.

Discoloration or oxida-

tion extends from frac-

tures usually through-

out; Fe-Mg minerals are

"rusty," feldspar 

crystals are "cloudy."

Discolored or oxidized

throughout, but resis-

tant minerals such as

quartz may be unaltered;

all feldspars and Fe-Mg

minerals are completely

altered to clay.

Fracture 

Surfaces

General Characteristics

Hammer rings when crystalline 

rocks are struck. 

Hammer rings when crystalline 

rocks are struck. Body of 

rock not weakened. 

Hammer does not ring when 

rock is struck. Body of rock 

is slightly weakened. 

Dull sound when struck with 

hammer, usually can be broken 

with moderate to heavy manual 

pressure or by light hammer 

blow without reference to 

planes of weakness such as 

incipient or hairline frac-

tures, or veinlets. Rock is 

significantly weakened.

Can be granulated by hand.

Resistant minerals such as 

quartz may be present as 

"stringers" or "dikes."

Slightly

Weathered

Moderately

Weathered

Intensely

Weathered

Minor to complete 

discoloration or 

oxidation of most 

surfaces.

All fracture surfaces 

are discolored or

oxidized.

All fracture surfaces 

are discolored or 

oxidized, surfaces 

friable.

Partial separation, rock 

is friable; in semiarid 

conditions granitics are

disaggregated.

Discoloration or oxi-

dation throughout; all

feldspars and Fe-Mg

minerals are altered

to clay to some extent; 

or chemical alteration 

produces in-situ dis-

aggregation, see grain 

boundary conditions.

FRACTURE DENSITY

Observed Fracture Density

Unfractured

Very slightly fractured

Slightly fractured

Moderately fractured

Intensely fractured

Very intensely fractured

Description

Combination descriptors (such as "Very intensely to intensely fractured") are used where equal 

distribution of both fracture density characteristics is present over a significant interval or 

exposure, or where characteristics are "in between" the descriptor definitions. Only two adjacent 

descriptors may be combined.

ROCK HARDNESS

Criteria

Very Soft

Soft

Hard

Very Hard

Description

PERCENT CORE RECOVERY (REC) & ROCK QUALITY DESIGNATION (RQD)

Top Hole El.

B
o

ri
n

g
 

lo
c
a
ti

o
n

Hole I.D.

REC=100%

RQD=50%

REC=100%

RQD=80%

REC=88%

RQD=0%

Boring Date

End drilled interval

Begin drilled interval

Begin drilled interval

End drilled interval

Begin drilled interval

End drilled interval

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

Specimen can be scratched with a pocket knife or sharp pick with difficulty (heavy 

pressure). Heavy hammer blows required to break specimen.

Specimen can be scratched with pocket knife or sharp pick with light or moderate 

pressure. Core breaks with moderate hammer pressure.

Specimen can be grooved or gouged easily by a pocket knife or sharp pick with light 

pressure, can be scratched with fingernail. Breaks with light to moderate manual pressure.

Extremely Hard

Moderately Soft

Moderately Hard

Specimen cannot be scratched with a pocket knife or sharp pick; can only be chipped with 

repeated heavy hammer blows.

Specimen cannot be scratched with a pocket knife or sharp pick. Breaks with repeated 

heavy hammer blows.

Specimen can be readily indented, grooved or gouged with fingernail, or carved with a 

pocket knife. Breaks with light manual pressure.

Description Thickness / Spacing

Massive

Moderately bedded

Very thinly bedded

Laminated 

Very thickly bedded

Combination descriptors (such as "slightly weathered to fresh") are permissible where equal distribution of both weathering characteristics is present over 

significant intervals or where characteristics present are "in between" the diagnostic feature. However, combination descriptors should not be used where 

significant, identifiable zones can be delineated. Only two adjacent descriptors may be combined. "Very intensely weathered" is the combination descriptor for 

"intensely weathered to decomposed."

Thickly bedded

Thinly bedded

Specimen can be grooved 5 mm deep with a pocket knife or sharp pick with moderate 

or heavy pressure. Breaks with light hammer blow or heavy manual pressure.

BEDDING SPACING
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No fractures.

Mostly chips and fragments with a few scattered short core lengths.

Lengths greater than 1 m.

Lengths from 300 mm to 1000 mm with few lengths less than 300 mm or

greater than 1000 mm.

Lengths mostly in 100 mm to 300 mm range with most lengths about 200 mm.

Lengths average from 30 mm to 100 mm with scattered fragmented

intervals with lengths less than 100 mm.

x 100%REC =

RQD = x 100%

>

Length of the recovered core pieces

Total length of core run

Total length of core run

Length of intact core pieces   100 mm

Term

Strong

Weak

Very Weak

Very Strong 

RELATIVE STRENGTH OF INTACT ROCK

Extremely Strong

Medium Strong

Extremely Weak

1 m to 3 m

30 mm to 100 mm

10 mm to 30 mm

Greater than 3 m

300 mm to 1 m

Less than 10 mm

100 mm to 300 mm

Uniaxial Compressive Strength (MPa)

> 207 

100  - 207 

49  - 100 

25  - 49 

5  - 25 

1  - 5 

< 1 

LOG OF TEST BORINGS SHEET NO. 3 OF 7
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E
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 (
m

)

6244

6250/127

6230

62REF/51

+26

+24

+22

+20

+18

+16

+14

+26

+24

+22

+20

+18

+16

+14

62REF/51

62REF/76

62REF/127

62REF/152

62REF/102

+14

+12

+10

+8

+6

+4

+2

+0

-2

+14

+12

+10

+8

+6

+4

+2

+0

-2

El. +27.7 m

E
L

E
V

A
T

IO
N

 (m
)

+28

+30

+28

+30

7
.0

m
 R

T
¨
 S

ta
 4

3
7

+
7

0
m

 ¨

FILL: CLAYEY SAND with GRAVEL (SC), dense, brown, 

moist; about 20% fine to coarse GRAVEL, about 60% 

fine to coarse SAND, about 20% fines

TERRACE DEPOSIT: WELL-GRADED SAND with CLAY and 

GRAVEL, (SW-SC), medium dense, brown, moist; about 5

% COBBLES,about 15% fine to coarse GRAVEL, about 70

% fine to coarse SAND, about 10% fines

152

O-08-016

SEDIMENTARY ROCK (SHALE): gray, moderately 

weathered, hard, moderately fractured, weakly

fissile with concretion beds [ARDATH SHALE],

[SILT (ML), hard, moist]

2-12-08

Terminated at El. -1.9 m

ER = 1.45i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00

1.

 

 

 

2.

 

 

 

 

3.

 

 

 

 

 

 

 

  

 

 

 

4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i

i

i

i

i

i

i
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TERRACE DEPOSIT: SANDY SILT (ML), hard,fine

laminations of alternating light and dark brown,

moist; about 35% fine SAND, about 65% fines

SILTY SAND with GRAVEL (SM), very dense, medium

brown, moist; about 25% fine to coarse GRAVEL,

about 65% fine to coarse SAND, about 10% fines

SEDIMENTARY ROCK (SHALE): gray, moderately 

weathered, hard, moderately fractured, weakly 

fissile with concretion beds [ARDATH SHALE], 

[SILT (ML), hard, moist]

2-6-08

Terminated at El. 3.0 m

ER = 1.45i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i

i

i

i

i

i

i
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FILL: SILTY SAND (SM), medium dense, mottled grayish

brown and yellowish brown, moist, about 70% fine

to medium SAND, about 30% fines

TERRACE DEPOSIT: SILT (ML), very stiff, alternating 

layers of medium and light brown, moist 

SEDIMENTARY ROCK (SHALE): gray, moderately 

weathered, hard, moderately fractured, weakly 

fissile with concretion beds [ARDATH SHALE], 

[SILT (ML), hard, moist]

SEDIMENTARY ROCK: [becomes slightly weathered and

slightly fractured]

SEDIMENTARY ROCK: [Lens of fine grained,

POORLY-GRADED SAND]

2-9-08

Terminated at El. -0.6 m

ER = 1.00i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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FILL: SILTY SAND with GRAVEL (SM), dense, yellowish

brown, moist, about 20% fine to coarse GRAVEL,

about 70% fine to coarse SAND, about 10% fines

TERRACE DEPOSIT: SILT (ML), very stiff, alternating 

layers of medium and light brown, moist 

SILTY SAND with GRAVEL and COBBLES (SM): very

dense, medium brown, moist, about 5% subrounded

COBBLES, about 20% fine to coarse GRAVEL, about

60% fine to coarse SAND, about 15% fines

SEDIMENTARY ROCK (SHALE): gray, moderately weathered,

hard, moderately fractured, weakly fissile with

concretion beds [ARDATH SHALE], [SILT (ML), hard, moist]

SEDIMENTARY ROCK: [becomes slightly fractured]

SEDIMENTARY ROCK: [becomes interbedded with

fine SAND layers]

2-9-08

Terminated at El. -1.8 m

ER = 1.00i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

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

Poorly graded GRAVEL with SAND

Poorly graded GRAVEL with CLAY and

Poorly graded GRAVEL

Poorly graded GRAVEL with SILT and SAND

Poorly graded GRAVEL with SILT

Poorly graded SAND

Poorly graded SAND with SILT

Poorly graded SAND with CLAY

Poorly graded SAND with CLAY and

Poorly graded SAND with SILT and GRAVEL

Poorly graded SAND with GRAVEL

Poorly graded GRAVEL 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 PERCENT OR PROPORTION OF SOILS

MOISTURE

APPARENT DENSITY OF COHESIONLESS SOILS

PARTICLE SIZE

Description

Very loose

Loose

Medium Dense

Dense

Very Dense

Criteria

Damp but no visible water

Description

Dry

Moist

Wet

Absence of moisture, dusty, dry to the 

touch

Visible free water, usually soil is 

below water table

Criteria

5 to 10%

15 to 25%

30 to 45%

50 to 100%

Trace

Few

Little

Some

Mostly

Description

Particles are present but estimated to 

be less than 5%

Size

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

No. 10 to No. 4

No. 40 to No. 10

No. 200 to No. 40

60

0 - 4

5 - 10

11 - 30

31 - 50

   > 50

CP

C

UU

CU

CR

EI

UC

PI

Pocket PenetrometerPP

TV

M

OC

SE

UW

VS

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

Pocket Torvane

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)

Unconfined Compression-Soil

(ASTM D 2166)

Unconfined Compression-Rock

(ASTM D 2938)

Unconsolidated Undrained 

Triaxial (ASTM D 2850)

Unit Weight (ASTM D 4767)

Vane Shear (AASHTO T 223)
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Weak

Moderate

Strong

Criteria

CEMENTATION

Description

Will not crumble or break with finger 

pressure.

Crumbles or breaks with considerable 

finger pressure.

Crumbles or breaks with handling or 

little finger pressure.

Size

Size

S
iz

e
S

iz
e

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
ti

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

CONE PENETRATION TEST (CPT) SOUNDING

on tip element

Hole I.D.

L
o

c
a
ti

o
n

 

Top Hole El.

Boring Date

Friction Ratio (%) Tip Bearing (MPa)

0246 302010

Pressure measured

Dynamic Cone Penetration Boring

Auger Boring

Rotary drilled boring 

Rotary percussion boring (air)

Rotary drilled diamond core

Other

Cone Penetration Test (ASTM D 5778-95)

Symbol Description

R 

P

A 

D

R

CPT

HD 

HA

O

Hole

Type

BOREHOLE IDENTIFICATION

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

Terminated at Elev
Terminated at Elev
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CONSISTENCY OF COHESIVE SOILS

Field Approximation

Readily indented by thumbnail

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

Description

Readily indented by thumb but 

penetrated only with great effort

Indented by thumbnail with 

difficulty

Easily penetrated several inches 

by fist

Easily penetrated several inches 

by thumb

Penetrated several inches by 

thumb with moderate effort

PLASTICITY OF FINE-GRAINED SOILS

Nonplastic

Low

Medium

High

CriteriaDescription

The thread can barely be rolled and the lump cannot be formed when drier than the 

plastic limit.

The thread is easy to roll and not much time is required to reach the plastic limit. 

The thread cannot be rerolled after reaching the plastic limit. The lump crumbles 

when drier than the plastic limit.

It takes considerable time rolling and kneading to reach the plastic limit. The thread 

can be rerolled several times after reaching the plastic limit. The lump can be formed 

without crumbling when drier than the plastic limit.

< 24 < 24 < 12

12 to 2424 to 48 24 to 48

24 to 4848 to 96 48 to 96

96 to 192

96 to 192 96 to 192

> 192> 383 > 383

48 to 96

192 to 383 192 to 383

A 3 mm thread cannot be rolled at any water content.

Unconfined

Compressive

Strength (tsm)

Pocket

Penetrometer

Measurement (tsm)

Torvane

Measurement (tsm)

Hand driven (25 mm soil tube)

Hand Auger

Note: Size in millimeters.

Size of Sampler 

(millimeters)

76

Blows per 76 mm

(Using 12.7 kg hand 

hammer with a 76 mm

drop or as noted) Driving rate in

seconds per 300 mm

(using a Stanley

MB 156 percussion

hammer and a 56 mm

cone, or as noted)

25

2

Pressure measured

along sleeve friction

element (225 cm

area) divided by 

pressure measured

on tip element.

2(2 cm area)

3/9/09  

RW "437R"

MISCELLANEOUS RETAINING WALLS

LOG OF TEST BORINGS SHEET NO. 2 OF 4

A-59



IGNEOUS ROCK

LEGEND OF ROCK MATERIALS

SEDIMENTARY ROCK

METAMORPHIC ROCK

WEATHERING DESCRIPTORS FOR INTACT ROCK

Diagnostic features

Texture and Solutioning

Body of Rock Texture Solutioning

Preserved.

No solutioning.No change.

Decomposed

Fresh

Description

Chemical Weathering-Discoloration

and/or oxidation

Resembles a soil, partial

or complete remnant rock

structure may be preserved;

leaching of soluble

minerals usually complete.

Complete separation

of grain boundaries

(disaggregated).

Soluble min-

erals may be

mostly leached.

Generally

preserved.

Partial separation of

boundaries visible.

Texture

altered by

chemical

disintegra-

tion (hy-

dration,

argillation).

Leaching of 

soluble min-

erals may be

complete.

Minor leaching

of some solu-

ble minerals

may be noted.

No visible separation,

intact (tight).

No separation, intact

(tight).

No discoloration

or oxidation.

Mechanical Weathering-

Grain boundary condi-

tions (disaggregation)

primarily for granitics

and some coarse-grained

sediments

No discoloration, not 

oxidized.

Fracture 

Surfaces

General Characteristics

Hammer rings when crystalline 

rocks are struck. 

Hammer rings when crystalline 

rocks are struck. Body of 

rock not weakened. 

Hammer does not ring when 

rock is struck. Body of rock 

is slightly weakened. 

Dull sound when struck with 

hammer, usually can be broken 

with moderate to heavy manual 

pressure or by light hammer 

blow without reference to 

planes of weakness such as 

incipient or hairline frac-

tures, or veinlets. Rock is 

significantly weakened.

Can be granulated by hand.

Resistant minerals such as 

quartz may be present as 

"stringers" or "dikes."

Slightly

Weathered

Moderately

Weathered

Intensely

Weathered

Minor to complete 

discoloration or 

oxidation of most 

surfaces.

All fracture surfaces 

are discolored or

oxidized.

All fracture surfaces 

are discolored or 

oxidized, surfaces 

friable.

Partial separation, rock 

is friable; in semiarid 

conditions granitics are

disaggregated.

FRACTURE DENSITY

Observed Fracture Density

Unfractured

Very slightly fractured

Slightly fractured

Moderately fractured

Intensely fractured

Very intensely fractured

Description

Combination descriptors (such as "Very intensely to intensely fractured") are used where equal 

distribution of both fracture density characteristics is present over a significant interval or 

exposure, or where characteristics are "in between" the descriptor definitions. Only two adjacent 

descriptors may be combined.

ROCK HARDNESS

Criteria

Very Soft

Soft

Hard

Very Hard

Description

PERCENT CORE RECOVERY (REC) & ROCK QUALITY DESIGNATION (RQD)

Top Hole El.

B
o

ri
n

g
 

lo
c
a
ti

o
n

Hole I.D.

REC=100%

RQD=50%

REC=100%

RQD=80%

REC=88%

RQD=0%

Boring Date

End drilled interval

Begin drilled interval

Begin drilled interval

End drilled interval

Begin drilled interval

End drilled interval

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

Specimen can be scratched with a pocket knife or sharp pick with difficulty (heavy 

pressure). Heavy hammer blows required to break specimen.

Specimen can be scratched with pocket knife or sharp pick with light or moderate 

pressure. Core breaks with moderate hammer pressure.

Specimen can be grooved or gouged easily by a pocket knife or sharp pick with light 

pressure, can be scratched with fingernail. Breaks with light to moderate manual pressure.

Extremely Hard

Moderately Soft

Moderately Hard

Specimen cannot be scratched with a pocket knife or sharp pick; can only be chipped with 

repeated heavy hammer blows.

Specimen cannot be scratched with a pocket knife or sharp pick. Breaks with repeated 

heavy hammer blows.

Specimen can be readily indented, grooved or gouged with fingernail, or carved with a 

pocket knife. Breaks with light manual pressure.

Description Thickness / Spacing

Massive

Moderately bedded

Very thinly bedded

Laminated 

Very thickly bedded

Combination descriptors (such as "slightly weathered to fresh") are permissible where equal distribution of both weathering characteristics is present over 

significant intervals or where characteristics present are "in between" the diagnostic feature. However, combination descriptors should not be used where 

significant, identifiable zones can be delineated. Only two adjacent descriptors may be combined. "Very intensely weathered" is the combination descriptor for 

"intensely weathered to decomposed."

Thickly bedded

Thinly bedded

Specimen can be grooved 5 mm deep with a pocket knife or sharp pick with moderate 

or heavy pressure. Breaks with light hammer blow or heavy manual pressure.

BEDDING SPACING

Discolored or oxidized 

throughout, but resistant 

minerals such as quartz may 

be unaltered; all feldspars 

and Fe-Mg minerals are 

completely altered to clay. 

Discoloration or oxidation 

extends from fractures 

usually throughout; Fe-Mg 

minerals are "rusty," 

feldspar  crystals are 

"cloudy." 

Discoloration or oxidation 

is limited to surface of, 

or short distance from, 

fractures; some feldspar 

crystals are dull. 

Discoloration or oxidation 

throughout; all feldspars 

and Fe-Mg minerals are 

altered to clay to some 

extent; or chemical 

alteration produces 

in-situ disaggregation, 

see grain boundary 

conditions. 
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No fractures.

Mostly chips and fragments with a few scattered short core lengths.

Lengths greater than 1 m.

Lengths from 300 mm to 1000 mm with few lengths less than 300 mm or

greater than 1000 mm.

Lengths mostly in 100 mm to 300 mm range with most lengths about 200 mm.

Lengths average from 30 mm to 100 mm with scattered fragmented

intervals with lengths less than 100 mm.

x 100%REC =

RQD = x 100%

>

Length of the recovered core pieces

Total length of core run

Total length of core run

Length of intact core pieces   100 mm

Term

Strong

Weak

Very Weak

Very Strong 

RELATIVE STRENGTH OF INTACT ROCK

Extremely Strong

Medium Strong

Extremely Weak

1 m to 3 m

30 mm to 100 mm

10 mm to 30 mm

Greater than 3 m

300 mm to 1 m

Less than 10 mm

100 mm to 300 mm

Uniaxial Compressive Strength (MPa)

> 207 

100  - 207 

49  - 100 

25  - 49 

5  - 25 

1  - 5 

< 1 

3/9/09  
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1 : 500

PLAN

PROFILE
VERTICAL

HORIZONTAL

1 : 100

1 : 500
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A-08-020

Wall "437R"

O-08-026

CPT-08-001Top Hole El. + 24.7m

CPT-08-002Top Hole El. + 25.1m

0 10 20 30246

Friction Ratio (%) Tip Bearing (MPa)

8

02-11-08

Terminated at El. 21.1m

40 50 60 70 80

0 10 20 30246

Friction Ratio (%) Tip Bearing (MPa)

8

02-11-08

Terminated at El. 21.7m

40 50 60 70 80

CONE PENETRATION TEST (CPT) SOUNDINGS

S
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"
 L

in
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+24

62

6250/25

6250/51

62REF/25

31

62REF/25

+22

+20

+18

+16

+14

+12

+10

+24

+22

+20

+18

+16

+14

+12

+10

El. +25.6 m+26 +26

E
L

E
V

A
T

IO
N

 (m
)

GWS EL. 19.5m

2-9-08

152

O-08-0261
5

.0
m

 R
T

¨
 S

ta
 4

3
7

+
4

0
m

 ¨

TERRACE DEPOSIT: SANDY SILT (ML), hard, medium brown, 

very moist, about 30% fine SAND, about 70% fines

"
C

C
R

1
"
 L

in
e

+24

6220

62REF/102

62REF/76

+22

+20

+18

+16

+14

+12

+10

+24

+22

+20

+14

+12

+10

becomes clayey

increase in GRAVEL and COBBLES

becomes slightly weathered and cemented

62

62

REF/152

REF/152

+18

+16

+26+26

El +25.0 m
E
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 (
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3
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TERRACE DEPOSIT: SILTY SAND with GRAVEL (SM),

dense, reddish brown, moist, about 20% fine to 

coarse GRAVEL, about 70% fine to medium SAND,

about 10% fines

SEDIMENTARY ROCK (SHALE): gray, moderately 

weathered, hard, moderately fractured, weakly

fissile with concretion beds [ARDATH SHALE],

[SILT (ML), hard, moist]

SEDIMENTARY ROCK: [14.3 m to 13.4m cemented zone]

SEDIMENTARY ROCK: [11.9m to 11.3m cemented zone]

SEDIMENTARY ROCK: [10.4m to 9.8m cemented zone]

SEDIMENTARY ROCK: [becomes slightly fractured and

very cemented]

2-9-08

Terminated at El. 9.7 m

2-9-08

Terminated at El. 10.4 m 

SILTY SAND with GRAVEL and COBBLES (SM): very dense,  

light yellowish brown, moist, about 5% subrounded to  

subangular COBBLES, about 20% fine to coarse GRAVEL, 

about 60% fine to coarse SAND, about 15% fines

SEDIMENTARY ROCK (SHALE): gray, moderately weathered,

hard, moderately fractured, weakly fissile with

concretion beds [ARDATH SHALE], [SILT (ML), hard, moist]

ER = 1.45i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00

1.

 

 

 

2.

 

 

 

 

3.

 

 

 

 

 

 

 

  

 

 

 

4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i

i

i

i

i

i

i

ER = 1.45i

MISCELLANEOUS RETAINING WALLS

RW "437R"
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REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

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

Poorly graded GRAVEL with SAND

Poorly graded GRAVEL with CLAY and

Poorly graded GRAVEL

Poorly graded GRAVEL with SILT and SAND

Poorly graded GRAVEL with SILT

Poorly graded SAND

Poorly graded SAND with SILT

Poorly graded SAND with CLAY

Poorly graded SAND with CLAY and

Poorly graded SAND with SILT and GRAVEL

Poorly graded SAND with GRAVEL

Poorly graded GRAVEL 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 PERCENT OR PROPORTION OF SOILS

MOISTURE

APPARENT DENSITY OF COHESIONLESS SOILS

PARTICLE SIZE

Description

Very loose

Loose

Medium Dense

Dense

Very Dense

Criteria

Damp but no visible water

Description

Dry

Moist

Wet

Absence of moisture, dusty, dry to the 

touch

Visible free water, usually soil is 

below water table

Criteria

5 to 10%

15 to 25%

30 to 45%

50 to 100%

Trace

Few

Little

Some

Mostly

Description

Particles are present but estimated to 

be less than 5%

Size

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

No. 10 to No. 4

No. 40 to No. 10

No. 200 to No. 40

60

0 - 4

5 - 10

11 - 30

31 - 50

   > 50

CP

C

UU

CU

CR

EI

UC

PI

Pocket PenetrometerPP

TV

M

OC

SE

UW

VS

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

Pocket Torvane

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)

Unconfined Compression-Soil

(ASTM D 2166)

Unconfined Compression-Rock

(ASTM D 2938)

Unconsolidated Undrained 

Triaxial (ASTM D 2850)

Unit Weight (ASTM D 4767)

Vane Shear (AASHTO T 223)
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SPT N   (Blows / 300 mm)

> 300 mm

76 mm to 300 mm

19 mm to 76 mm

No. 4 to 19 mm

MISCELLANEOUS RETAINING WALLS

3/9/09  

RW "438L"

LOG OF TEST BORINGS SHEET NO. 1 OF 4
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Weak

Moderate

Strong

Criteria

CEMENTATION

Description

Will not crumble or break with finger 

pressure.

Crumbles or breaks with considerable 

finger pressure.

Crumbles or breaks with handling or 

little finger pressure.

Size

Size

S
iz

e
S

iz
e

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
ti

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

CONE PENETRATION TEST (CPT) SOUNDING

on tip element

Hole I.D.

L
o

c
a
ti

o
n

 

Top Hole El.

Boring Date

Friction Ratio (%) Tip Bearing (MPa)

0246 302010

Pressure measured

Dynamic Cone Penetration Boring

Auger Boring

Rotary drilled boring 

Rotary percussion boring (air)

Rotary drilled diamond core

Other

Cone Penetration Test (ASTM D 5778-95)

Symbol Description

R 

P

A 

D

R

CPT

HD 

HA

O

Hole

Type

BOREHOLE IDENTIFICATION

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

Terminated at Elev
Terminated at Elev
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CONSISTENCY OF COHESIVE SOILS

Field Approximation

Readily indented by thumbnail

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

Description

Readily indented by thumb but 

penetrated only with great effort

Indented by thumbnail with 

difficulty

Easily penetrated several inches 

by fist

Easily penetrated several inches 

by thumb

Penetrated several inches by 

thumb with moderate effort

PLASTICITY OF FINE-GRAINED SOILS

Nonplastic

Low

Medium

High

CriteriaDescription

The thread can barely be rolled and the lump cannot be formed when drier than the 

plastic limit.

The thread is easy to roll and not much time is required to reach the plastic limit. 

The thread cannot be rerolled after reaching the plastic limit. The lump crumbles 

when drier than the plastic limit.

It takes considerable time rolling and kneading to reach the plastic limit. The thread 

can be rerolled several times after reaching the plastic limit. The lump can be formed 

without crumbling when drier than the plastic limit.

< 24 < 24 < 12

12 to 2424 to 48 24 to 48

24 to 4848 to 96 48 to 96

96 to 192

96 to 192 96 to 192

> 192> 383 > 383

48 to 96

192 to 383 192 to 383

A 3 mm thread cannot be rolled at any water content.

Unconfined

Compressive

Strength (tsm)

Pocket

Penetrometer

Measurement (tsm)

Torvane

Measurement (tsm)

Hand driven (25 mm soil tube)

Hand Auger

Note: Size in millimeters.

Size of Sampler 

(millimeters)

76

Blows per 76 mm

(Using 12.7 kg hand 

hammer with a 76 mm

drop or as noted) Driving rate in

seconds per 300 mm

(using a Stanley

MB 156 percussion

hammer and a 56 mm

cone, or as noted)

25

2

Pressure measured

along sleeve friction

element (225 cm

area) divided by 

pressure measured

on tip element.

2(2 cm area)

3/9/09  

MISCELLANEOUS RETAINING WALLS

LOG OF TEST BORINGS SHEET NO. 2 OF 4
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IGNEOUS ROCK

LEGEND OF ROCK MATERIALS

SEDIMENTARY ROCK

METAMORPHIC ROCK

WEATHERING DESCRIPTORS FOR INTACT ROCK

Diagnostic features

Texture and Solutioning

Body of Rock Texture Solutioning

Preserved.

No solutioning.No change.

Decomposed

Fresh

Description

Chemical Weathering-Discoloration

and/or oxidation

Resembles a soil, partial

or complete remnant rock

structure may be preserved;

leaching of soluble

minerals usually complete.

Complete separation

of grain boundaries

(disaggregated).

Soluble min-

erals may be

mostly leached.

Generally

preserved.

Partial separation of

boundaries visible.

Texture

altered by

chemical

disintegra-

tion (hy-

dration,

argillation).

Leaching of 

soluble min-

erals may be

complete.

Minor leaching

of some solu-

ble minerals

may be noted.

No visible separation,

intact (tight).

No separation, intact

(tight).

No discoloration

or oxidation.

Mechanical Weathering-

Grain boundary condi-

tions (disaggregation)

primarily for granitics

and some coarse-grained

sediments

No discoloration, not 

oxidized.

Fracture 

Surfaces

General Characteristics

Hammer rings when crystalline 

rocks are struck. 

Hammer rings when crystalline 

rocks are struck. Body of 

rock not weakened. 

Hammer does not ring when 

rock is struck. Body of rock 

is slightly weakened. 

Dull sound when struck with 

hammer, usually can be broken 

with moderate to heavy manual 

pressure or by light hammer 

blow without reference to 

planes of weakness such as 

incipient or hairline frac-

tures, or veinlets. Rock is 

significantly weakened.

Can be granulated by hand.

Resistant minerals such as 

quartz may be present as 

"stringers" or "dikes."

Slightly

Weathered

Moderately

Weathered

Intensely

Weathered

Minor to complete 

discoloration or 

oxidation of most 

surfaces.

All fracture surfaces 

are discolored or

oxidized.

All fracture surfaces 

are discolored or 

oxidized, surfaces 

friable.

Partial separation, rock 

is friable; in semiarid 

conditions granitics are

disaggregated.

FRACTURE DENSITY

Observed Fracture Density

Unfractured

Very slightly fractured

Slightly fractured

Moderately fractured

Intensely fractured

Very intensely fractured

Description

Combination descriptors (such as "Very intensely to intensely fractured") are used where equal 

distribution of both fracture density characteristics is present over a significant interval or 

exposure, or where characteristics are "in between" the descriptor definitions. Only two adjacent 

descriptors may be combined.

ROCK HARDNESS

Criteria

Very Soft

Soft

Hard

Very Hard

Description

PERCENT CORE RECOVERY (REC) & ROCK QUALITY DESIGNATION (RQD)

Top Hole El.

B
o

ri
n

g
 

lo
c
a
ti

o
n

Hole I.D.

REC=100%

RQD=50%

REC=100%

RQD=80%

REC=88%

RQD=0%

Boring Date

End drilled interval

Begin drilled interval

Begin drilled interval

End drilled interval

Begin drilled interval

End drilled interval

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

Specimen can be scratched with a pocket knife or sharp pick with difficulty (heavy 

pressure). Heavy hammer blows required to break specimen.

Specimen can be scratched with pocket knife or sharp pick with light or moderate 

pressure. Core breaks with moderate hammer pressure.

Specimen can be grooved or gouged easily by a pocket knife or sharp pick with light 

pressure, can be scratched with fingernail. Breaks with light to moderate manual pressure.

Extremely Hard

Moderately Soft

Moderately Hard

Specimen cannot be scratched with a pocket knife or sharp pick; can only be chipped with 

repeated heavy hammer blows.

Specimen cannot be scratched with a pocket knife or sharp pick. Breaks with repeated 

heavy hammer blows.

Specimen can be readily indented, grooved or gouged with fingernail, or carved with a 

pocket knife. Breaks with light manual pressure.

Description Thickness / Spacing

Massive

Moderately bedded

Very thinly bedded

Laminated 

Very thickly bedded

Combination descriptors (such as "slightly weathered to fresh") are permissible where equal distribution of both weathering characteristics is present over 

significant intervals or where characteristics present are "in between" the diagnostic feature. However, combination descriptors should not be used where 

significant, identifiable zones can be delineated. Only two adjacent descriptors may be combined. "Very intensely weathered" is the combination descriptor for 

"intensely weathered to decomposed."

Thickly bedded

Thinly bedded

Specimen can be grooved 5 mm deep with a pocket knife or sharp pick with moderate 

or heavy pressure. Breaks with light hammer blow or heavy manual pressure.

BEDDING SPACING

Discolored or oxidized 

throughout, but resistant 

minerals such as quartz may 

be unaltered; all feldspars 

and Fe-Mg minerals are 

completely altered to clay. 

Discoloration or oxidation 

extends from fractures 

usually throughout; Fe-Mg 

minerals are "rusty," 

feldspar  crystals are 

"cloudy." 

Discoloration or oxidation 

is limited to surface of, 

or short distance from, 

fractures; some feldspar 

crystals are dull. 

Discoloration or oxidation 

throughout; all feldspars 

and Fe-Mg minerals are 

altered to clay to some 

extent; or chemical 

alteration produces 

in-situ disaggregation, 

see grain boundary 

conditions. 
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No fractures.

Mostly chips and fragments with a few scattered short core lengths.

Lengths greater than 1 m.

Lengths from 300 mm to 1000 mm with few lengths less than 300 mm or

greater than 1000 mm.

Lengths mostly in 100 mm to 300 mm range with most lengths about 200 mm.

Lengths average from 30 mm to 100 mm with scattered fragmented

intervals with lengths less than 100 mm.

x 100%REC =

RQD = x 100%

>

Length of the recovered core pieces

Total length of core run

Total length of core run

Length of intact core pieces   100 mm

Term

Strong

Weak

Very Weak

Very Strong 

RELATIVE STRENGTH OF INTACT ROCK

Extremely Strong

Medium Strong

Extremely Weak

1 m to 3 m

30 mm to 100 mm

10 mm to 30 mm

Greater than 3 m

300 mm to 1 m

Less than 10 mm

100 mm to 300 mm

Uniaxial Compressive Strength (MPa)

> 207 

100  - 207 

49  - 100 

25  - 49 

5  - 25 

1  - 5 

< 1 

3/9/09  
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and are referenced to the NGVD 1929 Datum.

Bench Mark

BUREAU VERITAS NORTH AMERICA, INC.
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+28

+26

+24
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+20

+18

+16

+30

+28

+26

+24

+22

+20

+18

+16

+30

"
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C
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-1
"
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6250/152

62

62

62REF/127

+16

+14

+12

+10

+8

+4

+2

+0

-2

+16

+14

+12

+10

+8

+6

+4

+2

+0

-2

+6

6250/102

6250/127

6250/127

6250/76

+40+40

El. +30.5 m

E
L

E
V

A
T

IO
N

 (m
)

152

O-08-022

FILL: SILTY SAND with GRAVEL (SM), dense, yellowish

brown, moist, about 20% fine to coarse GRAVEL,

about 70% fine to coarse SAND, about 10% fines

TERRACE DEPOSIT: SILT (ML), very stiff, alternating 

layers of medium and light brown, moist 

SILTY SAND with GRAVEL and COBBLES (SM): very

dense, medium brown, moist, about 5% subrounded

COBBLES, about 20% fine to coarse GRAVEL, about

60% fine to coarse SAND, about 15% fines

SEDIMENTARY ROCK (SHALE): gray, moderately weathered,

hard, moderately fractured, weakly fissile with

concretion beds [ARDATH SHALE], [SILT (ML), hard, moist]

SEDIMENTARY ROCK: [becomes slightly fractured]

SEDIMENTARY ROCK: [becomes interbedded with

fine SAND layers]

2-9-08

Terminated at El. -1.8 m

ER = 1.00i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00

1.

 

 

 

2.

 

 

 

 

3.

 

 

 

 

 

 

 

  

 

 

 

4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i

i

i

i

i

i

i

Wall "437R"

Wall "438L"
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REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

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

Poorly graded GRAVEL with SAND

Poorly graded GRAVEL with CLAY and

Poorly graded GRAVEL

Poorly graded GRAVEL with SILT and SAND

Poorly graded GRAVEL with SILT

Poorly graded SAND

Poorly graded SAND with SILT

Poorly graded SAND with CLAY

Poorly graded SAND with CLAY and

Poorly graded SAND with SILT and GRAVEL

Poorly graded SAND with GRAVEL

Poorly graded GRAVEL 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 PERCENT OR PROPORTION OF SOILS

MOISTURE

APPARENT DENSITY OF COHESIONLESS SOILS

PARTICLE SIZE

Description

Very loose

Loose

Medium Dense

Dense

Very Dense

Criteria

Damp but no visible water

Description

Dry

Moist

Wet

Absence of moisture, dusty, dry to the 

touch

Visible free water, usually soil is 

below water table

Criteria

5 to 10%

15 to 25%

30 to 45%

50 to 100%

Trace

Few

Little

Some

Mostly

Description

Particles are present but estimated to 

be less than 5%

Size

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

No. 10 to No. 4

No. 40 to No. 10

No. 200 to No. 40

60

0 - 4

5 - 10

11 - 30

31 - 50

   > 50

CP

C

UU

CU

CR

EI

UC

PI

Pocket PenetrometerPP

TV

M

OC

SE

UW

VS

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

Pocket Torvane

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)

Unconfined Compression-Soil

(ASTM D 2166)

Unconfined Compression-Rock

(ASTM D 2938)

Unconsolidated Undrained 

Triaxial (ASTM D 2850)

Unit Weight (ASTM D 4767)

Vane Shear (AASHTO T 223)
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SPT N   (Blows / 300 mm)

> 300 mm

76 mm to 300 mm

19 mm to 76 mm

No. 4 to 19 mm

MISCELLANEOUS RETAINING WALLS
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Weak

Moderate

Strong

Criteria

CEMENTATION

Description

Will not crumble or break with finger 

pressure.

Crumbles or breaks with considerable 

finger pressure.

Crumbles or breaks with handling or 

little finger pressure.

Size

Size

S
iz

e
S

iz
e

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
ti

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

CONE PENETRATION TEST (CPT) SOUNDING

on tip element

Hole I.D.

L
o

c
a
ti

o
n

 

Top Hole El.

Boring Date

Friction Ratio (%) Tip Bearing (MPa)

0246 302010

Pressure measured

Dynamic Cone Penetration Boring

Auger Boring

Rotary drilled boring 

Rotary percussion boring (air)

Rotary drilled diamond core

Other

Cone Penetration Test (ASTM D 5778-95)

Symbol Description

R 

P

A 

D

R

CPT

HD 

HA

O

Hole

Type

BOREHOLE IDENTIFICATION

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)
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CONSISTENCY OF COHESIVE SOILS

Field Approximation

Readily indented by thumbnail

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

Description

Readily indented by thumb but 

penetrated only with great effort

Indented by thumbnail with 

difficulty

Easily penetrated several inches 

by fist

Easily penetrated several inches 

by thumb

Penetrated several inches by 

thumb with moderate effort

PLASTICITY OF FINE-GRAINED SOILS

Nonplastic

Low

Medium

High

CriteriaDescription

The thread can barely be rolled and the lump cannot be formed when drier than the 

plastic limit.

The thread is easy to roll and not much time is required to reach the plastic limit. 

The thread cannot be rerolled after reaching the plastic limit. The lump crumbles 

when drier than the plastic limit.

It takes considerable time rolling and kneading to reach the plastic limit. The thread 

can be rerolled several times after reaching the plastic limit. The lump can be formed 

without crumbling when drier than the plastic limit.

< 24 < 24 < 12

12 to 2424 to 48 24 to 48

24 to 4848 to 96 48 to 96

96 to 192

96 to 192 96 to 192

> 192> 383 > 383

48 to 96

192 to 383 192 to 383

A 3 mm thread cannot be rolled at any water content.

Unconfined

Compressive

Strength (tsm)

Pocket

Penetrometer

Measurement (tsm)

Torvane

Measurement (tsm)

Hand driven (25 mm soil tube)

Hand Auger

Note: Size in millimeters.

Size of Sampler 

(millimeters)

76

Blows per 76 mm

(Using 12.7 kg hand 

hammer with a 76 mm

drop or as noted) Driving rate in

seconds per 300 mm

(using a Stanley

MB 156 percussion

hammer and a 56 mm

cone, or as noted)

25

2

Pressure measured

along sleeve friction

element (225 cm

area) divided by 

pressure measured

on tip element.

2(2 cm area)

3/9/09  

MISCELLANEOUS RETAINING WALLS

RW "438R"
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IGNEOUS ROCK

LEGEND OF ROCK MATERIALS

SEDIMENTARY ROCK

METAMORPHIC ROCK

WEATHERING DESCRIPTORS FOR INTACT ROCK

Diagnostic features

Texture and Solutioning

Body of Rock Texture Solutioning

Preserved.

No solutioning.No change.

Decomposed

Fresh

Description

Chemical Weathering-Discoloration

and/or oxidation

Resembles a soil, partial

or complete remnant rock

structure may be preserved;

leaching of soluble

minerals usually complete.

Complete separation

of grain boundaries

(disaggregated).

Soluble min-

erals may be

mostly leached.

Generally

preserved.

Partial separation of

boundaries visible.

Texture

altered by

chemical

disintegra-

tion (hy-

dration,

argillation).

Leaching of 

soluble min-

erals may be

complete.

Minor leaching

of some solu-

ble minerals

may be noted.

No visible separation,

intact (tight).

No separation, intact

(tight).

No discoloration

or oxidation.

Mechanical Weathering-

Grain boundary condi-

tions (disaggregation)

primarily for granitics

and some coarse-grained

sediments

No discoloration, not 

oxidized.

Fracture 

Surfaces

General Characteristics

Hammer rings when crystalline 

rocks are struck. 

Hammer rings when crystalline 

rocks are struck. Body of 

rock not weakened. 

Hammer does not ring when 

rock is struck. Body of rock 

is slightly weakened. 

Dull sound when struck with 

hammer, usually can be broken 

with moderate to heavy manual 

pressure or by light hammer 

blow without reference to 

planes of weakness such as 

incipient or hairline frac-

tures, or veinlets. Rock is 

significantly weakened.

Can be granulated by hand.

Resistant minerals such as 

quartz may be present as 

"stringers" or "dikes."

Slightly

Weathered

Moderately

Weathered

Intensely

Weathered

Minor to complete 

discoloration or 

oxidation of most 

surfaces.

All fracture surfaces 

are discolored or

oxidized.

All fracture surfaces 

are discolored or 

oxidized, surfaces 

friable.

Partial separation, rock 

is friable; in semiarid 

conditions granitics are

disaggregated.

FRACTURE DENSITY

Observed Fracture Density

Unfractured

Very slightly fractured

Slightly fractured

Moderately fractured

Intensely fractured

Very intensely fractured

Description

Combination descriptors (such as "Very intensely to intensely fractured") are used where equal 

distribution of both fracture density characteristics is present over a significant interval or 

exposure, or where characteristics are "in between" the descriptor definitions. Only two adjacent 

descriptors may be combined.

ROCK HARDNESS

Criteria

Very Soft

Soft

Hard

Very Hard

Description

PERCENT CORE RECOVERY (REC) & ROCK QUALITY DESIGNATION (RQD)

Top Hole El.

B
o

ri
n

g
 

lo
c
a
ti

o
n

Hole I.D.

REC=100%

RQD=50%

REC=100%

RQD=80%

REC=88%

RQD=0%

Boring Date

End drilled interval

Begin drilled interval

Begin drilled interval

End drilled interval

Begin drilled interval

End drilled interval

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

Specimen can be scratched with a pocket knife or sharp pick with difficulty (heavy 

pressure). Heavy hammer blows required to break specimen.

Specimen can be scratched with pocket knife or sharp pick with light or moderate 

pressure. Core breaks with moderate hammer pressure.

Specimen can be grooved or gouged easily by a pocket knife or sharp pick with light 

pressure, can be scratched with fingernail. Breaks with light to moderate manual pressure.

Extremely Hard

Moderately Soft

Moderately Hard

Specimen cannot be scratched with a pocket knife or sharp pick; can only be chipped with 

repeated heavy hammer blows.

Specimen cannot be scratched with a pocket knife or sharp pick. Breaks with repeated 

heavy hammer blows.

Specimen can be readily indented, grooved or gouged with fingernail, or carved with a 

pocket knife. Breaks with light manual pressure.

Description Thickness / Spacing

Massive

Moderately bedded

Very thinly bedded

Laminated 

Very thickly bedded

Combination descriptors (such as "slightly weathered to fresh") are permissible where equal distribution of both weathering characteristics is present over 

significant intervals or where characteristics present are "in between" the diagnostic feature. However, combination descriptors should not be used where 

significant, identifiable zones can be delineated. Only two adjacent descriptors may be combined. "Very intensely weathered" is the combination descriptor for 

"intensely weathered to decomposed."

Thickly bedded

Thinly bedded

Specimen can be grooved 5 mm deep with a pocket knife or sharp pick with moderate 

or heavy pressure. Breaks with light hammer blow or heavy manual pressure.

BEDDING SPACING

Discolored or oxidized 

throughout, but resistant 

minerals such as quartz may 

be unaltered; all feldspars 

and Fe-Mg minerals are 

completely altered to clay. 

Discoloration or oxidation 

extends from fractures 

usually throughout; Fe-Mg 

minerals are "rusty," 

feldspar  crystals are 

"cloudy." 

Discoloration or oxidation 

is limited to surface of, 

or short distance from, 

fractures; some feldspar 

crystals are dull. 

Discoloration or oxidation 

throughout; all feldspars 

and Fe-Mg minerals are 

altered to clay to some 

extent; or chemical 

alteration produces 

in-situ disaggregation, 

see grain boundary 

conditions. 
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No fractures.

Mostly chips and fragments with a few scattered short core lengths.

Lengths greater than 1 m.

Lengths from 300 mm to 1000 mm with few lengths less than 300 mm or

greater than 1000 mm.

Lengths mostly in 100 mm to 300 mm range with most lengths about 200 mm.

Lengths average from 30 mm to 100 mm with scattered fragmented

intervals with lengths less than 100 mm.

x 100%REC =

RQD = x 100%

>

Length of the recovered core pieces

Total length of core run

Total length of core run

Length of intact core pieces   100 mm

Term

Strong

Weak

Very Weak

Very Strong 

RELATIVE STRENGTH OF INTACT ROCK

Extremely Strong

Medium Strong

Extremely Weak

1 m to 3 m

30 mm to 100 mm

10 mm to 30 mm

Greater than 3 m

300 mm to 1 m

Less than 10 mm

100 mm to 300 mm

Uniaxial Compressive Strength (MPa)

> 207 

100  - 207 

49  - 100 

25  - 49 

5  - 25 

1  - 5 

< 1 

3/9/09  

LOG OF TEST BORINGS SHEET NO. 3 OF 6

RW "438R"
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PROFILE
VERTICAL

HORIZONTAL

1 : 100

1 : 500
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GWS EL. 13.4m

O-08-024
152

2-7-08

TERRACE DEPOSIT: SILT with SAND and GRAVEL (ML), 

hard, dark brown, very moist to wet, about 10% fine 

GRAVEL, about  20% fine to coarse SAND, about 70% 

fines 

62

62

62REF/152

62

62REF/102

50/25

50/127

REF/25

+26

+24

+22

+20

+18

+16

+14

+12

+26

+24

+22

+20

+18

+16

+14

+12

+28 +28
El. +27.3 m

O-08-019
152

GWS EL. 15.1m

2-6-08

2-6-08

Terminated at El. 11.8 m

2-7-08

Terminated at El. 10.1 m

SEDIMENTARY ROCK: [interbedded with fine SAND]

FILL: SILTY SAND with GRAVEL (SM), dense, mottled 

medium and dark brown, moist, about 15% fine to 

coarse GRAVEL, about 65% fine to coarse SAND, 

about 20% fines  

SEDIMENTARY ROCK (SHALE): gray, moderately weathered,

hard, moderately fractured, weakly fissile with

concretion beds [ARDATH SHALE], [SILT (ML), hard, moist]

TERRACE DEPOSIT: SANDY SILT (ML), hard, fine 

laminations of alternating light and dark brown, 

moist, about 5% fine to coarse GRAVEL, about 35% 

fine SAND, about 60% fines 

SEDIMENTARY ROCK (SHALE): gray, moderately weathered,

hard, moderately fractured, weakly fissile with

concretion beds [ARDATH SHALE], [SILT (ML), hard, moist]

SEDIMENTARY ROCK: [No Recovery

becomes slightly weathered]

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00

1.

 

 

 

2.
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i

i

i

i

i

i

i

ER = 1.45i ER = 1.45i

MISCELLANEOUS RETAINING WALLS

3/9/09  

RW "438R"

LOG OF TEST BORINGS SHEET NO. 4 OF 6
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SEDIMENTARY ROCK (SHALE): gray, moderately weathered,

hard, moderately fractured, weakly fissile with

concretion beds [ARDATH SHALE], [SILT (ML), hard, moist]

SEDIMENTARY ROCK (SHALE): gray, moderately 

weathered, hard, moderately fractured, weakly 

fissile with concretion beds [ARDATH SHALE], 

[SILT (ML), hard, moist]

2-6-08

Terminated at El. 13.3 m
2-4-08

Terminated at El. 13.2 m
ER = 1.45i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00

1.
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i

i

i

i

i

i

i

ER = 1.45i

MISCELLANEOUS RETAINING WALLS

RW "438R"

3/9/09  

LOG OF TEST BORINGS SHEET NO. 5 OF 6
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TERRACE DEPOSIT: SILTY SAND (ML): hard, alternating 

fine laminations of medium brown and light gray, 

moist, about 30% fine SAND, about 70% fines 

STATE OF

CALIFORNIA
DEPARTMENT OF TRANSPORTATION

CU

EA

MRW10.dgnFILE =>

BRIDGE NO.

EARLIER REVISION DATES

DISREGARD PRINTS BEARING
SHEET OF

U
S

E
R

N
A

M
E

 =
>

D
A

T
E

 P
L

O
T

T
E

D
 =

>
3

/
1

3
/
2

0
0

9
T

I
M

E
 P

L
O

T
T

E
D

 =
>

1
0
:0

8
:2

4
 A

M

10/14/08

11275

2T0401                                                                         

REVISION DATES

DESIGN BRANCH   G. CUSTENBORDER       

11   SD    805  R42.6/R46.2     

DIST COUNTY ROUTE
SHEET TOTAL

No SHEETS

OGS CIVIL LOG OF TEST BORINGS SHEET 

POST MILES

GEOTECHNICAL SERVICESENGINEERING SERVICES

DRAWN BY:

CHECKED BY:

FUNCTIONAL SUPERVISOR

NAME:

J. JOHNS                          
FIELD INVESTIGATIONS BY:

G. CUSTENBORDER                                              

DIVISION OF ENGINEERING SERVICES

STRUCTURE DESIGN

0 10 20 30 40 50 60 70 80 90 100

ORIGINAL SCALE IN MILLIMETERS

FOR REDUCED PLANS

shall not be responsible for the accuracy or

completeness of electronic copies of this plan sheet.

The State of California or its officers or agents

        

             

PLANS APPROVAL DATE

SANDAG

401 B STREET,

SAN DIEGO, CA. 92101

SAN DIEGO, CA. 92111

7895 CONVOY CT.

O
T

C

C

E

S

N

E
E

I

I

I

I

I

N

C
E

INT
E

A

H

ALOF

E

G

D

NO. 

EXP.   

ER
T

S
G

E
R

S
T

E OSORP
F

OF
R

R
N

AL

L

A

A

NEG

VAN OLIN

2578

6-30-10

V. OLIN                                

KP43.2/PM26.8

KILOMETER POST

TOTAL PROJECT

REGISTERED GEOTECHNICAL ENGINEER

All elevations shown in the LOTBs are in meters

and are referenced to the NGVD 1929 Datum.

Bench Mark

BUREAU VERITAS NORTH AMERICA, INC.

m
p

a
r
a
n

j
a
p

e

SEDIMENTARY ROCK (SHALE): gray, moderately weathered,

hard, moderately fractured, weakly fissile with

concretion beds [ARDATH SHALE], [SILT (ML), hard, moist]

SEDIMENTARY ROCK: [becomes interbedded with fine SAND]

SEDIMENTARY ROCK: [9.5 m to 10 m, cemented zone]

2-5-08

Terminated at El. 13.0 m

ER = 1.45i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00

1.
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i

i

i

i

i

i

i
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LOG OF TEST BORINGS SHEET NO. 6 OF 6
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REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

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

Poorly graded GRAVEL with SAND

Poorly graded GRAVEL with CLAY and

Poorly graded GRAVEL

Poorly graded GRAVEL with SILT and SAND

Poorly graded GRAVEL with SILT

Poorly graded SAND

Poorly graded SAND with SILT

Poorly graded SAND with CLAY

Poorly graded SAND with CLAY and

Poorly graded SAND with SILT and GRAVEL

Poorly graded SAND with GRAVEL

Poorly graded GRAVEL 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 PERCENT OR PROPORTION OF SOILS

MOISTURE

APPARENT DENSITY OF COHESIONLESS SOILS

PARTICLE SIZE

Description

Very loose

Loose

Medium Dense

Dense

Very Dense

Criteria

Damp but no visible water

Description

Dry

Moist

Wet

Absence of moisture, dusty, dry to the 

touch

Visible free water, usually soil is 

below water table

Criteria

5 to 10%

15 to 25%

30 to 45%

50 to 100%

Trace

Few

Little

Some

Mostly

Description

Particles are present but estimated to 

be less than 5%

Size

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

No. 10 to No. 4

No. 40 to No. 10

No. 200 to No. 40

60

0 - 4

5 - 10

11 - 30

31 - 50

   > 50

CP

C

UU

CU

CR

EI

UC

PI

Pocket PenetrometerPP

TV

M

OC

SE

UW

VS

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

Pocket Torvane

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)

Unconfined Compression-Soil

(ASTM D 2166)

Unconfined Compression-Rock

(ASTM D 2938)

Unconsolidated Undrained 

Triaxial (ASTM D 2850)

Unit Weight (ASTM D 4767)

Vane Shear (AASHTO T 223)
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SPT N   (Blows / 300 mm)

> 300 mm

76 mm to 300 mm

19 mm to 76 mm

No. 4 to 19 mm

MISCELLANEOUS RETAINING WALLS

3/9/09  

LOG OF TEST BORINGS SHEET NO. 1 OF 5

RW "443R"

A-75



Weak

Moderate

Strong

Criteria

CEMENTATION

Description

Will not crumble or break with finger 

pressure.

Crumbles or breaks with considerable 

finger pressure.

Crumbles or breaks with handling or 

little finger pressure.

Size

Size

S
iz

e
S

iz
e

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
ti

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

CONE PENETRATION TEST (CPT) SOUNDING

on tip element

Hole I.D.

L
o

c
a
ti

o
n

 

Top Hole El.

Boring Date

Friction Ratio (%) Tip Bearing (MPa)

0246 302010

Pressure measured

Dynamic Cone Penetration Boring

Auger Boring

Rotary drilled boring 

Rotary percussion boring (air)

Rotary drilled diamond core

Other

Cone Penetration Test (ASTM D 5778-95)

Symbol Description

R 

P

A 

D

R

CPT

HD 

HA

O

Hole

Type

BOREHOLE IDENTIFICATION

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

Terminated at Elev
Terminated at Elev
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CONSISTENCY OF COHESIVE SOILS

Field Approximation

Readily indented by thumbnail

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

Description

Readily indented by thumb but 

penetrated only with great effort

Indented by thumbnail with 

difficulty

Easily penetrated several inches 

by fist

Easily penetrated several inches 

by thumb

Penetrated several inches by 

thumb with moderate effort

PLASTICITY OF FINE-GRAINED SOILS

Nonplastic

Low

Medium

High

CriteriaDescription

The thread can barely be rolled and the lump cannot be formed when drier than the 

plastic limit.

The thread is easy to roll and not much time is required to reach the plastic limit. 

The thread cannot be rerolled after reaching the plastic limit. The lump crumbles 

when drier than the plastic limit.

It takes considerable time rolling and kneading to reach the plastic limit. The thread 

can be rerolled several times after reaching the plastic limit. The lump can be formed 

without crumbling when drier than the plastic limit.

< 24 < 24 < 12

12 to 2424 to 48 24 to 48

24 to 4848 to 96 48 to 96

96 to 192

96 to 192 96 to 192

> 192> 383 > 383

48 to 96

192 to 383 192 to 383

A 3 mm thread cannot be rolled at any water content.

Unconfined

Compressive

Strength (tsm)

Pocket

Penetrometer

Measurement (tsm)

Torvane

Measurement (tsm)

Hand driven (25 mm soil tube)

Hand Auger

Note: Size in millimeters.

Size of Sampler 

(millimeters)

76

Blows per 76 mm

(Using 12.7 kg hand 

hammer with a 76 mm

drop or as noted) Driving rate in

seconds per 300 mm

(using a Stanley

MB 156 percussion

hammer and a 56 mm

cone, or as noted)

25

2

Pressure measured

along sleeve friction

element (225 cm

area) divided by 

pressure measured

on tip element.

2(2 cm area)

3/9/09  

MISCELLANEOUS RETAINING WALLS

LOG OF TEST BORINGS SHEET NO. 2 OF 5

RW "443R"
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IGNEOUS ROCK

LEGEND OF ROCK MATERIALS

SEDIMENTARY ROCK

METAMORPHIC ROCK

WEATHERING DESCRIPTORS FOR INTACT ROCK

Diagnostic features

Texture and Solutioning

Body of Rock Texture Solutioning

Preserved.

No solutioning.No change.

Decomposed

Fresh

Description

Chemical Weathering-Discoloration

and/or oxidation

Resembles a soil, partial

or complete remnant rock

structure may be preserved;

leaching of soluble

minerals usually complete.

Complete separation

of grain boundaries

(disaggregated).

Soluble min-

erals may be

mostly leached.

Generally

preserved.

Partial separation of

boundaries visible.

Texture

altered by

chemical

disintegra-

tion (hy-

dration,

argillation).

Leaching of 

soluble min-

erals may be

complete.

Minor leaching

of some solu-

ble minerals

may be noted.

No visible separation,

intact (tight).

No separation, intact

(tight).

No discoloration

or oxidation.

Mechanical Weathering-

Grain boundary condi-

tions (disaggregation)

primarily for granitics

and some coarse-grained

sediments

No discoloration, not 

oxidized.

Fracture 

Surfaces

General Characteristics

Hammer rings when crystalline 

rocks are struck. 

Hammer rings when crystalline 

rocks are struck. Body of 

rock not weakened. 

Hammer does not ring when 

rock is struck. Body of rock 

is slightly weakened. 

Dull sound when struck with 

hammer, usually can be broken 

with moderate to heavy manual 

pressure or by light hammer 

blow without reference to 

planes of weakness such as 

incipient or hairline frac-

tures, or veinlets. Rock is 

significantly weakened.

Can be granulated by hand.

Resistant minerals such as 

quartz may be present as 

"stringers" or "dikes."

Slightly

Weathered

Moderately

Weathered

Intensely

Weathered

Minor to complete 

discoloration or 

oxidation of most 

surfaces.

All fracture surfaces 

are discolored or

oxidized.

All fracture surfaces 

are discolored or 

oxidized, surfaces 

friable.

Partial separation, rock 

is friable; in semiarid 

conditions granitics are

disaggregated.

FRACTURE DENSITY

Observed Fracture Density

Unfractured

Very slightly fractured

Slightly fractured

Moderately fractured

Intensely fractured

Very intensely fractured

Description

Combination descriptors (such as "Very intensely to intensely fractured") are used where equal 

distribution of both fracture density characteristics is present over a significant interval or 

exposure, or where characteristics are "in between" the descriptor definitions. Only two adjacent 

descriptors may be combined.

ROCK HARDNESS

Criteria

Very Soft

Soft

Hard

Very Hard

Description

PERCENT CORE RECOVERY (REC) & ROCK QUALITY DESIGNATION (RQD)

Top Hole El.

B
o

ri
n

g
 

lo
c
a
ti

o
n

Hole I.D.

REC=100%

RQD=50%

REC=100%

RQD=80%

REC=88%

RQD=0%

Boring Date

End drilled interval

Begin drilled interval

Begin drilled interval

End drilled interval

Begin drilled interval

End drilled interval

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

Specimen can be scratched with a pocket knife or sharp pick with difficulty (heavy 

pressure). Heavy hammer blows required to break specimen.

Specimen can be scratched with pocket knife or sharp pick with light or moderate 

pressure. Core breaks with moderate hammer pressure.

Specimen can be grooved or gouged easily by a pocket knife or sharp pick with light 

pressure, can be scratched with fingernail. Breaks with light to moderate manual pressure.

Extremely Hard

Moderately Soft

Moderately Hard

Specimen cannot be scratched with a pocket knife or sharp pick; can only be chipped with 

repeated heavy hammer blows.

Specimen cannot be scratched with a pocket knife or sharp pick. Breaks with repeated 

heavy hammer blows.

Specimen can be readily indented, grooved or gouged with fingernail, or carved with a 

pocket knife. Breaks with light manual pressure.

Description Thickness / Spacing

Massive

Moderately bedded

Very thinly bedded

Laminated 

Very thickly bedded

Combination descriptors (such as "slightly weathered to fresh") are permissible where equal distribution of both weathering characteristics is present over 

significant intervals or where characteristics present are "in between" the diagnostic feature. However, combination descriptors should not be used where 

significant, identifiable zones can be delineated. Only two adjacent descriptors may be combined. "Very intensely weathered" is the combination descriptor for 

"intensely weathered to decomposed."

Thickly bedded

Thinly bedded

Specimen can be grooved 5 mm deep with a pocket knife or sharp pick with moderate 

or heavy pressure. Breaks with light hammer blow or heavy manual pressure.

BEDDING SPACING

Discolored or oxidized 

throughout, but resistant 

minerals such as quartz may 

be unaltered; all feldspars 

and Fe-Mg minerals are 

completely altered to clay. 

Discoloration or oxidation 

extends from fractures 

usually throughout; Fe-Mg 

minerals are "rusty," 

feldspar  crystals are 

"cloudy." 

Discoloration or oxidation 

is limited to surface of, 

or short distance from, 

fractures; some feldspar 

crystals are dull. 

Discoloration or oxidation 

throughout; all feldspars 

and Fe-Mg minerals are 

altered to clay to some 

extent; or chemical 

alteration produces 

in-situ disaggregation, 

see grain boundary 

conditions. 
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No fractures.

Mostly chips and fragments with a few scattered short core lengths.

Lengths greater than 1 m.

Lengths from 300 mm to 1000 mm with few lengths less than 300 mm or

greater than 1000 mm.

Lengths mostly in 100 mm to 300 mm range with most lengths about 200 mm.

Lengths average from 30 mm to 100 mm with scattered fragmented

intervals with lengths less than 100 mm.

x 100%REC =

RQD = x 100%

>

Length of the recovered core pieces

Total length of core run

Total length of core run

Length of intact core pieces   100 mm

Term

Strong

Weak

Very Weak

Very Strong 

RELATIVE STRENGTH OF INTACT ROCK

Extremely Strong

Medium Strong

Extremely Weak

1 m to 3 m

30 mm to 100 mm

10 mm to 30 mm

Greater than 3 m

300 mm to 1 m

Less than 10 mm

100 mm to 300 mm

Uniaxial Compressive Strength (MPa)

> 207 

100  - 207 

49  - 100 

25  - 49 

5  - 25 

1  - 5 

< 1 

3/9/09  
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CLAYEY SILT/SILTY CLAY (ML-CL): stiff, light brown, 

moist, high plasticity, about 50% SILT, about 50% CLAY

trace very fine SAND, color change to light gray, highly

mottled with light orange brown oxidation, slightly micaceous

SILTY CLAY (CL): stiff, light orange-brown, moist, high

plasticity, trace micaceous, thinly layered, about 40%

SILT, about 60% CLAY

color change to light orange brown, mottled with light

gray to light brown color, trace dark manganese staining
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TERRACE DEPOSIT: SILTY CLAY trace GRAVEL and COBBLE 

(CL), stiff, light yellow brown, damp, high plasticity, 

about 40% SILT, about 60% CLAY 

+38

becomes dry to damp

color change to light gray, damp, weakly layered

SILTY CLAY (CL): very stiff, gray, damp to moist, high plasticity, 

heavily mottled with light orange brown oxidation, about 40% 

SILT, about 60% CLAY 
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SILTY CLAY/CLAYEY SILT (CL-ML): stiff, light orange-brown, moist, 

high plasticity, slightly layered, trace nodules of dark colored 

manganese, trace micaceous, about 50% SILT, about 50% CLAY 

203

2
1
.5

m
 R

T
¨
 S

ta
 4

4
3
+

5
0
m

 ¨

FILL: GRAVELLY CLAY with SAND (GC), firm, light brown, damp

TERRACE DEPOSIT: SILTY CLAY (CL), stiff, light yellow brown, moist, 

high plasticity, some light orange brown oxidation, about 40%

SILT, about 40% SILT, about 60% CLAY

SEDIMENTARY ROCK (SHALE): gray, moderately weathered,

hard, moderately fractured, weakly fissile with

concretion beds [ARDATH SHALE], [SILT (ML), hard, moist]

SEDIMENTARY ROCK (SHALE): gray, moderately weathered, hard, 

moderately fractured,weakly fissile with concretion beds [ARDATH 

SHALE], [SILT (ML), hard, moist]

SEDIMENTARY ROCK: [interbedded with very fine light brown SANDY SILT]

5-1-08

Terminated at El. 25.9 m

5-1-08

Terminated at El. 25.8 m

E
L

E
V

A
T

IO
N

 (
m

) E
L

E
V

A
T

IO
N

 (m
)

ER = 1.45i
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NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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GRAVELLY CLAY with SAND (CL): very stiff, light brown, damp,high plasticity,

about 40% subrounded GRAVEL to COBBLE sizerock, about 10% fine to coarse

SAND, about 0% CLAY

SILTY CLAY (CL): stiff to very stiff, light yellow brown tolight orange brown,

moist, high plasticity, some mottling, trace micaceous, about 40% SILT, about

60% CLAY

color change to light orange brown to light red brown, becomes damp to moist,

some dark manganese staining, weakly layered, trace GRAVEL

color change to brown, mottled with light gray color, slightly micaceous

SEDIMENTARY ROCK (SHALE): gray, moderately weathered, hard, moderately

fractured,weakly fissile with concretion beds [ARDATH SHALE],

[SILT (ML), hard, moist]

TERRACE DEPOSIT: CLAYEY SANDY GRAVEL (GC), stiff, light brown, damp, about 60%

subrounded GRAVEL to COBBLE size rock, about 20% fine SAND, about 20% CLAY

5-01-08

Terminated at El. 28.6 m

ER = 1.45i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00

1.
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

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

Poorly graded GRAVEL with SAND

Poorly graded GRAVEL with CLAY and

Poorly graded GRAVEL

Poorly graded GRAVEL with SILT and SAND

Poorly graded GRAVEL with SILT

Poorly graded SAND

Poorly graded SAND with SILT

Poorly graded SAND with CLAY

Poorly graded SAND with CLAY and

Poorly graded SAND with SILT and GRAVEL

Poorly graded SAND with GRAVEL

Poorly graded GRAVEL 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 PERCENT OR PROPORTION OF SOILS

MOISTURE

APPARENT DENSITY OF COHESIONLESS SOILS

PARTICLE SIZE

Description

Very loose

Loose

Medium Dense

Dense

Very Dense

Criteria

Damp but no visible water

Description

Dry

Moist

Wet

Absence of moisture, dusty, dry to the 

touch

Visible free water, usually soil is 

below water table

Criteria

5 to 10%

15 to 25%

30 to 45%

50 to 100%

Trace

Few

Little

Some

Mostly

Description

Particles are present but estimated to 

be less than 5%

Size

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

No. 10 to No. 4

No. 40 to No. 10

No. 200 to No. 40

60

0 - 4

5 - 10

11 - 30

31 - 50

   > 50

CP

C

UU

CU

CR

EI

UC

PI

Pocket PenetrometerPP

TV

M

OC

SE

UW

VS

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

Pocket Torvane

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)

Unconfined Compression-Soil

(ASTM D 2166)

Unconfined Compression-Rock

(ASTM D 2938)

Unconsolidated Undrained 

Triaxial (ASTM D 2850)

Unit Weight (ASTM D 4767)

Vane Shear (AASHTO T 223)
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SPT N   (Blows / 300 mm)

> 300 mm

76 mm to 300 mm

19 mm to 76 mm

No. 4 to 19 mm
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Weak

Moderate

Strong

Criteria

CEMENTATION

Description

Will not crumble or break with finger 

pressure.

Crumbles or breaks with considerable 

finger pressure.

Crumbles or breaks with handling or 

little finger pressure.

Size

Size

S
iz

e
S

iz
e

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
ti

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

CONE PENETRATION TEST (CPT) SOUNDING

on tip element

Hole I.D.

L
o

c
a
ti

o
n

 

Top Hole El.

Boring Date

Friction Ratio (%) Tip Bearing (MPa)

0246 302010

Pressure measured

Dynamic Cone Penetration Boring

Auger Boring

Rotary drilled boring 

Rotary percussion boring (air)

Rotary drilled diamond core

Other

Cone Penetration Test (ASTM D 5778-95)

Symbol Description

R 

P

A 

D

R

CPT

HD 

HA

O

Hole

Type

BOREHOLE IDENTIFICATION

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)
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CONSISTENCY OF COHESIVE SOILS

Field Approximation

Readily indented by thumbnail

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

Description

Readily indented by thumb but 

penetrated only with great effort

Indented by thumbnail with 

difficulty

Easily penetrated several inches 

by fist

Easily penetrated several inches 

by thumb

Penetrated several inches by 

thumb with moderate effort

PLASTICITY OF FINE-GRAINED SOILS

Nonplastic

Low

Medium

High

CriteriaDescription

The thread can barely be rolled and the lump cannot be formed when drier than the 

plastic limit.

The thread is easy to roll and not much time is required to reach the plastic limit. 

The thread cannot be rerolled after reaching the plastic limit. The lump crumbles 

when drier than the plastic limit.

It takes considerable time rolling and kneading to reach the plastic limit. The thread 

can be rerolled several times after reaching the plastic limit. The lump can be formed 

without crumbling when drier than the plastic limit.

< 24 < 24 < 12

12 to 2424 to 48 24 to 48

24 to 4848 to 96 48 to 96

96 to 192

96 to 192 96 to 192

> 192> 383 > 383

48 to 96

192 to 383 192 to 383

A 3 mm thread cannot be rolled at any water content.

Unconfined

Compressive

Strength (tsm)

Pocket

Penetrometer

Measurement (tsm)

Torvane

Measurement (tsm)

Hand driven (25 mm soil tube)

Hand Auger

Note: Size in millimeters.

Size of Sampler 

(millimeters)

76

Blows per 76 mm

(Using 12.7 kg hand 

hammer with a 76 mm

drop or as noted) Driving rate in

seconds per 300 mm

(using a Stanley

MB 156 percussion

hammer and a 56 mm

cone, or as noted)

25

2

Pressure measured

along sleeve friction

element (225 cm

area) divided by 

pressure measured

on tip element.

2(2 cm area)
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IGNEOUS ROCK

LEGEND OF ROCK MATERIALS

SEDIMENTARY ROCK

METAMORPHIC ROCK

WEATHERING DESCRIPTORS FOR INTACT ROCK

Diagnostic features

Texture and Solutioning

Body of Rock Texture Solutioning

Preserved.

No solutioning.No change.

Decomposed

Fresh

Description

Chemical Weathering-Discoloration

and/or oxidation

Resembles a soil, partial

or complete remnant rock

structure may be preserved;

leaching of soluble

minerals usually complete.

Complete separation

of grain boundaries

(disaggregated).

Soluble min-

erals may be

mostly leached.

Generally

preserved.

Partial separation of

boundaries visible.

Texture

altered by

chemical

disintegra-

tion (hy-

dration,

argillation).

Leaching of 

soluble min-

erals may be

complete.

Minor leaching

of some solu-

ble minerals

may be noted.

No visible separation,

intact (tight).

No separation, intact

(tight).

No discoloration

or oxidation.

Mechanical Weathering-

Grain boundary condi-

tions (disaggregation)

primarily for granitics

and some coarse-grained

sediments

No discoloration, not 

oxidized.

Fracture 

Surfaces

General Characteristics

Hammer rings when crystalline 

rocks are struck. 

Hammer rings when crystalline 

rocks are struck. Body of 

rock not weakened. 

Hammer does not ring when 

rock is struck. Body of rock 

is slightly weakened. 

Dull sound when struck with 

hammer, usually can be broken 

with moderate to heavy manual 

pressure or by light hammer 

blow without reference to 

planes of weakness such as 

incipient or hairline frac-

tures, or veinlets. Rock is 

significantly weakened.

Can be granulated by hand.

Resistant minerals such as 

quartz may be present as 

"stringers" or "dikes."

Slightly

Weathered

Moderately

Weathered

Intensely

Weathered

Minor to complete 

discoloration or 

oxidation of most 

surfaces.

All fracture surfaces 

are discolored or

oxidized.

All fracture surfaces 

are discolored or 

oxidized, surfaces 

friable.

Partial separation, rock 

is friable; in semiarid 

conditions granitics are

disaggregated.

FRACTURE DENSITY

Observed Fracture Density

Unfractured

Very slightly fractured

Slightly fractured

Moderately fractured

Intensely fractured

Very intensely fractured

Description

Combination descriptors (such as "Very intensely to intensely fractured") are used where equal 

distribution of both fracture density characteristics is present over a significant interval or 

exposure, or where characteristics are "in between" the descriptor definitions. Only two adjacent 

descriptors may be combined.

ROCK HARDNESS

Criteria

Very Soft

Soft

Hard

Very Hard

Description

PERCENT CORE RECOVERY (REC) & ROCK QUALITY DESIGNATION (RQD)

Top Hole El.

B
o

ri
n

g
 

lo
c
a
ti

o
n

Hole I.D.

REC=100%

RQD=50%

REC=100%

RQD=80%

REC=88%

RQD=0%

Boring Date

End drilled interval

Begin drilled interval

Begin drilled interval

End drilled interval

Begin drilled interval

End drilled interval

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

Specimen can be scratched with a pocket knife or sharp pick with difficulty (heavy 

pressure). Heavy hammer blows required to break specimen.

Specimen can be scratched with pocket knife or sharp pick with light or moderate 

pressure. Core breaks with moderate hammer pressure.

Specimen can be grooved or gouged easily by a pocket knife or sharp pick with light 

pressure, can be scratched with fingernail. Breaks with light to moderate manual pressure.

Extremely Hard

Moderately Soft

Moderately Hard

Specimen cannot be scratched with a pocket knife or sharp pick; can only be chipped with 

repeated heavy hammer blows.

Specimen cannot be scratched with a pocket knife or sharp pick. Breaks with repeated 

heavy hammer blows.

Specimen can be readily indented, grooved or gouged with fingernail, or carved with a 

pocket knife. Breaks with light manual pressure.

Description Thickness / Spacing

Massive

Moderately bedded

Very thinly bedded

Laminated 

Very thickly bedded

Combination descriptors (such as "slightly weathered to fresh") are permissible where equal distribution of both weathering characteristics is present over 

significant intervals or where characteristics present are "in between" the diagnostic feature. However, combination descriptors should not be used where 

significant, identifiable zones can be delineated. Only two adjacent descriptors may be combined. "Very intensely weathered" is the combination descriptor for 

"intensely weathered to decomposed."

Thickly bedded

Thinly bedded

Specimen can be grooved 5 mm deep with a pocket knife or sharp pick with moderate 

or heavy pressure. Breaks with light hammer blow or heavy manual pressure.

BEDDING SPACING

Discolored or oxidized 

throughout, but resistant 

minerals such as quartz may 

be unaltered; all feldspars 

and Fe-Mg minerals are 

completely altered to clay. 

Discoloration or oxidation 

extends from fractures 

usually throughout; Fe-Mg 

minerals are "rusty," 

feldspar  crystals are 

"cloudy." 

Discoloration or oxidation 

is limited to surface of, 

or short distance from, 

fractures; some feldspar 

crystals are dull. 

Discoloration or oxidation 

throughout; all feldspars 

and Fe-Mg minerals are 

altered to clay to some 

extent; or chemical 

alteration produces 

in-situ disaggregation, 

see grain boundary 

conditions. 
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No fractures.

Mostly chips and fragments with a few scattered short core lengths.

Lengths greater than 1 m.

Lengths from 300 mm to 1000 mm with few lengths less than 300 mm or

greater than 1000 mm.

Lengths mostly in 100 mm to 300 mm range with most lengths about 200 mm.

Lengths average from 30 mm to 100 mm with scattered fragmented

intervals with lengths less than 100 mm.

x 100%REC =

RQD = x 100%

>

Length of the recovered core pieces

Total length of core run

Total length of core run

Length of intact core pieces   100 mm

Term

Strong

Weak

Very Weak

Very Strong 

RELATIVE STRENGTH OF INTACT ROCK

Extremely Strong

Medium Strong

Extremely Weak

1 m to 3 m

30 mm to 100 mm

10 mm to 30 mm

Greater than 3 m

300 mm to 1 m

Less than 10 mm

100 mm to 300 mm

Uniaxial Compressive Strength (MPa)

> 207 

100  - 207 

49  - 100 

25  - 49 

5  - 25 

1  - 5 

< 1 
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445

1 : 500

PLAN

PROFILE
VERTICAL

HORIZONTAL

1 : 100

1 : 500

Wall "445R"

"
C

C
R

1
"
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e

+44

COBBLES encountered

16.116.96242 M CW C DS

PA PI EI CR

3614 - 17.1 M

3650/51 - 19.0 M

16.217.86233 M CW C DS

PA PI EI CR

+42

+40

+38

+36

+34

+32

+44

+42

+40

+38

+36

+34

+32

some iron staining and few GRAVEL

El. +45.4 m
+46 +46

E
L

E
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A
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N

 (m
)

203

A-08-005

1
5
.0

m
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T
¨
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4
4
+

8
5
m

 ¨

FILL:SILT (ML), stiff, brown, moist

SANDY LEAN CLAY (CL): hard, medium brown

moist, about 15% GRAVEL, about 40% fine 

to coarse SAND, about 60% fines

SEDIMENTARY ROCK (SHALE): gray, moderately

weathered, hard, moderately fractured,

weakly fissile with concretion beds

[ARDATH SHALE], [SILT (ML), hard, moist]

1-31-08

Terminated at El. 32.1 m

ER = 1.27i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00

1.

 

 

 

2.

 

 

 

 

3.

 

 

 

 

 

 

 

  

 

 

 

4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i

i

i

i

i

i

i
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36

becomes GRAVELLY with COBBLES

- 12.8 M

12.714.6 M DS

- 13.1 M

PA DS EI CR

PA EI CR

6250/152

36 S0324

REF/75

El. +45.6 m +46+46
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FILL: SILT (ML), with SAND and GRAVEL,

very stiff, light brown, moist, some

roots

SANDY LEAN CLAY with GRAVEL (CL): very 

dense, light brown with mottling, 

moist, about 15% fine to coarse GRAVEL, 

about 45% fine to coarse SAND, about 

60% fines

becomes very stiff, light brown with 

gray mottling, moist

PI CP

UW

PI

SANDY CLAY with GRAVEL (CL) very dense, light

brown with mottling, moist, about 15% fine

to coarse GRAVEL, about 45% fine to coarse

SAND, about 60% fine

1-31-08

Terminated at El. 32.8 m

ER = 1.27i
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445

1 : 500

PLAN

PROFILE
VERTICAL

HORIZONTAL

1 : 100

1 : 500

Wall "445R"
i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00

1.

 

 

 

2.

 

 

 

 

3.

 

 

 

 

 

 

 

  

 

 

 

4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.

i

i

i

i

i

i

i

i
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1-30-08

Terminated at El. 33.4 m

FILL: SILT (ML), soft, olive brown,

moist

SANDY LEAN CLAY (CL): hard, grayish

brown, moist, about 35% fine to coarse

SAND, about 65% fines

TERRACE DEPOSIT: SILT (ML), very stiff,

olive gray, moist

PI
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REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

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

Poorly graded GRAVEL with SAND

Poorly graded GRAVEL with CLAY and

Poorly graded GRAVEL

Poorly graded GRAVEL with SILT and SAND

Poorly graded GRAVEL with SILT

Poorly graded SAND

Poorly graded SAND with SILT

Poorly graded SAND with CLAY

Poorly graded SAND with CLAY and

Poorly graded SAND with SILT and GRAVEL

Poorly graded SAND with GRAVEL

Poorly graded GRAVEL 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 PERCENT OR PROPORTION OF SOILS

MOISTURE

APPARENT DENSITY OF COHESIONLESS SOILS

PARTICLE SIZE

Description

Very loose

Loose

Medium Dense

Dense

Very Dense

Criteria

Damp but no visible water

Description

Dry

Moist

Wet

Absence of moisture, dusty, dry to the 

touch

Visible free water, usually soil is 

below water table

Criteria

5 to 10%

15 to 25%

30 to 45%

50 to 100%

Trace

Few

Little

Some

Mostly

Description

Particles are present but estimated to 

be less than 5%

Size

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

No. 10 to No. 4

No. 40 to No. 10

No. 200 to No. 40

60

0 - 4

5 - 10

11 - 30

31 - 50

   > 50

CP

C

UU

CU

CR

EI

UC

PI

Pocket PenetrometerPP

TV

M

OC

SE

UW

VS

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

Pocket Torvane

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)

Unconfined Compression-Soil

(ASTM D 2166)

Unconfined Compression-Rock

(ASTM D 2938)

Unconsolidated Undrained 

Triaxial (ASTM D 2850)

Unit Weight (ASTM D 4767)

Vane Shear (AASHTO T 223)
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SPT N   (Blows / 300 mm)

> 300 mm

76 mm to 300 mm

19 mm to 76 mm

No. 4 to 19 mm

MISCELLANEOUS RETAINING WALLS

3/9/09  

LOG OF TEST BORINGS SHEET NO. 1 OF 11

RW "445R"

A-87



Weak

Moderate

Strong

Criteria

CEMENTATION

Description

Will not crumble or break with finger 

pressure.

Crumbles or breaks with considerable 

finger pressure.

Crumbles or breaks with handling or 

little finger pressure.

Size

Size

S
iz

e
S

iz
e

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
ti

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

CONE PENETRATION TEST (CPT) SOUNDING

on tip element

Hole I.D.

L
o

c
a
ti

o
n

 

Top Hole El.

Boring Date

Friction Ratio (%) Tip Bearing (MPa)

0246 302010

Pressure measured

Dynamic Cone Penetration Boring

Auger Boring

Rotary drilled boring 

Rotary percussion boring (air)

Rotary drilled diamond core

Other

Cone Penetration Test (ASTM D 5778-95)

Symbol Description

R 

P

A 

D

R

CPT

HD 

HA

O

Hole

Type

BOREHOLE IDENTIFICATION

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

Terminated at Elev
Terminated at Elev
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CONSISTENCY OF COHESIVE SOILS

Field Approximation

Readily indented by thumbnail

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

Description

Readily indented by thumb but 

penetrated only with great effort

Indented by thumbnail with 

difficulty

Easily penetrated several inches 

by fist

Easily penetrated several inches 

by thumb

Penetrated several inches by 

thumb with moderate effort

PLASTICITY OF FINE-GRAINED SOILS

Nonplastic

Low

Medium

High

CriteriaDescription

The thread can barely be rolled and the lump cannot be formed when drier than the 

plastic limit.

The thread is easy to roll and not much time is required to reach the plastic limit. 

The thread cannot be rerolled after reaching the plastic limit. The lump crumbles 

when drier than the plastic limit.

It takes considerable time rolling and kneading to reach the plastic limit. The thread 

can be rerolled several times after reaching the plastic limit. The lump can be formed 

without crumbling when drier than the plastic limit.

< 24 < 24 < 12

12 to 2424 to 48 24 to 48

24 to 4848 to 96 48 to 96

96 to 192

96 to 192 96 to 192

> 192> 383 > 383

48 to 96

192 to 383 192 to 383

A 3 mm thread cannot be rolled at any water content.

Unconfined

Compressive

Strength (tsm)

Pocket

Penetrometer

Measurement (tsm)

Torvane

Measurement (tsm)

Hand driven (25 mm soil tube)

Hand Auger

Note: Size in millimeters.

Size of Sampler 

(millimeters)

76

Blows per 76 mm

(Using 12.7 kg hand 

hammer with a 76 mm

drop or as noted) Driving rate in

seconds per 300 mm

(using a Stanley

MB 156 percussion

hammer and a 56 mm

cone, or as noted)

25

2

Pressure measured

along sleeve friction

element (225 cm

area) divided by 

pressure measured

on tip element.

2(2 cm area)

3/9/09  

MISCELLANEOUS RETAINING WALLS

LOG OF TEST BORINGS SHEET NO. 2 OF 11

RW "445R"
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IGNEOUS ROCK

LEGEND OF ROCK MATERIALS

SEDIMENTARY ROCK

METAMORPHIC ROCK

WEATHERING DESCRIPTORS FOR INTACT ROCK

Diagnostic features

Texture and Solutioning

Body of Rock Texture Solutioning

Preserved.

No solutioning.No change.

Decomposed

Fresh

Description

Chemical Weathering-Discoloration

and/or oxidation

Resembles a soil, partial

or complete remnant rock

structure may be preserved;

leaching of soluble

minerals usually complete.

Complete separation

of grain boundaries

(disaggregated).

Soluble min-

erals may be

mostly leached.

Generally

preserved.

Partial separation of

boundaries visible.

Texture

altered by

chemical

disintegra-

tion (hy-

dration,

argillation).

Leaching of 

soluble min-

erals may be

complete.

Minor leaching

of some solu-

ble minerals

may be noted.

No visible separation,

intact (tight).

No separation, intact

(tight).

No discoloration

or oxidation.

Mechanical Weathering-

Grain boundary condi-

tions (disaggregation)

primarily for granitics

and some coarse-grained

sediments

No discoloration, not 

oxidized.

Fracture 

Surfaces

General Characteristics

Hammer rings when crystalline 

rocks are struck. 

Hammer rings when crystalline 

rocks are struck. Body of 

rock not weakened. 

Hammer does not ring when 

rock is struck. Body of rock 

is slightly weakened. 

Dull sound when struck with 

hammer, usually can be broken 

with moderate to heavy manual 

pressure or by light hammer 

blow without reference to 

planes of weakness such as 

incipient or hairline frac-

tures, or veinlets. Rock is 

significantly weakened.

Can be granulated by hand.

Resistant minerals such as 

quartz may be present as 

"stringers" or "dikes."

Slightly

Weathered

Moderately

Weathered

Intensely

Weathered

Minor to complete 

discoloration or 

oxidation of most 

surfaces.

All fracture surfaces 

are discolored or

oxidized.

All fracture surfaces 

are discolored or 

oxidized, surfaces 

friable.

Partial separation, rock 

is friable; in semiarid 

conditions granitics are

disaggregated.

FRACTURE DENSITY

Observed Fracture Density

Unfractured

Very slightly fractured

Slightly fractured

Moderately fractured

Intensely fractured

Very intensely fractured

Description

Combination descriptors (such as "Very intensely to intensely fractured") are used where equal 

distribution of both fracture density characteristics is present over a significant interval or 

exposure, or where characteristics are "in between" the descriptor definitions. Only two adjacent 

descriptors may be combined.

ROCK HARDNESS

Criteria

Very Soft

Soft

Hard

Very Hard

Description

PERCENT CORE RECOVERY (REC) & ROCK QUALITY DESIGNATION (RQD)

Top Hole El.

B
o

ri
n

g
 

lo
c
a
ti

o
n

Hole I.D.

REC=100%

RQD=50%

REC=100%

RQD=80%

REC=88%

RQD=0%

Boring Date

End drilled interval

Begin drilled interval

Begin drilled interval

End drilled interval

Begin drilled interval

End drilled interval

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

Specimen can be scratched with a pocket knife or sharp pick with difficulty (heavy 

pressure). Heavy hammer blows required to break specimen.

Specimen can be scratched with pocket knife or sharp pick with light or moderate 

pressure. Core breaks with moderate hammer pressure.

Specimen can be grooved or gouged easily by a pocket knife or sharp pick with light 

pressure, can be scratched with fingernail. Breaks with light to moderate manual pressure.

Extremely Hard

Moderately Soft

Moderately Hard

Specimen cannot be scratched with a pocket knife or sharp pick; can only be chipped with 

repeated heavy hammer blows.

Specimen cannot be scratched with a pocket knife or sharp pick. Breaks with repeated 

heavy hammer blows.

Specimen can be readily indented, grooved or gouged with fingernail, or carved with a 

pocket knife. Breaks with light manual pressure.

Description Thickness / Spacing

Massive

Moderately bedded

Very thinly bedded

Laminated 

Very thickly bedded

Combination descriptors (such as "slightly weathered to fresh") are permissible where equal distribution of both weathering characteristics is present over 

significant intervals or where characteristics present are "in between" the diagnostic feature. However, combination descriptors should not be used where 

significant, identifiable zones can be delineated. Only two adjacent descriptors may be combined. "Very intensely weathered" is the combination descriptor for 

"intensely weathered to decomposed."

Thickly bedded

Thinly bedded

Specimen can be grooved 5 mm deep with a pocket knife or sharp pick with moderate 

or heavy pressure. Breaks with light hammer blow or heavy manual pressure.

BEDDING SPACING

Discolored or oxidized 

throughout, but resistant 

minerals such as quartz may 

be unaltered; all feldspars 

and Fe-Mg minerals are 

completely altered to clay. 

Discoloration or oxidation 

extends from fractures 

usually throughout; Fe-Mg 

minerals are "rusty," 

feldspar  crystals are 

"cloudy." 

Discoloration or oxidation 

is limited to surface of, 

or short distance from, 

fractures; some feldspar 

crystals are dull. 

Discoloration or oxidation 

throughout; all feldspars 

and Fe-Mg minerals are 

altered to clay to some 

extent; or chemical 

alteration produces 

in-situ disaggregation, 

see grain boundary 

conditions. 
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No fractures.

Mostly chips and fragments with a few scattered short core lengths.

Lengths greater than 1 m.

Lengths from 300 mm to 1000 mm with few lengths less than 300 mm or

greater than 1000 mm.

Lengths mostly in 100 mm to 300 mm range with most lengths about 200 mm.

Lengths average from 30 mm to 100 mm with scattered fragmented

intervals with lengths less than 100 mm.

x 100%REC =

RQD = x 100%

>

Length of the recovered core pieces

Total length of core run

Total length of core run

Length of intact core pieces   100 mm

Term

Strong

Weak

Very Weak

Very Strong 

RELATIVE STRENGTH OF INTACT ROCK

Extremely Strong

Medium Strong

Extremely Weak

1 m to 3 m

30 mm to 100 mm

10 mm to 30 mm

Greater than 3 m

300 mm to 1 m

Less than 10 mm

100 mm to 300 mm

Uniaxial Compressive Strength (MPa)

> 207 

100  - 207 

49  - 100 

25  - 49 

5  - 25 

1  - 5 

< 1 

3/9/09  

RW "445R"

MISCELLANEOUS RETAINING WALLS

LOG OF TEST BORINGS SHEET NO. 3 OF 11

A-89



1 : 500

PLAN

PROFILE
VERTICAL

HORIZONTAL

1 : 100

1 : 500

"C
C

R
1" 

L
IN

E

203
203

203

203

A-08-009

North Wingwall

Wall "445R"

Abutment 15

444

"
C

C
R

1
"
 L

in
e

6247 12.416.5
EI CR

M DS PA

6233 15.517.1
DS

M

3611
- 6.9 M PA

3617

62

3661

50/127

+36

+34

+32

+30

+28

+36

+34

+32

+30

+28

layer of COBBLES encountered

El. +36.9 m

+38+38

E
L

E
V

A
T

IO
N

 (
m

) E
L

E
V

A
T

IO
N

 (m
)

A-08-009
203

SANDY LEAN CLAY (CL): stiff, brown, moist, 

about 6% GRAVEL, about 47% fine to coarse 

SAND, about 47% fines

ALLUVIUM: CLAY (CL), very stiff, dark brown, moist

POORLY GRADED SAND (SP): medium dense, reddish 

brown, moist

TERRACE DEPOSIT: SANDY SILT (ML), hard, alternating 

layers of light brown and light gray, moist, about

40% fine SAND, about 60% fines

PI

UW

C
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NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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MISCELLANEOUS RETAINING WALLS

RW "445R"

3/9/09  

LOG OF TEST BORINGS SHEET NO. 4 OR 11

FILL: SANDY LEAN CLAY with GRAVEL (CL), hard brown, 
moist, about 15% GRAVEL, about 41% fine to 
coarse SAND, about 45% fines
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SEDIMENTARY ROCK: [becomes interbedded with

SAND and GRAVEL]

2-1-08

Terminated at El. 27.0 m

2-10-08

Terminated at El. 17.1 m

i
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NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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ER = 1.27

MISCELLANEOUS RETAINING WALLS

RW "445R"

3/9/09  

LOG OF TEST BORINGS SHEET NO. 5 OF 11

SEDIMENTARY ROCK (SHALE): gray,  moderately 

weathered, hard,  moderately fractured,weakly 

fissile with concretion beds [ARDATH SHALE],  

(SILT, hard, moist) 
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TERRACE DEPOSIT: CLAYEY GRAVEL with SAND (GC):

very dense, brown, moist, about 50% GRAVEL, about

35% SAND, about 15% fines
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2-1-08

Terminated at El. 29.8 m

1-31-08

Terminated at El. 30.1 m

ER = 1.27i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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MISCELLANEOUS RETAINING WALLS

RW "445R"

3/9/09  

LOG OF TEST BORINGS SHEET NO. 6 OF 11
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FILL: SILTY SAND with GRAVEL (SM), medium dense, reddish

brown, moist to very moist, about 20% fine to coarse

GRAVEL, about 70% fine to coarse SAND, about 10% fines

TERRACE DEPOSIT: CLAYEY SAND with GRAVEL and COBBLES (SC),

very dense, reddish brown, wet, about 5% subrounded COBBLES,

about 20% fine to coarse GRAVEL, about 60% fine to coarse
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SEDIMENTARY ROCK (SHALE): gray, moderately weathered,

hard, moderately fractured, weakly fissile with

concretion beds [ARDATH SHALE], [SILT (ML), hard, moist]

2-10-08

Terminated at El. 17.5 m
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ER = 1.45i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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MISCELLANEOUS RETAINING WALLS

RW "445R"

3/9/09  

LOG OF TEST BORINGS SHEET NO. 7 OF 11
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FILL: SANDY LEAN CLAY with GRAVEL (CL), hard, mix of

reddish brown, light brown and gray, moist, about

35% fine to coarse SAND, about 15% fine to coarse

GRAVEL, about 60% fines

ALLUVIUM: SANDY SILT (ML), very stiff, mix of dark,

medium and light brown, moist, about 5% fine GRAVEL,

about 35% fine SAND, about 60% fines
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Terminated at El. 29.9 m
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NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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0.15 m Asphaltic Concrete

mottled, contains small chunks of light gray SILTSTONE,

slightly micaceous

No Recovery

CLAYEY SANDY GRAVEL (GW): very dense, light brown to light

gray, wet about 40% subrounded GRAVEL, about 40% fine to 

coarse SAND, about 20% CLAY

SANDY CLAY/CLAYEY SAND (CL/SC): hard, tan to light gray,

wet, about 50% CLAY, about 50% fine SAND, medium

plasticity, slightly micaceous

SANDY GRAVEL (GW): very dense, light gray, wet, about 70%

subangular to subrounded GRAVEL, about 30% fine to coarse

SAND

M DS
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6243
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6256
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SAND (SP): very dense, light brown, wet, fine to coarse grained 

SAND (SP): very dense, light gray, wet, fine to coarse grained, 

trace GRAVEL 

SANDY GRAVEL with COBBLE (GW): very dense light gray, wet 

about 70% GRAVEL, about 30% well sorted SAND 

becomes very moist to wet, trace of very fine SAND, some thin 

layering of light gray and light brown 

color change to light orange brown, mottled with light yellow 

to tan, slightly micaceous 

SILTY CLAY (CL): stiff, light red-brown, moist, about 70% CLAY, 

about 30% SILT, high plasticity 

CLAYEY SILT (ML): very stiff, light yellow brown, moist, about 

70% SILT, about 30% CLAY, trace subrounded GRAVEL, some Fe O  

staining, mottled with light gray chunks of SILTSTONE 

203

GWS EL. 31.4m

4-24-08

SILTY CLAY/CLAYEY SILT (CL-ML): hard, moist, about 50% CLAY, 

about 50% SILT, high plasticity, trace GRAVEL and SAND

A-08-052

UW

UW C

FILL: SANDY GRAVEL (GW), medium dense, light brown, damp, about

60% subangular to angular GRAVEL, about 40% fine SAND

[AGGREGATE BASE MATERIAL]

GRAVELLY CLAY (GC), stiff, light brown, damp to moist,

about 90% CLAY, about 10% subrounded GRAVEL, high plasticity

CLAYEY SILT (ML): very stiff, light yellow brown, damp to 

moist, about 80% SILT, about 30% CLAY, moderate plasticity, 

some light orange-brown oxidation 

4-24-08

Terminated at El. 20.5 m

ER = 1.45i

ALLUVIUM: SILTY CLAY (CL): hard, light brow, damp to moist,

about 80% CLAY, about 20% SILT, rootlets, some oxidation,

some modules of dark manganese staining 
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SANDY LEAN CLAY (CL): very stiff, brown, moist,

about 8% GRAVEL, ABOUT 30% SAND, about 62% fines

becomes stiff, olive brown

LEAN CLAYEY with SAND (CL): very stiff, light

brown with gray mottling, moist, about 4% fine

GRAVEL, about 17% fine to medium SAND, about

79% fines

19.6- M

GWS @ 29.6 m

LEAN CLAY with SAND (CL): very stiff, light

brown with gray mottling, moist, about 4% fine

GRAVEL, about 17% fine to medium SAND, about

79% fines
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El. +44.5 m

+46+46
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PS

FILL: CLAYEY SAND (SC): medium dense, brown, 

moist, about 20% fines, about 80% fine to 

coarse SAND 

ALLUVIUM: LEAN CLAY with SAND (CL): very stiff,

light brown, moist, about 20% fine to medium

SAND, about 80% fines

TERRACE DEPOSIT: POORLY GRADED SAND with GRAVEL

(SP): very dense, reddish brown, moist

1-30-08

1-30-08

Terminated at El. 24.7 m
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increase in SAND

trace CLAY
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62REF/152

36REF/152

REF/152

REF/152

REF/102

6269/229

REF/76

SILT (ML): hard, light gray brown, moist, slightly

micaceous, mottled, trace very fine SAND and 

GRAVEL

CLAYEY SILT (ML): hard, light brown, moist, slightly micaceous, 

some light brown CLAY clods, trace very fine SAND and GRAVEL 

El. +48.0 m
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GWS EL. 32.4m

4-28-08

12.714.6 M UW DS

FILL: SILTY SANDY GRAVEL (GW), dense, light gray brown, damp 

about 50% GRAVEL, about 40% SAND, about 10% SILT 

[AGGREGATE BASE]

SILT with GRAVEL (ML): hard, light yellow brown, dry to

damp, about 90% SILT, about 10% subrounded GRAVEL

CLAYEY SILT (ML): hard, light yellow brown, damp, about

90% SILT, about 10% CLAY, medium plasticity, contains

light brown clods of CLAY

CLAYEY GRAVEL (GC) stiff, light brown, damp about

60% subangular to subrounded GRAVEL, about 40% CLAY

0.18 m Asphaltic Concrete

some light orange brown Fe o  staining

SILTY CLAY (CL): very stiff, light yellow brown, damp,

about 60% CLAY, about 40% SILT, light orange to red

brown oxidation, some inclusions of light gray SILTSTONE,

trace fine SAND and GRAVEL

CLAYEY SILT (ML): increase in GRAVEL, slightly micaceous

contains small fragments of asphalt

ALLUVIUM: SANDY CLAY (CL), hard, light brown, moist, about

60% CLAY, about 40% fine SAND, medium plasticity, mottled

with light orange brown oxidation, trace GRAVEL

SANDY GRAVEL some CLAY (GW): very dense, light brown,

wet, about 60% subrounded GRAVEL, about 30% fine to coarse

SAND, about 10% CLAY, some COBBLE sized crystalline rock

SANDY GRAVEL (GW): very dense, light gray, wet, about

60% subrounded GRAVEL, about 40% fine to coarse SAND,

some COBBLE sized crystalline rock
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0.15 m Asphaltic Concrete

CLAY with GRAVEL (CL): hard, light brown, damp about 80%

CLAY, about 20% subrounded GRAVEL, some light orange

brown Fe O  staining

CLAYEY SILT (ML): hard, light yellow brown, damp, about

80% SILT, about 20% CLAY, medium plasticity, blocky,

disturbed sample

trace GRAVEL

contains clods of light gray SILTSTONE, light Fe O  

staining

trace nodules of white CaCO , blocky, mottled

trace clods of light brown SILTY CLAY

slow drilling

thin layering, trace dark nodules of manganese

SILTY CLAY (CL): hard, brown, moist, about 70% CLAY, about

30% SILT, high plasticity, slightly micaceous, trace fine

SAND and GRAVEL

CLAYEY SAND (SC): very dense, light brown, moist, about 

80% fine to coarse SAND, about 20% CLAY, trace GRAVEL

and COBBLE
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6263
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15.4 M14.6 DS

2 3

203

A-08-053

ALLUVIUM: SANDY CLAYEY GRAVEL (GC), hard, brown, moist,

about 70% CLAY, about 30% SAND, mottled with light

orange brown oxidation, trace GRAVEL and COBBLE

UW

FILL: SANDY GRAVEL (GW): dense, tan to light brown, damp

about 60% angular GRAVEL, about 40% SAND [AGGREGATE BASE]

SILTY CLAY (CL), some subrounded GRAVEL, stiff, light 

yellow brown, damp about 60% CLAY, about 40% SILT, high 

plasticity 

4-25-08

Terminated at El. 28.8 m

4-28-08

Terminated at El. 23.4 m

S
ta

 4
4

5
+

9
5

m
 ¨

ER = 1.45i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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ER = 1.45i
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0.18 m Asphaltic Concrete

becomes blocky, encountered cobble-sized rock

interlayered with brown SILTY CLAY (CL), very stiff

contains clods of light gray SILTSTONE, some light orange

brown oxidation, trace of nodules of white CaCo

SILTY CLAY (CL): hard, light brown, damp, about 60% CLAY,

about 40% SILT, high plasticity, mottled with light orange

brown to brown colors, trace GRAVEL and SAND

GRAVELLY CLAY (GC): hard, light brown to brown, damp, about

80% CLAY, about 20% subrounded CLAY, high plasticity, mottled

with light orange brown to brown colors, trace SAND and COBBLE

SILTY  CLAY (CL): hard, brown to gray brown, moist, about 70%

CLAY, about 30% SILT, high plasticity, highly mottled, trace

GRAVEL

SILTY SAND (SM): very dense, light brown, moist, about 90%

very fine SAND, about 10% SILT, some light orange-brown

oxidation

interlayered with light gray SANDS (SP): becomes wet and

GRAVEL becomes subrounded to rounded

GRAVELLY SILTY SAND (SM): very dense, light brown, moist, about 

70% fine SAND, about 20% SILT, about 10% rounded  GRAVEL 

13.0115 M DS

mottled with light yellow brown, light red brown to dark

brown, trace manganese staining, GRAVEL becomes angular

to rounded
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ALLUVIUM: SANDY CLAY (CL), hard, gray brown, moist, about

90% CLAY, about 10% fine SAND, high plasticity, weakly

layered, mottled with dark manganese staining, some light

orange brown oxidation
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FILL: SILTY SANDY GRAVEL (GW), dense, tan, damp, about 50%

angular to subangular GRAVEL, about 40% fine SAND, about

10% SILT [AGGREGATE BASE] 
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0.15 m Asphaltic Concrete

becomes dry to damp, blocky

blocky

slow drilling

slightly micaceous

CLAYEY SILT some GRAVEL (ML): very stiff to hard, light yellow 

brown, damp, mottled with light orange brown Fe O , contains 

inclusions of light gray SILTSTONE, about 90% SILT, about 10% CLAY 

GRAVELLY SILT with COBBLES (ML): very stiff yellow brown, damp, 

some light orange brown Fe O  staining, about 20% subrounded 

GRAVEL, about 80% SILT 

CLAYEY SILT with GRAVEL (ML): very stiff, light yellow brown, 

damp, mottled with light orange brown to light red brown colors, 

about 90% SILT, about 10% CLAY 

Contains clods of brown CLAY (CL), some inclusions of light gray 

SILTSTONE 

SILTY CLAY (CL): trace very fine SAND, some subrounded GRAVEL, 

stiff to very stiff, light brown, moist, mottled with light orange 

brown and light gray green colors,  slightly micaceous, about 40% 

SILT, about 60% CLAY 

slow drilling Interlayered with light green fine SANDY SILT, color 

change to gray brown, increase in CLAY content, high plasticity, 

trace pebble size SILTSTONE 
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FILL: SILTY SAND GRAVEL (GM), dense, light brown, damp, 0.38 m 

thick, Base Material 

GRAVELLY SILT (ML): stiff to very stiff, light yellow brown, damp, 

about 30% subrounded GRAVEL, about 70% SILT

UW

447

SEDIMENTARY ROCK (SHALE): gray, moderately weathered,

hard, moderately fractured,weakly fissile with

concretion beds [ARDATH SHALE], [SILT (ML), hard, moist]

4-29-08

Terminated at El. 32.3 m

4-8-08

Terminated at El. 23.9 m

ER = 1.45i

i

NOTES:

Pacific Drilling:

  Unimog: ER =1.27

  Mole: ER =1.00

  Minimole: ER =1.00
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4.

i

62 mm diameter samples were taken using a California

split-barrel sampler with an inside diameter (I.D.) of

62 mm and an outside diameter (O.D.) of 83 mm.

 

Automatic trip and safety hammer systems consisting of

hammer weight of 62.5 kg falling a distance of 762 mm were

used to advance the drive samplers in accordance with

ASTM D1586.

 

The average hammer energy ratio (ER ) reflects the

percentage efficiency of SPT blowcounts (N-value).

The estimated ER  for the various drilling equipment

used was as follows:

Boart Longyear:

  Longyear 1405: ER =1.45

  Prosonic Track Mounted: ER =1.00

  Prosonic 1: ER =1.45

  Minisonic: ER =1.00

Test America:

  CME 95: ER =1.45

 

The sedimentary rock was obtained utilizing a sonic drilling

technique; this method resulted in Core Recovery (REC) 

values of essentially 100%. Also, given the nature of the 

Sedimentary Rock (ie., friable, highly fractured, decomposed

rock) a Rock Quality Designation (RQD) index is not relevant

and therefore not reported on LOTBs.
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LOG OF TEST BORINGS SHEET NO. 11 OF 11

SILT with GRAVEL (ML), very stiff to hard, light yellow brown,

damp, about 90% SILT, about 10% subrounded GRAVEL,

medium plasticity
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11 SD 805 R42.6/R46.2 1 2

11275
2T0401 57-NEW

CARROLL CANYON ROAD BRIDGE

NOTE: A COPY OF THIS LOG OF TEST BORINGS IS
AVAILABLE AT OFFICE OF STRUCTURE MAINTENANCE
AND INVESTIGATIONS, SACRAMENTO, CALIFORNIA

As-Built Log of Test Borings sheet is considered an informational document only. As such,
the State of California registration seal with signature, license number and registration
certificate expiration date confirm that this is a true and accurate copy of the original
document. It does not attest to the accuracy or validity of the information contained in the
original document. This drawing is available and presented only for the convenience of
any bidder, contractor or other interested party.

BUREAU VERITAS NORTH AMERICA, INC.

REGISTERED ENGINEER - CIVIL, GEOTECHNICAL

AS-BUILT LOG OF TEST BORINGS 1 OF 2
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11 SD 805 R42.6/R46.2 2 2

11275
2T0401 57-NEW

CARROLL CANYON ROAD BRIDGE

NOTE: A COPY OF THIS LOG OF TEST BORINGS IS
AVAILABLE AT OFFICE OF STRUCTURE MAINTENANCE
AND INVESTIGATIONS, SACRAMENTO, CALIFORNIA

As-Built Log of Test Borings sheet is considered an informational document only. As such,
the State of California registration seal with signature, license number and registration
certificate expiration date confirm that this is a true and accurate copy of the original
document. It does not attest to the accuracy or validity of the information contained in the
original document. This drawing is available and presented only for the convenience of
any bidder, contractor or other interested party.

BUREAU VERITAS NORTH AMERICA, INC.

REGISTERED ENGINEER - CIVIL, GEOTECHNICAL

AS-BUILT LOG OF TEST BORINGS 2 OF 2
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Soil Consolidation
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Soil Consolidation
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Soil Consolidation

NOTE: This figure may contain areas of color. TESD cannot be responsi-
ble for any subsequent misinterpretation of the information resulting from
black and white reproductions of this figure.
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Soil Consolidation

NOTE: This figure may contain areas of color. TESD cannot be responsi-
ble for any subsequent misinterpretation of the information resulting from
black and white reproductions of this figure.
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Soil Consolidation

NOTE: This figure may contain areas of color. TESD cannot be responsi-
ble for any subsequent misinterpretation of the information resulting from
black and white reproductions of this figure.
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Soil Consolidation

NOTE: This figure may contain areas of color. TESD cannot be responsi-
ble for any subsequent misinterpretation of the information resulting from
black and white reproductions of this figure.
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Soil Consolidation

NOTE: This figure may contain areas of color. TESD cannot be responsi-
ble for any subsequent misinterpretation of the information resulting from
black and white reproductions of this figure.
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Soil Consolidation

NOTE: This figure may contain areas of color. TESD cannot be responsi-
ble for any subsequent misinterpretation of the information resulting from
black and white reproductions of this figure.
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Soil Consolidation

NOTE: This figure may contain areas of color. TESD cannot be responsi-
ble for any subsequent misinterpretation of the information resulting from
black and white reproductions of this figure.
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Soil Consolidation

NOTE: This figure may contain areas of color. TESD cannot be responsi-
ble for any subsequent misinterpretation of the information resulting from
black and white reproductions of this figure.
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Soil Consolidation

NOTE: This figure may contain areas of color. TESD cannot be responsi-
ble for any subsequent misinterpretation of the information resulting from
black and white reproductions of this figure.
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Soil Consolidation

NOTE: This figure may contain areas of color. TESD cannot be responsi-
ble for any subsequent misinterpretation of the information resulting from
black and white reproductions of this figure.
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Soil Consolidation

NOTE: This figure may contain areas of color. BVNA cannot be responsi-
ble for any subsequent misinterpretation of the information resulting from
black and white reproductions of this figure.
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Soil Consolidation

NOTE: This figure may contain areas of color. TESD cannot be responsi-
ble for any subsequent misinterpretation of the information resulting from
black and white reproductions of this figure.
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Soil Consolidation

NOTE: This figure may contain areas of color. BVNA cannot be responsi-
ble for any subsequent misinterpretation of the information resulting from
black and white reproductions of this figure.
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Fault: Newport-Inglewood-Rose Canyon/East
Style: Strike-Slip
Magnitude 7
R(km) 6.1
PBA 0.5g
Note: ARS curve was obtained from Fig B-8 of Seismic Design Criteria, June 2006, Version 1.4

(1) Spectral Acceleration Values were magnified by 20% for T >= 1.0 seconds, since project site is within 15 km of an active fault zone
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SLOPE STABILITY ANALYSES RESULTS (WALLS 437R AND 438R) 
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SLOPE STABILITY ANALYSES RESULTS (BATTERED MSE WALL 445R) 
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