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 May 17, 2012 
 CIWQS Place No. 778847 
        401 Database No.: 02-49-C0302 
 
Sent via electronic mail--no hard copy to follow 
 
California Department of Transportation 
Attn: Mr. Wajahat Nyaz 
Wajahat_Nyaz@dot.ca.gov 
111 Grand Ave. 
Oakland, CA  94612-3717 
 
Subject:  Water Quality Certification for the Marin Sonoma Narrows Widening 

Project, Contract C3, City of Petaluma, Sonoma County 
 
Department Project No.: EA 04-2640K 
 
Dear Mr. Nyaz: 
 
We have reviewed and hereby issue water quality certification to the California Department 
of Transportation (Department) for the Marin Sonoma Narrows Widening Project, Contract 
C3 (Project). The Department is seeking an Individual Permit for the Project from the U.S. 
Army Corps of Engineers pursuant to Section 404 of the Clean Water Act (33 U.S.C. § 
1344). As such, the Department has applied to the San Francisco Bay Regional Water 
Quality Control Board (Water Board) for a Clean Water Act Section 401 water quality 
certification that the Project will not violate State water quality standards. 
 
Project:  The Department is proposing to upgrade United States Highway 101 (U.S. 101) 
between Novato and Petaluma as part of the Marin-Sonoma Narrows HOV Widening 
Project (MSN). The Department has divided the overall MSN project into at least seven 
individual contracts:  

 A1, from State Route 37 to just north of Atherton Avenue in Novato. A 401 
certification was issued for this project on July 22, 2010;  

 A2, in Novato, between U.S. 101 northbound post-miles 20.5 and 20.9. A 401 
certification application was submitted to the Water Board on May 4, 2012; 

 A3, between Marin County U.S. 101 post-miles 22.2 and 24.1. A 401 certification 
application was submitted to the Water Board on April 17, 2012;  
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 B-1, between Marin County U.S. 101 post-miles 23.3 and 27.6 in the vicinity of Old 
Redwood Landfill Road. A 401 certification was issued for the Project on March 26, 
2012; 

 B-3, in the vicinity of San Antonio Creek between Marin County U.S. 101 post-miles 
27.0 and 27.6, and Sonoma County U.S. 101 post-miles 0.0 and 2.5. The 
Department intends to submit a 401 certification application in 2013;  

 B-2/B-4, between Sonoma County U.S. 101 post-miles 3.4 and 4.1, from the 
Petaluma Bridge south to the vicinity of Cloud Lane. A 401 certification was issued 
for the Project on March 26, 2012; and 

 C-3, the subject of this certification. 
 
This certification addresses proposed activities along U.S. 101 in the vicinity of State 
Route 116, between just north of the Petaluma River Bridge and approximately 0.2 miles 
north of Caulfield Lane, in the City of Petaluma. The Project extends between U.S. 101 
Sonoma post-miles 3.4 and 4.1. Major elements of the Project include: 

 Replacement of the existing four-span northbound U.S. 101/State Route 116 
separation and overhead with a new four-span structure; 

 Widening of the recently constructed southbound U.S. 101/State Route 116 
separation and overhead by 24 feet, along the eastern deck edge;  

 Reconstruction of the northbound U.S. 101 on/off-ramp at the State Route 116 
interchange; 

 Construction of retaining and sound walls along the northbound on-ramp at the 
State Route 116 interchange; 

 Construction of a temporary auxiliary lane along southbound U.S. 101 between the 
southbound on-ramp, from State Route 116 and the southbound U.S. 101 off-ramp, 
to Petaluma Boulevard South; 

 Reconstruction and widening of 3,920 linear feet of U.S. 101 to meet current 
freeway design standards and accommodate future high-occupancy vehicle lanes; 
and 

 Relocation of utility lines. The City of Petaluma sanitary sewer force main, AT&T 
underground lines, and PG&E overhead electric lines would be relocated.  

 
The Project area drains to the Petaluma River. Construction is estimated to start in August 
2012, with an estimated completion by August 2015. 
 
Impacts:  Project implementation would result in the permanent fill of approximately 0.226 
acres of a jurisdictional seasonal freshwater wetland. The wetland is located north of State 
Route 116 on the east side of U.S. 101, just east of the U.S. 101 northbound on-ramp. 
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Project implementation would also result in permanent impacts to approximately 0.328 
acres of riparian habitat.  
 
Project implementation would result in temporary impacts to approximately 0.019 acres of 
jurisdictional seasonal freshwater wetlands. 
 
Roadway Pollutant Impacts: Project implementation would result in approximately 4.07 
acres of new and 2.20 acres of reworked impervious area. Stormwater runoff from 
impervious areas may contain hydrocarbons, metals, volatile organic compounds, trash, 
and sediment at levels that may significantly impact jurisdictional waters if left untreated.  
 
Hydromodification Impacts:  Added impervious areas may result in alterations to existing 
hydrologic regimes, resulting in erosion and/or changes of sediment transport in receiving 
waters (hydromodification). Because this Project discharges to a tidal portion of the 
Petaluma River, hydromodification impacts would be insignificant. 
 
Avoidance and Minimization: The Department has avoided and minimized impacts to 
wetland and waters by incorporating retaining walls and selecting a project alternative with 
fewer impacts to wetlands and trees. 
 
Mitigation: The Department purchased 0.3 acres of wetland mitigation bank credits from 
Burdell Ranch Wetland Conservation Bank on December 15, 2010, to mitigate for 
permanent impacts to approximately 0.226 acres of jurisdictional seasonal freshwater 
wetlands. 
 
To mitigate for 0.328 acres of permanent impacts to riparian habitat, the Department shall 
enhance 1.8 acres (349 linear feet) of a tributary to Tolay creek at two locations by 
providing riparian tree re-vegetation. The property is currently owned by the Sonoma Land 
Trust. Riparian tree species established shall include a combination of willow, coast live 
oak, valley oak, California buckeye, blue elderberry, and big-leaf maple. The enhancement 
locations shall be fenced to exclude cattle from the area. The MSN B1 certification also 
requires mitigation along a different segment of the same tributary reach. The MSN B3 
certification, which may be issued in 2013, shall require completion of the remaining 
mitigation work along the tributary. Implementation of the tributary enhancement and 
fencing will occur at a date that would be specified in the MSN B3 certification. 
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The Department shall also remove a failed grade control structure and restore a stable 
channel profile to “Tributary 1” of Tolay Creek (T1). T1 drains a large watershed at the 
southwest quadrant of the mitigation site. Bank erosion is common and the riparian zone is 
denuded in the lower reaches of T1. The tributary currently includes a failed grade control 
structure that is exacerbating channel erosion. This certification requires a geomorphic 
study of the tributary and implementation of measures to remove the grade control 
structure and restore a stable channel profile to the tributary (see condition nos. 2.d and 
3). 
 
To mitigate for temporarily impacted wetlands and waters, the Department shall restore 
those areas to their original or improved conditions (see condition no. 5).  
 
Roadway Pollutant Mitigation: As mitigation for increased pollutant loads associated with 
impervious areas, the Department shall provide treatment of stormwater runoff from no 
less than 6.27 acres of impervious area using three bioretention swales (see Table 1, 
Bioretention Swale Summary, below, for swale information).  
 
The following bioretention swales would mitigate water quality impacts resulting from 
Project implementation: 
 
Table 1: Bioretention Swale Summary 

Location From Line Post Mile To Line Post Mile 
Treated Impervious 

Area (acres) 
Beneath Petaluma Bridge, north 

bank, just south of State Route 116 
“A” northbound 

187+83 
“A” northbound 

190+35 
0.50 

Inside northbound 101 to 116 loop 
off-ramp 

“R5” 95+86 “R5” 97+27 1.21 

Between 116 to 101 northbound on-
ramp and 101 mainline 

“R6” 298+92 “R6” 300+84 4.56 

  total: 6.27 

 
CEQA Compliance:  The Department prepared and approved an Environmental Impact 
Report for this Project pursuant to the provisions of the California Environmental Quality 
Act. The Department filed a Notice of Determination on July 27, 2009 (SCH No. 
2001042115). 
 
California Wetlands Portal:  It has been determined through regional, state, and national 
studies that tracking of mitigation/restoration projects must be improved to better assess 
the performance of these projects. In addition, to effectively carry out the State’s No Net 
Loss Policy for wetlands, the State needs to closely track wetland losses, gains, and 
mitigation/restoration project success.  Therefore, we require that the Department use the 
California Wetlands Standard Form to provide Project information related to impacts and 
mitigation/restoration measures (see Condition Nos. 6 and 7 of this certification). An 
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electronic copy of the form and instructions can be downloaded at: 
http://www.waterboards.ca.gov/sanfranciscobay/certs.shtml 
 
Project information concerning impacts and mitigation/restoration will be made available at 
the web link:  http://www.californiawetlands.net   
 
Certification:  I hereby issue an order certifying that any discharge from the referenced 
project will comply with the applicable provisions of sections 301 (Effluent Limitations), 302 
(Water Quality Related Effluent Limitations), 303 (Water Quality Standards and 
Implementation Plans), 306 (National Standards of Performance), and 307 (Toxic and 
Pretreatment Effluent Standards) of the Clean Water Act, and with other applicable 
requirements of State law.  This discharge is also regulated under State Water Resources 
Control Board Order No. 2003 - 0017 – DWQ, “General Waste Discharge Requirements 
for Dredge and Fill Discharges That Have Received State Water Quality Certification” 
which requires compliance with all conditions of this Water Quality Certification. The 
following conditions are associated with this certification:  
 

1. As mitigation for increased pollutant loads associated with impervious areas, the 
Department shall provide treatment of stormwater runoff from no less than 6.27 acres 
of impervious area using three bioretention swales. The swales shall be installed 
consistent with the swale summary in Table 1 and Attachment A of this certification. 
The swales shall be prepared per the soil specifications in Attachment A of this 
certification.  Any change in swale dimension or placement shall be prohibited without 
prior acceptance by Water Board staff. The swales shall be maintained regularly to 
ensure optimal performance; 

 
2. The Department shall submit, subject to the acceptance of Water Board staff, a Final 

Mitigation and Monitoring Plan for restoration and enhancement activities on Sonoma 
Land Trust property at Tolay Creek (Plan). The Plan shall be submitted not later than 
September 1, 2012. Project construction is prohibited until a Plan has been found 
acceptable to Water Board staff. The Plan shall include: 

 

a. A proposal to re-vegetate 126 linear feet of a tributary to Tolay Creek (both 
banks) in “Area T1.2” as identified in Attachment B, “Tolay Creek Mitigation 
Site Map.” The proposal shall include a detailed planting plan that includes a 
combination of willow, coast live oak, valley oak, California buckeye, blue 
elderberry, and big-leaf maple; 

b. A proposal to re-vegetate 223 linear feet of a tributary to Tolay Creek (both 
banks) in “Area T1.1” as identified in Attachment B, “Tolay Creek Mitigation 
Site Map.” The proposal shall include a detailed planting plan that includes a 
combination of willow, coast live oak, valley oak, California buckeye, blue 
elderberry, and big-leaf maple; 
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c. A proposal to install cattle exclusion fencing along 426 linear feet of “Area 
T1.1,” and 252 linear feet of “Area T1.2,” as identified in Attachment B, “Tolay 
Creek Mitigation Site Map”; 

d. A proposal to remove the failed grade control structure and restore a stable 
channel profile to the Tolay Creek tributary. A person qualified in the 
principles of fluvial geomorphology shall be consulted to develop the channel 
restoration plans;   

e. An invasive species control plan for Areas T1.1 and T1.2; 

f. Success criteria for all plantings; 

g. A monitoring period no less than ten years; 

h. A plan to provide additional planting, maintenance and monitoring until the 
success criteria is satisfied, if the required success criteria is not met;  

i. A plan to not consider any plantings successful if supplemental watering has 
been employed at any time during the previous two growing seasons; 

j. A plan to submit Annual Reports to the Water Board. At a minimum, 
mitigation monitoring reports shall be submitted for years 0 (as-built report), 
1, 3, 5, 7, and 10. All monitoring reports shall include photo-documentation 
utilizing consistent photo vantage points. If the monitoring report includes 
management recommendations, then the report must express whether the 
Department has the intention to immediately implement those 
recommendations; 

 
3. The required grade control work at Tolay Creek tributary T1.1 shall be fully 

implemented prior to Project completion. Riparian enhancement at T1.1 shall be 
completed within two years of implementation of grade control mitigation. Failure to 
meet this deadline may result in additional mitigation requirements. The Water Board 
staff shall be immediately notified if the Department does not seek 401 certification for 
MSN Contract B3 in 2013. Compensatory mitigation shall be proposed at that time for 
the required 126 linear feet of enhancement and fencing at tributary T1.2; 

 
4. Mitigation areas at Tolay Creek shall be subject to the terms of the December 21, 

2007, Grant Deed of Conservation Easement (Easement), and the November 2009, 
Tolay Creek Ranch Management Plan (Management Plan). Any subsequent change 
to the Easement or Management Plan shall be subject to the acceptance of Water 
Board staff; 

 
5. The Department shall restore all jurisdictional wetlands and waters to their pre-project 

or improved conditions, within the first growing season following cessation of 
construction activity in those areas. All temporarily disturbed areas shall be re-
vegetated using only native plant species. The Department shall not cause, through 
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operation of heavy machinery, or any other construction activity, compaction of 
wetlands or waters. Any compaction of wetlands or waters shall require mitigation; 

 
6. The Department is required to use the California Wetlands Standard Form to provide 

project information describing impacts and mitigation/restoration measures within 30 
days from the date of this certification.  An electronic copy of the form can be 
downloaded at: http://www.waterboards.ca.gov/sanfranciscobay/certs.shtml.  The 
completed California Wetlands form shall be submitted electronically to 
habitatdata@waterboards.ca.gov or shall be submitted as a hard copy to both: 1) The 
Water Board, 1515 Clay St., Suite 1400, Oakland, CA 94612, to the attention of 
California Wetlands Portal; and 2) San Francisco Estuary Institute, 4911 Central Ave., 
Richmond, CA 94804, to the attention of Mike May; 

 
7. Tolay Creek mitigation monitoring reports shall be submitted to the Water Board by 

January 1 of each year. Modification of this deadline is subject to the acceptance of 
Water Board staff.  The reports may be submitted by upload to the California 
Wetlands Portal website at http://www.californiawetlands.net/tracker/ba/list. Select the 
Tolay Creek restoration project from the Bay Area Project List and then use the “Files 
& Links” web-link on the mitigation site project page to upload the report. The 
Department shall immediately notify appropriate Water Board staff once the 
monitoring report has been uploaded. If the Department cannot, or chooses not to 
submit the report using the California Wetlands Portal, the report may be submitted 
directly to Water Board staff electronically, via e-mail; 

 
8. Utility line hydrostatic testing water shall be discharged only to the sanitary sewer; 

 
9. The Project shall be constructed in conformance with the Project Description 

described in this certification and certification application materials. Any change in the 
Project may require modification to the certification and shall be reported to the Water 
Board; 

 
10. The Department shall adhere to the conditions imposed by the Individual Permit 

issued to the Department by the U.S. Army Corps of Engineers, to the Streambed 
Alteration Agreement issued to the Department by the California Department of Fish 
and Game, the Biological Opinion issued to the Department by the National Marine 
Fisheries Service on January 26, 2009, and to the Biological Opinion issued to the 
Department by the U.S. Fish and Wildlife Service on April 1, 2009; 

 
11. Regardless of date, erosion control measures shall be utilized throughout all phases 

of construction where sediment-laden runoff threatens to enter waters of the State. At 
no time shall sediment-laden runoff be allowed to enter waters of the State; 
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12. No fueling, cleaning or maintenance of vehicles or equipment shall take place within 
jurisdictional waters or within any areas where an accidental discharge to waters of 
the State may occur;  

 
13. Except as expressly allowed in this Certification, the discharge, or creation of the 

potential for discharge, to waters of the State of any construction wastes and/or soil 
materials including cement, fresh concrete, or washings thereof, silts, clay, sand, oil 
or petroleum products and other organic materials to waters of the State is prohibited; 
  

 
14. This certification does not allow for the take, or incidental take, of any special status 

species. The Department shall use the appropriate protocols, as approved by the 
California Department of Fish and Game and the U.S. Fish and Wildlife Service, to 
ensure that Project activities do not impact the Beneficial Use of the Preservation of 
Rare and Endangered Species;   

 
15. The Department shall maintain a copy of this water quality certification at the Project 

site so as to be available at all times to site operating personnel.  It is the 
responsibility of the Department to assure that all personnel (employees, contractors, 
and subcontractors) are adequately informed and trained regarding the conditions of 
this certification; 

 
16. This certification action is subject to modification or revocation upon administrative or 

judicial review, including review and amendment pursuant to Section 13330 of the 
California Water Code (CWC) and Section 3867 of Title 23 of the California Code of 
Regulations(23 CCR); 

 
17. This certification action does not apply to any discharge from any activity involving a 

hydroelectric facility requiring a Federal Energy Regulatory Commission (FERC) 
license or an amendment to a FERC license, unless the pertinent certification 
application was filed pursuant to California Code of Regulations (CCR) Title 23, 
Subsection 3855(b) and that application specifically identified that a FERC license or 
amendment to a FERC license for a hydroelectric facility was being sought; and 

 
18. Certification is conditioned upon total payment of the full fee required in State 

regulations (23 CCR Section 3833).  Water Board staff received full payment of 
$1,878.00 on February 29, 2012. 

 
We anticipate your cooperation in implementing these conditions.  However, please be 
advised that any violation of water quality certification conditions is a violation of State law 
and subject to administrative civil liability pursuant to California Water Code (CWC) section 
13350.  Failure to respond, inadequate response, late response, or failure to meet any 
condition of this certification may subject you to civil liability imposed by the Water Board to 
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a maximum of $5,000 per day per violation or $10 for each gallon of waste discharged in 
violation of this certification.   
 
Certification condition numbers 2, 3, 6, and 7 are requirements for information and 
reports. Any requirement for a report made as a condition to this action is a formal 
requirement pursuant to CWC section 13267, and failure or refusal to provide, or 
falsification of such required report is subject to civil liability as described in CWC section 
13268. 
 
We anticipate no further action on this request.  Should new information come to our 
attention that indicates a water quality problem with this project, the Water Board may 
issue Waste Discharge Requirements pursuant to 23 CCR Section 3857.   
 
If you have any question, please contact Brendan Thompson at (510) 622-2506, or via e-
mail to BThompson@waterboards.ca.gov. 
 
 Sincerely, 
 
 
 
 
 
 
 
 Bruce H. Wolfe 
 Executive Officer 
 
 
Attachments:  A- Biofiltration Swale and Strip Design and Soil Specifications 
 B- Tolay Creek Mitigation Site Map 

 
cc (via e-mail):  Mr. Bill Orme SWRCB-DWQ Mr. Dale Bowyer, Water Board 

 Ms. Laurie Monarres, USACE Mr. Cyrus Vafai, Caltrans 
 Ms. Jane Hicks, Regulatory Branch, USACE Mr. Hardeep Takhar, Caltrans 
 Mr. Tim Dodson, CDFG Mr. Jason Brush, USEPA 
 Mr. Bob Neale, Sonoma Land Trust 

Ms. Melissa Escaron, Caltrans 
Ms. Paula Gill, USAC 
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10-1.__  IMPORTED BIOFILTRATION SOIL 

GENERAL 

Summary 

This work includes furnishing and placing imported biofiltration soil. 
Submittals 

Compost: Before mixing compost with sand and topsoil, submit: 
 
1. A Certificate of Compliance from the compost supplier in conformance with the 

provisions in Section 6-1.07, "Certificates of Compliance," of the Standard 
Specifications. 

2. A copy of the compost producer's compost technical data sheet.  The compost technical 
data sheet must include: 

 
2.1. Laboratory analytical test results 
2.2. List of product ingredients 

 
3. A copy of the compost producers Seal of Testing Assurance certification. 
 
Imported biofiltration soil: Imported biofiltration soil must be accompanied by a Certificate 

of Compliance, from the soil supplier, in conformance with the provisions in Section 6-1.07, 
“Certificates of Compliance,” of the Standard Specifications. 

 
Quality Control and Assurance 

Saturated hydraulic conductivity for imported biofiltration soil must be at least 5 inches per 
hour. 

 
MATERIAL 

Imported biofiltration soil must be a uniform mixture of sand, compost, and topsoil.  
Volumetric proportion of the mixture must be: four-parts sand; two-parts compost; one-part 
topsoil. 

 
Sand 

Sand must be free of wood, waste, coating such as clay, stone dust, carbonate, or any other 
deleterious material. All aggregate passing No. 200 sieve size must be non-plastic. Sand must be 
graded within the following limits: 

 
Sieve Size Percentage Passing 

3/8" 100 
No. 4 90 - 100 
No. 8 70 - 100 

No. 16 40 - 95 
No. 30 15 - 70 
No. 40 5 - 55 

No. 100 0 - 15 
No. 200 0 - 5 

 
Grain size analysis results of the sand component must be performed in accordance with 

ASTM D 422, Standard Test Method for Particle Size Analysis of Soils. 



 
Compost 

The compost producer must be fully permitted as specified under the California Integrated 
Waste Management Board, Local Enforcement Agencies, and any other State and Local 
Agencies that regulate solid waste facilities.  If exempt from State permitting requirements, the 
composting facility must certify that it follows guidelines and procedures for production of 
compost meeting the environmental health standards of Title 14, California Code of Regulations, 
Division 7, Chapter 3.1, Article 7. 

The compost producer must be a participant in the United States Composting Council's Seal 
of Testing Assurance program. 

Compost may be derived from any single or mixture of any of the following feedstock 
materials: 

 
1. Green material consisting of chipped, shredded, or ground vegetation; or clean processed 

recycled wood products 
2. Biosolids 
3. Manure 
4. Mixed food waste 
 
Compost feedstock materials in a manner that reduces presence of weed seeds, pathogens and 

deleterious materials as specified under Title 14, California Code of Regulations, Division 7, 
Chapter 3.1, Article 7, Section 17868.3. 

Compost must not be derived from mixed municipal solid waste and must be reasonably free 
of visible contaminants.  Compost must not contain paint, petroleum products, pesticides or any 
other chemical residues harmful to animal life or plant growth.  Compost must not possess 
objectionable odors. 

Metal concentrations in compost must not exceed the maximum metal concentrations listed 
in Title 14, California Code of Regulations, Division 7, Chapter 3.1, Section 17868.2. 

Compost must comply with the following: 
 



Physical and Chemical Requirements 
Property Test Method Requirement 

pH TMECC 04.11-A 
Elastometric pH 1:5 Slurry Method 
pH Units 

6.5 - 8.0 

Soluble Salts TMECC 04.10-A 
Electrical Conductivity 1:5 Slurry Method 
dS/m (mmhos/cm) 

0 - 6.0 

Moisture Content TMECC 03.09-A 
Total Solids & Moisture at 70 +/- 5 deg C 
% Wet Weight Basis 

30 - 60 

Organic Matter 
Content 

TMECC 05.07-A 
Loss-On-Ignition Organic Matter Method (LOI) 
% Dry Weight Basis 

35 - 75 

Maturity TMECC 05.05-A 
Germination and Vigor 
Seed Emergence 
Seedling Vigor 
% Relative to Positive Control 

 
 

80 or Above 
80 or Above 

Stability TMECC 05.08-B 
Carbon Dioxide Evolution Rate 
mg CO2-C/g OM per day 

 
 

8 or below 
Particle Size TMECC 02.02-B 

Sample Sieving for Aggregate Size Classification 
% Dry Weight Basis 
 

Inches          % Passing 
3 100% 

1/2 0 - 95% 
1/4 0 - 75% 

 
Max. Length 4 inches 

Pathogen TMECC 07.01-B 
Fecal Coliform Bacteria 
< 1000 MPN/gram dry wt. 

 
Pass 

Pathogen TMECC 07.01-B 
Salmonella 
< 3 MPN/4 grams dry wt. 

 
Pass 

Physical Contaminants TMECC 02.02-C 
Man Made Inert Removal and Classification: 
Plastic, Glass and Metal 
% > 4 mm fraction 

 
Combined Total: 

< 1.0 
 

Physical Contaminants TMECC 02.02-C 
Man Made Inert Removal and Classification: 
Sharps (Sewing needles, straight pins and hypodermic 
needles) 
% > 4 mm fraction 

 
 

None Detected  

NOTE: TMECC refers to "Test Methods for the Examination of Composting and Compost," published by the 
United States Department of Agriculture and the United States Compost Council (USCC). 

 
Topsoil 

Topsoil must be free of wood, waste or other deleterious material.  The topsoil texture must 
be loamy.  Overall dry weight percentages must be 60 to 90 percent sand, with less than 20 
percent passing the No. 200 sieve, less than 5 percent clay, and no gravel.  

 
CONSTRUCTION 

Comply with Section 20-3.02, "Preparation," of the Standard Specifications. 
Place imported biofiltration soil in 8 to 12- inch lifts.  Do not compact the lifts. 
 



MEASUREMENT AND PAYMENT 

Quantity of imported biofiltration soil is measured by the cubic yard. 
The contract unit price paid per cubic yard for imported biofiltration soil includes full 

compensation for furnishing all labor, materials, tools, equipment, and incidentals, and for doing 
all the work involved in imported biofiltration soil, complete in place, including testing, as 
shown on the plans, as specified in the Standard Specifications and these special provisions, and 
as directed by the Engineer. 
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Gene K. Fong 
Division Administrator 
Federal Highway Administration 
California Division 
650 Capiml Mall, Suite 4-100 
Sacramento, California 95814 

Dear Mr. Fong, 

UNITED STATES DEPARTMENT OF COMMERCE 
National Ooe",,,ic and Atmospheric Administration 
hA rCl\AI. 1' .. ~ARr\jF FIR-lERIES SERVICE 

Southwest Region 
501 West Ocean Boulevard, Suite 4200 
Long Beach, Caliiornia 90802A213 

in response refer to: 
2007108320:DHW 

Thank you rOT your September 24, 2008, letter requesting consultation with NOAA's National 
Mmine Fisheries Scrvice's (NMFS) regarding the Califomia Department of Transportation's 
(Caltrans) proposed Marin Sonoma Narrows Project (MSN Project) that will widen Highway 101 
between State Roul", 37 in the City of' Novato, Ylarin County, and the Corona Road Overpass in 
the City of Petal urna, Sonoma County, California. The enclosed biological opinion considers 
the effe~ts of this proposed project on dU'catcned Central Califomia Coast (CCC) stcelhcad 
(Oncorhynchus mykiss) Distinct Population Segment (DPS), threatened Sonthern DPS of North 
American green smrgeon (AdpellSer mediroSlris), de,ignated clitical habitat fflf CCC steelhead, 
and proposed designated critical habitat for North Arnelican green sturgeon in accordance with 
section 7 of the Endangered Specics Act of 1973, as amcnded (16 U.S.C. 1531 el seq.). In 
addition, this letter transmits the result of Nl\:1FS' Essential Fish Habitat (EFH) consultation 
pursuant to section 305(b)(2) of the Magnuson-Stevens Fisheries Conservation and Management 
Act (!vISA). 

Endangered Species Act Consultation 

NMFS concludes in the biological opinion that the proposed action wilin[)tjeopaniize the 
continued existence of CCC steelhead and North American green sturgeon nor adversely modify 
designated critical habitat for CCC steelbead and tile proposed designated critical habitat for 
North Amcrican green sturgeon. However, we anticipate that take of steelhead as a result of this 
pruject will occur and, therefore, an incidental take statement with non-iliscretjonary terms and 
conditions is included. 

Essential Fish Habitat Consultation 

KMFS has evaluated the proposed pmjcct for potcntial adverse effects to Pacific salmon EFH 
pursuant to section 305(b)(2) of the MSA. After reviewing the effeCTS of the project on salmollid 
habitat as described in the enclosed biological opinion, NMFS hus determined that the proposed 
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action will have an adverse effect on the fall run Central Val ley (CV) Chinook salmon (0. 
tshawytsclw) EFH in Novalo and Snn Antonio creeks, and the Petaluma River. Section 
305(b)(4)(A) of the MSA authorizcs NMFS [() provide EFH Conservation Recommendations 
that will minimize adverse effects of an activity on EFH. For thiS project, conservntion measures 
are included in the project description. In addition, the enclosed biological opinion also contains 
non-discretionnry temlS and conditions that will minimize adverse effects to EFH. Therefore, 
N*S has not provided EFH Conservatiun Re~ommendations for this project. 

If you have any questions ahout this section 7 and EFH consultation, or if you require additional 
informatioll, plea,e contact Mr. Dave Walsh at (707) 575-6016. 

Enclosure 

cc: Russ Strach, NMPS, Sacramento 
Korie Schaeffer, NMFS, Santa Rosa 

Sincerely. 

r'1lvlLlM 1,*u~j~ 
\ IV Rodney R. McInnis 
Y!/ Regional Administrator 

Jeffrey G. Jcnson, John Yeakel, Kelly Nelson, CaltrallS District 4, Oakland 
Icremiah Puget, Notth Bay Regional Walcr Quality Control Board 
Melisa Escaron, CalifDrnia Department of Fish and Game 
.Iohn Cleckler, U.S. Fish and Wildlife Service 
Copy to File: 15l422SWR2007SR0049 



BIOLOGICAL OPINION 

ACTION AGENCY: California Departmenl of Transportation 

ACTION: Marin Sonoma Narrows Highway 101 High Occupancy Vehicle 
Lane Widening Project: Novato to Petaluma 

CONSULTATION 
CONDUCTED BY: NatiollHI Marine Fisheries Service, Southwcst Region 

TRACKING NUMBER; 2007/08320 

DATE ISSUED: ' (;(,1, 

1. CO:'lSCLTATIONHISTORY 

='IOAA's National Marine Fisheries SClvicc (NMFS) has been involved with the Mal"in Sonoma 
:-.rarrows (MSN) Highway 101 Lane Widening Project since the 2002 preliminary plmming 
stages. The pre-co1l5ultation and technical assislance hegan in May nl'2002. During this time, 
aJTected habitat was discussed and salmonid presence was evaluated in the project areas. 

In accordance with the National Environmental Policy Aet/404 Memorandum ofCndcrstandillg 
agreement (April 2(06) between the Federal lfighways Administration (FHWA) and Caiif(llTlia 
Deparlment of Transportation (Caltrans), the MSN Project passed through a Checkpoint and 
Comment process during its planning inception whieh allowed other participating agencies to 
comment on some pivOlal decisions regarding environmental and wnstmclion issues. 

On :-.rovembcr 1,2007, NlvlFS responded to a Caltrans' request for agreement on the purpose and 
need and range of alternatives for the .\1SN Project pursnant to the NEP N404 MaC with a lctter 
Slating that NMFS supported the decisions for project designs that would reduce impacts to 
aqillltic resources; induding bridge designs using the least >IIIlO1.ll1t of piles in watered challlleis 
and recommended free spanning bridges wherever feasible. 

On May 7, 2008, NMFS participaled in a CaltranR sponsored meeting in Oakland, California, to 
diRCURS the Least Environmentally Damaging Preferred Allernativc (LEDI'A) and conceptual 
mitigatiolll.l11dcr the NEPAl404 MOU. These discussions resulted in rcdueingimpacts to 
wetlands and Highway 101 neaT the Redwood Landfill, and to incorporate 2:1 grading of slopes 
in order to further reduceproj~ct impacts. NIliIFS responded to these decisions with a letter that 
f;uppOlted the LED!'A 12b, including the realignment andac~css point control in segment 13, as 
the preferred alternative of reaching the goals sct by CaltTans in easing traffic flow. In that letter, 
NMFS also offered a commitment to work alongside CaltTans slaiT in developing plans that will 
meet their conslruction goals whiJt: minimizing impaels to these protected resources. 



On August 7, 2008, )lMFS received a consultation request !ener from Caltrans asking 10 hlitime 
consultation under section 7 of the Endangered Species Act (ESA) and to concur with Caltran's 
determination "r"May Effect, l'\ot Likely to Adversely Arrect" for the threatened Central 
California Coast (CCe) steelhead (Onchorynchus Mykiss) Distinct Population Segment (DPS), 
the Southern DPS of)lorth American green sturgeon (Asipense/' medirostrius), CCC steelhead 
critical habitat, and N011h American green sturgeon proposed cliticai habitat. The letter also 
requested Essential Fish Habitat (EFH) consultation pursuant to the Magnuson-Stevens Fishery 
Conservation and Management Act (MSA). Under the MSA, Cal trans determined that there 
would be minim31 adverse affect on fall-run Centl'al Valley Chinook salmon (0. tshawycha) 
EFH in the Petaluma River within the action area, but did not mention the location in the project 
area where these affccts would occur. 

On August, 22, 2008, NMFS contacted Caltrans to update the progress made in the consultation 
process. NMFS reported that some of the project activities would likely involve the capture and 
relocation of CCC steel head and that this action would trigger take Df a listed species under the 
lOS/\., and, ther;;[or;;, :\IMFS would no! concur with the initial determination and that the 
determination would need to be changed to "May Affect, Likely to Adversely Affect". 

On August 1 it 2008, and Septembcr 24,2008, \IM FS recdved written consultation requests 
[rom the FHWA forilic MSN Project. The August 18 th letter stated that the FHWA also 
determined a "may effect, nOllikely to adversely affect" for project activity impacts to listed 
species, and thatth" project activities would not destroy or adversely modilY steelhead critical 
habitat in the project arca. The letter also stated thc'project would have minimal adverse affect 
on fall-rut! Ccntral Valley Chinook salmon EFH and that the informal consultation 
responsibilities had been previously delegated to Caltrans who would be consuhing with l\MFS 
lor Ern. In the September 24th letter, the FH W A changed their determination Irom a "not likely 
to adversely affect" to a "likely to adversely affect" for section 7 of the ESA. The FH W 1\ did 
not change the EFH determination for fall-run Chinook ill this I;;ller. In an email dated October 
28, NMFS confil111ed \vith Caltrans lh~t the FHW A was the lead agen(;y for the MSN Project. 

II. DESCRIPTION OF THE PROPOSED ACTION 

l:nder agreement with and funding from the FHWA Caltrans proposes to fl1lld the building of 
the MS;.J Project, which will widen 17.2 miles of Highway 101 in both the southern and northe111 
directions to alleviate severe trarlic increase in Marin and Sonoma counties. High Occupancy 
Vehicle (lIOV) lane~ and associated Stn.1CtlU'CS will he buill strutillg south orSlate Route 37 in 
the City of Novato and ending 1101th at the Corona Road oYcrCrossillg in the City ofl'etaluma. 
The MS)I Project will be constructed in mUltiple phases over consecutive construction sca~()ns 
with all work bdow Ordinary nigh Water (011 W) to occur between the dates of June 15 to 
October 31 althe creek crossings. with the exception of the proposed year-round pile driving 
activities in the Petaluma River. Bridge crosshlgs other than the Petaluma Rivcr Bridge will 
likely be completed within one-to-two construction seasons, while the Petaluma River Bridge 
may take as many as four construction seasons. Construction will occur within the next five 
years fTom i~suance ofthis biological opinion. 
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The MSN Project was initially planned as three. separate projects, denoted as segments A, B, and 
C, with independcnt utilit), and logical termini.' These segments were combined imo a single 
project area to address cumulative dfccts in the preliminary Enviromnentallmpact Statementi 
Environmental Impact RepOlt. In this biological opinion, :.lMFS periodically [efcrs to the A, B, 
and C format to reJate the location of pnljec( activities within the action area. 

In addition to the HOY lane widening, Caltrans has also proposed road improvement activities 
that include modifYing andeonstlUcting Highway 10] bridge crossing>', constrnctiJ1g new 
interchanges, upgrading drainage systems. constructing new Ii'ontage roads and bikeways, and 
relocating the flood prone "Segment B" of Highway 1 0 I to the west. 

Over the last 15 years, significant comm~rcial and residential growth has led to sevcl'e traffic 
increases through this corridor of Highway 101. The project's intention is to convelt Highway 
101 from a freeway and pm1ial expressway to a complete freeway in order to alleviate the traffic 
congestion by improving mnbilily through this corridor hetween Marin and Sonoma counties. 
The c[)nversion will be accomplished by providing additional traffic lanes and interchange 
ramps. 

A. Description of the l' .... pnsed Work 

The ncw HOY lanes will be the standard 12 feet in v,:idth with lO·foot inside shoulders and a 
concrete median barrier. Road widening v,ill occur at six bridge crossings over five creeks and 
one river. Caltrans has determined that the road widening at these six crossings may adversely 
affect sledhead and green sturgeon, and all other project activities for this project will have no 
effect to listed species and critical habitat. There are additional project activities in the MSN 
Project that are not directly over or afOlllld waterways, having varying distances between one to 
filUr miles from the creeks and river discussed inlhis biological opinion. Based 011 N:vfFS' 
familiarity \vith road and bridge projects, all other project activjli~s involve upland road work 
that are far enough away from the waterways in NMFS' judgmcnllo avoid efTects to listed 
salmonids, green sturgeon, and their habitats. ]\MFS is concerned with the project activities at 
the bridge sites that will impact Iistcd species and designated critical habitat and, therefore, will 
analyze the potential impacts at these six crossings. Widening over these crossings will either be 
accomplished by creating a ct:nter bridge that will effectively "fill in the gap" .between north and 
southbound lanes and extend tilt: outside shoulders. or with lhe construclion of new bridges. As 
part of the construction in Segment B, two additional bridges will be constructed Oil San Antonio 
Road, located to the west of Highway 101. 

Modifications to, or construction of, these crossings arc to OceLli" at the following Jive creeks and 
one river: Novato Creek; Rush Creek, San Antonio Creek, Washington Creek, Lynch Crcek,and 
the Petaluma River. There are also two blind end tide channels off of the Petaluma River that are 

I Segmenr A is the southern segillem thaf extends 4.3 miles - from just south of Slate Route 37 to no:th to the 
Alherrnn Avelme Interchange in The Ciry o.rNovato in Marin Cmmt)'; Segtllt!!lt 13 is the ct'nlr.(J1 segment. called the 
"nalTows", that extends ~.2 miles between Atbenon /\velJUe lnterchange [0 the ~DLlth ami tTcssing over the Marin
Sonoma county line and ending at Stlt0 Route 1.16 (East) to the nOlth; and Segment C is the nolthem Segmem. 
extending 4.71niles tl'om State. R01.1te 116 (East) to north of the Corona Ovcr('w:;sing in the City of Petaillllla 
(Sonoma Counly). 
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near construction actlvltl~S. The two blind ~nd tide channels are connected to the Petaluma 
River and could potentially provide seasonal rearing habitat for stcclhcad and green sturgeon; 
however, the extent of the project activitie, near the terminus or these channels is limited to 
equipment ~laging that, in NMFS' judgment, would not impact steclhcad and green sturgeon. 

[fwater is present at creek crossings, construction sites will be isolated from surface flow using 
temporary cofferdams for constructing bridge supports. The cofferdams will be constructed of 
interlocking sheet pilings, using a vibratory hammer and an impact hammer if difiicult driving is 
encountered. Cofferdams will only be installed or removed between June 15 to October 31. Anv 
water present in the creeks will be pumped or bypassed through pipes, using fish screens at both 
pipe ends. Flows in the Petaluma Kiver will remain continuous through the project area via a 
minimum 60-foot navigable passage and will be maintained at all times under the bridge 
regardless ofprojeet activities. Where water diversion is necessary, the contractor will comply 
with Caltrans' Storm Water Pollution Prevention Plan (SWPPP), Best Managementl'lans 
(BMl's) I\S-5, Clear Water Diversion. 

Fish relocation activities will be conducted at the Petaluma River, Lynch, and Novato Creek 
locations.2 Prior to the de\vatering, a biologist will survey the area and seine and dip net for fi~h, 
prior to pumping. There are no set number of passes with the seineS and dip nets, and the 
biologist will keep seining until no morc fish are captured in several passes. Salmonids are 
expectetlto be captured first, with the rcst of the time spcnt catching other fish species (MichaeJ 
Fawcett, personal commnnication, October 15, 2007). Wnter will be drnwn down to a level· 
where fish are accessible and can be removed. Multiple draw dowm ot'watcr and collections 
may he necessary to effectively remOve fish from some of the dcwatcrcd areas. Dip nelS will be 
used in the remaining small pools of water. All pumps v,ill be monitored by a biologist to ensure 
that no fish are impinged on the intake end during the dewatering process. Fish will be located 
to similar or better suited hahitat, either upstream or downstream and away fi'om the construclion 
area. 

Temporary talsework will he used to provide structural support during the bridge building 
process, and will either be hung from the pier walls via metal hook systems or built up from 
limber pads. 'Wl1crcvcr feasible, timber pads will be placed out of the wctted channel, along the 
banks with the usc of construction machinery for setting up andior dismantling the falsework. If 
the temporary falsework will require pile~ for pruper support, then all pile dliving activities will 
be conducted Gut of the channel and completely removed after construction is complete. 

The olher construction activities in the MSN Project will include the iollo\Ving: replacement of 
and improvements to the llighway 101 culvert drainage configuration3

; shifting and 
straightening the 8.2 miles of Segment B and converting it from an cxpressway·j to a freeway; 
and the construction of and modifications to interchanges, frontage roads, o\'crcrossillgs (state 

~ Li~ICtl ':lalnwnids or gree~1 sturgeon are not anticipated to be present at the other bridge locations during ilFvl'·atel" 
eUllsl ruet ion work as described below in th::- Em.';rOl1mlJ}1wl Baseline . 
." SIOrtll\Vclter ''I'll I be directed to existing hi~hway drainage systems and us/;,' existing olttr~Jls with upd<lted stOrm 
H,mer quality control SYSTems. 
·1 The strctcll of Segment B is currenily all expreSS'\vay \.\'hich includes four traffic lanes and l1a1"'OW shoulders of 
'':f1rying widths. seve1l1ocalion:; with limited sight dj~t;..mce. twu locaLiuns \\·ith recurring flooding. and at-,grade 
imersectiolls ;md driveway Cl,cet:ss U1C'X adversdy iJllpAct nmillliJ\~ uperatiOJl:). 
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roads) and llndercrossings (county roads) along the emirc MSN conidor. Thesc MSN 
cIlnstmclion activities arc in upland aTeas that are not near any waterways and, therefore, are not 
expected to affect listed species and critical habitat and therefore will not be analyzed in this 
biological opinion. POl' further detailed information on these activities please refer to Caltrans' 
biological assessment- A1arin Sonoma Narrow.\' Widening Project: iJioiogical Assessment jor 
Central California Coast Steelhead. Sou/hem DislinCl Population Segmcm .Nor'h American 
Green Sturgeon and Essential Fish IIabifaffor Chinook Salmon. 

Follovving is a discussion of sitc specific dctails: 

I. Novato Creek Hridgc Crossing in Segment A 

The existing par8Ilel bridges crossing Novato Creek arc two independent five-span continuous 
reinlorced concrete decks that measure 58.5 meters (m) (192 li:ei) each. The decks are suppOlted 
hy 44 octagonal piles in the ecntcr that measlU'C 18 inches in diameter and two diaphragm Type 
ab'ltmems at the ends on reinforced concrete piles. The Novato Creek Bridges accommodate six 
3.6 m (12 foot) lanes, \vith 3.6 m (12 foot) inside shoulders and 2.4 m to 3.0 m (8 fcct to 10 feet) 
outside shoulders. 

The project would \,:iden the bridge by constrl.lcting a center deck in the gap between the Novato 
Creek britiges - creating an adtiitional3.6 m (12 font) lane with 3.0 m (10 toot) shoulders. Lanc 
harriers would also be upgraded to the current standards. Modification o/'the supporting 
substl'llcture will require Class 625 driven precast concrete piles at the abutments (end supports) 
fUld use Cast in Steel Shell (CISS) piles to construct the columns for the piers (middle supports). 
The new abllimt:nts and piers will match the alignment of the existing ahutments and piles. 

Four 600 millimeters (mm) (2 foot) diameter eISS piles will be lIsed at each of the four piers: 
resulting in a total of Iii CI~S piles. CISS piles will be driven inlo the ground, clem'ed of dirt, 
reinforced with steel bar, and filled with concrete. i\ll concrete pouring will oceLlI' 11'0111 a 
concrete pump tnlck staged on thc creek bank. Existing piles in the area will either be removeti 
with vibratory hammers 01' len in place and cut off below the ground. Cofferdams will be 
installeti and matie watertight at the pier locations to dewater the area of suriace and subsurface 
tlow. 

Two additional platforms ",ill be built within the gap areas on each bank to provide a work 
surface for the pile rig equipment 11) tirive piles at the Pier 3 and 4 locations. The platforms will 
employ a closcd-fill system to protect it [rom tidal influences in the creek, andvvill be 
constructed from interlocking sheet piles to f011l1 an encloscd area that will be back filled with 
gravel. Sheet piles will he placed with either a vibratory or impact hammer wld gravel fill will 
be washed prior to use. 

Both platforms will extend 39 feet at each end of the bridge to the creck banks. The platform on 
the south bank will use 11,360 cuhic feet ofhacktm to create 1,698 square feet of work surface. 
and the platform on the north hank will use 12, 2&5 cubi~ reet of hack Ii II to create 1,800 square 
feel of work 81.llface. In the event that the platform does extend into the creek chanm:l then fish 
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relocation and dewateting plans have been proposed prior to the hack filling process and 
wnstruction o[lhe platforms will be perfolmcd no earlier than June 15. 

Following construction the closed-fill system and the lalsework will be removed. A 20-foot 
wide road along one side of the bridge at eacb abutment will be constructed to m()ve materials 
into and out o[the work area. After the constructiollmatcrials are retrieved, the creek banks will 
be stabilized and erosion control methods will be employed. 

2. San Antonio Creck Bridges (frontacc and mainline) in SCQll1cnt B 

Currently there are two bridges crossing San Antonio Creek: a crossing at Highway 10 I (or 
mainline) consisting of two independent parallel bridgc crossings; and a crossing at San Antonio 
Road (or li'ontage) to the west of Highway 101 consisting of a single hridge with two lanes. As 
part orthe transition fi'Om an expressway to a freeway in Segment e, these two hridges will be 
modified mId reassigned to h'affic crossings at new frontage roads that will run parallel and nank 
the cast and ,vest sides of Highway 101. The 8.1 miles of Highway J01 v.illthen be moved 
west, away from its eXisting configuration which is a tlood prone area. Two new bridges will be 
constructed at the new Highway 101 and San Antonio Road crossing locations - rewlting in a 
total of four bridge crossings over San Antonio Cl·eek. Ripmian and non-riparian tree loss win 
occur at the San Antonio Creek and Highway J 01 locations as a result of the two new bridges 
and access roads. 

If subsurface flow is pre~ent in the creek then cofferdams will he placed around the footing 
locations to dewater the area. Steelhead presence is not expected at these locations (as described 
below in lhe EnvironmenJal Baseline), and, therefore, fish relocation activities will not be 
conducted. Water will be pumped from the cofferdams to a truck or sediment basin and sealed 
from tbe inside to make watertight. The precast concrete piles will then be driven inside the 
cofferdams using an impact hammer, followed by the pouring of concrete over the piles to form 
!he footings. 

a. The Currenl Mainline Crossing (San Antonio Creek) 

'TIIC southbound Highway 101 crossing will be removed, and the 110lthbound crossing will be 
reconnected to a new frontage road that will nm on the east side parallel to llighwav 101. The 
southbonnd bridge on Highway 101 will be removed following the construction oftbe new 
llighway 101 Bridge to thc west, and w:ill involve the breaking and removing of the existing 
concrete. The bridge section will be dropped over land onto lilter fabric or similar materials and 
removed. BMPs will be employed to prevent falling debris trom entering the creek. 

b. 17le jVe1-F Jvfainline Crossing (San Al1fonio Creekj 

The new mainline crossing will he huilt nn the raised and realigned portion of 1 Iighway 101 that 
will run wesl o[the existing highway. The bridge will be a cagt in place concrete pre-stres~ed 
hox girder with rcinforced pier caps and abutments. Thc bridgn"lill either be a five span 
structure at 192.5 m (635 leel) long by 35.11 m (116 feet) wide, or a three span structure at 130.5 
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m (431 !eel) long by 35.11 m (I 16 [CCI) wide. Thc three span bridges would include a 
Mechanically Stabilized Eal1h wall at abutment I whieh will result in the sh0l1cr bridge. 

'l'he five span bridges would use [our columns per pier for a lotal of 16 columns for the four 
piers. and the three span bridge altcmatives would also use four columns per pier for a total of 
eight columns tor the two piers. Each concrete column will measure l.68 m (5.5 teet) in 
diameter ami placed on a concrete fOOling measuring 6.7 m by 6.7 m by 1.8 m deep (22 feet by 
22 feet by 6 fcct). For the five span bridge option, tI'lcnty-fivc precast concrcte piles will driven, 
using vibratory and impact hammers, into the creek bed and ballks for each of the four tootings
totaling IOn piles. If the three spall bridge opt.ion is used lhen 50 concrete piles will be driven for 
the two footings using the same methods. The prccast concretc piles will measurc 380 mm by 
380 mm (15 inches by 15 inches). 

c The Current Frontage Crossing (Sun Antonio Creekj 

The existing historic San Antonio Creek Bridge is approximately 30.)! m (10 I feet) long and 7.0 
rn (23 leet) wide. The existing structure is not wide enough to provide adequately sized lanes and 
shnuldcrs, and the historic nature of the bridge does not allow for it to be moditied. Therefore, a 
new bridge crossing will be constructed to service traffic on San Antonio Road, and the current 
blidge will be reconnected to a frontage road running north from San Antonio Road where il will 
terminate at a cul-de-sac. There will be no alterations made to this bridge for connecting it to the 
frontage road. 

d ·the New Fronlage Crossing (San AnlOnio Roud) Creek 

The new frontage crossing will be constructed for two-way vehicular and bicycleipedestrian 
traftic, and will accommodate tmvding lo and liom destinalions to the west ofllighway IOJ. 
There are two bridge altcrnatives for the new frontage bridge crossing San Antonio Creek; the 
first alternative is proposed as a cast-ill-place concrete slab with reinforced concrete pier caps 
and abullllents. This bridge will consist of seven spans at approximately 69.3 m (227.5 feet) 
long and 12.90 m (42 feel) wide. The suhstructure will use Class 625 driven precast concrete 
piles at the abutments and driven CISS piles al lhe piers. Five CISS piles, measuring 600 mm 
(24 inches) in diameler, will be required per pier for a total of 30 CISS piles for the six piers. 

A second allema.tive proposed is a two span cast-in-place cnncrete pre-stressed box girder bridge 
with reinforced concrete pier caps and abutments that would measure 71.5 m (235 feet) long and 
12.90 m (42 feet) wide and use (wo reinforced concretecolulllns at 1.22 m (4 feet) in diameter 
and abutments both sUPP01ted on a concrete pile cap v,ithdriven precast Clll1Crcte piles. The 
column foolings will measure 8.5 hy g.s by 1.8m deep (2H feet by 28 feet by 6 feet) with each 
column footing requiring 25 drivcn CISS piles to construct - for a total of 50 piles, The pile size 
required for the footings is 380 mm by 380 Illm (15 inches by 15 inches). 

For the first alternative, grading oflhe banks around the abutments will he required to raise the 
abutment profile followed by pile driving thc concrete piles for the abutments and construction 
oflhe concrcic abutments, CISS piles will be driven into the ground, cleared of dirt, reinforced 
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with sleel bar, and 1111ed with concrete. These roundation piles will extend as columns into the 
deck slab. 

3. Petaluma River Bridge in Segment C 

The existing Petaluma River Bridge consists oftwo separate structures, each measuring 270 111 

(885 feet) long and 9.6 m (31 reet) wide. The original bridges were built in 1955 and have had 
been modified over the years to aceommodat~ future traffic conditions. including additional 3.6 
m (12 fect) lane and 3.0 m (10 feet) inside and outside shoulders. 

'I'he project is scheduled for three to four construction seasons, statting with construction of a 
new center bridge between the existing bridges in the first season. The following seasons will 
consist of demolition and removal of the s()uthhound bridge followed hy the removal of the 
north hound bridge, including bridge pilings, followed then by construction ofthe new bridges 
within ihc old bridge footprints. Pile driving for ihc column footings will occur year-round. 
Other construction activit.ies that will occur year-round on land include: bridge demolition, 
vegetation clearing and planting, and mad construction for site ace·ess, removal of existing piles, 
falsework removal and c!canup, and concrete pouring (which may involve some wnrk over water 
using appropriately sealed forms). Access to the work areas will occur from the nOlth using an 
existing secondary road and f]'(Jm the south using Petaluma Boulevard South. 

1\"0 structure altcmatives are cUl1'ently proposed for thc new 260.5 m (855 feet) long and 35.11 0 
111 (115 feet) wide, five-span hridge: Alternative I would consist of a reinforced concrete box 
girder sU]lemtructure; and Alternative 2 would consist ora Precast/Prestressed Concrete Bulb "T" 
girder superstructure. 

The new bridge will be supported on foul' piers along the spans and two abutments at either bank.. 
The Piers (2,3,4, and 5) will be comprised of three-to-five columns seated on a column footing. 
Each footing will measure 10.67 m (35 feet) by 8.5 m (28 feet) by 2.0 m (7 feet) deep. Either 
762 mm (30-inch) diameter Cast In Drilled j lole (C!DIl) or CISS ]liles will be used 10 construct 
the tootings. The amount of footings and piks required at the center, southbound and 
northbound decks was determined and summarized below by Caltrans engineers: 

1. Center deck - Number of perman en I piles will range from 100 piles (I fOOling/bent x 4 
bents x 25 piles/f[)(l1ing) 10 160 piles (1 footing/bent x 4 bents x 40 piks!footing). 

2. Southbound deck - Number of permanent piles will range li'0111 160 piles (I footing/bent 
x 4 bents x 40 piles/fOOling) to 200 piles (2 footings!bent x 4 benls x 25 piles/footing). 

3. NOithbound deck - Number ofpenmmcnt piles will range from 160 piles (1 footing/hent 
x 4 bents x 40 pilesif(loting) 10 200 piles (2 footings/bent x 4 hents x 25 piles/footing). 

In summary. a linal3-columll bent structure will require approximately 480 pelmanent piles at 
the bents. A final 5-column bent structure will rcquire approximately 500 permanent piles a( the 
bents. 
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Piers 3 and 4 are located within the w~lled channel below OHW and will require cofferdams for 
footing construction, while Piers 2 and 5 arc located on either bank above OHW, but will use 
cofferdams if subsurface flows are present during the footing construction. 

Two to 20 of the CISS piles can be installed per day, with vibratory and impact hammers, and 
arc estimated to receive ii'om 200 to 600 sh'ikes, with the impact hammer, until they extend into 
bedrock. Pile driving will be ",;thin the contines ofthe cofferdams and will occur for a 
minimum of 60 days over an I 8-month timeframe. 

A 300 m (IOOO-toot) by 1 I m (36 foot) trestle bridge will be built in the river to provide a 
platform tur working on the new piers, removing the uld piers, and cunstructing temporary 
falsework, temporary erection towers, and fender pilc:s. All 18 m (60-foot) wide channel will be 
maintained for navigation past the Petaluma River Bridge throughout the entire construction 
seasons. The trestle and [enders wil!'u~e either lI-piles DT steel pipe piles. These piles will be 
approximately 510 mm (20 inches) to 610 mm (24 inches) in diameter. Piles will initially be 
driven with a vibratory hanuner, followed with between fivc to 20 strikes with an impact 
hammer to conlirm bearing. Three hundred piles are anticipated for building the trestle and the 
fenders and will take between 20 and 75 days, at two to ten piles per day, over a three year 
periud, and slay within the June 15 to October 31 timeframc. A barge may be used in lieu ofthc 
trestle and consequently reduce some need to pile drive. 

Cofferdams will be placed at the old and new locations for Piers 3 and 4. The configuTation of 
the cofferdams will be detennined by the contractor and depend on the current conditions in the 
river and construction seasun, but it will either be anticipated to he one cofferdam for each pier 
lucatiun that would encompass the old piers and new pier locations, for a total of two 
cofferdams, or up to one cofferdam per pier for a toral of six cofferdams. 

Additional cofferdams could also be used at Piers 2 and 5 if ground water is present. The 
locations for l'iers 2 and 5 arc oul of the flood prone zone and will not require dewatering. Four 
additional 39-foot long by 22-foot wide cofferdams will be required fOJ'the demolition and 
removal of the existing culul1ms and [Dotings at Piers 5 and 6, resulting in a net dewatered area 
of3,432 feel2 of additional dewatercd area. 

The tolal dewatel'cd area including all cofferdams at Piers 3, 4, 2, and 5, regardless of 
eonfigmation, will result in 26,232 feet2

; Imwever, the 60-foot wide channel requirement will 
likely detennine the numher of cllfferdams that can be installed at a given time, hence all areas 
are not likely to be dewatcrcd at once. 

Some cofferdams will use intermediate walls that will aid in dewatering particular sections 
within the correrdam and mitigate in fish "c;capemclIt and dewatering activities. All cofferdams 
that are requiredforpilc driving will be installed from June 15 to October 31, regardless of pile 
driving schedules, over any ofthe three to four construction seasons. Once cofferdams are 
installed, pile driving activities are pmposed (0 occur year-round within the coflerdams. When 
pile driving is completed, cofferdams will he removed between June 15 and October 31. 
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4. Lynch Creek Crossing in Segment C 

The existing Lynch Creek Bridgc is compriscd of two independent bridges ",;th four lanes for 
north and southbound traftic measuring 3.6 III (12 feet) with O.n m (2 feet) inside shoulders and a 
1.2 III (4 feet) outside ,houlders. Both of the existing three spans decks were built in 1955 and 
arc constructed of reinforced concrete slabs measuring 24.1 m (79 feet) in length with reinforced 
concrete pile piers and reiniorced concrete "U" open abutments. 

The Lynch Creek Bridge will bc widcncd to aceonunodate an additional 3.6 m (12 reet) lane, 
3.0111 (10 feet) shoulders and ramp taper. Widening \vill consist of connecting the two existing 
bridges in the center median and widening both outside shoulders. Callrans also proposes to 
replace thc existing bridge barriers with current standard barriers. 

The location and bearing for the new abulments am! piers will match wilh the alignments of the 
existing abutments and piers, A sound wall will he constructed on the sOllthhound side of the 
strllctlll"C and supported on a bridge banier. Access to the existing Lynch Creek channel ",;11 be 
required for pile driving and falsework construction. The piles will extend into the 
superstructure. 

The widening of the existing bridge requires the construction or a new cast-in-place reinforced 
concrete slab sllperstructure including new concn:te pier caps and abutments. The subsrl"Uctlll"c 
consists of class 625, 305 mm by 305 lrun (12 inch by 12 inch) diameter driven precast concrete 
piles, It is anticipated that thel'e will he 10 new driven precast concrete piles per pier for a tolal 
of 20 tor the two piers. 

Access to the existing channel will be required for construction. It is anticipated that the 
cOlltmctor will primarily access the site ITom the cel1ter median and along the shoulders of the 
existing highway. A crane will be positioned at tbe ahutmentlocalions and reach out to dl·ive 
pilings. 

Falsework will be used at this location to SUppOlt constJuction loads, including Ialsework bents 
using hraced tim ber posts suppOlted on timber pads placed on top of existing ground or braced 
steel pilcs driven into the ground. 

A. cofferdam and de,valeting system may be constl"Ucted for the pier construction using a 
vibratory hammer ifwatcr is present in the area. Following construction the tempurary 
falscwork material will be removed. 

5. Road Drainage Improvements 

Currently, in all tlu·ee segments ofthc 17.2 mile project area, watcr drains to the depressed 
median between the north and south bound lanes where it enters drainage inlets at low points and 
is transferred via cross culverts to swales along the outside of Highway 101 and then drains into 
adjacent water courses, There arc currently 35 cruss culverts in scgment A, and 15 in segmcnt C 
of Highway 101; all of which will either be reconditioned, decommissioned, or replaced. The 
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median between tbe north and southbound lanes will be raised and tilled to construct the two 
nov lanes and modifications will be made to the cunent drainage inlets and cross culverts. 

Improvements to the current road drainage system will incorporate bio-filtration strips and 
swales to receive storm water discharges from the highway or other imp~rvious surfaces. The 
project will also likely include offsite storm water treatment. Other meaS\lreS to reduce 
pollutants cal1ied by storm water'l"ulloffinciude bio-tiltration strips, hio-filtration swales, and 
Austin sand filters. 

6. Staging Locations 

Staging locations v.ill he used for temporary storage of heavy construction equipment ami 
construction materials, equipment maintenance shops, stockpile areas, and field offices, 

The primary staging area in Segment A will he located within th~ int~whange atti1e South 
)/ovalO ovcrerossing, Scction B staging will be located within the nc\v interchange at thc 
Sanitary Landfill Road, at the new interchange on ofKastania Road, and below and along the 
sides oftbe Petaluma River Bridge. Section C staging will be located within the interchange at 
State Route 116. 

Other staging areas will be located within the State Right-of~ Way and subjectto approval ohhe 
conn-actor's suhmitled SWPPP. Contractors may independently seek on~,ite staging locations, 
Orr-site staging locations will be subject to the requirements ofresoul'ce agencies and will be the 
responsibility of the contractor. 

7, Best Management Practices (BMPs) 

The following BMPs are incorpor~ted into the proposed MSN Project for minimizing effects to 
federally-listed species and salmon hahi!at: 

1. Work will he restricted in 1'\ovato, San Antonio, and Lynch creeks to low-flow periods 
between June i5 and October 31 to avoid eUedS to steel head or green sturgeon or any life 
stages ofsleelhead during their migratory seasons. This window can be increased based on 
creek and river conditions. ifapproved in writing by NMFS. Work from the banks and from 
trestle, falsework and inside closed cofferdams can occur year-round. 

2. The amount and duralion nrpile driving will he minimized. For any pile driving occurring in 
wetted areas that may be occupied by adult and juvenile steelhead (or green sturgeon in the 
Petaluma River), sound 'pressure levels generated ti'ol1l pile driving activities will be 
restricted to levels below thresholds lh"t result in injmy to fish. 

Pile-driving activities v"ill he conducted only during daylight hours to allow movement of 
steelhead or green sturgeon that may be present in the project vicinity to pass the 
construction area during night time hours. MonilOling (Ji"acoustic levels will confiTTI1 [hat 
pile driving activities are on! harmfull" steeUlcad or green sturgeon, Caltrans will monitor 
undeT\\'alcr sound levels during pile driving that occurs during the stcclhcad migration season 
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(November 1 through June 14). A hydrophone device will be used to hydroacoustically 
monitor sound levels. If the cunent thresholds (above 206 dB peak Sound Pressure Level 
(SPL) and 187 accumulated dB Sound Exposw'c Level (SEL) at 10 III from the pile being 
installed) that cause death or injury to fish are exceeded, Cal trans will stop the pile dliving 
activities until sound levels can he maintained under the prescribed thresholds. In addition. if 
pile driving in the Pe.taluma River begins in the summer. Caltrans will monitor underwater 
sound levels for a period of t\vo weeks at the beginning of pile driving activities and further 
attenuate sound if necessary. 

3. All equipment will be stored outside oral! \,iaterways, including wetlands. Per tho;; swppp 
for the project, a silt fenc" will he installed around the perimeter (l rthese locations. The 
staging areas will also be sit,'atcd 15.2 m (50 [cet) Ii'om existing drainagt:s. 

4. Silt [ionces will be installed. The silt fencing will be delineated on the final plans and fences 
will be installed and remain on-site until the proje(;t is completed. Silt fences andlor coir 
rolls will be installed on the slopes adjacent to the work area to prevent silt from entering the 
watershed. 

5. Appropriate tcmporary cofferdams will be used to dcwater the construction sites and divert 
water through the actioll area during the construction period to prevent impeding creek flow 
or water flow through the work ar<;;as. If dewatering at a site is required, a qualified CaItrans 
biologist will be present during the dewatering period to inspect and ensure thal sensitive 
aquatic species will not be trapped within the temporary com~rdams. 

I[ skdhead ur green stl.lrgcon arc found within the cofferdams, a NMFS-approved biologist 
will captmc, and relocate these fish to all appropriate area away from the construction site. 
Caltrans will submit for approval the dewatering and fish capture and relocation plans to 
"'MFS once the design plans are finalized. 

G. Erosion controls will be maintained throughout the demolition and construction periods. 

7. J\1I construction materials will be removed rrom Lhe streambed at the completion of the 
construction project to maintain flow through the action are·a during the constructitlll period, 
including cofferdams, pipes, filter tabric, and graveL 

8. All excess soil will be disposed at an approved upland site. 

9. All project-introduced material will be removed once the work is complete. 

10. Water trucks and dust controlling agents will be used to control dust in excavation and fill 
areas, rocking temporary access road entrances and exits will be rocked, and temporary 
stockpiles will be covered. 

11. Any disturbed stream channel areas will be reeontoured to pre-project condition:; Lo the 
extent practicabie. 
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12. Potential pollutrultS \liill be limited or reduced at their source before they come in comact 
with project receiving waters during construction. These HMPs are also lmown as "good 
housekeeping practice," and will be in place tbroughout the bridge construction phas~s. 

The measures include but are not limited to BMPs for: wat"'r conservation; vehicle and 
equipment cleaning, fueling and maintenance; dewatering; paving and grinding; temporary 
stream crossing; concrete finishing and curing; clear water diversion; and material and 
equipment use ovcr \vater. 

13. Demolished material will be prevented from entering waterways; \vater will bc away from 
work areas; construction equipment will use attachments to catch debris; approved covers or 
platforms will he used to collect debris; accumulated debris and wa~te generated during 
demolition will be stockpiled away from watercourses; and wildlife will be cnslU'ed safe 
passage, as necessary. 

14. Refleclors on portable lighllrees will be used to focus the light on the work area and 
Ilunimizc the runount of light spilling over to adjaccnt areas dlU'ing any night work. In 
addition, noise-reducing enclosures will be u~ed around noise-generating equipment. 
Equipment will be localed as far a~ po"ihie away from nnise-sensitive areas, and sound 
control devices slIch as mtlfflcrs will be llsed on construction equipmcnt to dampen noise as 
much as possible. 

~. Ripari[ll Enhancemem 

Caltrans will use the riparian mitigation plan developed by the Calif01'llia Department of fish and 
Game. TIle requirements in this mitigation plan include the following: 

Each native riparian tree greater than 4 inches Diameter at Breast Height (DBH) that is 
removed or damaged "ill.be replaced with native trees in a riparian area at a minimum 
3:1 ratio. For each non-native riparian tree that is removed or damaged, trees will be 
replaced with native riparian trees at a minimum 1:1 ratio. Tcmporarily impacted 
riparian understory will be replaced at a ]: 1 ratio. Oak trees in the riparian zone will be 
replaced at a 5: 1 ratio. 

Cailrans is also exploring several options for implementing riparian enhancement arOlUld the 
CI'ccks where construction will occur to compensate for effects to riparian habitat. Additional 
riparian enhancement or compensation may be achieved outside ofthe project area using a 
combination of the following; 

]. Purchasing of credits at. a resource agency-approved mitigation bank servicing theactioll 
area. 

2. Purchasing of cOIlservation casements at or as closc to the project site as practical within 
Marin und/or Sonoma counties. 
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3. Purchasing of fee title. and preserving the land with ripmian vegetation as close to the project 
site as practical within Marin and/or Sonoma cOlUlties. 

B. Descriptilm of th!! Action Area 

The act.ion area iJlc1ude~ "al1 areas to be affected directly or indirectly by the Federal action and 
ntlt merely the immediate area involved in the action" (50 CFR § 402.(2). The action arca 
includcs the lineal extcnt (upstream to dow·llSlrcam) of bridge crossings (both cutTen1 and 
proposed) over flve creeks, one liver, and two tide channels along the Highway 101 corridor 
between PM 18.6/27.6 in Marin County and PM O.O/?l in Sonoma County. These areas arc 
loeatcd at the following Highway 101 crossings: Novato Creek, Rush Creck, San Antonio Creek, 
the Petaluma River, Washington Creek, and Lynch Creek. The action area also extends to the 
east ofllighway 1 01t[) includt: the tide channels slemming fi·0111 lht: Petaluma River and 
terminating at Redwood Landfill to the south, and west of llighway 101 in segment B out to the 
proposed new bridge crossing at San Antonio Road. The action area also extends 500-feet 
upsiream r,·om the crossing in each creek and river to account for fish relocation and 200 111 (656 
[I;)ct) downstream of each crossing to include temporary effects from equipment staging and 
turbidity. The action area extends laterally to encompass the riparian con·idor to the top ,,("tbe 
banks of all creeks and the river. 

III, STATUS OF THE SPECIES AND CRITICAL HABITAT 

1. Threatened CCC stcclhcad Distinct Population Segment (DPS) (January 5,2006: 71 FR 834). 

2. Threatened Southern Df'S "I' North American green sturgeon (i\pril 7,2006; 71 FR 17757). 

3. Designated critical habitat for cce stcclhcad (September 5, 2005; 70 FR 52488). 

4. Proposed designated critical habitat for the southern DPS o[North American green sturgeon 
(September 8, 2008; 73 FR 52084). 

Fall-run Central Valley Chinonk salmon are not. listed under the ESA, but are a specics of 
concern, and use the Petaluma River, and possihly Novato Creek, for part or their life history 
stages. Provisions arc made under the Pacific salmon Fisheries Management l'lan for this 
species and, in accordance with the MSA, project activities were evaluated for impacts to En I as 
described in the transmittalletler. Since they are nol listed as threatened or endangered under the 
r:S.I\, fail-TUn Chinook salmon will not be mentioned further ill this biological opinion. 

Genetic ffilalysis has identified two DPSs of green sturgeon that qualify as species under the 
ES;\; (1) a northern DPS consisting of popUlations in coastal watersheds northward of and 
induding the Eel River; and (2) a southern DPS consisting of coastal and Central Valley 
populations south of the Eel River, with the only known spavming population in the Sacramento 
River. On April 6, 2005, NMFS reaffirmed its earlier determination that the tlordlern DPS does 
nol warrant an ES;\ listing (70 FR 173S6). BC(;3USe 0(" >iubstantialloss 0(" spawning habitat, the 
concentration of a single spawning population in one section of the Sacramento River, and 
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multiple olher risks to the species, NMFS listed as threatened the southern DPS of:\orth 
American green sturgeon on April 7,2006 (70 b'R 17757). 

A. Species DescriptiGll and Life History 

1. ecc Steelhe!jg 

Steelhead are anadromnus fish, spending some time in both fresh and saltwater. The older 
juvenile and adult life stages oceur in the ocean, until the adults ascend freshwater streams to 
spawn. Eggs (laid in gravel nests called rcdds), alevins (gravel dwelling hatchlings), fry 
(juveniles newly emerged from sll'emn gravels), and young juveniles are all found in freshwater. 
Juvenile stcclhead rear in freshwater until they become large enough to migl'ate to the ocean to 
finish rearing and maturing to adults. For detailed information on stec1head life history, see 
Busby el al. (1996). Although variation occurs, steelhead usually live in freshwater for 1 to 2 
years in Central California, then spend 2 or 3 years in the ocean before returning to their natal 
stream to spawn. Slcclhead may spawn J to 4 timcs over their life, 

Typically, adult slcelhead immigrate to Coastal Calilbrnia streams Irom December through 
April, peaking in January and February, andjuvcnilcs emigrate as smolts to the ocean from 
Januaty through June, ",-jtll peak emigration occurring in April and May (Fukushima and Lesh 
199~), Steelhead ti'Y I'ear in edgewater habitats and move gradually inl0 pools and riffles as they 
grow larger (Busby el al. 1996), Cover is an important habitat eomponenl for juvenile steelhead, 
both as a velocity refuge and as a means of avoiding predation, Steelhead, however, lend ttl use 
riffles and other habitats not strongly associated with cover during summer rearing marc than 
other salmonids, Young stee!head feed on a wide variety ot'aquatic and ten'cstrial insects, and 
emerging fry are sometimes preyed upon by older juveniles, Rearing steel head juveniles prefer 
waleI' temperatlU'es of 7.2-14.4 degrees Celsius COq and havc allllppcr lethal limit oC 23.9°C. 
They can survive in water up to 27"C v,;ilh saturated dissolved oxygen conditions and a plentiful 
food supply, Fluctuating diurnal waleI' temperatures also aid in survivability of salmonids. 

Although variation occurs, CCC steel head nsually live in freshwater for 2 ycar~, then spend I or 
2 years in the ocean before returning to their natal stream to spawn. Steelhcad may spawn 1 104 
times over Lheir lifespan. Steelhead [rom the Russian River ~ystem typically immigrate to 
li'eshwatcr between October and ApriL peaking in January and February, and migrate to the 
ocean from January thl'Ough June, with peak emigration occmring in April and May (Fukushima 
and Lesh 1 '198). 

2, Southern DPS of North American Green Sturgeon 

The green sturgeon is the mnst widely distrihuledand most marine-oriented of the sturgeon 
sJle~ies, Like all S\LU'geon, they arc an anadromous, long-lived, and slow growing species 
(Adams ef al. 2002). The largest fish have beell aged at 42 years, bm this is prohabJy an 
underestimate and maximum ages of 60-70 years or more are likely (Moyle 2002), Green 
sturgeon an: known to range in near shore marine waters from Mexico to the Bering Sea, and arc 
commonly observed in bays and estuaries along the western coast o[l\:orth America, First 
spavv1ling occurs at 15 years for males, and 17 years for females. 
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Auult grt:en ~turgeon return to freshwatt:r to spawn every two to five years, and generally show 
fidelity 10 their spawning site. Adults lypically migrate into frc·shwatcr beginning in late 
February, spawning occurs ii'om March to July. with peak activity from April to Junt:. 
Confirmed spawning populations in 'iorth America occur in the Rogue, Klamath, and 
Sacramcnto rivers. Green sturgeon may migrate long uistanct:s upstream to reach spawning 
habitat. Spawning occurs in deep turbulent areas oflargc rivers. Eggs arc likely broalicasl over 
large cobble substrate where they settle into the spaces between the cobbles. Like salmonids, 
green sturgeon require cool water temperatures fOf egg and larvae development, v,ith optimal 
tempemtures ranging from 15°C to 19°C. 

Green sturgeon larvae tirst teed at 10 days, and grow rapidly, reaching 300 nml (12 inches) in 
one year. .Juvenile and adult green sturgenn are benthic teeder~ (Moyle 2002). Juvenile green 
stmgeon in the San Francisco Estuary feed on OpUSSllll1 shrimp (Neomysis mercedie) and 
amphipods (Corophium spp.) (Moyle 2002), Adults eapim-cd ill tl,C Sacramento-San Joaquin 
Delta feed on invertebrates, including shrimp, mollusks, amphipods, and even small fish (Adams 
et af. 2002). Juvenile green sturgeon spend from one 10 three years in freshwater before they 
entcr the ocean (Adams el al. 2002). 

The southern Drs of North American green sturgeon spawn in tht: deep turbulent sections ofthc 
upper reaches of the Sacramento River. As juvenile green sturgeon age, they migrate 
dO'vl1stream and live inU]e lower delta and bays, spending from three to four years there before 
entering the ocean. Adult gr""n ~turgel!n return from the ocean everyone to five years to spawn, 
and generally show fidelity to their upper Sacramento River spawning sites. Patterns of 
telemetry data suggest that Southern DPS fish usc ovcrsllmmering grounds in coastal bays and 
estuaries along northern Calii<'lTIia, Oregon, and \Vashingtoll, and overwintering growlds 
between Vancouver Island, Be and southeast Alaska (Lindley el al" 200:;). 

B. Status of Species and Critical Habitat 

1. CCC Steel head 

Historically. approximately 48 populations' of stcelhcad cxisted in the CCC stcdhead DPS 
(Bjurkstedt el al. 2005). Many of these populations (about 20) were independent, or potentially 
indepcndcnt, meaning they had a high likelihood or surviving for 100 years absent anthropogenic 
impacts. Thc remaining populations were dependcnt upon immigration from nearby CCC 
stcelhead DPS populations to ensure their viability (Bjorkstedt el al. 2005, McElhaney el ai. 

2000). 

While historical and preselll data on abundance arc limited, CCC steel head llumbers are 
substantially reduced from historical levels. A totul of 94,000 adult steelhead were estimated to 

5 Population as defined by Bjorksledt r!f oj. ::!.OOj and McElhane): ct al. 2000 as. in brief SI.1I~111l[lr:', n group uf fisl1 of 
the S~:Ill(:· sp;.:ci;:~ (hm sp;:l\vn:;, in rt porticular locality at <I parlinliar Sl:HSOIJ ilnd do~s not il1terbreed 5ubstalltially \vith 
fish from ally OlhL:r gmup. Such tish groups Ilw)' Tncllld('. tJlore lhl;lll 011(' ~lrearn. These (luthurs l.Jse this detlnition as 
i.1 $tarting point fi'om vrhich they define fourrypes ofvopularions (not <III of which nrc mentioned ht'rt"), 
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spawn in the rivers oHhis J)PS in the mid-1960s, includinf; 50,000 lish in the Russian River
the largest population within the D I'S (Husby el al. 1996). Recent eSlimates for the Russian 
River arc all the order of 4,000 fish (NMFS 1997). Abundance estimates for smaller coaslal 
streams in the DPS indicate low but. stable levels with recent estimates for several streams 
(I.agunitas, Wadddl, Scott, San Vincenle,. Soquel, and /\ptos creeb) of individual run sizes of 
500 fish or less (62 FR 43937). For morc detailed information on lrends in cec stedhead 
abundance, see: Busby et al. 1996, NMFS 1997, and ?\'MFS 2005a. 

Some loss of genetic diversity has been documcnted and allrihuted to previous among-basin 
trlUlsfers of stock and local hatchery production in interior populations in the Russian River 
(Bjorkslecit e/ al. 2005). Reduced popUlation sizes and fi'agmentation of habitat in San Francisco 
slreams has likely also led to loss of genetic diversilY in populations [rom those streams. 

CCC steelhead have experienced serious declines in abundance, and long-term population trends 
suggest a negative growth rale. 'Ihis indicates the DPS may nol be viable in the long tenn. DPS 
populations that historically provided enough stcelhead strays to support dependent populations 
may no longer be able to do so, placing dependent populations at increased risk of extirpatinn_ 
However, because CCC steel head have maintained a wide distribution throughout the DPS, 
roughly approximating the known historical distrihutiun, eeL: steel head likely possess a 
resilience that is likely to slow their decline relative to other salmonid species in worse condition. 
The most recent status review concludes that steelhead in the CCC steclhead DPS remain "likely 
to become endangered in the foreseeahle fUlure" (NMfS 2005a). On January 5, 2006, 1\1\,1FS 
issued a final determination that the CCC steelhead DPS is a tJu'catened species, as previously 
listed (7] FR 834). 

2. Southern DPS ofi\orth American Green Sturgeon 

The population size of the southern green stllIf;eon DPS is unkil0"1', but is clearly m~leh smaller 
than in the northern green sturgeon DPS and is, therefore, more vulnerable to catastrophic events 
(Adams e/ al. 2002). Recent habitat evaluations conducted in the upper Sacl'amento and Feather 
rivers suggest that, as for Bl1adromous salmonids, largc amounts of potential spawning habitat 
were made inaccessible Of altered by dams (BRT 2005). Current spawning habitat for grcen 
sturgeon has been reduced til a limited area "flhe upper Sacramenlo River. 

Data on the Cl1trailmlcnt ofjuvenilc sturgeon from the Sacramento-San Joaquin Delta pumping 
facilities of the Central Valley Pl'l)ject and State Water Project jJnlvide an indication of how 
green sturgeon ahundancc haR changed since 1 %R_ The eslimatcd average number of green 
sturgeon entrained each year at California's John Skinner Fish Facility prior to 1986 waR 7:12; 
[rom 1986 on,thc average llumber decreased to 47_ AT the Federal Tracy Fish Collection 
Facility, the average prior to 1986 was 889; li'om 1986 on, the average number also decreased to 
47 (/\pril 6, 2UOS, 70 FR 17386). This substantial dec""ase in numbers is also consistent with 
decreases in entrainment of white sturgeon within the same time periods. Decreases inllumhers 
of green sturgeon entrained in these facilities OCCULTed while water export levels at both facilities 
have increased substantially (i.e., more water was pumped, but jewer green shlrgeOl1 were 
entmined). 
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The most recent status review update concluded thQt the somhcm grcen sturgeon DPS is likely III 

become endangeret1 in the foreseeable 111lure due to the sobstantialloss of spawning habitat, the 
concentration of a single spawning population in one section of the Sacramento River, and 
multiple other risks to the species (BRT 2005). Based on this informatioll, the southern 
popUlation ofNorrh American green sturgeon was proposed as threatened on April 6,2005 (70 
FR 17386). N.V1FS published a final rule Oil April 7. 2006 (71 FlU 7757), listing the southern 
population of North American green sturgeon as threatened, \vhich took effect June 6, 2006. 

3. Factors Responsible for Status of Swelhcad!Southem UPS of Norlh American Green and 
SatmolJid CriticaL!.1f!.l;>.!ta.t!P"QPQ~£\'LGr9"lLS1m~Q1LCriti£al HabiJlll 

Threats to naturally reproducing steel head and green sturgeon are numerous and varied. Among 
the most serious and ongoing threats to thc.ir survival in these DPSs arc changes in hydrology, 
and habitat degradation and loss. The tollowing discLlssion provides an overvicw of the types of 
activities and conditions lhat adversely affect steelhead and green sturgeon DPSs and their 
habitats. 

a. HI/bilat Degradation and Des(rucl;on 

A major cause of the decline of salmon, steclhead, and green sturgeon is the loss Or severe 
decrease in quality and f\mction of essential lreshwater and estuarine habitat. Most of this 
habitat loss and degradation has resulted from anthrnpngenic watershed disturbances caused by 
agriculUlrc, logging, urban development, water diversion, road eonsrruction, erosion and tlood 
control, dam building, and grazing. Most of this habitat degradation is associated with the loss 
of essential habitat components necessary ror stcelhead and green sturgeon survival. For 
example, the loss of deep pool habitat as a result of sedimentation and stream now reductions 
has reduced rearing and holding habitat for juvenile and adult salmonids. The alkralion of the 
estuaries in conjunction with incrensed sediment loads in the watersheds from land usc activities 
and lower stream flows due to waler diversions and other watershed changes, have delayed 
sandbar breaching in the fall, delayed adult stcclhead migration into streams, reduced and 
degraded estuary rearing habitat for both juvenile steelhead and green stlugeon, and creatd a 
significantly altered freshwater-saltwater transition zone for steelhead smolrs (CDFG 1998). 
North American green sturgeon populations are currently ~{)nsidered to be more susceptible io 
the quality declines in spawning habitat oycr other habitat types (September 8, 2008; 73 FR 
52084). 

h. Na/ural Sluchuslic Evenls 

Naturnl events such as dronghts, landslides, floods, and other catastrophes have adversely 
aflecteJ steelhead amI green slurgeon populations throughout their evolutionary history. The 
ii'equency of, and the resulting effects ofthc·se events arc now often increased and exacerbated 
by amhropogcnic changes to watershcds such as logging, road building, and water diversion. 
The ability ofthese species to rebound trom natural stochastic events has been limited as a result 
oflllese and other anthmpogenic fadors which have degraded the freshwater and estuarine 
habitats upon which these species depend, and thus abundance of these poplliatiDns have been 
depressed to critically low levels. 
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c. Ocean Omt/i! iOl1s 

Variability in ocean productivity has been shovm to arlect steelhead and green sturgcon survival 
hoth positively and negatively. Beamish and Bouillion (1993) showed a strong correlation 
between N0l1h Pacific salmon production from 1925 to 1989 and their marinc environment. 
Beamish el al. (1997) noted decadal-scale changes in the production of Fraser River sockeye 
salmon (0. nerka) that they allributed to changes in the pnldllctivity of the marine environment. 
They (along with many others) also rep0l1cd the dramatic change in marine conditions occuning 
in 1976-77, at the beginning of an £1 Nii'io event. El :;rino conditions, which occur every 3-5 
years, negatively affect ocean productivity tor salmonids. It is unclear to what extent ocean 
~ondilions have played a role in the decline ofthcse species; however, ocean conditions have 
likely affccted stcelhead and green sturgeon population abundances throughout their 
evolutionary history. 

d. WaleI' Conveyance 

Depletion and storage of natural Dows have drastically altered natural hydrological cycles in 
many California rivers and streams. Alteration of strcamflows has incrc·ascd juvenile salmonid 
mortality for a varicty of reasons: migration delay resulting fmm insufficient flows or habitat 
blockages, loss of usable hahitat due to dewatering ami blockage, stranding or lish resulting from 
rapid flow Ductuatiom, entrainment of juveniles into unscrecned or pool'ly screened diversions, 
and inc-reascd juvenile mortality resulting from increased.water temperatures (Chapman and 
Bjornn 1969, Berggrcn and Filardo 1993,61 FR 56138). ImpOlt3nt elements of water quality 
Lnclude \vater temperatureswilhin the range that corresponds with migration, reming, and 
emergence needs of fish and the aquatic organisms upon which they depend (61 FR Sn138). 
Grecn sturgeon, ,,,~hich are benthic feeders exposed to high suspended sediment concentrations as 
they forage on the bottom, would likely not be affected by elevated levels of suspended sedinlel1t 
in the action area. Juvenile green sturgeon have been routinely entrained at pumping iacilities 
along Ihe Sacramento-San Joaquin Delta from rapid changes in flow and arc also susceptible to 
suction dredging practices. 

e. Harvest 

There arc few good historical accounts of the abundance of salmon and steelhead harvested 
along the Califomia coast (Jensen and Swartzell 1967). f:'.arly recnrds did not contain 
quantitative data by species until the early 19508. In addition, the con[oundingeffects of habitat 
destruction, drought, and variable ocean conditions on stcclhead survivalmakc it difficult to 
asse·ss the degree TO which recreational·and commercial harvest have contlibuted to the ove.rall 
decline of salmonids in Wesl Coast rivers. Green sturgeon har\lc~t consists of bycateh that is 
exclusive to two white sturgeon fisheries -theKlamath tribal and other Tribal salmon gill-net 
fisheries (Adams et al. 2002). The numbers of green sturgeon caught in these fisheries has 
declined substantially from 6,466 fish in 1985-1989 to 1,218 !ish in 1999-2000. 
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f Artificial Prupagalion 

I{eleasing large numbers of hatchery fish can pnse a Lhreat to wild salmon and steelhead stocks 
Lhmugh genetic impacts, competition for food and other resources, predation of hatchery fish on 
wild fish, and increased tlshing pressure on wild stocks as a result of hatchery produ(;tion 
(Waples 1991), The gen~tic impacts ofal'lificial propagation programs are primarily caused by 
the straying of hatchery fish and the subsequent hybridization of hatchery and wild fish_ 
Artificial propagation threatens the genetic integrity and diversity that protects overall 
productivity against changes in environment (61 lOR 56138), 'T'he pOlenLial adverse impacts of 
artifidal propagation programs arc wcll documented (Wapl~s 1991, Waples 1999)_ 

g Marine ivrammal i'redafi()}l 

Predation is 110t kno,vn to be a major factor contributing to the decline of West Coast salmon and 
steelhead populations relative to the effects oftishing, habitat degradation, and hatchery 
practices, l'redation may have substantial impacts in localized meas, Harbor seal (Phoca 
vilulina) and California sea lion (Zalophus califomianus) numbers have increased along the 
Pacific Coast (NMFS 1999), 

h Reduced Ali1rine-derived Nutrient Transpurt 

Reduced marine-derived nutrient (MDN) transport to watersheds is another consequence oflhe 
past century of decline in salmon ablmdallcc (Gresh el al. 2nOO)_ Salmon may playa critical role 
in thc survival of tileir own species in that MDN from salmon carcasses has been shown to be 
vital for pmductive invertebrate prey communities in streams providing for the growth of 
j uveni1e salm()nid~ (Bilby et ai, 1996, Bilby and Biss()n 1998), The retum of salmon to rivers 
makes a significant contribution to the flora and fauna of both ten-estrial and riverine ecosystems 
(Gresh et al. 2000), Evidence of the role ofMDN and energy in ecosystems infers this dd'icit 
may indicate an eeosyRtem failure that has contrihuted to the downward spiral of salmo11id 
ahundance (Bilby el ai, 1996), 

r 1111'asive Species 

A potential major factor affecting thc species in the action area is the introduction' oi'non-native 
or invasive species, As native fishes in file San Francisco Bay estuary became depleted in the 
late 19111 century, non-native fishes were brought to the bay including American shad, stripcd 
bass, common carp, and while catfish, As their populations boomed, lho~e of native fishes 
declined fruther, due to competition and predation, Introduction of non-native species 
accelerated in the 20lh century through unintended introductions offish and invertebrates fmm 
the release of ballast water Ii-om cargo ships entering the estuary ffllm foreign pOlis. Several 
invasive species, including the ycllowfin goby, shimo[uri goby, and the overbite clam are now 
ubiquitous in San Francisco Bay's tidal marshes; these three species comprised the m~inriLy of 
the fish and invcltcbrates entmined during 2006 dredging at the mouth of the Petaluma RiveL 
Establishment of invasive species was prohably facilitated by altered hydrologic regimes and 
reduction in habitats for native spccies_ Thc spread Df invasive species throughout the San 
Francisco Bay rcgion has potentially affected many native species, including listed salmonids, 
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through predation and compt:tilion for food and habitat (Cohen and Carlton 1995). Prey 
selection by green sturgeon, which feed on benthic invertebrates, has likely been affected as 
well, as the native species populations have been replaced by invasive species. It is not Imown 
how well the green sturgeon has adjusted tll it;; availahl" lii,,! in response to the altt:red henthiG 
community. 

IV. k~I\VIRONMENTAL BASELIKE 

The environmental baseline is the analysis of the "rrects of past and ongoing homan and natural 
factors leading to the current status ofihe species in tbe action area. The environmental baseline 
includes the past and pj·escnt impacts of all Federal, State, or private actions and other human 
activities in the action area, the Hnticipated impacls "r all prop()sed Fedeml projects in the action 
area tJJal have alreauy undergone [ormal Or early section 7 consultation, and the impacts nrStale 
or private actions which are contcmporancOllS with the consultation in process (50 CFR 
§402.02). 

Table 1: Stcclhead, Green Sturgeon, and Critical Habitats in the streams and river affected by 
thc proposed project: 

........... _, ..... -.-
i I , Proposed , 

. Steelhcad Green Green 
Stcclhead ; 

Creel, or River , Critical Sturgeon Sturgeon 
l'resent 

, 
; 

Habitat Present Critical , 
i 

. Habitat ; 

Petaluma Ye~ Yes Yes** Yes .•..... _' ... 
Novato Yes* No :-io No -_ .... .... f--.- .---. -_ .. ---_ ... _-
Lynch Yes* Yes '\;0 No - ........ ... _-- ... .. -
San Antonio Ko Yes No "No ._-- . __ .... _- -- ...... - ,-.. 

Rush Ko No No "No 
Washington "No No 

.'.-r---." 
No 

.. ---, 

No i .,--_ .... _.-
" . . .,. ~teelhead al e unlIkely to be plesent!1I the }lOJ11on ot the action Mrea 111 Novato and Lyneh Gleeks (3ee belo"",) . 
** Green STurgeon are unlikely to be encountered dliring pn.':jeet constructioll (s.ec below) 

A. Steelh..,ad Critical Habitat and Proposed Green Sturgeon Critical Habitatwithillthe 
Action Area 

The portions of Novato and Lynch creeks, and the Petaluma River. within the action arca are 
corridors for adult stcclhead upstream migration to spal'.ning and rearing habitat al1d corridors 
for stcclhcad Sl110lt to rearing habitat and the Pacific Ocean. As 5ho\v11 in Table 1, San Antonio 
Creek, the Petaluma River, and Lynch Creek are.designated critical habitat for CCC steelheau 
(70 PR 52488). Novato Creckis not dcsignalCtLas critical habitat for CCC stcclhcad. Rusb and 
Washington creeks arc 110t designated as critical habitat for listed sall1l0nids, 110r do they contain 
stcclhcad (as described helow),AlI tidally influenced areas in the Petaluma River are proposed 
as critical habitat for green sturgeon (73 Fl{ 52084). No other watervvays within the action aTea 
are proposed as ~rilica1 habitat [or green sturgeon. 
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Critical habitat for CCC steelhend within the Petaluma River Hydrologic Sub-area (HSA) was 
described by NMFS' Critical Habitat Analytical Review Team (CHART) (NMFS 2005b). The 
CHART defined critical habitat for cee steclhcad on the stream-reach scale based on the 
quantity, quality, and distribution ofPrim81-y Constituent Elements (PCEs), which arc the 
principle biulogical ()r physical constituent elements of habitat needed for the completion of the 
salmonid life-cycle, and include migration, spawning, rearing, and estuarine. For example, one 
PCE is spawning habitat; a compone11l of the stream environment that must be prcse11l in 
sufficient qua11lity, quality, and distribution for salmonids to successfully reproduce. 

Essential features of critical habitat in the action area include the estuarine water coluum, 
foraging habitat, and tODd resources used by these salmonids as part "f their juvenile 
downstream migration or adLlh spawning upstream migration. PCEs of designated critical 
habitat for CCC steclhcad in the action area include migration areas tree from obstlUction and 
excessive predation with: (1) waler quality, water quantity and salinity conditions Sllpp0l1ing 
juvenile aml adult physiological transitions between freshwater and saltwater; (2) natural cover 
such as sllbmcrged and overhanging large wood, and aquatic vegetation; and (3) juvenile ami 
adult forage, including aquatic invertebrates and tishes, supporting growth and maturation (69 
foR 718RO). 

I. Novato Creek 

The creek reach in the action area is channelized with a generally trapezoidal shape possihly 
formed by flood controL practices. The ehmu1el width averages 100 feet in the action area. 
Riparian canopy is absent on hoth sides of the "!ovalo BJidge crossing, including the gap, and the 
riparian undergrowth is regularly removed from the· stream banks during flood control 
maintenance. The portion of channel in this maintained arca has a soft 81ld muddy bottom that 
holds heat during the daytime. 

Streamfluw in Novato Creek is perennial and typically ranges from onc-to-fivc cubic feet pel" 
second (efs) during the summer months. Most if not all water in the area is tidally influenced; 
reaching approximately 4,000 feet above the Highway 101 crossing to Diahlo Avenue (Caitrans 
200g). AlsII during the summer some water is released from the NOlth Marin Waler District 
facilities upstream of the action area. Novato Creek water temperatures measured in May 1 Y96~' 
ranged from 19-26°C (60-73 degrees Fahrenheit cor)) and ranged from 19-24°C (60-70°F) in 
June 1996. Although water temperatures have not been rccorded in the period of .1 uly through 
September, Rich (1997) estimates water temperatures are considerably higher than optimal for 
stcclhcad during its rearing life stage. 

The siream channel is dOlllinated by low gradient arcas and the streambed is mostly composed of 
sand and silt. In gencral, instream cover tor juvenile steelhead is lacking. Some instrcam cover 
is provided by undercut banks and walls, concrete, and small amounts uf emergent vegetation. 
Large instTeam woody debris, boulders, and other features for stlUcturaJ complexity are lacking 
in this portion of the action area. Overwinter habitat conditions arc poor because the channel 
lacks habitat complexity and velocity retuge. Over5Ummering conditions are marginal due to the 
lack of habitat complexity and high water temperatures (Rich 1997). 
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2. ;ian AnJQX'io Creck 

San Antonio Cr""k is a tributary orth" Petaluma River. Overall San Antonio Creek is wcll
"stablishcd containing high quality habitat that could potentially provide seasonal rearing habitat 
for juvenile steelhead (Hamaker, et al. 2003). The substrarc is predominately large cobble, 
although the area beneath the lIighway 10J crossing contains a deep layer of silt. There is also 
lillIe to no riparian v"getationllilder the llighway 101 bridge; however, th" upstream reaches 
contain riparian coYcr dominated by California buckeyc lAesculus cali/ornica), red willow (Salix 
laevigata), arroyo willow (Salix iasioiepis), California black walnut (Jug/ans calJjornir::a), coast 
live oak (()ue1"CUS agrijiJlill), valley oak (Q. iobatll Nee), and bay laurel (Umbellularia 
cali/omica). 

Most oflhe ~reek is ephemeral during the summer with the exception of the tidally influenced 
lowcl" reaeh cast o[ Highway 101 whcre it connects to the Petaluma River. The creek bed within 
the action area is dry in the summer and into the winter in most years, which creates an effective 
migration batTier for st:eelbead ben",een the reach at the Highway 101 crossing and the creck's 
terminus at the Petaluma River. San Antonio Creek may provide some salmonid habitat at the 
mouth. ,vhere there is a tidal influence from the Petaluma River. 

3. The Petaluma River 

The Petaluma River, for most ofits course. is more of an elongated, tidal estuary than an actual . . 
river. It drains and 130-square-mile watershed, extending to the 2,300-foot slUnmit ofthe 
Sonoma Moumains. MOSl o[lhe riY"r's tributari"sjoin around the City of Petaluma. l'rom there 
the waters flow along a broad, 18-mile long estuary moving past hayfields and an extensive 
marsh and tem1inating at the north-west end of San Pablo Bay. 

Historically, lh~ tidal marshes located within San Pablo Bay and the tidally-intluenced reaches of 
the Petahuna River provided a highly productive estuarine cnvirOlID1cnt for juvenile anadromou; 
salmonids. During the course of their do\\'Ustream mi6'Iatlon lhTOugh San Pablo Bay, juvenile 
salmon and steelhead may still utilize the estuary for seasonal rearing, although recent data 
suggestthal migration to the sea is rapid, as compared with migration in estuaries located at 
higher latitudes (MacFarlane and 1\""orton 2001). Returning adult salmon and steelhead navigate 
their way tlu'ough San Pablo Bay as they seek upstreal1lspa\\~ling grounds of their natal streams. 

Within the action area the Petaluma River is highly channelized with liule habitat complexity. 
The ChruUld is broad with low summer and high winter flows rflnglllg from zero to 65 efs (lJS 
Geological Suryey gage station 11459000). The riveris fully lidaHl miles (18 kilometers) from 
its mouth. The high range oflidal influence is tlueoin payt to the low gradient and low elevation 
thro ugh the marshes below Petaluma 

As water velocity in the Petaluma River increasesv.ith storm events, adult salmon may use otT 
channel areas, such as the marina and tide channds below the bridge; ror refuge. Riparian cover 
is lacking through the area both upstream and down, likely due to urban encroachment and tlood 
control maintenance. VegeTation persisting along the banks consists predominately of 
pickleweed and other low Jying herbaceous vegetation. 
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The water depth throughuut the Petaluma River has heen maintaineu by annually dredging to a 
minus eight foot depth for 100 feet of chalUlcl width from the river mouth to Western Avenue in 
Petaluma. The need for dredging is a consequence of the high sedimentation rates, a result of 
high suspended sediment loatis in the Petaluma River and adjacent San Pablo Bay. Water depths 
arolmd th,; bridge vary bctwecn 20 to 30 feet. 

These dredging activities have degraded the henthic habitat by removing prey organisms which 
form the diet of green sturgeon. N:-..1FS is cmrenlly conducting a study to determine the recovery 
rate of the benthic community in the nearby marina, just south of the Petaluma River Bridge. 
Although the dam have yet to be analyzed, it is likely that the benthic community docs not fully 
recover prior to the subsequent dredging episudes. A reduction in this benthic community has 
likely resulted in minimal effect regarding loss of prey itcUls for salmonids because benthic 
organisms at these deptbs (20-30 feel) are not typically pnrt ol'lheir diet. Past dredging activities 
exposed juvenile salmonids to a risk of potential entrainment to upland disposal sites, from 
which there arc no outlets back to the marina or the Petaluma River. 

4. Lvnch Creek 

Lynch Creek is a small perennial tlib1anry to the Petaluma River. At the Highway 101 erossing, 
L:;11Ch Creek has been highly modified to a trapezoidal channel with eMhen and concrete 
stahilized banks. The creek is dry during the summer months in the action area. Dlmllstream, it 
is tidally influenced where it meets the Petaluma River. To either side of Highway 101 and 
within the gnp between the bridge, there is little woody riparian vegetation nnd reduced shading 
oflhe channel, which leads to higher W<lter temperatures during the summer months. Upstream 
riparian vegetation becomes dense with adequate canopy cover for shade and blackberry that 
provides some stability to the banks. The substrate throl1ghout Lynch Creek is composed of sand 
and small gravels contributed by eroding upstream banks. 

n. Status 01' Species within the Action Area 

Given the proposed in-water conslruGtion perioti, June 15 through October 31, and the life 
history of steel head, only juvenile stcclhcad arc likely 10 be present in some oflhe creek pOl1ions 
of the action area during in-water construction. In addition to juvenile stccJhcad, NMFS also 
anticipates impacts to steelhead adults and smolts in the Petaluma River as a consequence of 
proposed year-round pile driving 

As shovm in Table 1, Rush Creek, Washington Crcck, and San Antonio Creek arc not currently 
thought to contBin steel head (Caltrans 200S), due in part to poor hahita! qnality and ephemeral 
tlow in the reaches al Ihe crossings. San Antonio Creek may provide some habitat at the mouth, 
where there is a tidal influence from the Petaluma River: however, the reach a1 the Highway 101 
crossing is dxy dming most ofthe year, and migration into the creek is blocked as described 
above. Steelhead are 110t anticipated to occur in the action mea in San Antonio Creck. 
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NMFS is unaware of allY rigorous estimatcs of stcclhcad abundancc from Novato Creek. 
However, there have been several limited fish surveys undertaken in Novato Creek in recent 
years (Rich 1997. Fawcett Environmental Consulting2000, Leidy et al. 2005, Fawcett 
Environmental Consulting 2006); all of these surveys cncoHnlered stcclhcad. One orlhe surveys, 
Fawcell b:nvironmental Cunsulting (2006), was conducted wholly in the proposed projcct·arca. 
That survey was conduclCd during a previous sediment.removal project; in that survey biologists 
collected 12 juvenile steelhcad from a reach within a larger 6,130 fcet area of Novato Creek that 
included the bridge site. Collections upstTealllofthe project area have encountered steclhcad 
throughout the watershed. More recent.surveys conducted by Fawcett on July 9 and 10 of2008 
(Michael Fawcett, personal communicatiotl, January 20, 2009) covered a distance of 
approximately 3 miles, ITom Diablo Avenue above the Highway 101 crossing to the Northern 
Pacific Railroad Bridge downstream hom the Highway 101 crossing, and caught 63 steelhead in 
Novato Creek and fivc in Warner Creek, upstream from the project site. All fish were aged as 
young ofthe year and collected from suitable habitat for summer rem'ingjuvenile steelhead. 
Rearing conditions are absent at the Highway 101 crossing, where the wmer temperatures and 
salinity levels are high and little cover is provided from hllth instream and overwat~T sources. 
Based 011 this information, N'AFS belicves the current habitat conditions in ~llvato Creek within 
the action area are ullsuitable for Suppol'tingjuvenile steel head and, therefore, they arc unlikely 
to be present in this portion of the action area during constl"Uclion. 

2. £an Antonio Creek 

Although Skinner (1962) reported that San Antonio Creek was historically used hy steelhead; 
subsequent reports indicated that CCC steelhcad arc now extirpated from thal watershed. In the 
July 1968 Califomia Depanl11ent of Fish and Game (CDFG) SlIl"veys, San Antonio Creek was 
visually surwyed iiOluthe San Antonio Slough upstream to Chileno Valley Road. No steelhead 
were observed and the creek's fishery value was deemed poor due to illt~rmittent summer tlows, 
scarcc spawning gravel, and suspccted dairy cff11.1cnt (Michaels and Thomson 1968a). In 
September 1981, Leidy (1984) eleetrofished three sites on San /\ntonio Creek bct\:l'ecn Highway 
101 and Chileno Valley Road, and steelhead wen" not found. 

3. Petaluma Rivcr 

Between 1962 and 2005, the Petaluma River and its lributmies were sampled for steelhead or 
residcni rainbow trout at scyerallocations within the Petaluma River watershed. Skinner (1962) 
indicated that the mainstem Petalmna River was lightly used as steelhcad habitat. Thomson ami 
Michaels (1968) surveyed pOl1ions of the Petaluma River accessible by automobile from·thc . 
Hpstream limit of tidal inDuence to the headwaters in July 1968 without observing steelhead. In 
.luly 1993, Leidy (2002) clcctrofished the Petaluma River upstream from the Corona Road 
crossing and did 110t find salmonids. Conu'ary to thcsc;findings mc reported ohservationsol' 
migrating adult steeillead spawning pairs in the Petaluma River (David \Voodbury, NMFS, 
personal communication, OCloher 200g) with estimates believed tn be approximately 60 fish 
(David Woodbury, NMFS, personal cummunication,Odobcr 2008). 
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NMFS has dclelmined that green sturgeon presence will not occur in any of the creeks 
mentioned in this biological opinion due 10 lack of suitable habitat for this species. 
Green sturgeon presence is possible in the Petaluma River due to suitable water conditiuns j~l1' 
this species and its connectivity to the San Pablo Flay. Juvenile green sturgeon are known 10 

inhabit San Pablo Bay, into which the Petaluma River nows. 

NMFS was able to find only one account of green sturgeon in the Petaluma River. In 1997, a 
tagged adult green sturgeon was Delled at the mouth of the Pelaluma River where it was 
determined to havc bcen balding for an cleven bour period dW'ing its migration to the 
Sacramento River (David Woodbury, NMFS, personal communication, Oerober 2008). Between 
19RO and 1995,. stalions within San Pahlo Bay were sampled each month using midwatcr and 
bottom trawls (Baxter et al. 1999). The data show that green sturgeon col1ccl~d by trawls in San 
Pablo Ray ranged fro111 328 to 733 mm in length. Given that the trawls are not designed to 
adequately sample sturgeon, the data cannot be used to accurately estimate green stmgeon 
abundance. Juvcnile green sturgeon are year-round residents in San Pablo Bay and likely forage 
in the Petaluma River, as their relative, the white srmgeon, are commonly caught there and teed 
on similar prey. 

Local fisheries experts are unm,vnre of any observations of green sturgeon presence in the action 
area at the Highway 101 crossing upriver to Washington Street (Hill Cox, CDFG, personal 
communication, October 2, 2008; ).1ichacl Faw~ett, personal communication, October 3, 2008). 
111U5, the available information indicates that adult green sturgeon neither spawn in the Petaluma 
River nor use it as a migratory pathway. Recause the lower section of the Petaluma River is 
Lidal, j nvenile green sturgeon likely enter the riveL Although tbey are most likely to remaill ncar 
the mouth because of locality to San Pablo Bay (a known feeding area) it is possible they could 
be found as far upstream as the Petaluma River crossing, Due to the lack of observations and 
overall d\\indling numbers of the southern DPS of North American green sturgeon, :'<MFS 
reasons encountering nne in the action area during the construction orthe new crossing over the 
Petaluma River is cllllikely. 

4. l.ynch Creek 

A few of the tributaries to the Petaluma River may continue to SUppOl1 small spawning 
populations of CCC steelhead, including Lynch Creek (Leidy el at. 2005). These streams are 
generally short, low gradient streams that have poor quality summer rearing habitat, but ill which 
a few steelhead may Spa\V11 annually. 

Dlu'ing the summer months, the habitat conditions at the Lynch Creek I3ridge crossing are not 
conducive for salmonids, and although juvenile steelhead do rear in the watershed during these 
months, suitable habitat for rearing only exists in the tidally influenced reaches of l.ynch Creek 
downstream from the Highway 101 bridge crossing. Therefore, it is unlikely that stcelhead will 
be present at the project work siles during the instream construction petiad between JUlle 15 and 
Octoher 31. 
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V. EFI?ECTS OF THE PROPOSED ACTIO!\' 

Construction of and modifications ro bridges and crossings will result in the capturc and 
relocation of juvenile stedhead at the crossings over Novato Creek and the Petaluma River, prior 
to dewatering the work areas. Steelhead have not been observed in San Antonio Creek for some 
time and are currently considered to be extirpated from thcsystem as described above. 

In Novato Creek ami the Petaluma River, sleelhead collection and relocation activities will occur 
during the SUlllmcr low-flow period after smolts have emigrated and· before adults have 
immigrated to the proposed project site, and NMFS expects that only juvenile stcelhead will be 
present arId dfected by relocation activities. 'rhos" juvenile sleelhead that are not collected in 
Novato Creek and the Petaluma River will be exposed to the effects of dewatering and pile 
driving. In addition to juvenile steelhcad, Ddults and smolts will also be affected in the Petaluma 
River by exposure to sound pressure stemming ii'om the year-round pile driving activities. 

Both adult and juvenile green sturgeon have access to the Petaluma River Bridge construction 
site, which is tidally influenced. Although NMI'S did not find evidence :!i'om prior surveys and 
literature sources \0 verify any green sturgeon within the aclic>ll area orthe Petaluma River, there 
is still the possibility of juvenile presence for at least part of the year due to the river's 
connection to the San Pablo Bay. The lack of observations in the Petaluma River as a whole 
would likely make encOlmtering a green sturgeon dnring the project activities low enough to 
di:;count any effect to this species as a result of project activities. 

Aquatic habitats and steel head may also be exposed to turbidity and toxic chemicals. Small 
al'eas of aquatic habitat arc ex.pected to he permanently lost in the action area once the project is 
CGmplctc. Tcmporary impacts include turbidity and toxic chemical impacts to water quality and 
riparian loss. Shading increases from closing gaps between crossings will create permanent 
impacts, while habitat loss will have both temporary and permanent impacts. 

A. Ifislt Relocation 

Fish relocation activities pose a risk llfinjury or mortality to rearing juvenile salmonids. Any 
tish ~ollecting gear, whether passive (Hubert 1996) or active (Hayes el al. 1996) has some 
associated risk to fish, including stress, disease transmission, injmy, or death. The amount of 
unintentional injury and mOltality ath'ibUlabJe to fish capture varies widely, depending on the 
method used, the ambient conditions, and the expertise and experience ufthe field crew. Since 
tish relocation activities will be conducted by qualified fisheries biologists fiJllowing both coro 
and :.IMFS guidelines, direct effects to and 1ll0ltaiity of juvenile salmonids during capture will 
be minimized. Based on similal'l'eJocation etlCnts NMFS is familiar. with, approximately 1.5 
percent of the fish relocated may he injured or ki lied .. 

Fish relocation efforts will take place prior to or concmrcnt with the dewatering of waterways. 
No areas will be dewatered plior to June 15. The potential does exist for juvenile steelhead 
injury or mortality!o occur during relocation. NM i<'S has not found evidence of allY green 
'sturgeon occupying the action area or reaches above the action area and does not expect any 
green sturgeon to be encountered during relocation activities, Fish relocation attempts will occur 
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onC time following the construction of each constructed coiIcr dam at all locations where 
dewatering is necessary. The amount offish relocations per crossing is dcpcnulUlt on the number 
of cof1'erdams needed at each crossing. Capmre and relocation of juvenile steel head is 
anticipated for the Petaluma River, where mUltiple relocations over multiple seasons will occur 
due to the placement of cofferdams over multiple seasons, from as few as six to as many as ten 
coi'terdams, depending river conditions. Regardless of cofferdam configuration in the Petaluma 
River, the square footage of dewate"ed area. will remain equal; however, in the scenario where 
cofferdams will be built for individual piers, there is the possibility that juvenile ~teelhead that 
have been previously relocated may enter the action area between relocations and consequently 
be relocated multiple times. 

Based on the recent Slt)'vey efloltS conducted in ]\;ovato Creck for sediment removal activities 
just upstream Ii-om the aclion area, NMFS does not believe that juvenile s\eelhcad will likely to 
he encountered in this p0l1ion of the action area. In the Petaluma River, although there are an 
estimated GO adult Spa\\11ing pail's passing through the action area dming the winter and early 
spring months, there are no recent surveys of juvenile numbers in or near this pOltion o[ lhe 
action area. Thll~, the number of juvenile stedhead in the Petaluma River subject to capture and 
relocation subsequcnt to eonstnlctioll of cofferdams earulOt be reliably estimated. Given the 
timing oftbe project and quality of the habitat within the action area, :'-lMFS anticipates only a 
small number ofjuvenik sleelhead will likely be present during the proposed action. 

Therefore, :'-lMFS will assume that all juvenile steclhead prescnt ",ithin the portion of the action 
area at the bridge site in the Petaluma River v,ill be exposed to captll1'e and relocation efforts that 
will ocCur between June 15 and October 31. NMFS expects that juvenile steelhead mortality 
associated with capturing, handling, and relocation for this project will be cquallo J.5 percent of 
the fish relocated, and when added with the potential for multiple relocations of the same 
individual tish, would equate to 3 percent total m01'lality of juvenile steelhead in the portion of 
the action area in the Pctahm13 River. 

Caltrans will use quaE lied fishery biologists who will take appropriate precautions during fish 
relocation activities to minimize adverse affects to juvenile steelhead. Captured fish are planned 
to be relocated to areas of similar habitat located either downstremn or upstream of the Highway 
101 crossings. 

Relocated fish may also endure stress [rom ~rm;;ding at the relocation sites and increased 
competition for available resources such as food and habitat. This may reduce the survival 
chances of some fish. Some of the fish at the relocation sites may leave the site, and move to 
areas either upstream or down~lrea.m that have greater availability of habitat and less fish 
density. As each fish moves, competition remains eilher localized to a small area or quickly 
diminishes as fish disperse. :'-lMFS docs not believe this impact "ill cascade through the 
watershed population of steelhead based on the small area that will likely be affcet~d. Fish 
relocation efforts are expected to minimi,.e project impacts to steel head in both locations by 
removing lhem [rom areas where they wouk! have experienced high rates ofinjury and mortality. 
FUlthennorc, fish \'lfill be relocatcd to arcas that possess similar habitat and waleI' quality 
parameters (e.g., temperature) to their original locations, and will he distribtlted appropriately to 
prevent overcrowding. 
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B. Dewatering 

Cofferdams installed in Novato Creek and the Petaluma River will narrow the water flow 
through the areas. Flow. is not expected at the San Antonio Creek or Lynch Creek locations, but 
if cofferdams are required for these creeks, only subsurf~ce flow would be pumped ouL The 
streamtlow within ihe project vicinity i, expected to be close tt) nomlal seasonal conditions 
except through the ~reas where cofferdams are installed. The cofferdam footprint in the 
Pctalmna River will be much greater than other locations, although these dcvl"'atcrcd areas will 
not be expected to cause volatile fluctuations in the now "egime, Maintaining the minimnm 60-
foot passage in the Petaluma River through the cofferdams will further ~uppres, any flow efrects 
ass()(:iated with dewatering. 

:\11 cofFerdams will be installed between June 15 and October 31 for all "Cthe three to four 
construction seasons in the Petaluma River and over one season at the other crcek locations amI 
likely be placed during the lowest tide levels. Most fish are anticipated to follow receding tides 
out of the constlUction area. Some cofferdams will be left in place for extended periods oftime 
in the Petaluma River. These cofferdams are not expected to hinder or prevent passage of 
salmonids due to the maintained GO- foot area of passage described in the Deseripl ion of the 
Proposed Action. However, cofferdams will reduce rearing hahitat for steelhead in the action 
area. Based on the project inform:llion available to dale, N\IIFS assumes that any cofterdams in 
the creeks will be installed and removed during one summer construction season (June 15 to 
October 31), although 110t all cofferdams in the creeks will be installed during the same 
construction season"In the Petaluma Kiver, NMFS assumes that once cofferdams are installed. 
they will be len in Ihe riveT until c()mpletion orpilc driving in the Pctaluma Rive1', which may 
occur outside oftlle summcr COl1stLUction scason, NMFS assumes that whenever pile driving 
ends in the Petaluma River, cofferdams \vill only be "emoved hetween June 15 and Octobcr 31. 

Stream flow diversion and work space dewatering is also expected to cause tempnrary lnss, 
alteration, and reduction of aquatic Ik1bitat within the action area. Stream flow diversions could 
harm individual stcclhcad by concentrating or stranding them in residual wetted arcas (Cushman 
J 985) beti.lre they are reIO(;aled, or causing them to mnvc to adjacent habitats (Clothier 1953, 
Clothier 1954, Kraft 1972, Campbell and Scott 1984). 

Steelhead could be killed or injured if clUshed beneath the cofferdams during installation, though 
direct mortality is expected to b" minimal becallse of the small number oI"steelhead in the action 
area and duetn relo(;alion efforts prior to installation of the diversion system. In addition to the 
initial fish capture and relocation at each cofferdam, a fisheries biologist will remain in the· 
cofferdam to net.and rescue any. additional fish tbat may become stranded .throughout the 
dewatering pmcess at each ,cn l1er dam. 

Steelhead notTcmovcdfrom the work area will die dcu'ing dewatering activities. However.' 
NMfS anticipates thc number of juvenile steelhcad killed as a result desiccation from the 
dewatering activities to be very IllW due to the low numhers of steelhead expected to be present 
within the action area. NMFS has not found evidence of any juvenile green sturgellnoccupying: 
the action area or reaches abovc the action area and does not expect any j uvcllilc or adult green 
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srurge()TI to be encountered during dewatel;ng activities. NMFS expects that juvenile stcclhead 
mortality associated with dewatering for this project will be similar to the unintentional mortality 
rate· from capturing, handling, and relocation procedures. This amount of mortality would equate 
to 1.5 percent: of juvenile :;teelhead that are encountered in the Pet<lluma River during capture 
and rdocation dforts between the months or June 15 and October 31. In tht: Petaluma River, 
relocation mortality (3 percent described above) is likely higher than dewatering mortality 
bemuse ofthe potential of capturing a steelhead juvenile multiple times, which would increase 
the stress levels ami the likelihood of death. 

Benthic macl'oil1venebrates may be temporarily lost or tlleir abundance reduced when individual 
mganisms are straml<:d or when creek habitats are dewalered (Cushman 19&5). Effects to 
macroinvertcbrates resulting from stream flow diversions and dewatering will be temporary 
because constntction activities will be relatively short-lived, and rapid recolonization (about one 
to two months) of disturbed areaS by macroinvertebrates (Cuslunan 1985, Thomas 1985, Harvey 
1986) is expected following rcwatcriug. [n addition, the effect ofmacl'Oiriveltebrale loss on 
juvenile steelhead is likely to be negligible because food from upstream sources (via drift on the 
water surface) would be availahle downstream of the dewatered aTeas since stream flows will be 
maintained olltside of the cofferdam. Based on the foregoing, the loss of aquatic 
macroillvcrtcbrates as a result of dewatering activiiics is not expected to adversely affect 
salmonids. 

Co Turbidity 

Tncreased turbidity is anticipated to occur during the construction and removal of the cofferdams 
and dewatering. Research with salmonids has shown that high turbidity concentrations can 
reduce fceding efficiency, decrease food availability, reduce dissolved oxygen in the water 
column, result in reduced respiratory functions, reduce tolerance to diseases, and also cause fish 
mortality (Berg and '\orthcote 1985, Gregory and Northcote 1993, Vdagic 1995, Waters 1995). 
Ylortality of very young coho salmon and steclhcad fry due to increascd tll1'bidity has been 
reported by Sigler ef al. (l984). Even small pulses ofturliid water will cause salmonids to 
disperse from established tenilories (Waters 1995), which can displace fish into less suitable 
habitat and/or increase competition and predation, decreasing chanccs of ,urvival. 

Based on the effects described above, it is anticipated that rearing juvenile steelhead downstream 
oYthe ""ark areas may h", affected by short-term increases in turbidity caused during the 
constructiun a.nd removal of the coffcrdams, dewatering, bank grading, and the addition and 
removal of gravel fill. These pulscs oftmbidity may cause fish to move dov-mstrearn to avoid the 
turbidity. Pulses of increased turbidity are not anticipated to reach lethal levels with preventative 
BMPs in p.lace_ I Jowevcr, pulses of increased turbidity may result injuvenile steelhead 
temporarily vacating preferred habitat arcas andlor temporarily reducing their feeding efficiency. 
This impact will cxtcl)d into the beginning of the first storm evems of each construction year. 
However, due to the timing or the project and the limited habitat within the actioll area, only low 
numbers of juvenile steel head are anticipated to be affected and the minimal nature ofthe 
rurbidity levels are not expected to have a detectable impact on the survival of individual tish. 
Road drainage improvements will lower nlturc t\.!rbidity levels by incorporating new catchment 
devices into their design. New cross culverts will be inC011)oraled with the existing CWVClts to 
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prevent severe flooding in wet years and to compensate for the increase of impermeable surface 
area creaLed by the HOV lanes. The storm water shedding from the road surface will be drained 
in the existing swales on to the sides {)f lIighway 101. While the volume "i"water draining the 
swales will increase, the storm water treatment structures incorporated into the system will 
improve the overall quality orwater.discharged from the roads and drainage·system. 

As a benthic dwclling species, green sturgeon are adapted to living in areas with fine sediment 
bottoms and, thus, are tolerant of high levels. ofturbidity. The project design and best 
management praGlices avoid Of minimize localized turbidity; therefore, sholt-term impacts 
associated with mrbidilY dming implementation of Lhis pmjecl arc cxpccleti La be insignitkant 
for any green sturgeon within the action area oflhe Petaluma River. 

D. Toxic Chemicals 

Heavy construction equipment will be utilized within the dewatered creek channels during 
conslru\:iion activities. Oils anti similar substances from construction equipment can contain a 
wide variety of hydrocarbons, some of which evaporate rapidly while others adsorb to sediments 
and may persist for long periods oftime. These polynuclear ruumaiic hydrocarbons can prove 
harmfult" benthic communities (H!'.'" 1993) which are a salmonid fuod source. Flnid leaking 
from construction equipment can also contain metals, which do not degrade in the environment. 
Somc metals (e.g., mercury, cadmium, lead, chromium) bioaccumulatc in aquatic organisms 
inhabiLing metals contaminaleu environments. Some of the sub-lethal effects that metals can 
callse in salmonids include: immobilizaLiun and impaired locomotion, reduced grov:th, reduced 
reproduction, and impairment of olfactory and brain functions (Eisler 2000). 

Fluid leakage can occur during operation, refllt1ing and during maintenance activities. There is a 
potential for leakage of toxic chemicals t(I oecur dming the pmjcct that may have the potential to 
affect salmonids. In order to minimize the potential adverse affects associated with using beavy 
equipment, heavy equipment will be operated primarily within the dewatcrcd reach of the creek. 
:-IMfS anticipates that ifihere is a leak and Caltrans AMPs are 111l10wed, it will be contained mld 
cleancd up prior to entering thc flowing watef, making it unlikely that salmonids wi II be 
ativersclyaffected. 

In auuition to t(]xic chemicals associaleu with the heavy equipment, water lhat comes into 
contact with wet ccment during construction of the ncw bridges ean also adversely affect water 
quality and steclhcad downstream of the work area. Water that comes in contact with wet 
cement can result in an imbalance of pH levels. Many authors have reported that an imbalance 
in pH can cau,,, as much as 75 percent mortality of salmon ids (Thul and Schmiege 1991). 
HoweveL the work areas will be sufficiently isolated from watered areas making a contamination 
scenario tmlikcly. 

E. Pile Driving Activitie~ , 

As described above in the Description ojlheProposed Action, pile driving will bc restricted in 
Novato, San Antonio, and Lynch creeks to low-tlow periods hetween June 15 and October 31 to 
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avoid effect~ to migrating sleelhead (adults or smolt~). Pile driving may occur year-round ia the 
Petaluma River. 

,\vailable information indicates tbatlish may he injured or killed when exposed to elevated 
levels of underwater sound pressure generated from th'iving steel piles with impact hammers 
(Hastings and Popper 2005). Pathologies associated with vcry high sound levels are collectively 
know;;s bamtraumas. These include bemolThage and rupture of in lema I organs, including the 
swimhladdcr and kidneys in fish. Dcath can be instantaneOlls, occur within minutes after 
exposure, or OCCUI several days later. High sound pressure levels can also result in healing 
damage to fish. Dual metric criteria are currently used to con'e1ate physical injury to fish from 
underwater sound pressure produced during the installation of piles (Agreement in Principal 
between NIvlFS and FHW AfCaltrans, June 2008), If eithcr accumulated SOllnd Exposure Level 
(SELl of 187 dB re one micropascal squared-second (183 dB for fish less than 2 grams) ur a 
single sllike peak sound pressure level (81'1,) of 206 dB re one rnicropa~cal is received by a fish, 
then physical injury may occur. N:v1FS and FHW AlCaltrans arc clilTenlly discussing updating 
the criterion used byNMfS (roOl mean squared of 150 dB re one micropascal) to assess potenlial 
sub-injurious levels of impact. 

The degree to which an individual fish exposed to tlndClwatcr sound from pile driving may be 
affected is dependent on a number of varia hIes, including, but not limited to, size of the fish, 
hearing ability oJ fish, presence of swimbladder, Ii restage, fish behavior, presence of predators, 
sound amplitude and frequency, and effectiveness of any sound attenuation technology, Also, 
sound wave tOlms are affected by the size and type of pile and installation equipment. 

Caltrans is pIOposing to install piles for this project year-round in the Petaluma River. DIe 
installation of CISS piles with an impact hammer in the Petaluma River would he expected to 
result in adverse effects to listed adult,juvenile, and smolt steelhead present in the impact area 
during pile th'iving operations due to high levels of underwater sound that would be produced. In 
order to minimize potential effccts to stcclhcad from exposure to elcvated levels of underwaier 
sound produced during pile driving at the other creek locations, Caltmns will only conduct pile 
driving with ,m impact hammer [mm .I une 15 \0 October 31 and also proposes to attenuate sound 
by using all mean~ pussible while pile driving within the cufferdams. All pile driving outside of 
the above mentioned timeframc in the Petaluma River will use a hydrophone device to monitur 
sound levels. If the elllTent thresholds (above 206 dB peak SPI. and J 87 accumulated dB SEL at 
10 m from the pile being installed) that cause death Dr injury to fish are exceeded, Caltrans will 
stop the pik dri ving activities tmtil sound levels can hI! maimained lmdcr the prescribed 
thresholds. 

Caltrans pmposes a year-round pile driving schedule ror the new Petaluma Hridge. The first 
construction season will result in the installation of approximately 100 to 160 CISS piles for the 
center deekofthc bridge and 160 to 200 piles for each of the new southbound and northbound 
decks that will be built the:: over the i{lllmving three to four construction seasons. The usc of a 
Vibratory hammer to set the CISS piles will not result in injury to fish in th~ surrounding area 
sin~<! this type of hammer produces sound wavcs that differ from those of impa~t hammers and 
arc considered to 110t produce physical injuries. The estimated nun1ber of strikes needed to drive 
each CISS pile with the impact hammer to depth is 200 to 600 per pile for a maximum total of 
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4,000 to 12,000 strik<;s per day, if 20 piles are installed per day and 400 to 1,200 strikes if 1\>;0 

piles are installed per day, 

The undelwater sound prodllced from driving CISS piles [or this pmjcct was evaluat",d using the 
total number of hammer strikes per pile and an estimate of the single strike peak SPL and SEL at 
a given distance, This infCnmation was used in a mathematical model that estimates thc distance 
fi-nm the pile where physical injury to exposed' fish may occur. The distance to where physical 
injury may occur from 762 mm (30-inch) diameterCISS piles in the Petaluma River wa' 
determined to be 1,000 m (3,281 feet) for fish weighing over two grams, given a worst case 
scenario "r 12,000 strikes rer day, 'Ihe "over lwo gram" criterion was used as juvenile steelhead 
in the action area are more likcly to weigh morc than two grams. TIlcrefore, under the worst case 
open water pile driving scenario, withom sound attenuation, any fish within 1,000 111 of the piles 
drivt:n in a given day could he physically injured_ 

Caltrans has incorporated severall11casurcs to minimize exposure of fish. and attelluate high 
levels of underwater sound during pile driving, ~uch as pile driving within cofferdams and using 
wnod blocks between the piles and the impact hammer," Pile driving ncar water causes sound 
energy to radiate indirectly into the water as a result of grolUld borne vibration at the bottom 
beneath the river. TIle low-frequency ground bome vibmtion can cause localizcd sound pressure 
wave~ in the water that are radiated from the bottom of the river. A minimum water depti1 is 
required to allow sound to propagate through water in an area. For pile driving sOllnds, (h" 
minimmn depth for this propagation is 3 to 6 feet, depending on frequency. Sound waves do not 
propagate through air as readily as water, lIlI CISS pile driving will OCCUl· within dewatered 
cofferdams which will provide a source ofatt"nualion by creating an air space between the pile 
and the water column, Hydl'oacoustic monitoring outside of the cofferdams will cCltify the 
attenuation and all pile driving activities will stop if sound levels are exceeded, Based on these 
measures that will be used for pile driving outside oflhe June 15 to October 31 timeli·ame in the 
Petaluma River, NMFS believes injury or mortality to migrating stcclhead is unlikdy. 

Steclhead migrating through the action area in late December through mid-May may experience 
minimal delays during expo~ure to elevated levels o[ underwater sound produced during pile 
dl'iving, Th" delays are expectcd to last less than 12 hours since pik driving will occur only 
during daylight hours, These delays arc unlikely to affcct spawning success because they are 
ShOlt und spawning grounds are within five miles of this p0l1ion orthe action area, Adult 
steelhead may hold below the action area in re,<ponse to noise lcvel~ and, as a eonseqnence, may 
increase their chances \0 predation; however, adult slccJhead.predators (e,g., seals and sea lions) 
have not bcen observed in tilC Petaluma River and arc not expected in the area dnring adult 
migration, Smolts that may be delayed during migration would likely find cover if they do hold 
above the bridge, and then continue migration.during the "vening hours after pile driving has 
stopped, Nevertheless, a small number ofthcsc delayed smolts maybe exposed 10 increa~ed 
predation from birds or othCl· fish, OYerall, few smolts arc likely to be delayed, and cycn fewer 
arc likely to experience increased predation. Smolts rely on tidal lOues during outmigration and 
prefer migration at night. Depending [)n the amount o[ wund .produced and time intervals 
between pile driving activities in a givt:n day of pile dri ving \here may be no delays in adult and 

h As staled above, i(currcm thresholds thm C1'I1I::'C illjmy to ti,h are e:xceeded. Callrans \vill glOP the pik driving 
actlvities. until soulld le\'els can he m~intaincd lillder the pre:-.cribed thrcf.;hold!>. 
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smolt migrations. The use of effective attenuation devices and hydroacoustie monitoring dming 
pile driving activities will likely prevent physical injuries to steelhead while they are delayed 
[rom migrating through the area as levels will not exceed those thresholds thai result in injuries 
or m011ality to salmonids. 

As described above, green sturgeon al·e unlikely lo be present in lhe C1cliol1 area. 1\MFS notes 
that evcn if OIle was present, the proposed project would not likely result in physically injure to a 
green sturgeon if exposed to underwater sound pressure produced during pile driving due lo the 
atLenualinn devices. 

The trestle platforms at the Petaluma River Bridge will only be constmetcd bC!:\;icen June 15 and 
October] 1 and use IT-piles that will he placed main Iy with the use of a vibratory hammer. 
SCJUnd levels produced by vibratory hammers are nOl only lowcr, but generate different sound 
wave forms and lower sound fi·equencies thnt are believed to be less injurious than lhose 
produced by impact hammers. Injuries or mortalities to salmonids are not anticipated. Driving 
of piles wilh an impact hammer [or trestle plalforms in all waterways will be limited to 5-20 
strikes per pile to confirm the strcngth of the pile to SUpp0l1 the trestle platforms. This limited 
number of stril(es is not expected to exceed injury thresholds. 

Sheet piles will be used to construct the cofferdams and small piles will be used to const111ct 
falscwork in all waterways. Only vibratory hammers will be used to construct the cofferdams 
and falsework. Rased on dala collecled during the installation of steel sheet piles with a 
vibratory hammer at the Pan of Oakland (Anderson and f{eyff. 2006), peak sound pressure levels 
generated during this project are not expected to exceed thresholds for physical injury. 

A small numher nl'juvenile steel head may be present in and around the porlions of action area 
outside nfthe cofferdams in the Petahuna River. These fish will be fmaging amI rearing prior to 
outmigr3tion as smolts. In the Petaluma River, most juvenile steelhead arc expected to inhabit 
areas upstream ofthe bridge where freshwater and better habitat conditions are available. This 
would be especially true during the winter seasons when ,lOfm events occur and water quality 
and quantity increase. "Nevertheless, a very small munbcr of juvenile steclhcad may be present 
ncar the com~rdams ill the Petaluma River in the summer. Because Caluans will monitor dm·ing 
the tirst two weeks oIpile driving during the summer as noted in the Descriprion of the Proposed 
,.jelion, and take the necessary steps to fwther attenuate sound levels if necessary, NMFS expects 
that injUlY or mOltality to juvenile steelhead is unlikely. NMFS assumes that pile driving during 
the summer that occurs after CaltTallS has monitored sound levels during the adult and smoll 
migration seasons would incorporate <lny additional sound attenuation that may have been found 
necessary during this monitoring. Therefore, pile driving in the summers after the lirst season of 
pile driving during adult and sma It migration is not expected to injure or kill juvenile salmonids 
ncar the cofferdams in the Petaluma River. 

NMFS cannot precisely quantify the small number of juvenile stcclhcad that may be present in 
the Petaluma River ncar pile driving activities during the Stillmlcr but expects that the number 
will be small based on habitat conditions in the Petaluma River allhis locatioll. 
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The pile driving schedule in Novato Creck is expected to take onc season (June 15 - Octoher 31) 
and will use 16 - 600 mm (24-inch) CISS piles, with each pile requiring between 200 to 600 
hammer strikes to achieve proper depth. Using the upper limit 01'600 stl"ikes each to drive 16 
piles would result in 9,600 strikes if all the CISS piles were installed in a single day. Analysis 
using the same approach, as described in the above Petaluma River pile driving sccnario, would 
require a minimum safe distance 01'736 m (2,429 feet) for fish weighing over two grams from 
the impact site without the usc of attenuation devices. This distance exceeds the size "r 
cofferdams in Novato Creek: however, it is unlikely that this level of impact will be realized, 
given the small amount of piles that will b~ ddven at this location and the amount of days 
available to conducl pile driving. The safe distance calculation is dependant on the number of 
strikes per day and it is unlikely that all 16 piles will be driven in a single day. The safe distance 
required ii·om the impact ~ite will also be reduced because Caltrans will drive piles within 
eoW,rdams, which NMFS expects will provide some sound attenuation. 

Because oflhe uncc11mnty regarding the level of sOllnd attenuation, "iMPS will usc the worst 
case scenario ahove to detennine the maximum distance that could result in injury or death to 
juvenile steelhead ill Novato Creek With a safe distance of736 meters (2,429 feet) upstream 
and downstream of pilcs being driven, NMFS has determined that juvenile stceJhead arc not 
likely to be tound inside ofthis area'" Juvenile steelhead in Novato Creek arc expected to be 
farther up in the watershed where water quality conditions are suitable for rearing over the 
summer months. The reaches where steelhcad have been found in the Slunmer were well beyond 
the distance determined for sound impacts that can injure or kill fish during pile driving, and 
based on the limited amount ofpi\c driving needed at this crossing and the few amount of days 
that will be needed to finish this construclion clcm("'Ilt of the project, 1\MFS does not helieve 
therc ",ill be any pile driving relatcd impacts to juvenile stcclhead in Novato Creck. 

Twenty pre-cast concrete piles will be driven into Lynch Creek. Avai lable information indicates 
that the installation of concrete piics generates sound waw furms tbat afe less injurious than steel 
piles of similar size. A study conducted at the Port of Oakland (Abbott et al. 2005) revealed that 
several species of fish which were held in cages J 0 meters from the pile were 110t physically 
injured when expused to several hundred underwater sound pulses during the installation of24-
inch octagonal concrete piles with an impact hammer. Based on these observations and the dry 
conditions over the summer months, impacts to slcelhcad arc not anticipated from driving 
concrete piles at the Lynch Creek crossing. 

J\ small number of Juvenile stcelhcad in \he Petaluma River may experience sound levels due to 
pile driving that affect their behavior; however, 1\MFS expects these levels will be attenuated 
enough to not·significanlly di~rupl normal h~havior patterns,.,which include feeding and 
sheltering forjuvenile stceihcad, and arc therefore discountable. 

i Thb rC:Hdt ir.; hn~ed on the habitat conditioll~ in Novato Creek near the pile driving [{)cmion, alld I'ec¢nt 5urv~ys 
illliicnting steelhead have nor heell found within thi_" d]:;wnce of the bridge. 
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F. Habitat Imp~cts 

1. Instream Habitat Loss 

The installment of piers in the Petaluma River, Novato Creek, San Antonio Creek, Lvnch Creek 
will result in instream habita~losses of 0.22 acres (9,5R} square [eel ([[2)), 0.0012 ac;cs (52 
feet\ 0.0023 acres (100 feet"), 0.0222 acres ( 967 feet") respectively. This overall loss of 
instream habitat is small relative to the overall aClion area in these reaches. Lynch Creek will 
experience a greater loss "fhahitat lhan the other creek crossings rdative to its size; however, 
steelhead do not use this portion of the aciion area; having only becn found in Lynch Creek 
below thc }-]jghV\'aY 101 crossing, where habitat is limitcd and tidally influenced. The hahitat 
area that will be lost in San Antonio Creek i~ also not utilized by steelhead. The portion of the 
aetion "rea that i, impacted by this habitat loss in Novato Creek and the Petaluma River is used 
predominantly for adttl! and juvenile stcelhead migration with some marginal rearing. The new 
piers are not expected to slow or prevent steelhead migrations through any ofthesc waterways 
and can provide velocity rduge [or steelhead during particularly high winter flows. 

2. Shading 

The combined amount of permanent impacts dut: to shading betwecn the bridge spans will be 
0.7403 acres (32,247 fcet'). The riparian cover located within the bridge gaps will likely wither 
and eventually die from the lack or sunlight as a consequence of shatling. This amount of 
riparian cover in the gaps is minimal at all crossings with the exception of Lynch Creek and the 
new San Amonio Crcek bridge cJossings; howevcr, stccJhead use only the lower portion of 
Lynch Crcek and IuIvc not been observed in San Antonio Crcek at any of the bridge crossings. 
There is currently a lack of shade at the bridge crossings that likely resulis in higher 1Nater 
tt:mperatures antl any additional shading could potentially benefit salmonids by lowering water 
tcmperaturcs at or below these areas. 

The reaches at the bridge crossings are used by stedhead migration and are deficient in the peEs 
3'Sociatcd with other stages in the salmonid life-cycle. Salmonid species arc allr3cted to shaded 
areas that provide an ambiemlight source. This adclitional shade from the new bridges would 
rcsult in conditions that are expected to leave enough ambient light for successful salmonid 
navigation through the area. 

The dominant plant species found in the riparian corridors within the action area inclnde 
California bay laurel (Umbelluiaria cali/ornica), California buckeye (Aesculus californit:a), red 
willow (Salix laevigata), arroyo willow (Salix lasio/epis), valley oak (Quercus Zabala), 
Himalayan blackberry (Rubus discolor), poison oak (TOXicodendron diversilobum), and stinging 
nellh: (Ur/iw dioiw). 

Riparian vegetation removal for this project will result in both temporary and permanent loss. 
Permanent impacts include loss or habitat due to shading and plalOement of bridge abutments and 
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approach roads. Temporary impact numbers include bioswalc areas, designated ~taging areas, 
and area~ in helween the cut and fill line and the project footprint. 

Riparian habitat loss will result from the clearing of banks to allow access to the constmclilm 
sites and the placement of new crossings and connecting road. The riparian corridor along the 
hanks of San Antonio Crcck-is bettcr estahlished than the wrridnrs althe other locations, due to 
the two smaller crossings at San Antonio Road and Highway 101, and the overall limited land 
use in the area. Trees along the hanks that provide overhanging canopy will be removed along 
with low lying brush and herbaceous vegetation along the c;-eek banks. i\t the Snn Antonio 
Creck locmions, Caltrans expects the 2.39 acres (104,138 f1") ofpcrmancnt riparian removal and 
0.64 acres (42,989ft') of temporary removal. The amoLU1t of riparian removal along San Antonio 
Creek is gr~aler than in the other locations; however, the amOlUlt is relative to the riparian 
vegetation remaining in the area, which is ample enough to continue providing shade and.cover 
within the area. Both temporary and permanent effects will also be mitigated should stcclhcad 
population re,establish within the San Antonio Creek. 

Riparian removal at the Petaluma River and the Novato Creek locations consists of ground 
vegetation only and will rt!suH in a pennanent loss of 0.34 acres (14,868ft') and OAO acres 
(17,372ft'), and a temporary loss nfO.99 acres (42,989!l2) and 0.47 acres (20,546fl') 
n:spectivcly. The impacts associated with this loss can result in an increase of sediment from 
eroding banks. Much of the Petaluma Rive1' vegetation is low ground cover, consisting mainly 
of pickle weed that while providing Sllme bank ~upporl, does not ~upport good quality habitat for 
fish. Ground cover will be re-vcgctatcd with native planl~ aftcr completing construction in these 
areas. BMPs for erosion control "'ill be in place during all phases of construdion to con(rol 
erosion. 

I·he Lynch Creek crossing has spru·sc riparian vegetation inlhe gap and along the hanks. The 
amount of pel1nanent riparinnloss ill this area is expected to be 0.28 acres (12,227ft') and a 
temporary riparian loss of 0.22 acres (9,391 ft\ The current amount of riparian cover at the 
bridge crossing does nnt contribute to lower water temperatures or provide cover i(}r steelhead. 
Stedhead \vould usc this reach for a migration corridor to habitat farther up'lream, but have only 
bcen knovm to use the lower reaches of L)'11Cll Creek, that arc tidally illfhtenecd by the.Petaluma 
River. ~teelhead migrali()1lS through the area are more associated \",ith flow than riparian cover 
in Lynch Creek and would still able to navigate through the reach at the cfDssing lo more suitable 
habitat fatther upstream unimpeded during wetter years. 

Riparian hahitat providing instream cover and food resources for salmonids "ill be temporarily 
impacted by the removal of bank cover and over-hanging canopy along creek banks. Although it 
may take 10 to 50 years to restore the full function of this component of salmonidhahitat where 
vegetation clearing will occur on banks,the proposed restoration of planting riparian vegetation 
prcscripti()n in accordance.withCDFG guidelines, overtime will restore the function of the 
riparian habitat lost due to the construction activities. J labitat will be degraded during this 
riparian gro\,1h recovery period. Rearing juvenile and smolt steelhead will have less C(lVer and 
pulemial prey resources for food. Migrating fish moving tlu·ough the area will be morc 
susceptible to predation. The riparian areas other than San Antonio Creek arc sparse and do not 
provide much cover as would a riparian area with dense .. mature vegetation. 
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4. Instream Habiiat Loss 

Temporary instrcam habitat loss will result from dewatering operations in the .Petaluma River 
and Novato Creek. Temporary loss of habitat in the San Antonio and Lynch creeks willnol be 
significant hecause stedhead are not anticipated to be present in these areas during or after 
construction. Instrcam work at aminima[ level of intensity would require diverting channel 
How fi·om the pathways of equipment and the construction offalsework on timber pads. Ifin
channel constl"Uction is conducted in these creeks during a wet year or in early June, water will 
need to be diverted from the construction areas using cofferdams and associated equipment. The 
ru'eas that will need dewatering would occur under existing and newly cOl1stmcteu bridges during 
the construction of the center decks and neW bridges. The predicted cotlerdam locations are 
between the north and southbound lanes at the Highway IOJ crossing and these areas are Harrow 
and the 'vork spaec Heeded in the dcwatcrcd arcas is on a small scale, therefore, the amount of 
temporary habitat loss is predicted to be small. 

VI. CUMULATIVE EFFECTS 

Cumulative effects include the effects of future State, trihal, local, or private actions that are 
reasonably ce11ain 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 
hecause they require separate consultation pursuant Hl s"clion 7 of the ESA. 

Impacts ti'Oll1 urbanization, such as increased runoff from new areas of impervious surfaces, and 
sediment and turbidity associated with road repair and constl"11ction, are likely to continue to 
occur in the actioll area. Some degradation of water quality in the Petaluma River is likely 
contributed by boat traffic and marina activities near the bridge crossing, The pace of such 
development fluctuates hased on economic conditions, and has currently slowed. In reCCnt years, 
additional aquatic habitat protections havc been applied by State and Federal agencies to 
development projects. Based on these factors, NMFS concludes that the level orhahilat 
degradation in the action moen resulting ii·om cumulative effects is expected to remain fairly 
constant or somewbat reduced dUTing the next several years when lhe project is implemented. 

VII. INTEGRATIO:\' AND SY:-ITHESIS OF EFFECTS 

Steel head in the CCC DPS are suffering. severe and long-term declincs, hOlh range-wide and 
within the action area. Across the region, signifierult destruction and degradation of spawning 
and rearing. habitat has occurred. Threats to naturally reproducing steelhead are lllUnCf()u.~, 
varied, and ongoing. NMFS listed a~ threatened the southern DPS of North American green 
sturgeon on April 7, 2006, (70 FR 17757) becaus" of substantial loss of spal'ming habitat, the 
concentration of a single spU\'vning population in Olle section of the Sacramento River, and 
multiple other risks 10 the species. 

The MSN Projcet activities will directly affect steel head and steclhcad critical habitat. "-MFS 
anticipates that take in the Petaluma River oflisled juvenile steel head as a result of this project 
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will be in the nature of injury, m01iality and temporary capture and harassment. Some juvenile 
steelhead that were not captured and relocateU Ii-om the cofferdams will perish from desiccation 
resulting from dewatering the cofferdam. A small number llfjuvcni1c stedhead may be injured 
or killed during relocation. This level of injury and mortality is expected to be small based on 
the results of other similar relocation efforts, the thoroughness of relocation cff011s and the low 
steel head numbers anticipated in the action area 

Other take is expected in the form of harassment of steelhead from sound levels resulting [rom 
year-round pile driving in thl; Petaluma River. This take is expected to harass fish as they pass 
through the area and could res1-1lt in migration delays both up and down river. SOlUld all~nua(i(ln 
devices will be used and sound levels will be monitored 10 keep impacts below the sound 
tlu·esholds ror tissue iI~iury and mortality. 1\ small number ofsmolts are likely to experience 
incr",ascd predation dlle to delay. 

The temporary capture and harassment will be of limited duration and lTIOltality numbers due to 
relocation, dewatering, and delay in the f'daluma River will be low. BM Ps incorporated into the 
project will avoid and minimize the impacts associated with these activities. Therefore, the 
summed amount of the steelhead take is not expected to have any long-term effects on the 
survival of the afteeted steelhead popUlation that should be able to replace their lost numbers 
once fish return tu their nonnal behavior patterns. Due to the small llllmber of juveniles and 
smolts lost, adult retUl"llS are likely to be only minimally affected, if at all. There will be enough 
rctuming adults TO populate the PetallUl1a River watershed with steelhead juveniles in numbers 
equivalent to those currently [ound in the watershed, including th" action area. 

1'\MFS has detennined that it is unlikely that North American green sturgeon will oeclir in the 
action area due to the lack or observations uf this species in the I'etaluma River. Green sturgeon 
do have access to this reach of the Petaluma River, butlhere is minimal 10 no ri~k that they will 
be in this area during constmctiOI1. There they arc unlikely to be advcrsely affected. 

The amount of permanent habitat loss is minimal when cDlnpared 10 the overall migratory 
corridor above and below the modified and new bridges and is not expected to create a migration 
harrier (at most or all flows). PCE's within the action area also include some marginal rearing 
habitat for steelhead. Short-term impucts fi·om construction activities ,,,ill be minimal and 
localized at the project site, and are unlikely to "-rrecl critical habitat up or downstream. Long
term impacts 10 Ihe rearing PCE from construction will be limited to the actual tbolprim of the 
l1"W bridge crossing. Mueh larger areas in the creeks and river will remain undisturbed, as will 
the higher quality rearing and spawni1lg habitats up and downstream oftlle action area. 
Therefore, the project is not expected to atTectthe value critical hahitat for species conservation. 

VlII. CONCLUSION 

After reviewing Ihe best available scicnli·fic and commercial information, the CUITcnt status of the 
species and critical habitat, the C1lvironmental baseline for the action area, the effects of the 
proposed action and the cumulative effects, it is "NYlPS' biological opinion that the MSN Project 
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is nat likely to jeopardize the continued existence of threatened CCC steel head or the sOllthel11 
DPS of North American green sturgeon. 

After reviewing the best availabJe scienti fie and commercial information, the current status of 
critical habitat, the environmental baseline [or the action area, the effects oflhe proposed action 
and the cumulative effects, it is NMFS' biological opinion that the \IlSN Project is not likely to 
destroy or adversely modify designated critical habitat or proposed critical hahitat for CCC 
sleelhcad or thc southern DPS of North American green sturgeon, respcctively. 

IX. INCIDENTAL TAKE STATEME='IT 

Section 9 of the ESA and Federal regula.tion pursuant to section 4(d) of the I:SII. prohibit the take 
ofendanger~d and threatcn~d sp~cies. rcspectively, without special exemption. Take is defined 
as to harass, harm, pursue, hunt, shoot, wound, kill, trap, capmre or collect, or to attempt to 
engage in any such conduct. Harm is turther defined by NMFS as an act which actually kills or 
injures llsh or v;ildlife. Such an act may include significant habitat mudification or degradation 
which actually kills Or injlll'cs fish or wildlife by significantly impairing essential behavioral 
patterns, including brecding, spawning, rearing, migrnting, feeding, or sheltering. Incidcntal 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 section 7(0)(2), taking that is incidental to 
and not the purpose of the agency action is not considered to be prohibited taking under the ESA 
provided that such taking is in compliance with the tenns and conditions orlhis incidental take 
statcmCI1l. 

The measures described below are nondiscretionary, and must be unde11aken by Caltrans, as 
appropriate, for the exemption in section 7(0){2) to apply. Callrans has a cnntinuing duty to 
regulate the activity covered by this incidental take statement. If Cal trans: (1) fails to assume 
and implement the terms and conditions or (2) fails to rcquirc their designce(s) to adhere to the 
terms and conditions of the incidental take statement through enforceable terms that w'e added to 
the permit or grant document, the protedive coverage of section 7(0)(2) may lapse. [n order to 
monitor the impact ofincidcntaltake, Caltrans must report the progrcss of the action and its 
impact on thc species to NMFS as specified in the incidental take statement (50 CFR 
§402.14(i)(3)). 

A. Amount Ill" Extent ufTake 

The MSN Project is expected to result in minimal incidental take of threatened CCC steelhead. 
As described above in the hiological opinion, juvenile steel head are expected \0 he subject to 
capture tor relocation efforts. A small number of fish W'C likely to be killed as a result of 
relocation efforts in the Petaluma River during dewatering. A few fish may avoid relocation 
efforts ana be killed when the work area is dewatered. The number ofthreatened CCC steelhead 
that may be incidentally taken during fish collection and relocation cannnt be precisely 
quantified in the Petaluma River, hut is expectcd to be a small amount. 

40 



Therefore, take is quantified as: all fish present in the cofferdams installed in th~ Petaluma River 
may be Gaptured by dewatering and relocation activities. NMFS anticipates a small number of 
these juvenile steelhead ,vill either avoid relocation efrorts and be killed during dewatering, or be 
ilDured or killed during capture and relocation. No mOfe than 4.5 percent ofjuvenilc sleelhead 
within the pmposed cofferdams in the Petaluma Riverwill be injured or killed. 

Take from pile driving is qmmtificd as: all stcelhcad (adult,smolts, and juveniles) present in the 
Petaluma River pOl~ion ofrhe action area during pile driving. These fish are likely to experience 
disruption in nOlmal hehavior patlerns when pile driving is done using an impact hammer. For 
example, adults and smolts may experience migration delays due to the sound pressure waves 
generated by pile driving in the Petaluma River; however, spawning habitat used by steelhead is 
not far upstream !i'om the action area and spa,,,ning success is not expected to be compromised 
hy ID01i-term migration delays. Outmigl'ating smolts in the spring are expected to he able to 
pass the ShOlt distance trough the action area via the 60-foot navigation channel that Cal trans has 
proposed to maintain in the Petaluma River. Smoits migrating during the day may experience 
short-term disruption during migrations as they may hold ahow the acticlI1 area dming pile 
driving activities. During the holding times, sma Its would likely seck cover unlil the pile dliving 
activities have stopped then continued migration through the area under the cover of night. 
Nevertheless) a small numher nftht!~e smolts may experience incTeased predation. 

Because the precise number of steclhcad delayed or exposed to increased predation cannot be 
determined, ~MFS will us~ the underwater sound thresholds desGribed above in the biological 
opinion as surrogates fOf ineidentallake. Ifunderwaler sound produced during five or more 
slrikes on a single day exceeds the anticipated levels of 206 dB peak SPL and 187 accumulated 
dB SEL at 10m from the pile being installed, incidental take is likely to be exceeded. 

B. Kffect of the Take 

In the accompanying biological opinion, I"\Ml'S detel111incd that this level of anticipated take is 
not likely to result in jeopardy to CCC steelhead. 

C. Reasonable and Prudent Measures 

Pursuant In seclinn 7(b)(4) oftl1e ESA, the following rea"mable and prudent measures are 
necessary and appropriate to minimize incidental take ofthrcmened CCC stedhead: 

I. Measures shall be taken to minimize injU1), and mortalily to listed stcclhcad from ftsh 
relocation activities, del';atering activities, and bridge construction. 

2. Measures shall be taken to minimize injmy and m0l1ality to listed stcelhead from pile 
driving activities. 

3. FHWA and Caltrans shall provide rcpOlis to NMFS on the effectiveness oflhe 
project's incidental take minimization measures. 
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D. Terms and Conditiuns 

In order to be exempt il'om the prohibitions or section 9 oIthe [SA, Caltrans and their 
dcsignec(s) must comply with the following terms ami conditions, whieh implement the 
reasonable and prudent measures described above. These terms and conditions are non
discretionary. Monitoring requirements are included below, as per 50 CPR 402.120)(3): "In 
urder to monitor the impacts of incidental take, the Federal agency or any applicant must repOti 
the progress ofthe action and its impact on the species to the Service [NMFS] as specitied in the 
incidental take statemenl." 

Jhe following terms and conditions implement Reasonable and Prudem :v!easure l. 

l. Caltrans shall provide N:v!FS with a "Fish Relocation Plan" and a "Dewateling Plan" for 
n:view 30 days prior to the stmi of dewatering and fish relocation activities. The Fish Relocation 
Plml shall outline all fish collection and reloeationlllcthods and materials. The plan shall he 
submitted to "\IMPS' Santa Rosa Area Office (see addl'ess below). 'l1le Dewatering Plan shall 
outline all dewatering methods, including dewatering timeframcs before and after pile driving 
within thc cofferdmns. Plans for storing and cleaning watcr pumped from the river and creeks 
prior to discharge must be described. The phm shall be submitted to NMI'S' Santa Rosa Area 
Otlke (see address below). 

2. Caltrans shall retain a qualified biologist with expertise in the areas of anadromous sallllonid 
biology, including handling, ""lIecting, and relocating salmonids; salmonid/habitat relationships; 
and biolugical monitoring of salmon ids. Elcctrolishing, if used, shall be performed by a 
qualified biologist mld conducted according to the ":NOAA Fisheries Guidclines for 
Eleeh'ofishing Waters Containing Salmnnitls T..isted under the Endangered Species Act", June 
2000. A Statement of Qualifications for all biologists who will be employed on the project shall 
be provided to :NMFS for revicw 30 days prior to any onsi!(; project construction (or demolition) 
l'Clated activities. 

3. The biologis! shall monitor the construction site during fish relocation and dewatering 
activities \0 minimize or avoid take of salmonids. The biologist shall be on site during all these 
events to cnsure that all listed salmonids are captured, handled, and relocated safely. The 
biologist shall notify NMFS biologist Dave Walsh (707) 575-6016 or dave.walsh@noaa.govone 
week prior to rciocation activities in order to provide an 0pp()liunity for NMFS slaff to observe 
th~ activities. 

4. Listed salmonids shall be handled \vith extreme care and kept in water to the maximum extent 
possible during relocation activities. All captured fi~h shall he kept in cooL shaded, aerated 
water protected from excessive noise, jostling, or overcro\vding any time they arc not in the 
stream and fish shall not be removed from this water except when released. To avoid predation, 
the biologist shall have at least two containers allli segregate young-of-year salmollids from older 
salmDnids and other potential aquatic predators. Captured sallllonids shall be relocated, as soon 
lIS possible, to a location out of the project's impact area, which has suitable habitat conditions, 
and which allows tor maximum survival of the tl'anSp011ed salmonids. 
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5. Caltrans shall provide NMFS with an annual slUllmary report within ~o days of the 
completion offish relocation and monitoring activities. The report shall include the methods 
used during the fish relocation and monitoring efforts, location, number and species captLU'cd. 
num ber of mortalities hy species. and other pertinent inrormation related to the monitoring and 
fish relocation activities. Reports shall be submitted to )lMFS Santa Rosa Area Office (see 
address below). 

6. All pumps used in the work mea shall he equippcd with screens that mcet the following 
NMFS !ish screening criteria: 

a. Pcrforated plate: screcn openings shall not exceed 3/32 inches (2.3 ~ mm), measured in 
diameter. 

b. Woven Wire: screen openings shall nol exceed 3/32 inches (2.38 mIll measured 
diagonally). 

c. Screen material shall provide a minimum of27 percent open area. 
d. Approach velocity shall not exceed 0.33 feet per second. 

7. Ca1trans shall provide \witten notification to NMFS at k:ast l4 days prior lO commencement 
of in-chmme! bridge constrllction, or over-channel bridge demolition. Written notification shall 
be sent to KMrs' Santa Rosa Area Office (see address below). 

8. All cofferdams must be inspected and maintained on a daily basis to ensure its integrity fur 
the duration of the work schedule below OHW. 

The .f9U9.F.i.ngJe.[llls and conditions implement Reasonallle and Pruden.t :vI:easun: f. 

9. Pile driving orthe CISS piles in wetted channels (or within correrdams in wetted channels) 
sllall occur only during daylight hours with the sun above the horizon. This is to ensure that pile 
driving does not oeem at dawn or dusk, which c·an be peak movement times for juveniles. 

10. FlI\VA and Caltrans ,hall munitor underwater sound during all impact hammer pile driving 
activities on land or in waler [or CISS piles used in the construction o[the Petaluma River 
Bridge footings. If underwater sound produced during five or morc strikes on a single day 
cxceeds the anticipated levels of206 dB peak SPL and 1&7 accumulated dB SEL at 10 m from 
the pile being installed, then pile driving must cease and NMFS muslbe contacted withil124 
hours: Dave Walsh (7()7) 575-6016 or daw.walsh@noaa.gov, or the NMFS Santa Rosa Otlice 
(707) 575-6050. The purpose of the contact is for Caltrans to describe themeasLU'es that will ht:: 
taken to reduce underwater sound levels. Once NMFS agrees to the measures to reduce· 
1.1l1derwater soul1d,pile driving may proceed unless monitoring ddects underwater sound·levels 
greater than those specified above. If sound levels ex.ceeu those specified ah[we, Term and· 
Condition 10 repeats until sound levels are below the levels specified above. 

I J. An environmental noise technician shall monilor the construction·site during pile driving 
activities to monitor.sounuimpact avoidance measures and record the outcomes of each pile 
driving event. The technician shall be on sitc during all these events to ensure that all sound 
allcnuation devices are being used and that sound impact avoidance protocols arc adhercd to. 
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12, Each pile driving incident ohall he monitored and recorded in a log that includes the sound 
levels at the stopping lime and the sound levels at the slarling time. If sound levels ,u'e above 
SPL and SEL, actions will be taken to lower the sound level to a level that will not produce 
il~urious sound pressure levels to salmonids, 

13. Sound attenuation devices will be uscd for all pile driving activities, 

14. 1 r Callrans is unahle to meet these sound attenuation crileria then impact driving of CISS pile 
shall only occur f~om May 15 through November 30 in any given construction season to allow 
adult !U1d smolt steelhead migration to their natal streams and the ocean, 

1 S. At the Petaluma River location, ifpi1c dliving ofCISS piles commences within the June 15 
to October 31 timcframe in the first work season, Calt1'8nS shall monitor these activities, using 
the hydroacoustic eqUipment, fill" a period of no less than two weeks. I f the sound levels fall 
bel(}w the sound thresholds 0[206 dB peak SPL ami 187 accumlliated dB SEL al ]() m fi'om the 
pile being installed, then Caltrans may continue to drivc CISS piles with an impact hammer until 
November 1, Otherwise,. Callrans may continue to pile drive as long as additional sOlmd 
attenuation can reduce underwater sound belo\\' the lhre~hnlds above. 

The following terms and conditions implement Reasonable and Prudent Measure 3. 

16. FHWA and Caltrans shall provide rcpOtiS to KMFS on thc effectiveness ohhe project's 
incidental take minimization measures no lmer than I}O days following the end of cach 
construction season, including an annual minimization measure effectiveness 1-eport for thc 
Petaluma River activities, 

17, FHW A and Caltrans shall provide annual repmts to NMFS with the results of the 
hyd1'Oacoustie monitO!'ing pm gram, The first report shall be submitted to NMFS no latcr than 
January 31, following the first year of constlUctioll, and shall provide year-round results of the 
previous construction season, The second annual hydroacQustic repmt, covering the second year 
monitoring period, shall be provided to NMFS by January 31 in the year following the second 
year of construction (see address helow). 

IS. FHWA and Caltrans shall provide NMFS with an annual summary repoli within 90 days of 
the completion offish relocation and monitoring activities each year. The report of relocation 
shall include the methods useu during thc fish relocation and monitoring efforlS, location, 
number and species captured, nlllnber of mortalities by species, and other pertinent infmmalilln 
related to the monitoring and fish relocation activities. Rep0l1s shall be submitted to NMFS 
Santa Rosa Area Ottice (see address below). 

19. HI \VA, Caitrans, or contractor shall allow any NMfS employec(s) or any other person(s) 
designated by ?-JMFS. to access the MSN Project work areas during the construction period for 
the purpose of observing monitoring activities, evaluating fish and stream conditions, 
perf0l1nance of Cal trans , BMPs, or pcrfonn mher monitoring/studies, NMFS will notity Caltrans 
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Resident Enginccr 48 hours prior to plan site visits and will contacl Caltrans persollilel prior to 
entering the cOllst1'Uction sileo 

20. All reports or plans required for the above terms and conditions shall be ~enlto: 

KMFS Santa Ro<;a Area Office 
Sllpcrvisor. Protected Resources Division 
Southwest Region 
"alional \4a1'ine Fisheries Service 
777 SOlloma Avenue, Room 325 
Santa Rosa, California 95404 

X. REINITIATlOi.\' ;>;OTICE 

This concludes frmnal ~onsultation on the propnsed Marin Snlloma Narrows High Occupancy 
Vehicle Widening Project. As provided in 50 CFR §402.16. reinitiation offonnal wTIsultaliun is 
required where discretinnary Federal agency involvement OJ' control over the action has been 
retained (or is authorized by law) and if: (I) the amount or extent or incidental take is exceeded; 
(2) new infUl1l1atioll reveals effects of the action thal may affeet listed species or critical hahitat 
in a manner or to an extent not previously considered; (3) the identified action is subsequently 
modified in a lTImmer that causes an effect to listed species or critical habitat that was not 
considered in the biological opinion; or (4) a new species is listed or critical habitat designated 
that may be affected by the identified actiun. In instances where the amount Dr extent of 
incidental take is exceeded, formal consultation shall be reinitiated immediately. 

XI. CONSl£RVATION RECOMM£l'iDATlONS 

Section 7(a)(l) of the ESA direct~ Federal agencie, to utilize their authorities to I'urther the 
purposes of the ESA by carrying Ollt conservation programs for the hendit Dfthe threatened and 
endangered species. Conservation recolllmendations are discretionary measures suggested to 
minimize or aVDid adverse eftects of a proposed action on listed species, to minimize or avoid 
adverse modification of critical hahitat, or develnp additional informalion. 

1. )lMFS recommends that piles not bc installed during stccJhead migration - December through 
mid-May in the Petaluma River. 

2.l\'M~S recommends that FHWAand Caltrans·consull with :-';MFS to develop a long range 
planning approach that seeks to minimize and avoid the impacts of road-relateu projects on listed 
salmonids. 

3. Caltrans shnulu iuentify and prioritize any maintenance and construction projects which, if 
implelllented, can improve ESA-listcd salmonid migration or in-stremn environmental 
conditions. 
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4. Caltrans in coordination with NMfS should usc this project to initiate studies to acquire 
empirical data tor establishing criteria 101' the cumulative effects m fish ftUm exposure to 
underwater sound produced during multiple pile driving strikes. 
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EXECUTIVE SUMMARY 

Project B4 of the Marin Sonoma Narrows (MSN) Highway 101 High Occupancy Vehicle (HOV) 
Widening Project (the MSN B4 Project) consists of the segment of U. S. 101 from just south of 
the Petaluma Boulevard South overcrossing to just north of the Caulfield Lane overcrossing, or 
post-miles 2.5 to 4.1, located in the southern portion of Sonoma County, California.  The project 
is within District 4 of the State of California Department of Transportation and within the 
Sonoma County Transportation Authority (SCTA) planning area.  The project area is referred to 
herein as “the Site” (Figure 1).      

The purpose of this Site Investigation Report is to evaluate the soil conditions for on-site use, 
off-site disposal of site soils, assess the bridges and culverts that will need to be widened, 
replaced or removed for the presence of asbestos or lead-based paint and to assess soil and 
groundwater to identify work safety issues for construction site workers.  The following 
summarizes URS’ conclusions and recommendations. 

Soil Reuse/Disposal 

With the exception of aerially-deposited lead, no constituent was detected at a concentration 
limiting soil reuse or requiring disposal of soil as a hazardous waste.  The detected 
concentrations of aerially-deposited lead were typically low enough that the Caltrans Variance is 
not applicable for the majority of soil within the project limits, which can therefore be reused on-
site without restriction, and is not considered a California or federal hazardous waste.  The 
exceptions are two hotspots, located at sample N-15 (top 1.0 foot only) and sample S-9 (to the 
maximum depth of excavation of 1 foot), which had detected concentrations of aerially-
deposited lead that require restrictions on the reuse and/or disposal of soil from these specific 
areas.  The attached Figures ENV-1 through ENV-8 and the following table summarize the reuse 
restrictions and disposal requirements of project soil.   
Table ES-1 - Soil Reuse/Disposal Requirements 

Sample 
Southern 

Limit Station 
Northern 

Limit Station 
Depth* Reuse Restriction 

Disposal 
Requirement 

N-15 206+00 210+50 0-1 ft  
Below > 1’ non-haz cover, > 5' 
above the groundwater table 

Cal-Hazardous, or out-
of-state 

S-9 150+50 155+00 0-1 ft  
Below pavement, > 5' above 

the groundwater table 
Cal-Hazardous, or out-

of-state 

All 
others* 
(except 
hotspots 
above) 

Southern 
Project Limit 

Northern 
Project Limit 

All 
depths 

None  Non-Hazardous  

* Note that samples associated with the southern on-bound ramp from the proposed Petaluma Blvd. South 
overcrossing (S-1, S-2, S-3 and S-4) were removed prior to statistical analysis of the soil data, as this ramp is not to 
be constructed at this time.   
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Structures Scheduled for Retrofit or Demolition 

Six structures within the project limits are scheduled for replacement or widening, which will 
involve the partial demolition of all or parts of each structure.  Accordingly, an asbestos and 
lead-based paint inspection was conducted for the following structures: 

 Petaluma Blvd. South Undercrossing (northbound and southbound): - the proposed 
improvements will include demolishing the existing structures.  

 Petaluma River Bridge (northbound and southbound), and Route 101N/116 Bridge: - the 
proposed improvements will include demolishing the existing structures and replacing them 
with new structures. 

 Route 101S/116 Bridge - the proposed improvements will include widening the existing 
structure. 

Asbestos-containing materials were detected on the South Petaluma Bridge Undercrossing in 
bedrock materials.  Lead-based paint was detected at all bridge structures. In addition, hexavalent 
chromium was detected at elevated levels on all bridge structures. Hexavalent chromium is a 
known carcinogen, therefore health and safety plans for workers must address hexavalent 
chromium and lead-based paint, as well as asbestos (where applicable).  Applicable regulations 
regarding the demolition and disposal of debris from these bridges must be followed.   

Impacts from Off-Site Contamination 

In preparing the workplan, URS reviewed the Marin-Sonoma Narrows HOV Widening Project 
Final Environmental Impact Report/Final Environmental Impact Statement, prepared by 
Caltrans, July 2009, leaking underground storage tanks (LUSTs) were identified near the 
101N/116 Overcrossing.  To confirm whether there are potential impacts to groundwater on the 
project site from these LUSTs, groundwater grab samples were collected at this interchange.  
The workplan also discussed a LUST at 4550 Redwood Highway.  URS has further evaluated 
this LUST site and found that it is located approximately 1/2 mile south of the southern project 
limits, at the corner of Kastania Road and US 101.  The groundwater gradient at the LUST site is 
to the east and the northern extent of the plume is well defined and not within the boundaries of 
the MSN B4 project.  

URS’ investigation did not identify evidence that these potential off-Site sources impacted the 
project corridor. 

Groundwater 

URS’ investigation of groundwater did not reveal the presence of contamination that would 
require disposal as a hazardous waste.  In general, groundwater was detected at depths varying 
from 5 to 10 feet below ground surface.  Based on the terms of the Caltrans variance, these 
shallow depths could reduce the areas at which Aerial Deposited Lead contaminated soil may be 
reused. 
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Worker Health and Safety 

Lead and nickel were detected in soil at concentrations exceeding the Regional Water 
Quality Control Board’s Direct Exposure Soil Screening Levels for construction/trench 
workers. These and all other detections should be considered by the contractor in 
preparation of their site specific health and safety plan.



SECTIONONE Introduction 

1-1 

1. Section 1 ONE Introduction 

Project B4 of the Marin Sonoma Narrows (MSN) Highway 101 High Occupancy Vehicle (HOV) 
Widening Project (the MSN B4 Project) consists of the segment of U. S. 101 from just south of 
the Petaluma Boulevard South overcrossing to just north of the Caulfield Lane overcrossing, or 
post-miles 2.5 to 4.1, located in the southern portion of Sonoma County, California.  The project 
is within District 4 of the State of California Department of Transportation and within the 
Sonoma County Transportation Authority (SCTA) planning area.  The project area is referred to 
herein as “the Site” (Figure 1).      

This project involves the proposed construction of central HOV lanes as part of the region-wide 
continuous HOV network.   The project will include improvements to outside shoulders, 
construction of new ramps, bridge demolition, widening, or replacements, and installation of 
soundwalls and retaining walls.   As a result of these proposed improvements soil will be 
excavated along US 101, at interchanges, and at a river crossing. 

The purpose of this Hazardous Materials Site Investigation Report is to evaluate the soil 
conditions for on-site use, off-site disposal of site soils, assess the bridges and culverts that will 
need to be widened for the presence of asbestos or lead-based paint and to assess soil and 
groundwater to identify work safety issues for construction site workers.  URS submitted the 
Hazardous Materials investigation workplan to SCTA, Sonoma County Department of 
Environmental Health, and Caltrans on January 20, 2010.  Sampling and resulting laboratory 
analysis activities were performed between March 18 and July 19, 2010.   

This Report has been prepared in accordance with the most recently issued Caltrans District 4 
lead-impacted soil handling variance by DTSC.  This variance describes reuse restrictions and 
disposal requirements for soils impacted by lead at various concentrations.  These criteria and the 
corresponding regulatory restrictions are described in Section 3.1. 

Soil samples were collected at a total of 53 locations, as described in the workplan included as 
Appendix A.  Two additional boring locations (M-11 and M-15) were not drilled due to 
accessibility and drill refusal issues, therefore no samples were collected at these locations.  Soil 
samples were collected at intervals perpendicular to the US 101 mainline and ramps.  In general, 
two borings were advanced approximately every 300-400 feet.  At each location, one boring was 
placed in the median (where the majority of excavation work will occur), and the second boring 
was placed adjacent to the northbound or southbound edge of the shoulder (or, where ramp 
construction is planned, the second boring was placed adjacent to the outside edge of the 
shoulder of the ramp).  The location of these shoulder/ramp samples, relative to the traveled way, 
alternated along the project corridor between the edge of pavement, the midpoint between the 
edge of pavement and the limit of excavation, and the limit of excavation. 

Of the 53 locations, 17 were from adjacent to the northbound direction mainline or ramp lanes, 
17 from adjacent to the southbound direction mainline or ramp lanes and 19 were from within or 
adjacent to the median.  A secondary, duplicate boring was advanced at five of the locations.  
Two additional boring locations were planned within the median (M-11 and M-15) but could not 
be drilled due to accessibility issues and drilling refusal, respectively, and boring M-10 could not 
be located within the median and was therefore shifted to be adjacent to the southbound direction 
mainline. 
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Samples were generally collected to the maximum depth of excavation, which ranged from 1 
foot in the south to 3 feet in the north of the project area.  Samples were generally collected at 0-
0.5 ft, 0.5-1 ft, 1.0-1.5 ft, 1.5-2 ft, and 2.5-3.0 ft below ground surface (bgs); though isolated 
samples were collected to deeper depths where excavation was expected to be deeper than 3 feet, 
or where groundwater samples were collected. Borings at areas where fill will be placed, where 
excavation of topsoil is expected to be only 12 inches deep were sampled at the 0 to 0.5 ft and 
0.5 ft to 1 ft intervals.  A total of 188187 soil samples were collected.   

Groundwater samples were collected from the first encountered groundwater zone, typically 
about 10 feet bgs.  Two groundwater samples were collected.  Groundwater samples were 
collected where deeper excavation is planned – at bridge construction areas and at the northern 
end of the project where signs may be installed.   

A total of 62 samples of potentially-asbestos-containing materials, and 14 samples of potential 
lead-based paint, were collected from the following structures requiring demolition, modification 
or widening. This report provides analytical data of these materials for the following existing 
structures: 

 US 101 northbound bridge at Hwy 116. 

 US 101 southbound bridge at Hwy 116. 

 US 101 northbound bridge at Petaluma Blvd South. 

 US 101 southbound bridge at Petaluma Blvd South. 

 US 101 northbound Petaluma River Bridge. 

 US 101 northbound Petaluma River Bridge. 
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2. Section 2 TWO Sampling and Analysis Activities 

2.1 DESCRIPTION OF SAMPLING AND ANALYSIS ACTIVITIES 

This section describes the sampling and resulting laboratory analysis activities performed for the 
project.   

2.1.1 Project Limits 

The MSN B4 Project consists of the segment of U. S. 101 from just south of the Petaluma 
Boulevard South overcrossing to just north of the Caulfield Lane overcrossing, or post-miles 2.5 
to 4.1, located in the southern portion of Sonoma County, California.  The project is within 
District 4 of the State of California Department of Transportation and within the Sonoma County 
Transportation Authority (SCTA) planning area.   

2.1.2 Sampling Locations 

Figure 1 shows the location of the site.  Sheets ENV-1 through ENV-8 shows the sampling 
locations.  Sampling locations were placed in the field using a Trimble ProXH Global 
Positioning System (GPS) instrument.  Soil samples were collected at a total of 53 locations from 
the median, northbound or southbound areas.  Approximately ⅓ of the northbound and 
southbound samples were collected each at the outer pavement edge, at the outer edge of the 
proposed widening area, or in the midpoint of the proposed widening area.  A secondary, 
duplicate boring was advanced at five of the locations.  A total of 188187 soil and 2 groundwater 
samples were collected, and all samples (except for deep samples from three borings) were 
analyzed for one or more constituents as described in Table 1. 

2.1.3 Sampling Depths 

Samples were generally collected to the maximum depth of excavation, at half-foot intervals 
(0.5, 1.0, 1.5, 2.0, and 3.0 feet bgs), though isolated samples were collected to deeper depths 
where excavation was expected to be deeper than 3 feet, or where groundwater samples were to 
be collected.   

2.1.4 Sampling at Bents West of Hwy 116 

URS collected three soil samples during potholing activities intended to clear the locations of 
future bents associated with the widening of the US 101 overcrossing and analyzed the samples 
for TPH-g, TPH-d and TPH-mo.  Each sample was collected from spoils generated during the 
potholing activities.   
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2.1.5 Pre-Field Activities 

2.1.5.1 Permits 

URS used the existing encroachment permit for access to the Caltrans ROW.  A copy of this 
permit is shown in Appendix B.  A permit was also obtained from the Sonoma County 
Department of Environmental Health; a copy of this permit is also included in Appendix B. 

2.1.5.2 Health and Safety Plan 

A Site specific Health and Safety Plan was prepared for the project’s field activities and was 
implemented by personnel working on-Site.  Daily tailgate safety meetings were held before 
initiation of fieldwork with field personnel and subcontractors to discuss each day’s activities 
and related safety precautions.   

2.1.5.3 Utility Clearance 

URS reviewed utility records to place borings away from known utility lines.  URS also 
reviewed ongoing potholing operations results to further determine optimal boring locations.  
Additionally, utility clearance at each sampling location was conducted through notification of 
Underground Services Alert (USA) and with the assistance of a private underground utility 
locator.  In several cases, sample locations were moved slightly in the field to avoid utilities.   

2.1.5.4 Traffic Control 

Cal-Safety Inc., a Caltrans-certified traffic control subcontractor was retained to divert traffic 
away from the field crew and sampling rig when working along roadways.  Median work was 
performed between the hours of 9 PM to 5 AM, at which time URS was permitted to close the 
innermost lane of traffic.   Outside shoulder work was performed between the hours of 9 AM and 
3 PM at which time URS was permitted to close the outside shoulder.   

2.1.6 Sample Collection Methods 

A direct push (DPT) geoprobe soil sampling system operated by ECA, Inc. of Aptos, California 
(State of California Drilling Contractor License No. C57-695970) was used to collect soil cores 
for logging purposes and collect soil samples at discrete depths from geoprobe borings.  In each 
of the DPT borings, samples were collected by driving an approximately 4-foot long, 2-inch 
diameter sample barrel equipped with clean plastic liners.  Due to access issues or proximity to 
potential utilities, samples were collected at many locations using a hand auger.  Additionally, 
URS collected three soil samples during potholing activities intended to clear the locations of 
future bents associated with the widening of the US 101 overcrossing and analyzed the samples 
for TPH-g, TPH-d and TPH-mo.  Each sample was collected from spoils generated during the 
potholing activities.   
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All geoprobe borings were logged by a geologist or environmental engineer familiar with soil 
sampling procedures.  Geoprobe boring logs are included in Appendix C.  

For samples collected using the Geoprobe, sections of the plastic liner containing soil intervals 
intended for possible laboratory analysis were cut from the 4-foot long soil core, sealed with 
Teflon tape, plastic end caps and masking tape, labeled with Site specific designations, and 
placed on ice in an ice-chest pending transport to Torrent Analytical Laboratory in Milpitas, 
California, a State of California certified laboratory, under URS Chain-of-Custody procedures. 

Sampling equipment was cleaned after each use.  Before leaving each sampling location, boring 
locations were filled to the surface grade with a mixture of Portland cement and bentonite grout; 
samples deeper than 3 ft were backfilled using a Tremie pipe.  The limited cuttings related to the 
environmental investigation filled less than one drum, and were consolidated with cuttings 
resulting from the concurrent geotechnical investigation within a bin stored at the intersection of 
Highway 116 and US 101.  These investigation-derived soils were sampled, characterized, and 
are scheduled to be disposed of off-Site in accordance with applicable regulations.  Limited 
volumes of decontamination water were generated and handled by the drilling contractor.   

2.1.7 Changes to the Field Program 

Minor modifications were made to the Field Program during the course of the investigation. 
These changes fall into one of the following categories: 

 Eleven of the boring locations were moved slightly (typically less than 10 feet) because the 
original locations were at an inaccessible point or soil was not exposed in this area.  The total 
number of boring locations was not reduced (except for the two mentioned below). 

 One boring (M-11) was not drilled due to accessibility issues.  One boring (M-15) 
encountered drilling refusal at the surface, therefore no samples were collected. 

 Three borings (M-6, S-14 and N-7) encountered drilling refusal before reaching the planned 
drilling depth, therefore limited samples were collected. At the M-6 boring, an additional 
sample was collected at 4.5ft. 

 Four borings (S-1 through S-4) were advanced within a southbound on-ramp at the proposed 
Petaluma Blvd. South overcrossing which was removed from the project design between the 
time the samples were collected and the preparation of this report.  The results of these 
samples are included in the report discussion and in the tables and figures, however these 
results were not incorporated into the statistical analysis as the soil represented by them will 
not be excavated or reused. 

 One boring (S-1) encountered groundwater before reaching the planned drilling depth, 
therefore soil samples were only collected to a depth of 3 ft. At this location, a groundwater 
sample was intended to be collected, but due to a laboratory error the sample was not 
analyzed.  See Section 2.1.8 for additional information regarding this boring. 

 One boring (M-10) was relocated to the northbound shoulder area due to access issues in the 
median, and was drilled to 30 feet before hitting refusal, and no groundwater was 
encountered.   Therefore, no groundwater sample was collected though one was originally 
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planned for this boring.  Based on URS’ workplan, the maximum depth a boring would be 
drilled was 28 feet, therefore this item is noted for information only as it is not a modification 
from the field workplan. 

 One boring (M-16) was drilled to groundwater instead of an adjacent boring (M-17), due to 
the presence of shallow bedrock. 

 Subsequent to URS’ field investigation and the submittal of the draft Site Investigation 
Report, construction specifications related to the recent replacement of the US 101 
overcrossing at Highway 116 were reviewed.  These specifications noted that elevated 
concentrations of TPH-mo were detected at future locations of bents, west of Highway 116.  
After discussing these findings with Mr. Chris Wilson, URS decided to collect additional soil 
samples during upcoming potholing activities intended to clear the locations of future bents 
associated with the widening of the US 101 overcrossing and analyze the samples for TPH-g, 
TPH-d and TPH-mo.  The results of these analyses are discussed in Section 3.2.3.5. 

2.1.8 Soil Laboratory Analysis 

Table 1 provides details of the soil analytical program, including soil sampling intervals and soil 
analyses conducted at each sampling location.  Sixteen of the soil samples were duplicated in the 
field for quality control purposes.   

All the soil samples included in the analytical program were analyzed for total lead by EPA 
Method 6010B, except the deepest samples from three of the borings, which were held by the 
laboratory pending results of the shallower samples.  Approximately 5-20% of samples collected 
at various intervals were analyzed for additional soil analytes.  The number of soil samples 
analyzed for each analyte for the Site follows: 

 178 soil samples were analyzed for lead (Pb) by EPA 6010B 

 21 soil samples were analyzed for California Assessment Manual heavy metals (CAM 17 
Metals) which includes lead, by EPA Methods 6010B and 7471 

 21 soil samples were analyzed for pH by EPA Method 9045C 

 12 soil samples were analyzed for total petroleum hydrocarbons (TPH) as diesel and motor 
oil (TPH-d/mo) by EPA Method 8015B 

 6 soil samples were analyzed for organochlorine pesticides (OCPs) and polychlorinated 
biphenyls (PCBs) by EPA Method 8081A   

 12 soil samples collected at intervals below the top 6 inches were analyzed for TPH as 
gasoline (TPH-g) by GC-MS and 9 were analyzed for MTBE and benzene, toluene, 
ethylbenzene, and xylenes (BTEX), using EPA Method 8260B 

 6 soil samples collected at intervals below the top 6 inches were analyzed for MTBE, TAME, 
t-Butanol, ETBE, and DIPE (5 Gas Oxygenates) using EPA Method 8260B  

 3 soil samples were analyzed for volatile organic compounds (VOCs) by EPA Method 
8260B 



SECTIONTWO Sampling and Analysis Activities 

2-5 

 9 soil samples were collected and analyzed for asbestos using the Polarized Light 
Microscopy (PLM) method 

When total concentration of any metal (except Chromium) exceeded ten times its respective 
Soluble Threshold Limit Concentration (STLC) a sample was extracted with the Standard Waste 
Extraction Tests (WET) and, if the metal was lead, was extracted with the De-ionized Water 
Waste Extraction Test (DI-WET) and the extracts were analyzed for that metal.  The WET test 
results were used for comparison with California hazardous waste criteria and the DI-WET test 
results were used to evaluate soils for on-Site use based on the DTSC variance governing soil 
reuse (a copy Variance V09HQSCD006 is included as Appendix D).  Samples in which the total 
concentration of any metal exceeded 20 times the STLC criteria were extracted using the 
(federal) Toxicity Characteristic Leaching Procedure (TCLP) and analyzed for the metal of 
concern, for further comparison with federal hazardous waste criteria.   For Chromium only, 
select samples with total Chromium exceeding ten times the STLC concentration for Chromium 
VI (50 mg/Kg) were extracted and analyzed for Chromium VI and/or WET Chromium. 

The number of soil samples analyzed for various metals using WET, DI-WET, and TCLP 
methods for each project area are as follows: 

Lead 

 43 soil samples tested using WET 

 43 soil samples tested using DI WET 

 20 soil samples tested using TCLP 

Chromium: 

 3 soil samples tested using WET 

 6 soil samples tested for Chromium VI speciation 

Nickel: 

 3 soil samples tested using WET 

A complete set of the analytical results, including Chain of Custody forms, are presented in 
electronic format in Appendix E. 

The following analytical quality control procedures were used to comply with Caltrans 
procedures.  Sixteen samples were duplicated in the field for quality control purposes.  In the 
laboratory QC, one sample in ten field samples was spiked with lead to ten times the detection 
limit or at the analyte level.  (Approximately one sample in 20 was spiked and a spike duplicate 
was also run on each spiked sample.  This is equivalent to one spike for every ten samples). 

A calibration blank sample was run for every ten samples, or per batch, whichever was more 
frequent.  
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2.1.9 Groundwater Laboratory Analysis 

In the course of this hazardous materials investigation, URS collected two groundwater samples: 
one in the vicinity of the northernmost project limits (N-17); and the other in the vicinity of 
known LUSTs near the 101N/116 Overcrossing (M-16).  Two other groundwater samples (M-10 
and S-1) originally intended to be collected were not collected.  Sample M-10, located adjacent 
to the Petaluma River Bridge, was not collected due to no groundwater being encountered, 
despite drilling to 30ft which exceeded the maximum depth to groundwater established in the 
workplan.  Sample S-1, located at the south end of the project, was not analyzed due to 
laboratory error.  However, the on ramp where this sample (and soil samples S-2, S-3 and S-4) 
was located is no longer to be constructed, therefore the lack of a groundwater sample at this 
location is not of concern. 

Table 1 provides details of the groundwater analytical program. The number of groundwater 
samples analyzed for each analyte for the Site follows: 

 2 groundwater samples were analyzed for TPH-d and TPH-mo by EPA Method 8015B 

 1 groundwater sample was analyzed for TPH-g by GC-MS 

 1 groundwater sample was analyzed for BTEX, using EPA Method 8260B 

 1 groundwater sample was analyzed for MTBE, TAME, t-Butanol, ETBE, and DIPE (5 Gas 
Oxygenates) using EPA Method 8260B  

 1 groundwater sample was analyzed for VOCs by EPA Method 8260B.
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3. Section 3 THREE Summary of Analytical Results   

Analyte concentrations in soil are presented in Tables 2 through 5.  The analytical results are 
presented in the following sections, separated into discussions on soil and groundwater, and by 
analyte.  Complete soil and groundwater analytical data are presented in the Analytical 
Laboratory Reports, attached in electronic format as Appendix E. 

3.1 REGULATORY OVERVIEW 

Based upon URS’ Hazardous Materials Investigation Workplan, and the DTSC Lead Variance 
for Caltrans, the following soil criteria have been used to evaluate the condition of soil at the 
Site: 

 Soil considered a hazardous waste due to any criteria other than lead may not be reused. 

 Soil with total lead <50 mg/kg or extractable lead <5 mg/L with the standard waste extraction 
test (WET) test, are not considered hazardous waste and are not subject to the reuse 
restrictions of the Caltrans ADL variance. 

 Soil meeting hazardous waste criteria for lead only, with total lead <1411 mg/kg, with <1.5 
mg/L extractable lead with the deionized waste extraction test (DI-WET) can be used for fill 
on-Site as long as it is more than five feet above the water table and must be covered with at 
least 1.0 foot of non-hazardous cover. 

 Soil meeting hazardous waste criteria for lead only, with <3397 mg/kg total lead and >0.5 
mg/L and between 1.5 mg/L and 150 mg/L extractable lead with the DI WET can be used 
within the Right of Way (ROW) on-Site as long as it is more than five feet above the water 
table and must be covered with a pavement structure which will be maintained by Caltrans. 

 Soil with >3397 mg/kg total lead cannot be reused and must be disposed off-Site as a 
California or Federal Hazardous waste. 

 Soil with >5 mg/L extractable lead with TCLP cannot be reused and must be disposed off-
Site as a Federal RCRA hazardous waste. 

 For soil that must be disposed off-Site if removed from the Caltrans ROW: 

- Soil with <5.0 mg/L extractable lead with the standard WET test is a non-hazardous 
waste and can be disposed in a non-hazardous waste landfill if removed from the Caltrans 
ROW. 

- Soil with >5.0 mg/L extractable lead with the standard WET and <5.0 mg/L extractable 
lead with the TCLP test is a California hazardous waste and must be disposed off-Site in 
a hazardous waste landfill if removed from the Caltrans ROW, or alternatively can be 
disposed of out of state, as non-hazardous soil. 

- Soil with >5.0 mg/L extractable lead with the TCLP test is a Federal RCRA waste and 
must be disposed off-Site in a hazardous waste landfill. 

Soil analytical results from the soil samples are discussed below.  
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3.2 SOIL SAMPLES 

3.2.1 Lead 

ADL was the primary focus of the soil investigation and the data in Table 2 presents the resulting 
lead data from the soil samples analyzed for lead as part of this investigation.   

Total lead results varied from less than the detection limit of 1 mg/kg in multiple soil samples to 
1,000 mg/kg in soil sample N-17@1.5 ft.   

Forty-three of the soil total lead results were above 50 mg/kg.  These detections were greater 
than ten times the STLC criteria of 5 mg/kg (50 mg/kg) for lead, requiring that the WET and DI-
WET test be conducted on these samples (limited sample volume prevented DI-WET testing for 
two of these samples).  Twenty-five of the total lead results were equal to or greater than 20 
times the STLC criteria of 5.0 mg/L (100 mg/kg) for lead.  The TCLP test was conducted on the 
twenty of these samples with the highest concentrations.  Table 3 lists results of all soil samples 
concentrations using the WET, DI-WET and TCLP tests, if applicable.   

3.2.2 CAM 17 Metals 

A total of 21 soil samples (including duplicates) were submitted for CAM 17 Metals analysis, 
which includes antimony, arsenic, barium, beryllium, cadmium, chromium, cobalt, copper, lead, 
mercury, molybdenum, nickel, selenium, silver, thallium, vanadium and zinc.  Analytical results 
for metals and laboratory reporting limits are presented in Tables 2 and 3.   

With the exception of chromium and nickel, no metal was detected at a concentration that 
requires leachability testing.  The results for these metals are discussed in more detail in the 
following section.   

3.2.2.1 Chromium 

Chromium concentrations in soil ranged from 12 mg/kg (N-2@0.5 ft) to 320 mg/kg (M-19@1.0 
ft).  

Twelve of the total soil chromium results were greater than ten times the STLC criteria for total 
chromium (5 mg/L).  Three soil chromium results were greater than 20 times the STLC criteria 
for chromium.  The WET test was conducted on these three samples, and the concentrations of 
WET chromium indicate that they did not exceed the criteria for hazardous waste of 5 mg/L, 
therefore the TCLP test was not conducted on any samples.  Six of 12 soil samples with total 
chromium detected at concentrations greater than 50 mg/Kg were analyzed for hexavalent 
chromium.  Hexavalent chromium was not detected in any sample above the detection limit.  
Analytical results for leachate tests and hexavalent chromium are presented in Table 3. 



SECTIONTHREE Summary of Analytical Results 

3-3 

3.2.2.2 Nickel 

Nickel concentrations in soil ranged from 28 mg/kg (S-1@1.0 ft) to 530 mg/kg (M-19@1.0 ft).  
Two total soil nickel results were greater than 10 times the STLC criteria for nickel (20 mg/L).  
The WET test was conducted on these samples, and on one additional sample (M-19@1.5 ft), 
and the concentrations of WET nickel indicated that they did not exceed the criteria for 
hazardous waste of 20 mg/L.  Analytical results for the leachate tests are presented in Table 3. 

3.2.3 Other Constituents of Concern 

Various other chemical analyses were conducted on soil samples collected adjacent to the 
northbound lanes.  These analyses are discussed below.  Results and detection limits are 
tabulated in Table 4. 

3.2.3.1 pH 

Twenty-one samples were analyzed for pH.  Results ranged from 5.91 (Sample S-1@1.0’) to 
8.81 (Sample S-11@1.0’).  These pH detections are within the range considered non-hazardous.  
Therefore, levels of pH are not considered further in this soils evaluation. 

3.2.3.2 Organochlorine Pesticides (OCPs) 

Six samples were analyzed for OCPs.  The OCP Gamma-Chlordane was detected in sample  N-
6@0.5’at a concentration of 17 ug/Kg.  While the EPA has not established a level at which 
gamma chloride constitutes a hazardous waste, based on URS’ experience this concentration 
does not warrant performance of additional toxicity tests or the analysis of samples collected 
from deeper intervals.  No other OCPs were detected above the laboratory reporting limits. 
Therefore, OCPs are not considered further in this soils evaluation. 

3.2.3.3 MTBE and Benzene/Toleune/Ethylbenzene/Xylenes, 5 Gas Oxygenates and Volatile 
Organic Compounds 

Nine samples were analyzed for MTBE and Benzene/Toleune/Ethylbenzene/Xylenes (BTEX), 
six samples were analyzed for the constituents MTBE, TAME, DIPE, ETBE and t-Butanol (5 
Gas Oxygenates) and three samples were analyzed for Volatile Organic Compounds (VOCs).  
These chemicals were not detected at or above the laboratory detection limit in any soil sample.  
Therefore, they are not considered further in this soils evaluation.  Detection limits for analysis 
of these constituents are included in Appendix E. 

3.2.3.4 Polychlorinated Biphenyls (PCBs) 

Six samples were analyzed for PCBs.  The PCB Archlor 1260 was detected in one sample at a 
concentration of 0.89 mg/Kg, below the California hazardous waste criteria of 50 mg/Kg.  PCBs 
were not detected in any other samples at concentrations exceeding laboratory detection limits.  
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Detection limits for analysis of these constituents are included in Appendix E.  Therefore, PCBs 
are not considered further in this soils evaluation.   

3.2.3.5 Total Petroleum Hydrocarbon as gasoline (TPH-g), diesel (TPH-d) and motor oil (TPH-
mo) 

During URS’ initial site investigation, nine samples were analyzed for TPH-g, TPH-d and TPH-
mo.  TPH-g and TPH-d were not detected at or above the laboratory detection limits of 17 ug/Kg 
or 0.759 mg/Kg (respectively) in any soil sample.  Therefore, TPH-g and TPH-d are not 
considered further in this soils evaluation.   

TPH-mo was detected in six of the nine samples, at concentrations ranging from 6.7 mg/Kg (M-
10@3.0’) to 1300 mg/Kg (S-12@0.5’). While the EPA has not established a level at which TPH-
mo constitutes a hazardous waste, based on URS’ experience these concentrations do not warrant 
performance of additional toxicity tests or the analysis of samples collected from deeper 
intervals.  Therefore, the presence of TPH-mo is not considered further in this soils evaluation.  
However, the presence of TPH-mo in soil may need to be considered for health and safety 
purposes in the construction contract documents. 

Subsequent to URS’ field investigation and the submittal of the draft Site Investigation Report, 
construction specifications related to the recent replacement of the US 101 overcrossing at 
Highway 116 were reviewed.  These specifications noted that elevated concentrations of TPH-d 
and TPH-mo were detected at future locations of bents, west of Highway 116.  To evaluate soil 
in this area, on October 15, 2010, URS collected three additional soil samples during potholing 
activities intended to evaluate  the locations of future bents associated with the widening of the 
US 101 overcrossing. These samples were analyzed for TPH-g, TPH-d and TPH-mo.  TPH-g and 
TPH-d were not detected in any sample; concentrations of TPH-mo were detected in all three 
samples at concentrations ranging from 99 to 300 mg/Kg.  While the EPA has not established a 
level at which TPH-mo constitutes a hazardous waste, based on URS’ experience these 
concentrations do not warrant performance of additional toxicity tests or the analysis of samples 
collected from deeper intervals.  Therefore, TPH-g, TPH-d, and TPH-mo are not considered 
further in this soils evaluation.  However, the presence of TPH-mo in soil may need to be 
considered for health and safety purposes in the construction contract documents. 

3.2.3.6 Asbestos in Soil 

Eight samples were analyzed for asbestos using the PLM method.   The results of this analysis 
indicated that asbestos was not present in any of these samples.   Therefore, asbestos is not 
considered further in this soils evaluation. 

3.3 GROUNDWATER  

In the course of this hazardous materials investigation, URS collected two groundwater samples. 
Analytical results from the groundwater samples are discussed below.  
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3.3.1 Constituents of Concern 

3.3.1.1 BTEX, 5 Gas Oxygenates and VOCs 

One sample was analyzed for BTEX, 5 Gas Oxygenates and VOCs.  None of these analytes were 
detected at concentrations above the laboratory reporting limits. Therefore, BTEX, 5 Gas 
Oxygenates and VOCs are not considered further in this groundwater evaluation.   

3.3.1.2 Total Petroleum Hydrocarbon as gasoline (TPH-g), diesel (TPH-d) and motor oil (TPH-
mo) 

Two samples were analyzed for TPH-g, TPH-d and TPH-mo.  TPH-g, TPH-d and TPH-mo were 
not detected at or above the laboratory detection limits in any sample, therefore these 
constituents are not considered further in this groundwater evaluation.  Detection limits for 
analysis of these constituents are included in Appendix E and analytical results are included in 
Table 5. 

3.3.2 Groundwater Elevation 

In the course of this investigation, four samples were advanced for the purpose of collecting 
groundwater samples.  Groundwater was encountered a minimum depth of 4 feet bgs at sample 
location S-1 at the southern project extent; at location M-10 (near the Petaluma River Bridge) 
groundwater was not encountered at a depth of 30 feet bgs.  Based on these results the reuse of 
soil may be slightly constrained, however as the project is a ‘fill’ project with final elevation to 
be increased by up to 25 feet it is expected that all soil will be able to be reused on-Site.   
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4. Section 4 FOUR Data Evaluation  

This section provides our evaluation of the data presented in previous sections.  The evaluation 
includes statistical analysis and comparisons to various regulation criteria and guidelines.  A 
summary of statistical evaluations for total and leachable quantities of lead for the Site is 
included as Table 6.  The boring logs for the soil borings are presented in Appendix C. 

4.1 SOIL 

To perform a statistical evaluation of total lead, WET lead, DI-WET lead, and TCLP lead, 
samples from two areas with high detections of STLC lead (“hotspots”) were removed from the 
rest of the samples and will be handled as unique soil areas.  These two hotspots are: 

 Sample N-15 (top 1.0 foot only)  

 Sample S-9 (all depths) 

In addition, samples S-1, S-2, S-3 and S-4 (at all depths) were removed from the group prior to 
statistical evaluation, as the southbound on-ramp and the new Petaluma Blvd. South overcrossing 
associated with these samples is no longer to be constructed as part of this project.  Sample S-5, 
which was placed approximately 50 feet south of the new southernmost project limit, was kept 
within the statistical set to evaluate soil at the southernmost project reach; while this sample is 
technically outside the limits of construction in URS’ opinion based on its location away from 
the freeway it accurately describes soil conditions in this area.  

All other soil samples were grouped together for the purposes of the statistical evaluation, 
described below.  These soil samples are considered to be fully representative of the soil to be 
excavated at the Site.   

Statistical Evaluation Methodology 

A statistical evaluation of the analytical sample results was conducted to assess whether there is 
a need for special handling of excavated soils, based on criteria set forth for total lead and 
leachable lead using WET and DI-WET extraction techniques.  To accomplish this, 
representative soil concentrations were compared to relevant and applicable threshold 
concentrations.  This representative concentration term was estimated by the 95% Upper 
Confidence Limit of the Mean (95% UCL) of the concentration for materials to be sent off-Site 
for disposal, and the 95% UCL for soils that may be managed on-Site (for comparison only).  
The ProUCL software version 4.00.04 was used to calculate the 95% UCL (Singh et al., 2009a). 

The use of 95% UCL concurs with USEPA statistical guidance in developing a conservative 
estimator of the mean concentration of soil constituents or contaminants (USEPA, 2002b).  The 
estimated 95% UCL was used to evaluate whether the soil concentrations of total lead and 
leachable lead exceeded the appropriate threshold criteria.  If non-detects were present, the 
summary statistics (mean and standard deviation) and the 95% UCL were estimated based on the 
Kaplan-Meier (KM) method (Singh et al., 2009a) in this analysis.  Also, the results of primary 
and duplicate samples were averaged in order to obtain a single value.  Samples collected from 
various depths of the same boring location were considered to be independent data points in this 
statistical evaluation. 
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In general, total lead soil samples in which the respective concentrations did not exceed ten times 
the STLC criteria (50 mg/kg) were not extracted/analyzed with the WET and DI-WET 
techniques, and soil samples in which the respective concentrations did not exceed twenty times 
the STLC criteria (100 mg/kg) were not extracted/analyzed with the TCLP technique.  As a 
result, this greatly reduced the number of data points which could be included in the statistical 
analysis for leachable lead and would also skew the 95% UCL results high (for WET, DI-WET, 
and TCLP estimates), as only the samples with high total lead concentrations would be included.  
Therefore, to estimate WET, DI-WET, and TCLP lead concentrations in locations where the 
samples were not extracted and analyzed, regression equations were developed between existing 
total and WET, DI-WET, and TCLP lead results.  Using the regression equations, WET, DI-
WET, and TCLP lead concentrations for samples which were not analyzed for them were 
estimated.  The 95% UCLs for leachable lead, using these estimated WET, DI-WET, and TCLP 
lead concentrations, in combination with those analyzed by the laboratory, were then obtained as 
discussed below. 

The Site representative concentrations were evaluated by first performing an exploratory data 
analysis.  The objective of the exploratory data analysis was to discover trends and patterns in 
the data so that appropriate approaches and limitations in using the datasets could be identified.  
Both numerical and graphical methods of exploratory data analysis were performed.  

For the numerical method, a table of basic summary statistics, including mean, standard 
deviation, minimum and maximum detected values, for raw data (i.e., no logarithmic 
transformation) was prepared.  For WET and DI-WET lead, the summary statistics were also 
calculated for the combined dataset including both laboratory-reported values and regression-
estimated values.  These statistics are presented in Table 6 of this report and can be used to make 
inferences concerning the population from which the sample data were drawn. 

The next step involved a test of distributional assumption for the dataset, and the ProUCL 
software was used in this process.  The purpose of this step was to check whether the data (raw 
or log-transformed) could be assumed to be normally distributed and/or the data (raw only) could 
be assumed to follow a gamma distribution.  Based on the results of this evaluation, an 
appropriate probability distribution could be assumed for the data to be used in the calculation of 
the 95% UCL in the next step. 

The Shapiro-Wilk W test was used to test the normality of the dataset at a 5% significance level 
(i.e., 95% confidence level), as described in the USEPA guidance document titled Data Quality 
Assessment: Statistical Methods for Practitioners (USEPA 2006).  The test was first applied to 
raw data.  If the raw dataset passed the normality test, the raw data were assumed to be normally 
distributed.  If the raw data did not pass the normality test, a gamma distribution goodness-of-fit 
test (at a 5% significance level) was then applied to the data, and if the dataset passed the gamma 
distribution goodness-of-fit test, the data were assumed to follow a gamma distribution.  
Otherwise, the Shapiro-Wilk W test (at a 5% significance level) was applied to the log-
transformed data.  If the log-transformed data passed the normality test, the data were assumed to 
be lognormally distributed.  If the data failed all three tests, the data were assumed to be non-
parametric.  In all cases, visual inspection of the shape of histograms and normal probability 
plots was performed to confirm the distributional assumption.  The results of this distributional 
test are presented under the column heading “Goodness-of-Fit Test” “Distribution” in Table 6. 
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For datasets without nondetect: 

If the data were determined to be normally distributed, the 95% UCL was calculated as follows 
(USEPA, 2002b): 
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Otherwise, if the data were determined to follow a gamma or lognormal distribution, or if non-
parametric assumption was used, the 95% UCL was determined based on the recommendation of 
the ProUCL software, which takes into account sample size and data skewness and ensures 
adequate coverage of the 95% UCL (Singh et al., 2009b).  Depending on the sample statistics, 
the ProUCL software generally recommended one of the following methods: 

 For gamma distribution, Approximate Gamma UCL or Adjusted Gamma UCL. 

 For lognormal distribution, Chebyshev Theorem using the minimum variance unbiased 
estimator (MVUE) of the parameters for a lognormal distribution, or Land’s H-statistic. 

 For a non-parametric assumption, Chebyshev Theorem using the sample arithmetic mean and 
standard deviation, or the Hall’s bootstrap method. 

For datasets with nondetect(s): 

For total lead datasets, data were censored at the laboratory reporting limit of <1 mg/kg.  For 
WET and DI-WET lead datasets, because a combined laboratory-reported values and regression-
estimated values were used, in addition to the laboratory-reporting censoring <0.1 mg/L, all 
regression-estimated values fell below 0.1 mg/L were also assigned to be <0.1 mg/L. 

If the data were normally distributed and/or if the data were symmetric or approximately 
symmetric, the KM (t) method (i.e., Kaplan-Meier estimates using the Student’s t-distribution 
cutoff value) was used to calculate the 95% UCL.  The equation to compute UCL was the same 
as the one illustrated above, except that the sample mean and sample standard deviation were 
substituted by KM estimates of mean and standard deviation. 

If the data were assessed to follow a gamma or lognormal distribution, or if the data were 
assumed to be non-parametric with moderate and high skewness, one of the following methods, 
in general, was recommended by the ProUCL software for the calculation of UCL: 

 UCL based upon KM estimates using the Chebyshev inequality. 

 UCL based upon KM estimates using the bias-corrected accelerated (BCA) bootstrap 
method. 
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The detailed statistical steps of the various methods described above are documented in the 
ProUCL software technical guide (Singh et al., 2009b).  The recommended calculation methods 
and UCL results, by the ProUCL software, are presented under the column heading “Method of 
UCL Calculation” and “Assessed 95% UCL” in Table 6. 

If all samples were nondetects, or if there was only one single detected result, the UCL was not 
calculated because of inadequate information on data distribution, and estimates of summary 
statistics, such as mean and variance, were unreliable.  If the recommended UCL was greater 
than the maximum detected value, an alternative UCL may be selected from the ProUCL report 
(instead of the recommendation) to better and realistically represent the mean concentration 
term. 

Statistical Evaluation Limitation 

Statistical evaluations described below have been prepared for the entire Site, except for the two 
hotspots described at the beginning of Section 4.1 above (sample N-15 from 0 to 1.0 ft and 
sample S-9 to the maximum depth of excavation of 1ft), and the samples associated with the  
southbound on-ramp and the new Petaluma Blvd. South overcrossing (samples S-1, S-2, S-3 and 
S-4 at all depths).  Performing statistical evaluations on a specified segment of the project 
reduces the negative impacts of isolated areas with high concentrations of lead.   

URS performed an initial visual review of analytical data throughout the project site.  Outside of 
hotspots noted, only 14 of 181 soil samples collected were at concentrations considered a 
California Hazardous Waste and thus requiring management per the terms of the variance.  
Based on the spread of these results at various depths and throughout the project site (i.e they 
were not located near each other) URS determined that the specific excavation plan was unlikely 
influence the statistical results.  Therefore URS considers the overall statistical analysis 
appropriate.   

4.1.1 Initial Soil Disposal Assumptions 

No soil samples exceeded the maximum concentration of total lead or DI-STLC lead at which 
reuse is permitted.  However, samples from two “hotspot” areas (Sample N-15 from 0 to 1 ft bgs; 
and Sample S-9 to the maximum depth of excavation of 1ft) were removed from the statistical 
evaluation as they exhibited atypically high STLC lead concentrations and these two areas will 
be managed separately.  Reuse and disposal recommendations for these “hotspot” areas are 
discussed in Sections 7.1.1 and 7.1.2. Samples associated with the  southbound on-ramp and the 
new Petaluma Blvd. South overcrossing (samples S-1, S-2, S-3 and S-4) were also removed from 
the statistical evaluation, as this ramp is no longer to be constructed as part of this project. 

4.1.2 Results for Project Area (except hotspots and southern on bound ramp) 

The 95% UCLM/Maximum Detection for total lead in soil are shown in Table 6; in summary the 
results were as follows: 

 Total Lead: 135 mg/Kg 
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The 95% UCLM/Maximum Detection for WET lead in this Group’s soils are shown in Table 6; 
in summary the result was as follows: 

 WET Lead: 4.41 mg/L 

The 95% UCLM/Maximum Detection for DI-WET lead in soil are shown in Table 6; in 
summary the results were as follows: 

 DI-WET Lead: 0.307 mg/L 

Based on the Caltrans variance, the results for total lead and for WET lead indicate that soil from 
the project area is not considered hazardous waste due to lead, and is therefore not subject to the 
reuse restrictions of the Caltrans variance.  The MSNB4 project is a net fill project.  It is thought 
that all soil can be reused on-site.   

Statistical analysis of TCLP results was not undertaken, as no individual TCLP lead result was 
greater than 5 mg/L.  Therefore the material is not considered a Federal hazardous waste.
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5. Section 5 FIVE Asbestos/Lead Based Paint Investigation 

The MSN B4 Project proposes to demolish or widen six bridges to add Central HOV lanes in 
both directions of US 101.  An investigation was performed at each of these structures to 
determine the presence or absence of asbestos-containing materials (ACM) or lead-based paint 
(LBP) and identify work safety issues for site construction workers.   

On May 4, 2010 certified asbestos and lead based paint inspector Mr. Derrik Quach of Kellco-
Macs Labs of Hayward, California collected potential asbestos-containing material (P-ACM) 
samples and potential lead-based paint (P-LBP) and other metal based-paint samples at the 
structures as South Petaluma Bridge and Route 101/116.  On June 18, 2010  Mr. Quach 
performed limited inspection for the same materials at the concrete column, base, and mortar of 
the north and south edges of the Petaluma River Bridge.  Please note that the central span of this 
bridge, crossing the river, was not inspected.  The results of these investigations are discussed in 
this section.  Copies of the Kellco-Macs Lab laboratory reports are included as Appendix G.  
Analytical results related to the investigations are included as Tables 8, 9, and 10. 

5.1 INSPECTED STRUCTURES 

This project proposes to construct central HOV lanes as part of the region-wide continuous HOV 
network.   The project will involve widening or demolition of six bridge structures: 

 Petaluma Boulevard Bridge Undercrossing (northbound and southbound) - the proposed 
improvements will include demolishing the existing structure. 

 Petaluma River Bridge (northbound and southbound) - the proposed improvements will 
include demolishing the existing structure and replacing it with a new structure.  Please note 
that the inspection described in this report did not include an evaluation of the central span 
that crosses the river, as inspecting this portion of the bridge would have required closing the 
bridge to traffic, which was not permitted by Caltrans. 

 Route 101/116 Bridges (northbound and southbound) - the proposed improvements will 
include demolishing the northbound structure and replacing it with a new structure, and 
widening the southbound structure. 

5.2 POTENTIAL ASBESTOS-CONTAINING MATERIALS (P-ACM) INSPECTION 

The EPA defines Asbestos-Containing Material as any material that contains greater than 1% 
asbestos.  Materials containing greater than 1% asbestos must be removed prior to demolition or 
renovation.  Materials containing less than 10% can be submitted for further analysis by the 
Point Count method as described in Appendix G.  If the Point Count method (and only the point 
count method) determines that the material contains less than 1% asbestos, it can be disposed of 
as non-hazardous asbestos-containing construction waste.  If materials containing less than 10% 
asbestos by Polarized Light Microscopy are not submitted for point counting, they must be 
presumed to be asbestos-containing material and disposed of as hazardous asbestos waste. 

5.2.1 Asbestos Inspection Details 

URS provided consulting oversight services for the inspection and analysis of P-ACM within the 
Site.  Samples of P-ACM were collected from the exterior of the structures as shown in the 
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figures in Appendix G.  Each collected sample was stored in a Zip-Loc® bag, with its original 
location marked and photographed.  The number of samples collected was judged sufficient to 
provide adequate characterization of these materials.  

Samples of P-ACM were analyzed by a certified laboratory using Polarized Light Microscopy 
(PLM), the recommended method of the U.S. Environmental Protection Agency (EPA).  A brief 
description of the analytical procedures is included in Appendix G.  A summary of the laboratory 
analyses of sampled P-ACMs (positive and non-detect results) is included in the attached tables.  
Detailed analytical results for sampled materials are included in Appendix G.  The determination 
of a material to be an ACM was made either by direct sample testing or by homogeneity with at 
least one positive sample of the same material.  Kellco-Mac’s laboratory credentials are included 
in Appendix G.   

In the event that non-sampled P-ACM is uncovered during future renovation/demolition 
activities, these materials should be sampled and submitted for asbestos analysis. 

P-ACM samples were collected from each structure as follows: 

 10 samples were collected from the US 101 northbound bridge at Hwy 116. 

 11 samples were collected from the US 101 southbound bridge at Hwy 116. 

 7 samples were collected from the US 101 northbound bridge at Petaluma Blvd. South. 

 13 samples were collected from the US 101 southbound bridge at Petaluma Blvd. South. 

 11 samples were collected from the US 101 northbound Petaluma River Bridge (one was 
taken from between the northbound and southbound bridges). 

 10 samples were collected from the US 101 northbound Petaluma River Bridge. 

5.2.2 Asbestos Analytical Quality Control 

For every ten field samples, the laboratory performs a Quality Control (QC) duplicate sample.  
These samples were submitted and analyzed and compared to the original results.  The QC 
analytical results are available on request. 

5.2.3 Asbestos Analytical Results 

Copies of KellcoMacs Labs analytical report, including figures and pictures displaying the 
locations of the samples collected and full analytical results, are included in Appendix G.   

Laboratory analysis indicated that none of the bulk samples collected from the structures at any 
bridge were ACM with at least 1% asbestos content.  However, one sample collected from 
bedrock at the base of the column at the southbound bridge at Petaluma Blvd. South was tested 
positive using the point-count method with 1.9% Chrysotile.  Based on the observations of the 
certified asbestos inspector, the material appears to be a category II ‘non-friable’ native 
serpentine bedrock material.  Table 7 and 8 list the sampled materials that tested detect and non-
detect, respectively, for ACM.   
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5.3 POTENTIAL LEAD-BASED PAINT (P-LBP) AND METAL-BASED PAINT 
INSPECTION 

The EPA and Cal-OSHA define LBP as paint or other surface coatings that contain lead greater 
than 1 milligram per square centimeter (mg/cm2) which is equivalent to 50 parts per million 
(ppm), or that having a lead content at least 0.5% by weight.  The regulations on lead exposure 
require that a Negative Initial Determination for lead exposure be made for paint that contains 
greater than 0.06% (600 ppm) of lead, and a worker protection program that incorporates 
elements such as work practices, training, personal protection equipment and respiratory 
protection be implemented pursuant to OSHA regulatory requirements.  Removal or disturbance 
of material with any detectable amount of lead paint must be handled in accordance with OSHA 
regulations.  Structural components with intact lead paint and no other hazardous materials can 
be disposed of as non-hazardous construction waste.  Paint chips and debris must be disposed of 
as lead-containing hazardous waste. 

5.3.1 Lead- and Metal-Based Paint Inspection Details 

URS provided consulting oversight services for the inspection and analysis of P-LBP and metal-
based paint within the Site.  Paint samples were collected from the exterior of the structures.  
Each collected sample was stored in a sealed plastic container, its original location marked and 
photographed.  

Samples were analyzed by a certified laboratory using ICP/MS, Extraction Method SW3050B 
TTLC.  A brief description of the analytical procedures is included in Appendix G.  A summary 
of the laboratory analyses of sampled metals are included in Table 9.   

In the event that non-sampled paint is uncovered during future demolition activities, these 
materials should be sampled and submitted for lead analysis. 

Copies of KellcoMacs Labs analytical report, including figures and pictures displaying the 
locations of the samples collected and full analytical results, are included in Appendix G.   

Paint samples were collected from each structure as follows: 

 2 samples were collected from the US 101 northbound bridge at Hwy 116. 

 1 sample was collected from the US 101 southbound bridge at Hwy 116. 

 2 samples were collected from the US 101 northbound bridge at Petaluma Blvd. South. 

 2 samples were collected from the US 101 southbound bridge at Petaluma Blvd. South. 

 4 samples were collected from the US 101 northbound Petaluma River Bridge. 

 3 samples were collected from the US 101 southbound Petaluma River Bridge. 
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5.3.2 Lead- and Metal-Based Paint Analytical Quality Control 

For every ten field samples, the laboratory performs a Quality Control (QC) duplicate sample.  
These samples were submitted and analyzed and compared to the original results.  The QC 
analytical results are available on request. 

5.3.3 Lead-Based Paint Analytical Results 

US 101 at Petaluma Boulevard South 

Laboratory analysis indicated that all samples collected from the northbound and southbound 
bridges at Petaluma Blvd. South were LBP, having at least 1 mg/cm2 (50 ppm).  The highest 
detected lead concentration at the Petaluma Blvd. South bridges was 17,432 ppm from a yellow 
stripe on the northbound bridge.  A brief synopsis of LBP found in tested materials follows: 

 Cream and Grey paint on concrete beam of southbound bridge. 

 Grey paint on wood and yellow paint stripe on the northwest railing of the northbound 
bridge. 

US 101 at Highway 116 

Laboratory analysis indicated that all samples collected from the northbound and southbound 
bridges at Highway 116 were LBP having at least 1 mg/cm2 (50 ppm).  The highest detected lead 
concentration at the Highway 116 bridges was 2,008 ppm from a yellow stripe on the northbound 
bridge.  A brief synopsis of LBP found in tested materials follows: 

 Grey paint on concrete on the northeast end of the barrier wall of the of the southbound 
bridge. 

 Yellow paint stripe on Hwy 116 below bridge. 

 Multiple colored paint on column adjacent to railroad tracks of southbound bridge. 

 US 101 at Petaluma River 

Laboratory analysis indicated that six of seven samples collected from Petaluma River Bridge 
were LBP having at least 1 mg/cm2 (50 ppm).  The highest detected lead concentration at the 
Petaluma River Bridge was 202,917 ppm from a white stripe on metal barrier near the column 
southeast of the river.  A brief synopsis of LBP found in tested materials follows: 

 Grey paint on wood on the base of the southbound bridge south of the river. 

 Grey paint on concrete on the barrier wall for the southbound bridge north of the river. 

 White paint on asphalt shoulder of the southbound bridge north of the river. 

 Yellow stripe on asphalt on the road below the bridge south of the river. 
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 White paint on metal and on the wood pole on at the barrier fence below the southbound 
bridge north of the river 

Paint of the same color on the same bridges as those noted above, should be considered positive 
unless proven otherwise by direct sampling with results of non-detect (at or above the detection 
limit of 1.0 mg/cm2.   Disposal requirements for materials containing LBP are discussed in 
Section 7.2.2. 

5.3.4 Metal-Based Paint Analytical Results 

Paint samples were analyzed for CAM 17 Metals to provide the contractor with information to 
comply with OSHA requirements regarding disturbance of other metals-based paints. 

Laboratory analysis indicated that all samples collected from the northbound and southbound 
bridges at Petaluma Blvd. South contained paint with multiple heavy metals.  The sample of grey 
paint on wood on the northbound bridge had detected concentrations of arsenic, copper, and zinc 
of 13,752, 14,686, and 4,356 ppm, respectively.  The yellow paint on the northbound bridge had 
detected concentrations of chromium of 4,055 ppm; this sample was subsequently analyzed for 
Chromium VI and had a detected concentration of 180 ppm.  See Table 9 for a complete list of 
analytical results. 

Laboratory analysis indicated that all samples collected from the northbound and southbound 
bridges at Highway 116 contained paint with multiple heavy metals.  The yellow paint on the 
northbound bridge had detected concentrations of chromium of 502.97 ppm; this sample was 
subsequently analyzed for Chromium VI and had a detected concentration of 33 ppm.  See Table 
9 for a complete list of analytical results. 

Laboratory analysis indicated that all samples collected from the northbound and southbound 
Petaluma River bridges contained paint with multiple heavy metals.  Metals were detected in 
paint at this bridge at various concentrations.  The highest detected concentrations of arsenic, 
chromium, copper, mercury, and zinc were 14,636 ppm, 3,129 ppm, 47,207 ppm, 466.86 ppm, 
and 12,727.67 ppm, respectively.   The white stripe on metal barrier near the column southeast of 
the river had detected concentrations of chromium of 3,129 ppm; this sample was subsequently 
analyzed for Chromium VI and had a detected concentration of 180 ppm.   
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6. Section 6 SIX Additional Project Considerations 

In addition to the general soils investigation performed to determine soil reuse or disposal 
requirements, primarily due to the presence of ADL, two borings were advanced with soil and/or 
groundwater samples collected to preliminarily evaluate areas which were identified in the ISA 
as having been potentially impacted due to off-Site contamination.  These areas are discussed in 
this Section.   

6.1 POTENTIAL IMPACTS DUE TO OFF-SITE CONTAMINATION 

In preparing the URS workplan, we reviewed the Marin-Sonoma Narrows HOV Widening 
Project Final Environmental Impact Report/Final Environmental Impact Statement, prepared by 
Caltrans, July 2009, leaking underground storage tanks (LUSTs) were identified near the 
101N/116 Overcrossing.  To confirm whether there are potential impacts to groundwater on the 
project site from these LUSTs, groundwater grab samples were collected at this interchange.  
The workplan also discussed a LUST at 4550 Redwood Highway.  URS has further evaluated 
this LUST site and found that it is located approximately ¼ mile south of the southern project 
limits, at the corner of Kastania Road and US 101.  The groundwater gradient at the LUST site is 
to the east and the northern extent of the plume is well defined and not within the boundaries of 
the MSNB4 project.  

URS’ investigation did not identify evidence that these potential off-Site sources impacted the 
project corridor. 
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7. Section 7 SEVEN Conclusions and Recommendations 

Based upon URS’ Hazardous Materials Investigation Workplan, and the DTSC Lead Variance 
for Caltrans, the soil criteria soil criteria discussed in Section 3.1.1 have been used to evaluate 
the condition of soil at the Site. 

7.1 CONCLUSIONS  

No soil samples exceeded the maximum concentration of total lead or DI-STLC lead at which 
reuse is permitted.  However, samples from two “hotspot” areas (Sample N-15 from 0 to 1 ft bgs; 
and Sample S-9 to the maximum depth of excavation of 1ft) were removed from the statistical 
evaluation as they exhibited higher than typical lead concentrations.  Reuse and disposal 
recommendations for these “hotspot” areas are discussed in Sections 7.1.1 and 7.1.2 below.  

All other samples were grouped together into one group for statistical evaluation, however 
samples associated with a ramp that is no longer being constructed (Samples S-1, S-2, S-3 and S-
4) were removed prior to statistical evaluation.   

URS performed an initial visual review of analytical data throughout the project site.  Outside of 
hotspots noted, only 14 of 181 soil samples collected were at concentrations considered a 
California Hazardous Waste and thus requiring management per the terms of the variance.  
Based on the spread of these results at various depths and throughout the project site (i.e they 
were not located near each other) URS determined that the specific excavation plan was unlikely 
influence the statistical results.  Therefore URS considers the overall statistical analysis 
appropriate.   

7.1.1 Lead – Soil Reuse 

Soil reuse opportunities were summarized in Table ES-1, and shown on the attached Figures. Per 
the terms of the Caltrans variance, Caltrans may move lead-contaminated soil from one Caltrans 
project to another Caltrans project so long as it remains in the same Caltrans corridor, in this case 
US 101.  This movement must comply with the terms of the variance.  This Site Investigation 
Report has not evaluated the potential reuse of soil outside a Caltrans Corridor.   

Project Area (excluding hotspots and southern on bound ramp) 

Soil excavated from the project area (excluding the two hotspots and southern on bound ramp 
area described below) exhibit lead and other constituents at concentrations which are not 
considered hazardous and therefore reuse of this soil will not be restricted. 

Hotspots  

Due to high concentrations of total lead and DI-WET lead, soil from around Sample N-15 at 
depths shallower than 1 foot may be reused on-Site only at locations more than 5 feet above the 
water table and must be covered with a pavement structure that will be maintained by Caltrans. 

Due to high concentrations of total lead and DI-WET lead, soil from around Sample S-9 at all 
depths may be reused on-Site only at locations more than 5 feet above the water table and must 
be covered with a pavement structure that will be maintained by Caltrans. 
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Southern On Bound Ramp 

Project changes after soil sample collection meant that four borings (S-1, S-2, S-3 and S-4) were 
advanced and samples collected from an on bound ramp area that is no longer being constructed 
as part of this project. Soil samples from these four locations were therefore removed from the 
group prior to statistical evaluation, and no reuse recommendations have been developed for soil 
from this area. 

7.1.2 Lead – Soil Disposal 

In the event that soils must be disposed of off-Site, the following conclusions apply. 

Project Area (excluding hotspots and southbound on-ramp) 

Soil excavated from the project area (excluding the two hotspots and the southbound on-ramp 
from the proposed Petaluma Blvd. South overcrossing described below) exhibit lead and other 
constituents at concentrations which are not considered hazardous.  Soil removed from the 
Caltrans ROW can therefore be disposed of as non-hazardous waste. 

Hotspots  

Due to high concentrations of WET lead, soil excavated from the following hotspot areas, if 
removed from the Caltrans ROW, must be disposed of as a California hazardous waste, or 
disposed of out-of-state, due to the presence of lead.  The affected areas are as follows: 

 the top 1.0 ft of soil from Sample N-15 

 Soil to the maximum depth of excavation of 1 foot at Sample S-9 

Soil in the vicinity of these samples should be excavated and properly managed and disposed, 
prior to initiating soil reuse.  For each sample, excavation and disposal should be performed prior 
to initiating excavation for stockpiling and reuse.  Excavation for disposal should be performed 
along the entire width of excavation, for each area, and from the sample location to the midpoint 
between the sample and the nearest lateral samples.  Excavation for disposal should be 
performed to the depth of sample for each area.  Disposal of soil from these areas will be 
governed by California and/or RCRA hazardous waste regulations.  Per the terms of the Caltrans 
variance, Caltrans may move lead-contaminated soil from one Caltrans project to another 
Caltrans project so long as it remains in the same Caltrans corridor, in this case US 101.  This 
movement must comply with the terms of the variance.   

Proposed Petaluma Blvd. South Overcrossing and Southbound On Bound Ramp 

Project changes after soil sample collection meant that four borings (S-1, S-2, S-3 and S-4) were 
advanced and samples collected from an on bound ramp area that is no longer being constructed 
as part of this project. Soil samples from these four locations were therefore removed from the 
group prior to statistical evaluation, and no disposal recommendations have been developed for 
soil from this area. 
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7.1.3 Other Contaminants of Concern in Soil 

As described in detail in Sections 3.1.3, various numbers of samples were analyzed for pH, 
asbestos, OCPs, PCBs, TPH-g, TPH-d, TPH-mo, BTEX, VOCs, and for the 5 Gas Oxygenates.  
None of these constituents were detected at a value or concentration which exceeded applicable 
State or Federal hazardous waste criteria, or for constituents for which no specific criteria has 
been established, require additional testing or evaluation, in the opinion of URS.  Therefore, 
these constituents do not restrict reuse of soil or require disposal of soil as a California or RCRA 
hazardous waste.  Results are included as Table 4, and raw analytical reports are included on CD 
as Appendix E. 

7.1.4 Groundwater 

In the course of this investigation, four samples were advanced for the purpose of collecting 
groundwater samples.  Groundwater was encountered a minimum depth of 4 feet bgs at sample 
location S-1 at the former southern project extent; at location M-10 (near the Petaluma River 
Bridge) groundwater was not encountered at a depth of 30 feet bgs.  Based on these results the 
reuse of soil may be slightly constrained, however as the project is a ‘fill’ project with final 
elevation to be increased by up to 25 feet it is expected that all soil will be able to be reused on-
Site.   

Groundwater samples associated with the environmental investigation were collected the 
locations of the Highway 116 bridges where the deepest excavations might be expected and at 
the northern project extent.  As discussed in Section 3.2, no constituent of concern was detected 
at a concentration which exceed State or Federal hazardous waste criteria, or for constituents for 
which no specific criteria has been established, require additional testing or evaluation, in the 
opinion of URS.  Therefore, these constituents do not require disposal of groundwater as a 
California or RCRA hazardous waste.   

7.1.5 Asbestos and Lead/Metal Based Paint 

The following subject structures are scheduled for demolition as part of the widening 
improvements and were surveyed for asbestos and lead and metal-based paint. 

 Petaluma Boulevard South Bridge Undercrossing (northbound and southbound) 

 US 101/116 Bridges (northbound and southbound)  

 Petaluma River Bridge (northbound and southbound) – Note that only the columns, base, and 
barrier rails on the southern and northern approaches were inspected in this report.  The 
central span, at the river crossing, is not included. 

Asbestos was not detected in any sample, in the structure of any bridge.  However, asbestos was 
detected in what appears to be serpentine rock near the columns at the southbound Petaluma 
River Bridge.   

All paint samples exhibited concentrations of CAM 17 Metals at various concentrations, 
including Chromium and Chromium VI.  Lead based paint was detected in all but one sample 



SECTIONSEVEN Conclusions and Recommendations 

7-4  

collected from the bridges.  See Section 5.3.3 and 5.3.4 for details and Table 9 for full analytical 
results.   

7.1.6 Worker Health and Safety 

Lead and nickel were detected in soil at concentrations exceeding the Regional Water 
Quality Control Board’s Direct Exposure Soil Screening Levels for construction/trench 
workers. 

7.2 RECOMMENDATIONS 

URS makes the following recommendations relating to soil, groundwater, and demolition debris 
handling during construction:  

7.2.1 Soil 

If soil is to be excavated and removed from the Caltrans ROW, the disposal location should be 
reviewed and approved by the SCTA and Caltrans prior to granting approval for the contractor to 
move the soil.  The investigation data results reported herein are considered sufficient to 
characterize the soil for reuse or disposal. 

If soils of unusual color or odorous soils are encountered during the project excavations or soil 
management activities, those soils should be stockpiled separately and subjected to additional 
sampling and analysis to further evaluate potential contamination.  

URS performed an initial visual review of analytical data throughout the project site.  Outside of 
hotspots noted, only 14 of 181 soil samples collected were at concentrations considered a 
California Hazardous Waste and thus requiring management per the terms of the variance.  
Based on the spread of these results at various depths and throughout the project site (i.e they 
were not located near each other) URS determined that the specific excavation plan was unlikely 
influence the statistical results.  Therefore URS considers the overall statistical analysis 
appropriate.   

Reuse and disposal of soil for the Site is discussed in detail in Sections 7.1.1 and 7.1.2.  In the 
course of this investigation, four samples were advanced for the purpose of collecting 
groundwater samples.  Groundwater was encountered a minimum depth of 4 feet bgs at sample 
location S-1 at the former southern project extent; at location M-10 (near the Petaluma River 
Bridge) groundwater was not encountered at a depth of 30 feet bgs.  Based on these results the 
reuse of soil may be slightly constrained, however as the project is a ‘fill’ project with final 
elevation to be increased by up to 25 feet it is expected that all soil will be able to be reused on-
Site.   

Because of high concentrations of total lead throughout the project site, URS recommends 
development and implementation of a site-specific health and safety plan to protect workers and 
the public from exposure risks due to lead.  This health and safety plan will likely require 
workers to receive HAZWOPER 24 or 40 hour training prior to beginning field work.  The 
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health and safety plan should consider concentrations of all detected constituents, and in 
particular the presence of arsenic, nickel, chromium, lead, asbestos, OCPs, and TPH-mo in soil.  

7.2.2 Groundwater 

In the course of this investigation, groundwater was encountered a minimum depth of 4 feet bgs 
at sample location S-1 at the former southern project extent; at location M-10 (near the Petaluma 
River Bridge) groundwater was not encountered at a depth of 30 feet bgs.  Based upon URS’ 
groundwater investigation, groundwater at the Site may be disposed of as a non-hazardous waste.   

If groundwater observed in excavations or during dewatering exhibit odors or sheen, this 
groundwater should be stored separately additional sampling and analysis to further evaluate 
potential contamination, prior to continued worker contact or disposal. 

URS recommends development and implementation of a site-specific health and safety plan to 
protect workers and the public from exposure risks due to contact with groundwater. 

7.2.3 Structural Demolition Debris 

Due to access restrictions, the central span of the Petaluma River Bridge has not been sampled 
for asbestos and lead/metal based paint.  This span should be appropriately sampled prior to 
demolition to ensure compliance with applicable health and safety, abatement, and disposal 
regulations. 

Asbestos has not been detected in any sample within the structures of any of the bridges 
scheduled for demolition and replacement as part of the Project.  However, asbestos was detected 
in serpentine bedrock at the southbound bridge at Petaluma Blvd South.  Therefore, URS 
recommends that all appropriate OSHA requirements be observed.  Anyone coming in contact 
with ACM should be advised not to disturb it without taking precautionary measures appropriate 
to avoid ACM exposure. During any excavation of bedrock, all impacted ACM material will 
need to be profiled for proper management.  All personnel performing demolition on ACM 
should be trained in accordance with the Cal-OSHA and Cal-DHS regulations for ACM hazard.  
In the event that non-sampled P-ACM is uncovered during demolition activities, these materials 
should be sampled and submitted for analysis. 

Lead based paint has been detected in samples collected from all bridges.  URS recommends that 
all paint from all bridges be considered lead-containing.  No observed paint samples were 
identified as flaking, however if identified during demolition, any flaking paint identified as 
lead-containing must be scraped to the concrete substrate and properly managed and disposed as 
a lead-containing hazardous waste.  Provided that the remainder of the paint remains in good 
condition (no chipping and peeling), it may be disposed of by the disposal contractor with the 
demolition debris as non-hazardous construction waste, following all proper waste profiling 
procedures, and all proper procedures and disposal regulations for demolition of a structure.  
Lead removal and demolition activities should be performed in compliance with all federal, state 
and local regulations under proper engineering control procedures.  If abatement is necessary, 
abatement supervision, environmental area, and clearance air monitoring should be performed 
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during the lead removal and demolition by a third party environmental firm employed by the 
property owner or owner’s representative.  The abatement contractor, per Cal-OSHA 
requirements, should conduct employee exposure monitoring of individuals working in 
proximity of the lead containing material during abatement and/or demolition activities. 

7.2.4 Worker Health and Safety 

Paint containing heavy metals other than lead, including but not limited to arsenic, 
copper, chromium, chromium VI, mercury, and zinc, were detected in all samples taken 
from the bridges at various concentrations.  Lead and nickel were also detected in soil at 
concentrations exceeding the Regional Water Quality Control Board’s Direct Exposure 
Soil Screening Levels for construction/trench workers. These and all other detections 
should be considered by the contractor in preparation of their site specific health and 
safety plan.  
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8. Section 8 EIGHT Limitations 

This report was prepared for the Sonoma County Transportation Agency and any use by third 
parties is at the third parties sole risk.  No investigation is sufficient enough to explore the 
presence of hazardous material at every location on the site.  It is assumed that the samples 
collected and analyzed in accordance with the agreed scope of work are representative of 
conditions at the Site at the time of the planned construction.  If soil or groundwater conditions 
are observed that differ from those in this report, URS Corporation should be notified so that 
additional recommendations can be made. 

It would be extremely expensive, and perhaps impossible, to conduct a Site reconnaissance or 
investigation that would ensure detection of all materials at the subject property that might be 
considered hazardous now or in the future.  URS’ failure to discover hazardous materials through 
a reasonable and mutually agreed-upon limited scope of work does not guarantee that hazardous 
materials do not exist in an area.  Similarly, an area that is unaffected by hazardous materials at 
the time of our assessment may later, due to natural phenomena or human intervention, become 
contaminated. 
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9. Section 9 NINE Abbreviations and Acronyms 

ADL aerially deposited lead 

ASTM American Society for Testing and Materials 

bgs below ground surface 

Caltrans California Department of Transportation 

CAM 17 California Assessment Manual Metals 

CCR California Code of Regulations 

DI-WET Deionized-Water Waste Extraction Test 

DPT direct-push technology 

DTSC  (California) Department of Toxic Substances Control 

Ft Feet 

HAZWOPER Hazardous Waste Operations and Emergency Response 

in. Inch 

ISA Initial Site Assessment 

ug/L micrograms per liter 

mg/kg  milligrams per kilogram 

mg/L  milligrams per liter 

OCPs  organochlorine pesticides 

PCBs  polychlorinated biphenyls  

PID photo-ionization detector 

PRG  (USEPA Region IX) Preliminary Remediation Goal 

QA/QC  quality assurance / quality control 

RCRA Resource Conservation and Recovery Act 

RFI Remedial Facility Investigation 

ROW  ROW 

RPD relative percent differences 
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RWQCB  San Francisco Bay Area Region Water Quality Control Board 

STLC  (California) Soluble Threshold Limit Concentration 

TPH  total petroleum hydrocarbons 

TTLC  (California) Total Threshold Limit Concentration 

TCLP  (Federal USEPA RCRA) Toxicity Characteristic Leaching Procedure 

USEPA  United States Environmental Protection Agency 

UCL  upper confidence limit 

UCLM upper confidence limit of the mean 

URS URS Corporation 

Variance DTSC Variance No. V09HQSCD006,  

SCTA Sonoma County Transportation Agency 

VOC  volatile organic compounds 

WET  (California) Waste Extraction Test 
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Table 1
Sampling and Analysis Summary
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SOIL SAMPLES

Petaluma Boulevard South Interchange

 0-0.5 1004091-001A 4/19/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1004091-002A 4/19/2010 X X -- -- -- -- -- -- X X X X -- -- -- X X X

 1.0-1.5 1004091-003A 4/19/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 1.5-2.0 1004091-004A 4/19/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 2.0-3.0 1004091-005A 4/19/2010 -- X -- -- -- -- -- -- X X X -- -- -- -- X -- --
 3.0-6.0 NOT COLLECTED - GW Encountered at 4t
 6.0-9.0 NOT COLLECTED - GW Encountered at 4t
 9.0-12.0 NOT COLLECTED - GW Encountered at 4t

 0-0.5 1003116-016A 3/19/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1003116-017A 3/19/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0-0.5 1003116-018A 3/19/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1003116-019A 3/19/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0-0.5 1003116-020A 3/19/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1003116-021A 3/19/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0-0.5 1003111-019A 3/18/2010 X X -- -- -- -- X -- -- -- -- X -- -- X -- -- --

 0.5-1.0 1003111-020A 3/18/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0-0.5 1003111-021A 3/18/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1003111-022A 3/18/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0-0.5 1003116-022A 3/19/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1003116-023A 3/19/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0-0.5 1003116-024A 3/19/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1003116-025A 3/19/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0-0.5 1004070-013A 4/15/2010 -- X X X -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1004070-014A 4/15/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0-0.5 1003116-027A 3/19/2010 -- X X X X -- -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1003116-028A 3/19/2010 -- X X X -- -- -- -- -- -- -- -- -- -- -- -- -- --
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 0-0.5 1004070-001A 4/15/2010 X X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1004070-002A 4/15/2010 -- X -- -- -- -- -- -- -- -- -- X -- -- -- -- -- --

Mainline 101 Construction South

 0-0.5 1004009-001A 4/2/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1004009-002A 4/2/2010 X X -- -- -- -- -- -- -- -- -- X -- -- -- -- -- --

 0-0.5 1004009-003A 4/2/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1004009-004A 4/2/2010 X X -- -- -- -- -- -- -- -- -- X -- -- -- -- -- --

 0-0.5 1004009-005A 4/2/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1004009-006A 4/2/2010 -- X X X -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0-0.5 1004009-007A 4/2/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1004009-008A 4/2/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0-0.5 1004009-009A 4/2/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1004009-010A 4/2/2010 -- X X X X -- -- -- -- -- -- -- -- -- -- -- -- --

 0-0.5 1004009-011A 4/2/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1004009-012A 4/2/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0-0.5 1004009-013A 4/2/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1004009-014A 4/2/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0-0.5 1004009-015A 4/2/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1004009-016A 4/2/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0-0.5 1004009-025A 4/2/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1004009-026A 4/2/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0-0.5 1004010-001A 4/2/2010 -- X -- -- -- -- -- -- -- -- -- -- X X -- -- -- --

 0.5-1.0 1004010-002A 4/2/2010 -- X -- -- -- -- -- -- X X X -- -- -- -- X X --

 0-0.5 1004010-003A 4/2/2010 -- X -- -- -- -- -- -- -- -- -- -- X X -- -- -- --

 0.5-1.0 1004010-004A 4/2/2010 -- X -- -- -- -- -- -- X X X -- -- -- -- X X --

 0-0.5 1004010-005A 4/2/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1004010-006A 4/2/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
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 0-0.5 1004010-007A 4/2/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1004010-008A 4/2/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0-0.5 1004070-011A 4/15/2010 -- X X X X -- -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1004070-012A 4/15/2010 -- X X X X -- -- -- -- -- -- -- -- -- -- -- -- --

 0-0.5 1004072-009A 4/15/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1004072-010A 4/15/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0-0.5 1004072-007A 4/15/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1004072-008A 4/15/2010 X X -- -- -- -- -- -- -- -- -- X -- -- -- -- -- --

 0-0.5 1004072-005A 4/15/2010 -- X X X -- -- -- -- X X X -- -- -- -- X X --

 0.5-1.0 1004072-006A 4/15/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0-0.5 1004072-003A 4/15/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1004072-004A 4/15/2010 -- X X X -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0-0.5 1003116-026A 3/19/2010 -- X X X X -- -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 REFUSED

 0-0.5 1003116-007A 3/19/2010 X X -- -- -- -- -- -- -- -- -- X -- -- X -- -- --

 0.5-1.0 1003116-008A 3/19/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 1.0-1.5 1003116-009A 3/19/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 1.5-2.0 1003116-010A 3/19/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 2.0-3.0 1003116-011A 3/19/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0-0.5 1003116-012A 3/19/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1006116-013A 3/19/2010 X X -- -- -- -- -- -- -- -- -- X -- -- X -- -- --

 0-0.5 1004070-003A 4/15/2010 -- X X X -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1004070-004A 4/15/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0-0.5 1003116-014A 3/19/2010 -- X X X X -- -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1003116-015A 3/19/2010 X X X X X -- X -- -- -- -- X -- -- X -- -- --

 1.0-1.5 1003116-001A 3/19/2010 -- X X X -- -- -- -- -- -- -- -- -- -- -- -- -- --
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 0-0.5 1003116-002A 3/19/2010 -- X X X X -- -- -- -- -- -- -- X X -- -- -- --

 0.5-1.0 1003116-003A 3/19/2010 -- X X X -- -- -- -- -- -- -- -- -- -- -- -- -- --

 1.0-1.5 1003116-004A 3/19/2010 -- X X X X -- -- -- -- -- -- -- -- -- -- -- -- --

 1.5-2.0 1003116-005A 3/19/2010 -- X X X X -- -- -- -- -- -- -- -- -- -- -- -- --

 2.0-3.0 1003116-006A 3/19/2010 X X -- -- -- -- -- -- -- -- -- X -- -- X -- -- --

 0-0.5 1004091-011A 4/19/2010 -- X X X X -- -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1004091-012A 4/19/2010 -- X X X -- -- -- -- -- -- -- -- -- -- -- -- -- --

 1.0-1.5 1004091-013A 4/19/2010 -- X X X -- -- -- -- -- -- -- -- -- -- -- -- -- --

 1.5-2.0 1004091-014A 4/19/2010 -- X X X -- -- -- -- -- -- -- -- -- -- -- -- -- --

 2.0-3.0 REFUSED

Construction of new on- and off- ramps for Northbound 101 at SR 116

 0-0.5 1003111-001A 3/18/2010 -- X X X -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1003111-002A 3/18/2010 -- X X X -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0-0.5 1003111-003A 3/18/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1003111-004A 3/18/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0-0.5 1003111-005A 3/18/2010 X X -- -- -- -- -- -- -- -- -- X -- -- X -- -- --

 0.5-1.0 1003111-006A 3/18/2010 X X -- -- -- -- -- -- -- -- -- X -- -- X -- -- --

 0-0.5 1003111-012A 3/18/2010 -- X X X -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1003111-013A 3/18/2010 -- X X X -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0-0.5 1004070-005A 4/15/2010 -- X X X X -- -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1004070-006A 4/15/2010 -- X X X X -- -- -- -- -- -- -- -- -- -- -- -- --

 1.0-1.5 1004070-007A 4/15/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
 1.5-2.0 1004070-008A 4/15/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 2.0-3.0 1004070-009A 4/15/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
 0-0.5 1003111-014A 3/18/2010 -- X X X -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1003111-015A 3/18/2010 X X -- -- -- -- -- -- -- -- -- X -- -- X -- -- --
 1.0-1.5 1003111-016A 3/18/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
 1.5-2.0 1003111-017A 3/18/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
 2.0-3.0 1003111-018A 3/18/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
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 0-0.5 1003111-007A 3/18/2010 -- X X X -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1003111-008A 3/18/2010 X X -- -- -- -- -- -- -- -- -- X -- -- X -- -- --

 1.0-1.5 1003111-009A 3/18/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 1.5-2.0 1003111-010A 3/18/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 2.0-3.0 1003111-011A 3/18/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0-0.5 1004070-010A 4/15/2010 -- X -- -- -- -- -- -- -- -- -- -- X X -- -- -- --

 0.5-1.0 1004072-011A 4/15/2010 -- X X X X -- -- -- -- -- -- -- -- -- -- -- -- --

 1.0-1.5 1004072-012A 4/15/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 1.5-2.0 1004072-013A 4/15/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 2.0-3.0 1004072-014A 4/15/2010 X X -- -- -- X X -- -- -- -- X -- -- -- -- -- --

Mainline 101 Construction North

 0-0.5 1004011-001A 4/2/2010 -- X X X X -- -- -- -- -- -- -- X X -- -- -- --

 0.5-1.0 1004011-002A 4/2/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 1.0-1.5 1004011-003A 4/2/2010 -- X X X -- -- -- -- -- -- -- -- -- -- -- -- -- --

 1.5-2.0 1004011-004A 4/2/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 2.0-3.0 1004011-005A 4/2/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0-0.5 1004011-006A 4/2/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1004011-007A 4/2/2010 X X -- -- -- X X X -- -- -- X -- -- -- -- -- --

 1.0-1.5 1004011-008A 4/2/2010 -- X X X -- -- -- X -- -- -- -- -- -- -- -- -- --

 1.5-2.0 1004011-009A 4/2/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 2.0-3.0 1004011-010A 4/2/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0-0.5 1004011-011A 4/2/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1004011-012A 4/2/2010 X X -- -- -- X X X -- -- -- X -- -- -- -- -- --

 1.0-1.5 100411-013A 4/2/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 1.5-2.0 1004011-014A 4/2/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
 2.0-3.0 1004011-015A 4/2/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
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 0-0.5 1004011-016A 4/2/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
 0.5-1.0 1004011-017A 4/2/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
 1.0-1.5 1004011-018A 4/2/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
 1.5-2.0 1004011-019A 4/2/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
 2.0-3.0 1004011-020A 4/2/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
 0-0.5 1004011-021A 4/2/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1004011-022A 4/2/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
 1.0-1.5 1004011-023A 4/2/2010 -- X X X X -- -- -- -- -- -- -- -- -- -- -- -- --
 1.5-2.0 1004011-024A 4/2/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
 2.0-3.0 1004011-025A 4/2/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
 0-0.5 1004011-026A 4/2/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1004011-027A 4/2/2010 -- X -- -- -- -- -- -- -- -- -- -- X X -- -- -- --
 1.0-1.5 1004011-028A 4/2/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
 1.5-2.0 1004011-029A 4/2/2010 -- X X X -- -- -- -- -- -- -- -- -- -- -- -- -- --
 2.0-3.0 1004011-030A 4/2/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
 0-0.5 1003116-029A 3/19/2010 -- X X X -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1003116-030A 3/19/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
 1.0-1.5 1003116-031A 3/19/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
 1.5-2.0 1003116-032A 3/19/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
 2.0-3.0 1003116-033A 3/19/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
 0-0.5 1004067-003A 4/15/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1004067-004A 4/15/2010 -- X X X X -- -- -- -- -- -- -- -- -- -- -- -- --
 1.0-1.5 1004067-005A 4/15/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
 1.5-2.0 1004067-006A 4/15/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
 2.0-3.0 1004067-007A 4/15/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
 0-0.5 1004067-009A 4/15/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1004067-010A 4/15/2010 -- X X X X -- -- -- -- -- -- -- -- -- -- -- -- --
 1.0-1.5 1004067-011A 4/15/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
 1.5-2.0 1004067-012A 4/15/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
 2.0-3.0 1004067-013A 4/15/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
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 0-0.5 1004072-015A 4/15/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
 0.5-1.0 1004072-016A 4/15/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
 1.0-1.5 1004072-017A 4/15/2010 -- X X X X -- -- -- -- -- -- -- -- -- -- -- -- --
 1.5-2.0 1004072-018A 4/15/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
 2.0-3.0 1004072-019A 4/15/2010 X X -- -- -- -- -- -- -- -- -- X -- -- -- -- -- --
 3.0-6.0 1004072-020A 4/15/2010 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
 6.0-9.0 1004072-001A 4/15/2010 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
 9.0-12.0 1004072-002A 4/15/2010 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Bridge Replacement

 0-0.5 1004009-017A 4/2/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
 0.5-1.0 1004009-018A 4/2/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
 1.0-1.5 1004009-019A 4/2/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
 1.5-2.0 1004009-020A 4/2/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
 2.0-3.0 1004009-021A 4/2/2010 X X -- -- -- -- -- -- -- -- -- X -- -- -- -- -- --
 3.0-4.5 1004009-024A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
 3.0-6.0 1004009-022A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
 6.0-8.0 1004009-023A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
 9.0-12.0 REFUSED

 0-0.5 1004091-006A 4/19/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
 0.5-1.0 1004091-007A 4/19/2010 X X -- -- -- -- -- -- X X X X -- -- -- X X X
 1.0-1.5 1004091-008A 4/19/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
 1.5-2.0 1004091-009A 4/19/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
 2.0-3.0 1004091-010A 4/19/2010 -- X -- -- -- -- -- -- X X X -- -- -- -- X -- --
 3.0-6.0 REFUSED 4/19/2010 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
 6.0-9.0 REFUSED 4/19/2010 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
 9.0-12.0 REFUSED 4/19/2010 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

M-10

N-17

M-6
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 0-0.5 1004070-015A 4/15/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
 0.5-1.0 1004070-016A 4/15/2010 X X X X -- -- X -- X X X X -- -- -- X X X
 1.0-1.5 1004070-017A 4/15/2010 -- X X X -- -- -- -- -- -- -- -- -- -- -- -- -- --
 1.5-2.0 1004070-018A 4/15/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
 2.0-3.0 1004070-019A 4/15/2010 -- X X X X -- -- -- X X X -- -- -- -- X -- --
 3.0-6.0 1004070-020A 4/15/2010 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
 6.0-9.0 1004067-001A 4/15/2010 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
 9.0-10.5 1004067-002A 4/15/2010 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 0-0.5 1004010-009A 4/2/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
 0.5-1.0 1004010-010A 4/2/2010 -- X -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 PH-1 -- 1010193-001 10/15/2010 X X X -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
 PH-2 -- 1010193-002 10/15/2010 X X X -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
 PH-3 -- 1010193-003 10/15/2010 X X X -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

GROUNDWATER SAMPLES

Mainline 101 Construction North

N-17-GW 15 1004067-015A 4/15/2010 -- -- -- -- -- -- -- -- -- X X -- -- -- -- -- -- --

Bridge Replacement at Hwy 116

M-10-GW 30 No Groundwater Encountered

M-16-GW 9 1004067-017A 4/15/2010 -- -- -- -- -- -- -- -- X X X -- -- -- -- X X X
Notes:
X = sample analyzed for specified analyte
-- = sample not analyzed for specified analyte
No samples were collected from boring locations M-11 and M-15, due to accessibility issues and drilling refusal respectively.

M-16

M-17

US 101/Hwy 116 Overcrossing Pothole Sampling
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EPA Method 6010B 6010B 6010B 6010B 6010B 6010B 6010B 6010B 6010B 6010B 6010B 6010B 6010B 6010B 6010B 6010B 6010B

mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg

150 50 1,000 7.5 10 50 800 250 50 2 3,500 200 10 50 70 240 2,500

NE 100 2,000 NE 20 100 NE NE 100 4 NE NE 20 100 NE NE NE

310 15 2600 98 39
1200000 (III) 

0.53 (VI)
94 310000 750 58 3900 260 3900 3900 62 770 230000

Petaluma Boulevard South Interchange

 0-0.5 1004091-001A 4/19/2010 -- -- -- -- -- -- -- -- 42 -- -- -- -- -- -- -- --

 0.5-1.0 1004091-002A 4/19/2010 <0.20 3 79 <0.0840 <0.0590 35 12 15 22 <0.01 <0.0590 28 <0.29 <0 <0.12 33 30

 1.0-1.5 1004091-003A 4/19/2010 -- -- -- -- -- -- -- -- 6.1 -- -- -- -- -- -- -- --

 1.5-2.0 1004091-004A 4/19/2010 -- -- -- -- -- -- -- -- 6.2 -- -- -- -- -- -- -- --

 2.0-3.0 1004091-005A 4/19/2010 -- -- -- -- -- -- -- -- 6.6 -- -- -- -- -- -- -- --

 0-0.5 1003116-016A 3/19/2010 -- -- -- -- -- -- -- -- 18 -- -- -- -- -- -- -- --

 0.5-1.0 1003116-017A 3/19/2010 -- -- -- -- -- -- -- -- 7.5 -- -- -- -- -- -- -- --

 0-0.5 1003116-018A 3/19/2010 -- -- -- -- -- -- -- -- 12 -- -- -- -- -- -- -- --

 0.5-1.0 1003116-019A 3/19/2010 -- -- -- -- -- -- -- -- 5.5 -- -- -- -- -- -- -- --

 0-0.5 1003116-020A 3/19/2010 -- -- -- -- -- -- -- -- 14 -- -- -- -- -- -- -- --

 0.5-1.0 1003116-021A 3/19/2010 -- -- -- -- -- -- -- -- 9.2 -- -- -- -- -- -- -- --

 0-0.5 1003111-019A 3/18/2010 <0.20 2.3 82 <0.0840 <0.0590 78 23 33 17 <0.01 <0.0590 78 <0.29 2 <0.12 66 51

 0.5-1.0 1003111-020A 3/18/2010 -- -- -- -- -- -- -- -- 7.4 -- -- -- -- -- -- -- --

 0-0.5 1003111-021A 3/18/2010 -- -- -- -- -- -- -- -- 17 -- -- -- -- -- -- -- --

 0.5-1.0 1003111-022A 3/18/2010 -- -- -- -- -- -- -- -- 7.5 -- -- -- -- -- -- -- --

 0-0.5 1003116-022A 3/19/2010 -- -- -- -- -- -- -- -- 11 -- -- -- -- -- -- -- --

 0.5-1.0 1003116-023A 3/19/2010 -- -- -- -- -- -- -- -- 8.1 -- -- -- -- -- -- -- --

 0-0.5 1003116-024A 3/19/2010 -- -- -- -- -- -- -- -- 17 -- -- -- -- -- -- -- --

 0.5-1.0 1003116-025A 3/19/2010 -- -- -- -- -- -- -- -- 14 -- -- -- -- -- -- -- --

 0-0.5 1004070-013A 4/15/2010 -- -- -- -- -- -- -- -- 64 -- -- -- -- -- -- -- --

 0.5-1.0 1004070-014A 4/15/2010 -- -- -- -- -- -- -- -- 9.3 -- -- -- -- -- -- -- --

 0-0.5 1003116-027A 3/19/2010 -- -- -- -- -- -- -- -- 270 -- -- -- -- -- -- -- --

 0.5-1.0 1003116-028A 3/19/2010 -- -- -- -- -- -- -- -- 53 -- -- -- -- -- -- -- --

 0-0.5 1004070-001A 4/15/2010 <0.20 <0.28 17 <0.0840 <0.0590 12 17 35 5.1 <0.01 <0.0590 58 <0.29 <0 <0.12 27 26

 0.5-1.0 1004070-002A 4/15/2010 -- -- -- -- -- -- -- -- 22 -- -- -- -- -- -- -- --

Mainline 101 Construction South

 0-0.5 1004009-001A 4/2/2010 -- -- -- -- -- -- -- -- 5.3 -- -- -- -- -- -- -- --

 0.5-1.0 1004009-002A 4/2/2010 <0.20 3.2 77 <0.0840 <0.0590 76 23 34 41 <0.01 <0.0590 85 <0.29 <0 <0.12 55 68

 0-0.5 1004009-003A 4/2/2010 -- -- -- -- -- -- -- -- 4.5 -- -- -- -- -- -- -- --

 0.5-1.0 1004009-004A 4/2/2010 <0.20 2.9 64 <0.0840 <0.0590 54 16 25 14 <0.01 <0.0590 53 <0.29 <0 <0.12 40 35

 0-0.5 1004009-005A 4/2/2010 -- -- -- -- -- -- -- -- 7.1 -- -- -- -- -- -- -- --

 0.5-1.0 1004009-006A 4/2/2010 -- -- -- -- -- -- -- -- 80 -- -- -- -- -- -- -- --

 0-0.5 1004009-007A 4/2/2010 -- -- -- -- -- -- -- -- 11 -- -- -- -- -- -- -- --

 0.5-1.0 1004009-008A 4/2/2010 -- -- -- -- -- -- -- -- 7.6 -- -- -- -- -- -- -- --

 0-0.5 1004009-009A 4/2/2010 -- -- -- -- -- -- -- -- 2.7 -- -- -- -- -- -- -- --

 0.5-1.0 1004009-010A 4/2/2010 -- -- -- -- -- -- -- -- 830 -- -- -- -- -- -- -- --

 0-0.5 1004009-011A 4/2/2010 -- -- -- -- -- -- -- -- 2.8 -- -- -- -- -- -- -- --

 0.5-1.0 1004009-012A 4/2/2010 -- -- -- -- -- -- -- -- 2.3 -- -- -- -- -- -- -- --

 0-0.5 1004009-013A 4/2/2010 -- -- -- -- -- -- -- -- 5.4 -- -- -- -- -- -- -- --

 0.5-1.0 1004009-014A 4/2/2010 -- -- -- -- -- -- -- -- 6.2 -- -- -- -- -- -- -- --
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EPA Method 6010B 6010B 6010B 6010B 6010B 6010B 6010B 6010B 6010B 6010B 6010B 6010B 6010B 6010B 6010B 6010B 6010B

mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg

150 50 1,000 7.5 10 50 800 250 50 2 3,500 200 10 50 70 240 2,500

NE 100 2,000 NE 20 100 NE NE 100 4 NE NE 20 100 NE NE NE

310 15 2600 98 39
1200000 (III) 

0.53 (VI)
94 310000 750 58 3900 260 3900 3900 62 770 230000

EPA Method

10 x STLC

ESLs

Units

20 x TCLP

 0-0.5 1004009-015A 4/2/2010 -- -- -- -- -- -- -- -- 5.8 -- -- -- -- -- -- -- --

 0.5-1.0 1004009-016A 4/2/2010 -- -- -- -- -- -- -- -- 11 -- -- -- -- -- -- -- --

 0-0.5 1004009-025A 4/2/2010 -- -- -- -- -- -- -- -- 2.5 -- -- -- -- -- -- -- --

 0.5-1.0 1004009-026A 4/2/2010 -- -- -- -- -- -- -- -- 3.3 -- -- -- -- -- -- -- --

 0-0.5 1004010-001A 4/2/2010 -- -- -- -- -- -- -- -- 7.7 -- -- -- -- -- -- -- --

 0.5-1.0 1004010-002A 4/2/2010 -- -- -- -- -- -- -- -- 7.7 -- -- -- -- -- -- -- --

 0-0.5 1004010-003A 4/2/2010 -- -- -- -- -- -- -- -- 7.2 -- -- -- -- -- -- -- --

 0.5-1.0 1004010-004A 4/2/2010 -- -- -- -- -- -- -- -- 8.6 -- -- -- -- -- -- -- --

 0-0.5 1004010-005A 4/2/2010 -- -- -- -- -- -- -- -- 22 -- -- -- -- -- -- -- --

 0.5-1.0 1004010-006A 4/2/2010 -- -- -- -- -- -- -- -- 24 -- -- -- -- -- -- -- --

 0-0.5 1004010-007A 4/2/2010 -- -- -- -- -- -- -- -- 7.1 -- -- -- -- -- -- -- --

 0.5-1.0 1004010-008A 4/2/2010 -- -- -- -- -- -- -- -- 3.2 -- -- -- -- -- -- -- --

 0-0.5 1004070-011A 4/15/2010 -- -- -- -- -- -- -- -- 140 -- -- -- -- -- -- -- --

 0.5-1.0 1004070-012A 4/15/2010 -- -- -- -- -- -- -- -- 170 -- -- -- -- -- -- -- --

 0-0.5 1004072-009A 4/15/2010 -- -- -- -- -- -- -- -- 25 -- -- -- -- -- -- -- --

 0.5-1.0 1004072-010A 4/15/2010 -- -- -- -- -- -- -- -- 9.9 -- -- -- -- -- -- -- --

 0-0.5 1004072-007A 4/15/2010 -- -- -- -- -- -- -- -- 27 -- -- -- -- -- -- -- --

 0.5-1.0 1004072-008A 4/15/2010 <0.20 2.4 82 <0.0840 <0.0590 38 9.1 20 2.7 <0.01 <0.0590 54 <0.29 1.1 <0.12 27 39

 0-0.5 1004072-005A 4/15/2010 -- -- -- -- -- -- -- -- 89 -- -- -- -- -- -- -- --

 0.5-1.0 1004072-006A 4/15/2010 -- -- -- -- -- -- -- -- 21 -- -- -- -- -- -- -- --

 0-0.5 1004072-003A 4/15/2010 -- -- -- -- -- -- -- -- 13 -- -- -- -- -- -- -- --

 0.5-1.0 1004072-004A 4/15/2010 -- -- -- -- -- -- -- -- 65 -- -- -- -- -- -- -- --

S-14  0-0.5 1003116-026A 3/19/2010 -- -- -- -- -- -- -- -- 450 -- -- -- -- -- -- -- --

 0-0.5 1003116-007A 3/19/2010 <0.20 5.2 120 <0.0840 <0.0590 50 13 29 16 0.41 5.3 55 <0.29 1.1 <0.12 41 59

 0.5-1.0 1003116-008A 3/19/2010 -- -- -- -- -- -- -- -- 14 -- -- -- -- -- -- -- --

 1.0-1.5 1003116-009A 3/19/2010 -- -- -- -- -- -- -- -- 14 -- -- -- -- -- -- -- --

 1.5-2.0 1003116-010A 3/19/2010 -- -- -- -- -- -- -- -- 13 -- -- -- -- -- -- -- --

 2.0-3.0 1003116-011A 3/19/2010 -- -- -- -- -- -- -- -- 15 -- -- -- -- -- -- -- --

 0-0.5 1003116-012A 3/19/2010 -- -- -- -- -- -- -- -- 43 -- -- -- -- -- -- -- --

 0.5-1.0 1006116-013A 3/19/2010 <0.20 2.6 53 <0.0840 <0.0590 25 12 27 48 <0.01 <0.0590 46 <0.29 <0 <0.12 32 74

 0-0.5 1004070-003A 4/15/2010 -- -- -- -- -- -- -- -- 130 -- -- -- -- -- -- -- --

 0.5-1.0 1004070-004A 4/15/2010 -- -- -- -- -- -- -- -- 3 -- -- -- -- -- -- -- --

 0-0.5 1003116-014A 3/19/2010 -- -- -- -- -- -- -- -- 370 -- -- -- -- -- -- -- --

 0.5-1.0 1003116-015A 3/19/2010 <0.20 4.3 68 <0.0840 <0.0590 56 24 41 280 <0.01 <0.0590 59 <0.29 <0 <0.12 68 90

 1.0-1.5 1003116-001A 3/19/2010 -- -- -- -- -- -- -- -- 65 -- -- -- -- -- -- -- --

 0-0.5 1003116-002A 3/19/2010 -- -- -- -- -- -- -- -- 320 -- -- -- -- -- -- -- --

 0.5-1.0 1003116-003A 3/19/2010 -- -- -- -- -- -- -- -- 120 -- -- -- -- -- -- -- --

 1.0-1.5 1003116-004A 3/19/2010 -- -- -- -- -- 45 -- -- 210 -- -- -- -- -- -- -- --

 1.5-2.0 1003116-005A 3/19/2010 -- -- -- -- -- -- -- -- 140 -- -- -- -- -- -- -- --

 2.0-3.0 1003116-006A 3/19/2010 <0.20 1.8 69 <0.0840 <0.0590 67 22 25 12 <0.01 <0.0590 66 <0.29 <0 <0.12 81 46
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EPA Method 6010B 6010B 6010B 6010B 6010B 6010B 6010B 6010B 6010B 6010B 6010B 6010B 6010B 6010B 6010B 6010B 6010B

mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg

150 50 1,000 7.5 10 50 800 250 50 2 3,500 200 10 50 70 240 2,500

NE 100 2,000 NE 20 100 NE NE 100 4 NE NE 20 100 NE NE NE

310 15 2600 98 39
1200000 (III) 

0.53 (VI)
94 310000 750 58 3900 260 3900 3900 62 770 230000

EPA Method

10 x STLC

ESLs

Units

20 x TCLP

 0-0.5 1004091-011A 4/19/2010 -- -- -- -- -- -- -- -- 230 -- -- -- -- -- -- -- --

 0.5-1.0 1004091-012A 4/19/2010 -- -- -- -- -- -- -- -- 59 -- -- -- -- -- -- -- --

 1.0-1.5 1004091-013A 4/19/2010 -- -- -- -- -- -- -- -- 100 -- -- -- -- -- -- -- --

 1.5-2.0 1004091-014A 4/19/2010 -- -- -- -- -- -- -- -- 81 -- -- -- -- -- -- -- --

Construction of new on- and off- ramps for Northbound 101 at SR 116

 0-0.5 1003111-001A 3/18/2010 -- -- -- -- -- -- -- -- 77 -- -- -- -- -- -- -- --

 0.5-1.0 1003111-002A 3/18/2010 -- -- -- -- -- -- -- -- 110 -- -- -- -- -- -- -- --

 0-0.5 1003111-003A 3/18/2010 -- -- -- -- -- -- -- -- 17 -- -- -- -- -- -- -- --

 0.5-1.0 1003111-004A 3/18/2010 -- -- -- -- -- -- -- -- 10 -- -- -- -- -- -- -- --

 0-0.5 1003111-005A 3/18/2010 <0.20 7.2 99 <0.0840 <0.0590 43 14 27 40 0.29 <0.0590 47 <0.29 <0 <0.12 44 84

 0.5-1.0 1003111-006A 3/18/2010 <0.20 6.3 140 <0.0840 <0.0590 42 19 28 32 0.13 <0.0590 62 <0.29 <0 <0.12 43 70

 0-0.5 1003111-012A 3/18/2010 -- -- -- -- -- -- -- -- 80 -- -- -- -- -- -- -- --

 0.5-1.0 1003111-013A 3/18/2010 -- -- -- -- -- -- -- -- 56 -- -- -- -- -- -- -- --

 0-0.5 1004070-005A 4/15/2010 -- -- -- -- -- -- -- -- 230 -- -- -- -- -- -- -- --

 0.5-1.0 1004070-006A 4/15/2010 -- -- -- -- -- -- -- -- 130 -- -- -- -- -- -- -- --

 1.0-1.5 1004070-007A 4/15/2010 -- -- -- -- -- -- -- -- 10 -- -- -- -- -- -- -- --

 1.5-2.0 1004070-008A 4/15/2010 -- -- -- -- -- -- -- -- 1.8 -- -- -- -- -- -- -- --

 2.0-3.0 1004070-009A 4/15/2010 -- -- -- -- -- -- -- -- 3.4 -- -- -- -- -- -- -- --

 0-0.5 1003111-014A 3/18/2010 -- -- -- -- -- -- -- -- 90 -- -- -- -- -- -- -- --

 0.5-1.0 1003111-015A 3/18/2010 <0.20 3 140 <0.0840 <0.0590 32 22 17 46 <0.01 <0.0590 38 <0.29 <0 <0.12 38 59

 1.0-1.5 1003111-016A 3/18/2010 -- -- -- -- -- -- -- -- 11 -- -- -- -- -- -- -- --

 1.5-2.0 1003111-017A 3/18/2010 -- -- -- -- -- -- -- -- 5.8 -- -- -- -- -- -- -- --

 2.0-3.0 1003111-018A 3/18/2010 -- -- -- -- -- -- -- -- 6.2 -- -- -- -- -- -- -- --

 0-0.5 1003111-007A 3/18/2010 -- -- -- -- -- -- -- -- 99 -- -- -- -- -- -- -- --

 0.5-1.0 1003111-008A 3/18/2010 <0.20 2.7 73 <0.0840 <0.0590 28 14 16 44 <0.01 <0.0590 34 <0.29 <0 <0.12 37 50

 1.0-1.5 1003111-009A 3/18/2010 -- -- -- -- -- -- -- -- 8.5 -- -- -- -- -- -- -- --

 1.5-2.0 1003111-010A 3/18/2010 -- -- -- -- -- -- -- -- 10 -- -- -- -- -- -- -- --

 2.0-3.0 1003111-011A 3/18/2010 -- -- -- -- -- -- -- -- 17 -- -- -- -- -- -- -- --

 0-0.5 1004070-010A 4/15/2010 -- -- -- -- -- -- -- -- 19 -- -- -- -- -- -- -- --

 0.5-1.0 1004072-011A 4/15/2010 -- -- -- -- -- -- -- -- 140 -- -- -- -- -- -- -- --

 1.0-1.5 1004072-012A 4/15/2010 -- -- -- -- -- -- -- -- 8.3 -- -- -- -- -- -- -- --

 1.5-2.0 1004072-013A 4/15/2010 -- -- -- -- -- -- -- -- 7 -- -- -- -- -- -- -- --

 2.0-3.0 1004072-014A 4/15/2010 5.5 2.1 190 <0.0840 <0.0590 180 19 29 5.7 <0.01 <0.0590 180 <029 <0 <0.12 51 38

Mainline 101 Construction North

 0-0.5 1004011-001A 4/2/2010 -- -- -- -- -- -- -- -- 590 -- -- -- -- -- -- -- --

 0.5-1.0 1004011-002A 4/2/2010 -- -- -- -- -- -- -- -- 34 -- -- -- -- -- -- -- --

 1.0-1.5 1004011-003A 4/2/2010 -- -- -- -- -- -- -- -- 58 -- -- -- -- -- -- -- --

 1.5-2.0 1004011-004A 4/2/2010 -- -- -- -- -- -- -- -- 5.3 -- -- -- -- -- -- -- --

 2.0-3.0 1004011-005A 4/2/2010 -- -- -- -- -- -- -- -- 1.5 -- -- -- -- -- -- -- --
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EPA Method 6010B 6010B 6010B 6010B 6010B 6010B 6010B 6010B 6010B 6010B 6010B 6010B 6010B 6010B 6010B 6010B 6010B

mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg

150 50 1,000 7.5 10 50 800 250 50 2 3,500 200 10 50 70 240 2,500

NE 100 2,000 NE 20 100 NE NE 100 4 NE NE 20 100 NE NE NE

310 15 2600 98 39
1200000 (III) 

0.53 (VI)
94 310000 750 58 3900 260 3900 3900 62 770 230000

EPA Method

10 x STLC

ESLs

Units

20 x TCLP

 0-0.5 1004011-006A 4/2/2010 -- -- -- -- -- -- -- -- 1.1 -- -- -- -- -- -- -- --

 0.5-1.0 1004011-007A 4/2/2010 7.8 <0.28 53 <0.0840 <0.0590 320 31 23 35 0.34 <0.0590 530 <0.29 2.1 <0.12 50 42

 1.0-1.5 1004011-008A 4/2/2010 -- -- -- -- -- -- -- -- 55 -- -- -- -- -- -- -- --

 1.5-2.0 1004011-009A 4/2/2010 -- -- -- -- -- -- -- -- 19 -- -- -- -- -- -- -- --

 2.0-3.0 1004011-010A 4/2/2010 -- -- -- -- -- -- -- -- 3 -- -- -- -- -- -- -- --

 0-0.5 1004011-011A 4/2/2010 -- -- -- -- -- -- -- -- 14 -- -- -- -- -- -- -- --

 0.5-1.0 1004011-012A 4/2/2010 7.2 <0.28 61 <0.0840 <0.0590 260 39 34 38 <0.01 <0.0590 470 <0.29 1.7 <0.12 58 45

 1.0-1.5 100411-013A 4/2/2010 -- -- -- -- -- -- -- -- 36 -- -- -- -- -- -- -- --

 1.5-2.0 1004011-014A 4/2/2010 -- -- -- -- -- -- -- -- 30 -- -- -- -- -- -- -- --

 2.0-3.0 1004011-015A 4/2/2010 -- -- -- -- -- -- -- -- 5.4 -- -- -- -- -- -- -- --

 0-0.5 1004011-016A 4/2/2010 -- -- -- -- -- -- -- -- 7.5 -- -- -- -- -- -- -- --

 0.5-1.0 1004011-017A 4/2/2010 -- -- -- -- -- -- -- -- 11 -- -- -- -- -- -- -- --

 1.0-1.5 1004011-018A 4/2/2010 -- -- -- -- -- -- -- -- 30 -- -- -- -- -- -- -- --

 1.5-2.0 1004011-019A 4/2/2010 -- -- -- -- -- -- -- -- 15 -- -- -- -- -- -- -- --

 2.0-3.0 1004011-020A 4/2/2010 -- -- -- -- -- -- -- -- 2 -- -- -- -- -- -- -- --

 0-0.5 1004011-021A 4/2/2010 -- -- -- -- -- -- -- -- 18 -- -- -- -- -- -- -- --

 0.5-1.0 1004011-022A 4/2/2010 -- -- -- -- -- -- -- -- 12 -- -- -- -- -- -- -- --

 1.0-1.5 1004011-023A 4/2/2010 -- -- -- -- -- -- -- -- 490 -- -- -- -- -- -- -- --
 1.5-2.0 1004011-024A 4/2/2010 -- -- -- -- -- -- -- -- 8.4 -- -- -- -- -- -- -- --

 2.0-3.0 1004011-025A 4/2/2010 -- -- -- -- -- -- -- -- 2.1 -- -- -- -- -- -- -- --

 0-0.5 1004011-026A 4/2/2010 -- -- -- -- -- -- -- -- 11 -- -- -- -- -- -- -- --

 0.5-1.0 1004011-027A 4/2/2010 -- -- -- -- -- -- -- -- 8.3 -- -- -- -- -- -- -- --

 1.0-1.5 1004011-028A 4/2/2010 -- -- -- -- -- -- -- -- 17 -- -- -- -- -- -- -- --

 1.5-2.0 1004011-029A 4/2/2010 -- -- -- -- -- -- -- -- 110 -- -- -- -- -- -- -- --

 2.0-3.0 1004011-030A 4/2/2010 -- -- -- -- -- -- -- -- 9 -- -- -- -- -- -- -- --

 0-0.5 1003116-029A 3/19/2010 -- -- -- -- -- -- -- -- 74 -- -- -- -- -- -- -- --

 0.5-1.0 1003116-030A 3/19/2010 -- -- -- -- -- -- -- -- 23 -- -- -- -- -- -- -- --
 1.0-1.5 1003116-031A 3/19/2010 -- -- -- -- -- -- -- -- 11 -- -- -- -- -- -- -- --
 1.5-2.0 1003116-032A 3/19/2010 -- -- -- -- -- -- -- -- 14 -- -- -- -- -- -- -- --
 2.0-3.0 1003116-033A 3/19/2010 -- -- -- -- -- -- -- -- 6.1 -- -- -- -- -- -- -- --
 0-0.5 1004067-003A 4/15/2010 -- -- -- -- -- -- -- -- 18 -- -- -- -- -- -- -- --

 0.5-1.0 1004067-004A 4/15/2010 -- -- -- -- -- -- -- -- 920 -- -- -- -- -- -- -- --
 1.0-1.5 1004067-005A 4/15/2010 -- -- -- -- -- -- -- -- 39 -- -- -- -- -- -- -- --
 1.5-2.0 1004067-006A 4/15/2010 -- -- -- -- -- -- -- -- 5.4 -- -- -- -- -- -- -- --
 2.0-3.0 1004067-007A 4/15/2010 -- -- -- -- -- -- -- -- 6.3 -- -- -- -- -- -- -- --
 0-0.5 1004067-009A 4/15/2010 -- -- -- -- -- -- -- -- 31 -- -- -- -- -- -- -- --

 0.5-1.0 1004067-010A 4/15/2010 -- -- -- -- -- -- -- -- 310 -- -- -- -- -- -- -- --
 1.0-1.5 1004067-011A 4/15/2010 -- -- -- -- -- -- -- -- 2.3 -- -- -- -- -- -- -- --
 1.5-2.0 1004067-012A 4/15/2010 -- -- -- -- -- -- -- -- 7.3 -- -- -- -- -- -- -- --

 2.0-3.0 1004067-013A 4/15/2010 -- -- -- -- -- -- -- -- 7 -- -- -- -- -- -- -- --
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EPA Method 6010B 6010B 6010B 6010B 6010B 6010B 6010B 6010B 6010B 6010B 6010B 6010B 6010B 6010B 6010B 6010B 6010B

mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg

150 50 1,000 7.5 10 50 800 250 50 2 3,500 200 10 50 70 240 2,500

NE 100 2,000 NE 20 100 NE NE 100 4 NE NE 20 100 NE NE NE

310 15 2600 98 39
1200000 (III) 

0.53 (VI)
94 310000 750 58 3900 260 3900 3900 62 770 230000

EPA Method

10 x STLC

ESLs

Units

20 x TCLP

 0-0.5 1004072-015A 4/15/2010 -- -- -- -- -- -- -- -- 31 -- -- -- -- -- -- -- --
 0.5-1.0 1004072-016A 4/15/2010 -- -- -- -- -- -- -- -- 49 -- -- -- -- -- -- -- --
 1.0-1.5 1004072-017A 4/15/2010 -- -- -- -- -- -- -- -- 1000 -- -- -- -- -- -- -- --
 1.5-2.0 1004072-018A 4/15/2010 -- -- -- -- -- -- -- -- 5.3 -- -- -- -- -- -- -- --
 2.0-3.0 1004072-019A 4/15/2010 <0.20 3.3 150 <0.0840 <0.0590 33 8.6 19 7.7 <0.01 <0.0590 32 <0.29 <0 <0.12 36 24
 3.0-6.0 1004072-020A 4/15/2010 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
 6.0-9.0 1004072-001A 4/15/2010 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

 9.0-12.0 1004072-002A 4/15/2010 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Bridge Replacement

 0-0.5 1004009-017A 4/2/2010 -- -- -- -- -- -- -- -- 2 -- -- -- -- -- -- -- --
 0.5-1.0 1004009-018A 4/2/2010 -- -- -- -- -- -- -- -- 2.1 -- -- -- -- -- -- -- --
 1.0-1.5 1004009-019A 4/2/2010 -- -- -- -- -- -- -- -- 4.3 -- -- -- -- -- -- -- --
 1.5-2.0 1004009-020A 4/2/2010 -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- --
 2.0-3.0 1004009-021A 4/2/2010 <0.20 <0.28 34 <0.0840 <0.0590 62 17 21 20 <0.01 <0.0590 36 <0.29 1.4 <0.12 81 42
 3.0-4.5 1004009-024A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
 3.0-6.0 1004009-022A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
 6.0-8.0 1004009-023A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
 0-0.5 1004091-006A 4/19/2010 -- -- -- -- -- -- -- -- 21 -- -- -- -- -- -- -- --

 0.5-1.0 1004091-007A 4/19/2010 <0.20 1.8 74 <0.0840 <0.0590 100 25 36 17 0.14 <0.0590 63 <0.29 <0 <0.12 93 63
 1.0-1.5 1004091-008A 4/19/2010 -- -- -- -- -- -- -- -- 28 -- -- -- -- -- -- -- --
 1.5-2.0 1004091-009A 4/19/2010 -- -- -- -- -- -- -- -- 25 -- -- -- -- -- -- -- --
 2.0-3.0 1004091-010A 4/19/2010 -- -- -- -- -- -- -- -- 8.4 -- -- -- -- -- -- -- --
 0-0.5 1004070-015A 4/15/2010 -- -- -- -- -- -- -- -- 18 -- -- -- -- -- -- -- --

 0.5-1.0 1004070-016A 4/15/2010 <0.20 2.3 80 <0.0840 <0.0590 76 19 35 61 0.13 <0.0590 94 <0.29 <0 <0.12 48 59
 1.0-1.5 1004070-017A 4/15/2010 -- -- -- -- -- -- -- -- 93 -- -- -- -- -- -- -- --
 1.5-2.0 1004070-018A 4/15/2010 -- -- -- -- -- -- -- -- 25 -- -- -- -- -- -- -- --
 2.0-3.0 1004070-019A 4/15/2010 -- -- -- -- -- -- -- -- 180 -- -- -- -- -- -- -- --
 3.0-6.0 1004070-020A 4/15/2010 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
 0-0.5 1004010-009A 4/2/2010 -- -- -- -- -- -- -- -- 5.3 -- -- -- -- -- -- -- --

 0.5-1.0 1004010-010A 4/2/2010 -- -- -- -- -- -- -- -- 6.8 -- -- -- -- -- -- -- --

Notes:
EPA = US Environmental Protection Agency
mg/Kg = milligrams per kilogram
STLC = Soluble Threshold Limits Concentrations
TCLP = Toxicity Characteristic Leaching Procedure
ESL =  RWQCB Direct Exposure Soil Screening Levels for Construction/Trench Workers 
NE = Not Established
-- = sample not analyzed for specified analyte
Bold indicates value exceeds 10 x STLC
The symbol "<" (less than) indicates that the analyte was not detected at a concentration above the laboratory detection limit specified.
No samples were collected from boring locations M-11 and M-15, due to accessibility issues and drilling refusal respectively.
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EPA Method 6010B 6010B 6010B 6010B 6010B 7199M 6010B

mg/Kg mg/L mg/L mg/L mg/L mg/Kg mg/L

50 -- -- -- -- 50 --

-- -- 5.0 5.0 560 -- 20

1411/3397 0.5/1.5/150 -- -- -- -- --

Petaluma Boulevard South Interchange

 0-0.5 1004091-001A 4/19/2010 42 -- -- -- -- -- --

 0.5-1.0 1004091-002A 4/19/2010 22 -- -- -- -- -- --

 1.0-1.5 1004091-003A 4/19/2010 6.1 -- -- -- -- -- --

 1.5-2.0 1004091-004A 4/19/2010 6.2 -- -- -- -- -- --

 2.0-3.0 1004091-005A 4/19/2010 6.6 -- -- -- -- -- --

 0-0.5 1003116-016A 3/19/2010 18 -- -- -- -- -- --

 0.5-1.0 1003116-017A 3/19/2010 7.5 -- -- -- -- -- --

 0-0.5 1003116-018A 3/19/2010 12 -- -- -- -- -- --

 0.5-1.0 1003116-019A 3/19/2010 5.5 -- -- -- -- -- --

 0-0.5 1003116-020A 3/19/2010 14 -- -- -- -- -- --

 0.5-1.0 1003116-021A 3/19/2010 9.2 -- -- -- -- -- --

 0-0.5 1003111-019A 3/18/2010 17 -- -- -- -- <0.015 --

 0.5-1.0 1003111-020A 3/18/2010 7.4 -- -- -- -- -- --

 0-0.5 1003111-021A 3/18/2010 17 -- -- -- -- -- --

 0.5-1.0 1003111-022A 3/18/2010 7.5 -- -- -- -- -- --

 0-0.5 1003116-022A 3/19/2010 11 -- -- -- -- -- --

 0.5-1.0 1003116-023A 3/19/2010 8.1 -- -- -- -- -- --

 0-0.5 1003116-024A 3/19/2010 17 -- -- -- -- -- --

 0.5-1.0 1003116-025A 3/19/2010 14 -- -- -- -- -- --

 0-0.5 1004070-013A 4/15/2010 64 0.80 7.0 -- -- -- --

 0.5-1.0 1004070-014A 4/15/2010 9.3 -- -- -- -- -- --

 0-0.5 1003116-027A 3/19/2010 270 <0.0500 12 <0.05 -- -- --

 0.5-1.0 1003116-028A 3/19/2010 53 0.17 0.91 -- -- -- --

 0-0.5 1004070-001A 4/15/2010 5.1 -- -- -- -- -- --

 0.5-1.0 1004070-002A 4/15/2010 22 -- -- -- -- -- --

Mainline 101 Construction South

 0-0.5 1004009-001A 4/2/2010 5.3 -- -- -- -- -- --

 0.5-1.0 1004009-002A 4/2/2010 41 -- -- -- -- -- --

 0-0.5 1004009-003A 4/2/2010 4.5 -- -- -- -- -- --

 0.5-1.0 1004009-004A 4/2/2010 14 -- -- -- -- -- --

 0-0.5 1004009-005A 4/2/2010 7.1 -- -- -- -- -- --

 0.5-1.0 1004009-006A 4/2/2010 80 <0.0500 0.53 -- -- -- --

 0-0.5 1004009-007A 4/2/2010 11 -- -- -- -- -- --

 0.5-1.0 1004009-008A 4/2/2010 7.6 -- -- -- -- -- --

 0-0.5 1004009-009A 4/2/2010 2.7 -- -- -- -- -- --

 0.5-1.0 1004009-010A 4/2/2010 830 <0.0500 14 0.24 -- -- --

 0-0.5 1004009-011A 4/2/2010 2.8 -- -- -- -- -- --

 0.5-1.0 1004009-012A 4/2/2010 2.3 -- -- -- -- -- --

 0-0.5 1004009-013A 4/2/2010 5.4 -- -- -- -- -- --

 0.5-1.0 1004009-014A 4/2/2010 6.2 -- -- -- -- -- --

 0-0.5 1004009-015A 4/2/2010 5.8 -- -- -- -- -- --

 0.5-1.0 1004009-016A 4/2/2010 11 -- -- -- -- -- --

 0-0.5 1004009-025A 4/2/2010 2.5 -- -- -- -- -- --

 0.5-1.0 1004009-026A 4/2/2010 3.3 -- -- -- -- -- --

 0-0.5 1004010-001A 4/2/2010 7.7 -- -- -- -- -- --

 0.5-1.0 1004010-002A 4/2/2010 7.7 -- -- -- -- -- --

 0-0.5 1004010-003A 4/2/2010 7.2 -- -- -- -- -- --

 0.5-1.0 1004010-004A 4/2/2010 8.6 -- -- -- -- -- --

 0-0.5 1004010-005A 4/2/2010 22 -- -- -- -- -- --

 0.5-1.0 1004010-006A 4/2/2010 24 -- -- -- -- -- --

 0-0.5 1004010-007A 4/2/2010 7.1 -- -- -- -- -- --
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EPA Method 6010B 6010B 6010B 6010B 6010B 7199M 6010B

mg/Kg mg/L mg/L mg/L mg/L mg/Kg mg/L

50 -- -- -- -- 50 --

-- -- 5.0 5.0 560 -- 20

1411/3397 0.5/1.5/150 -- -- -- -- --

EPA Method

Units

10 X STLC/20 X TCLP Limit1

Hazardous Waste Limit2

Reuse Restrictions3

 0.5-1.0 1004010-008A 4/2/2010 3.2 -- -- -- -- -- --

 0-0.5 1004070-011A 4/15/2010 140 0.16 16 0.66 -- -- --

 0.5-1.0 1004070-012A 4/15/2010 170 2.9 60 3.7 -- -- --

 0-0.5 1004072-009A 4/15/2010 25 -- -- -- -- -- --

 0.5-1.0 1004072-010A 4/15/2010 9.9 -- -- -- -- -- --

 0-0.5 1004072-007A 4/15/2010 27 -- -- -- -- -- --

 0.5-1.0 1004072-008A 4/15/2010 2.7 -- -- -- -- -- --

 0-0.5 1004072-005A 4/15/2010 89 <0.0500 0.93 -- -- -- --

 0.5-1.0 1004072-006A 4/15/2010 21 -- -- -- -- -- --

 0-0.5 1004072-003A 4/15/2010 13 -- -- -- -- -- --

 0.5-1.0 1004072-004A 4/15/2010 65 <0.0500 0.53 -- -- -- --

S-14  0-0.5 1003116-026A 3/19/2010 450 0.15 15 0.12 -- -- --

 0-0.5 1003116-007A 3/19/2010 16 -- -- -- -- -- --

 0.5-1.0 1003116-008A 3/19/2010 14 -- -- -- -- -- --

 1.0-1.5 1003116-009A 3/19/2010 14 -- -- -- -- -- --

 1.5-2.0 1003116-010A 3/19/2010 13 -- -- -- -- -- --

 2.0-3.0 1003116-011A 3/19/2010 15 -- -- -- -- -- --

 0-0.5 1003116-012A 3/19/2010 43 -- -- -- -- -- --

 0.5-1.0 1006116-013A 3/19/2010 48 -- -- -- -- -- --

 0-0.5 1004070-003A 4/15/2010 130 5.2 29 -- -- -- --

 0.5-1.0 1004070-004A 4/15/2010 3 -- -- -- -- -- --

 0-0.5 1003116-014A 3/19/2010 370 <0.0500 18 0.26 -- -- --

 0.5-1.0 1003116-015A 3/19/2010 280 <0.0500 11 0.10 -- <0.015 --

 1.0-1.5 1003116-001A 3/19/2010 65 <0.0500 1.2 -- -- -- --

 0-0.5 1003116-002A 3/19/2010 320 <0.0500 2.9 <0.05 -- -- --

 0.5-1.0 1003116-003A 3/19/2010 120 <0.0500 4.8 -- -- -- --

 1.0-1.5 1003116-004A 3/19/2010 210 <0.0500 10 0.31 -- -- --

 1.5-2.0 1003116-005A 3/19/2010 140 <0.0500 1.3 <0.05 -- -- --

 2.0-3.0 1003116-006A 3/19/2010 12 -- -- -- -- -- --

 0-0.5 1004091-011A 4/19/2010 230 0.76 8.3 0.17 -- -- --

 0.5-1.0 1004091-012A 4/19/2010 59 0.11 4.6 -- -- -- --

 1.0-1.5 1004091-013A 4/19/2010 100 <0.0500 4.2 -- -- -- --

 1.5-2.0 1004091-014A 4/19/2010 81 <0.0500 1.5 -- -- -- --

Construction of new on- and off- ramps for Northbound 101 at SR 116

 0-0.5 1003111-001A 3/18/2010 77 <0.0500 3.6 -- -- -- --

 0.5-1.0 1003111-002A 3/18/2010 110 <0.0500 6.1 -- -- -- --

 0-0.5 1003111-003A 3/18/2010 17 -- -- -- -- -- --

 0.5-1.0 1003111-004A 3/18/2010 10 -- -- -- -- -- --

 0-0.5 1003111-005A 3/18/2010 40 -- -- -- -- -- --

 0.5-1.0 1003111-006A 3/18/2010 32 -- -- -- -- -- --

 0-0.5 1003111-012A 3/18/2010 80 <0.0500 3.1 -- -- -- --

 0.5-1.0 1003111-013A 3/18/2010 56 <0.0500 1.3 -- -- -- --

 0-0.5 1004070-005A 4/15/2010 230 <0.0500 9.0 <0.05 -- -- --

 0.5-1.0 1004070-006A 4/15/2010 130 <0.0500 2.1 <0.05 -- -- --

 1.0-1.5 1004070-007A 4/15/2010 10 -- -- -- -- -- --

 1.5-2.0 1004070-008A 4/15/2010 1.8 -- -- -- -- -- --

 2.0-3.0 1004070-009A 4/15/2010 3.4 -- -- -- -- -- --
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EPA Method 6010B 6010B 6010B 6010B 6010B 7199M 6010B

mg/Kg mg/L mg/L mg/L mg/L mg/Kg mg/L

50 -- -- -- -- 50 --

-- -- 5.0 5.0 560 -- 20

1411/3397 0.5/1.5/150 -- -- -- -- --

EPA Method

Units

10 X STLC/20 X TCLP Limit1

Hazardous Waste Limit2

Reuse Restrictions3

 0-0.5 1003111-014A 3/18/2010 90 <0.0500 3.5 -- -- -- --

 0.5-1.0 1003111-015A 3/18/2010 46 -- -- -- -- -- --

 1.0-1.5 1003111-016A 3/18/2010 11 -- -- -- -- -- --

 1.5-2.0 1003111-017A 3/18/2010 5.8 -- -- -- -- -- --

 2.0-3.0 1003111-018A 3/18/2010 6.2 -- -- -- -- -- --

 0-0.5 1003111-007A 3/18/2010 99 <0.0500 3.7 -- -- -- --

 0.5-1.0 1003111-008A 3/18/2010 44 -- -- -- -- -- --

 1.0-1.5 1003111-009A 3/18/2010 8.5 -- -- -- -- -- --

 1.5-2.0 1003111-010A 3/18/2010 10 -- -- -- -- -- --

 2.0-3.0 1003111-011A 3/18/2010 17 -- -- -- -- -- --

 0-0.5 1004070-010A 4/15/2010 19 -- -- -- -- -- --

 0.5-1.0 1004072-011A 4/15/2010 140 0.12 15 0.14 -- -- --

 1.0-1.5 1004072-012A 4/15/2010 8.3 -- -- -- -- -- --

 1.5-2.0 1004072-013A 4/15/2010 7 -- -- -- -- -- --

 2.0-3.0 1004072-014A 4/15/2010 5.7 -- -- -- 0.14 <0.015 --

Mainline 101 Construction North

 0-0.5 1004011-001A 4/2/2010 590 1.1 24 0.13 -- -- --

 0.5-1.0 1004011-002A 4/2/2010 34 -- -- -- -- -- --

 1.0-1.5 1004011-003A 4/2/2010 58 <0.0500 <0.0500 -- -- -- --

 1.5-2.0 1004011-004A 4/2/2010 5.3 -- -- -- -- -- --

 2.0-3.0 1004011-005A 4/2/2010 1.5 -- -- -- -- -- --

 0-0.5 1004011-006A 4/2/2010 1.1 -- -- -- -- -- --

 0.5-1.0 1004011-007A 4/2/2010 35 -- -- -- 0.26 <0.015 2.7

 1.0-1.5 1004011-008A 4/2/2010 55 <0.0500 0.20 -- -- -- 5.9

 1.5-2.0 1004011-009A 4/2/2010 19 -- -- -- -- -- --

 2.0-3.0 1004011-010A 4/2/2010 3 -- -- -- -- -- --

 0-0.5 1004011-011A 4/2/2010 14 -- -- -- -- -- --

 0.5-1.0 1004011-012A 4/2/2010 38 -- -- -- 0.23 <0.015 2.7
 1.0-1.5 100411-013A 4/2/2010 36 -- -- -- -- -- --
 1.5-2.0 1004011-014A 4/2/2010 30 -- -- -- -- -- --
 2.0-3.0 1004011-015A 4/2/2010 5.4 -- -- -- -- -- --
 0-0.5 1004011-016A 4/2/2010 7.5 -- -- -- -- -- --

 0.5-1.0 1004011-017A 4/2/2010 11 -- -- -- -- -- --
 1.0-1.5 1004011-018A 4/2/2010 30 -- -- -- -- -- --
 1.5-2.0 1004011-019A 4/2/2010 15 -- -- -- -- -- --
 2.0-3.0 1004011-020A 4/2/2010 2 -- -- -- -- -- --
 0-0.5 1004011-021A 4/2/2010 18 -- -- -- -- -- --

 0.5-1.0 1004011-022A 4/2/2010 12 -- -- -- -- -- --
 1.0-1.5 1004011-023A 4/2/2010 490 6.2 21 <0.05 -- -- --
 1.5-2.0 1004011-024A 4/2/2010 8.4 -- -- -- -- -- --
 2.0-3.0 1004011-025A 4/2/2010 2.1 -- -- -- -- -- --
 0-0.5 1004011-026A 4/2/2010 11 -- -- -- -- -- --

 0.5-1.0 1004011-027A 4/2/2010 8.3 -- -- -- -- -- --

 1.0-1.5 1004011-028A 4/2/2010 17 -- -- -- -- -- --
 1.5-2.0 1004011-029A 4/2/2010 110 1.4 6.6 -- -- -- --
 2.0-3.0 1004011-030A 4/2/2010 9 -- -- -- -- -- --
 0-0.5 1003116-029A 3/19/2010 74 0.13 3.6 -- -- -- --

 0.5-1.0 1003116-030A 3/19/2010 23 -- -- -- -- -- --
 1.0-1.5 1003116-031A 3/19/2010 11 -- -- -- -- -- --
 1.5-2.0 1003116-032A 3/19/2010 14 -- -- -- -- -- --
 2.0-3.0 1003116-033A 3/19/2010 6.1 -- -- -- -- -- --

S-16

M-19-d

M-20

M-21

M-22

N-13-d

N-14

M-18

M-19

N-13

3 of 4



Table 3
Soil Results - Leachate Metals

HWY 101 MSN B4 Project

B
or

in
g 

Sa
m

pl
e 

L
oc

at
io

n 
ID

Sa
m

pl
e 

D
ep

th
 

(f
ee

t)

L
ab

 S
am

pl
e 

ID

Sa
m

pl
e 

D
at

e

Le
ad

 
(T

ot
al

)

L
ea

d 
(D

I-
ST

L
C

)
L

ea
d 

(S
T

L
C

)
L

ea
d 

(T
C

L
P)

C
hr

om
iu

m
 

(S
T

L
C

)
H

ex
av

al
en

t 
C

hr
om

iu
m

N
ic

ke
l 

(S
T

L
C

)

EPA Method 6010B 6010B 6010B 6010B 6010B 7199M 6010B

mg/Kg mg/L mg/L mg/L mg/L mg/Kg mg/L

50 -- -- -- -- 50 --

-- -- 5.0 5.0 560 -- 20

1411/3397 0.5/1.5/150 -- -- -- -- --

EPA Method

Units

10 X STLC/20 X TCLP Limit1

Hazardous Waste Limit2

Reuse Restrictions3

 0-0.5 1004067-003A 4/15/2010 18 -- -- -- -- -- --
 0.5-1.0 1004067-004A 4/15/2010 920 <0.0500 39 4.9 -- -- --
 1.0-1.5 1004067-005A 4/15/2010 39 -- -- -- -- -- --
 1.5-2.0 1004067-006A 4/15/2010 5.4 -- -- -- -- -- --
 2.0-3.0 1004067-007A 4/15/2010 6.3 -- -- -- -- -- --
 0-0.5 1004067-009A 4/15/2010 31 -- -- -- -- -- --

 0.5-1.0 1004067-010A 4/15/2010 310 <0.0500 4.7 <0.05 -- -- --
 1.0-1.5 1004067-011A 4/15/2010 2.3 -- -- -- -- -- --
 1.5-2.0 1004067-012A 4/15/2010 7.3 -- -- -- -- -- --
 2.0-3.0 1004067-013A 4/15/2010 7 -- -- -- -- -- --
 0-0.5 1004072-015A 4/15/2010 31 -- -- -- -- -- --

 0.5-1.0 1004072-016A 4/15/2010 49 -- -- -- -- -- --
 1.0-1.5 1004072-017A 4/15/2010 1000 <0.0500 10 0.44 -- -- --
 1.5-2.0 1004072-018A 4/15/2010 5.3 -- -- -- -- -- --
 2.0-3.0 1004072-019A 4/15/2010 7.7 -- -- -- -- -- --
 3.0-6.0 1004072-020A 4/15/2010 -- -- -- -- -- -- --
 6.0-9.0 1004072-001A 4/15/2010 -- -- -- -- -- -- --
 9.0-12.0 1004072-002A 4/15/2010 -- -- -- -- -- -- --

Bridge Replacement

 0-0.5 1004009-017A 4/2/2010 2 -- -- -- -- -- --
 0.5-1.0 1004009-018A 4/2/2010 2.1 -- -- -- -- -- --
 1.0-1.5 1004009-019A 4/2/2010 4.3 -- -- -- -- -- --
 1.5-2.0 1004009-020A 4/2/2010 1 -- -- -- -- -- --
 2.0-3.0 1004009-021A 4/2/2010 20 -- -- -- -- -- --
 3.0-4.5 1004009-024A 4/2/2010 -- -- -- -- -- -- --
 3.0-6.0 1004009-022A 4/2/2010 -- -- -- -- -- -- --
 6.0-8.0 1004009-023A 4/2/2010 -- -- -- -- -- -- --
 0-0.5 1004091-006A 4/19/2010 21 -- -- -- -- -- --

 0.5-1.0 1004091-007A 4/19/2010 17 -- -- -- -- -- --
 1.0-1.5 1004091-008A 4/19/2010 28 -- -- -- -- -- --
 1.5-2.0 1004091-009A 4/19/2010 25 -- -- -- -- -- --
 2.0-3.0 1004091-010A 4/19/2010 8.4 -- -- -- -- -- --
 0-0.5 1004070-015A 4/15/2010 18 -- -- -- -- -- --

 0.5-1.0 1004070-016A 4/15/2010 61 <0.0500 1.5 -- -- <15 --
 1.0-1.5 1004070-017A 4/15/2010 93 <0.0500 1.8 -- -- -- --
 1.5-2.0 1004070-018A 4/15/2010 25 -- -- -- -- -- --
 2.0-3.0 1004070-019A 4/15/2010 180 <0.0500 1.9 <0.05 -- -- --
 3.0-6.0 1004070-020A 4/15/2010 -- -- -- -- -- -- --
 0-0.5 1004010-009A 4/2/2010 5.3 -- -- -- -- -- --

 0.5-1.0 1004010-010A 4/2/2010 6.8 -- -- -- -- -- --

Notes:

EPA = US Environmental Protection Agency
mg/Kg = milligrams per kilogram
mg/L = milligrams per liter
DI-STLC = De-Ionized Soluble Threshold Limits Concentrations
STLC = Soluble Threshold Limits Concentrations
TCLP = Toxicity Characteristic Leaching Procedure
NE = Not Established
ND = No Detection. See analytical report for reporting limits.
-- = sample not analyzed for specified analyte
The symbol "<" (less than) indicates that the analyte was not detected at a concentration above the laboratory detection limit specified.

1:  Samples with total metal concentrations exceeding these limits were tested using DI-STLC and STLC, and TCLP, methods based on potentia
reuse or hazardous waste considerations.
2:  Samples exceeding these concentrations would exceed California (STLC) or Federal (TCLP) Hazardous Waste Criteria
3:  Samples exceeding these concentrations would fall into one of several reuse restrictions described in the Caltrans DTSC Variance 
V09HQSCD006
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Soil Results - Other COPCs
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EPA Method 8260B 8015B 8015B 9045C 8082 8082 8081A 8081A 8260B 8260B 8260B PLM

ug/Kg mg/Kg mg/Kg S.U. mg/Kg mg/Kg ug/Kg ug/Kg ug/Kg ug/Kg ug/Kg
Presence/
Absence

4200 4200 12000 NE NE varies NE varies varies varies varies NE

 0-0.5 1004091-001A 4/19/2010 -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1004091-002A 4/19/2010 <17 <0.759 <1.65 5.91 -- -- -- -- ND ND ND --

 1.0-1.5 1004091-003A 4/19/2010 -- -- -- -- -- -- -- -- -- -- -- --

 1.5-2.0 1004091-004A 4/19/2010 -- -- -- -- -- -- -- -- -- -- -- --

 2.0-3.0 1004091-005A 4/19/2010 <17 <0.759 <1.65 -- -- -- -- -- ND -- -- --

 0-0.5 1003116-016A 3/19/2010 -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1003116-017A 3/19/2010 -- -- -- -- -- -- -- -- -- -- -- --

 0-0.5 1003116-018A 3/19/2010 -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1003116-019A 3/19/2010 -- -- -- -- -- -- -- -- -- -- -- --

 0-0.5 1003116-020A 3/19/2010 -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1003116-021A 3/19/2010 -- -- -- -- -- -- -- -- -- -- -- --
 0-0.5 1003111-019A 3/18/2010 -- -- -- 6.63 -- -- -- -- -- -- -- ND

 0.5-1.0 1003111-020A 3/18/2010 -- -- -- -- -- -- -- -- -- -- -- --
 0-0.5 1003111-021A 3/18/2010 -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1003111-022A 3/18/2010 -- -- -- -- -- -- -- -- -- -- -- --
 0-0.5 1003116-022A 3/19/2010 -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1003116-023A 3/19/2010 -- -- -- -- -- -- -- -- -- -- -- --
 0-0.5 1003116-024A 3/19/2010 -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1003116-025A 3/19/2010 -- -- -- -- -- -- -- -- -- -- -- --
 0-0.5 1004070-013A 4/15/2010 -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1004070-014A 4/15/2010 -- -- -- -- -- -- -- -- -- -- -- --
 0-0.5 1003116-027A 3/19/2010 -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1003116-028A 3/19/2010 -- -- -- -- -- -- -- -- -- -- -- --
 0-0.5 1004070-001A 4/15/2010 -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1004070-002A 4/15/2010 -- -- -- 8.56 -- -- -- -- -- -- -- --

 0-0.5 1004009-001A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- --
 0.5-1.0 1004009-002A 4/2/2010 -- -- -- 7.25 -- -- -- -- -- -- -- --
 0-0.5 1004009-003A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1004009-004A 4/2/2010 -- -- -- 7.57 -- -- -- -- -- -- -- --
 0-0.5 1004009-005A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1004009-006A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- --
 0-0.5 1004009-007A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1004009-008A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- --
 0-0.5 1004009-009A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1004009-010A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- --
 0-0.5 1004009-011A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1004009-012A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- --

S-7

ESLs

EPA Method
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Petaluma Boulevard South Interchange
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Units
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EPA Method 8260B 8015B 8015B 9045C 8082 8082 8081A 8081A 8260B 8260B 8260B PLM

ug/Kg mg/Kg mg/Kg S.U. mg/Kg mg/Kg ug/Kg ug/Kg ug/Kg ug/Kg ug/Kg
Presence/
Absence

4200 4200 12000 NE NE varies NE varies varies varies varies NEESLs

EPA Method

Units

 0-0.5 1004009-013A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- --
 0.5-1.0 1004009-014A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- --
 0-0.5 1004009-015A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1004009-016A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- --
 0-0.5 1004009-025A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1004009-026A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- --
 0-0.5 1004010-001A 4/2/2010 -- -- -- -- ND ND ND ND -- -- -- --

 0.5-1.0 1004010-002A 4/2/2010 <17 <0.759 <1.65 -- -- -- -- -- ND ND -- --
 0-0.5 1004010-003A 4/2/2010 -- -- -- -- ND ND ND ND -- -- -- --

 0.5-1.0 1004010-004A 4/2/2010 <17 <0.759 78 -- -- -- -- -- ND ND -- --
 0-0.5 1004010-005A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1004010-006A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- --
 0-0.5 1004010-007A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1004010-008A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- --
 0-0.5 1004070-011A 4/15/2010 -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1004070-012A 4/15/2010 -- -- -- -- -- -- -- -- -- -- -- --
 0-0.5 1004072-009A 4/15/2010 -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1004072-010A 4/15/2010 -- -- -- -- -- -- -- -- -- -- -- --
 0-0.5 1004072-007A 4/15/2010 -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1004072-008A 4/15/2010 -- -- -- 8.81 -- -- -- -- -- -- -- --
 0-0.5 1004072-005A 4/15/2010 <17 <15.2 1300 -- -- -- -- -- ND ND -- --

 0.5-1.0 1004072-006A 4/15/2010 -- -- -- -- -- -- -- -- -- -- -- --
 0-0.5 1004072-003A 4/15/2010 -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1004072-004A 4/15/2010 -- -- -- -- -- -- -- -- -- -- -- --
 0-0.5 1003116-026A 3/19/2010 -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 REFUSED
 0-0.5 1003116-007A 3/19/2010 -- -- -- 8.16 -- -- -- -- -- -- -- ND

 0.5-1.0 1003116-008A 3/19/2010 -- -- -- -- -- -- -- -- -- -- -- --
 1.0-1.5 1003116-009A 3/19/2010 -- -- -- -- -- -- -- -- -- -- -- --
 1.5-2.0 1003116-010A 3/19/2010 -- -- -- -- -- -- -- -- -- -- -- --
 2.0-3.0 1003116-011A 3/19/2010 -- -- -- -- -- -- -- -- -- -- -- --
 0-0.5 1003116-012A 3/19/2010 -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1006116-013A 3/19/2010 -- -- -- 7.68 -- -- -- -- -- -- -- ND
 0-0.5 1004070-003A 4/15/2010 -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1004070-004A 4/15/2010 -- -- -- -- -- -- -- -- -- -- -- --
 0-0.5 1003116-014A 3/19/2010 -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1003116-015A 3/19/2010 -- -- -- 7.19 -- -- -- -- -- -- -- ND
 1.0-1.5 1003116-001A 3/19/2010 -- -- -- -- -- -- -- -- -- -- -- --

M-14

M-7

M-8

M-9

M-12

M-12-d

M-13

N-5

S-9

S-10

S-11

N-3

N-4

S-12

S-13

S-14

S-15

2 of 6



Table 4
Soil Results - Other COPCs
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EPA Method 8260B 8015B 8015B 9045C 8082 8082 8081A 8081A 8260B 8260B 8260B PLM

ug/Kg mg/Kg mg/Kg S.U. mg/Kg mg/Kg ug/Kg ug/Kg ug/Kg ug/Kg ug/Kg
Presence/
Absence

4200 4200 12000 NE NE varies NE varies varies varies varies NEESLs

EPA Method

Units

 0-0.5 1003116-002A 3/19/2010 -- -- -- -- 0.86 ND 17 ND -- -- -- --
 0.5-1.0 1003116-003A 3/19/2010 -- -- -- -- -- -- -- -- -- -- -- --
 1.0-1.5 1003116-004A 3/19/2010 -- -- -- -- -- -- -- -- -- -- -- --
 1.5-2.0 1003116-005A 3/19/2010 -- -- -- -- -- -- -- -- -- -- -- --
 2.0-3.0 1003116-006A 3/19/2010 -- -- -- 7.75 -- -- -- -- -- -- -- ND
 0-0.5 1004091-011A 4/19/2010 -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1004091-012A 4/19/2010 -- -- -- -- -- -- -- -- -- -- -- --
 1.0-1.5 1004091-013A 4/19/2010 -- -- -- -- -- -- -- -- -- -- -- --
 1.5-2.0 1004091-014A 4/19/2010 -- -- -- -- -- -- -- -- -- -- -- --

 0-0.5 1003111-001A 3/18/2010 -- -- -- -- -- -- -- -- -- -- -- --
 0.5-1.0 1003111-002A 3/18/2010 -- -- -- -- -- -- -- -- -- -- -- --
 0-0.5 1003111-003A 3/18/2010 -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1003111-004A 3/18/2010 -- -- -- -- -- -- -- -- -- -- -- --
 0-0.5 1003111-005A 3/18/2010 -- -- -- 7.06 -- -- -- -- -- -- -- ND

 0.5-1.0 1003111-006A 3/18/2010 -- -- -- 7.25 -- -- -- -- -- -- -- ND
 0-0.5 1003111-012A 3/18/2010 -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1003111-013A 3/18/2010 -- -- -- -- -- -- -- -- -- -- -- --
 0-0.5 1004070-005A 4/15/2010 -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1004070-006A 4/15/2010 -- -- -- -- -- -- -- -- -- -- -- --
 1.0-1.5 1004070-007A 4/15/2010 -- -- -- -- -- -- -- -- -- -- -- --
 1.5-2.0 1004070-008A 4/15/2010 -- -- -- -- -- -- -- -- -- -- -- --
 2.0-3.0 1004070-009A 4/15/2010 -- -- -- -- -- -- -- -- -- -- -- --
 0-0.5 1003111-014A 3/18/2010 -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1003111-015A 3/18/2010 -- -- -- 7.18 -- -- -- -- -- -- -- ND
 1.0-1.5 1003111-016A 3/18/2010 -- -- -- -- -- -- -- -- -- -- -- --
 1.5-2.0 1003111-017A 3/18/2010 -- -- -- -- -- -- -- -- -- -- -- --
 2.0-3.0 1003111-018A 3/18/2010 -- -- -- -- -- -- -- -- -- -- -- --
 0-0.5 1003111-007A 3/18/2010 -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1003111-008A 3/18/2010 -- -- -- 7.10 -- -- -- -- -- -- -- ND
 1.0-1.5 1003111-009A 3/18/2010 -- -- -- -- -- -- -- -- -- -- -- --
 1.5-2.0 1003111-010A 3/18/2010 -- -- -- -- -- -- -- -- -- -- -- --
 2.0-3.0 1003111-011A 3/18/2010 -- -- -- -- -- -- -- -- -- -- -- --
 0-0.5 1004070-010A 4/15/2010 -- -- -- -- ND ND ND ND -- -- -- --

 0.5-1.0 1004072-011A 4/15/2010 -- -- -- -- -- -- -- -- -- -- -- --
 1.0-1.5 1004072-012A 4/15/2010 -- -- -- -- -- -- -- -- -- -- -- --
 1.5-2.0 1004072-013A 4/15/2010 -- -- -- -- -- -- -- -- -- -- -- --
 2.0-3.0 1004072-014A 4/15/2010 -- -- -- 8.24 -- -- -- -- -- -- -- --

N-11

N-12

N-13

N-13-d

Construction of new on- and off- ramps for Northbound 101 at SR 116

N-14

N-7

N-8

N-9

N-10

N-6
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EPA Method 8260B 8015B 8015B 9045C 8082 8082 8081A 8081A 8260B 8260B 8260B PLM

ug/Kg mg/Kg mg/Kg S.U. mg/Kg mg/Kg ug/Kg ug/Kg ug/Kg ug/Kg ug/Kg
Presence/
Absence

4200 4200 12000 NE NE varies NE varies varies varies varies NEESLs

EPA Method

Units

 0-0.5 1004011-001A 4/2/2010 -- -- -- -- ND ND ND ND -- -- -- --
 0.5-1.0 1004011-002A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- --
 1.0-1.5 1004011-003A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- --
 1.5-2.0 1004011-004A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- --
 2.0-3.0 1004011-005A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- --
 0-0.5 1004011-006A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1004011-007A 4/2/2010 -- -- -- 8.07 -- -- -- -- -- -- -- --
 1.0-1.5 1004011-008A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- --
 1.5-2.0 1004011-009A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- --
 2.0-3.0 1004011-010A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- --
 0-0.5 1004011-011A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1004011-012A 4/2/2010 -- -- -- 7.84 -- -- -- -- -- -- -- --
 1.0-1.5 100411-013A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- --
 1.5-2.0 1004011-014A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- --
 2.0-3.0 1004011-015A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- --
 0-0.5 1004011-016A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1004011-017A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- --
 1.0-1.5 1004011-018A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- --
 1.5-2.0 1004011-019A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- --
 2.0-3.0 1004011-020A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- --
 0-0.5 1004011-021A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1004011-022A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- --
 1.0-1.5 1004011-023A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- --
 1.5-2.0 1004011-024A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- --
 2.0-3.0 1004011-025A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- --
 0-0.5 1004011-026A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1004011-027A 4/2/2010 -- -- -- -- ND ND ND ND -- -- -- --
 1.0-1.5 1004011-028A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- --
 1.5-2.0 1004011-029A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- --
 2.0-3.0 1004011-030A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- --
 0-0.5 1003116-029A 3/19/2010 -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1003116-030A 3/19/2010 -- -- -- -- -- -- -- -- -- -- -- --
 1.0-1.5 1003116-031A 3/19/2010 -- -- -- -- -- -- -- -- -- -- -- --
 1.5-2.0 1003116-032A 3/19/2010 -- -- -- -- -- -- -- -- -- -- -- --
 2.0-3.0 1003116-033A 3/19/2010 -- -- -- -- -- -- -- -- -- -- -- --
 0-0.5 1004067-003A 4/15/2010 -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1004067-004A 4/15/2010 -- -- -- -- -- -- -- -- -- -- -- --
 1.0-1.5 1004067-005A 4/15/2010 -- -- -- -- -- -- -- -- -- -- -- --
 1.5-2.0 1004067-006A 4/15/2010 -- -- -- -- -- -- -- -- -- -- -- --
 2.0-3.0 1004067-007A 4/15/2010 -- -- -- -- -- -- -- -- -- -- -- --

M-19-d

Mainline 101 Construction North

M-18

M-19

M-20

M-21

M-22

S-16

N-15
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EPA Method 8260B 8015B 8015B 9045C 8082 8082 8081A 8081A 8260B 8260B 8260B PLM

ug/Kg mg/Kg mg/Kg S.U. mg/Kg mg/Kg ug/Kg ug/Kg ug/Kg ug/Kg ug/Kg
Presence/
Absence

4200 4200 12000 NE NE varies NE varies varies varies varies NEESLs

EPA Method

Units

 0-0.5 1004067-009A 4/15/2010 -- -- -- -- -- -- -- -- -- -- -- --
 0.5-1.0 1004067-010A 4/15/2010 -- -- -- -- -- -- -- -- -- -- -- --
 1.0-1.5 1004067-011A 4/15/2010 -- -- -- -- -- -- -- -- -- -- -- --
 1.5-2.0 1004067-012A 4/15/2010 -- -- -- -- -- -- -- -- -- -- -- --
 2.0-3.0 1004067-013A 4/15/2010 -- -- -- -- -- -- -- -- -- -- -- --
 0-0.5 1004072-015A 4/15/2010 -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1004072-016A 4/15/2010 -- -- -- -- -- -- -- -- -- -- -- --
 1.0-1.5 1004072-017A 4/15/2010 -- -- -- -- -- -- -- -- -- -- -- --
 1.5-2.0 1004072-018A 4/15/2010 -- -- -- -- -- -- -- -- -- -- -- --
 2.0-3.0 1004072-019A 4/15/2010 -- -- -- 7.41 -- -- -- -- -- -- -- --
 3.0-6.0 1004072-020A 4/15/2010 -- -- -- -- -- -- -- -- -- -- -- --
 6.0-9.0 1004072-001A 4/15/2010 -- -- -- -- -- -- -- -- -- -- -- --
 9.0-12.0 1004072-002A 4/15/2010 -- -- -- -- -- -- -- -- -- -- -- --

 0-0.5 1004009-017A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- --
 0.5-1.0 1004009-018A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- --
 1.0-1.5 1004009-019A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- --
 1.5-2.0 1004009-020A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- --
 2.0-3.0 1004009-021A 4/2/2010 -- -- -- 8.30 -- -- -- -- -- -- -- --
 3.0-4.5 1004009-024A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- --
 3.0-6.0 1004009-022A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- --
 6.0-8.0 1004009-023A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- --
 0-0.5 1004091-006A 4/19/2010 -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1004091-007A 4/19/2010 <17 <0.759 11 7.43 -- -- -- -- ND ND ND --
 1.0-1.5 1004091-008A 4/19/2010 -- -- -- -- -- -- -- -- -- -- -- --
 1.5-2.0 1004091-009A 4/19/2010 -- -- -- -- -- -- -- -- -- -- -- --
 2.0-3.0 1004091-010A 4/19/2010 <17 <0.759 6.7 -- -- -- -- -- ND -- -- --
 0-0.5 1004070-015A 4/15/2010 -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1004070-016A 4/15/2010 <17 <3.04 100 8.27 -- -- -- -- ND ND ND --
 1.0-1.5 1004070-017A 4/15/2010 -- -- -- -- -- -- -- -- -- -- -- --
 1.5-2.0 1004070-018A 4/15/2010 -- -- -- -- -- -- -- -- -- -- -- --
 2.0-3.0 1004070-019A 4/15/2010 <17 <3.04 180 -- -- -- -- -- ND -- -- --
 3.0-6.0 1004070-020A 4/15/2010 -- -- -- -- -- -- -- -- -- -- -- --
 0-0.5 1004010-009A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- --

 0.5-1.0 1004010-010A 4/2/2010 -- -- -- -- -- -- -- -- -- -- -- --

Bridge Replacement

M-10

M-16

M-17

N-16

N-17

M-6
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Soil Results - Other COPCs
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EPA Method 8260B 8015B 8015B 9045C 8082 8082 8081A 8081A 8260B 8260B 8260B PLM

ug/Kg mg/Kg mg/Kg S.U. mg/Kg mg/Kg ug/Kg ug/Kg ug/Kg ug/Kg ug/Kg
Presence/
Absence

4200 4200 12000 NE NE varies NE varies varies varies varies NEESLs

EPA Method

Units

 PH-1  -- 1010193-001 10/15/2010 <17 <3.0 99 -- -- -- -- -- -- -- -- --
 PH-2  -- 1010193-002 10/15/2010 <17 <3.0 280 -- -- -- -- -- -- -- -- --
 PH-3  -- 1010193-003 10/15/2010 <17 <3.0 300 -- -- -- -- -- -- -- -- --

Notes:
EPA = US Environmental Protection Agency
mg/Kg = milligrams per kilogram
ug/Kg = micrograms per kilogram
NE = Not Established
ND = No Detection. See analytical report for reporting limits.
-- = sample not analyzed for specified analyte
The symbol "<" (less than) indicates that the analyte was not detected at a concentration above the laboratory detection limit specified.
PLM:  Polarized Light Microscopy

US 101/Hwy 116 Overcrossing Pothole Sampling
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Table 5
Groundwater Results
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EPA Method 8260B (TPH 8015B 8015B 8260B 8260B 8260B

ug/L mg/L mg/L ug/L ug/L ug/L

NE NE NE 500 NE NE

NE NE NE varies varies NE

N-17-GW 1004067-015A 4/15/2010 -- <0.0400 <0.0900 -- -- --

M-16-GW 1004067-017A 4/15/2010 <22 <0.0400 <0.0900 ND ND ND

Notes:
EPA = US Environmental Protection Agency
mg/L = milligrams per liter
ug/L = micrograms per liter
STLC = Soluble Threshold Limits Concentrations
TCLP = Toxicity Characteristic Leaching Procedure
NE = Not Established
ND = No Detection. See analytical report for reporting limits.
-- = sample not analyzed for specified analyte
The symbol "<" (less than) indicates that the analyte was not detected at a concentration above the laboratory detection limit specified.

EPA Method

TCLP

Units

STLC
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Table 6:Summary Statistics, Lead in Soil
Highway 101 MSN B4 Project

Goodness-of-Fit 
Test

Parameter Unit Group
No. of 

Samples
Detection 

Rate
Mean Std Dev

Min 
Detected

Max 
Detected

Reporting 
Limit of 

NDs

No. of 
Samples

Mean Std Dev Distribution Method of UCL Calculation
Assessed 
95% UCL

Notes

Lead (DI-STLC) mg/L All 39 28% 0.493 1.249 0.11 6.2 0.05 147 0.212 0.665 Gamma 95% KM (t) UCL 0.307
Lead (STLC) mg/L All 39 97% 6.85 7.00 0.2 29 0.05 147 2.02 4.63 Non-parametric 97.5% KM (Chebyshev) UCL 4.41
Lead (Total) mg/kg All 147 100% 64.1 138.2 1 1000 - 147 64.1 138.2 Non-parametric 97.5% Chebyshev (Mean, Sd) UCL 135

Notes:

Summary Statistics - Raw Data Upper Confidence Limit (UCL)
Summary Statistics - Data Included 
Predicted Values from Regression

Detected and Nondetect Values

(1) If duplicates exist, the average of the duplicate results is used as a single data point.  
(2) All samples collected at various depths at the same location are considered independent data points.

(5) The distributional assumption from (4) is used to select the appropriate UCL calculation method.  For normal distribution, the UCL is based on the t-statistics.  For lognormal distribution, gamma distribution, and non-parametric 
assumption, the UCL is based on the recommendations from USEPA (2002) and Singh (2009).

S-1 thru S-4 (all depths), S-9 (0-0.5 & 0.5-1.0), N-15 (0-0.5 & 0.5-1.0)

(6) References:
USEPA. 2002. Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites. Office of Emergency and Remedial Response, U.S. Environmental Protection Agency, Report No. OSWER 9285.6-10.
Singh, A., R. Maichle, A.K. Singh, S.E. Lee, and N. Armbya. 2009a. ProUCL Version 4.00.04 User Guide.  Office of Research and Development, U.S. Environmental Protection Agency, Report No. EPA/600/R-07/038.
Singh, A., and A.K. Singh. 2009b. ProUCL Version 4.00.04 Technical Guide.  Office of Research and Development, U.S. Environmental Protection Agency, Report No. EPA/600/R-07/041.
(7) The following locations are excluded:

(3) If the dataset contains nondetects, summary statistics and UCLs are estimated by the Kaplan-Meier (KM) method when possible.
(4) Goodness-of-Fit Test at 5% significance level is used to test for distributional assumption.
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Table 7 
Summary of Materials with Detected Asbestos 

Highway 101 MSN B4 Project 
 

Petaluma Blvd. South Southbound Bridge 
LAB 

LOGIN # 
FIELD 

SAMPLE # 
LOCATION MATERIAL COLOR 

Asbestos 
Detected  

LD203229-1 URS-S-20 South 101, S. End 
Soil/Rock 
(Bedrock) 

Gray 
1.90% 

Chrysotile 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



   

  
     

Table 8 
Summary of Materials without Detected Asbestos 

Highway 101 MSN B4 Project 
 

 
LAB 

LOGIN # 
FIELD 

SAMPLE # 
LOCATION MATERIAL 

COLOR 

Southbound 101 Bridge at Petaluma Blvd. South

L203179-1 URS-B-01 South 101, SE Base Compact Board Brown 

L203179-2 URS-B-02 South 101, SE Base Concrete Grey 

L203179-3 URS-C-03 South 101, SE Column Concrete Grey 

L203179-4 URS-B-04 South 101, SW Base Concrete Grey 

L203179-5 URS-R-05 South 101, SW Rail Concrete Grey 

L203179-6 URS-B-06 South 101, SW Base Concrete Grey 

L203179-15 URS-B-15 South 101, NE Base Compact Board Brown 

L203179-7 URS-W-07 South 101, SW Wall Paint Grey 

L203179-16 URS-B-16 South 101, NE Base Concrete Patch Grey 

L203179-17 URS-C-17 South 101, N End Concrete Grey 

L203179-18 URS-C-18 South 101, NE Bridges Concrete Grey 

L203179-19 URS-C-19 South 101, NE Column Concrete Grey 

Northbound 101 Bridge at Petaluma Blvd. 

L203179-8 URS-W-08 North 101, SW Wall Concrete Patch Grey 

L203179-9 URS-B-09 North 101, SE Base Compact Board Brown 

L203179-10 URS-C-10 North 101, SE Column Concrete Grey 

L203179-11 URS-B-11 North 101, N Base Concrete Grey 

L203179-12 URS-B-12 North 101, NW Base Concrete Grey 

L203179-13 URS-R-13 North 101, NW Rail Concrete Grey 

L203179-14 URS-S-14 
North 101, NW Reflex 

Sign 
Sealant Grey 



   

  
     

LAB 
LOGIN # 

FIELD 
SAMPLE # 

LOCATION MATERIAL 
COLOR 

Southbound 101 Bridge at Hwy 116.

L203237-6 URS-B-06 
101 South, barrier wall 

décor, NE 
Concrete Grey 

L203237-7 URS-B-07 
101 South, barrier wall, 

NE 
Concrete Grey 

L203237-8 URS-B-08 101 South, base at NE Concrete Grey 

L203237-9 URS-A-09 101 South, asphalt at NE Asphalt Black 

L203237-10 URS-S-10 
101 South, reflexer, 

debris 
Sealant (mastic) Grey 

L203237-16 URS-A-16 
101 South, asphalt 

southwest 
Asphalt Black 

L203237-17 URS-R-17 
101 South rail/barrier 

décor, SW 
Concrete Grey 

L203237-18 URS-M-18 101 South, board, SW Compact Board Brown 

L203237-19 URS-B-19 101 South, bridge, SW Concrete Grey 

L203237-20 URS-C-20 
101 South, 2nd column, 

SW 
Cork Brown 

L203237-21 URS-B-21 
101 South, column base 

adjacent to railroad 
Concrete Grey 

Northbound 101 Bridge at Hwy 116

L203237-1 URS-R-01 101 North, rail NE Concrete Grey 

L203237-2 URS-B-02 
101 North, barrier wall 

at NE 
Concrete Grey 

L203237-3 URS-B-03 101 North, board at NE Compact Board Brown 

L203237-4 URS-B-04 10 North, base at NE Concrete 
Grey 

 

L203237-5 URS-C-05 
101 North, column, 

North 
Concrete Grey 

L203237-11 URS-R-11 101 North, rail at SW Concrete Grey 

L203237-12 URS-B-12 101 North, board at SW Compact Board Brown 

L203237-13 URS-B-13 101 North, bridge at SW Concrete Grey 

L203237-14 URS-C-14 
101 North, 2nd column 

to south end 
Concrete Grey 

L203237-15 URS-M-15 
101 North, rock/soil 

between bridges 
Rock/Soil Purple/Brown 



   

  
     

LAB 
LOGIN # 

FIELD 
SAMPLE # 

LOCATION MATERIAL 
COLOR 

Petaluma River Bridge  

L205017-1 PRB-B-01 
South bound, base, 3rd 

column 
Concrete Grey 

L205017-2 PRB-C-02 South bound, 3rd column Concrete Grey 

L205017-3 PRB-B-03 South bound, bridge Concrete Grey 

L205017-4 PRB-C-04 
South bound, column 

base 
Concrete Grey 

L205017-5 PRB-B-05 
South bound, column 

base 
Concrete Grey 

L205017-6 PRB-B-06 
North bound, southwest 

bridge 
Joint Cork Black 

L205017-7 PRB-C-07 
North bound, southwest 

bridge 
Concrete Grey 

L205017-8 PRB-D-08 
Between north bound and 

south bound 
Concrete Grey 

L205017-9 PRB-B-09 
North bound, southeast 

barrier 
Concrete Grey 

L205017-10 PRB-R-10 
North bound, southeast 

rail 
Concrete Grey 

L205017-11 PRB-C-11 North bound, 2nd column Mastic Black 

L205017-12 PRB-C-12 South bound, 2nd column Mastic Black 

L205017-13 PRB-B-13 
North bound, north 

column 
Concrete Grey 

L205017-14 PRB-C-14 
North bound, north 

column 
Concrete Grey 

L205017-15 PRB-B-15 
North barrier wall, 

northwest wall 
Joint Cork Black 

L205017-16 PRB-M-16 North bound, north base Asphalt Black 

L205017-17 PRB-M-17-1
South bound, northwest 

barrier wall 
Pipe Black 

L205017-18 RPB-M-17-2
South bound, northwest 

barrier wall 
Concrete Grey 

L205017-19 RPB-B-18 
South bound, southwest 

barrier wall 
Concrete Grey 

L205017-20 RPB-R-19 
South bound, southwest 

rail 
Concrete Grey 

L205017-21 RPB-B-17-20
North bound, southwest 

barrier wall 
Concrete Grey 

 
 
 



   

  
     

Table 9 
Summary of Metals Results in Paint  

Highway 101 MSN B4 Project 
 
US 101 at Petaluma Boulevard South Bridges 

Lab Sample Number: 203141-1 203141-2 203141-3         203141-4 

Client Sample Number: URS-1 URS-2            URS-3 URS-4 

Matrix: BULK BULK BULK BULK 

Extraction Type: Acid Acid Acid Acid 

Units: mg/kg (PPM) mg/kg (PPM) mg/kg (PPM) mg/kg (PPM) 

Sb      Antimony 29.22 17.76 84.79 39.69 

As     Arsenic 21.17 17.00 13,752.68 13.47 

Ba      Barium 223.98 183.16 16.13 655.31 

Be      Beryllium 0.98 0.38 <0.01 0.16 

Cd      Cadmium 4.73 2.15 4.15 2.65 

Cr      Chromium (CrVI) 115.27 32.41 24.40 4,055.37 (180) 

Co      Cobalt 12.23 6.67 2.30 8.48 

Cu      Copper 68.59 32.28 14,686.26 20.70 

Pb      Lead 1,511.72 661.60 660.24 17,432.18 

Hg     Mercury 4.49 5.36 0.11 3.98 

Mo     Molybdenum 7.42 4.43 10.19 6.02 

Ni     Nickel 40.00 32.66 2.11 10.20 

Se      Selenium 1,764.84 1,083.12 533.52 388.19 

Ag     Silver 1.52 0.68 1.56 1.02 

Tl      Thallium 25.63 15.11 3.67 15.49 

V      Vanadium 30.82 26.67 0.37 8.92 

Zn      Zinc 327.38 153.71 4,346.50 716.02 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



   

  
     

Table 9, Continued  
Summary of Metals Results in Paint  

Highway 101 MSN B4 Project 
 

US 101 at Petaluma River Bridges 

Lab Sample Number: 205528-1 205528-2 205528-3 205528-4 205528-5 205528-6 205528-7 

Client Sample 
Number: 

Pb-1 Pb-2 Pb-3 Pb-4 Pb-5 Pb-6 Pb-7 

Matrix: BULK BULK BULK BULK BULK BULK BULK 

Extraction Type: Acid Acid Acid Acid Acid Acid Acid 

Units: mg/kg (PPM) mg/kg (PPM) mg/kg (PPM) mg/kg (PPM) mg/kg (PPM) mg/kg (PPM) mg/kg (PPM) 

Sb      Antimony 15.81 55.00 6.00 3.72 10.85 105.61 85.29 

As     Arsenic  22.94 14,635.14 7.14 4.47  5.25 20.25 833.06 

Ba      Barium 81.54 174.41 2,270.00 121.10 3,606.14 33.55 103.69 

Be      Beryllium <0.01 0.09 0.09 0.14 0.31 0.31 2.82 

Cd      Cadmium 0.80 7.39 1.41 0.69 1.44 23.08 27.30 

Cr      Chromium (CrVI) <0.01 10.36 15.00 <0.01 293.62 3,129.97 (180) 0.21 

Co      Cobalt 1.22 7.88 27.68 5.23 5.29 278.87 345.65 

Cu      Copper 72.15 47,207.21 9.68 8.98 10.61 34.04 811.93 

Pb      Lead <0.01 2,350.45 58.45 112.37 1,839.42 202,917.77 17,763.05 

Hg     Mercury 466.86 183.60 66.68 54.64 44.36 49.87 34.38 

Mo     Molybdenum 6.88 16.94 3.82 4.47 9.49 35.94 49.42 

Ni     Nickel 3.02 16.89 17.95 4.97 15.05 9.37 9.78 

Se      Selenium 434.56 760.36 402.95 244.05 254.32 1,014.59 675.64 

Ag     Silver <0.01 4.19 0.27 1.78 0.78 2.87 6.09 

Tl      Thallium 9.23 7.34 5.55 13.62 5.83 88.68 45.98 

V      Vanadium 1.80 14.28 9.77 8.06 12.36 7.07 10.44 

Zn      Zinc 5,654.36 10,184.66 <0.01 24.04 24.04 12727.67 11,719.14 



   

  
     

Table 9, Continued 
Summary of Metals Results in Paint  

Highway 101 MSN B4 Project 
 
US 101 at Hwy 116 Bridges 

Lab Sample Number: 203235-1 203235-2 203235-3 

Client Sample Number: URS-1 URS-2         URS-3 

Matrix: BULK BULK BULK 

Extraction Type: Acid Acid Acid 

Units: mg/kg (PPM) mg/kg (PPM) mg/kg (PPM) 

Sb      Antimony 27.59 9.45 7.22 

As     Arsenic 7.54 4.97 1.61 

Ba      Barium 45.62 1,493.00 2,937.92 

Be      Beryllium 0.25 0.16 1.20 

Cd      Cadmium 1.47 0.93 2.28 

Cr      Chromium (CrVI) 13.14 502.97 (33) 17.20 

Co      Cobalt 2.61 3.02 69.71 

Cu      Copper 10.28 12.10 210.13 

Pb      Lead 518.53 2,008.70 127.67 

Hg     Mercury 6.82 3.00 2.84 

Mo     Molybdenum 5.31 4.06 5.57 

Ni     Nickel 6.70 5.37 6.62 

Se      Selenium 1,597.73 157.68 342.74 

Ag     Silver <0.01 0.87 1.80 

Tl      Thallium 18.28 4.21 6.17 

V      Vanadium 17.10 6.48 12.57 

Zn      Zinc 131.59 1,452.67 1,229.62 
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BACKGROUND INFORMATION AND PROJECT DESCRIPTION 

Project B4 of the Marin Sonoma Narrows (MSN) Highway 101 High Occupancy Vehicle 
(HOV) Widening Project (the MSN B4 Project) consists of the segment of U. S. 101 
from just south of the Petaluma Boulevard South overcrossing to just north of the 
Caulfield Lane overcrossing (post-miles 2.2 to 4.1) located in the southern portion of 
Sonoma County, California.  The project is within District 4 of the State of California 
Department of Transportation (Caltrans) and within the Sonoma County Transportation 
Authority (SCTA) planning area.  The project area is referred to herein as “the Site”.    

This project involves the proposed construction of central HOV lanes as part of the 
region-wide continuous HOV network.   The project will include improvements to 
outside shoulders, construction of new ramps, bridge widening or replacements, and 
installation of soundwalls and retaining walls.    

Four bridge structures are planned to be widened or demolished: 

 South Petaluma Bridge Undercrossing, Petaluma River Bridge, and Route 101N/116 
Bridge: - the proposed improvements will include demolishing the existing structures 
and replacing them with new structures. 

 Route 101S/116 Bridge - the proposed improvements will include widening the 
existing structure. 

 
This Hazardous Materials Investigation Work Plan describes the procedures for 
completing the hazardous materials soil and groundwater investigations and the 
Asbestos/Lead Based Paint Investigation included in the MSN B4 Project Scope. The 
overall purposes of Hazardous Materials Investigation is to evaluate the soil conditions 
for on-site use or off-site disposal of site soils, assess groundwater for potential 
contamination prior to potential worker contact or dewatering, assess the bridges and 
river crossings scheduled for demolition or retrofit for the presence of asbestos or lead-
based paint and identify work safety issues for site construction workers. 

A site and project specific Health and Safety Plan for personnel completing field 
activities will be prepared for the hazardous materials and geotechnical investigations 
during this project. 

CONTACT INFORMATION 

The following table lists URS’ contacts for this task. 

Contact Function Office Phone 
Patrick Walz URS Hazardous Materials Manager (408) 297-9585 
Joe Morgan URS Technical Expert/QA-QC (510) 874-3201 
Susie Vedantham URS Environmental Manager (408) 297-9585 
Ben Razeghi URS Project Manager (408) 297-9585 
Lisa Griggs URS Health & Safety Manager (408) 297-9585 
Stephen Huang URS Geotechnical Task Leader (408) 297-9585 
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INITIAL HAZARDOUS MATERIALS INVESTIGATION 

URS will conduct a hazardous materials investigation study on the 1.9-mile segment of 
U. S. 101 from just south of the Petaluma Boulevard South overcrossing to just north of 
the Caulfield Lane overcrossing (post-miles 2.2 to 4.1) located in the southern portion of 
Sonoma County, California.  The primary focus of the investigation will be Aerial 
Deposited Lead (ADL) within the top 3 feet soil, historically deposited from leaded 
gasoline automotive emissions. The investigation will also include testing for other 
potential contaminants commonly present adjacent to freeways.  These constituents 
include California Assessment Manual (CAM 17) Metals, Total Petroleum Hydrocarbons 
as Diesel and Motor oil (TPH-d/mo), TPH as Gasoline (TPH-g), 
Benzene/Toluene/Ethylbenzene/Xylene (BTEX), methyl-tert-butyl-ether (MTBE), 
Volatile Organic Compounds (VOCs) and 5 Gasoline Oxygenates, Polychlorinated 
Biphenyl (PCBs) and Organo-chlorine Pesticides (OCPs), pH, and Asbestos. 
Additionally, groundwater samples will be collected at select locations and analyzed for 
selected constituents. 

Soil sampling will be performed within the median, adjacent to the outside shoulders, at 
sections of associated ramps, at sections of proposed future ramps, at the South Petaluma 
Undercrossing, the Petaluma River Bridge, the Route 101S/116 Bridge, and the Route 
101N/116 Bridge. 

URS understands that the following general project description applies, and is using this 
description to develop the proposed sampling plan: 
 

(1) Petaluma Blvd. South Interchange:  Construction of Southbound off- and on-
ramps, and Northbound on-ramps.  Construction will be primarily fill, as the 
existing grade is to be increased in elevation by 1-5 feet. 

(2) Mainline 101 Construction south of approximately station 190+00:  Construction 
of central HOV lane and outside shoulder improvements.  Construction will be 
primarily fill as the existing grade is to be raised by up to 25 feet. 

(3) Construction of new on- and off-ramps for Northbound 101 at SR 116. 
(4) Mainline 101 Construction north of approximately station 190+00:  Construction 

of central HOV lane and outside shoulder improvements.  Existing grade will be 
maintained.  Existing pavement sections will be removed and replaced with new 
concrete.  Cut will generally be to approximately 3 feet below ground surface.  
North of approximately station 205+00, construction will be only in the 
northbound direction. 

(5) Replacement of the South Petaluma Undercrossing, the Petaluma River Bridge, 
and the Route 101N/116 Bridge, and widening of the Route 101S/116 Bridge. 

 

Significant potential for burial of ADL-impacted materials below pavement material is 
available within the corridor south of approximately station 190+00.  It is anticipated that 
this will be a fill project, assuming that the existing soils to be excavated can be used on 
the project. If some existing soils cannot be used due to the presence of contaminants or 
soil compaction characteristics, those soils will require off-site use or disposal at an 
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appropriate landfill in compliance with regulatory requirements, and corresponding 
amounts of additional clean imported soils will be needed. 

URS will collect soil samples to evaluate potential soil uses on the project, disposal 
options off-site, and to evaluate potential construction worker exposure to lead impacted 
dust or groundwater. The ADL in soil analytical results will be evaluated statistically 
using Caltrans approved statistical methods. Additionally, URS will collect groundwater 
samples at selected locations for groundwater quality purposes.  

URS reviewed the following documents in developing this Work Plan. 

 Marin-Sonoma Narrows HOV Widening Project Final Environmental Impact 
Report/Final Environmental Impact Statement, prepared by Caltrans, July 2009.  

REGULATORY ISSUES 

Hazardous Waste Regulatory Criteria 

The total concentrations of prescribed elements or compounds are regulated as hazardous 
waste in California if they exceed the Total Threshold Limit Concentration (TTLC) criteria, 
which can be found in Title 22 of the California Code of Regulations (CCR). 

Leachable elements or compounds are also regulated in California based on the Soluble 
Threshold Leaching Characteristic (STLC) criteria, which can also be found in Title 22 of 
the CCR. URS will analyze samples for total suspected contaminant concentrations and 
subsequently evaluate the leachable components for select samples.  

The California Waste Extraction Test (WET) is used to evaluate contaminant leachability 
from soils and other potential wastes for disposal in landfills. The Standard WET uses a 
citric acid solution as the extracting medium.  The De-ionized (DI) WET version uses DI 
water as the extraction medium and is used to evaluate soil leachability for reuse on-site. 
Analytical results of the WET extracts will be analyzed and compared to the California 
STLC criteria for hazardous waste characterization or potential reuse. Analytical results for 
the DI-WET extracts will be compared to the Maximum Concentration Limits (MCLs) for 
evaluation of potential impacts to groundwater, if the soils are left in place. The Toxicity 
Characteristic Leaching Procedure (TCLP) is the Federal Resource Conservation and 
Recovery Act (RCRA) leaching procedure and is also used to evaluate contaminant 
leachability for hazardous waste characterization. The TCLP test is not as stringent as the 
California WET.   

These tests will be run iteratively in the following order: WET, DI-WET, and TCLP 
based on the total metal concentrations in the samples. Samples with total lead 
concentrations exceeding 50 mg/kg will be extracted with the WET and the DI-WET and 
analyzed for lead. Samples with lead concentrations exceeding 100 mg/kg will be 
extracted with the TCLP and analyzed for lead. Evaluation of other contaminants may 
also require WET and TCLP leachability testing and evaluation if they exceed 10 or 20 
times the STLC or TCLP criteria, respectively. 

Lead in soil analytical results will be evaluated against the existing DTSC variance 
(described below), and California and Federal hazardous waste criteria.  



Page 4 of 12 

Soils that exceed the TTLC and/or the STLC criteria must be managed, transported, and 
disposed of off-site as a California hazardous waste, if disposed of in California. 
Alternatively, California hazardous waste can also be disposed of in other states as non-
hazardous. Soils that exceed RCRA criteria must be managed, transported, and disposed 
of off-site as Federal RCRA waste. 

Department of Toxic Substances Control (DTSC) Variance for Aerially Deposited Lead 
(ADL) in Soil on Caltrans Right of Way 

The following paragraphs outline the soil handling requirements in the statewide lead-
impacted soil handling variance by DTSC. If the soil contaminants exceed the prescribed 
criteria, the soil must be handled as a hazardous waste. 

The following bullet points describe potential lead in soil concentrations and the 
corresponding regulatory restrictions that apply.  

 Soil with total lead <50 mg/kg, are not subject to the reuse restrictions of the Caltrans 
ADL variance. 

 Soil with total lead > 50 mg/kg and  < 1,000 mg/k, but <0.5 mg/L extractable lead 
with the standard waste extraction test, is not a hazardous waste and is therefore not 
subject to the reuse restrictions of the Caltrans ADL variance. 

 Soil with total lead >50 mg/kg and <1411 mg/kg, with <1.5 mg/L extractable lead 
with the deionized waste extraction test (DI-WET) can be used for fill on-Site as long 
as it is more than five feet above the water table and must be covered with at least 1.0 
foot of non-hazardous cover. 

 Soil with >50 mg/kg and <3397 mg/kg total lead and between 1.5 mg/L and 150 
mg/L of extractable lead with the DI WET can be used on the Right of Way (ROW) 
on-Site as long as it is more than five feet above the water table and must be covered 
with a pavement structure which will be maintained by Caltrans. 

 Soil with >3397 mg/kg total lead must be disposed off-Site if removed from the 
Caltrans ROW. 

 Soil with >5 mg/L extractable lead with TCLP cannot be reused and must be disposed 
off-Site as a Federal RCRA hazardous waste. 

 For soil that must be disposed off-Site if removed from the Caltrans ROW: 

 Soil with <5.0 mg/L extractable lead with the standard waste extraction test (WET) is 
a non-hazardous waste and can be disposed in a non-hazardous waste landfill if 
removed from the Caltrans ROW. 

 Soil with >5.0 mg/L extractable lead with the standard WET and <5.0 mg/L 
extractable lead with the TCLP test is a California hazardous waste and must be 
disposed off-Site in a hazardous waste landfill if removed from the Caltrans ROW, or 
alternatively can be disposed of out of state, as non-hazardous soil. 

 Soil with >5.0 mg/L extractable lead with the TCLP test is a Federal RCRA waste 
and must be disposed off-Site in a hazardous waste landfill. 
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 Soil with pH between 5.0 and 5.5 may be reused only below a paved structure, and 
soil with a pH <5.0 must be managed as a hazardous waste. 

 Soil may not be reused on the Caltrans ROW if it is considered hazardous due to the 
presence of any material other than lead.  

PROPOSED INVESTIGATION 

The purpose of the screening level investigation is to conduct sampling, chemical 
analysis, and evaluation of the chemical characteristics of soil to be excavated from the 
site and groundwater at select locations at the Site.  

The evaluation results for soil will be used for the following identification purposes:  

 Soil that is not subject to reuse restrictions to be used on-site or off-site for 
fill. 

 Restricted soil to be used on-site for fill under the Caltrans ADL impacted soil 
variance, from the DTSC, in force during the construction period. 

 Hazardous waste that must be removed from the site for off-site disposal at a 
hazardous waste landfill. 

 Non-hazardous soils to be taken off-site for disposal due to excess soils 
generated by the project or because the geotechnical report indicates that the 
soils cannot be used for fill due to their poor compaction characteristics. 

 Notification and potential required training of on-site workers, if potential 
contaminant levels warrant it. 

 Guidance for development of follow-up soil investigations, if needed. 

Based on the above factors, URS proposes to conduct a soil investigation at the Site. Soil 
will be evaluated for ADL, CAM 17 Metals, TPH-d/mo, TPH-g, BTEX, MTBE, 5 
Gasoline Oxygenates, PCBs and OCPs, pH, and Asbestos.  Select samples will be 
analyzed for VOCs. 

The groundwater investigation will be used to evaluate groundwater quality for the 
following purposes: 

 To confirm potential impact to groundwater at locations known to be 
contaminated due to nearby leaking underground storage tanks, at the far 
southern edge of the project corridor and near the 101N/116 Overcrossing. 
Grab groundwater samples will be collected at these locations and analyzed 
for one or more of TPH-g/BTEX/MTBE, TPH-d/mo, 5 Gas Oxygenates, and 
VOCs. 

 To evaluate the suitability of dewatering system designs at one additional 
bridge location and at the northern edge of the project corridor. Grab 
groundwater samples will be collected at these locations and analyzed for one 
or more of TPH-g/BTEX/MTBE, TPH-d/mo, 5 Gas Oxygenates, and VOCs. 

Sample locations are shown in the attached drawings. 

HEALTH AND SAFETY PLAN  
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Safety of our staff is a priority. URS personnel has developed a site and project specific 
Health & Safety Plan (HASP) for personnel conducting fieldwork for this project.  The 
plan has been reviewed and signed by an office Health & Safety Officer based in San 
Jose, California. A copy of this HASP has been included in the workplan.  

PERMITS  

URS will assist in preparing applications for an encroachment permit from Caltrans.  
During previous similar projects, Caltrans has granted encroachment permits, allowing 
entry to the State Right of Way including US 101.  These encroachment permits typically 
allows along US 101 shoulder closures between the hours of 9 AM and 4 PM, and lane 
closures along US 101 between the hours of 10 PM and 5 AM on weekdays.  The permits 
specify additional requirements, including work notification, shoulder and lane closure 
procedures, and personal protective equipment requirements.   

URS will mark and conduct utility surveys on all proposed sampling locations before the 
start of field sampling efforts. An underground utility location contractor will be retained 
to evaluate the location of underground utilities at each boring location. Underground 
Service Alert (USA) will be notified of the planned boring locations so participating 
public utilities can provide the location of underground utilities in the area of the borings.  

A Caltrans-certified traffic control subcontractor will be retained to divert traffic away 
from the field crew and sampling rig when working along roadways. Shoulder closures, 
at minimum, will be required for all work adjacent to the outside lanes of US 101 and all 
work adjacent to entrance and exit ramps. Lane closures on the number one lane of the 
highway will be required for work within the median. The encroachment permit will 
regulate lane and shoulder closure times.   

Sampling locations may be marked and surveyed using a Global Positioning System (GPS) 
during sampling operations to limit lane and shoulder closures.  Sampling locations shown 
on the attached figures (Figures ENV-1 through ENV -9) are approximate and may be 
moved based upon further preliminary data review and/or due to field conditions identified 
during the utility location fieldwork, accessibility, and crew safety considerations. 

SAMPLING 

URS will retain direct push drilling subcontractor Environmental Control Associates of 
Aptos, California to assist in the fieldwork sampling, including both direct push and hand 
auger. URS personnel will supervise all fieldwork conducted under this Work Plan and will 
collect and ship the samples. URS proposes to use direct push sampling techniques to 
minimize cuttings collection and disposal.  Where the direct push equipment cannot be used 
due to physical or other constraints, we will use hand auger sampling methods. 

Sample Locations 

URS will collect representative soil samples of the excavation area at intervals 
perpendicular to the US 101 mainline and ramps.  in general, two borings will be 
advanced approximately every 300-400 feet.  At most of these locations one boring will 
be placed in the median, where the majority of excavation work will occur, and the 
second boring will be placed adjacent to the northbound or southbound edge of shoulder.  
Where ramp construction is planned, the second boring will be placed adjacent to the 
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outside edge of the shoulder of the ramp.  The location of these shoulder/ramp soil 
samples relative to the edge of the traveled way will alternate along the project corridor 
between the following areas:  the edge of the pavement, midpoint between edge of 
pavement and limit of excavation, and at the limit of excavation.  

As shown on the attached sheets, approximately 30 soil sampling locations have been 
selected, for a total of 60 borings.  In addition approximately 10% of borings will have a 
duplicate boring advanced for quality control purposes. The exact number of samples 
collected, the sample locations, and the actual interval distances may change slightly 
based on field observations, access issues and available space at each location. Up to a 
total of four groundwater samples will be collected in the highway excavation area.  Two 
of these groundwater samples will be located near identified groundwater contamination 
areas near the southern edge of the project corridor and at the intersection of S.H. 116 and 
US 101;  the other two groundwater samples will be located at one additional bridge, and 
at the northern edge of the project corridor.   

Each sampling location will be recorded by GPS. All samples collected will be submitted 
for laboratory analysis. The analytical suite is discussed in the Laboratory Analysis section 
of this Work Plan.  

Sampling Depths 

In general, this is a fill project, and south of the 116/101 interchange, elevations will 
generally be increased by between at least 1 foot and up to 25 feet.  North of that 
interchange, current elevation will be approximately maintained, and in that area, most 
excavation will be between 2 and 3 feet below existing grade, although excavations 
associated with bridge construction may be deeper.  Additionally, it is URS’ experience that 
ADL impacts are not expected at depths greater than 3 feet below ground surface (bgs). 
Therefore, most borings will be advanced to maximum depth of 12 inches bgs in fill areas, 
and 3 feet bgs in cut areas. The sampling plan has been influenced by the proposed project 
design discussed previously.  Table 1 describes the sampling plan, including the proposed 
depth, rationale, and analytical suite for each boring.  The following is a general guide to the 
sampling plan: 

At each sampling location URS will collect soil samples at 0 to 0.5 ft, 0.5 ft to 1 ft, 1.0 ft. to 
1.5 ft, 1.5 ft to 2 ft, and 2.5 ft. to 3.0 ft; and then every 3 feet to the maximum depth of 
boring.  Borings that are only 12 inches deep will only be sampled at the 0 to 0.5 ft and 0.5 
ft to 1 ft intervals. Samples deeper than 3.0’ will not be evaluated initially pending results of 
the upper layer results.  Therefore approximately 205 soil samples and 4 groundwater 
samples will be collected and all analyzed samples will be analyzed for, at minimum, lead, 
as further discussed below.  

(1) Petaluma Blvd. South Interchange:   
a. Advance 11 borings, including one duplicate boring, to a depth of 1.0’.  

The southernmost boring will be advanced to first encountered 
groundwater to evaluate potential impacts due to a known LUST release at 
4550 Redwood Highway. Collect two soil samples from each 1.0’ boring 
and approximately eight soil samples from the boring advanced to 
groundwater, for a total of about 30 soil samples and one groundwater 
sample. 
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(2) Mainline 101 Construction south of approximately station 190+00:   
a. Advance 24 borings, including two duplicate borings, to a depth of 1.0’.  

Collect a total of 48 samples from these borings. 
b. Advance 4 borings at proposed sound or retaining wall locations, to a 

depth of 3.0’.  Collect five samples per boring for a total of 20 soil 
samples from these borings. 

(3) Construction of new on- and off-ramps for Northbound 101 at SR 116: 
a. Advance 4 borings, to a depth of 1.0’.  Collect a total of 8 samples from 

these borings. 
b. Advance 4 borings, including one duplicate boring, at proposed sound or 

retaining wall locations, to a depth of 3.0’.  Collect five samples per 
boring for a total of 20 soil samples from these borings. 

(4) Mainline 101 Construction north of approximately station 190+00:   
a. Advance 9 borings, including one duplicate boring, to a depth of 3.0’.  

Collect five samples per boring for a total of 45 samples from these 
borings. 

b. Advance 2 borings, at proposed sound or retaining wall locations, to a 
depth of 6.0’.  The northernmost boring will be advanced to first 
encountered groundwater to evaluate groundwater at the northernmost 
edge of the project corridor.  Collect six soil samples at the two 6.0’ 
borings and eight soil samples from the boring advanced to groundwater, 
for a total of approximately 20 soil samples and one groundwater sample. 

(5) Replacement of the South Petaluma Undercrossing, the Petaluma River Bridge, 
and the Route 101N/116 Bridge, and widening of the Route 101S/116 Bridge. 

a. Advance 3 borings, one at each bridge scheduled for replacement, to a 
depth of 12.0’.  Collect eight samples per boring for a total of 24 soil 
samples from these borings. 

b. One groundwater sample will be collected from the first encountered 
groundwater zone at two bridge boring locations if groundwater is 
encountered less than 28’ below ground surface. 

c. One of the two groundwater samples will be collected from the boring 
advanced near the 101/116 bridges to evaluate soil and groundwater on-
Site for potential impacts of fuel leaks due to a known LUST at 1051 
Lakeville Highway. 

Sample Collection Methods 

Soil samples will be collected using three different sampling methods: 

- Direct-push borings samples will be collected at those locations where no access 
problems are expected. This sample collection method can be advanced quickly and 
is intended to be the primary sample collection method. These samples will be 
collected by driving an approximately 2-inch diameter sampler equipped with clean 
acrylic tube liners provided by the drilling subcontractor. Drive sampling equipment 
will be pressure-washed after each use. 

- Hand auger samples will be collected at those locations where access problems are 
encountered. 



Page 9 of 12 

- Geotechnical borings using Cone Penetrometer Test Rigs may be used at those 
locations where geotechnical and environmental representative samples may be 
collected jointly. 

Soil samples will be collected in clean soil sampling tubes and/or laboratory provided 
bottles. Each soil sample tube will be sealed with Teflon and plastic end caps. All samples 
will be labeled with site-specific unique numbers, placed on ice and shipped daily to a State 
of California certified analytical laboratory under URS chain of custody procedures. 

Groundwater samples will be collected from direct-push or geotechnical borings using 
disposable bailers. Temporary screened PVC wells may be constructed to facilitate sampling 
at each location. No permanent installation, development, or surveying of the temporary 
wells are proposed. Temporary screened PVC will be left up to 4 hours to allow for sample 
collection.  If no groundwater is present after that time boring will be closed and the 
groundwater sample not collected.   

At the end of each sampling day, the borings will be backfilled to the surface elevation with 
neat cement grout. Any boring deeper than 3’ will be backfilled using a Tremie pipe.  The 
limited cuttings and decontamination water derived during the investigation activities will 
be drummed, sampled and analyzed separately for off-site disposal purposes.  The 
investigation-derived waste (IDW) will be properly labeled and stored at a site, on the Right 
of Way, approved by Caltrans, until it can be analyzed and characterized for disposal. URS 
has assumes that no more than two drums of IDW will be generated during this phase of 
work. 

Laboratory Analyses and Analytical Methodology 

All the soil samples will be submitted for analysis and analyzed for total lead by EPA 
Method 6010. Up to 10 percent of these will also be analyzed for CAM 17 metals by 
EPA Method 6010 (which includes lead), for asbestos using PLM, and for pH. Up to 10 
percent of the samples collected from the second sampling interval (0.5-1.0 ft) will be 
analyzed for TPH-d/mo by EPA Test Method 8015B, TPH-G/BTEX by EPA Test 
Method 8015B, and 5 Gas Oxygenates by EPA method 8260. Up to 10 percent of 
samples collected from the topmost 0.5 ft interval will be analyzed for PCBs and 
pesticides by EPA Test Method 8081/8082. Up to two soil samples collected in the 
vicinity of the LUST releases will be analyzed for VOCs using EPA Test Methods 
8082/8260 .  

Based upon a variety of considerations including the presence or absence of known 
groundwater contamination and results of the soil sampling events, groundwater samples 
will be for select constituents including CAM 17 metals by EPA Method 6010 (which 
includes lead), pH, TPH-d/mo by EPA Test Method 8015B, TPH-G/BTEX by EPA Test 
Method 8015B, 5 Gas Oxygenates by EPA method 8260, PCBs and pesticides by EPA Test 
Method 8081/8082, and for VOCs using EPA Test Methods 8082/8260. 

All TPH-d and TPH-mo sample extracts will be first extracted with silica gel to remove 
biogenic sources that could result in false positive results during analysis. 

Soil samples with a total lead content exceeding 50 mg/kg will be extracted with the 
Standard WET and analyzed for lead. Soils with WET lead exceeding 5 mg/Kg will be 
extracted with the De-ionized Water WET and analyzed for lead.  Soils with total lead 
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content over 100 mg/kg may be extracted with the TCLP test and analyzed for lead. 
According to URS’ experience in similar projects, it is estimated that up to 30 percent of the 
samples initially analyzed for lead may have to be analyzed for lead using WET and DI-
WET procedures.  The samples with the 20 highest total lead concentrations (exceeding 100 
mg/Kg) will analyzed for lead using the TCLP procedure. Other constituents may also need 
leachability testing. If so, URS will notify SCTA and Caltrans of such samples before 
ordering the additional leachability testing. All samples will be analyzed on standard turn 
around time (TAT) of 10 business days. Each iteration of leachability testing will add 
another 5-10 business days to the analytical schedule. 

The goal of this analytical program is to obtain representative information of the quality of 
the soil to be excavated and groundwater. Therefore, the specific initial analytical suite for 
each sample may be modified during the field work depending on the actual number of 
samples collected, their distribution and field observations. 

Following this initial soil sampling, additional sampling, testing, and statistics may be 
needed to reduce the volume of hazardous waste identified during the proposed round of 
investigation.   

STATISTICAL ANALYSIS 

The following analytical quality control procedures will be used to comply with Caltrans 
procedures.  A calibration blank sample will be run for every ten samples or per batch, 
which ever is more frequent. One boring in ten will be duplicated in the field for quality 
control purposes. In the laboratory QC, one in ten field samples will be spiked with lead to 
ten times the detection limit or at the analyte level. 

URS personnel trained in laboratory data review will review each data package submitted 
by the laboratory for data quality control.  The data will then be tabulated and evaluated.   

The evaluation will include comparison to the Caltrans District 4/DTSC variance, 
California’s Title 22 hazardous waste regulations, Federal Resource Conservation and 
Recovery Act (RCRA) regulations, EPA Region IX Preliminary Remediation Goals 
(PRGs) and the San Francisco Bay Regional Water Quality Control Board (RWQCB) 
Environmental Screening Levels (ESLs).  The 90% Upper Confidence Limit for lead in 
soil concentrations will be calculated for soil left on site for all soils and layers of soils. 
The 95% Upper Confidence Limit for lead in soil concentrations will be calculated for 
soils to be taken off-site. An additional statistical iteration will be conducted to evaluate 
“hotspot” soil removal, if needed. Recommendations will be made on handling the soil to 
comply with the regulations. Additional statistical iterations, sample analysis, or sample 
collection, if needed, can be conducted to evaluate other handling methods under a 
separate Work Plan. 

STRUCTURE INVESTIGATION – ASBESTOS/LEAD BASED PAINT 

The outside walls of bridges scheduled for demolition or widening will be visually surveyed 
for potential Asbestos Containing Materials and Lead-Based Paint (ACMs and LBP). If 
potential ACMs or LBPs are identified, samples will be collected and analyzed to allow for 
characterization of these portions of bridges prior to demolition or disposal. Examples of 
materials that will be included in our visual survey for potential ACMs are abrasion pads 
between the bridge decks and the support structures and caulking/filler between the 
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intersection of the bridge decks and the adjoining roadway surface. Up to 90 samples for 
ACM and 20 for LBP will be initially analyzed by Polarized Light Microscopy (PLM) and 
6010B, respectively. Samples with asbestos will be further analyzed by the Point Count 
Method to refine the asbestos content (this analysis is not included in this scope of services).  
URS will subcontract these sample collection and analysis activities to Kellco Macs 
Laboratory, a State of California certified asbestos analytical laboratory.   

The following bridges will be assessed for potential Asbestos Containing Materials: South 
Petaluma Undercrossing, the Petaluma River Bridge, the Route 101S/116 Bridge, and the 
Route 101N/116 Bridge. 

LIMITATIONS 

This Work Plan includes soil and groundwater sampling primarily to evaluate soil within 
these areas for reuse and/or disposal.  Workplan development and investigation services 
will be performed by URS in a manner consistent with that level of care and skill 
ordinarily exercised by members of the same profession currently practicing in the same 
locality under similar conditions. No expressed or implied representation or warranty is 
included or intended in our reports, except that our services were performed, within the 
limits prescribed by our client, with the customary thoroughness and competence of our 
profession. 
 
URS cannot warrant or guarantee that not finding indicators of hazardous materials 
means that hazardous materials do not exist on the Site.  There is no investigation that is 
thorough enough to preclude the presence of materials on the Site that presently, or in the 
future, may be considered hazardous.  Because regulatory evaluation criteria are 
constantly changing, concentrations of contaminants present and considered to be 
acceptable may, in the future, become subject to different regulatory standards and 
require remediation. 
 
Our Work Plan does not include the following. 

 Sampling and analysis in parcels to be acquired by SCTA and Caltrans outside of 
the existing ROW. 

 Additional and/or follow-up investigations for contaminants discovered during 
our planned soil characterization activities or for associated remediation.   

 Additional leachability testing. 

 Additional statistical data evaluation iterations. 

 Additional mobilizations by our subcontractors. 

 Risk assessment for the ROW soils and/or groundwater. 

 Testing of imported soils coming onto the ROW as fill.  

 ACM/LBP testing of additional structures. 
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SIGNATURES  

This Work Plan was prepared under the contract provisions between Sonoma County 
Transportation Authority and URS Corporation.  It will be done in accordance with the State 
of California, Department of Transportation guidelines and policies.  By signature below, 
(draft work plan will not be signed) Sonoma County and URS hereby approve the Work 
Plan and Health and Safety Plan. 

 
Consultant Project Manager Consultant Environmental Task Leader 
  

Ramsey Hissen, PE 
URS Corporation 

Patrick Walz, PE 
URS Corporation 

  

Sonoma County Transportation Agency 
Engineer 
 

Sonoma County Transportation Agency 
 
Attachments: 
Table 1 – Soil Sample Descriptions 
ENV-1 through 9 –Proposed Environmental Boring Location Plan Sheets 
Site-Specific Health And Safety Plan 

 



Table 1
Draft Sampling Plan

Hazardous Material Investigation
Project B4 of the MSN US 101 Central HOV Lanes Project

Sonoma County California

Boring Location
Sample Collection 

System*

Sample 
Depth

(ft)
Analysis Groundwater Comments

0.5 Lead

1

CAM17 Metals, TPH-d/mo, 
TPH-g/BTEX/MTBE, 
Asbestos, pH, 5 Gas 

Oxygenates, and VOCs 

1.5 Lead

2 Lead

3
Lead, TPH-d/mo, TPH-

g/BTEX/MTBE
6 Hold
9 Hold
12 Hold
0.5 Lead
1 Lead

0.5 Lead
1 Lead

0.5 Lead
1 Lead

0.5
CAM17 Metals, Asbestos, 

and pH 

1 Lead

0.5 Lead
1 Lead

0.5 Lead
1 Lead

0.5
Lead

1
Lead

0.5 Lead
1 Lead

0.5 Lead
1 Lead

0.5
CAM17 Metals, Asbestos, 

and pH 

1 Lead

0.5 Lead

1
CAM17 Metals, Asbestos, 

and pH 

0.5 Lead

1
CAM17 Metals, Asbestos, 

and pH 

0.5 Lead
1 Lead

0.5 Lead
1 Lead

0.5 Lead
1 Lead

0.5 Lead
1 Lead

0.5 Lead
1 Lead

0.5 Lead
1 Lead

0.5 Lead
1 Lead

Petaluma BLVD. South Interchange

S-1 Geoprobe

Yes: VOCs, 
TPH-

g/BTEX/MTBE, 
TPH-d/mo, and 

5 Gas 
Oxygenates

Boring located near a site 
with leaking underground 

storage tank

Mainline 101 Construction South

Duplicate sample

Duplicate sample

No

No

No

Hand or Geoprobe

Hand or Geoprobe

Hand or Geoprobe

Hand or Geoprobe

Hand or Geoprobe

No

Hand or Geoprobe No

Hand or Geoprobe

Hand or Geoprobe

Hand or Geoprobe

Hand or Geoprobe

Hand or Geoprobe

Hand or Geoprobe

Hand or Geoprobe

Hand or Geoprobe

Hand or Geoprobe

M-8 Hand or Geoprobe

No

M-1-d

No

No

No

Hand or Geoprobe

No

No

No

No

No

N-2

M-5

M-9

M-7

S-7

S-6

No

No

No

Hand or Geoprobe

S-5 NoHand or Geoprobe

S-8

N-1

S-2

M-4

M-3

M-2

M-1

S-5-d

S-4

S-3

No



Table 1
Draft Sampling Plan

Hazardous Material Investigation
Project B4 of the MSN US 101 Central HOV Lanes Project

Sonoma County California

Boring Location
Sample Collection 

System*

Sample 
Depth

(ft)
Analysis Groundwater Comments

0.5 Lead

1
CAM17 Metals, Asbestos, 

and pH 

0.5 Lead, PCBs and Pesticides

1
Lead, TPH-d/mo, TPH-

g/BTEX, and 5 Gas 
Oxygenates 

0.5 Lead, PCBs and Pesticides

1
Lead, TPH-d/mo, TPH-

g/BTEX, and 5 Gas 
Oxygenates 

0.5 Lead
1 Lead

0.5 Lead
1 Lead

0.5 Lead
1 Lead

0.5
CAM17 Metals, Asbestos, 

and pH 

1
Lead, TPH-d/mo, TPH-

g/BTEX, and 5 Gas 
Oxygenates 

0.5 Lead
1 Lead

0.5 Lead
1 Lead

0.5 Lead

1
CAM17 Metals, Asbestos, 

and pH 

0.5 Lead

1
Lead, TPH-d/mo, TPH-

g/BTEX, and 5 Gas 
Oxygenates 

0.5 Lead
1 Lead

0.5 Lead
1 Lead

0.5
CAM17 Metals, Asbestos, 

and pH 

1 Lead
1.5 Lead
2 Lead
3 Lead

0.5 Lead

1
CAM17 Metals, Asbestos, 

and pH 

0.5 Lead
1 Lead

0.5 Lead

M-16 Hand or Geoprobe No

S-15 Geoprobe No

Duplicate sample

Hand or Geoprobe

Hand or Geoprobe

Hand or Geoprobe

Hand or Geoprobe

Hand or Geoprobe

Hand or Geoprobe

Hand or Geoprobe

Hand or Geoprobe

No

No

No

Boring Location next to 
Retaining Wall

Hand or Geoprobe

No

No

No

No

Hand or Geoprobe

Hand or Geoprobe

No

No

No

No

Hand or Geoprobe

Hand or Geoprobe

Hand or Geoprobe

M-11 No

NoM-12

M-12

M-14

M-13

M-15

S-13

N-4

S-14

N-3 No

S-12

S-10

S-11

S-9



Table 1
Draft Sampling Plan

Hazardous Material Investigation
Project B4 of the MSN US 101 Central HOV Lanes Project

Sonoma County California

Boring Location
Sample Collection 

System*

Sample 
Depth

(ft)
Analysis Groundwater Comments

1
CAM17 Metals, Asbestos, 

and pH 

1.5 Lead
2 Lead
3 Lead

0.5 Lead, PCBs and pesticide

1 Lead
1.5 Lead
2 Lead

3
CAM17 Metals, Asbestos, 

and pH 

0.5 Lead
1 Lead

1.5 Lead
2 Lead
3 Lead

0.5 Lead
1 Lead

0.5 Lead
1 Lead

0.5
CAM17 Metals, Asbestos, 

and pH 

1
CAM17 Metals, Asbestos, 

and pH 

0.5 Lead
1 Lead

0.5 Lead
1 Lead

1.5 Lead
2 Lead
3 Lead

0.5 Lead

1
CAM17 Metals, Asbestos, 

and pH 

1.5 Lead
2 Lead
3 Lead

0.5 Lead

1
CAM17 Metals, Asbestos, 

and pH 

1.5 Lead
2 Lead
3 Lead

0.5 Lead, PCBs and pesticide
1 Lead

1.5 Lead
2 Lead

3
CAM17 Metals, Asbestos, 

and pH 

0.5 Lead, PCBs and pesticide
1 Lead

1.5 Lead
2 Lead
3 Lead

0.5 Lead

Geoprobe No

Boring Location next to 
Sound Wall

Boring Location next to 
Sound Wall

Boring Location next to 
Retaining Wall

Boring Location next to 
Sound Wall

N-13-d

Geoprobe No

N-14 Geoprobe No

N-13

Mainline 101 Construction North 

Boring Location next to 
Sound Wall

M-18 Geoprobe No

N-11 Hand or Geoprobe No

N-10 Hand or Geoprobe No

N-9 Hand or Geoprobe No

N-12 Geoprobe No

N-8 Hand or Geoprobe No

Construction of new on- and off-ramps for Northbound 101 at SR 116

Geoprobe

Geoprobe

Geoprobe
Boring Location next to 

Retaining Wall
No

No

No
Boring Location next to 

Retaining Wall

N-6

N-7

N-5



Table 1
Draft Sampling Plan

Hazardous Material Investigation
Project B4 of the MSN US 101 Central HOV Lanes Project

Sonoma County California

Boring Location
Sample Collection 

System*

Sample 
Depth

(ft)
Analysis Groundwater Comments

1
CAM17 Metals, Asbestos, 

pH

1.5 Lead
2 Lead
3 Lead

0.5 Lead

1
CAM17 Metals, Asbestos, 

pH

1.5 Lead
2 Lead
3 Lead

0.5 Lead
1 Lead

1.5 Lead
2 Lead
3 Lead

0.5 Lead

1 Lead
1.5 Lead
2 Lead
3 Lead

0.5 Lead, PCBs and pesticide

1 Lead
1.5 Lead
2 Lead
3 Lead

0.5
CAM17 Metals, Asbestos, 

and pH 

1 Lead
1.5 Lead
2 Lead
3 Lead

0.5 Lead

1 Lead
1.5 Lead
2 Lead
3 Lead

0.5 Lead
1 Lead

1.5 Lead
2 Lead
3 Lead
6 Hold

0.5 Lead
1 Lead

1.5 Lead
2 Lead
3 Lead
6 Hold

0.5 Lead

1 Lead

1.5 Lead

S-16 Geoprobe No

M-23

N-16 Geoprobe No
Boring Location next to 

Sound Wall

Boring location near 
S d W ll d

Boring Location next to 
Sound Wall

M-19-d Geoprobe

M-22 Geoprobe No

M-19

No Duplicate sample

No

Geoprobe No

M-21 Geoprobe No

M-20 Geoprobe No

Geoprobe

N-15 Geoprobe No



Table 1
Draft Sampling Plan

Hazardous Material Investigation
Project B4 of the MSN US 101 Central HOV Lanes Project

Sonoma County California

Boring Location
Sample Collection 

System*

Sample 
Depth

(ft)
Analysis Groundwater Comments

2 Lead

3
CAM17 Metals, Asbestos, 

and pH 

6 Hold

9 Lead
12 Lead

0.5 Lead
1 Lead

1.5 Lead
2 Lead

3
CAM17 Metals, Asbestos, 

and pH 
6 Hold
9 Hold
12 Hold
0.5 Lead

1

CAM17 Metals, TPH-d/mo, 
TPH-g/BTEX/MTBE, 
Asbestos, pH, 5 Gas 

Oxygenates, and VOCs 

1.5 Lead
2 Lead

3
Lead, TPH-d/mo, TPH-

g/BTEX/MTBE
6 Hold
9 Hold
12 Hold

0.5
CAM17 Metals, Asbestos, 

and pH 

1
Lead, TPH-d/mo, TPH-

g/BTEX, and 5 Gas 
Oxygenates 

0.5 Lead
1 Lead

1.5 Lead
2 Lead
3 Lead
6 Hold
9 Hold
12 Hold

Note:

M-17 Geoprobe

Yes: VOCs, 
TPH-g/

BTEX/MTBE, 
5 Gas 

Oxygenates

Bridge Replacement

Boring location near 
bridge crossing

M-10 Geoprobe

Yes: VOCs, 
TPH-g/BTEX, 

TPH-d/mo, 
MTBE, and 5 

Gas 
Oxygenates

Boring located near a site 
with leaking underground 

storage tank and at 
bridge crossing

M-16 Geoprobe No

M-6 Geoprobe No

N-17 Geoprobe Yes: TPH-d/mo

Sound Wall, and 
groundwater sample to 
evaluate groundwater at 
the northernmost edge of 

the project corridor.

* Drilling system may vary base on field condition.
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1

2

N-1@0.5

N-1@1.0

SANDY lean CLAY (CL); soft; dark brown; moist;
medium plasticity fines.

Fat CLAY (CH); soft; dark brown to gray; moist; high
plasticity fines.

Bottom of Borehole at 1.0 ft.

BOREHOLE LOCATION (Station, Offset, Line)

Offset   L

DRILLING METHOD

N/A
DRILL RIG

Hand Auger

SPT HAMMER TYPE

N/A

BOREHOLE BACKFILL AND COMPLETION

N/A
GROUNDWATER
READINGS

DURING DRILLING

N/A

BEGIN DATE

3-19-10
COMPLETION DATE

3-19-10
LOGGED BY

J.Ripple
BOREHOLE LOCATION (Lat/Long or North/East and Datum) HOLE ID

N-1
SURFACE ELEVATION

TOTAL DEPTH OF BORING

1.0 ft

DRILLING CONTRACTOR

N/A

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

N/A

BOREHOLE DIAMETER

4"

SAMPLER TYPE(S) AND SIZE(S) (ID)

Jars
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PREPARED BY
M.Thummaluru

DATE
5-17-10

PROJECT OR BRIDGE NAME
U.S. 101 MSN Segment B4 Petaluma

BRIDGE NUMBER

HOLE ID

N-1
EA
04-28645045

REPORT TITLE
BORING RECORD

DIST.
04

COUNTY
Sonoma

ROUTE POSTMILE

SHEET
1  of  1
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D
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)
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URS Corporation

100 W San Fernando St, Ste 200

San Jose, CA 95113

U
R

S
 B

O
R

IN
G

 R
E

C
O

R
D

 0
2

2
0

0
8

  
2

8
6

4
5

0
4

5
-1

0
1

 M
S

N
 S

E
G

 B
4

(E
N

V
).

G
P

J
  

  
7

/1
7

/1
0

0

1

2

3

4

5

6

7

8

9

10



1

2

N-2@0.5

N-2@1.0

SANDY lean CLAY (CL); stiff; light yellowish brown;
moist.

Bottom of Borehole at 1.0 ft.

BOREHOLE LOCATION (Station, Offset, Line)

Offset   L

DRILLING METHOD

Continuous Push
DRILL RIG

Geoprobe 5410

SPT HAMMER TYPE

N/A

BOREHOLE BACKFILL AND COMPLETION

Cement Grout
GROUNDWATER
READINGS

DURING DRILLING

N/A

BEGIN DATE

4-15-10
COMPLETION DATE

4-15-10
LOGGED BY

J.Ripple
BOREHOLE LOCATION (Lat/Long or North/East and Datum) HOLE ID

N-2
SURFACE ELEVATION

TOTAL DEPTH OF BORING

1.0 ft

DRILLING CONTRACTOR

ECA, Inc.

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

N/A

BOREHOLE DIAMETER

2"

SAMPLER TYPE(S) AND SIZE(S) (ID)

sleeve

D
E

P
T

H
 (
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)
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PREPARED BY
M.Thummaluru

DATE
7-17-10

PROJECT OR BRIDGE NAME
U.S. 101 MSN Segment B4 Petaluma

BRIDGE NUMBER

HOLE ID

N-2
EA
04-28645045

REPORT TITLE
BORING RECORD

DIST.
04

COUNTY
Sonoma

ROUTE POSTMILE

SHEET
1  of  1

R
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D
 (

%
)
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URS Corporation

100 W San Fernando St, Ste 200

San Jose, CA 95113
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1

2

N-3@0.5

N-3@1.0

SILTY SAND (SM); medium dense; dark brown; moist;
trace GRAVEL; fine SAND.

At 0.5 ft, with coarse SAND.

Bottom of Borehole at 1.0 ft.

BOREHOLE LOCATION (Station, Offset, Line)

Offset   L

DRILLING METHOD

N/A
DRILL RIG

Hand Auger

SPT HAMMER TYPE

N/A

BOREHOLE BACKFILL AND COMPLETION

N/A
GROUNDWATER
READINGS

DURING DRILLING

N/A

BEGIN DATE

3-19-10
COMPLETION DATE

3-19-10
LOGGED BY

J.Ripple
BOREHOLE LOCATION (Lat/Long or North/East and Datum) HOLE ID

N-3
SURFACE ELEVATION

TOTAL DEPTH OF BORING

1.0 ft

DRILLING CONTRACTOR

N/A

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

N/A

BOREHOLE DIAMETER

4"

SAMPLER TYPE(S) AND SIZE(S) (ID)

Jars
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PREPARED BY
M.Thummaluru

DATE
4-17-10

PROJECT OR BRIDGE NAME
U.S. 101 MSN Segment B4 Petaluma

BRIDGE NUMBER

HOLE ID

N-3
EA
04-28645045

REPORT TITLE
BORING RECORD

DIST.
04

COUNTY
Sonoma

ROUTE POSTMILE

SHEET
1  of  1
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URS Corporation

100 W San Fernando St, Ste 200
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1

2

N-4@0.5

N-4@1.0

SILTY, CLAYEY SAND (SC-SM); loose; reddish brown;
moist.

Bottom of Borehole at 1.0 ft.

BOREHOLE LOCATION (Station, Offset, Line)

Offset   L

DRILLING METHOD

N/A
DRILL RIG

Hand Auger

SPT HAMMER TYPE

N/A

BOREHOLE BACKFILL AND COMPLETION

N/A
GROUNDWATER
READINGS

DURING DRILLING

N/A

BEGIN DATE

4-15-10
COMPLETION DATE

4-15-10
LOGGED BY

J.Ripple
BOREHOLE LOCATION (Lat/Long or North/East and Datum) HOLE ID

N-4
SURFACE ELEVATION

TOTAL DEPTH OF BORING

1.0 ft

DRILLING CONTRACTOR

N/A

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

N/A

BOREHOLE DIAMETER

4"

SAMPLER TYPE(S) AND SIZE(S) (ID)
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1

2

3

N-5@0.5

N-5@1.0

N-5@1.5

SILTY SAND (SM); medium dense; dark brown; moist;
fine SAND.

At 0.5 ft, with coarse SAND.

Bottom of Borehole at 1.5 ft.

BOREHOLE LOCATION (Station, Offset, Line)

Offset   L

DRILLING METHOD

N/A
DRILL RIG

Hand Auger

SPT HAMMER TYPE

N/A

BOREHOLE BACKFILL AND COMPLETION

N/A
GROUNDWATER
READINGS

DURING DRILLING

N/A

BEGIN DATE

3-19-10
COMPLETION DATE

3-19-10
LOGGED BY

J.Ripple
BOREHOLE LOCATION (Lat/Long or North/East and Datum) HOLE ID

N-5
SURFACE ELEVATION

TOTAL DEPTH OF BORING

1.5 ft

DRILLING CONTRACTOR

N/A

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

N/A

BOREHOLE DIAMETER

4"

SAMPLER TYPE(S) AND SIZE(S) (ID)
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1

2

3

4

5

N-6@0.5

N-6@1.0

N-6@1.5

N-6@2.0

N-6@3.0

CLAYEY SAND (SC); very dense; brownish yellow;
moist; fine to medium SAND.

Bottom of Borehole at 3.0 ft.

BOREHOLE LOCATION (Station, Offset, Line)

Offset   L

DRILLING METHOD

N/A
DRILL RIG

Hand Auger

SPT HAMMER TYPE

N/A

BOREHOLE BACKFILL AND COMPLETION

N/A
GROUNDWATER
READINGS

DURING DRILLING

N/A

BEGIN DATE

3-19-10
COMPLETION DATE

3-19-10
LOGGED BY

J.Ripple
BOREHOLE LOCATION (Lat/Long or North/East and Datum) HOLE ID

N-6
SURFACE ELEVATION

TOTAL DEPTH OF BORING

3.0 ft

DRILLING CONTRACTOR

N/A

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

N/A

BOREHOLE DIAMETER

4"

SAMPLER TYPE(S) AND SIZE(S) (ID)
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1

2

3

4

N-7@0.5

N-7@1.0

N-7@1.5

N-7@2.0

CLAYEY SAND (SC); very dense; brownish yellow;
moist; fine to medium SAND.

Bottom of Borehole at 2.0 ft.

BOREHOLE LOCATION (Station, Offset, Line)

Offset   L

DRILLING METHOD

N/A
DRILL RIG

Hand Auger

SPT HAMMER TYPE

N/A

BOREHOLE BACKFILL AND COMPLETION

N/A
GROUNDWATER
READINGS

DURING DRILLING

N/A

BEGIN DATE

3-19-10
COMPLETION DATE

3-19-10
LOGGED BY

J.Ripple
BOREHOLE LOCATION (Lat/Long or North/East and Datum) HOLE ID

N-7
SURFACE ELEVATION

TOTAL DEPTH OF BORING

2.0 ft

DRILLING CONTRACTOR

N/A

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

N/A

BOREHOLE DIAMETER

4"

SAMPLER TYPE(S) AND SIZE(S) (ID)
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1

2

N-8@0.5

N-8@1.0

SANDY SILT (ML); light yellowish brown; moist.

Bottom of Borehole at 1.0 ft.

BOREHOLE LOCATION (Station, Offset, Line)

Offset   L

DRILLING METHOD

N/A
DRILL RIG

Hand Auger

SPT HAMMER TYPE

N/A

BOREHOLE BACKFILL AND COMPLETION

N/A
GROUNDWATER
READINGS

DURING DRILLING

N/A

BEGIN DATE

3-18-10
COMPLETION DATE

3-18-10
LOGGED BY

J.Ripple
BOREHOLE LOCATION (Lat/Long or North/East and Datum) HOLE ID

N-8
SURFACE ELEVATION

TOTAL DEPTH OF BORING

1.0 ft

DRILLING CONTRACTOR

N/A

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

N/A

BOREHOLE DIAMETER

4"

SAMPLER TYPE(S) AND SIZE(S) (ID)
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1

2

N-9@0.5

N-9@1.0

SILTY SAND with GRAVEL (SM); reddish brown; moist;
fine GRAVEL.

Bottom of Borehole at 1.0 ft.

BOREHOLE LOCATION (Station, Offset, Line)

Offset   L

DRILLING METHOD

N/A
DRILL RIG

Hand Auger

SPT HAMMER TYPE

N/A

BOREHOLE BACKFILL AND COMPLETION

N/A
GROUNDWATER
READINGS

DURING DRILLING

N/A

BEGIN DATE

3-18-10
COMPLETION DATE

3-18-10
LOGGED BY

J.Ripple
BOREHOLE LOCATION (Lat/Long or North/East and Datum) HOLE ID

N-9
SURFACE ELEVATION

TOTAL DEPTH OF BORING

1.0 ft

DRILLING CONTRACTOR

N/A

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

N/A

BOREHOLE DIAMETER

4"

SAMPLER TYPE(S) AND SIZE(S) (ID)

Jars

D
E

P
T

H
 (

ft
)

R
e

c
o

v
e

ry
 (

%
)

B
lo

w
s
 p

e
r 

F
o

o
t

B
lo

w
s
 p

e
r 

6
 i
n

.

S
a

m
p

le
 L

o
c
a

ti
o

n

D
ri
lli

n
g
 M

e
th

o
d

C
a
s
in

g
 D

e
p
th

PREPARED BY
M.Thummaluru

DATE
7-17-10

PROJECT OR BRIDGE NAME
U.S. 101 MSN Segment B4 Petaluma

BRIDGE NUMBER

HOLE ID

N-9
EA
04-28645045

REPORT TITLE
BORING RECORD

DIST.
04

COUNTY
Sonoma

ROUTE POSTMILE

SHEET
1  of  1

R
Q

D
 (

%
)

S
a

m
p

le
 N

u
m

b
e

r

D
ry

 U
n

it
 W

e
ig

h
t

(p
c
f)

M
o
is

tu
re

C
o
n
te

n
t 
(%

)

Remarks

E
L

E
V

A
T

IO
N

 (
ft
)

DESCRIPTION

M
a

te
ri

a
l

G
ra

p
h

ic
s

S
h

e
a

r 
S

tr
e

n
g

th
(t

s
f)

URS Corporation

100 W San Fernando St, Ste 200

San Jose, CA 95113

U
R

S
 B

O
R

IN
G

 R
E

C
O

R
D

 0
2

2
0

0
8

  
2

8
6

4
5

0
4

5
-1

0
1

 M
S

N
 S

E
G

 B
4

(E
N

V
).

G
P

J
  

  
7

/1
7

/1
0

0

1

2

3

4

5

6

7

8

9

10



1

2

N-10@0.5

N-10@1.0

SANDY SILT (ML); light yellowish brown; moist.

Bottom of Borehole at 1.0 ft.

BOREHOLE LOCATION (Station, Offset, Line)

Offset   L

DRILLING METHOD

N/A
DRILL RIG

Hand Auger

SPT HAMMER TYPE

N/A

BOREHOLE BACKFILL AND COMPLETION

N/A
GROUNDWATER
READINGS

DURING DRILLING

N/A

BEGIN DATE

3-18-10
COMPLETION DATE

3-18-10
LOGGED BY

J.Ripple
BOREHOLE LOCATION (Lat/Long or North/East and Datum) HOLE ID

N-10
SURFACE ELEVATION

TOTAL DEPTH OF BORING

1.0 ft

DRILLING CONTRACTOR

N/A

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

N/A

BOREHOLE DIAMETER

4"

SAMPLER TYPE(S) AND SIZE(S) (ID)
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1

2

N-11@0.5

N-11@1.0

SANDY SILT (ML); light yellowish brown; moist.

Bottom of Borehole at 1.0 ft.

BOREHOLE LOCATION (Station, Offset, Line)

Offset   L

DRILLING METHOD

N/A
DRILL RIG

Hand Auger

SPT HAMMER TYPE

N/A

BOREHOLE BACKFILL AND COMPLETION

N/A
GROUNDWATER
READINGS

DURING DRILLING

N/A

BEGIN DATE

3-18-10
COMPLETION DATE

3-18-10
LOGGED BY

J.Ripple
BOREHOLE LOCATION (Lat/Long or North/East and Datum) HOLE ID

N-11
SURFACE ELEVATION

TOTAL DEPTH OF BORING

1.0 ft

DRILLING CONTRACTOR

N/A

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

N/A

BOREHOLE DIAMETER

4"

SAMPLER TYPE(S) AND SIZE(S) (ID)
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N-12@0.5

N-12@1.0

N-12@1.5

N-12@2.0

N-12@3.0

SANDY SILT (ML); light yellowish brown; moist.

SILTY SAND (SM); medium dense; light brown; moist.

Lean CLAY (CL); medium stiff; dark brown; wet.

Bottom of Borehole at 3.0 ft.

BOREHOLE LOCATION (Station, Offset, Line)

Offset   L

DRILLING METHOD

Continuous Push
DRILL RIG

Geoprobe 5410

SPT HAMMER TYPE

N/A

BOREHOLE BACKFILL AND COMPLETION

Cement Grout
GROUNDWATER
READINGS

DURING DRILLING

N/A

BEGIN DATE
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COMPLETION DATE

4-15-10
LOGGED BY

J.Ripple
BOREHOLE LOCATION (Lat/Long or North/East and Datum) HOLE ID

N-12
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TOTAL DEPTH OF BORING

3.0 ft

DRILLING CONTRACTOR

ECA, Inc.

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi
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BOREHOLE DIAMETER
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N-13@0.5

N-13@1.0

N-13@1.5

N-13@2.0

N-13@3.0

SANDY SILT (ML); light yellowish brown; moist.

Lean CLAY (CL); medium stiff; dark brown; wet.

Bottom of Borehole at 3.0 ft.

BOREHOLE LOCATION (Station, Offset, Line)

Offset   L

DRILLING METHOD

N/A
DRILL RIG

Hand Auger

SPT HAMMER TYPE

N/A

BOREHOLE BACKFILL AND COMPLETION

N/A
GROUNDWATER
READINGS

DURING DRILLING

N/A

BEGIN DATE

3-18-10
COMPLETION DATE

3-18-10
LOGGED BY

J.Ripple
BOREHOLE LOCATION (Lat/Long or North/East and Datum) HOLE ID

N-13
SURFACE ELEVATION

TOTAL DEPTH OF BORING

3.0 ft

DRILLING CONTRACTOR

N/A

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

N/A

BOREHOLE DIAMETER

4"

SAMPLER TYPE(S) AND SIZE(S) (ID)

Jars
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1

2

3

4
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N-14@0.5

N-14@1.0

N-14@1.5

N-14@2.0

N-14@3.0

SANDY SILT (ML); light yellowish brown; moist.

Lean CLAY (CL); medium stiff; dark brown; wet.

Bottom of Borehole at 3.0 ft.

BOREHOLE LOCATION (Station, Offset, Line)

Offset   L

DRILLING METHOD

Continuous Push
DRILL RIG

Geoprobe 5410

SPT HAMMER TYPE

N/A

BOREHOLE BACKFILL AND COMPLETION

Cement Grout
GROUNDWATER
READINGS

DURING DRILLING

N/A

BEGIN DATE

4-15-10
COMPLETION DATE

4-15-10
LOGGED BY

J.Ripple
BOREHOLE LOCATION (Lat/Long or North/East and Datum) HOLE ID

N-14
SURFACE ELEVATION

TOTAL DEPTH OF BORING

3.0 ft

DRILLING CONTRACTOR

ECA, Inc.

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

N/A

BOREHOLE DIAMETER

2"

SAMPLER TYPE(S) AND SIZE(S) (ID)
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1

2

3

4

5

6

N-15@0.5

N-15@1.0

N-15@1.5

N-15@2.0

N-15@3.0

N-15@6.0

SANDY SILT (ML); light yellowish brown; moist.

Lean CLAY (CL); medium stiff; dark brown; wet.

Fat CLAY (CH); stiff; dark gray; moist.

Bottom of Borehole at 6.0 ft.

BOREHOLE LOCATION (Station, Offset, Line)

Offset   L

DRILLING METHOD

Continuous Push
DRILL RIG

Geoprobe 5410

SPT HAMMER TYPE

N/A

BOREHOLE BACKFILL AND COMPLETION

Cement Grout
GROUNDWATER
READINGS

DURING DRILLING

N/A

BEGIN DATE

4-15-10
COMPLETION DATE

4-15-10
LOGGED BY

J.Ripple
BOREHOLE LOCATION (Lat/Long or North/East and Datum) HOLE ID

N-15
SURFACE ELEVATION

TOTAL DEPTH OF BORING

6.0 ft

DRILLING CONTRACTOR

ECA, Inc.

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

N/A

BOREHOLE DIAMETER

2"

SAMPLER TYPE(S) AND SIZE(S) (ID)

sleeve
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1

2

3

4

5

6

N-16@0.5

N-16@1.0

N-16@1.5

N-16@2.0

N-16@3.0

N-16@6.0

SANDY SILT (ML); light yellowish brown; moist.

SILTY SAND (SM); medium dense; light brown; moist.

Lean CLAY (CL); medium stiff; dark brown; wet.

Fat CLAY (CH); stiff; dark gray; moist.

Bottom of Borehole at 6.0 ft.

BOREHOLE LOCATION (Station, Offset, Line)

Offset   L

DRILLING METHOD

Continuous Push
DRILL RIG

Geoprobe 5410

SPT HAMMER TYPE

N/A

BOREHOLE BACKFILL AND COMPLETION

Cement Grout
GROUNDWATER
READINGS

DURING DRILLING

N/A

BEGIN DATE

4-15-10
COMPLETION DATE

4-15-10
LOGGED BY

J.Ripple
BOREHOLE LOCATION (Lat/Long or North/East and Datum) HOLE ID

N-16
SURFACE ELEVATION

TOTAL DEPTH OF BORING

6.0 ft

DRILLING CONTRACTOR

ECA, Inc.

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

N/A

BOREHOLE DIAMETER

2"

SAMPLER TYPE(S) AND SIZE(S) (ID)
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7

N-17@0.5

N-17@1.0

N-17@1.5

N-17@2.0

N-17@3.0

N-17@6.0

N-17@9.0

SILTY, CLAYEY SAND medium dense; yellowish
brown; moist.

Fat CLAY (CH); stiff; dark gray; moist.

Lean CLAY (CL); stiff; light brown; moist.

BOREHOLE LOCATION (Station, Offset, Line)

Offset   L

DRILLING METHOD

Continuous Push
DRILL RIG

Geoprobe 5410

SPT HAMMER TYPE

N/A

BOREHOLE BACKFILL AND COMPLETION

Cement Grout
GROUNDWATER
READINGS

DURING DRILLING

15 ft

BEGIN DATE

4-15-10
COMPLETION DATE

4-15-10
LOGGED BY

J.Ripple
BOREHOLE LOCATION (Lat/Long or North/East and Datum) HOLE ID

N-17
SURFACE ELEVATION

TOTAL DEPTH OF BORING

15.5 ft

DRILLING CONTRACTOR

ECA, Inc.

AFTER DRILLING (DATE)

9 ft on

HAMMER EFFICIENCY, ERi

N/A

BOREHOLE DIAMETER

2"

SAMPLER TYPE(S) AND SIZE(S) (ID)
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8

N-17@12.0

Lean CLAY (CL) (continued).

Poorly graded SAND (SP); loose; light yellowish brown;
wet.

Bottom of Borehole at 15.5 ft.
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1

2

M-1@0.5

M-1@1.0

SANDY lean CLAY with GRAVEL (CL); light yellowish
brown; moist.

Bottom of Borehole at 1.0 ft.

BOREHOLE LOCATION (Station, Offset, Line)

Offset   L

DRILLING METHOD

N/A
DRILL RIG

Hand Auger

SPT HAMMER TYPE

N/A

BOREHOLE BACKFILL AND COMPLETION

N/A
GROUNDWATER
READINGS

DURING DRILLING

N/A

BEGIN DATE

4-2-10
COMPLETION DATE

4-2-10
LOGGED BY

J.Ripple
BOREHOLE LOCATION (Lat/Long or North/East and Datum) HOLE ID
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DRILLING CONTRACTOR

N/A

AFTER DRILLING (DATE)

N/A
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1

2

M-2@0.5

M-2@1.0

CLAYEY SAND (SC); light reddish brown; moist.

Bottom of Borehole at 1.0 ft.

BOREHOLE LOCATION (Station, Offset, Line)

Offset   L

DRILLING METHOD

N/A
DRILL RIG

Hand Auger

SPT HAMMER TYPE

N/A

BOREHOLE BACKFILL AND COMPLETION

N/A
GROUNDWATER
READINGS

DURING DRILLING

N/A

BEGIN DATE

4-2-10
COMPLETION DATE

4-2-10
LOGGED BY

J.Ripple
BOREHOLE LOCATION (Lat/Long or North/East and Datum) HOLE ID

M-2
SURFACE ELEVATION

TOTAL DEPTH OF BORING

1.0 ft

DRILLING CONTRACTOR

N/A

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

N/A

BOREHOLE DIAMETER

4"

SAMPLER TYPE(S) AND SIZE(S) (ID)
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1

2

M-3@0.5

M-3@1.0

SILTY SAND (SM); light yellowish brown; moist.

Bottom of Borehole at 1.0 ft.

BOREHOLE LOCATION (Station, Offset, Line)

Offset   L

DRILLING METHOD

N/A
DRILL RIG

Hand Auger

SPT HAMMER TYPE

N/A

BOREHOLE BACKFILL AND COMPLETION

N/A
GROUNDWATER
READINGS

DURING DRILLING

N/A

BEGIN DATE

4-2-10
COMPLETION DATE

4-2-10
LOGGED BY

J.Ripple
BOREHOLE LOCATION (Lat/Long or North/East and Datum) HOLE ID

M-3
SURFACE ELEVATION

TOTAL DEPTH OF BORING

1.0 ft

DRILLING CONTRACTOR

N/A

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

N/A

BOREHOLE DIAMETER

4"

SAMPLER TYPE(S) AND SIZE(S) (ID)
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1

2

M-4@0.5

M-4@1.0

SANDY lean CLAY (CL); light brown; moist.

Bottom of Borehole at 1.0 ft.

BOREHOLE LOCATION (Station, Offset, Line)

Offset   L

DRILLING METHOD

N/A
DRILL RIG

Hand Auger

SPT HAMMER TYPE

N/A

BOREHOLE BACKFILL AND COMPLETION

N/A
GROUNDWATER
READINGS

DURING DRILLING

N/A

BEGIN DATE

4-2-10
COMPLETION DATE

4-2-10
LOGGED BY

J.Ripple
BOREHOLE LOCATION (Lat/Long or North/East and Datum) HOLE ID

M-4
SURFACE ELEVATION

TOTAL DEPTH OF BORING

1.0 ft

DRILLING CONTRACTOR

N/A

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

N/A

BOREHOLE DIAMETER

4"

SAMPLER TYPE(S) AND SIZE(S) (ID)
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1

2

M-5@0.5

M-5@1.0

SANDY lean CLAY (CL); light reddish brown; moist.

Bottom of Borehole at 1.0 ft.

BOREHOLE LOCATION (Station, Offset, Line)

Offset   L

DRILLING METHOD

N/A
DRILL RIG

Hand Auger

SPT HAMMER TYPE

N/A

BOREHOLE BACKFILL AND COMPLETION

N/A
GROUNDWATER
READINGS

DURING DRILLING

N/A

BEGIN DATE

4-1-10
COMPLETION DATE

4-1-10
LOGGED BY

J.Ripple
BOREHOLE LOCATION (Lat/Long or North/East and Datum) HOLE ID

M-5
SURFACE ELEVATION

TOTAL DEPTH OF BORING

1.0 ft

DRILLING CONTRACTOR

N/A

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

N/A

BOREHOLE DIAMETER

4"

SAMPLER TYPE(S) AND SIZE(S) (ID)
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1

2

3

4

5

6

7

8

M-6@0.5

M-6@1.0

M-6@1.5

M-6@2.0

M-6@3.0

M-6@4.5

M-6@6.0

M-6@8.0

SANDY lean CLAY (CL); brown; moist.

SILT with GRAVEL (ML); light yellowish brown; moist.

Bottom of Borehole at 8.0 ft.

BOREHOLE LOCATION (Station, Offset, Line)

Offset   L

DRILLING METHOD

Continuous Push
DRILL RIG

Geoprobe 5410

SPT HAMMER TYPE

N/A

BOREHOLE BACKFILL AND COMPLETION

Cement Grout
GROUNDWATER
READINGS

DURING DRILLING

N/A

BEGIN DATE

4-1-10
COMPLETION DATE

4-1-10
LOGGED BY

J.Ripple
BOREHOLE LOCATION (Lat/Long or North/East and Datum) HOLE ID

M-6
SURFACE ELEVATION

TOTAL DEPTH OF BORING

8.0 ft

DRILLING CONTRACTOR

ECA, Inc.

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

N/A

BOREHOLE DIAMETER

2"

SAMPLER TYPE(S) AND SIZE(S) (ID)
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1

2

M-7@0.5

M-7@1.0

SANDY SILT (ML); light brown; moist.

Bottom of Borehole at 1.0 ft.

BOREHOLE LOCATION (Station, Offset, Line)

Offset   L

DRILLING METHOD

N/A
DRILL RIG

Hand Auger

SPT HAMMER TYPE

N/A

BOREHOLE BACKFILL AND COMPLETION

N/A
GROUNDWATER
READINGS

DURING DRILLING

N/A

BEGIN DATE

4-1-10
COMPLETION DATE

4-1-10
LOGGED BY

J.Ripple
BOREHOLE LOCATION (Lat/Long or North/East and Datum) HOLE ID

M-7
SURFACE ELEVATION

TOTAL DEPTH OF BORING

1.0 ft

DRILLING CONTRACTOR

N/A

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

N/A

BOREHOLE DIAMETER

4"

SAMPLER TYPE(S) AND SIZE(S) (ID)
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1

2

M-8@0.5

M-8@1.0

SANDY SILT (ML); dark brown; moist.

Bottom of Borehole at 1.0 ft.

BOREHOLE LOCATION (Station, Offset, Line)

Offset   L

DRILLING METHOD

N/A
DRILL RIG

Hand Auger

SPT HAMMER TYPE

N/A

BOREHOLE BACKFILL AND COMPLETION

N/A
GROUNDWATER
READINGS

DURING DRILLING

N/A

BEGIN DATE

4-1-10
COMPLETION DATE

4-1-10
LOGGED BY

J.Ripple
BOREHOLE LOCATION (Lat/Long or North/East and Datum) HOLE ID

M-8
SURFACE ELEVATION

TOTAL DEPTH OF BORING

1.0 ft

DRILLING CONTRACTOR

N/A

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

N/A

BOREHOLE DIAMETER

4"

SAMPLER TYPE(S) AND SIZE(S) (ID)
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1

2

M-9@0.5

M-9@1.0

SANDY lean CLAY (CL); light reddish brown; moist;
some GRAVEL.

Bottom of Borehole at 1.0 ft.

BOREHOLE LOCATION (Station, Offset, Line)

Offset   L

DRILLING METHOD

N/A
DRILL RIG

Hand Auger

SPT HAMMER TYPE

N/A

BOREHOLE BACKFILL AND COMPLETION

N/A
GROUNDWATER
READINGS

DURING DRILLING

N/A

BEGIN DATE
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COMPLETION DATE
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LOGGED BY
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DRILLING CONTRACTOR

N/A

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi
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BOREHOLE DIAMETER

4"

SAMPLER TYPE(S) AND SIZE(S) (ID)
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1

2

3

4

5

M-10@.5

M-10@1.0

M-10@1.5

M-10@2.0

M-10@3.0

SILTY CLAY (CL-ML); soft; brown; moist.

SILTY CLAY with GRAVEL (CL-ML); soft; yellowish
brown; moist.

SILTY CLAY (CL-ML); soft; brown; moist.

BOREHOLE LOCATION (Station, Offset, Line)

Offset   L

DRILLING METHOD

Continuous Push
DRILL RIG

Geoprobe 5410

SPT HAMMER TYPE

N/A

BOREHOLE BACKFILL AND COMPLETION

Cement Grout
GROUNDWATER
READINGS

DURING DRILLING

N/A

BEGIN DATE
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COMPLETION DATE

4-19-10
LOGGED BY

J.Ripple
BOREHOLE LOCATION (Lat/Long or North/East and Datum) HOLE ID
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SURFACE ELEVATION

TOTAL DEPTH OF BORING

30.0 ft

DRILLING CONTRACTOR

ECA, Inc.

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

N/A

BOREHOLE DIAMETER

2"

SAMPLER TYPE(S) AND SIZE(S) (ID)
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SILTY CLAY (CL-ML) (continued).
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Bottom of Borehole at 30.0 ft.

D
E

P
T

H
 (

ft
)

R
e

c
o

v
e

ry
 (

%
)

B
lo

w
s
 p

e
r 

F
o

o
t

B
lo

w
s
 p

e
r 

6
 i
n

.

S
a

m
p

le
 L

o
c
a

ti
o

n

D
ri
lli

n
g
 M

e
th

o
d

C
a
s
in

g
 D

e
p
th

PREPARED BY
M.Thummaluru

DATE
7-17-10

PROJECT OR BRIDGE NAME
U.S. 101 MSN Segment B4 Petaluma

BRIDGE NUMBER

HOLE ID

M-10
EA
04-28645045

REPORT TITLE
BORING RECORD

DIST.
04

COUNTY
Sonoma

ROUTE POSTMILE

SHEET
3  of  3

R
Q

D
 (

%
)

S
a

m
p

le
 N

u
m

b
e

r

D
ry

 U
n

it
 W

e
ig

h
t

(p
c
f)

M
o
is

tu
re

C
o
n
te

n
t 
(%

)

Remarks

E
L

E
V

A
T

IO
N

 (
ft
)

DESCRIPTION

M
a

te
ri

a
l

G
ra

p
h

ic
s

S
h

e
a

r 
S

tr
e

n
g

th
(t

s
f)

URS Corporation

100 W San Fernando St, Ste 200

San Jose, CA 95113

U
R

S
 B

O
R

IN
G

 R
E

C
O

R
D

 0
2

2
0

0
8

  
2

8
6

4
5

0
4

5
-1

0
1

 M
S

N
 S

E
G

 B
4

(E
N

V
).

G
P

J
  

  
7

/1
7

/1
0

22

23

24

25

26

27

28

29

30

31

32

33

34



1

2

M-12@0.5

M-12@1.0

SANDY lean CLAY (CL); dark reddish brown; moist.

Bottom of Borehole at 1.0 ft.

BOREHOLE LOCATION (Station, Offset, Line)

Offset   L

DRILLING METHOD

N/A
DRILL RIG

Hand Auger

SPT HAMMER TYPE

N/A

BOREHOLE BACKFILL AND COMPLETION

N/A
GROUNDWATER
READINGS

DURING DRILLING

N/A

BEGIN DATE

4-2-10
COMPLETION DATE

4-2-10
LOGGED BY

J.Ripple
BOREHOLE LOCATION (Lat/Long or North/East and Datum) HOLE ID
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SURFACE ELEVATION

TOTAL DEPTH OF BORING

1.0 ft

DRILLING CONTRACTOR

N/A

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

N/A

BOREHOLE DIAMETER

4"

SAMPLER TYPE(S) AND SIZE(S) (ID)
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1

2

M-13@0.5

M-13@1.0

Lean CLAY with GRAVEL (CL); dark brown; moist.

Bottom of Borehole at 1.0 ft.

BOREHOLE LOCATION (Station, Offset, Line)

Offset   L

DRILLING METHOD

N/A
DRILL RIG

Hand Auger

SPT HAMMER TYPE

N/A

BOREHOLE BACKFILL AND COMPLETION

N/A
GROUNDWATER
READINGS

DURING DRILLING

N/A

BEGIN DATE

4-2-10
COMPLETION DATE

4-2-10
LOGGED BY

J.Ripple
BOREHOLE LOCATION (Lat/Long or North/East and Datum) HOLE ID

M-13
SURFACE ELEVATION

TOTAL DEPTH OF BORING

1.0 ft

DRILLING CONTRACTOR

N/A

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

N/A

BOREHOLE DIAMETER

4"

SAMPLER TYPE(S) AND SIZE(S) (ID)
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1

2

M-14@0.5

M-14@1.0

Lean CLAY (CL); light brown; moist; trace GRAVEL.

Bottom of Borehole at 1.0 ft.

BOREHOLE LOCATION (Station, Offset, Line)

Offset   L

DRILLING METHOD

N/A
DRILL RIG

Hand Auger

SPT HAMMER TYPE

N/A

BOREHOLE BACKFILL AND COMPLETION

N/A
GROUNDWATER
READINGS

DURING DRILLING

N/A

BEGIN DATE

4-2-10
COMPLETION DATE

4-2-10
LOGGED BY

J.Ripple
BOREHOLE LOCATION (Lat/Long or North/East and Datum) HOLE ID

M-14
SURFACE ELEVATION

TOTAL DEPTH OF BORING

1.0 ft

DRILLING CONTRACTOR

N/A

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

N/A

BOREHOLE DIAMETER

4"

SAMPLER TYPE(S) AND SIZE(S) (ID)
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7

M-16@.5

M-16@1.0

M-16@1.5

M-16@2.0

M-16@3.0

M-16@6.0

M-16@9.0

SILTY SAND with GRAVEL (SM); reddish brown; moist;
fine GRAVEL.

SANDY lean CLAY (CL); stiff; yellowish brown; moist.

BOREHOLE LOCATION (Station, Offset, Line)

Offset   L

DRILLING METHOD

Continuous Push
DRILL RIG

Geoprobe 5410

SPT HAMMER TYPE

N/A

BOREHOLE BACKFILL AND COMPLETION

Cement Grout
GROUNDWATER
READINGS

DURING DRILLING

9 ft

BEGIN DATE

4-15-10
COMPLETION DATE

4-15-10
LOGGED BY

J.Ripple
BOREHOLE LOCATION (Lat/Long or North/East and Datum) HOLE ID

M-16
SURFACE ELEVATION

TOTAL DEPTH OF BORING

10.5 ft

DRILLING CONTRACTOR

ECA, Inc.

AFTER DRILLING (DATE)

7.5 ft on

HAMMER EFFICIENCY, ERi

N/A

BOREHOLE DIAMETER

2"

SAMPLER TYPE(S) AND SIZE(S) (ID)
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8

M-16@10.5

SANDY lean CLAY (CL) (continued).

Bottom of Borehole at 10.5 ft.
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1

2

M-17@0.5

M-17@1.0

SANDY SILT (ML); light yellowish brown mottled with
gray; moist.

Bottom of Borehole at 1.0 ft.

BOREHOLE LOCATION (Station, Offset, Line)

Offset   L

DRILLING METHOD

N/A
DRILL RIG

Hand Auger

SPT HAMMER TYPE
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GROUNDWATER
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DURING DRILLING
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J.Ripple
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N/A
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N/A
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4"
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M-18@0.5

M-18@1.0

M-18@1.5

M-18@2.0

M-18@3.0

SANDY lean CLAY (CL); light yellowish brown; moist.

SANDY SILT (ML); light brown; moist.

Bottom of Borehole at 3.0 ft.

BOREHOLE LOCATION (Station, Offset, Line)

Offset   L

DRILLING METHOD

N/A
DRILL RIG

Hand Auger

SPT HAMMER TYPE

N/A
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N/A
GROUNDWATER
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DURING DRILLING
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4"
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M-19@0.5

M-19@1.0

M-19@1.5

M-19@2.0

M-19@3.0

SANDY SILT (ML); light yellowish brown; moist; trace
GRAVEL.

CLAYEY SAND (SC); reddish brown; moist; little
GRAVEL.

Bottom of Borehole at 3.0 ft.

BOREHOLE LOCATION (Station, Offset, Line)

Offset   L

DRILLING METHOD

N/A
DRILL RIG

Hand Auger

SPT HAMMER TYPE

N/A

BOREHOLE BACKFILL AND COMPLETION

N/A
GROUNDWATER
READINGS

DURING DRILLING

N/A

BEGIN DATE

4-2-10
COMPLETION DATE

4-2-10
LOGGED BY

J.Ripple
BOREHOLE LOCATION (Lat/Long or North/East and Datum) HOLE ID

M-19
SURFACE ELEVATION

TOTAL DEPTH OF BORING

3.0 ft

DRILLING CONTRACTOR

N/A

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

N/A

BOREHOLE DIAMETER

4"

SAMPLER TYPE(S) AND SIZE(S) (ID)
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M-20@0.5

M-20@1.0

M-20@1.5

M-20@2.0

M-20@3.0

SANDY SILT (ML); light yellowish brown; moist; trace
GRAVEL.

CLAYEY SAND (SC); reddish brown; moist; little
GRAVEL.

Bottom of Borehole at 3.0 ft.

BOREHOLE LOCATION (Station, Offset, Line)

Offset   L

DRILLING METHOD

N/A
DRILL RIG

Hand Auger

SPT HAMMER TYPE

N/A

BOREHOLE BACKFILL AND COMPLETION

N/A
GROUNDWATER
READINGS

DURING DRILLING

N/A

BEGIN DATE

4-2-10
COMPLETION DATE

4-2-10
LOGGED BY

J.Ripple
BOREHOLE LOCATION (Lat/Long or North/East and Datum) HOLE ID

M-20
SURFACE ELEVATION

TOTAL DEPTH OF BORING

3.0 ft

DRILLING CONTRACTOR

N/A

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

N/A

BOREHOLE DIAMETER

4"

SAMPLER TYPE(S) AND SIZE(S) (ID)
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M-21@0.5

M-21@1.0

M-21@1.5

M-21@2.0

M-21@3.0

SANDY SILT (ML); light yellowish brown; moist; trace
GRAVEL.

CLAYEY SAND (SC); reddish brown; moist; little
GRAVEL.

Bottom of Borehole at 3.0 ft.

BOREHOLE LOCATION (Station, Offset, Line)

Offset   L

DRILLING METHOD

N/A
DRILL RIG

Hand Auger

SPT HAMMER TYPE

N/A

BOREHOLE BACKFILL AND COMPLETION

N/A
GROUNDWATER
READINGS

DURING DRILLING

N/A

BEGIN DATE

4-2-10
COMPLETION DATE

4-2-10
LOGGED BY

J.Ripple
BOREHOLE LOCATION (Lat/Long or North/East and Datum) HOLE ID

M-21
SURFACE ELEVATION

TOTAL DEPTH OF BORING

3.0 ft

DRILLING CONTRACTOR

N/A

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

N/A

BOREHOLE DIAMETER

4"

SAMPLER TYPE(S) AND SIZE(S) (ID)
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M-22@0.5

M-22@1.0

M-22@1.5

M-22@2.0

M-22@3.0

SANDY SILT (ML); light yellowish brown; moist; trace
GRAVEL.

CLAYEY SAND (SC); reddish brown; moist; little
GRAVEL.

Bottom of Borehole at 3.0 ft.

BOREHOLE LOCATION (Station, Offset, Line)

Offset   L

DRILLING METHOD

N/A
DRILL RIG

Hand Auger

SPT HAMMER TYPE

N/A

BOREHOLE BACKFILL AND COMPLETION

N/A
GROUNDWATER
READINGS

DURING DRILLING

N/A

BEGIN DATE

4-2-10
COMPLETION DATE

4-2-10
LOGGED BY

J.Ripple
BOREHOLE LOCATION (Lat/Long or North/East and Datum) HOLE ID

M-22
SURFACE ELEVATION

TOTAL DEPTH OF BORING

3.0 ft

DRILLING CONTRACTOR

N/A

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

N/A

BOREHOLE DIAMETER

4"

SAMPLER TYPE(S) AND SIZE(S) (ID)
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S-1@.5

S-1@1

S-1@1.5

S-1@2.0

S-1@3.0

Fat CLAY (CH); reddish brown; wet; high plasticity fines.

Lean CLAY (CL); brown.

BOREHOLE LOCATION (Station, Offset, Line)

Offset   L

DRILLING METHOD

Continuous Push
DRILL RIG

Geoprobe 5410

SPT HAMMER TYPE

N/A

BOREHOLE BACKFILL AND COMPLETION

Cement Grout
GROUNDWATER
READINGS

DURING DRILLING

4 ft

BEGIN DATE

4-19-10
COMPLETION DATE

4-19-10
LOGGED BY

J.Ripple
BOREHOLE LOCATION (Lat/Long or North/East and Datum) HOLE ID

S-1
SURFACE ELEVATION

TOTAL DEPTH OF BORING

12.0 ft

DRILLING CONTRACTOR

ECA, Inc.

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

N/A

BOREHOLE DIAMETER

2"

SAMPLER TYPE(S) AND SIZE(S) (ID)
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Lean CLAY (CL) (continued).

Bottom of Borehole at 12.0 ft.
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1

2

S-2@0.5

S-2@1.0

Fat CLAY (CH); medium stiff; dark brown; moist.

Bottom of Borehole at 1.0 ft.

BOREHOLE LOCATION (Station, Offset, Line)

Offset   L

DRILLING METHOD

N/A
DRILL RIG

Hand Auger

SPT HAMMER TYPE

N/A

BOREHOLE BACKFILL AND COMPLETION

N/A
GROUNDWATER
READINGS

DURING DRILLING

N/A

BEGIN DATE

3-19-10
COMPLETION DATE

3-19-10
LOGGED BY

J.Ripple
BOREHOLE LOCATION (Lat/Long or North/East and Datum) HOLE ID

S-2
SURFACE ELEVATION

TOTAL DEPTH OF BORING

1.0 ft

DRILLING CONTRACTOR

N/A

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

N/A
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4"

SAMPLER TYPE(S) AND SIZE(S) (ID)
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1

2

S-3@0.5

S-3@1.0

Fat CLAY (CH); medium stiff; dark brown; moist; high
plasticity fines.

Bottom of Borehole at 1.0 ft.

BOREHOLE LOCATION (Station, Offset, Line)

Offset   L

DRILLING METHOD

N/A
DRILL RIG

Hand Auger

SPT HAMMER TYPE

N/A

BOREHOLE BACKFILL AND COMPLETION

N/A
GROUNDWATER
READINGS

DURING DRILLING

N/A

BEGIN DATE

3-19-10
COMPLETION DATE

3-19-10
LOGGED BY

J.Ripple
BOREHOLE LOCATION (Lat/Long or North/East and Datum) HOLE ID

S-3
SURFACE ELEVATION

TOTAL DEPTH OF BORING

1.0 ft

DRILLING CONTRACTOR

N/A

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

N/A

BOREHOLE DIAMETER

4"

SAMPLER TYPE(S) AND SIZE(S) (ID)
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1

2

S-4@0.5

S-4@1.0

SANDY SILT (ML); medium stiff; dark brown; moist; low
plasticity fines.

Bottom of Borehole at 1.0 ft.

BOREHOLE LOCATION (Station, Offset, Line)

Offset   L

DRILLING METHOD

N/A
DRILL RIG

Hand Auger

SPT HAMMER TYPE

N/A

BOREHOLE BACKFILL AND COMPLETION

N/A
GROUNDWATER
READINGS

DURING DRILLING

N/A

BEGIN DATE

3-19-10
COMPLETION DATE

3-19-10
LOGGED BY

J.Ripple
BOREHOLE LOCATION (Lat/Long or North/East and Datum) HOLE ID

S-4
SURFACE ELEVATION

TOTAL DEPTH OF BORING

1.0 ft

DRILLING CONTRACTOR

N/A

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

N/A

BOREHOLE DIAMETER

4"

SAMPLER TYPE(S) AND SIZE(S) (ID)
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1

2

S-5@0.5

S-5@1.0

Lean CLAY (CL); stiff; dark brown; moist.

Bottom of Borehole at 1.0 ft.

BOREHOLE LOCATION (Station, Offset, Line)

Offset   L

DRILLING METHOD

N/A
DRILL RIG

Hand Auger

SPT HAMMER TYPE

N/A

BOREHOLE BACKFILL AND COMPLETION

N/A
GROUNDWATER
READINGS

DURING DRILLING

N/A

BEGIN DATE

3-18-10
COMPLETION DATE

3-18-10
LOGGED BY

J.Ripple
BOREHOLE LOCATION (Lat/Long or North/East and Datum) HOLE ID

S-5
SURFACE ELEVATION

TOTAL DEPTH OF BORING

1.0 ft

DRILLING CONTRACTOR

N/A

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

N/A

BOREHOLE DIAMETER

4"

SAMPLER TYPE(S) AND SIZE(S) (ID)
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1

2

S-6@0.5

S-6@0.75

Lean CLAY (CL); stiff; dark brown; moist; medium
plasticity fines.

Bottom of Borehole at 1.0 ft.

BOREHOLE LOCATION (Station, Offset, Line)

Offset   L

DRILLING METHOD

N/A
DRILL RIG

Hand Auger

SPT HAMMER TYPE

N/A

BOREHOLE BACKFILL AND COMPLETION

N/A
GROUNDWATER
READINGS

DURING DRILLING

N/A

BEGIN DATE

3-19-10
COMPLETION DATE

3-19-10
LOGGED BY

J.Ripple
BOREHOLE LOCATION (Lat/Long or North/East and Datum) HOLE ID

S-6
SURFACE ELEVATION

TOTAL DEPTH OF BORING

1.0 ft

DRILLING CONTRACTOR

N/A

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

N/A

BOREHOLE DIAMETER

4"

SAMPLER TYPE(S) AND SIZE(S) (ID)
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1

2

S-7@0.5

S-7@1.0

Lean to fat CLAY (CL/CH); medium stiff; dark brown;
medium to high plasticity fines.

Bottom of Borehole at 1.0 ft.

BOREHOLE LOCATION (Station, Offset, Line)

Offset   L

DRILLING METHOD

N/A
DRILL RIG

Hand Auger

SPT HAMMER TYPE

N/A

BOREHOLE BACKFILL AND COMPLETION

N/A
GROUNDWATER
READINGS

DURING DRILLING

N/A

BEGIN DATE

3-19-10
COMPLETION DATE

3-19-10
LOGGED BY

J.Ripple
BOREHOLE LOCATION (Lat/Long or North/East and Datum) HOLE ID

S-7
SURFACE ELEVATION

TOTAL DEPTH OF BORING

1.0 ft

DRILLING CONTRACTOR

N/A

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

N/A

BOREHOLE DIAMETER

4"

SAMPLER TYPE(S) AND SIZE(S) (ID)
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1

2

S-10@0.5

S-10@1.0

SILTY SAND with GRAVEL (SM); loose; light yellowish
brown; moist.

Bottom of Borehole at 1.0 ft.

BOREHOLE LOCATION (Station, Offset, Line)

Offset   L

DRILLING METHOD

Continuous Push
DRILL RIG

Geoprobe 5410

SPT HAMMER TYPE

N/A

BOREHOLE BACKFILL AND COMPLETION

Cement Grout
GROUNDWATER
READINGS

DURING DRILLING

N/A

BEGIN DATE

4-15-10
COMPLETION DATE

4-15-10
LOGGED BY

J.Ripple
BOREHOLE LOCATION (Lat/Long or North/East and Datum) HOLE ID

S-10
SURFACE ELEVATION

TOTAL DEPTH OF BORING

1.0 ft

DRILLING CONTRACTOR

ECA, Inc.

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

N/A

BOREHOLE DIAMETER

2"

SAMPLER TYPE(S) AND SIZE(S) (ID)
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1

2

S-11@0.5

S-11@1.0

SILTY SAND with GRAVEL (SM); loose; light yellowish
brown; moist.

Bottom of Borehole at 1.0 ft.

BOREHOLE LOCATION (Station, Offset, Line)

Offset   L

DRILLING METHOD

Continuous Push
DRILL RIG

Geoprobe 5410

SPT HAMMER TYPE

N/A

BOREHOLE BACKFILL AND COMPLETION

Cement Grout
GROUNDWATER
READINGS

DURING DRILLING

N/A

BEGIN DATE

4-15-10
COMPLETION DATE

4-15-10
LOGGED BY

J.Ripple
BOREHOLE LOCATION (Lat/Long or North/East and Datum) HOLE ID

S-11
SURFACE ELEVATION

TOTAL DEPTH OF BORING

1.0 ft

DRILLING CONTRACTOR

ECA, Inc.

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

N/A

BOREHOLE DIAMETER

2"

SAMPLER TYPE(S) AND SIZE(S) (ID)
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1

2

S-12@0.5

S-12@1.0

SILTY SAND (SM); loose; light yellowish brown; moist.

Bottom of Borehole at 1.0 ft.

BOREHOLE LOCATION (Station, Offset, Line)

Offset   L

DRILLING METHOD

Continuous Push
DRILL RIG

Geoprobe 5410

SPT HAMMER TYPE

N/A

BOREHOLE BACKFILL AND COMPLETION

Cement Grout
GROUNDWATER
READINGS

DURING DRILLING

N/A

BEGIN DATE

4-15-10
COMPLETION DATE

4-15-10
LOGGED BY

J.Ripple
BOREHOLE LOCATION (Lat/Long or North/East and Datum) HOLE ID

S-12
SURFACE ELEVATION

TOTAL DEPTH OF BORING

1.0 ft

DRILLING CONTRACTOR

ECA, Inc.

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

N/A

BOREHOLE DIAMETER

2"

SAMPLER TYPE(S) AND SIZE(S) (ID)

sleeve

D
E

P
T

H
 (

ft
)

R
e

c
o

v
e

ry
 (

%
)

B
lo

w
s
 p

e
r 

F
o

o
t

B
lo

w
s
 p

e
r 

6
 i
n

.

S
a

m
p

le
 L

o
c
a

ti
o

n

D
ri
lli

n
g
 M

e
th

o
d

C
a
s
in

g
 D

e
p
th

PREPARED BY
M.Thummaluru

DATE
7-17-10

PROJECT OR BRIDGE NAME
U.S. 101 MSN Segment B4 Petaluma

BRIDGE NUMBER

HOLE ID

S-12
EA
04-28645045

REPORT TITLE
BORING RECORD

DIST.
04

COUNTY
Sonoma

ROUTE POSTMILE

SHEET
1  of  1

R
Q

D
 (

%
)

S
a

m
p

le
 N

u
m

b
e

r

D
ry

 U
n

it
 W

e
ig

h
t

(p
c
f)

M
o
is

tu
re

C
o
n
te

n
t 
(%

)

Remarks

E
L

E
V

A
T

IO
N

 (
ft
)

DESCRIPTION

M
a

te
ri

a
l

G
ra

p
h

ic
s

S
h

e
a

r 
S

tr
e

n
g

th
(t

s
f)

URS Corporation

100 W San Fernando St, Ste 200

San Jose, CA 95113

U
R

S
 B

O
R

IN
G

 R
E

C
O

R
D

 0
2

2
0

0
8

  
2

8
6

4
5

0
4

5
-1

0
1

 M
S

N
 S

E
G

 B
4

(E
N

V
).

G
P

J
  

  
7

/1
7

/1
0

0

1

2

3

4

5

6

7

8

9

10



1

2

S-13@0.5

S-13@1.0

SILTY SAND with GRAVEL (SM); loose; light yellowish
brown; moist.

Bottom of Borehole at 1.0 ft.

BOREHOLE LOCATION (Station, Offset, Line)

Offset   L

DRILLING METHOD

Continuous Push
DRILL RIG

Geoprobe 5410

SPT HAMMER TYPE

N/A

BOREHOLE BACKFILL AND COMPLETION

Cement Grout
GROUNDWATER
READINGS

DURING DRILLING

N/A

BEGIN DATE

4-15-10
COMPLETION DATE

4-15-10
LOGGED BY

J.Ripple
BOREHOLE LOCATION (Lat/Long or North/East and Datum) HOLE ID

S-13
SURFACE ELEVATION

TOTAL DEPTH OF BORING

1.0 ft

DRILLING CONTRACTOR

ECA, Inc.

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

N/A

BOREHOLE DIAMETER

2"

SAMPLER TYPE(S) AND SIZE(S) (ID)

sleeve

D
E

P
T

H
 (

ft
)

R
e

c
o

v
e

ry
 (

%
)

B
lo

w
s
 p

e
r 

F
o

o
t

B
lo

w
s
 p

e
r 

6
 i
n

.

S
a

m
p

le
 L

o
c
a

ti
o

n

D
ri
lli

n
g
 M

e
th

o
d

C
a
s
in

g
 D

e
p
th

PREPARED BY
M.Thummaluru

DATE
7-17-10

PROJECT OR BRIDGE NAME
U.S. 101 MSN Segment B4 Petaluma

BRIDGE NUMBER

HOLE ID

S-13
EA
04-28645045

REPORT TITLE
BORING RECORD

DIST.
04

COUNTY
Sonoma

ROUTE POSTMILE

SHEET
1  of  1

R
Q

D
 (

%
)

S
a

m
p

le
 N

u
m

b
e

r

D
ry

 U
n

it
 W

e
ig

h
t

(p
c
f)

M
o
is

tu
re

C
o
n
te

n
t 
(%

)

Remarks

E
L

E
V

A
T

IO
N

 (
ft
)

DESCRIPTION

M
a

te
ri

a
l

G
ra

p
h

ic
s

S
h

e
a

r 
S

tr
e

n
g

th
(t

s
f)

URS Corporation

100 W San Fernando St, Ste 200

San Jose, CA 95113

U
R

S
 B

O
R

IN
G

 R
E

C
O

R
D

 0
2

2
0

0
8

  
2

8
6

4
5

0
4

5
-1

0
1

 M
S

N
 S

E
G

 B
4

(E
N

V
).

G
P

J
  

  
7

/1
7

/1
0

0

1

2

3

4

5

6

7

8

9

10



1

S-14@0.5

Refusal at 0.5 ft

SANDY SILT (ML); medium stiff; dark brown; moist.

Bottom of Borehole at 0.5 ft.

BOREHOLE LOCATION (Station, Offset, Line)

Offset   L

DRILLING METHOD

N/A
DRILL RIG

Hand Auger

SPT HAMMER TYPE

N/A

BOREHOLE BACKFILL AND COMPLETION

N/A
GROUNDWATER
READINGS

DURING DRILLING

N/A

BEGIN DATE

3-19-10
COMPLETION DATE

3-19-10
LOGGED BY

J.Ripple
BOREHOLE LOCATION (Lat/Long or North/East and Datum) HOLE ID

S-14
SURFACE ELEVATION

TOTAL DEPTH OF BORING

0.5 ft

DRILLING CONTRACTOR

N/A

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

N/A

BOREHOLE DIAMETER

4"

SAMPLER TYPE(S) AND SIZE(S) (ID)
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1

2

3

4

5

S-15@.5

S-15@1.0

S-15@1.5

S-15@2.0

S-15@3.0

SANDY lean CLAY (CL); dark brown; moist.

Fat CLAY (CH); dark brown; moist.

Bottom of Borehole at 3.0 ft.

BOREHOLE LOCATION (Station, Offset, Line)

Offset   L

DRILLING METHOD

N/A
DRILL RIG

Hand Auger

SPT HAMMER TYPE

N/A

BOREHOLE BACKFILL AND COMPLETION

N/A
GROUNDWATER
READINGS

DURING DRILLING

N/A

BEGIN DATE

3-19-10
COMPLETION DATE

3-19-10
LOGGED BY

J.Ripple
BOREHOLE LOCATION (Lat/Long or North/East and Datum) HOLE ID

S-15
SURFACE ELEVATION

TOTAL DEPTH OF BORING

3.0 ft

DRILLING CONTRACTOR

N/A

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

N/A

BOREHOLE DIAMETER

4"

SAMPLER TYPE(S) AND SIZE(S) (ID)
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1

2

3

4

5

S-16@.5

S-16@1.0

S-16@1.5

S-16@2.0

S-16@3.0

SANDY lean CLAY (CL); dark brown; moist.

Fat CLAY (CH); dark brown; moist.

Bottom of Borehole at 3.0 ft.

BOREHOLE LOCATION (Station, Offset, Line)

Offset   L

DRILLING METHOD

N/A
DRILL RIG

Hand Auger

SPT HAMMER TYPE

N/A

BOREHOLE BACKFILL AND COMPLETION

N/A
GROUNDWATER
READINGS

DURING DRILLING

N/A

BEGIN DATE

3-19-10
COMPLETION DATE

3-19-10
LOGGED BY

J.Ripple
BOREHOLE LOCATION (Lat/Long or North/East and Datum) HOLE ID

S-16
SURFACE ELEVATION

TOTAL DEPTH OF BORING

3.0 ft

DRILLING CONTRACTOR

N/A

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

N/A

BOREHOLE DIAMETER

4"

SAMPLER TYPE(S) AND SIZE(S) (ID)
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1

2

S-8@0.5

S-8@1.0

SANDY lean CLAY with GRAVEL (CL); medium stiff;
yellowish brown; moist.

Bottom of Borehole at 1.0 ft.

BOREHOLE LOCATION (Station, Offset, Line)

Offset   L

DRILLING METHOD

Continuous Push
DRILL RIG

Geoprobe 5410

SPT HAMMER TYPE

N/A

BOREHOLE BACKFILL AND COMPLETION

Cement Grout
GROUNDWATER
READINGS

DURING DRILLING

N/A

BEGIN DATE

4-15-10
COMPLETION DATE

4-15-10
LOGGED BY

J.Ripple
BOREHOLE LOCATION (Lat/Long or North/East and Datum) HOLE ID

S-8
SURFACE ELEVATION

TOTAL DEPTH OF BORING

1.0 ft

DRILLING CONTRACTOR

ECA, Inc.

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

N/A

BOREHOLE DIAMETER

2"

SAMPLER TYPE(S) AND SIZE(S) (ID)
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1

2

S-9@0.5

S-9@1.0

SILTY SAND with GRAVEL (SM); loose; light yellowish
brown; moist.

Bottom of Borehole at 1.0 ft.

BOREHOLE LOCATION (Station, Offset, Line)

Offset   L

DRILLING METHOD

Continuous Push
DRILL RIG

Geoprobe 5410

SPT HAMMER TYPE

N/A

BOREHOLE BACKFILL AND COMPLETION

Cement Grout
GROUNDWATER
READINGS

DURING DRILLING

N/A

BEGIN DATE

4-15-10
COMPLETION DATE

4-15-10
LOGGED BY

J.Ripple
BOREHOLE LOCATION (Lat/Long or North/East and Datum) HOLE ID

S-9
SURFACE ELEVATION

TOTAL DEPTH OF BORING

1.0 ft

DRILLING CONTRACTOR

ECA, Inc.

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

N/A

BOREHOLE DIAMETER

2"

SAMPLER TYPE(S) AND SIZE(S) (ID)
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California Environmental Protection Agency 
Department of Toxic Substances Control 
                                      
                             

 VARIANCE 
  

 
 

 
Applicant Names: 

 
Variance No. V09HQSCD006 
 

 
 

 
State of California 
Department of Transportation                 
(Caltrans) 
1120 N Street 
Sacramento, California 95814 
 
 

 
Effective Date: July 1, 2009 
 
Expiration Date: July 1, 2014 
 
Modification History: 

 
 

 
 

Pursuant to California Health and Safety Code, Section 25143, the Department of Toxic 
Substances Control hereby issues the attached Variance consisting of 9 pages to the Department 
of Transportation.  
 
 
 
 
 
 
 
 
 
 
 

 
Beverly Rikala 
Team Leader, Operating Facilities Team 
Department of Toxic Substances Control 
 
Date: 
 

 
 

VARIANCE 
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1. INTRODUCTION. 
 

a)  Pursuant to Health and Safety Code, section 25143, the California Department of 
Toxic Substances Control (DTSC) grants this variance to the applicant below for waste 
considered to be hazardous solely because of its lead concentrations and as further 
specified herein.  

 
b)  DTSC hereby grants this variance only from the requirements specified herein and 
only in accordance with all terms and conditions specified herein. 

 
2. IDENTIFYING INFORMATION. 
 

APPLICANT/OWNER/OPERATOR 
 

State of California 
Department of Transportation, (Caltrans) 
All Districts 

 
3. TYPE OF VARIANCE. 
 

Generation, Manifest, Transportation, Storage and Disposal. 
 
4. ISSUANCE AND EXPIRATION DATES. 
 
          DATE ISSUED: July 1, 2009  EXPIRATION DATE: July 1, 2014 
 
5. APPLICABLE STATUTES AND REGULATIONS. The hazardous waste that is the 

subject of this variance is fully regulated under Health and Safety Code, section 25100, 
et seq. and California Code of Regulations, title 22, division 4.5 except as specifically 
identified in Section 8 of this variance.  

 
6. DEFINITION. For purposes of this variance, “lead-contaminated soil(s)” shall mean soil 

that meets the criteria for hazardous waste but contains less than 3397 mg/kg total lead 
and is hazardous primarily because of aerially-deposited lead contamination associated 
with exhaust emissions from the operation of motor vehicles.  

 
7.  FINDINGS/DETERMINATIONS.  DTSC has determined that the variance applicant 

meets the requirements set forth in Health and Safety Code, section 25143 for a 
variance from specific regulatory requirements as outlined in Section 8 of this variance. 
The specific determinations and findings made by DTSC are as follows: 

 
a)  Caltrans intends to excavate, stockpile, transport, bury and cover large volumes 
of soil associated with highway construction projects. In the more urbanized highway 
corridors around the State this soil is contaminated with lead, primarily due to 
historic emissions from automobile exhausts. In situ sampling and laboratory testing 
has shown that some of the soil contains concentrations of lead in excess of State 
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regulatory thresholds, and thus any generated waste from disturbance of the soil 
would be regulated as hazardous waste. Such soil contains a Total Threshold Limit 
Concentration (TTLC) of 1000 milligrams per kilogram (mg/kg) or more lead and/or it 
meets or exceeds the Soluble Threshold Limit Concentration (STLC) for lead of 5 
milligrams per liter (mg/l). A Human Health Risk Assessment prepared for this 
variance concludes that soil contaminated with elevated concentrations of lead can 
be managed in a way that presents no significant risk to human health.  

 
b)  The lead-contaminated soil will be placed only in Caltrans’ right-of-way. 
Depending on concentration levels, the wastes will be covered with a minimum 
thickness of one (1) foot of non-hazardous soil or asphalt/concrete cover and will 
always be at least five (5) feet above the highest groundwater elevation. Caltrans will 
assure that proper health and safety procedures will be followed for workers, 
including any persons engaged in maintenance work in areas where the waste has 
been buried and covered. 

 
c)  DTSC finds and requires that the lead-contaminated soil excavated, stockpiled, 
transported, buried and covered pursuant to this variance is a non-RCRA hazardous 
waste, and that the waste management activity is insignificant as a potential hazard 
to human health and safety and the environment, when managed in accordance with 
the conditions, limitations and other requirements specified in this variance. 

 
8.  PROVISIONS  WAIVED. 

 
Provided Caltrans meets the terms and conditions of this variance, DTSC waives the 
hazardous waste management requirements of Health and Safety Code, Chapter 
6.5 and California Code of Regulations, title 22 for the lead-contaminated soil that 
Caltrans reuses in projects that would require Caltrans to obtain a permit for a 
disposal facility and any other generator requirements that concern the 
transportation, manifesting, storage and land disposal of hazardous waste. 

           
9.  SPECIFIC  CONDITIONS, LIMITATIONS AND OTHER REQUIREMENTS. 
 

In order for the provisions discussed in section 8 to be waived, lead-contaminated 
soil must not exceed the contaminant concentrations discussed below and Caltrans 
management practices must meet all the following conditions:  

 
a) Caltrans implementation of this variance shall comply with all applicable state 
laws and regulations for water quality control, water quality control plans, waste 
discharge requirements (including storm water permits), and others issued by the 
State Water Resources Control Board (SWRCB) and/or a California Regional Water 
Quality Control Board (RWQCB).  Caltrans shall provide written notification to the 
appropriate RWQCB at least 30 days prior to advertisement for bids of projects that 
involve invocation of this variance, or as otherwise negotiated with the SWRCB or 
appropriate RWQCB.  

 
b) The waivers in this variance shall only be applied to lead-contaminated soil that is 
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not a RCRA hazardous waste and is hazardous primarily because of aerially-
deposited lead contamination associated with exhaust emissions from the operation 
of motor vehicles. The variance is not applicable to any other hazardous waste. 

 
c) Soil containing 1.5 mg/l extractable lead or less (based on a modified waste 
extraction test using deionized water as the extractant) and 1411 mg/kg or less total 
lead may be used as fill provided that the lead-contaminated soil is placed a 
minimum of five (5) feet above the maximum historic water table elevation and 
covered with at least one (1) foot of nonhazardous soil that will be maintained by 
Caltrans to prevent future erosion. 
 
d) Soil containing 150 mg/L extractable lead or less (based on a modified waste 
extraction test using deionized water as the extractant) and 3397 mg/kg or less total 
lead may be used as fill provided that the lead-contaminated soils are placed a 
minimum of five (5) feet above the maximum historic water table elevation and 
protected from infiltration by a pavement structure which will be maintained by 
Caltrans. 

 
e) Lead-contaminated soil with a pH less than 5.5 but greater than 5.0 shall only be 
used as fill material under the paved portion of the roadway.  Lead-contaminated 
soil with a pH at or less than 5.0 shall be managed as a hazardous waste.   

 
f) For each project that has the potential to generate waste by disturbing lead-
contaminated soil (as defined in 6), Caltrans shall conduct sampling and analysis to 
adequately characterize the soils containing aerially deposited lead in the areas of 
planned excavation along the project route.  Such sampling and analysis shall 
include the Toxicity Characteristic Leaching Procedure (TCLP) as prescribed by the 
United States Environmental Protection Agency to determine whether 
concentrations of contaminants in soil exceed federal criteria for classification as a 
hazardous waste.   

 
g) Lead-contaminated soil managed pursuant to this variance shall not be moved 
outside the designated corridor boundaries (see paragraph t) below. All lead-
contaminated soil not buried and covered within the same Caltrans corridor where it 
originated is not eligible for management under this variance and shall be managed 
as a hazardous waste. 

 
h) Lead-contaminated soil managed pursuant to this variance shall not be placed in 
areas where it would become in contact with groundwater or surface water (such as 
streams and rivers). 

 
i) Lead-contaminated soil managed pursuant to this variance shall be buried and 
covered only in locations that are protected from erosion that may result from storm 
water run-on and run-off. 

 
j) The lead-contaminated soil shall be buried and covered in a manner that will 
prevent accidental or deliberate breach of the asphalt, concrete, and/or cover soil. 
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k) The presence of lead-contaminated soil shall be incorporated into the projects' as-
built drawings. The as-built drawings shall be annotated with the location, 
representative analytical data, and volume of lead-contaminated soil. The as-built 
drawings shall also state the depth of the cover. These as-built drawings shall be 
retained by Caltrans.  
 
l) Caltrans shall ensure that no other hazardous wastes, other than the lead-
contaminated hazardous waste soil, are placed in the burial areas. 

 
m) Lead-contaminated soil shall not be buried within ten (10) feet of culverts or 
locations subject to frequent worker exposure. 

 
n) Excavated lead-contaminated soil not placed into the designated area (fill area, 
roadbed area) by the end of the working day shall be stockpiled and covered with 
sheets of polyethylene or at least one foot of non-hazardous soil. The lead-
contaminated soil, while stockpiled or under transport, shall be protected from 
contacting surface water and from being dislodged or transported by wind or storm 
water. The stockpile covers shall be inspected at least once a week and within 24 
hours after rainstorms. If the lead-contaminated soil is stockpiled for more than 4 
days from the time of excavation, Caltrans shall restrict public access to the 
stockpile by using barriers that meet the safety requirements of the construction 
zone. The lead-contaminated soil shall be stockpiled for no more than 90 days from 
the time the soil is first excavated.  If the contaminated soil is stockpiled beyond the 
90 day limit Caltrans shall: 
 

1. notify DTSC in writing of the 90 day exceedance and expected date of 
removal; 
2. perform weekly inspections of the stockpiled material to ensure that there is 
adequate protection from run-on, runoff, public access, and wind dispersion; 
and 
3. notify DTSC on weekly basis of the stockpile status until the stockpile is 
removed. 

 
The lead-contaminated soil shall be stockpiled for no more than 180 days from the 
time the soil is first excavated. 
 
o) Caltrans shall ensure that all stockpiling of lead-contaminated soil remains within 
the project area of the specified corridor. Stockpiling of lead-contaminated soil within 
the specified corridor, but outside the project area, is prohibited. 

 
p) Caltrans shall conduct confirmatory sampling of any stockpile area in areas not 
known or expected to contain lead-contaminated soil after removal of the lead-
contaminated soil to ensure that contamination has not been left behind or has not 
migrated from the stockpiled material to the surrounding soils. 

 
q) Caltrans shall stockpile lead-contaminated soil only on high ground (i.e. no sump 



 

 
-6- 

areas or low points) so that stockpiled soil will not come in contact with surface 
water run-on or run-off. 

 
r) Caltrans shall not stockpile lead-contaminated soil in environmentally and 
ecologically sensitive areas. 

 
s) Caltrans shall ensure that storm/rain run-off that has come into contact with 
stockpiled lead-contaminated soil will not flow to storm drains, inlets, or waters of the 
State. 

 
t) Caltrans may dispose of the lead-contaminated soil only within the operating right-
of-way of an existing highway, as defined in Streets and Highways Code, section 23. 
Caltrans may move lead-contaminated soil from one Caltrans project to another 
Caltrans project only if the lead-contaminated soil remains within the same 
designated corridor. 

 
Caltrans shall record any movement of lead-contaminated soil by using a bill of 
lading. The bill of lading must contain:  1) the US DOT description including shipping 
name, hazard class and ID number; 2) handling codes; 3) quantity of material; 4) 
volume of material; 5) date of shipment; 6) origin and destination of shipment; and 7) 
any specific handling instructions. The bill of lading shall be referenced in and kept 
on file with the project’s as-built drawings.  The lead-contaminated soil must be kept 
covered during transportation. 

 
u) For each specific corridor where this variance is to be implemented, all of the 
following information shall be submitted in writing to DTSC at least five (5) days 
before construction of any project begins: 
 

1. plan drawing designating the boundaries of the corridor where lead-
contaminated soils will be excavated, stockpiled, buried and covered; 

 
2. a list of the Caltrans projects that the corridor encompasses; 

 
3. a list of Caltrans contractors that will be conducting any phase of work on 
any project affected by this variance; 

 
4. duration of corridor construction; 

 
5. location where sampling and analytical data used to make lead 
concentration level determinations are kept (e.g. a particular Caltrans project 
file); 

 
6. name and phone number (including area code) of project resident engineer 
and project manager; 

 
7. location where Caltrans and contractor health and safety plan and records 
are kept; 
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8. location of project special provisions (including page or section number) for 
soil excavation, transportation, stockpile, burial and placement of cover 
material; 

 
9. location of project drawings (including drawing page number) for soil 
excavation, burial and placement of cover in plan and cross section (for 
example, "The project plans are located at the resident engineer's office 
located at 5th and Main Streets, City of Fresno, See pages xxxxx of contract 
xxxx"); 

 
10. updated information if a Caltrans project within the corridor is added, 
changed or deleted; and 

           
11. type of environmental document prepared for each project, date of 
adoption, document title, Clearing House number and where the document is 
available for review.  A copy of the Caltrans Categorical Exemption, 
Categorical Exclusion Form, or if filed, the Notice of Exemption for any project 
shall be submitted to the DTSC Headquarters Project Manager. 

 
v) Changes in location of lead-contaminated soil placement, quantities or protection 
measures (field changes) shall be noted in the resident engineer's project log within 
five (5) days of the field change. 

 
w) Caltrans shall ensure that field changes are in compliance with the requirements 
of this variance. 

 
x) Operational procedures described in the California Environmental Quality Act 
(CEQA) Special Initial Study shall be followed by Caltrans for activities conducted 
under this variance.   

 
y) Caltrans shall implement appropriate health and safety procedures to protect its 
employees and the public, and to prevent or minimize exposure to potentially 
hazardous wastes. A project-specific health and safety plan must be prepared and 
implemented. The monitoring and exposure standards shall be based on 
construction standards for exposure to lead in California Code of Regulations, title 8, 
section 1532.1. 

 
z) Caltrans shall provide a district Coordinator for this variance. This Coordinator will 
be the primary point of contact for information flowing to, or received from, DTSC 
regarding any matter or submission under this variance. Caltrans shall promptly 
notify DTSC of the name of Coordinator and any change in the Coordinator.  

 
aa) Caltrans shall conduct regular inspections, consistent with Caltrans’ 
Maintenance Division’s current Pavement Inspection and Slope Inspection 
programs, of the locations where lead-contaminated soil has been buried and/or 
covered pursuant to this variance. If site inspection reveals deterioration of cover so 
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that conditions in the variance are not met, Caltrans shall repair or replace the cover. 
   
 
bb) Caltrans shall develop and implement a record keeping mechanisms to record 
and retain permanent records of all locations where lead-contaminated soil has been 
buried per this variance. The records shall be made available to DTSC. 
 
cc) If areas subject to the terms of this variance are sold, relinquished or abandoned 
(including roadways), all future property owners shall be notified in writing in
advance by Caltrans of the requirements of this variance, and Caltrans shall provide 
the owner with a copy of the variance.   A copy of such a notice shall be sent to 
DTSC and contain the corridor location and project. Caltrans shall also disclose to 
DTSC and the new owner the location of areas where lead-contaminated soil has 
been buried.  Future property owners shall be subject to the same requirements as 
Caltrans. 

 
dd) For the purposes of informing the public about instances where the variance is 
implemented, Caltrans shall: 

 
1. maintain current fact sheets at all Caltrans resident engineer offices and 
the Caltrans District office. Caltrans shall make the fact sheets available to 
anyone expressing an interest in variance-related work.  
 
2. maintain a binder(s) containing copies of all reports submitted to DTSC at 
the District office. Caltrans shall ensure that the binders are readily accessible 
to the public.  
 
3. carry out the following actions when it identifies additional projects: 

 
(A) notify the public via a display advertisement in a newspaper of 
general circulation in that area.  
 
(B) update and distribute the fact sheet to the mailing list and 
repository locations. 

 
ee) Lead-contaminated soil may be buried only in areas where access is limited or 
where lead-contaminated soil is covered and contained by a pavement structure. 

 
ff) Dust containing lead-contaminated soil must be controlled. Water or dust 
palliative may be applied to control dust. If visible dust migration occurs, all 
excavation, stockpiling and truck loading and burying must be stopped. The 
granting of this variance confers no relief on Caltrans from compliance with 
the laws, regulations and requirements enforced by any local air district or the 
California Air Resources Board. 

 
gg) Sampling and analysis is required to show the lead-contaminated soil 
meets the variance criteria. All sampling and analysis must be conducted in 
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accordance with the appropriate methods specified in U.S. EPA SW-846. 
 
hh)   DTSC retains the right to require Caltrans or any future owner to remove, and  
properly dispose of, lead-contaminated soil in the event DTSC determines it is 
necessary for protection of public health, safety or the environment.  

 
ii) DTSC finds that some projects involving lead-contaminated soil are joint projects 
between Caltrans and other government entities. In these joint projects, Caltrans 
may not be the lead agency implementing the project although Caltrans is still 
involved if the project occurs on its right-of-way.    

 
Caltrans may invoke this variance for joint projects where Caltrans and local 
government entity are involved provided that 1) the project is within the Caltrans 
Right-of-Way; 2) Caltrans reviews/ oversees all phases of the project including 
design, contracting, environmental assessment, construction, operation, and 
maintenance; and 3) Caltrans oversees the project to verify all variance conditions 
are complied with. Caltrans will be fully responsible for the variance notification and 
implementation in these joint projects.    

 
jj)  All correspondence shall be directed to the following office: 

 
Hazardous Waste Permitting 
Department of Toxic Substances Control 
8800 Cal Center Drive 
Sacramento, CA 95826 

 
Attn: Caltrans Lead Variance Notification Unit 

 
10. DISCLAIMER. 
 

a)  The issuance of this variance does not relieve Caltrans of the responsibility for 
compliance with Health and Safety Code, chapter 6.5, or the regulations adopted 
thereunder, and any other laws and regulations other than those specifically 
identified in Section 8 of this variance.  Caltrans is subject to all terms and conditions 
herein. The granting of this variance confers no relief from compliance with any 
federal, State or local requirements other than those specifically provided herein. 

 
b)  The issuance of this variance does not release Caltrans from any liability 
associated with the handling of hazardous waste, except as specifically provided 
herein and subject to all terms and conditions of this variance. 
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11. VARIANCE MODIFICATION OR REVOCATION.  This variance is subject to review 
at the discretion of DTSC and may be modified or revoked by DTSC upon change of 
ownership and at any other time pursuant to Health and Safety Code, section 25143. 

 
12. CEQA DETERMINATION.   DTSC adopted a Negative Declaration on  

June 30, 2009. 
 
Approved: 
 
 

 
_____________________________ ____________________________________ 
Date      Beverly Rikala 

 Operating Facilities Team 
 Department of Toxic Substances Control 
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URS (San Jose)
100 W San Fernando St, Suite200
San Jose, California 95113
Tel: 4082979585
Fax: 4082976962

RE: Petaluma,CA

Torrent Laboratory, Inc. received 7 sample(s) on May 11, 2010 for the analyses presented 
in the following Report.

Dear James Ripple:

Work Order No.:  1005065 

All data for associated QC met EPA or laboratory specification(s) except where noted in the 
case narrative.

Torrent Laboratory, Inc. is certified by the State of California, ELAP #1991.  If you have any 
questions regarding these test results, please feel free to contact the Project Management 
Team at (408)263-5258; ext 204.

Date

May 18, 2010

Patti Sandrock

Page 1 of 14Total Page Count:  14



Date:  5/18/2010

Client:  URS (San Jose)

Project:  Petaluma,CA

Work Order:  1005065

CASE NARRATIVE

No issues encountered with the receiving, preparation, analysis or reporting of the results associated with 
this work order.

Page 2 of 14Total Page Count:  14



Report prepared for:  James Ripple

URS (San Jose)

Date Received:  05/11/10

Date Reported:  05/18/10

Sample Result Summary

1005065-007S-1GW

Parameters: PQLMDL UnitResultsDFAnalysis
Method

All compounds were non-detectable for this sample.

Page 3 of 14Total Page Count:  14



SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  05/11/10

URS (San Jose)
James Ripple

Client Sample ID:  

Date/Time Sampled:

Project Number:

Project Name/Location:  

05/11/10 / 10:58

Petaluma,CA

S-1GW

GroundwaterSample Matrix:

Lab Sample ID:  1005065-007A

Tag Number: Petaluma,CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW8260B NA 400918ug/LNDDichlorodifluoromethane 05/17/10 0.50 0.61 NA1.22

SW8260B NA 400918ug/LNDChloromethane 05/17/10 0.50 0.61 NA1.22

SW8260B NA 400918ug/LNDVinyl Chloride 05/17/10 0.45 0.61 NA1.22

SW8260B NA 400918ug/LNDBromomethane 05/17/10 0.46 0.61 NA1.22

SW8260B NA 400918ug/LNDTrichlorofluoromethane 05/17/10 0.42 0.61 NA1.22

SW8260B NA 400918ug/LND1,1-Dichloroethene 05/17/10 0.35 0.61 NA1.22

SW8260B NA 400918ug/LNDFreon 113 05/17/10 0.46 0.61 NA1.22

SW8260B NA 400918ug/LNDMethylene Chloride 05/17/10 0.21 6.1 NA1.22

SW8260B NA 400918ug/LNDtrans-1,2-Dichloroethene 05/17/10 0.38 0.61 NA1.22

SW8260B NA 400918ug/LNDMTBE 05/17/10 0.46 0.61 NA1.22

SW8260B NA 400918ug/LNDtert-Butanol 05/17/10 1.8 6.1 NA1.22

SW8260B NA 400918ug/LNDDiisopropyl ether (DIPE) 05/17/10 0.44 0.61 NA1.22

SW8260B NA 400918ug/LND1,1-Dichloroethane 05/17/10 0.34 0.61 NA1.22

SW8260B NA 400918ug/LNDETBE 05/17/10 0.48 0.61 NA1.22

SW8260B NA 400918ug/LNDcis-1,2-Dichloroethene 05/17/10 0.40 0.61 NA1.22

SW8260B NA 400918ug/LND2,2-Dichloropropane 05/17/10 0.46 0.61 NA1.22

SW8260B NA 400918ug/LNDBromochloromethane 05/17/10 0.42 0.61 NA1.22

SW8260B NA 400918ug/LNDChloroform 05/17/10 0.36 0.61 NA1.22

SW8260B NA 400918ug/LNDCarbon Tetrachloride 05/17/10 0.32 0.61 NA1.22

SW8260B NA 400918ug/LND1,1,1-Trichloroethane 05/17/10 0.39 0.61 NA1.22

SW8260B NA 400918ug/LND1,1-Dichloropropene 05/17/10 0.48 0.61 NA1.22

SW8260B NA 400918ug/LNDBenzene 05/17/10 0.41 0.61 NA1.22

SW8260B NA 400918ug/LNDTAME 05/17/10 0.39 0.61 NA1.22

SW8260B NA 400918ug/LND1,2-Dichloroethane 05/17/10 0.34 0.61 NA1.22

SW8260B NA 400918ug/LNDTrichloroethylene 05/17/10 0.46 0.61 NA1.22

SW8260B NA 400918ug/LNDDibromomethane 05/17/10 0.26 0.61 NA1.22

SW8260B NA 400918ug/LND1,2-Dichloropropane 05/17/10 0.45 0.61 NA1.22

SW8260B NA 400918ug/LNDBromodichloromethane 05/17/10 0.28 0.61 NA1.22

SW8260B NA 400918ug/LND2-Chloroethyl vinyl ether 05/17/10 1.1 2.4 NA1.22

SW8260B NA 400918ug/LNDcis-1,3-Dichloropropene 05/17/10 0.37 0.61 NA1.22

SW8260B NA 400918ug/LNDToluene 05/17/10 0.23 0.61 NA1.22

SW8260B NA 400918ug/LNDTetrachloroethylene 05/17/10 0.18 0.61 NA1.22

SW8260B NA 400918ug/LNDtrans-1,3-Dichloropropene 05/17/10 0.25 0.61 NA1.22

SW8260B NA 400918ug/LND1,1,2-Trichloroethane 05/17/10 0.25 0.61 NA1.22

SW8260B NA 400918ug/LNDDibromochloromethane 05/17/10 0.26 0.61 NA1.22

Page 4 of 14Total Page Count:  14



SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  05/11/10

URS (San Jose)
James Ripple

Client Sample ID:  

Date/Time Sampled:

Project Number:

Project Name/Location:  

05/11/10 / 10:58

Petaluma,CA

S-1GW

GroundwaterSample Matrix:

Lab Sample ID:  1005065-007A

Tag Number: Petaluma,CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW8260B NA 400918ug/LND1,3-Dichloropropane 05/17/10 0.22 0.61 NA1.22

SW8260B NA 400918ug/LND1,2-Dibromoethane 05/17/10 0.24 0.61 NA1.22

SW8260B NA 400918ug/LNDChlorobenzene 05/17/10 0.17 0.61 NA1.22

SW8260B NA 400918ug/LNDEthyl Benzene 05/17/10 0.19 0.61 NA1.22

SW8260B NA 400918ug/LND1,1,1,2-Tetrachloroethane 05/17/10 0.12 0.61 NA1.22

SW8260B NA 400918ug/LNDm,p-Xylene 05/17/10 0.24 1.2 NA1.22

SW8260B NA 400918ug/LNDo-Xylene 05/17/10 0.16 0.61 NA1.22

SW8260B NA 400918ug/LNDStyrene 05/17/10 0.24 0.61 NA1.22

SW8260B NA 400918ug/LNDBromoform 05/17/10 0.55 1.2 NA1.22

SW8260B NA 400918ug/LNDIsopropyl Benzene 05/17/10 0.34 0.61 NA1.22

SW8260B NA 400918ug/LNDBromobenzene 05/17/10 0.48 0.61 NA1.22

SW8260B NA 400918ug/LND1,1,2,2-Tetrachloroethane 05/17/10 0.31 0.61 NA1.22

SW8260B NA 400918ug/LNDn-Propylbenzene 05/17/10 0.36 0.61 NA1.22

SW8260B NA 400918ug/LND2-Chlorotoluene 05/17/10 0.40 0.61 NA1.22

SW8260B NA 400918ug/LND1,3,5-Trimethylbenzene 05/17/10 0.24 0.61 NA1.22

SW8260B NA 400918ug/LND4-Chlorotoluene 05/17/10 0.40 0.61 NA1.22

SW8260B NA 400918ug/LNDtert-Butylbenzene 05/17/10 0.35 0.61 NA1.22

SW8260B NA 400918ug/LND1,2,3-Trichloropropane 05/17/10 0.72 1.2 NA1.22

SW8260B NA 400918ug/LND1,2,4-Trimethylbenzene 05/17/10 0.40 0.61 NA1.22

SW8260B NA 400918ug/LNDsec-Butyl Benzene 05/17/10 0.30 0.61 NA1.22

SW8260B NA 400918ug/LNDp-Isopropyltoluene 05/17/10 0.30 0.61 NA1.22

SW8260B NA 400918ug/LND1,3-Dichlorobenzene 05/17/10 0.38 0.61 NA1.22

SW8260B NA 400918ug/LND1,4-Dichlorobenzene 05/17/10 0.45 0.61 NA1.22

SW8260B NA 400918ug/LNDn-Butylbenzene 05/17/10 0.39 0.61 NA1.22

SW8260B NA 400918ug/LND1,2-Dichlorobenzene 05/17/10 0.48 0.61 NA1.22

SW8260B NA 400918ug/LND1,2-Dibromo-3-Chloropropane 05/17/10 0.55 1.2 NA1.22

SW8260B NA 400918ug/LNDHexachlorobutadiene 05/17/10 0.27 0.61 NA1.22

SW8260B NA 400918ug/LND1,2,4-Trichlorobenzene 05/17/10 0.59 1.2 NA1.22

SW8260B NA 400918ug/LNDNaphthalene 05/17/10 0.70 1.2 NA1.22

SW8260B NA 400918ug/LND1,2,3-Trichlorobenzene 05/17/10 0.64 1.2 NA1.22

SW8260B NA 400918%113(S) Dibromofluoromethane 05/17/10 61.2 131 NA1.22

SW8260B NA 400918%118(S) Toluene-d8 05/17/10 75.1 127 NA1.22

SW8260B NA 400918%108(S) 4-Bromofluorobenzene 05/17/10 64.1 120 NA1.22

Reporting limit raised due to sediment in all voas.NOTE:

Page 5 of 14Total Page Count:  14



SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  05/11/10

URS (San Jose)
James Ripple

Client Sample ID:  

Date/Time Sampled:

Project Number:

Project Name/Location:  

05/11/10 / 10:58

Petaluma,CA

S-1GW

GroundwaterSample Matrix:

Lab Sample ID:  1005065-007A

Tag Number: Petaluma,CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

8260TPH NA 400919ug/LNDTPH(Gasoline) 05/18/10 27 63 NA1.25

8260TPH NA 400919%81.2(S) 4-Bromofluorobenzene 05/18/10 58.4 133 NA1.25

Reporting limit raised due to sediment in all voas.NOTE:

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW8015B(M) 5/17/10 400913mg/LNDTPH as Diesel 05/17/10 0.0727 0.18 04401

SW8015B(M) 5/17/10 400913mg/LNDTPH as Motor Oil 05/17/10 0.164 0.36 04401

SW8015B(M) 5/17/10 400913%94.3Pentacosane (S) 05/17/10 64.2 123 04401

Note: Reporting limits are incresed due to limited sample available (sediment present).NOTE:
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MB Summary Report

Work Order:  

Matrix:

Units:

1005065 Prep Method: 

SW8015BAnalytical 
Method:

Prep Date:

Analyzed Date:

05/17/10 Prep Batch:

Analytical 
Batch:

400913

mg/L

05/17/10

04403510_TPH

Water

Parameters
Method
Blank
Conc.

PQL MDL 

0.0287 0.10DRO ND

0.0920 0.20TPH as Bunker Oil ND

0.0920 0.20TPH as Cutting Oil ND

0.0287 0.10TPH as Diesel ND

0.0920 0.20TPH as Heating Oil ND

0.0920 0.20TPH as Hydraulic Oil ND

0.0287 0.10TPH as Jet A ND

0.0287 0.10TPH as Jet Fuel ND

0.0287 0.10TPH as JP-4 ND

0.0287 0.10TPH as JP-5 ND

0.0287 0.10TPH as JP-7 ND

0.0287 0.10TPH as JP-8 ND

0.0287 0.10TPH as Kerosene ND

0.0287 0.10TPH as Mineral Oil ND

0.0920 0.20TPH as Motor Oil 0.16

0.0287 0.10TPH as Naphtha ND

0.0920 0.20TPH as Oil ND

0.0287 0.10TPH as Stoddard ND

0.0920 0.20TPH as Transformer Oil ND

Pentacosane (S) 107
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MB Summary Report

Work Order:  

Matrix:

Units:

1005065 Prep Method: 

SW8260BAnalytical 
Method:

Prep Date:

Analyzed Date:

NA Prep Batch:

Analytical 
Batch:

400918

ug/L

05/17/10

NANA

Water

Parameters
Method
Blank
Conc.

PQL MDL 

0.41 0.50Dichlorodifluoromethane ND

0.41 0.50Chloromethane ND

0.37 0.50Vinyl Chloride ND

0.37 0.50Bromomethane ND

0.34 0.50Trichlorofluoromethane ND

0.29 0.501,1-Dichloroethene ND

0.38 0.50Freon 113 ND

0.18 5.0Methylene Chloride ND

0.31 0.50trans-1,2-Dichloroethene ND

0.38 0.50MTBE ND

1.5 5.0tert-Butanol ND

0.36 0.50Diisopropyl ether (DIPE) ND

0.28 0.501,1-Dichloroethane ND

0.40 0.50ETBE ND

0.33 0.50cis-1,2-Dichloroethene ND

0.37 0.502,2-Dichloropropane ND

0.34 0.50Bromochloromethane ND

0.29 0.50Chloroform ND

0.26 0.50Carbon Tetrachloride ND

0.32 0.501,1,1-Trichloroethane ND

0.40 0.501,1-Dichloropropene ND

0.33 0.50Benzene ND

0.32 0.50TAME ND

0.28 0.501,2-Dichloroethane ND

0.38 0.50Trichloroethylene ND

0.21 0.50Dibromomethane ND

0.37 0.501,2-Dichloropropane ND

0.23 0.50Bromodichloromethane ND

0.91 2.02-Chloroethyl vinyl ether ND

0.30 0.50cis-1,3-Dichloropropene ND

0.19 0.50Toluene ND

0.15 0.50Tetrachloroethylene ND

0.20 0.50trans-1,3-Dichloropropene ND

0.20 0.501,1,2-Trichloroethane ND

0.21 0.50Dibromochloromethane ND

0.18 0.501,3-Dichloropropane ND

0.19 0.501,2-Dibromoethane ND

0.14 0.50Chlorobenzene ND

0.15 0.50Ethyl Benzene ND

0.10 0.501,1,1,2-Tetrachloroethane ND

0.20 1.0m,p-Xylene ND
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MB Summary Report

Work Order:  

Matrix:

Units:

1005065 Prep Method: 

SW8260BAnalytical 
Method:

Prep Date:

Analyzed Date:

NA Prep Batch:

Analytical 
Batch:

400918

ug/L

05/17/10

NANA

Water

Parameters
Method
Blank
Conc.

PQL MDL 

0.13 0.50o-Xylene ND

0.20 0.50Styrene ND

0.45 1.0Bromoform ND

0.28 0.50Isopropyl Benzene ND

0.39 0.50Bromobenzene ND

0.26 0.501,1,2,2-Tetrachloroethane ND

0.30 0.50n-Propylbenzene ND

0.33 0.502-Chlorotoluene ND

0.20 0.501,3,5-Trimethylbenzene ND

0.32 0.504-Chlorotoluene ND

0.29 0.50tert-Butylbenzene ND

0.59 1.01,2,3-Trichloropropane ND

0.33 0.501,2,4-Trimethylbenzene ND

0.24 0.50sec-Butyl Benzene ND

0.25 0.50p-Isopropyltoluene ND

0.31 0.501,3-Dichlorobenzene ND

0.37 0.501,4-Dichlorobenzene ND

0.32 0.50n-Butylbenzene ND

0.39 0.501,2-Dichlorobenzene ND

0.45 1.01,2-Dibromo-3-Chloropropane ND

0.22 0.50Hexachlorobutadiene ND

0.48 1.01,2,4-Trichlorobenzene ND

0.57 1.0Naphthalene 0.80

0.52 1.01,2,3-Trichlorobenzene ND

(S) Dibromofluoromethane 96.7

(S) Toluene-d8 103

(S) 4-Bromofluorobenzene 110

Work Order:  

Matrix:

Units:

1005065 Prep Method: 

8260TPHAnalytical 
Method:

Prep Date:

Analyzed Date:

NA Prep Batch:

Analytical 
Batch:

400919

ug/L

05/18/10

NANA

Water

Parameters
Method
Blank
Conc.

PQL MDL 

22 50TPH(Gasoline) ND

(S) 4-Bromofluorobenzene 116
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LCS/LCSD Summary Report
Raw values are used in quality control assessment.

Work Order:  

Matrix:

Units:

1005065 Prep Method: 

SW8015BAnalytical 
Method:

Prep Date:

Analyzed Date:

05/17/10 Prep Batch:

Analytical 
Batch:

40091305/17/10

mg/L

3510_TPH 0440

Water

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

0.1 10.0287 25.4 3046.2 - 109TPH as Diesel 76.5965 0.989

100 53.3 - 124Pentacosane (S) 98.669 104

Work Order:  

Matrix:

Units:

1005065 Prep Method: 

SW8260BAnalytical 
Method:

Prep Date:

Analyzed Date:

NA Prep Batch:

Analytical 
Batch:

40091805/17/10

ug/L

NA NA

Water

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

0.50 17.040.29 2.86 3061.4 - 1291,1-Dichloroethene 105 18.4

0.50 17.040.33 8.55 3066.9 - 140Benzene 121 18.9

0.50 17.040.38 15.4 3069.3 - 144Trichloroethylene 83.0 16.5

0.50 17.040.19 5.98 3076.6 - 123Toluene 98.2 17.7

0.50 17.040.14 4.23 3073.9 - 137Chlorobenzene 104 18.6

11.36 61.2 - 131(S) Dibromofluoromethane 105 93.0

11.36 75.1 - 127(S) Toluene-d8 103 105

11.36 64.1 - 120(S) 4-Bromofluorobenzene 98.6 110

Work Order:  

Matrix:

Units:

1005065 Prep Method: 

8260TPHAnalytical 
Method:

Prep Date:

Analyzed Date:

NA Prep Batch:

Analytical 
Batch:

40091905/18/10

ug/L

NA NA

Water

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

50 227.2722 10.9 52.4 - 127TPH(Gasoline) 94.6 193

11.36 58.4 - 133(S) 4-Bromofluorobenzene 94.4 86.7
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Laboratory Qualifiers and Definitions

Method Detection Limit (MDL) -  the minimum concentration of a substance that can be measured and reported with a 99% confidence that the analyte 
concentration is greater than zero 

Matrix Spike (MS/MSD) -  Client sample spiked with identical concentrations of target analyte (s).  The spiking occurs prior to the sample preparation and 
analysis.  They are used to document the precision and bias of a method in a given sample matrix.

Matrix - the component or substrate that contains the analyte of interest (e.g., - groundwater, sediment, soil, waste water, etc)

Laboratory Control Sample (LCS ad LCSD) - A known matrix spiked with compounds representative of the target analyte(s).  This is used to document 
laboratory performance.

Duplicate - a field sample and/or laboratory QC sample prepared in duplicate following all of the same processes and procedures used on the original sample 
(sample duplicate, LCSD, MSD)

Blank (Method/Preparation Blank) -MB/PB - An analyte-free matrix to which all reagents are added in the same volumes/proportions as used in sample 
processing.  The method blank is used to document contamination resulting from the analytical process.

Practical Quantitation Limit  (PQL) - a laboratory determined value at 2 to 5 times above the MDL that can be reproduced in a manner that results in a 99% 
confidence level that the result is both accurate and precise. PQLs reflect all preparation factors and/or dilution factors that have been applied to the sample 
during the preparation and/or analytical processes.

Precision (%RPD) - The agreement among a set of replicate/duplicate measurements without regard to known value of the replicates 

 Surrogate (S) or (Surr) - An organic compound which is similar to the target analyte(s) in chemical composition and behavior in the analytical process, but 
which is not normally found in environmental samples. Surrogates are used in most organic analysis to demonstrate matrix compatibility with the chosen method 
of analysis

Tentatively Identified Compound (TIC) - A compound not contained within the analytical calibration standards but present in the GCMS library of defined 
compounds.  When the library is searched for an unknown compound, it can frequently give a tentative identification to the compound based on retention time 
and primary and secondary ion match.  TICs are reported as estimates and are candidates for further investigation.

Units: the unit of measure used to express the reported result - mg/L and mg/Kg (equivalent to PPM - parts per million in liquid and solid), ug/L and ug/Kg 
(equivalent to PPB - parts per billion in liquid and solid), ug/m3, mg.m3, ppbv and ppmv  (all units of measure for reporting concentrations in air), % ( 
equivalent to 10000 ppm or 1,000,000 ppb), ug/Wipe ( concentration found on the surface of a single Wipe usually taken over a 100cm2 surface)

B - Indicates when the anlayte is found in the associated method or preparation blank 
D - Surrogate is not recoverable due to the necessary dilution of the sample
E - Indicates the reportable value is outside of the calibration range of the instrument but within the linear range of the instrument (unless otherwise noted) 
Values reported with an E qualifier should be considered as estimated.
H- Indicates that the recommended holding time for the analyte or compound has been exceeded
J- Indicates a value between the method MDL and PQL and that the reported concentration should be considered as estimated rather the quantitative 
NA - Not Analyzed
N/A - Not Applicable
NR - Not recoverable - a matrix spike concentration is not recoverable due to a concentration within the original sample that is greater than four times the spike 
concentration added
R- The % RPD between a duplicate set of samples is outside of the absolute values established by laboratory control charts
S- Spike recovery is outside of established method and/or laboratory control limits.  Further explanation of the use of this qualifier should be included within a 
case narrative

    X -Used to indicate that a value based on pattern identification is within the pattern range but not typical of the pattern found in standards.       
    Further explanation may or may not be provided within the sample footnote and/or the case narrative.

DEFINITIONS:

Accuracy/Bias (% Recovery) - The closeness of agreement between an observed value and an accepted reference value.

LABORATORY QUALIFIERS:
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pH Adjusted by:  pH Checked by:  

°C3

Yes

Yes

Yes

Temperature:

Water-pH acceptable upon receipt?

Water-VOA vials have zero headspace?

Container/Temp Blank temperature in compliance?

All samples received within holding time?

Sample Preservation and Hold Time (HT) Information

YesSamples containers intact?

Yes

Yes

Not Present

Yes

Sufficient sample volume for indicated test?

Samples in proper container/bottle?

Custody seals intact on shipping container/cooler?

Shipping Container/Cooler In Good Condition?

Sample Receipt Information

Yes

Yes

Yes

Not Present

Chain of custody agrees with sample labels?

Chain of custody signed when relinquished and received?

Chain of custody present?

Custody seals intact on sample bottles?

Chain of Custody (COC) Information

Checklist Completed By:  lorna

Carrier Name:  Hi-Speed Courier

Physically Logged By:  

Received By:   nutan

Date and Time Received:  5/11/2010  17:20

Work Order No.:  1005065

Project Name:  Petaluma,CA

Client Name:  URS (San Jose)

Sample Receipt Checklist
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Login Summary Report

Report Due Date: 17:20

5/11/2010

URS (San Jose)TL5174

Petaluma,CA

5/18/2010

TAT Requested:

Date Received:

Time Received:

QC Level: 

Project Name:

Project # :

Comments:

Client ID:

5+ day:0

1005065Work Order # :

SubbedRequested
Tests

Test
On Hold

Sample
On Hold

Scheduled
Disposal

MatrixCollection 
Date/Time

Client 
Sample ID

WO Sample ID

M-10 @6.01005065-001A Soil 11/07/10 On-Hold05/11/10 8:05
S_TPHDO

M-10 @9.01005065-002A Soil 11/07/10 On-Hold05/11/10 8:12
S_TPHDO

M-10 @12.01005065-003A Soil 11/07/10 On-Hold05/11/10 8:22
S_TPHDO

S-1 @6.01005065-004A Soil 11/07/10 On-Hold05/11/10 9:48
S_TPHDO

S-1 @9.01005065-005A Soil 11/07/10 On-Hold05/11/10 10:01
S_TPHDO

S-1 @8.51005065-006A Soil 11/07/10 On-Hold05/11/10 10:01
S_TPHDO

S-1GW1005065-007A Water 11/07/1005/11/10 10:58
W_GCMS-GRO
W_8260Full
W_TPHDO

S-1GW1005065-007A1.2
2x

Water 11/07/1005/11/10 10:58

W_8260Full
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URS (San Jose)
100 W San Fernando St, Suite200
San Jose, California 95113
Tel: 4082979585
Fax: 4082976962

RE: Petaluma CA

Torrent Laboratory, Inc. received 14 sample(s) on April 20, 2010 for the analyses presented 
in the following Report.

Dear James Ripple:

Work Order No.:  1004091 

All data for associated QC met EPA or laboratory specification(s) except where noted in the 
case narrative.

Torrent Laboratory, Inc. is certified by the State of California, ELAP #1991.  If you have any 
questions regarding these test results, please feel free to contact the Project Management 
Team at (408)263-5258; ext 204.

Date

April 27, 2010

Patti Sandrock
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Date:  4/27/2010

Client:  URS (San Jose)

Project:  Petaluma CA

Work Order:  1004091

CASE NARRATIVE

No issues encountered with the receiving, preparation, analysis or reporting of the results associated with 
this work order.

 Analytical Comments for Asbestos, Note: Analysis performed by sub-contract laboratory EMSL, Inc 
NVLAP Certification # 101048-3. Results to follow under separate cover.

Analytical Comments for Method S_6010B, 1004091-002A, MS,Note:The % recovery for Barium is outside 
of laboratory control limits but within % RPD and LCS/LCSD % recovery limits.  No corrective action 
required.
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Report prepared for:  James Ripple

URS (San Jose)

Date Received:  04/20/10

Date Reported:  04/27/10

Sample Result Summary

1004091-001AS-1 @ 0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg421.00.13SW6010B 1

1004091-002AS-1 @ 1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Arsenic mg/Kg3.01.70.28SW6010B 1
Barium mg/Kg795.01SW6010B 1
Chromium mg/Kg355.00.0590SW6010B 1
Cobalt mg/Kg125.00.14SW6010B 1
Copper mg/Kg155.00.0900SW6010B 1
Lead mg/Kg221.00.13SW6010B 1
Nickel mg/Kg285.00.0590SW6010B 1
Vanadium mg/Kg335.00.12SW6010B 1
Zinc mg/Kg305.00.59SW6010B 1

pH S.U.5.912.00.10SW9045C 1

1004091-003AS-1 @ 1.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg6.11.00.13SW6010B 1

1004091-004AS-1 @ 2.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg6.21.00.13SW6010B 1

1004091-005AS-1 @ 3.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg6.61.00.13SW6010B 1
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Report prepared for:  James Ripple

URS (San Jose)

Date Received:  04/20/10

Date Reported:  04/27/10

Sample Result Summary

1004091-006AM-10 @ 0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg211.00.13SW6010B 1

1004091-007AM-10 @ 1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Arsenic mg/Kg1.81.70.28SW6010B 1
Barium mg/Kg745.01SW6010B 1
Chromium mg/Kg1005.00.0590SW6010B 1
Cobalt mg/Kg255.00.14SW6010B 1
Copper mg/Kg365.00.0900SW6010B 1
Lead mg/Kg171.00.13SW6010B 1
Nickel mg/Kg635.00.0590SW6010B 1
Vanadium mg/Kg935.00.12SW6010B 1
Zinc mg/Kg635.00.59SW6010B 1

Mercury mg/Kg0.140.100.017471B 1

pH S.U.7.432.00.10SW9045C 1

TPH as Motor Oil mg/Kg114.01.65SW8015B(M) 1

1004091-008AM-10 @ 1.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg281.00.13SW6010B 1

1004091-009AM-10 @ 2.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg251.00.13SW6010B 1
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Report prepared for:  James Ripple

URS (San Jose)

Date Received:  04/20/10

Date Reported:  04/27/10

Sample Result Summary

1004091-010AM-10 @ 3.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg8.41.00.13SW6010B 1

TPH as Motor Oil mg/Kg6.74.01.65SW8015B(M) 1

1004091-011AN-7 @ 0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg2301.00.13SW6010B 1

1004091-012AN-7 @1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg591.00.13SW6010B 1

1004091-013AN-7 @ 1.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg1001.00.13SW6010B 1

1004091-014AN-7 @ 2.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg811.00.13SW6010B 1
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  04/27/10
Date Received:  04/20/10

URS (San Jose)
James Ripple

1004091-001ALab Sample ID:  

Sample Matrix: Soil

S-1 @ 0.5

Petaluma CA

04/19/10 / 13:59

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/22/10 400647mg/Kg42Lead 04/22/10 0.13 1.0 03191
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  04/27/10
Date Received:  04/20/10

URS (San Jose)
James Ripple

1004091-002ALab Sample ID:  

Sample Matrix: Soil

S-1 @ 1.0

Petaluma CA

04/19/10 / 14:04

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/22/10 400647mg/KgNDAntimony 04/22/10 0.20 5.0 03191

SW6010B 4/22/10 400647mg/Kg3.0Arsenic 04/22/10 0.28 1.7 03191

SW6010B 4/22/10 400647mg/Kg79Barium 04/22/10 1 5.0 03191

SW6010B 4/22/10 400647mg/KgNDBeryllium 04/22/10 0.0840 2.0 03191

SW6010B 4/22/10 400647mg/KgNDCadmium 04/22/10 0.0590 1.0 03191

SW6010B 4/22/10 400647mg/Kg35Chromium 04/22/10 0.0590 5.0 03191

SW6010B 4/22/10 400647mg/Kg12Cobalt 04/22/10 0.14 5.0 03191

SW6010B 4/22/10 400647mg/Kg15Copper 04/22/10 0.0900 5.0 03191

SW6010B 4/22/10 400647mg/Kg22Lead 04/22/10 0.13 1.0 03191

SW6010B 4/22/10 400647mg/KgNDMolybdenum 04/22/10 0.0590 5.0 03191

SW6010B 4/22/10 400647mg/Kg28Nickel 04/22/10 0.0590 5.0 03191

SW6010B 4/22/10 400647mg/KgNDSelinium 04/22/10 0.29 5.0 03191

SW6010B 4/22/10 400647mg/KgNDSilver 04/22/10 0 1.0 03191

SW6010B 4/22/10 400647mg/KgNDThallium 04/22/10 0.12 5.0 03191

SW6010B 4/22/10 400647mg/Kg33Vanadium 04/22/10 0.12 5.0 03191

SW6010B 4/22/10 400647mg/Kg30Zinc 04/22/10 0.59 5.0 03191

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

7471B 4/21/10 400631mg/KgNDMercury 04/22/10 0.01 0.10 03151
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  04/27/10
Date Received:  04/20/10

URS (San Jose)
James Ripple

1004091-002ALab Sample ID:  

Sample Matrix: Soil

S-1 @ 1.0

Petaluma CA

04/19/10 / 14:04

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW8260B NA 400642ug/KgNDDichlorodifluoromethane 04/21/10 4.4 10 NA1

SW8260B NA 400642ug/KgNDChloromethane 04/21/10 4.6 10 NA1

SW8260B NA 400642ug/KgNDVinyl Chloride 04/21/10 2.6 10 NA1

SW8260B NA 400642ug/KgNDBromomethane 04/21/10 4.7 10 NA1

SW8260B NA 400642ug/KgNDTrichlorofluoromethane 04/21/10 2.9 10 NA1

SW8260B NA 400642ug/KgND1,1-Dichloroethene 04/21/10 1.5 10 NA1

SW8260B NA 400642ug/KgNDFreon 113 04/21/10 3.7 10 NA1

SW8260B NA 400642ug/KgNDMethylene Chloride 04/21/10 2.0 10 NA1

SW8260B NA 400642ug/KgNDtrans-1,2-Dichloroethene 04/21/10 1.1 10 NA1

SW8260B NA 400642ug/KgNDMTBE 04/21/10 2.6 10 NA1

SW8260B NA 400642ug/KgNDtert-Butanol 04/21/10 21 50 NA1

SW8260B NA 400642ug/KgNDDiisopropyl ether (DIPE) 04/21/10 2.2 10 NA1

SW8260B NA 400642ug/KgND1,1-Dichloroethane 04/21/10 1.3 10 NA1

SW8260B NA 400642ug/KgNDETBE 04/21/10 2.4 10 NA1

SW8260B NA 400642ug/KgNDcis-1,2-Dichloroethene 04/21/10 1.8 10 NA1

SW8260B NA 400642ug/KgND2,2-Dichloropropane 04/21/10 1.2 10 NA1

SW8260B NA 400642ug/KgNDBromochloromethane 04/21/10 2.3 10 NA1

SW8260B NA 400642ug/KgNDChloroform 04/21/10 1.2 10 NA1

SW8260B NA 400642ug/KgNDCarbon Tetrachloride 04/21/10 1.6 10 NA1

SW8260B NA 400642ug/KgND1,1,1-Trichloroethane 04/21/10 1.2 10 NA1

SW8260B NA 400642ug/KgND1,1-Dichloropropene 04/21/10 1.4 10 NA1

SW8260B NA 400642ug/KgNDBenzene 04/21/10 1.5 10 NA1

SW8260B NA 400642ug/KgNDTAME 04/21/10 2.1 10 NA1

SW8260B NA 400642ug/KgND1,2-Dichloroethane 04/21/10 1.9 10 NA1

SW8260B NA 400642ug/KgNDTrichloroethylene 04/21/10 3.9 10 NA1

SW8260B NA 400642ug/KgNDDibromomethane 04/21/10 2.2 10 NA1

SW8260B NA 400642ug/KgND1,2-Dichloropropane 04/21/10 1.3 10 NA1

SW8260B NA 400642ug/KgNDBromodichloromethane 04/21/10 1.1 10 NA1

SW8260B NA 400642ug/KgND2-Chloroethyl vinyl ether 04/21/10 4.5 10 NA1

SW8260B NA 400642ug/KgNDcis-1,3-Dichloropropene 04/21/10 1.4 10 NA1

SW8260B NA 400642ug/KgNDToluene 04/21/10 0.98 10 NA1

SW8260B NA 400642ug/KgNDTetrachloroethylene 04/21/10 1.8 10 NA1

SW8260B NA 400642ug/KgNDtrans-1,3-Dichloropropene 04/21/10 1.2 10 NA1

SW8260B NA 400642ug/KgND1,1,2-Trichloroethane 04/21/10 1.8 10 NA1

SW8260B NA 400642ug/KgNDDibromochloromethane 04/21/10 1.1 10 NA1
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  04/27/10
Date Received:  04/20/10

URS (San Jose)
James Ripple

1004091-002ALab Sample ID:  

Sample Matrix: Soil

S-1 @ 1.0

Petaluma CA

04/19/10 / 14:04

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW8260B NA 400642ug/KgND1,3-Dichloropropane 04/21/10 2.1 10 NA1

SW8260B NA 400642ug/KgND1,2-Dibromoethane 04/21/10 1.7 10 NA1

SW8260B NA 400642ug/KgNDEthyl Benzene 04/21/10 0.86 10 NA1

SW8260B NA 400642ug/KgNDChlorobenzene 04/21/10 4.2 10 NA1

SW8260B NA 400642ug/KgND1,1,1,2-Tetrachloroethane 04/21/10 0.86 10 NA1

SW8260B NA 400642ug/KgNDm,p-Xylene 04/21/10 1.9 10 NA1

SW8260B NA 400642ug/KgNDo-Xylene 04/21/10 0.66 5.0 NA1

SW8260B NA 400642ug/KgNDStyrene 04/21/10 0.77 10 NA1

SW8260B NA 400642ug/KgNDBromoform 04/21/10 1.9 10 NA1

SW8260B NA 400642ug/KgNDIsopropyl Benzene 04/21/10 1.2 10 NA1

SW8260B NA 400642ug/KgNDn-Propylbenzene 04/21/10 1.4 10 NA1

SW8260B NA 400642ug/KgNDBromobenzene 04/21/10 1.2 10 NA1

SW8260B NA 400642ug/KgND1,1,2,2-Tetrachloroethane 04/21/10 3.0 10 NA1

SW8260B NA 400642ug/KgND1,3,5-Trimethylbenzene 04/21/10 1.1 10 NA1

SW8260B NA 400642ug/KgND1,2,3-Trichloropropane 04/21/10 3.3 10 NA1

SW8260B NA 400642ug/KgND4-Chlorotoluene 04/21/10 1.6 10 NA1

SW8260B NA 400642ug/KgND2-Chlorotoluene 04/21/10 1.6 10 NA1

SW8260B NA 400642ug/KgNDtert-Butylbenzene 04/21/10 1.4 10 NA1

SW8260B NA 400642ug/KgND1,2,4-Trimethylbenzene 04/21/10 1.1 10 NA1

SW8260B NA 400642ug/KgNDsec-Butyl Benzene 04/21/10 1.6 10 NA1

SW8260B NA 400642ug/KgNDp-Isopropyltoluene 04/21/10 1.5 10 NA1

SW8260B NA 400642ug/KgND1,3-Dichlorobenzene 04/21/10 1.8 10 NA1

SW8260B NA 400642ug/KgND1,4-Dichlorobenzene 04/21/10 1.5 10 NA1

SW8260B NA 400642ug/KgNDn-Butylbenzene 04/21/10 2.2 10 NA1

SW8260B NA 400642ug/KgND1,2-Dichlorobenzene 04/21/10 1.3 10 NA1

SW8260B NA 400642ug/KgND1,2-Dibromo-3-Chloropropane 04/21/10 4.2 10 NA1

SW8260B NA 400642ug/KgNDHexachlorobutadiene 04/21/10 2.6 10 NA1

SW8260B NA 400642ug/KgND1,2,4-Trichlorobenzene 04/21/10 2.1 10 NA1

SW8260B NA 400642ug/KgNDNaphthalene 04/21/10 2.8 10 NA1

SW8260B NA 400642ug/KgND1,2,3-Trichlorobenzene 04/21/10 2.9 10 NA1

SW8260B NA 400642%93.6(S) Dibromofluoromethane 04/21/10 59.8 148 NA1

SW8260B NA 400642%105(S) Toluene-d8 04/21/10 55.2 133 NA1

SW8260B NA 400642%118(S) 4-Bromofluorobenzene 04/21/10 55.8 141 NA1
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  04/27/10
Date Received:  04/20/10

URS (San Jose)
James Ripple

1004091-002ALab Sample ID:  

Sample Matrix: Soil

S-1 @ 1.0

Petaluma CA

04/19/10 / 14:04

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

8260TPH NA 400645ug/KgNDTPH(Gasoline) 04/21/10 17 100 NA1

8260TPH NA 400645%67.3(S) 4-Bromofluorobenzene 04/21/10 57 127 NA1

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW9045C 4/21/10 400639S.U.5.91pH 04/21/10 0.10 2.0 03181

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW8015B(M) 4/23/10 400667mg/KgNDTPH as Diesel 04/26/10 0.759 2.0 03261

SW8015B(M) 4/23/10 400667mg/KgNDTPH as Motor Oil 04/26/10 1.65 4.0 03261

SW8015B(M) 4/23/10 400667mg/Kg96.9Pentacosane (S) 04/26/10 59.7 129 03261

Note: Silica Gel cleanup employed.NOTE:

1004091-003ALab Sample ID:  

Sample Matrix: Soil

S-1 @ 1.5

Petaluma CA

04/19/10 / 14:09

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/22/10 400647mg/Kg6.1Lead 04/22/10 0.13 1.0 03191
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  04/27/10
Date Received:  04/20/10

URS (San Jose)
James Ripple

1004091-004ALab Sample ID:  

Sample Matrix: Soil

S-1 @ 2.0

Petaluma CA

04/19/10 / 14:13

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/22/10 400647mg/Kg6.2Lead 04/22/10 0.13 1.0 03191
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  04/27/10
Date Received:  04/20/10

URS (San Jose)
James Ripple

1004091-005ALab Sample ID:  

Sample Matrix: Soil

S-1 @ 3.0

Petaluma CA

04/19/10 / 14:16

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/22/10 400647mg/Kg6.6Lead 04/22/10 0.13 1.0 03191

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW8260B NA 400642ug/KgNDMTBE 04/21/10 2.6 10 NA1

SW8260B NA 400642ug/KgNDBenzene 04/21/10 1.5 10 NA1

SW8260B NA 400642ug/KgNDToluene 04/21/10 0.98 10 NA1

SW8260B NA 400642ug/KgNDEthyl Benzene 04/21/10 0.86 10 NA1

SW8260B NA 400642ug/KgNDm,p-Xylene 04/21/10 1.9 10 NA1

SW8260B NA 400642ug/KgNDo-Xylene 04/21/10 0.66 5.0 NA1

SW8260B NA 400642%100(S) Dibromofluoromethane 04/21/10 59.8 148 NA1

SW8260B NA 400642%98.8(S) Toluene-d8 04/21/10 55.2 133 NA1

SW8260B NA 400642%106(S) 4-Bromofluorobenzene 04/21/10 55.8 141 NA1

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

8260TPH NA 400645ug/KgNDTPH(Gasoline) 04/21/10 17 100 NA1

8260TPH NA 400645%77.0(S) 4-Bromofluorobenzene 04/21/10 57 127 NA1

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW8015B(M) 4/23/10 400667mg/KgNDTPH as Diesel 04/26/10 0.759 2.0 03261

SW8015B(M) 4/23/10 400667mg/KgNDTPH as Motor Oil 04/26/10 1.65 4.0 03261

SW8015B(M) 4/23/10 400667mg/Kg95.7Pentacosane (S) 04/26/10 59.7 129 03261

Note: Silica Gel cleanup employed.NOTE:
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  04/27/10
Date Received:  04/20/10

URS (San Jose)
James Ripple

1004091-006ALab Sample ID:  

Sample Matrix: Soil

M-10 @ 0.5

Petaluma CA

04/19/10 / 13:25

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/22/10 400647mg/Kg21Lead 04/22/10 0.13 1.0 03191
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  04/27/10
Date Received:  04/20/10

URS (San Jose)
James Ripple

1004091-007ALab Sample ID:  

Sample Matrix: Soil

M-10 @ 1.0

Petaluma CA

04/19/10 / 13:29

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/22/10 400647mg/KgNDAntimony 04/22/10 0.20 5.0 03191

SW6010B 4/22/10 400647mg/Kg1.8Arsenic 04/22/10 0.28 1.7 03191

SW6010B 4/22/10 400647mg/Kg74Barium 04/22/10 1 5.0 03191

SW6010B 4/22/10 400647mg/KgNDBeryllium 04/22/10 0.0840 2.0 03191

SW6010B 4/22/10 400647mg/KgNDCadmium 04/22/10 0.0590 1.0 03191

SW6010B 4/22/10 400647mg/Kg100Chromium 04/22/10 0.0590 5.0 03191

SW6010B 4/22/10 400647mg/Kg25Cobalt 04/22/10 0.14 5.0 03191

SW6010B 4/22/10 400647mg/Kg36Copper 04/22/10 0.0900 5.0 03191

SW6010B 4/22/10 400647mg/Kg17Lead 04/22/10 0.13 1.0 03191

SW6010B 4/22/10 400647mg/KgNDMolybdenum 04/22/10 0.0590 5.0 03191

SW6010B 4/22/10 400647mg/Kg63Nickel 04/22/10 0.0590 5.0 03191

SW6010B 4/22/10 400647mg/KgNDSelinium 04/22/10 0.29 5.0 03191

SW6010B 4/22/10 400647mg/KgNDSilver 04/22/10 0 1.0 03191

SW6010B 4/22/10 400647mg/KgNDThallium 04/22/10 0.12 5.0 03191

SW6010B 4/22/10 400647mg/Kg93Vanadium 04/22/10 0.12 5.0 03191

SW6010B 4/22/10 400647mg/Kg63Zinc 04/22/10 0.59 5.0 03191

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

7471B 4/21/10 400631mg/Kg0.14Mercury 04/22/10 0.01 0.10 03151
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  04/27/10
Date Received:  04/20/10

URS (San Jose)
James Ripple

1004091-007ALab Sample ID:  

Sample Matrix: Soil

M-10 @ 1.0

Petaluma CA

04/19/10 / 13:29

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW8260B NA 400642ug/KgNDDichlorodifluoromethane 04/21/10 4.4 10 NA1

SW8260B NA 400642ug/KgNDChloromethane 04/21/10 4.6 10 NA1

SW8260B NA 400642ug/KgNDVinyl Chloride 04/21/10 2.6 10 NA1

SW8260B NA 400642ug/KgNDBromomethane 04/21/10 4.7 10 NA1

SW8260B NA 400642ug/KgNDTrichlorofluoromethane 04/21/10 2.9 10 NA1

SW8260B NA 400642ug/KgND1,1-Dichloroethene 04/21/10 1.5 10 NA1

SW8260B NA 400642ug/KgNDFreon 113 04/21/10 3.7 10 NA1

SW8260B NA 400642ug/KgNDMethylene Chloride 04/21/10 2.0 10 NA1

SW8260B NA 400642ug/KgNDtrans-1,2-Dichloroethene 04/21/10 1.1 10 NA1

SW8260B NA 400642ug/KgNDMTBE 04/21/10 2.6 10 NA1

SW8260B NA 400642ug/KgNDtert-Butanol 04/21/10 21 50 NA1

SW8260B NA 400642ug/KgNDDiisopropyl ether (DIPE) 04/21/10 2.2 10 NA1

SW8260B NA 400642ug/KgND1,1-Dichloroethane 04/21/10 1.3 10 NA1

SW8260B NA 400642ug/KgNDETBE 04/21/10 2.4 10 NA1

SW8260B NA 400642ug/KgNDcis-1,2-Dichloroethene 04/21/10 1.8 10 NA1

SW8260B NA 400642ug/KgND2,2-Dichloropropane 04/21/10 1.2 10 NA1

SW8260B NA 400642ug/KgNDBromochloromethane 04/21/10 2.3 10 NA1

SW8260B NA 400642ug/KgNDChloroform 04/21/10 1.2 10 NA1

SW8260B NA 400642ug/KgNDCarbon Tetrachloride 04/21/10 1.6 10 NA1

SW8260B NA 400642ug/KgND1,1,1-Trichloroethane 04/21/10 1.2 10 NA1

SW8260B NA 400642ug/KgND1,1-Dichloropropene 04/21/10 1.4 10 NA1

SW8260B NA 400642ug/KgNDBenzene 04/21/10 1.5 10 NA1

SW8260B NA 400642ug/KgNDTAME 04/21/10 2.1 10 NA1

SW8260B NA 400642ug/KgND1,2-Dichloroethane 04/21/10 1.9 10 NA1

SW8260B NA 400642ug/KgNDTrichloroethylene 04/21/10 3.9 10 NA1

SW8260B NA 400642ug/KgNDDibromomethane 04/21/10 2.2 10 NA1

SW8260B NA 400642ug/KgND1,2-Dichloropropane 04/21/10 1.3 10 NA1

SW8260B NA 400642ug/KgNDBromodichloromethane 04/21/10 1.1 10 NA1

SW8260B NA 400642ug/KgND2-Chloroethyl vinyl ether 04/21/10 4.5 10 NA1

SW8260B NA 400642ug/KgNDcis-1,3-Dichloropropene 04/21/10 1.4 10 NA1

SW8260B NA 400642ug/KgNDToluene 04/21/10 0.98 10 NA1

SW8260B NA 400642ug/KgNDTetrachloroethylene 04/21/10 1.8 10 NA1

SW8260B NA 400642ug/KgNDtrans-1,3-Dichloropropene 04/21/10 1.2 10 NA1

SW8260B NA 400642ug/KgND1,1,2-Trichloroethane 04/21/10 1.8 10 NA1

SW8260B NA 400642ug/KgNDDibromochloromethane 04/21/10 1.1 10 NA1
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  04/27/10
Date Received:  04/20/10

URS (San Jose)
James Ripple

1004091-007ALab Sample ID:  

Sample Matrix: Soil

M-10 @ 1.0

Petaluma CA

04/19/10 / 13:29

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW8260B NA 400642ug/KgND1,3-Dichloropropane 04/21/10 2.1 10 NA1

SW8260B NA 400642ug/KgND1,2-Dibromoethane 04/21/10 1.7 10 NA1

SW8260B NA 400642ug/KgNDEthyl Benzene 04/21/10 0.86 10 NA1

SW8260B NA 400642ug/KgNDChlorobenzene 04/21/10 4.2 10 NA1

SW8260B NA 400642ug/KgND1,1,1,2-Tetrachloroethane 04/21/10 0.86 10 NA1

SW8260B NA 400642ug/KgNDm,p-Xylene 04/21/10 1.9 10 NA1

SW8260B NA 400642ug/KgNDo-Xylene 04/21/10 0.66 5.0 NA1

SW8260B NA 400642ug/KgNDStyrene 04/21/10 0.77 10 NA1

SW8260B NA 400642ug/KgNDBromoform 04/21/10 1.9 10 NA1

SW8260B NA 400642ug/KgNDIsopropyl Benzene 04/21/10 1.2 10 NA1

SW8260B NA 400642ug/KgNDn-Propylbenzene 04/21/10 1.4 10 NA1

SW8260B NA 400642ug/KgNDBromobenzene 04/21/10 1.2 10 NA1

SW8260B NA 400642ug/KgND1,1,2,2-Tetrachloroethane 04/21/10 3.0 10 NA1

SW8260B NA 400642ug/KgND1,3,5-Trimethylbenzene 04/21/10 1.1 10 NA1

SW8260B NA 400642ug/KgND1,2,3-Trichloropropane 04/21/10 3.3 10 NA1

SW8260B NA 400642ug/KgND4-Chlorotoluene 04/21/10 1.6 10 NA1

SW8260B NA 400642ug/KgND2-Chlorotoluene 04/21/10 1.6 10 NA1

SW8260B NA 400642ug/KgNDtert-Butylbenzene 04/21/10 1.4 10 NA1

SW8260B NA 400642ug/KgND1,2,4-Trimethylbenzene 04/21/10 1.1 10 NA1

SW8260B NA 400642ug/KgNDsec-Butyl Benzene 04/21/10 1.6 10 NA1

SW8260B NA 400642ug/KgNDp-Isopropyltoluene 04/21/10 1.5 10 NA1

SW8260B NA 400642ug/KgND1,3-Dichlorobenzene 04/21/10 1.8 10 NA1

SW8260B NA 400642ug/KgND1,4-Dichlorobenzene 04/21/10 1.5 10 NA1

SW8260B NA 400642ug/KgNDn-Butylbenzene 04/21/10 2.2 10 NA1

SW8260B NA 400642ug/KgND1,2-Dichlorobenzene 04/21/10 1.3 10 NA1

SW8260B NA 400642ug/KgND1,2-Dibromo-3-Chloropropane 04/21/10 4.2 10 NA1

SW8260B NA 400642ug/KgNDHexachlorobutadiene 04/21/10 2.6 10 NA1

SW8260B NA 400642ug/KgND1,2,4-Trichlorobenzene 04/21/10 2.1 10 NA1

SW8260B NA 400642ug/KgNDNaphthalene 04/21/10 2.8 10 NA1

SW8260B NA 400642ug/KgND1,2,3-Trichlorobenzene 04/21/10 2.9 10 NA1

SW8260B NA 400642%103(S) Dibromofluoromethane 04/21/10 59.8 148 NA1

SW8260B NA 400642%105(S) Toluene-d8 04/21/10 55.2 133 NA1

SW8260B NA 400642%117(S) 4-Bromofluorobenzene 04/21/10 55.8 141 NA1
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  04/27/10
Date Received:  04/20/10

URS (San Jose)
James Ripple

1004091-007ALab Sample ID:  

Sample Matrix: Soil

M-10 @ 1.0

Petaluma CA

04/19/10 / 13:29

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

8260TPH NA 400645ug/KgNDTPH(Gasoline) 04/21/10 17 100 NA1

8260TPH NA 400645%63.7(S) 4-Bromofluorobenzene 04/21/10 57 127 NA1

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW9045C 4/21/10 400639S.U.7.43pH 04/21/10 0.10 2.0 03181

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW8015B(M) 4/23/10 400667mg/KgNDTPH as Diesel 04/26/10 0.759 2.0 03261

SW8015B(M) 4/23/10 400667mg/Kg11TPH as Motor Oil 04/26/10 1.65 4.0 03261

SW8015B(M) 4/23/10 400667mg/Kg81.0Pentacosane (S) 04/26/10 59.7 129 03261

Note: Silica Gel cleanup employed.NOTE:

1004091-008ALab Sample ID:  

Sample Matrix: Soil

M-10 @ 1.5

Petaluma CA

04/19/10 / 13:35

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/22/10 400647mg/Kg28Lead 04/22/10 0.13 1.0 03191
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  04/27/10
Date Received:  04/20/10

URS (San Jose)
James Ripple

1004091-009ALab Sample ID:  

Sample Matrix: Soil

M-10 @ 2.0

Petaluma CA

04/19/10 / 13:40

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/22/10 400647mg/Kg25Lead 04/22/10 0.13 1.0 03191
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  04/27/10
Date Received:  04/20/10

URS (San Jose)
James Ripple

1004091-010ALab Sample ID:  

Sample Matrix: Soil

M-10 @ 3.0

Petaluma CA

04/19/10 / 13:44

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/22/10 400647mg/Kg8.4Lead 04/22/10 0.13 1.0 03191

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW8260B NA 400642ug/KgNDMTBE 04/21/10 2.6 10 NA1

SW8260B NA 400642ug/KgNDBenzene 04/21/10 1.5 10 NA1

SW8260B NA 400642ug/KgNDToluene 04/21/10 0.98 10 NA1

SW8260B NA 400642ug/KgNDEthyl Benzene 04/21/10 0.86 10 NA1

SW8260B NA 400642ug/KgNDm,p-Xylene 04/21/10 1.9 10 NA1

SW8260B NA 400642ug/KgNDo-Xylene 04/21/10 0.66 5.0 NA1

SW8260B NA 400642%95.7(S) Dibromofluoromethane 04/21/10 59.8 148 NA1

SW8260B NA 400642%106(S) Toluene-d8 04/21/10 55.2 133 NA1

SW8260B NA 400642%118(S) 4-Bromofluorobenzene 04/21/10 55.8 141 NA1

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

8260TPH NA 400645ug/KgNDTPH(Gasoline) 04/21/10 17 100 NA1

8260TPH NA 400645%69.4(S) 4-Bromofluorobenzene 04/21/10 57 127 NA1

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW8015B(M) 4/23/10 400667mg/KgNDTPH as Diesel 04/26/10 0.759 2.0 03261

SW8015B(M) 4/23/10 400667mg/Kg6.7TPH as Motor Oil 04/26/10 1.65 4.0 03261

SW8015B(M) 4/23/10 400667mg/Kg89.4Pentacosane (S) 04/26/10 59.7 129 03261

Note: Silica Gel cleanup employed.NOTE:
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  04/27/10
Date Received:  04/20/10

URS (San Jose)
James Ripple

1004091-011ALab Sample ID:  

Sample Matrix: Soil

N-7 @ 0.5

Petaluma CA

04/19/10 / 14:37

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/22/10 400647mg/Kg230Lead 04/22/10 0.13 1.0 03191

1004091-012ALab Sample ID:  

Sample Matrix: Soil

N-7 @1.0

Petaluma CA

04/19/10 / 14:40

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/22/10 400647mg/Kg59Lead 04/22/10 0.13 1.0 03191

1004091-013ALab Sample ID:  

Sample Matrix: Soil

N-7 @ 1.5

Petaluma CA

04/19/10 / 14:42

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/22/10 400647mg/Kg100Lead 04/22/10 0.13 1.0 03191
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  04/27/10
Date Received:  04/20/10

URS (San Jose)
James Ripple

1004091-014ALab Sample ID:  

Sample Matrix: Soil

N-7 @ 2.0

Petaluma CA

04/19/10 / 14:45

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/22/10 400647mg/Kg81Lead 04/22/10 0.13 1.0 03191
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MB Summary Report

Work Order:  

Matrix:

Units:

1004091 Prep Method: 

7471ABAnalytical 
Method:

Prep Date:

Analyzed Date:

04/21/10 Prep Batch:

Analytical 
Batch:

400631

mg/Kg

04/22/10

03157471

Soil

Parameters
Method
Blank
Conc.

PQL MDL 

0.01 0.10Mercury ND 

Work Order:  

Matrix:

Units:

1004091 Prep Method: 

SW8260BAnalytical 
Method:

Prep Date:

Analyzed Date:

NA Prep Batch:

Analytical 
Batch:

400642

ug/Kg

04/21/10

NANA

Soil

Parameters
Method
Blank
Conc.

PQL MDL 

4.4 10Dichlorodifluoromethane ND 
4.6 10Chloromethane ND 
2.6 10Vinyl Chloride ND 
4.7 10Bromomethane ND 
2.9 10Trichlorofluoromethane ND 
1.5 101,1-Dichloroethene ND 
3.7 10Freon 113 ND 
2.0 10Methylene Chloride ND 
1.1 10trans-1,2-Dichloroethene ND 
2.6 10MTBE ND 
21 50tert-Butanol ND 
2.2 10Diisopropyl ether (DIPE) ND 
1.3 101,1-Dichloroethane ND 
2.4 10ETBE ND 
1.8 10cis-1,2-Dichloroethene ND 
1.2 102,2-Dichloropropane ND 
2.3 10Bromochloromethane ND 
1.2 10Chloroform ND 
1.6 10Carbon Tetrachloride ND 
1.2 101,1,1-Trichloroethane ND 
1.4 101,1-Dichloropropene ND 
1.5 10Benzene ND 
2.1 10TAME ND 
1.9 101,2-Dichloroethane ND 
3.9 10Trichloroethylene ND 
2.2 10Dibromomethane ND 
1.3 101,2-Dichloropropane ND 
1.1 10Bromodichloromethane ND 
4.5 102-Chloroethyl vinyl ether ND 
1.4 10cis-1,3-Dichloropropene ND 
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MB Summary Report

Work Order:  

Matrix:

Units:

1004091 Prep Method: 

SW8260BAnalytical 
Method:

Prep Date:

Analyzed Date:

NA Prep Batch:

Analytical 
Batch:

400642

ug/Kg

04/21/10

NANA

Soil

Parameters
Method
Blank
Conc.

PQL MDL 

0.98 10Toluene ND 
1.8 10Tetrachloroethylene ND 
1.2 10trans-1,3-Dichloropropene ND 
1.8 101,1,2-Trichloroethane ND 
1.1 10Dibromochloromethane ND 
2.1 101,3-Dichloropropane ND 
1.7 101,2-Dibromoethane ND 
0.86 10Ethyl Benzene ND 
4.2 10Chlorobenzene ND 
0.86 101,1,1,2-Tetrachloroethane ND 
1.9 10m,p-Xylene ND 
0.66 5.0o-Xylene ND 
0.77 10Styrene ND 
1.9 10Bromoform ND 
1.2 10Isopropyl Benzene ND 
1.4 10n-Propylbenzene ND 
1.2 10Bromobenzene ND 
3.0 101,1,2,2-Tetrachloroethane ND 
1.1 101,3,5-Trimethylbenzene ND 
3.3 101,2,3-Trichloropropane ND 
1.6 104-Chlorotoluene ND 
1.6 102-Chlorotoluene ND 
1.4 10tert-Butylbenzene ND 
1.1 101,2,4-Trimethylbenzene ND 
1.6 10sec-Butyl Benzene ND 
1.5 10p-Isopropyltoluene ND 
1.8 101,3-Dichlorobenzene ND 
1.5 101,4-Dichlorobenzene ND 
2.2 10n-Butylbenzene ND 
1.3 101,2-Dichlorobenzene ND 
4.2 101,2-Dibromo-3-Chloropropane ND 
2.6 10Hexachlorobutadiene ND 
2.1 101,2,4-Trichlorobenzene ND 
2.8 10Naphthalene ND 
2.9 101,2,3-Trichlorobenzene ND 

(S) Dibromofluoromethane 102 %
(S) Toluene-d8 97.0 %
(S) 4-Bromofluorobenzene 108 %

Page 23 of 35Total Page Count:  35



MB Summary Report

Work Order:  

Matrix:

Units:

1004091 Prep Method: 

8260TPHAnalytical 
Method:

Prep Date:

Analyzed Date:

NA Prep Batch:

Analytical 
Batch:

400645

ug/Kg

04/21/10

NANA

Soil

Parameters
Method
Blank
Conc.

PQL MDL 

17 100TPH(Gasoline) ND 
(S) 4-Bromofluorobenzene 88.2 %

Work Order:  

Matrix:

Units:

1004091 Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

04/22/10 Prep Batch:

Analytical 
Batch:

400647

mg/Kg

04/22/10

03193050

Soil

Parameters
Method
Blank
Conc.

PQL MDL 

0.20 5.0Antimony ND 
0.28 1.7Arsenic ND 

1 5.0Barium ND 
0.0840 2.0Beryllium ND 
0.059 1.0Cadmium ND 
0.059 5.0Chromium 0.10 
0.14 5.0Cobalt ND 

0.090 5.0Copper 0.35 
0.13 1.0Lead 0.20 

0.059 5.0Molybdenum ND 
0.059 5.0Nickel 0.15 
0.29 5.0Selinium 0.35 
1.0 1.0Silver ND 
0.12 5.0Thallium ND 
0.12 5.0Vanadium ND 
0.59 5.0Zinc ND 
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LCS/LCSD Summary Report
Raw values are used in quality control assessment.

Work Order:  

Matrix:

Units:

1004091 Prep Method: 

7471BAnalytical 
Method:

Prep Date:

Analyzed Date:

04/21/10 Prep Batch:

Analytical 
Batch:

40063104/22/10

mg/Kg

7471 0315

Soil

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

0.100.01 0.936 3080.5 - 133Mercury 99.31.25 100

Work Order:  

Matrix:

Units:

1004091 Prep Method: 

SW8260BAnalytical 
Method:

Prep Date:

Analyzed Date:

NA Prep Batch:

Analytical 
Batch:

40064204/21/10

ug/Kg

NA NA

Soil

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

101.5 9.83 3053.7 - 1391,1-Dichloroethene 88.150 97.3

101.5 14.4 3066.5 - 135Benzene 83.850 96.8

103.9 11.2 3057.5 - 150Trichloroethylene 82.750 74.0

100.98 11.9 3056.8 - 134Toluene 75.450 84.9

104.2 6.35 3057.4 - 134Chlorobenzene 77.750 82.9

59.8 - 148(S) Dibromofluoromethane 11750 105

55.2 - 133(S) Toluene-d8 93.250 92.7

55.8 - 141(S) 4-Bromofluorobenzene 11050 106

Work Order:  

Matrix:

Units:

1004091 Prep Method: 

8260TPHAnalytical 
Method:

Prep Date:

Analyzed Date:

NA Prep Batch:

Analytical 
Batch:

40064504/21/10

ug/Kg

NA NA

Soil

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

10017 2.97 3048.2 - 132TPH(Gasoline) 88.11000 85.5

57 - 127(S) 4-Bromofluorobenzene 92.850 85.5
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LCS/LCSD Summary Report
Raw values are used in quality control assessment.

Work Order:  

Matrix:

Units:

1004091 Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

04/22/10 Prep Batch:

Analytical 
Batch:

40064704/22/10

mg/Kg

3050 0319

Soil

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

50.2 0.437 3030.7 - 130Antimony 91.450 91.8

1.70.28 0.336 3071 - 121Arsenic 89.250 89.5

51.1 3.23 3070.2 - 130Barium 94.350 91.3

20.084 1.94 3073.3 - 115Beryllium 91.750 93.5

10.059 3.15 3068.7 - 110Cadmium 90.350 87.5

50.059 10.3 3076 - 116Chromium 10150 91.1

50.14 4.40 3057.4 - 122Cobalt 92.950 88.9

50.09 3.22 3074.8 - 119Copper 94.650 91.6

10.13 0.322 3067.9 - 118Lead 92.950 93.2

50.059 0.419 3062.9 - 123Molybdenum 95.750 95.3

50.059 9.79 3061.5 - 122Nickel 98.650 89.4

50.29 0.238 3062 - 111Selinium 83.850 84.0

11 3.42 3081.1 - 109Silver 92.150 89.0

50.12 1.22 3039.2 - 125Thallium 89.350 90.4

50.12 3.13 3065.8 - 122Vanadium 94.250 91.3

50.59 2.53 3059.9 - 122Zinc 92.250 89.9
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MS/MSD Summary Report
Raw values are used in quality control assessment.

Work Order:  1004091

Analyzed Date:

Prep Date:

Matrix:

Prep Method: 04/21/10

1004091-002ASpiked Sample:

Analytical 
Method:

Prep Batch:

Units:

Analytical 
Batch:

7471B 40063104/22/10

mg/Kg

03157471

Soil

Parameters MDL PQL Sample
Conc. 

Spike
Conc.

MS %
Recovery

MSD %
Recovery

MS/MSD
% RPD

%
Recovery

Limits

% RPD
Limits

Lab
Qualifier

1.25 80.5 - 1330.01 0.10 1.65 30Mercury 93.9 95.50.0003

Work Order:  1004091

Analyzed Date:

Prep Date:

Matrix:

Prep Method: NA

1004091-002ASpiked Sample:

Analytical 
Method:

Prep Batch:

Units:

Analytical 
Batch:

SW8260B 40064204/21/10

ug/Kg

NANA

Soil

Parameters MDL PQL Sample
Conc. 

Spike
Conc.

MS %
Recovery

MSD %
Recovery

MS/MSD
% RPD

%
Recovery

Limits

% RPD
Limits

Lab
Qualifier

50 53.7 - 1391.5 10 15.5 301,1-Dichloroethene 81.5 95.20

50 66.5 - 1351.5 10 18.1 30Benzene 80.9 96.90

50 57.5 - 1503.9 10 19.0 30Trichloroethylene 81.9 99.00

50 56.8 - 1340.98 10 13.1 30Toluene 77.2 88.10

50 57.4 - 1344.2 10 11.9 30Chlorobenzene 73.8 83.10

50 59.8 - 148(S) Dibromofluoromethane 109 89.8

50 55.2 - 133(S) Toluene-d8 101 101

50 55.8 - 141(S) 4-Bromofluorobenzene 120 125
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MS/MSD Summary Report
Raw values are used in quality control assessment.

Work Order:  1004091

Analyzed Date:

Prep Date:

Matrix:

Prep Method: 04/22/10

1004091-002ASpiked Sample:

Analytical 
Method:

Prep Batch:

Units:

Analytical 
Batch:

SW6010B 40064704/22/10

mg/Kg

03193050

Soil

Parameters MDL PQL Sample
Conc. 

Spike
Conc.

MS %
Recovery

MSD %
Recovery

MS/MSD
% RPD

%
Recovery

Limits

% RPD
Limits

Lab
Qualifier

50 30.7 - 1300.20 5.0 1.95 30Antimony 75.3 73.80.024

50 71 - 1210.28 1.7 0.000 30Arsenic 81.8 81.80.060

50 70.2 - 1301 S5.0 7.93 30Barium 69.0 87.91.6

50 73.3 - 1150.0840 2.0 3.33 30Beryllium 85.6 88.50.00100

50 68.7 - 1100.059 1.0 1.80 30Cadmium 82.3 83.80.0040

50 76 - 1160.059 5.0 6.28 30Chromium 78.2 87.60.70

50 57.4 - 1220.14 5.0 8.12 30Cobalt 79.1 87.80.25

50 74.8 - 1190.090 5.0 3.79 30Copper 83.3 87.40.31

50 67.9 - 1180.13 1.0 4.35 30Lead 73.4 78.20.44

50 62.9 - 1230.059 5.0 0.819 30Molybdenum 85.5 86.2-0.0040

50 61.5 - 1220.059 5.0 5.62 30Nickel 79.2 86.80.56

50 62 - 1110.29 5.0 4.48 30Selinium 80.6 77.00.016

50 81.1 - 1091.0 1.0 2.72 30Silver 84.4 86.7-0.0090

50 39.2 - 1250.12 5.0 0.372 30Thallium 82.3 82.0-0.015

50 65.8 - 1220.12 5.0 4.78 30Vanadium 77.8 85.10.67

50 59.9 - 1220.59 5.0 8.96 30Zinc 70.0 82.20.60

Work Order:  1004091

Analyzed Date:

Prep Date:

Matrix:

Prep Method: 04/23/10

1004091-007ASpiked Sample:

Analytical 
Method:

Prep Batch:

Units:

Analytical 
Batch:

SW8015B(M) 40066704/26/10

mg/Kg

03263545_TPHSG

Soil

Parameters MDL PQL Sample
Conc. 

Spike
Conc.

MS %
Recovery

MSD %
Recovery

MS/MSD
% RPD

%
Recovery

Limits

% RPD
Limits

Lab
Qualifier

33.33 50.3 - 1250.76 NR2.0 9.30 30TPH as Diesel 73.46.8546

100 57.9 - 125Pentacosane (S) 85.5 94.7
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Duplicate Summary Report

Work Order:  

Matrix:

Units:

Prep Method: 

SW9045CAnalytical 
Method:

Prep Date:

Analyzed Date:

4/21/2010 Prep Batch:

Analytical 
Batch:

40063904/21/10

1004091

Lab Sample ID:  1004091-002A-Dup

9045C 0318

Soil

Parameters PQL MDL Sample
Result

Duplicate
Result

% RPD

pH 0.100 2.00 5.90 -0.04235.91

Raw values are used in quality control assessment.

Page 29 of 35Total Page Count:  35



Laboratory Qualifiers and Definitions

Method Detection Limit (MDL) -  the minimum concentration of a substance that can be measured and reported with a 99% confidence that the analyte 
concentration is greater than zero 

Matrix Spike (MS/MSD) -  Client sample spiked with identical concentrations of target analyte (s).  The spiking occurs prior to the sample preparation and 
analysis.  They are used to document the precision and bias of a method in a given sample matrix.

Matrix - the component or substrate that contains the analyte of interest (e.g., - groundwater, sediment, soil, waste water, etc)

Laboratory Control Sample (LCS ad LCSD) - A known matrix spiked with compounds representative of the target analyte(s).  This is used to document 
laboratory performance.

Duplicate - a field sample and/or laboratory QC sample prepared in duplicate following all of the same processes and procedures used on the original sample 
(sample duplicate, LCSD, MSD)

Blank (Method/Preparation Blank) -MB/PB - An analyte-free matrix to which all reagents are added in the same volumes/proportions as used in sample 
processing.  The method blank is used to document contamination resulting from the analytical process.

Practical Quantitation Limit  (PQL) - a laboratory determined value at 2 to 5 times above the MDL that can be reproduced in a manner that results in a 99% 
confidence level that the result is both accurate and precise. PQLs reflect all preparation factors and/or dilution factors that have been applied to the sample 
during the preparation and/or analytical processes.

Precision (%RPD) - The agreement among a set of replicate/duplicate measurements without regard to known value of the replicates 

 Surrogate (S) or (Surr) - An organic compound which is similar to the target analyte(s) in chemical composition and behavior in the analytical process, but 
which is not normally found in environmental samples. Surrogates are used in most organic analysis to demonstrate matrix compatibility with the chosen method 
of analysis

Tentatively Identified Compound (TIC) - A compound not contained within the analytical calibration standards but present in the GCMS library of defined 
compounds.  When the library is searched for an unknown compound, it can frequently give a tentative identification to the compound based on retention time 
and primary and secondary ion match.  TICs are reported as estimates and are candidates for further investigation.

Units: the unit of measure used to express the reported result - mg/L and mg/Kg (equivalent to PPM - parts per million in liquid and solid), ug/L and ug/Kg 
(equivalent to PPB - parts per billion in liquid and solid), ug/m3, mg.m3, ppbv and ppmv  (all units of measure for reporting concentrations in air), % ( 
equivalent to 10000 ppm or 1,000,000 ppb), ug/Wipe ( concentration found on the surface of a single Wipe usually taken over a 100cm2 surface)

B - Indicates when the anlayte is found in the associated method or preparation blank 
D - Surrogate is not recoverable due to the necessary dilution of the sample
E - Indicates the reportable value is outside of the calibration range of the instrument but within the linear range of the instrument (unless otherwise noted) 
Values reported with an E qualifier should be considered as estimated.
H- Indicates that the recommended holding time for the analyte or compound has been exceeded
J- Indicates a value between the method MDL and PQL and that the reported concentration should be considered as estimated rather the quantitative 
NA - Not Analyzed
N/A - Not Applicable
NR - Not recoverable - a matrix spike concentration is not recoverable due to a concentration within the original sample that is greater than four times the spike 
concentration added
R- The % RPD between a duplicate set of samples is outside of the absolute values established by laboratory control charts
S- Spike recovery is outside of established method and/or laboratory control limits.  Further explanation of the use of this qualifier should be included within a 
case narrative

    X -Used to indicate that a value based on pattern identification is within the pattern range but not typical of the pattern found in standards.       
    Further explanation may or may not be provided within the sample footnote and/or the case narrative.

DEFINITIONS: 

Accuracy/Bias (% Recovery) - The closeness of agreement between an observed value and an accepted reference value.

LABORATORY QUALIFIERS:

Page 30 of 35Total Page Count:  35



pH Adjusted by:  pH Checked by:  

°C3

No VOA vials submitted

No

Yes

Temperature:

Water-pH acceptable upon receipt?

Water-VOA vials have zero headspace?

Container/Temp Blank temperature in compliance?

All samples received within holding time?

Sample Preservation and Hold Time (HT) Information

YesSamples containers intact?

Yes

Yes

Not Present

Yes

Sufficient sample volume for indicated test?

Samples in proper container/bottle?

Custody seals intact on shipping container/cooler?

Shipping Container/Cooler In Good Condition?

Sample Receipt Information

Yes

Yes

Yes

Not Present

Chain of custody agrees with sample labels?

Chain of custody signed when relinquished and received?

Chain of custody present?

Custody seals intact on sample bottles?

Chain of Custody (COC) Information

Checklist Completed By:  lorna

Carrier Name:  Hi-Speed Courier

Physically Logged By:  

Received By:   raj

Date and Time Received:  4/20/2010  13:10

Work Order No.:  1004091

Project Name:  Petaluma CA

Client Name:  URS (San Jose)

Sample Receipt Checklist
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Login Summary Report

Report Due Date:

5 day TAT! Received 14soils. Asbestos subbed to EMSL.

13:10

4/20/2010

URS (San Jose)TL5174

Petaluma CA

4/27/2010

TAT Requested:

Date Received:

Time Received:

QC Level: 

Project Name:

Project # :

Comments:

Client ID:

5+ day:0

1004091Work Order # :

SubbedRequested
Tests

Test
On Hold

Sample
On Hold

Scheduled
Disposal

MatrixCollection 
Date/Time

Client 
Sample ID

WO Sample ID

S-1 @ 0.51004091-001A Soil 10/17/1004/19/10 13:59
S_6010BCAM17

Sample Note:  Metals-Pb only.

S-1 @ 1.01004091-002A Soil 10/17/1004/19/10 14:04
S_pH9045C
S_7471BHG
S_GCMS-GRO
SUB_AsbestosCARB
435

Yes

S_8260Full
S_TPHDO
S_6010BCAM17

S-1 @ 1.51004091-003A Soil 10/17/1004/19/10 14:09
S_6010BCAM17

Sample Note:  Metals-Pb only.

S-1 @ 2.01004091-004A Soil 10/17/1004/19/10 14:13
S_6010BCAM17

Sample Note:  Metals-Pb only.

S-1 @ 3.01004091-005A Soil 10/17/1004/19/10 14:16
S_GCMS-GRO
S_8260MBTEX
S_6010BCAM17
S_TPHDO

Sample Note:  Metals-Pb only.

M-10 @ 0.51004091-006A Soil 10/17/1004/19/10 13:25
S_6010BCAM17

Sample Note:  Metals-Pb only.

M-10 @ 1.01004091-007A Soil 10/17/1004/19/10 13:29
S_pH9045C
SUB_AsbestosCARB
435

Yes

S_7471BHG
S_TPHDO
S_6010BCAM17
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Login Summary Report

Report Due Date:

5 day TAT! Received 14soils. Asbestos subbed to EMSL.

13:10

4/20/2010

URS (San Jose)TL5174

Petaluma CA

4/27/2010

TAT Requested:

Date Received:

Time Received:

QC Level: 

Project Name:

Project # :

Comments:

Client ID:

5+ day:0

1004091Work Order # :

SubbedRequested
Tests

Test
On Hold

Sample
On Hold

Scheduled
Disposal

MatrixCollection 
Date/Time

Client 
Sample ID

WO Sample ID

S_8260Full
S_GCMS-GRO

M-10 @ 1.51004091-008A Soil 10/17/1004/19/10 13:35
S_6010BCAM17

Sample Note:  Metals-Pb only.

M-10 @ 2.01004091-009A Soil 10/17/1004/19/10 13:40
S_6010BCAM17

Sample Note:  Metals-Pb only.

M-10 @ 3.01004091-010A Soil 10/17/1004/19/10 13:44
S_GCMS-GRO
S_8260MBTEX
S_TPHDO
S_6010BCAM17

Sample Note:  Metals-Pb only.

N-7 @ 0.51004091-011A Soil 10/17/1004/19/10 14:37
S_6010BCAM17

Sample Note:  Metals-Pb only.

N-7 @1.01004091-012A Soil 10/17/1004/19/10 14:40
S_6010BCAM17

Sample Note:  Metals-Pb only.

N-7 @ 1.51004091-013A Soil 10/17/1004/19/10 14:42
S_6010BCAM17

Sample Note:  Metals-Pb only.

N-7 @ 2.01004091-014A Soil 10/17/1004/19/10 14:45
S_6010BCAM17

Sample Note:  Metals-Pb only.
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URS (San Jose)
100 W San Fernando St, Suite200
San Jose, California 95113
Tel: 4082979585
Fax: 4082976962

RE: Petaluma CA

Torrent Laboratory, Inc. received 20 sample(s) on April 19, 2010 for the analyses presented 
in the following Report.

Dear James Ripple:

Work Order No.:  1004072 Rev:  1

All data for associated QC met EPA or laboratory specification(s) except where noted in the 
case narrative.

Torrent Laboratory, Inc. is certified by the State of California, ELAP #1991.  If you have any 
questions regarding these test results, please feel free to contact the Project Management 
Team at (408)263-5258; ext 204.

Date

May 18, 2010

Patti Sandrock
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Date:  5/18/2010

Client:  URS (San Jose)

Project:  Petaluma CA

Work Order:  1004072

CASE NARRATIVE

No issues encountered with the receiving, preparation, analysis or reporting of the results associated with 
this work order.

Analytical Comments for Asbestos, Note: Analysis performed by sub-contract laboratory EMSL, Inc NVLAP 
Certification # 101048-3. Results to follow under separate cover.

Analytical Comments for Method S_6010B, 1004072-008A MS/MSD Note:The % recoveries for Barium are 
outside of laboratory control limits but within % RPD and LCS/LCSD % recovery limits.  No corrective 
action required.

REVISIONS:

Per client request, additional TCLP, STLC and DI-STLC anlaysis was performed on specified samples (see 
attachment at end of report).

Note: Extraction of 50 g sample / 500g 0.2M Sodium Citrate Solution was performed according to wet 
extraction procedure (WET) which was rotated in a rotary shaker for 48 hours.
         
 
          Date Prepared: 5/9/10 @ 1PM to 5/11/10 @ 1PM

Note: Extraction of 100 g sample / 2000g TCLP Fluid # 1 was performed according to Toxicity 
Characteristic Leaching Procedure (TCLP) which was rotated in a rotary shaker for 18 hours.

           Date Prepared: 5/6/10 @ 3:50PM to 5/7/10 @ 9:50AM.

Note: Extraction of 50 g sample  with DI water was performed according to wet extraction procedure (WET) 
which was rotated in a rotary shaker for 48 hours.
         
 
          Date Prepared: 5/11/10 @ 11:20AM to 5/3/10 @ 11:20AM.

Rev1   5/17/10
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Report prepared for:  James Ripple

URS (San Jose)

Date Received:  04/19/10

Date Reported:  05/18/10

Sample Result Summary

1004072-003AS-13 @ 0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg131.00.13SW6010B 1

1004072-004AS-13 @ 1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead (STLC) mg/L0.530.100.0500SW6010B 1

Lead mg/Kg651.00.13SW6010B 1

1004072-005AS-12 @ 0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead (STLC) mg/L0.930.100.0500SW6010B 1

Lead mg/Kg891.00.13SW6010B 1

1004072-006AS-12 @ 1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg211.00.13SW6010B 1

TPH as Motor Oil mg/Kg13007933.0SW8015B(M) 20

1004072-007AS-11  @ 0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg271.00.13SW6010B 1
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Report prepared for:  James Ripple

URS (San Jose)

Date Received:  04/19/10

Date Reported:  05/18/10

Sample Result Summary

1004072-008AS-11 @ 1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Arsenic mg/Kg2.41.70.28SW6010B 1
Barium mg/Kg825.01SW6010B 1
Chromium mg/Kg385.00.0590SW6010B 1
Cobalt mg/Kg9.15.00.14SW6010B 1
Copper mg/Kg205.00.0900SW6010B 1
Lead mg/Kg2.71.00.13SW6010B 1
Nickel mg/Kg545.00.0590SW6010B 1
Silver mg/Kg1.11.00SW6010B 1
Vanadium mg/Kg275.00.12SW6010B 1
Zinc mg/Kg395.00.59SW6010B 1

pH S.U.8.812.00.10SW9045C 1

1004072-009AS-10 @ 0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg251.00.13SW6010B 1

1004072-010AS-10 @ 1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg9.91.00.13SW6010B 1

1004072-011AN-14 @1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead (STLC) mg/L150.100.0500SW6010B 1

Lead (TCLP) mg/L0.140.100.05SW6010B 1

Lead mg/Kg1401.00.13SW6010B 1

Lead (DI-STLC) mg/L0.120.100.0500SW6010B 1
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Report prepared for:  James Ripple

URS (San Jose)

Date Received:  04/19/10

Date Reported:  05/18/10

Sample Result Summary

1004072-012AN-14 @ 1.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg8.31.00.13SW6010B 1

1004072-013AN-14 @ 2.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg7.01.00.13SW6010B 1

1004072-014AN-14 @ 3.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Chromium (STLC) mg/L0.140.100.0200SW6010B 1

Antimony mg/Kg5.55.00.20SW6010B 1
Arsenic mg/Kg2.11.70.28SW6010B 1
Barium mg/Kg1905.01SW6010B 1
Chromium mg/Kg1805.00.0590SW6010B 1
Cobalt mg/Kg195.00.14SW6010B 1
Copper mg/Kg295.00.0900SW6010B 1
Lead mg/Kg5.71.00.13SW6010B 1
Nickel mg/Kg1805.00.0590SW6010B 1
Vanadium mg/Kg515.00.12SW6010B 1
Zinc mg/Kg385.00.59SW6010B 1

pH S.U.8.242.00.10SW9045C 1

1004072-015AN-17 @ 0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg311.00.13SW6010B 1

1004072-016AN-17 @1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg491.00.13SW6010B 1
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Report prepared for:  James Ripple

URS (San Jose)

Date Received:  04/19/10

Date Reported:  05/18/10

Sample Result Summary

1004072-017AN-17 @1.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead (STLC) mg/L100.100.0500SW6010B 1

Lead (TCLP) mg/L0.440.100.05SW6010B 1

Lead mg/Kg10001.00.13SW6010B 1

1004072-018AN-17 @2.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg5.31.00.13SW6010B 1

1004072-019AN-17 @ 3.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Arsenic mg/Kg3.31.70.28SW6010B 1
Barium mg/Kg1505.01SW6010B 1
Chromium mg/Kg335.00.0590SW6010B 1
Cobalt mg/Kg8.65.00.14SW6010B 1
Copper mg/Kg195.00.0900SW6010B 1
Lead mg/Kg7.71.00.13SW6010B 1
Nickel mg/Kg325.00.0590SW6010B 1
Vanadium mg/Kg365.00.12SW6010B 1
Zinc mg/Kg245.00.59SW6010B 1

pH S.U.7.412.00.10SW9045C 1
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/19/10

URS (San Jose)
James Ripple

1004072-003ALab Sample ID:  

Sample Matrix: Soil

S-13 @ 0.5

Petaluma CA

04/15/10 / 12:57

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/20/10 400617mg/Kg13Lead 04/20/10 0.13 1.0 03111
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/19/10

URS (San Jose)
James Ripple

1004072-004ALab Sample ID:  

Sample Matrix: Soil

S-13 @ 1.0

Petaluma CA

04/15/10 / 12:59

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/11/10 400854mg/L0.53Lead (STLC) 05/12/10 0.0500 0.10 04131

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/20/10 400617mg/Kg65Lead 04/20/10 0.13 1.0 03111

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/13/10 400865mg/LNDLead (DI-STLC) 05/13/10 0.0500 0.10 04241
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/19/10

URS (San Jose)
James Ripple

1004072-005ALab Sample ID:  

Sample Matrix: Soil

S-12 @ 0.5

Petaluma CA

04/15/10 / 13:08

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/12/10 400849mg/L0.93Lead (STLC) 05/12/10 0.0500 0.10 04111

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/20/10 400617mg/Kg89Lead 04/20/10 0.13 1.0 03111

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/13/10 400865mg/LNDLead (DI-STLC) 05/13/10 0.0500 0.10 04241
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/19/10

URS (San Jose)
James Ripple

1004072-006ALab Sample ID:  

Sample Matrix: Soil

S-12 @ 1.0

Petaluma CA

04/15/10 / 13:10

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/20/10 400617mg/Kg21Lead 04/20/10 0.13 1.0 03111

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW8260B NA 400628ug/KgNDMTBE 04/20/10 2.6 10 NA1

SW8260B NA 400628ug/KgNDtert-Butanol 04/20/10 21 50 NA1

SW8260B NA 400628ug/KgNDDiisopropyl ether (DIPE) 04/20/10 2.2 10 NA1

SW8260B NA 400628ug/KgNDETBE 04/20/10 2.4 10 NA1

SW8260B NA 400628ug/KgNDBenzene 04/20/10 1.5 10 NA1

SW8260B NA 400628ug/KgNDTAME 04/20/10 2.1 10 NA1

SW8260B NA 400628ug/KgNDToluene 04/20/10 0.98 10 NA1

SW8260B NA 400628ug/KgNDEthyl Benzene 04/20/10 0.86 10 NA1

SW8260B NA 400628ug/KgNDm,p-Xylene 04/20/10 1.9 10 NA1

SW8260B NA 400628ug/KgNDo-Xylene 04/20/10 0.66 5.0 NA1

SW8260B NA 400628%117(S) Dibromofluoromethane 04/20/10 59.8 148 NA1

SW8260B NA 400628%105(S) Toluene-d8 04/20/10 55.2 133 NA1

SW8260B NA 400628%117(S) 4-Bromofluorobenzene 04/20/10 55.8 141 NA1

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

8260TPH NA 400629ug/KgNDTPH(Gasoline) 04/20/10 17 100 NA1

8260TPH NA 400629S %47.4(S) 4-Bromofluorobenzene 04/20/10 57 127 NA1

S-Low surrogate recovery; analyzed twice.NOTE:

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW8015B(M) 4/19/10 400634mg/KgNDTPH as Diesel 04/20/10 15.2 40 030520

SW8015B(M) 4/19/10 400634mg/Kg1300TPH as Motor Oil 04/20/10 33.0 79 030520

SW8015B(M) 4/19/10 400634mg/Kg102Pentacosane (S) 04/20/10 59.7 129 030520
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/19/10

URS (San Jose)
James Ripple

1004072-007ALab Sample ID:  

Sample Matrix: Soil

S-11  @ 0.5

Petaluma CA

04/15/10 / 13:19

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/20/10 400617mg/Kg27Lead 04/20/10 0.13 1.0 03111
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/19/10

URS (San Jose)
James Ripple

1004072-008ALab Sample ID:  

Sample Matrix: Soil

S-11 @ 1.0

Petaluma CA

04/15/10 / 13:21

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/20/10 400617mg/KgNDAntimony 04/20/10 0.20 5.0 03111

SW6010B 4/20/10 400617mg/Kg2.4Arsenic 04/20/10 0.28 1.7 03111

SW6010B 4/20/10 400617mg/Kg82Barium 04/20/10 1 5.0 03111

SW6010B 4/20/10 400617mg/KgNDBeryllium 04/20/10 0.0840 2.0 03111

SW6010B 4/20/10 400617mg/KgNDCadmium 04/20/10 0.0590 1.0 03111

SW6010B 4/20/10 400617mg/Kg38Chromium 04/20/10 0.0590 5.0 03111

SW6010B 4/20/10 400617mg/Kg9.1Cobalt 04/20/10 0.14 5.0 03111

SW6010B 4/20/10 400617mg/Kg20Copper 04/20/10 0.0900 5.0 03111

SW6010B 4/20/10 400617mg/Kg2.7Lead 04/20/10 0.13 1.0 03111

SW6010B 4/20/10 400617mg/KgNDMolybdenum 04/20/10 0.0590 5.0 03111

SW6010B 4/20/10 400617mg/Kg54Nickel 04/20/10 0.0590 5.0 03111

SW6010B 4/20/10 400617mg/KgNDSelenium 04/20/10 0.29 5.0 03111

SW6010B 4/20/10 400617mg/Kg1.1Silver 04/20/10 0 1.0 03111

SW6010B 4/20/10 400617mg/KgNDThallium 04/20/10 0.12 5.0 03111

SW6010B 4/20/10 400617mg/Kg27Vanadium 04/20/10 0.12 5.0 03111

SW6010B 4/20/10 400617mg/Kg39Zinc 04/20/10 0.59 5.0 03111

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

7471B 4/19/10 400608mg/KgNDMercury 04/20/10 0.01 0.10 03011

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW9045C 4/19/10 400609S.U.8.81pH 04/19/10 0.10 2.0 03021
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/19/10

URS (San Jose)
James Ripple

1004072-009ALab Sample ID:  

Sample Matrix: Soil

S-10 @ 0.5

Petaluma CA

04/15/10 / 13:30

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/20/10 400617mg/Kg25Lead 04/20/10 0.13 1.0 03111
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/19/10

URS (San Jose)
James Ripple

1004072-010ALab Sample ID:  

Sample Matrix: Soil

S-10 @ 1.0

Petaluma CA

04/15/10 / 13:32

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/20/10 400617mg/Kg9.9Lead 04/20/10 0.13 1.0 03111
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/19/10

URS (San Jose)
James Ripple

1004072-011ALab Sample ID:  

Sample Matrix: Soil

N-14 @1.0

Petaluma CA

04/15/10 / 10:19

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/12/10 400849mg/L15Lead (STLC) 05/12/10 0.0500 0.10 04111

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/7/10 400786mg/L0.14Lead (TCLP) 05/07/10 0.05 0.10 03921

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/20/10 400617mg/Kg140Lead 04/20/10 0.13 1.0 03111

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/13/10 400865mg/L0.12Lead (DI-STLC) 05/13/10 0.0500 0.10 04241
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/19/10

URS (San Jose)
James Ripple

1004072-012ALab Sample ID:  

Sample Matrix: Soil

N-14 @ 1.5

Petaluma CA

04/15/10 / 10:21

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/20/10 400617mg/Kg8.3Lead 04/20/10 0.13 1.0 03111
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/19/10

URS (San Jose)
James Ripple

1004072-013ALab Sample ID:  

Sample Matrix: Soil

N-14 @ 2.0

Petaluma CA

04/15/10 / 10:23

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/20/10 400617mg/Kg7.0Lead 04/20/10 0.13 1.0 03111

Page 17 of 37Total Page Count:  37



SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/19/10

URS (San Jose)
James Ripple

1004072-014ALab Sample ID:  

Sample Matrix: Soil

N-14 @ 3.0

Petaluma CA

04/15/10 / 10:25

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/12/10 400849mg/L0.14Chromium (STLC) 05/12/10 0.0200 0.10 04111

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/20/10 400617mg/Kg5.5Antimony 04/20/10 0.20 5.0 03111

SW6010B 4/20/10 400617mg/Kg2.1Arsenic 04/20/10 0.28 1.7 03111

SW6010B 4/20/10 400617mg/Kg190Barium 04/20/10 1 5.0 03111

SW6010B 4/20/10 400617mg/KgNDBeryllium 04/20/10 0.0840 2.0 03111

SW6010B 4/20/10 400617mg/KgNDCadmium 04/20/10 0.0590 1.0 03111

SW6010B 4/20/10 400617mg/Kg180Chromium 04/20/10 0.0590 5.0 03111

SW6010B 4/20/10 400617mg/Kg19Cobalt 04/20/10 0.14 5.0 03111

SW6010B 4/20/10 400617mg/Kg29Copper 04/20/10 0.0900 5.0 03111

SW6010B 4/20/10 400617mg/Kg5.7Lead 04/20/10 0.13 1.0 03111

SW6010B 4/20/10 400617mg/KgNDMolybdenum 04/20/10 0.0590 5.0 03111

SW6010B 4/20/10 400617mg/Kg180Nickel 04/20/10 0.0590 5.0 03111

SW6010B 4/20/10 400617mg/KgNDSelenium 04/20/10 0.29 5.0 03111

SW6010B 4/20/10 400617mg/KgNDSilver 04/20/10 0 1.0 03111

SW6010B 4/20/10 400617mg/KgNDThallium 04/20/10 0.12 5.0 03111

SW6010B 4/20/10 400617mg/Kg51Vanadium 04/20/10 0.12 5.0 03111

SW6010B 4/20/10 400617mg/Kg38Zinc 04/20/10 0.59 5.0 03111

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

7471B 4/19/10 400608mg/KgNDMercury 04/20/10 0.01 0.10 03011

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW7199M 5/11/10 400887mg/KgNDHexavalent Chromium 05/11/10 0.015 0.10 04361

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW9045C 4/19/10 400609S.U.8.24pH 04/19/10 0.10 2.0 03021
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/19/10

URS (San Jose)
James Ripple

1004072-015ALab Sample ID:  

Sample Matrix: Soil

N-17 @ 0.5

Petaluma CA

04/15/10 / 11:28

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/20/10 400617mg/Kg31Lead 04/20/10 0.13 1.0 03111
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/19/10

URS (San Jose)
James Ripple

1004072-016ALab Sample ID:  

Sample Matrix: Soil

N-17 @1.0

Petaluma CA

04/15/10 / 11:30

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/20/10 400617mg/Kg49Lead 04/20/10 0.13 1.0 03111
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/19/10

URS (San Jose)
James Ripple

1004072-017ALab Sample ID:  

Sample Matrix: Soil

N-17 @1.5

Petaluma CA

04/15/10 / 11:32

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/12/10 400849mg/L10Lead (STLC) 05/12/10 0.0500 0.10 04111

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/7/10 400786mg/L0.44Lead (TCLP) 05/07/10 0.05 0.10 03921

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/20/10 400617mg/Kg1000Lead 04/20/10 0.13 1.0 03111

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/13/10 400866mg/LNDLead (DI-STLC) 05/13/10 0.0500 0.10 04251
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/19/10

URS (San Jose)
James Ripple

1004072-018ALab Sample ID:  

Sample Matrix: Soil

N-17 @2.0

Petaluma CA

04/15/10 / 11:34

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/20/10 400617mg/Kg5.3Lead 04/20/10 0.13 1.0 03111
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/19/10

URS (San Jose)
James Ripple

1004072-019ALab Sample ID:  

Sample Matrix: Soil

N-17 @ 3.0

Petaluma CA

04/15/10 / 11:36

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/20/10 400617mg/KgNDAntimony 04/20/10 0.20 5.0 03111

SW6010B 4/20/10 400617mg/Kg3.3Arsenic 04/20/10 0.28 1.7 03111

SW6010B 4/20/10 400617mg/Kg150Barium 04/20/10 1 5.0 03111

SW6010B 4/20/10 400617mg/KgNDBeryllium 04/20/10 0.0840 2.0 03111

SW6010B 4/20/10 400617mg/KgNDCadmium 04/20/10 0.0590 1.0 03111

SW6010B 4/20/10 400617mg/Kg33Chromium 04/20/10 0.0590 5.0 03111

SW6010B 4/20/10 400617mg/Kg8.6Cobalt 04/20/10 0.14 5.0 03111

SW6010B 4/20/10 400617mg/Kg19Copper 04/20/10 0.0900 5.0 03111

SW6010B 4/20/10 400617mg/Kg7.7Lead 04/20/10 0.13 1.0 03111

SW6010B 4/20/10 400617mg/KgNDMolybdenum 04/20/10 0.0590 5.0 03111

SW6010B 4/20/10 400617mg/Kg32Nickel 04/20/10 0.0590 5.0 03111

SW6010B 4/20/10 400617mg/KgNDSelenium 04/20/10 0.29 5.0 03111

SW6010B 4/20/10 400617mg/KgNDSilver 04/20/10 0 1.0 03111

SW6010B 4/20/10 400617mg/KgNDThallium 04/20/10 0.12 5.0 03111

SW6010B 4/20/10 400617mg/Kg36Vanadium 04/20/10 0.12 5.0 03111

SW6010B 4/20/10 400617mg/Kg24Zinc 04/20/10 0.59 5.0 03111

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

7471B 4/19/10 400608mg/KgNDMercury 04/20/10 0.01 0.10 03011

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW9045C 4/19/10 400609S.U.7.41pH 04/19/10 0.10 2.0 03021
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MB Summary Report

Work Order:  

Matrix:

Units:

Prep Method: 

7471ABAnalytical 
Method:

Prep Date:

Analyzed Date:

04/19/10 Prep Batch:

Analytical 
Batch:

400608

mg/Kg

04/20/10

03017471

Soil

1004072

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.01 0.10Mercury ND 

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

04/20/10 Prep Batch:

Analytical 
Batch:

400617

mg/Kg

04/20/10

03113050

Soil

1004072

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.20 5.0Antimony ND 

0.28 1.7Arsenic ND 

1 5.0Barium ND 

0.0840 2.0Beryllium ND 

0.059 1.0Cadmium ND 

0.059 5.0Chromium 0.10 

0.14 5.0Cobalt ND 

0.090 5.0Copper 0.35 

0.13 1.0Lead 0.20 

0.059 5.0Molybdenum 0.15 

0.059 5.0Nickel 1.1 

0.29 5.0Selenium ND 

1.0 1.0Silver ND 

0.12 5.0Thallium ND 

0.12 5.0Vanadium ND 

0.59 5.0Zinc ND 

Work Order:  

Matrix:

Units:

Prep Method: 

SW8015B(M)Analytical 
Method:

Prep Date:

Analyzed Date:

04/19/10 Prep Batch:

Analytical 
Batch:

400634

mg/Kg

04/20/10

03053545_TPH

Soil

1004072

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.758 2.0TPH as Diesel ND 

1.78 4.0TPH as Motor Oil ND 

Pentacosane (S) 95.8 %
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MB Summary Report

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

05/07/10 Prep Batch:

Analytical 
Batch:

400786

mg/L

05/07/10

03921311/3010B

Soil

1004072

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.0500 0.10Lead (TCLP) ND 

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

05/12/10 Prep Batch:

Analytical 
Batch:

400849

mg/Kg

05/12/10

0411WET/3010B

Soil

1004072

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.0200 0.10Chromium (STLC) ND 

0.0300 0.10Copper (STLC) ND 

0.0500 0.10Lead (STLC) ND 

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

05/11/10 Prep Batch:

Analytical 
Batch:

400854

mg/Kg

05/12/10

0413WET/3010B

Soil

1004072

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.0200 0.10Chromium (STLC) ND 

0.0500 0.10Lead (STLC) ND 

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

05/13/10 Prep Batch:

Analytical 
Batch:

400865

mg/Kg

05/13/10

0424WET-DI/3010B

Soil

1004072

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.0500 0.10Lead (DI-STLC) ND 
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MB Summary Report

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

05/13/10 Prep Batch:

Analytical 
Batch:

400866

mg/Kg

05/13/10

0425WET-DI/3010B

Soil

1004072

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.0500 0.10Lead (DI-STLC) ND 

Work Order:  

Matrix:

Units:

Prep Method: 

SW7199Analytical 
Method:

Prep Date:

Analyzed Date:

05/11/10 Prep Batch:

Analytical 
Batch:

400887

mg/Kg

05/11/10

04367199M

Soil

1004072

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.015 0.10Hexavalent Chromium ND 
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LCS/LCSD Summary Report
Raw values are used in quality control assessment.

Work Order:  

Matrix:

Units:

Prep Method: 

7471BAnalytical 
Method:

Prep Date:

Analyzed Date:

04/19/10 Prep Batch:

Analytical 
Batch:

40060804/20/10

mg/Kg

7471 0301

Soil

1004072

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

0.10 1.250.01 0.00167 1.37 3080.5 - 133Mercury 108 107

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

04/20/10 Prep Batch:

Analytical 
Batch:

40061704/20/10

mg/Kg

3050 0311

Soil

1004072

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

5 500.2 -0.10 0.833 3030.7 - 130Antimony 96.4 95.6

1.7 500.28 0.050 0.861 3071 - 121Arsenic 93.3 92.5

5 501.1 0.15 1.14 3070.2 - 130Barium 95.8 96.9

2 500.084 0.00 0.970 3073.3 - 115Beryllium 92.3 93.2

1 500.059 0.00 1.07 68.7 - 110Cadmium 92.8 93.8

5 500.059 0.10 0.415 3076 - 116Chromium 96.6 96.2

5 500.14 0.050 0.209 3057.4 - 122Cobalt 95.9 95.7

5 500.09 0.35 2.32 3074.8 - 119Copper 97.8 100

1 500.13 0.20 0.629 3067.9 - 118Lead 95.7 95.1

5 500.059 0.15 0.715 3062.9 - 123Molybdenum 98.3 97.6

5 500.059 1.1 1.04 3061.5 - 122Nickel 95.9 96.9

5 500.29 0.10 0.904 3062 - 111Selenium 88.9 88.1

1 501 0.00 1.37 3081.1 - 109Silver 94 95.3

5 500.12 0.050 0.545 3039.2 - 125Thallium 92 91.5

5 500.12 0.00 0.310 3065.8 - 122Vanadium 96.7 97.0

5 500.59 0.20 1.08 3059.9 - 122Zinc 91.7 92.7

Work Order:  

Matrix:

Units:

Prep Method: 

SW8015B(M)Analytical 
Method:

Prep Date:

Analyzed Date:

04/19/10 Prep Batch:

Analytical 
Batch:

40063404/20/10

mg/Kg

3545_TPH 0305

Soil

1004072

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

2 33.330.758 0.32 0.757 3052.7 - 115TPH as Diesel 80.7 80.1

100-3.2 59.7 - 129TPH as Motor Oil
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LCS/LCSD Summary Report
Raw values are used in quality control assessment.

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

05/07/10 Prep Batch:

Analytical 
Batch:

40078605/07/10

mg/L

1311/3010B 0392

Soil

1004072

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

0.1 100.05 0.000 0.644 2080 - 120Lead (TCLP) 92.8 93.4

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

05/12/10 Prep Batch:

Analytical 
Batch:

40084905/12/10

mg/Kg

WET/3010B 0411

Soil

1004072

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

0.10 100.0200 0.0100 0.829 2080 - 120Chromium (STLC) 84.8 84.1

0.10 100.0300 -0.0600 0.903 2080 - 120Copper (STLC) 88.2 89.0

0.10 100.0500 0.0100 0.734 2080 - 120Lead (STLC) 81.4 82.0

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

05/11/10 Prep Batch:

Analytical 
Batch:

40085405/12/10

mg/Kg

WET/3010B 0413

Soil

1004072

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

0.10 100.0200 ,0.0100 0.644 2080 - 120Chromium (STLC) 93.4 92.8

0.10 100.0500 ,0.000 0.440 2080 - 120Lead (STLC) 91.1 90.7

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

05/13/10 Prep Batch:

Analytical 
Batch:

40086505/13/10

mg/Kg

WET-DI/3010B 0424

Soil

1004072

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

0.10 100.0500 ,0.000 0.203 2080 - 120Lead (DI-STLC) 98.5 98.7
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LCS/LCSD Summary Report
Raw values are used in quality control assessment.

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

05/13/10 Prep Batch:

Analytical 
Batch:

40086605/13/10

mg/L

WET-DI/3010B 0425

Soil

1004072

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

0.10 100.0500 ,0.0100 2.16 2080 - 120Lead (DI-STLC) 93.8 91.8

Work Order:  

Matrix:

Units:

Prep Method: 

SW7199Analytical 
Method:

Prep Date:

Analyzed Date:

05/11/10 Prep Batch:

Analytical 
Batch:

40088705/11/10

mg/Kg

7199M 0436

Soil

1004072

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

0.10 0.10.015 ,0.0006 6.16 3065 - 135Hexavalent Chromium 95.9 90.2
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MS/MSD Summary Report
Raw values are used in quality control assessment.

Work Order:  1004072

Analyzed Date:

Prep Date:

Matrix:

Prep Method: 04/20/10

1004072-008ASpiked Sample:

Analytical 
Method:

Prep Batch:

Units:

Analytical 
Batch:

SW6010B 40061704/20/10

mg/Kg

03113050

Soil

Parameters MDL PQL Sample
Conc. 

Spike
Conc.

MS %
Recovery

MSD %
Recovery

MS/MSD
% RPD

%
Recovery

Limits

% RPD
Limits

Lab
Qualifier

50 30.7 - 1300.20 5.0 3.10 30Antimony 85.2 82.60.00

50 71 - 1210.28 1.7 1.54 30Arsenic 85.4 86.80.048

50 70.2 - 1301 S5.0 12.3 30Barium 26.2 50.31.6

50 73.3 - 1150.0840 2.0 2.15 30Beryllium 78.2 79.90.00

50 68.7 - 1100.059 1.0 0.117 30Cadmium 85.8 85.70.00

50 76 - 1160.059 5.0 8.57 30Chromium 76.2 89.70.77

50 57.4 - 1220.14 5.0 2.71 30Cobalt 82.5 80.30.18

50 74.8 - 1190.090 5.0 1.51 30Copper 85.3 86.90.40

50 67.9 - 1180.13 1.0 1.19 30Lead 77.9 78.90.054

50 62.9 - 1230.059 5.0 5.07 30Molybdenum 86.9 82.60.00

50 61.5 - 1220.059 5.0 3.00 30Nickel 77.1 82.71.1

50 62 - 1110.29 5.0 3.10 30Selenium 76.2 78.60.00

50 81.1 - 1091.0 1.0 1.06 30Silver 93.6 94.60.00

50 39.2 - 1250.12 5.0 0.631 30Thallium 63.2 63.60.00

50 65.8 - 1220.12 5.0 2.07 30Vanadium 95.9 92.90.55

50 59.9 - 1220.59 5.0 9.52 30Zinc 62.1 76.00.78

Work Order:  1004072

Analyzed Date:

Prep Date:

Matrix:

Prep Method: 05/12/10

1004072-005ASpiked Sample:

Analytical 
Method:

Prep Batch:

Units:

Analytical 
Batch:

SW6010B 40084905/12/10

mg/L

0411WET/3010B

Soil

Parameters MDL PQL Sample
Conc. 

Spike
Conc.

MS %
Recovery

MSD %
Recovery

MS/MSD
% RPD

%
Recovery

Limits

% RPD
Limits

Lab
Qualifier

10 75 - 1250.0200 0.10 2.40 20Chromium (STLC) 78.3 80.20.000

10 75 - 1250.0300 0.10 3.11 20Copper (STLC) 82.2 84.80.000

10 75 - 1250.0500 0.10 0.780 20Lead (STLC) 80.8 80.10.0930

Work Order:  1004072

Analyzed Date:

Prep Date:

Matrix:

Prep Method: 05/13/10

1004072-017ASpiked Sample:

Analytical 
Method:

Prep Batch:

Units:

Analytical 
Batch:

SW6010B 40086605/13/10

mg/L

0425WET-DI/3010B

Soil

Parameters MDL PQL Sample
Conc. 

Spike
Conc.

MS %
Recovery

MSD %
Recovery

MS/MSD
% RPD

%
Recovery

Limits

% RPD
Limits

Lab
Qualifier

10 75 - 1250.0500 0.10 0.529 20Lead (DI-STLC) 93.6 94.10.00600
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Duplicate Summary Report

Work Order:  

Matrix:

Units:

Prep Method: 

SW9045CAnalytical 
Method:

Prep Date:

Analyzed Date:

4/19/2010 Prep Batch:

Analytical 
Batch:

40060904/19/10

1004072

Lab Sample ID:  1004070-001A-Dup

9045C 0302

Soil

Parameters PQL MDL Sample
Result

Duplicate
Result

% RPD

pH 0.100 2.00 8.58 0.05838.56

Raw values are used in quality control assessment.
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Laboratory Qualifiers and Definitions

Method Detection Limit (MDL) -  the minimum concentration of a substance that can be measured and reported with a 99% confidence that the analyte 
concentration is greater than zero 

Matrix Spike (MS/MSD) -  Client sample spiked with identical concentrations of target analyte (s).  The spiking occurs prior to the sample preparation and 
analysis.  They are used to document the precision and bias of a method in a given sample matrix.

Matrix - the component or substrate that contains the analyte of interest (e.g., - groundwater, sediment, soil, waste water, etc)

Laboratory Control Sample (LCS ad LCSD) - A known matrix spiked with compounds representative of the target analyte(s).  This is used to document 
laboratory performance.

Duplicate - a field sample and/or laboratory QC sample prepared in duplicate following all of the same processes and procedures used on the original sample 
(sample duplicate, LCSD, MSD)

Blank (Method/Preparation Blank) -MB/PB - An analyte-free matrix to which all reagents are added in the same volumes/proportions as used in sample 
processing.  The method blank is used to document contamination resulting from the analytical process.

Practical Quantitation Limit  (PQL) - a laboratory determined value at 2 to 5 times above the MDL that can be reproduced in a manner that results in a 99% 
confidence level that the result is both accurate and precise. PQLs reflect all preparation factors and/or dilution factors that have been applied to the sample 
during the preparation and/or analytical processes.

Precision (%RPD) - The agreement among a set of replicate/duplicate measurements without regard to known value of the replicates 

 Surrogate (S) or (Surr) - An organic compound which is similar to the target analyte(s) in chemical composition and behavior in the analytical process, but 
which is not normally found in environmental samples. Surrogates are used in most organic analysis to demonstrate matrix compatibility with the chosen method 
of analysis

Tentatively Identified Compound (TIC) - A compound not contained within the analytical calibration standards but present in the GCMS library of defined 
compounds.  When the library is searched for an unknown compound, it can frequently give a tentative identification to the compound based on retention time 
and primary and secondary ion match.  TICs are reported as estimates and are candidates for further investigation.

Units: the unit of measure used to express the reported result - mg/L and mg/Kg (equivalent to PPM - parts per million in liquid and solid), ug/L and ug/Kg 
(equivalent to PPB - parts per billion in liquid and solid), ug/m3, mg.m3, ppbv and ppmv  (all units of measure for reporting concentrations in air), % ( 
equivalent to 10000 ppm or 1,000,000 ppb), ug/Wipe ( concentration found on the surface of a single Wipe usually taken over a 100cm2 surface)

B - Indicates when the anlayte is found in the associated method or preparation blank 
D - Surrogate is not recoverable due to the necessary dilution of the sample
E - Indicates the reportable value is outside of the calibration range of the instrument but within the linear range of the instrument (unless otherwise noted) 
Values reported with an E qualifier should be considered as estimated.
H- Indicates that the recommended holding time for the analyte or compound has been exceeded
J- Indicates a value between the method MDL and PQL and that the reported concentration should be considered as estimated rather the quantitative 
NA - Not Analyzed
N/A - Not Applicable
NR - Not recoverable - a matrix spike concentration is not recoverable due to a concentration within the original sample that is greater than four times the spike 
concentration added
R- The % RPD between a duplicate set of samples is outside of the absolute values established by laboratory control charts
S- Spike recovery is outside of established method and/or laboratory control limits.  Further explanation of the use of this qualifier should be included within a 
case narrative

    X -Used to indicate that a value based on pattern identification is within the pattern range but not typical of the pattern found in standards.       
    Further explanation may or may not be provided within the sample footnote and/or the case narrative.

DEFINITIONS:

Accuracy/Bias (% Recovery) - The closeness of agreement between an observed value and an accepted reference value.

LABORATORY QUALIFIERS:
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pH Adjusted by:  pH Checked by:  

°C3

No VOA vials submitted

Yes

Yes

Temperature:

Water-pH acceptable upon receipt?

Water-VOA vials have zero headspace?

Container/Temp Blank temperature in compliance?

All samples received within holding time?

Sample Preservation and Hold Time (HT) Information

YesSamples containers intact?

Yes

Yes

Not Present

Yes

Sufficient sample volume for indicated test?

Samples in proper container/bottle?

Custody seals intact on shipping container/cooler?

Shipping Container/Cooler In Good Condition?

Sample Receipt Information

Yes

Yes

Yes

Not Present

Chain of custody agrees with sample labels?

Chain of custody signed when relinquished and received?

Chain of custody present?

Custody seals intact on sample bottles?

Chain of Custody (COC) Information

Checklist Completed By:  lorna

Carrier Name:  Hi-Speed Courier

Physically Logged By:  

Received By:   lorna

Date and Time Received:  4/19/2010  14:55

Work Order No.:  1004072

Project Name:  Petaluma CA

Client Name:  URS (San Jose)

Sample Receipt Checklist
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Login Summary Report

Report Due Date:

5 day TAT!

14:55

4/19/2010

IIURS (San Jose)TL5174

Petaluma CA

5/14/2010

TAT Requested:

Date Received:

Time Received:

QC Level: 

Project Name:

Project # :

Comments:

Client ID:

5+ day:0

1004072Work Order # :

SubbedRequested
Tests

Test
On Hold

Sample
On Hold

Scheduled
Disposal

MatrixCollection 
Date/Time

Client 
Sample ID

WO Sample ID

N-17 @ 9.01004072-001A Soil On-Hold04/15/10 11:40
S_6010BCAM17

Sample Note:  HOLD

N-17 @ 12.01004072-002A Soil On-Hold04/15/10 11:42
S_6010BCAM17

Sample Note:  HOLD

S-13 @ 0.51004072-003A Soil04/15/10 12:57
S_6010BCAM17

Sample Note:  Metals Pb only for samples 003A-007A, 009A-013A, 015A-018A.

S-13 @ 1.01004072-004A Soil04/15/10 12:59
S_6010B(STLC)
S_6010BDI-STLC
S_6010BCAM17

S-12 @ 0.51004072-005A Soil04/15/10 13:08
S_6010B(STLC)
S_6010BCAM17
S_6010BDI-STLC

S-12 @ 1.01004072-006A Soil04/15/10 13:10
S_6010BCAM17
S_GCMS-GRO
S_8260Pet
S_TPHDO

S-11  @ 0.51004072-007A Soil04/15/10 13:19
S_6010BCAM17

S-11 @ 1.01004072-008A Soil04/15/10 13:21
S_pH9045C
S_7471BHG
SUB_AsbestosCARB
435
S_6010BCAM17

S-10 @ 0.51004072-009A Soil04/15/10 13:30
S_6010BCAM17

S-10 @ 1.01004072-010A Soil04/15/10 13:32
S_6010BCAM17

N-14 @1.01004072-011A Soil04/15/10 10:19
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Login Summary Report

Report Due Date:

5 day TAT!

14:55

4/19/2010

IIURS (San Jose)TL5174

Petaluma CA

5/14/2010

TAT Requested:

Date Received:

Time Received:

QC Level: 

Project Name:

Project # :

Comments:

Client ID:

5+ day:0

1004072Work Order # :

SubbedRequested
Tests

Test
On Hold

Sample
On Hold

Scheduled
Disposal

MatrixCollection 
Date/Time

Client 
Sample ID

WO Sample ID

S_6010B(STLC)
S_6010BDI-STLC
S_6010BCAM17
S_6010B(TCLP)

N-14 @ 1.51004072-012A Soil04/15/10 10:21
S_6010BCAM17

N-14 @ 2.01004072-013A Soil04/15/10 10:23
S_6010BCAM17

N-14 @ 3.01004072-014A Soil04/15/10 10:25
S_CrVI7199
S_pH9045C
SUB_AsbestosCARB
435

Yes

S_7471BHG
S_6010BCAM17
S_6010B(STLC)

N-17 @ 0.51004072-015A Soil04/15/10 11:28
S_6010BCAM17

N-17 @1.01004072-016A Soil04/15/10 11:30
S_6010BCAM17

N-17 @1.51004072-017A Soil04/15/10 11:32
S_6010B(STLC)
S_6010BDI-STLC
S_6010B(TCLP)
S_6010BCAM17

N-17 @2.01004072-018A Soil04/15/10 11:34
S_6010BCAM17

N-17 @ 3.01004072-019A Soil04/15/10 11:36
S_pH9045C
S_6010BCAM17
SUB_AsbestosCARB
435
S_7471BHG

N-17 @ 6.01004072-020A Soil On-Hold04/15/10 11:38
S_6010BCAM17

Sample Note:  HOLD
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Sample Description Appearance Result Notes

Test Report: Qualitative asbestos analysis of soils using the EPA 600/R-93/116 method

091003566

Attn: Nutan Kabir
Torrent Laboratory, Inc.
483 Sinclair Frontage Rd.
Milpitas, CA 95035

Customer PO:
Received: 04/20/10 10:45 AM

CoC100419001

Customer ID: TORR80

Fax: (408) 263-8293 Phone: (408) 263-5258
Project:

EMSL Order:

EMSL Proj:
5/4/2010Analysis Date:

EMSL Analytical, Inc
2235 Polvorosa Ave , Suite 230, San Leandro, CA 94577
Phone:  (510) 895-3675        Fax:  (510) 895-3680     Email:   milpitaslab@emsl.com

1004072-008A
091003566-0001

None Detected

1004072-014A
091003566-0002

None Detected

1004072-019A
091003566-0003

None Detected

Baojia Ke, Laboratory Manager
or other approved signatory

1Test Report  PLMQualw/Types-7.12.0  Printed: 5/4/2010 12:25:16 PM

Analyst(s)

THIS IS THE LAST PAGE OF THE REPORT.

EMSL recommends that soil samples reported as "ND" be tested by the EPA Screening Method/Qualitative. The above report relates only to the items tested. This report may not be 
reproduced, except in full, without written approval by EMSL Analytical, Inc.  The above test must not be used by the client to claim product endorsement by NVLAP nor any agency of 
the United States Government. Unless otherwise noted, the results in this report have not been blank corrected.Samples received in good condition unless otherwise noted.
Samples analyzed by EMSL Analytical, Inc 2235 Polvorosa Ave , Suite 230,  San LeandroCA 

Rui Cindy Geng (3)

mailto:milpitaslab@emsl.com


Draft Table 2
Soil Results - Total Metals
HWY 101 MSN B4 Project

Lead STLC Lead DI-STLC Lead TCLP

URS Sample ID

Chromium 6 Chromium STLC
Boring ID

Lead STLC Lead DI-STLC Lead TCLPChromium 6 Chromium STLC

# of samples 
to be tested 6 3 43 43 20

S-5 1003111-019A

S-8 1004070-013A 1004070-013A

1003116-027A 1003116-027A 1003116-027A

1003116-028A 1003116-028A

M-1

M-1D

M-2 1004009-006A 1004009-006A

M-4 1004009-010A 1004009-010A 1004009-010A

1004070-011A 1004070-011A 1004070-011A

1004070-012A 1004070-012A 1004070-012A

S-12 1004072-005A 1004072-005A

S-13 1004072-004A 1004072-004A

S-14 1003116-026A 1003116-026A 1003116-026A

S-15

N-4 1004070-003A 1004070-003A

1003116-014A 1003116-014A 1003116-014A

1003116-015A 1003116-015A 1003116-015A 1003116-015A

1003116-001A 1003116-001A

1003116-002A 1003116-002A 1003116-002A

1003116-003A 1003116-003A

1003116-004A 1003116-004A 1003116-004A

1003116-005A 1003116-005A 1003116-005A

1004091-011A 1004091-011A 1004091-011A

1004091-012A 1004091-012A

1004091-013A 1004091-013A

1004091-014A 1004091-014A

1003111-001A 1003111-001A

1003111-002A 1003111-002A

1003111-012A 1003111-012A

1003111-013A 1003111-013A

1004070-005A 1004070-005A 1004070-005A

1004070-006A 1004070-006A 1004070-006A

N-13 1003111-014A 1003111-014A

N-13-d 1003111-007A 1003111-007A

1004072-011A 1004072-011A 1004072-011A

1004072-014A 1004072-014A
1004011-001A 1004011-001A 1004011-001A

1004011-003A 1004011-003A

1004011-007A 1004011-007A

1004011-008A 1004011-008A

M-19-d 1004011-012A 1004011-012A

M-21 1004011-023A 1004011-023A 1004011-023A

M-22 1004011-029A 1004011-029A

S-16 1003116-029A 1003116-029A
N-15 1004067-004A 1004067-004A 1004067-004A
N-16 1004067-010A 1004067-010A 1004067-010A
N-17 1004072-017A 1004072-017A 1004072-017A
M-6
M-10

1004070-016A 1004070-016A 1004070-016A
1004070-017A 1004070-017A
1004070-019A 1004070-019A 1004070-019A

N-12

S-9

N-1

M-16

# of samples 
to be tested

N-8

N-6

N-7

N-5

N-14

M-18

M-19

N-11

1 of 1



URS (San Jose)
100 W San Fernando St, Suite200
San Jose, California 95113
Tel: 4082979585
Fax: 4082976962

RE: Petaluma CA

Torrent Laboratory, Inc. received 20 sample(s) on April 16, 2010 for the analyses presented 
in the following Report.

Dear James Ripple:

Work Order No.:  1004070 Rev:  1

All data for associated QC met EPA or laboratory specification(s) except where noted in the 
case narrative.

Torrent Laboratory, Inc. is certified by the State of California, ELAP #1991.  If you have any 
questions regarding these test results, please feel free to contact the Project Management 
Team at (408)263-5258; ext 204.

Date

May 18, 2010

Patti Sandrock
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Date:  5/18/2010

Client:  URS (San Jose)

Project:  Petaluma CA

Work Order:  1004070

CASE NARRATIVE

 Analytical Comments for Asbestos, Note: Analysis performed by sub-contract laboratory EMSL, Inc 
NVLAP Certification # 101048-3. Results to follow under separate cover.

Analytical Comments for Method 6010B, Note:The % recoveries for Lead are outside of laboratory control 
limits but within % RPD and LCS/LCSD % recovery limits.  No corrective action required.

REVISIONS:

Per client request, additional TCLP, STLC and DI-STLC anlaysis was performed on specified samples (see 
attachment at end of report).

Note: Extraction of 50 g sample / 500g 0.2M Sodium Citrate Solution was performed according to wet 
extraction procedure (WET) which was rotated in a rotary shaker for 48 hours.
         
 
          Date Prepared: 5/9/10 @ 1PM to 5/11/10 @ 1PM

Note: Extraction of 100 g sample / 2000g TCLP Fluid # 1 was performed according to Toxicity 
Characteristic Leaching Procedure (TCLP) which was rotated in a rotary shaker for 18 hours.

           Date Prepared: 5/6/10 @ 3:50PM to 5/7/10 @ 9:50AM.

Note: Extraction of 50 g sample  with DI water was performed according to wet extraction procedure (WET) 
which was rotated in a rotary shaker for 48 hours.
         
 
          Date Prepared: 5/11/10 @ 11:20AM to 5/3/10 @ 11:20AM.

Rev1   5/17/10
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Report prepared for:  James Ripple

URS (San Jose)

Date Received:  04/16/10

Date Reported:  05/18/10

Sample Result Summary

1004070-001AN-2 @0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

pH S.U.8.562.00.10SW9045C 1

1004070-002AN-2 @ 1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg221.00.13SW6010B 1

1004070-003AN-4 @0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead (STLC) mg/L290.100.0500SW6010B 1

Lead mg/Kg1301.00.13SW6010B 1

Lead (DI-STLC) mg/L5.20.100.0500SW6010B 1

1004070-004AN-4 @ 1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg3.01.00.13SW6010B 1

1004070-005AN-12 @ 0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead (STLC) mg/L9.00.100.0500SW6010B 1

Lead mg/Kg2301.00.13SW6010B 1
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Report prepared for:  James Ripple

URS (San Jose)

Date Received:  04/16/10

Date Reported:  05/18/10

Sample Result Summary

1004070-006AN-12 @  1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead (STLC) mg/L2.10.100.0500SW6010B 1

Lead mg/Kg1301.00.13SW6010B 1

1004070-007AN-12 @1.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg101.00.13SW6010B 1

1004070-008AN-12 @ 2.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg1.81.00.13SW6010B 1

1004070-009AN-12 @ 3.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg3.41.00.13SW6010B 1

1004070-010AN-14 @ 0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg191.00.13SW6010B 1
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Report prepared for:  James Ripple

URS (San Jose)

Date Received:  04/16/10

Date Reported:  05/18/10

Sample Result Summary

1004070-011AS-9 @ 0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead (STLC) mg/L160.100.0500SW6010B 1

Lead (TCLP) mg/L0.660.100.05SW6010B 1

Lead mg/Kg1401.00.13SW6010B 1

Lead (DI-STLC) mg/L0.160.100.0500SW6010B 1

1004070-012AS-9 @ 1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead (STLC) mg/L600.100.0500SW6010B 1

Lead (TCLP) mg/L3.70.100.05SW6010B 1

Lead mg/Kg1701.00.13SW6010B 1

Lead (DI-STLC) mg/L2.90.100.0500SW6010B 1

1004070-013AS-8 @ 0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead (STLC) mg/L7.00.100.0500SW6010B 1

Lead mg/Kg641.00.13SW6010B 1

Lead (DI-STLC) mg/L0.800.100.0500SW6010B 1

1004070-014AS-8 @ 1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg9.31.00.13SW6010B 1

1004070-015AM-16 @ 0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg181.00.13SW6010B 1
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Report prepared for:  James Ripple

URS (San Jose)

Date Received:  04/16/10

Date Reported:  05/18/10

Sample Result Summary

1004070-016AM-16 @ 1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead (STLC) mg/L1.50.100.0500SW6010B 1

Arsenic mg/Kg2.31.70.28SW6010B 1
Barium mg/Kg805.01SW6010B 1
Chromium mg/Kg765.00.0590SW6010B 1
Cobalt mg/Kg195.00.14SW6010B 1
Copper mg/Kg355.00.0900SW6010B 1
Lead mg/Kg611.00.13SW6010B 1
Nickel mg/Kg945.00.0590SW6010B 1
Vanadium mg/Kg485.00.12SW6010B 1
Zinc mg/Kg595.00.59SW6010B 1

Mercury mg/Kg0.130.100.017471B 1

pH S.U.8.272.00.10SW9045C 1

TPH as Motor Oil mg/Kg100166.60SW8015B(M) 4

1004070-017AM-16 @ 1.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead (STLC) mg/L1.80.100.0500SW6010B 1

Lead mg/Kg931.00.13SW6010B 1

1004070-018AM-16 @ 2.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg251.00.13SW6010B 1
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Report prepared for:  James Ripple

URS (San Jose)

Date Received:  04/16/10

Date Reported:  05/18/10

Sample Result Summary

1004070-019AM-16 @ 3.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead (STLC) mg/L1.90.100.0500SW6010B 1

Lead mg/Kg1801.00.13SW6010B 1

TPH as Motor Oil mg/Kg180166.60SW8015B(M) 4

Page 7 of 47Total Page Count:  47



SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/16/10

URS (San Jose)
James Ripple

1004070-001ALab Sample ID:  

Sample Matrix: Soil

N-2 @0.5

Petaluma CA

04/15/10 / 9:22

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/19/10 400610mg/KgNDAntimony 04/19/10 0.20 5.0 03041

SW6010B 4/19/10 400610mg/KgNDArsenic 04/19/10 0.28 1.7 03041

SW6010B 4/19/10 400610mg/Kg17Barium 04/19/10 1 5.0 03041

SW6010B 4/19/10 400610mg/KgNDBeryllium 04/19/10 0.0840 2.0 03041

SW6010B 4/19/10 400610mg/KgNDCadmium 04/19/10 0.0590 1.0 03041

SW6010B 4/19/10 400610mg/Kg12Chromium 04/19/10 0.0590 5.0 03041

SW6010B 4/19/10 400610mg/Kg17Cobalt 04/19/10 0.14 5.0 03041

SW6010B 4/19/10 400610mg/Kg35Copper 04/19/10 0.0900 5.0 03041

SW6010B 4/19/10 400610mg/Kg5.1Lead 04/19/10 0.13 1.0 03041

SW6010B 4/19/10 400610mg/KgNDMolybdenum 04/19/10 0.0590 5.0 03041

SW6010B 4/19/10 400610mg/Kg58Nickel 04/19/10 0.0590 5.0 03041

SW6010B 4/19/10 400610mg/KgNDSelenium 04/19/10 0.29 5.0 03041

SW6010B 4/19/10 400610mg/KgNDSilver 04/19/10 0 1.0 03041

SW6010B 4/19/10 400610mg/KgNDThallium 04/19/10 0.12 5.0 03041

SW6010B 4/19/10 400610mg/Kg27Vanadium 04/19/10 0.12 5.0 03041

SW6010B 4/19/10 400610mg/Kg26Zinc 04/19/10 0.59 5.0 03041

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

7471B 4/19/10 400608mg/KgNDMercury 04/20/10 0.01 0.10 03011

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW9045C 4/19/10 400609S.U.8.56pH 04/19/10 0.10 2.0 03021
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/16/10

URS (San Jose)
James Ripple

1004070-002ALab Sample ID:  

Sample Matrix: Soil

N-2 @ 1.0

Petaluma CA

04/15/10 / 9:25

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/19/10 400611mg/Kg22Lead 04/20/10 0.13 1.0 03061
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/16/10

URS (San Jose)
James Ripple

1004070-003ALab Sample ID:  

Sample Matrix: Soil

N-4 @0.5

Petaluma CA

04/15/10 / 9:37

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/11/10 400854mg/L29Lead (STLC) 05/12/10 0.0500 0.10 04131

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/19/10 400611mg/Kg130Lead 04/20/10 0.13 1.0 03061

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/13/10 400865mg/L5.2Lead (DI-STLC) 05/13/10 0.0500 0.10 04241
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/16/10

URS (San Jose)
James Ripple

1004070-004ALab Sample ID:  

Sample Matrix: Soil

N-4 @ 1.0

Petaluma CA

04/15/10 / 9:39

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/19/10 400611mg/Kg3.0Lead 04/20/10 0.13 1.0 03061
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/16/10

URS (San Jose)
James Ripple

1004070-005ALab Sample ID:  

Sample Matrix: Soil

N-12 @ 0.5

Petaluma CA

04/15/10 / 10:01

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/11/10 400854mg/L9.0Lead (STLC) 05/12/10 0.0500 0.10 04131

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/7/10 400786mg/LNDLead (TCLP) 05/07/10 0.05 0.10 03921

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/19/10 400611mg/Kg230Lead 04/20/10 0.13 1.0 03061

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/13/10 400865mg/LNDLead (DI-STLC) 05/13/10 0.0500 0.10 04241
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/16/10

URS (San Jose)
James Ripple

1004070-006ALab Sample ID:  

Sample Matrix: Soil

N-12 @  1.0

Petaluma CA

04/15/10 / 10:03

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/11/10 400854mg/L2.1Lead (STLC) 05/12/10 0.0500 0.10 04131

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/7/10 400786mg/LNDLead (TCLP) 05/07/10 0.05 0.10 03921

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/19/10 400611mg/Kg130Lead 04/20/10 0.13 1.0 03061

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/13/10 400865mg/LNDLead (DI-STLC) 05/13/10 0.0500 0.10 04241
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/16/10

URS (San Jose)
James Ripple

1004070-007ALab Sample ID:  

Sample Matrix: Soil

N-12 @1.5

Petaluma CA

04/15/10 / 10:05

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/19/10 400611mg/Kg10Lead 04/20/10 0.13 1.0 03061
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/16/10

URS (San Jose)
James Ripple

1004070-008ALab Sample ID:  

Sample Matrix: Soil

N-12 @ 2.0

Petaluma CA

04/15/10 / 10:07

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/19/10 400611mg/Kg1.8Lead 04/20/10 0.13 1.0 03061
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/16/10

URS (San Jose)
James Ripple

1004070-009ALab Sample ID:  

Sample Matrix: Soil

N-12 @ 3.0

Petaluma CA

04/15/10 / 10:09

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/19/10 400611mg/Kg3.4Lead 04/20/10 0.13 1.0 03061
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/16/10

URS (San Jose)
James Ripple

1004070-010ALab Sample ID:  

Sample Matrix: Soil

N-14 @ 0.5

Petaluma CA

04/15/10 / 10:17

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/19/10 400611mg/Kg19Lead 04/20/10 0.13 1.0 03061

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

The results shown below are reported using their MDL. 
SW8081A 4/20/10 400649ug/KgNDalpha-BHC 04/22/10 18 80 030840

SW8081A 4/20/10 400649ug/KgNDgamma-BHC 04/22/10 16 80 030840

SW8081A 4/20/10 400649ug/KgNDbeta-BHC 04/22/10 15 80 030840

SW8081A 4/20/10 400649ug/KgNDdelta-BHC 04/22/10 20 80 030840

SW8081A 4/20/10 400649ug/KgNDHeptachlor 04/22/10 44 80 030840

SW8081A 4/20/10 400649ug/KgNDAldrin 04/22/10 18 80 030840

SW8081A 4/20/10 400649ug/KgNDHeptachlor epoxide 04/22/10 13 80 030840

SW8081A 4/20/10 400649ug/KgNDgamma-Chlordane 04/22/10 17 80 030840

SW8081A 4/20/10 400649ug/KgNDalpha-Chlordane 04/22/10 14 80 030840

SW8081A 4/20/10 400649ug/KgNDEndosulfan I 04/22/10 24 80 030840

SW8081A 4/20/10 400649ug/KgND4,4'-DDE 04/22/10 19 80 030840

SW8081A 4/20/10 400649ug/KgNDDieldrin 04/22/10 17 80 030840

SW8081A 4/20/10 400649ug/KgNDEndrin 04/22/10 23 80 030840

SW8081A 4/20/10 400649ug/KgND4,4'-DDD 04/22/10 19 80 030840

SW8081A 4/20/10 400649ug/KgNDEndosulfan II 04/22/10 61 80 030840

SW8081A 4/20/10 400649ug/KgND4,4'-DDT 04/22/10 32 80 030840

SW8081A 4/20/10 400649ug/KgNDEndrin aldehyde 04/22/10 41 80 030840

SW8081A 4/20/10 400649ug/KgNDEndosulfan sulfate 04/22/10 20 80 030840

SW8081A 4/20/10 400649ug/KgNDMethoxychlor 04/22/10 25 200 030840

SW8081A 4/20/10 400649ug/KgNDEndrin Ketone 04/22/10 16 80 030840

SW8081A 4/20/10 400649ug/KgNDChlordane 04/22/10 400 800 030840

SW8081A 4/20/10 400649ug/KgNDToxaphene 04/22/10 400 4000 030840

SW8081A 4/20/10 400649S,D %156TCMX (S) 04/22/10 52.5 139 030840

SW8081A 4/20/10 400649S,D %181DCBP (S) 04/22/10 50.2 139 030840
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/16/10

URS (San Jose)
James Ripple

1004070-010ALab Sample ID:  

Sample Matrix: Soil

N-14 @ 0.5

Petaluma CA

04/15/10 / 10:17

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW8082 4/20/10 400641mg/KgNDAroclor1016 04/21/10 0.0230 0.10 03091

SW8082 4/20/10 400641mg/KgNDAroclor1221 04/21/10 0.0920 0.20 03091

SW8082 4/20/10 400641mg/KgNDAroclor1232 04/21/10 0.0460 0.10 03091

SW8082 4/20/10 400641mg/KgNDAroclor1242 04/21/10 0.0430 0.10 03091

SW8082 4/20/10 400641mg/KgNDAroclor1248 04/21/10 0.0360 0.10 03091

SW8082 4/20/10 400641mg/KgNDAroclor1254 04/21/10 0.0240 0.10 03091

SW8082 4/20/10 400641mg/KgNDAroclor1260 04/21/10 0.0270 0.10 03091

SW8082 4/20/10 400641%88.5TCMX (S) 04/21/10 51.7 128 03091

SW8082 4/20/10 400641%85.9DCBP (S) 04/21/10 55.1 113 03091
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/16/10

URS (San Jose)
James Ripple

1004070-011ALab Sample ID:  

Sample Matrix: Soil

S-9 @ 0.5

Petaluma CA

04/15/10 / 13:47

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/11/10 400854mg/L16Lead (STLC) 05/12/10 0.0500 0.10 04131

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/7/10 400786mg/L0.66Lead (TCLP) 05/07/10 0.05 0.10 03921

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/19/10 400611mg/Kg140Lead 04/20/10 0.13 1.0 03061

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/13/10 400865mg/L0.16Lead (DI-STLC) 05/13/10 0.0500 0.10 04241
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/16/10

URS (San Jose)
James Ripple

1004070-012ALab Sample ID:  

Sample Matrix: Soil

S-9 @ 1.0

Petaluma CA

04/15/10 / 13:49

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/11/10 400854mg/L60Lead (STLC) 05/12/10 0.0500 0.10 04131

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/7/10 400786mg/L3.7Lead (TCLP) 05/07/10 0.05 0.10 03921

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/19/10 400611mg/Kg170Lead 04/20/10 0.13 1.0 03061

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/13/10 400865mg/L2.9Lead (DI-STLC) 05/13/10 0.0500 0.10 04241
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/16/10

URS (San Jose)
James Ripple

1004070-013ALab Sample ID:  

Sample Matrix: Soil

S-8 @ 0.5

Petaluma CA

04/15/10 / 14:01

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/11/10 400854mg/L7.0Lead (STLC) 05/12/10 0.0500 0.10 04131

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/19/10 400611mg/Kg64Lead 04/20/10 0.13 1.0 03061

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/13/10 400865mg/L0.80Lead (DI-STLC) 05/13/10 0.0500 0.10 04241
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/16/10

URS (San Jose)
James Ripple

1004070-014ALab Sample ID:  

Sample Matrix: Soil

S-8 @ 1.0

Petaluma CA

04/15/10 / 14:03

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/19/10 400611mg/Kg9.3Lead 04/20/10 0.13 1.0 03061

Page 22 of 47Total Page Count:  47



SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/16/10

URS (San Jose)
James Ripple

1004070-015ALab Sample ID:  

Sample Matrix: Soil

M-16 @ 0.5

Petaluma CA

04/15/10 / 15:26

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/19/10 400611mg/Kg18Lead 04/20/10 0.13 1.0 03061
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/16/10

URS (San Jose)
James Ripple

1004070-016ALab Sample ID:  

Sample Matrix: Soil

M-16 @ 1.0

Petaluma CA

04/15/10 / 15:28

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/11/10 400854mg/L1.5Lead (STLC) 05/12/10 0.0500 0.10 04131

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/19/10 400610mg/KgNDAntimony 04/19/10 0.20 5.0 03041

SW6010B 4/19/10 400610mg/Kg2.3Arsenic 04/19/10 0.28 1.7 03041

SW6010B 4/19/10 400610mg/Kg80Barium 04/19/10 1 5.0 03041

SW6010B 4/19/10 400610mg/KgNDBeryllium 04/19/10 0.0840 2.0 03041

SW6010B 4/19/10 400610mg/KgNDCadmium 04/19/10 0.0590 1.0 03041

SW6010B 4/19/10 400610mg/Kg76Chromium 04/19/10 0.0590 5.0 03041

SW6010B 4/19/10 400610mg/Kg19Cobalt 04/19/10 0.14 5.0 03041

SW6010B 4/19/10 400610mg/Kg35Copper 04/19/10 0.0900 5.0 03041

SW6010B 4/19/10 400610mg/Kg61Lead 04/19/10 0.13 1.0 03041

SW6010B 4/19/10 400610mg/KgNDMolybdenum 04/19/10 0.0590 5.0 03041

SW6010B 4/19/10 400610mg/Kg94Nickel 04/19/10 0.0590 5.0 03041

SW6010B 4/19/10 400610mg/KgNDSelenium 04/19/10 0.29 5.0 03041

SW6010B 4/19/10 400610mg/KgNDSilver 04/19/10 0 1.0 03041

SW6010B 4/19/10 400610mg/KgNDThallium 04/19/10 0.12 5.0 03041

SW6010B 4/19/10 400610mg/Kg48Vanadium 04/19/10 0.12 5.0 03041

SW6010B 4/19/10 400610mg/Kg59Zinc 04/19/10 0.59 5.0 03041

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/13/10 400865mg/LNDLead (DI-STLC) 05/13/10 0.0500 0.10 04241

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

7471B 4/19/10 400608mg/Kg0.13Mercury 04/20/10 0.01 0.10 03011
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/16/10

URS (San Jose)
James Ripple

1004070-016ALab Sample ID:  

Sample Matrix: Soil

M-16 @ 1.0

Petaluma CA

04/15/10 / 15:28

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW8260B NA 400613ug/KgNDDichlorodifluoromethane 04/19/10 4.4 10 NA1

SW8260B NA 400613ug/KgNDChloromethane 04/19/10 4.6 10 NA1

SW8260B NA 400613ug/KgNDVinyl Chloride 04/19/10 2.6 10 NA1

SW8260B NA 400613ug/KgNDBromomethane 04/19/10 4.7 10 NA1

SW8260B NA 400613ug/KgNDTrichlorofluoromethane 04/19/10 2.9 10 NA1

SW8260B NA 400613ug/KgND1,1-Dichloroethene 04/19/10 1.5 10 NA1

SW8260B NA 400613ug/KgNDFreon 113 04/19/10 3.7 10 NA1

SW8260B NA 400613ug/KgNDMethylene Chloride 04/19/10 2.0 10 NA1

SW8260B NA 400613ug/KgNDtrans-1,2-Dichloroethene 04/19/10 1.1 10 NA1

SW8260B NA 400613ug/KgNDMTBE 04/19/10 2.6 10 NA1

SW8260B NA 400613ug/KgNDtert-Butanol 04/19/10 21 50 NA1

SW8260B NA 400613ug/KgNDDiisopropyl ether (DIPE) 04/19/10 2.2 10 NA1

SW8260B NA 400613ug/KgND1,1-Dichloroethane 04/19/10 1.3 10 NA1

SW8260B NA 400613ug/KgNDETBE 04/19/10 2.4 10 NA1

SW8260B NA 400613ug/KgNDcis-1,2-Dichloroethene 04/19/10 1.8 10 NA1

SW8260B NA 400613ug/KgND2,2-Dichloropropane 04/19/10 1.2 10 NA1

SW8260B NA 400613ug/KgNDBromochloromethane 04/19/10 2.3 10 NA1

SW8260B NA 400613ug/KgNDChloroform 04/19/10 1.2 10 NA1

SW8260B NA 400613ug/KgNDCarbon Tetrachloride 04/19/10 1.6 10 NA1

SW8260B NA 400613ug/KgND1,1,1-Trichloroethane 04/19/10 1.2 10 NA1

SW8260B NA 400613ug/KgND1,1-Dichloropropene 04/19/10 1.4 10 NA1

SW8260B NA 400613ug/KgNDBenzene 04/19/10 1.5 10 NA1

SW8260B NA 400613ug/KgNDTAME 04/19/10 2.1 10 NA1

SW8260B NA 400613ug/KgND1,2-Dichloroethane 04/19/10 1.9 10 NA1

SW8260B NA 400613ug/KgNDTrichloroethylene 04/19/10 3.9 10 NA1

SW8260B NA 400613ug/KgNDDibromomethane 04/19/10 2.2 10 NA1

SW8260B NA 400613ug/KgND1,2-Dichloropropane 04/19/10 1.3 10 NA1

SW8260B NA 400613ug/KgNDBromodichloromethane 04/19/10 1.1 10 NA1

SW8260B NA 400613ug/KgND2-Chloroethyl vinyl ether 04/19/10 4.5 10 NA1

SW8260B NA 400613ug/KgNDcis-1,3-Dichloropropene 04/19/10 1.4 10 NA1

SW8260B NA 400613ug/KgNDToluene 04/19/10 0.98 10 NA1

SW8260B NA 400613ug/KgNDTetrachloroethylene 04/19/10 1.8 10 NA1

SW8260B NA 400613ug/KgNDtrans-1,3-Dichloropropene 04/19/10 1.2 10 NA1

SW8260B NA 400613ug/KgND1,1,2-Trichloroethane 04/19/10 1.8 10 NA1

SW8260B NA 400613ug/KgNDDibromochloromethane 04/19/10 1.1 10 NA1

SW8260B NA 400613ug/KgND1,3-Dichloropropane 04/19/10 2.1 10 NA1
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/16/10

URS (San Jose)
James Ripple

1004070-016ALab Sample ID:  

Sample Matrix: Soil

M-16 @ 1.0

Petaluma CA

04/15/10 / 15:28

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW8260B NA 400613ug/KgND1,2-Dibromoethane 04/19/10 1.7 10 NA1

SW8260B NA 400613ug/KgNDEthyl Benzene 04/19/10 0.86 10 NA1

SW8260B NA 400613ug/KgNDChlorobenzene 04/19/10 4.2 10 NA1

SW8260B NA 400613ug/KgND1,1,1,2-Tetrachloroethane 04/19/10 0.86 10 NA1

SW8260B NA 400613ug/KgNDm,p-Xylene 04/19/10 1.9 10 NA1

SW8260B NA 400613ug/KgNDo-Xylene 04/19/10 0.66 5.0 NA1

SW8260B NA 400613ug/KgNDStyrene 04/19/10 0.77 10 NA1

SW8260B NA 400613ug/KgNDBromoform 04/19/10 1.9 10 NA1

SW8260B NA 400613ug/KgNDIsopropyl Benzene 04/19/10 1.2 10 NA1

SW8260B NA 400613ug/KgNDn-Propylbenzene 04/19/10 1.4 10 NA1

SW8260B NA 400613ug/KgNDBromobenzene 04/19/10 1.2 10 NA1

SW8260B NA 400613ug/KgND1,1,2,2-Tetrachloroethane 04/19/10 3.0 10 NA1

SW8260B NA 400613ug/KgND1,3,5-Trimethylbenzene 04/19/10 1.1 10 NA1

SW8260B NA 400613ug/KgND1,2,3-Trichloropropane 04/19/10 3.3 10 NA1

SW8260B NA 400613ug/KgND4-Chlorotoluene 04/19/10 1.6 10 NA1

SW8260B NA 400613ug/KgND2-Chlorotoluene 04/19/10 1.6 10 NA1

SW8260B NA 400613ug/KgNDtert-Butylbenzene 04/19/10 1.4 10 NA1

SW8260B NA 400613ug/KgND1,2,4-Trimethylbenzene 04/19/10 1.1 10 NA1

SW8260B NA 400613ug/KgNDsec-Butyl Benzene 04/19/10 1.6 10 NA1

SW8260B NA 400613ug/KgNDp-Isopropyltoluene 04/19/10 1.5 10 NA1

SW8260B NA 400613ug/KgND1,3-Dichlorobenzene 04/19/10 1.8 10 NA1

SW8260B NA 400613ug/KgND1,4-Dichlorobenzene 04/19/10 1.5 10 NA1

SW8260B NA 400613ug/KgNDn-Butylbenzene 04/19/10 2.2 10 NA1

SW8260B NA 400613ug/KgND1,2-Dichlorobenzene 04/19/10 1.3 10 NA1

SW8260B NA 400613ug/KgND1,2-Dibromo-3-Chloropropane 04/19/10 4.2 10 NA1

SW8260B NA 400613ug/KgNDHexachlorobutadiene 04/19/10 2.6 10 NA1

SW8260B NA 400613ug/KgND1,2,4-Trichlorobenzene 04/19/10 2.1 10 NA1

SW8260B NA 400613ug/KgNDNaphthalene 04/19/10 2.8 10 NA1

SW8260B NA 400613ug/KgND1,2,3-Trichlorobenzene 04/19/10 2.9 10 NA1

SW8260B NA 400613%113(S) Dibromofluoromethane 04/19/10 59.8 148 NA1

SW8260B NA 400613%98.6(S) Toluene-d8 04/19/10 55.2 133 NA1

SW8260B NA 400613%118(S) 4-Bromofluorobenzene 04/19/10 55.8 141 NA1
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/16/10

URS (San Jose)
James Ripple

1004070-016ALab Sample ID:  

Sample Matrix: Soil

M-16 @ 1.0

Petaluma CA

04/15/10 / 15:28

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW7199M 5/11/10 400887mg/KgNDHexavalent Chromium 05/11/10 15 100 04361

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

8260TPH NA 400614ug/KgNDTPH(Gasoline) 04/19/10 17 100 NA1

8260TPH NA 400614%78.3(S) 4-Bromofluorobenzene 04/19/10 57 127 NA1

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW9045C 4/19/10 400609S.U.8.27pH 04/19/10 0.10 2.0 03021

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW8015B(M) 4/19/10 400634mg/KgNDTPH as Diesel 04/20/10 3.04 7.9 03054

SW8015B(M) 4/19/10 400634mg/Kg100TPH as Motor Oil 04/20/10 6.60 16 03054

SW8015B(M) 4/19/10 400634mg/Kg89.1Pentacosane (S) 04/20/10 59.7 129 03054
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/16/10

URS (San Jose)
James Ripple

1004070-017ALab Sample ID:  

Sample Matrix: Soil

M-16 @ 1.5

Petaluma CA

04/15/10 / 15:30

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/11/10 400854mg/L1.8Lead (STLC) 05/12/10 0.0500 0.10 04131

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/19/10 400611mg/Kg93Lead 04/20/10 0.13 1.0 03061

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/13/10 400865mg/LNDLead (DI-STLC) 05/13/10 0.0500 0.10 04241
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/16/10

URS (San Jose)
James Ripple

1004070-018ALab Sample ID:  

Sample Matrix: Soil

M-16 @ 2.0

Petaluma CA

04/15/10 / 15:32

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/19/10 400611mg/Kg25Lead 04/20/10 0.13 1.0 03061
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/16/10

URS (San Jose)
James Ripple

1004070-019ALab Sample ID:  

Sample Matrix: Soil

M-16 @ 3.0

Petaluma CA

04/15/10 / 15:34

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/11/10 400854mg/L1.9Lead (STLC) 05/12/10 0.0500 0.10 04131

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/7/10 400786mg/LNDLead (TCLP) 05/07/10 0.05 0.10 03921

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/19/10 400611mg/Kg180Lead 04/20/10 0.13 1.0 03061

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/13/10 400865mg/LNDLead (DI-STLC) 05/13/10 0.0500 0.10 04241

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW8260B NA 400613ug/KgNDMTBE 04/19/10 2.6 10 NA1

SW8260B NA 400613ug/KgNDBenzene 04/19/10 1.5 10 NA1

SW8260B NA 400613ug/KgNDToluene 04/19/10 0.98 10 NA1

SW8260B NA 400613ug/KgNDEthyl Benzene 04/19/10 0.86 10 NA1

SW8260B NA 400613ug/KgNDm,p-Xylene 04/19/10 1.9 10 NA1

SW8260B NA 400613ug/KgNDo-Xylene 04/19/10 0.66 5.0 NA1

SW8260B NA 400613%115(S) Dibromofluoromethane 04/19/10 59.8 148 NA1

SW8260B NA 400613%101(S) Toluene-d8 04/19/10 55.2 133 NA1

SW8260B NA 400613%129(S) 4-Bromofluorobenzene 04/19/10 55.8 141 NA1

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

8260TPH NA 400614ug/KgNDTPH(Gasoline) 04/19/10 17 100 NA1

8260TPH NA 400614%64.6(S) 4-Bromofluorobenzene 04/19/10 57 127 NA1
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/16/10

URS (San Jose)
James Ripple

1004070-019ALab Sample ID:  

Sample Matrix: Soil

M-16 @ 3.0

Petaluma CA

04/15/10 / 15:34

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW8015B(M) 4/19/10 400634mg/KgNDTPH as Diesel 04/20/10 3.04 7.9 03054

SW8015B(M) 4/19/10 400634mg/Kg180TPH as Motor Oil 04/20/10 6.60 16 03054

SW8015B(M) 4/19/10 400634mg/Kg96.2Pentacosane (S) 04/20/10 59.7 129 03054
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MB Summary Report

Work Order:  

Matrix:

Units:

Prep Method: 

7471ABAnalytical 
Method:

Prep Date:

Analyzed Date:

04/19/10 Prep Batch:

Analytical 
Batch:

400608

mg/Kg

04/20/10

03017471

Soil

1004070

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.01 0.10Mercury ND 

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

04/19/10 Prep Batch:

Analytical 
Batch:

400610

mg/Kg

04/19/10

03043050

Soil

1004070

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.20 5.0Antimony ND 

0.28 1.7Arsenic ND 

1 5.0Barium ND 

0.0840 2.0Beryllium ND 

0.059 1.0Cadmium ND 

0.059 5.0Chromium 0.10 

0.14 5.0Cobalt ND 

0.090 5.0Copper 0.60 

0.13 1.0Lead 0.25 

0.059 5.0Molybdenum ND 

0.059 5.0Nickel 3.1 

0.29 5.0Selenium 0.45 

1.0 1.0Silver ND 

0.12 5.0Thallium ND 

0.12 5.0Vanadium ND 

0.59 5.0Zinc 1.0 

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

04/19/10 Prep Batch:

Analytical 
Batch:

400611

mg/Kg

04/20/10

03063050

Soil

1004070

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.28 1.7Arsenic ND 

0.13 1.0Lead 0.20 
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MB Summary Report

Work Order:  

Matrix:

Units:

Prep Method: 

SW8015B(M)Analytical 
Method:

Prep Date:

Analyzed Date:

04/19/10 Prep Batch:

Analytical 
Batch:

400634

mg/Kg

04/20/10

03053545_TPH

Soil

1004070

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.758 2.0TPH as Diesel ND 

1.78 4.0TPH as Motor Oil ND 

Pentacosane (S) 95.8 %

Work Order:  

Matrix:

Units:

Prep Method: 

SW8082Analytical 
Method:

Prep Date:

Analyzed Date:

04/20/10 Prep Batch:

Analytical 
Batch:

400641

mg/Kg

04/21/10

03093545_PCB

Soil

1004070

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.0230 0.10Aroclor1016 ND 

0.0920 0.20Aroclor1221 ND 

0.0460 0.10Aroclor1232 ND 

0.0430 0.10Aroclor1242 ND 

0.0360 0.10Aroclor1248 ND 

0.0240 0.10Aroclor1254 ND 

0.0270 0.10Aroclor1260 ND 

TCMX (S) 92.6 %

DCBP (S) 86.7 %
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MB Summary Report

Work Order:  

Matrix:

Units:

Prep Method: 

SW8081AAnalytical 
Method:

Prep Date:

Analyzed Date:

04/20/10 Prep Batch:

Analytical 
Batch:

400649

ug/Kg

04/22/10

03083545_OCP

Soil

1004070

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.44 2.0alpha-BHC ND 

0.40 2.0gamma-BHC ND 

0.36 2.0beta-BHC ND 

0.49 2.0delta-BHC ND 

1.1 2.0Heptachlor ND 

0.44 2.0Aldrin ND 

0.32 2.0Heptachlor epoxide ND 

0.42 2.0gamma-Chlordane ND 

0.36 2.0alpha-Chlordane ND 

0.59 2.0Endosulfan I ND 

0.48 2.04,4'-DDE ND 

0.43 2.0Dieldrin ND 

0.57 2.0Endrin ND 

0.47 2.04,4'-DDD ND 

1.5 2.0Endosulfan II ND 

0.81 2.04,4'-DDT ND 

1.0 2.0Endrin aldehyde ND 

0.49 2.0Endosulfan sulfate ND 

0.62 5.0Methoxychlor ND 

0.40 2.0Endrin Ketone ND 

10 20Chlordane ND 

10 100Toxaphene ND 

TCMX (S) 91.0 %

DCBP (S) 95.4 %

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

05/07/10 Prep Batch:

Analytical 
Batch:

400786

mg/L

05/07/10

03921311/3010B

Soil

1004070

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.0500 0.10Lead (TCLP) ND 
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MB Summary Report

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

05/11/10 Prep Batch:

Analytical 
Batch:

400854

mg/Kg

05/12/10

0413WET/3010B

Soil

1004070

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.0200 0.10Chromium (STLC) ND 

0.0500 0.10Lead (STLC) ND 

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

05/13/10 Prep Batch:

Analytical 
Batch:

400865

mg/Kg

05/13/10

0424WET-DI/3010B

Soil

1004070

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.0500 0.10Lead (DI-STLC) ND 

Work Order:  

Matrix:

Units:

Prep Method: 

SW7199Analytical 
Method:

Prep Date:

Analyzed Date:

05/11/10 Prep Batch:

Analytical 
Batch:

400887

mg/Kg

05/11/10

04367199M

Soil

1004070

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.015 0.10Hexavalent Chromium ND 
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LCS/LCSD Summary Report
Raw values are used in quality control assessment.

Work Order:  

Matrix:

Units:

Prep Method: 

7471BAnalytical 
Method:

Prep Date:

Analyzed Date:

04/19/10 Prep Batch:

Analytical 
Batch:

40060804/20/10

mg/Kg

7471 0301

Soil

1004070

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

0.10 1.250.01 0.00167 1.37 3080.5 - 133Mercury 108 107

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

04/19/10 Prep Batch:

Analytical 
Batch:

40061004/19/10

mg/Kg

3050 0304

Soil

1004070

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

5 500.2 0.00 0.533 3030.7 - 130Antimony 94 93.5

1.7 500.28 0.00 0.994 3071 - 121Arsenic 91 90.1

5 501.1 0.20 6.23 3070.2 - 130Barium 100.9 94.9

2 500.084 0.00 3.62 3073.3 - 115Beryllium 103.6 100

1 500.059 0.00 6.47 68.7 - 110Cadmium 97.3 91.2

5 500.059 0.10 5.91 3076 - 116Chromium 101.4 95.2

5 500.14 0.050 4.74 3057.4 - 122Cobalt 99.3 94.7

5 500.09 0.60 6.55 3074.8 - 119Copper 103.5 97.4

1 500.13 0.25 0.853 3067.9 - 118Lead 94.2 93.4

5 500.059 0.050 0.731 3062.9 - 123Molybdenum 96.1 95.4

5 500.059 3.1 5.84 3061.5 - 122Nickel 103.8 98.1

5 500.29 0.45 1.39 3062 - 111Selenium 86.7 85.5

1 501 -0.15 5.55 3081.1 - 109Silver 98.2 92.9

5 500.12 0.10 0.333 3039.2 - 125Thallium 90.2 89.9

5 500.12 -0.10 5.28 3065.8 - 122Vanadium 101.1 95.8

5 500.59 1.0 8.19 3059.9 - 122Zinc 97.9 90.2

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

04/19/10 Prep Batch:

Analytical 
Batch:

40061104/20/10

mg/Kg

3050 0306

Soil

1004070

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

1.7 500.28 0.00 0.000 3071 - 121Arsenic 91.4 91.4

1 500.13 0.20 0.428 3067.9 - 118Lead 93.2 93.6
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LCS/LCSD Summary Report
Raw values are used in quality control assessment.

Work Order:  

Matrix:

Units:

Prep Method: 

SW8015B(M)Analytical 
Method:

Prep Date:

Analyzed Date:

04/19/10 Prep Batch:

Analytical 
Batch:

40063404/20/10

mg/Kg

3545_TPH 0305

Soil

1004070

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

2 33.330.758 0.32 0.757 3052.7 - 115TPH as Diesel 80.7 80.1

100-3.2 59.7 - 129TPH as Motor Oil

Work Order:  

Matrix:

Units:

Prep Method: 

SW8082Analytical 
Method:

Prep Date:

Analyzed Date:

04/20/10 Prep Batch:

Analytical 
Batch:

40064104/21/10

mg/Kg

3545_PCB 0309

Soil

1004070

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

0.10 10.0230 0.0047 10.6 3055.6 - 135Aroclor1016 94.2 105

0.10 0.50.0270 0.00 2.06 3065.6 - 132Aroclor1260 93.2 95.2

0.250.00 51.7 - 128TCMX (S) 89.4 90.2

0.2500.00 55.1 - 113DCBP (S) 87.3 89.7

Work Order:  

Matrix:

Units:

Prep Method: 

SW8081AAnalytical 
Method:

Prep Date:

Analyzed Date:

04/20/10 Prep Batch:

Analytical 
Batch:

40064904/22/10

ug/Kg

3545_OCP 0308

Soil

1004070

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

2.0 200.40 0.068 7.57 3056.9 - 120gamma-BHC 95.5 103

2.0 201.1 0.084 6.99 3063.6 - 117Heptachlor 101 109

2.0 200.44 0.00 7.86 3053 - 123Aldrin 97.5 105

2.0 200.43 0.19 8.12 3044 - 130Dieldrin 102 110

2.0 200.57 0.060 8.15 3044.1 - 121Endrin 102 111

2.0 200.81 0.00 4.71 3052.8 - 1344,4'-DDT 120 126

350 ,0.00 52.5 - 139TCMX (S) 84.6 83.3

350 ,0.00 50.2 - 139DCBP (S) 87.8 93.4

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

05/07/10 Prep Batch:

Analytical 
Batch:

40078605/07/10

mg/L

1311/3010B 0392

Soil

1004070

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

0.1 100.05 ,0.000 0.644 2080 - 120Lead (TCLP) 92.8 93.4
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LCS/LCSD Summary Report
Raw values are used in quality control assessment.

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

05/11/10 Prep Batch:

Analytical 
Batch:

40085405/12/10

mg/Kg

WET/3010B 0413

Soil

1004070

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

0.10 100.0200 ,0.0100 0.644 2080 - 120Chromium (STLC) 93.4 92.8

0.10 100.0500 ,0.000 0.440 2080 - 120Lead (STLC) 91.1 90.7

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

05/13/10 Prep Batch:

Analytical 
Batch:

40086505/13/10

mg/Kg

WET-DI/3010B 0424

Soil

1004070

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

0.10 100.0500 ,0.000 0.203 2080 - 120Lead (DI-STLC) 98.5 98.7

Work Order:  

Matrix:

Units:

Prep Method: 

SW7199Analytical 
Method:

Prep Date:

Analyzed Date:

05/11/10 Prep Batch:

Analytical 
Batch:

40088705/11/10

mg/Kg

7199M 0436

Soil

1004070

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

0.10 0.10.015 ,0.0006 6.16 3065 - 135Hexavalent Chromium 95.9 90.2
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MS/MSD Summary Report
Raw values are used in quality control assessment.

Work Order:  1004070

Analyzed Date:

Prep Date:

Matrix:

Prep Method: 04/19/10

1004070-002ASpiked Sample:

Analytical 
Method:

Prep Batch:

Units:

Analytical 
Batch:

SW6010B 40061104/20/10

mg/Kg

03063050

Soil

Parameters MDL PQL Sample
Conc. 

Spike
Conc.

MS %
Recovery

MSD %
Recovery

MS/MSD
% RPD

%
Recovery

Limits

% RPD
Limits

Lab
Qualifier

50 71 - 1210.28 1.7 3.22 30Arsenic 87.2 84.40.012

50 67.9 - 1180.13 S1 4.61 30Lead 62.4 67.00.44
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Duplicate Summary Report

Work Order:  

Matrix:

Units:

Prep Method: 

SW9045CAnalytical 
Method:

Prep Date:

Analyzed Date:

4/19/2010 Prep Batch:

Analytical 
Batch:

40060904/19/10

1004070

Lab Sample ID:  1004070-001A-Dup

9045C 0302

Soil

Parameters PQL MDL Sample
Result

Duplicate
Result

% RPD

pH 0.100 2.00 8.58 0.05838.56

Raw values are used in quality control assessment.
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Laboratory Qualifiers and Definitions

Method Detection Limit (MDL) -  the minimum concentration of a substance that can be measured and reported with a 99% confidence that the analyte 
concentration is greater than zero 

Matrix Spike (MS/MSD) -  Client sample spiked with identical concentrations of target analyte (s).  The spiking occurs prior to the sample preparation and 
analysis.  They are used to document the precision and bias of a method in a given sample matrix.

Matrix - the component or substrate that contains the analyte of interest (e.g., - groundwater, sediment, soil, waste water, etc)

Laboratory Control Sample (LCS ad LCSD) - A known matrix spiked with compounds representative of the target analyte(s).  This is used to document 
laboratory performance.

Duplicate - a field sample and/or laboratory QC sample prepared in duplicate following all of the same processes and procedures used on the original sample 
(sample duplicate, LCSD, MSD)

Blank (Method/Preparation Blank) -MB/PB - An analyte-free matrix to which all reagents are added in the same volumes/proportions as used in sample 
processing.  The method blank is used to document contamination resulting from the analytical process.

Practical Quantitation Limit  (PQL) - a laboratory determined value at 2 to 5 times above the MDL that can be reproduced in a manner that results in a 99% 
confidence level that the result is both accurate and precise. PQLs reflect all preparation factors and/or dilution factors that have been applied to the sample 
during the preparation and/or analytical processes.

Precision (%RPD) - The agreement among a set of replicate/duplicate measurements without regard to known value of the replicates 

 Surrogate (S) or (Surr) - An organic compound which is similar to the target analyte(s) in chemical composition and behavior in the analytical process, but 
which is not normally found in environmental samples. Surrogates are used in most organic analysis to demonstrate matrix compatibility with the chosen method 
of analysis

Tentatively Identified Compound (TIC) - A compound not contained within the analytical calibration standards but present in the GCMS library of defined 
compounds.  When the library is searched for an unknown compound, it can frequently give a tentative identification to the compound based on retention time 
and primary and secondary ion match.  TICs are reported as estimates and are candidates for further investigation.

Units: the unit of measure used to express the reported result - mg/L and mg/Kg (equivalent to PPM - parts per million in liquid and solid), ug/L and ug/Kg 
(equivalent to PPB - parts per billion in liquid and solid), ug/m3, mg.m3, ppbv and ppmv  (all units of measure for reporting concentrations in air), % ( 
equivalent to 10000 ppm or 1,000,000 ppb), ug/Wipe ( concentration found on the surface of a single Wipe usually taken over a 100cm2 surface)

B - Indicates when the anlayte is found in the associated method or preparation blank 
D - Surrogate is not recoverable due to the necessary dilution of the sample
E - Indicates the reportable value is outside of the calibration range of the instrument but within the linear range of the instrument (unless otherwise noted) 
Values reported with an E qualifier should be considered as estimated.
H- Indicates that the recommended holding time for the analyte or compound has been exceeded
J- Indicates a value between the method MDL and PQL and that the reported concentration should be considered as estimated rather the quantitative 
NA - Not Analyzed
N/A - Not Applicable
NR - Not recoverable - a matrix spike concentration is not recoverable due to a concentration within the original sample that is greater than four times the spike 
concentration added
R- The % RPD between a duplicate set of samples is outside of the absolute values established by laboratory control charts
S- Spike recovery is outside of established method and/or laboratory control limits.  Further explanation of the use of this qualifier should be included within a 
case narrative

    X -Used to indicate that a value based on pattern identification is within the pattern range but not typical of the pattern found in standards.       
    Further explanation may or may not be provided within the sample footnote and/or the case narrative.

DEFINITIONS:

Accuracy/Bias (% Recovery) - The closeness of agreement between an observed value and an accepted reference value.

LABORATORY QUALIFIERS:

Page 41 of 47Total Page Count:  47



pH Adjusted by:  pH Checked by:  

°C3

No VOA vials submitted

Yes

Temperature:

Water-pH acceptable upon receipt?

Water-VOA vials have zero headspace?

Container/Temp Blank temperature in compliance?

All samples received within holding time?

Sample Preservation and Hold Time (HT) Information

YesSamples containers intact?

Yes

Yes

Not Present

Yes

Sufficient sample volume for indicated test?

Samples in proper container/bottle?

Custody seals intact on shipping container/cooler?

Shipping Container/Cooler In Good Condition?

Sample Receipt Information

Yes

Yes

Yes

Not Present

Chain of custody agrees with sample labels?

Chain of custody signed when relinquished and received?

Chain of custody present?

Custody seals intact on sample bottles?

Chain of Custody (COC) Information

Checklist Completed By:  lorna

Carrier Name:  Hi-Speed Courier

Physically Logged By:  

Received By:   lorna

Date and Time Received:  4/16/2010  14:55

Work Order No.:  1004070

Project Name:  Petaluma CA

Client Name:  URS (San Jose)

Sample Receipt Checklist
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Login Summary Report

Report Due Date:

5 day TAT! Received 20 soils.

14:55

4/16/2010

IIURS (San Jose)TL5174

Petaluma CA

5/14/2010

TAT Requested:

Date Received:

Time Received:

QC Level: 

Project Name:

Project # :

Comments:

Client ID:

5+ day:0

1004070Work Order # :

SubbedRequested
Tests

Test
On Hold

Sample
On Hold

Scheduled
Disposal

MatrixCollection 
Date/Time

Client 
Sample ID

WO Sample ID

N-2 @0.51004070-001A Soil 10/13/1004/15/10 9:22
S_pH9045C
S_7471BHG
SUB_AsbestosCARB
435

Yes

S_6010BCAM17
N-2 @ 1.01004070-002A Soil 10/13/1004/15/10 9:25

S_6010BCAM17

Sample Note:  Metals Pb only for samples 002A-019A.

N-4 @0.51004070-003A Soil 10/13/1004/15/10 9:37
S_6010B(STLC)
S_6010BDI-STLC
S_6010BCAM17

N-4 @ 1.01004070-004A Soil 10/13/1004/15/10 9:39
S_6010BCAM17

N-12 @ 0.51004070-005A Soil 10/13/1004/15/10 10:01
S_6010B(STLC)
S_6010BDI-STLC
S_6010BCAM17
S_6010B(TCLP)

N-12 @  1.01004070-006A Soil 10/13/1004/15/10 10:03
S_6010B(STLC)
S_6010BCAM17
S_6010B(TCLP)
S_6010BDI-STLC

N-12 @1.51004070-007A Soil 10/13/1004/15/10 10:05
S_6010BCAM17

N-12 @ 2.01004070-008A Soil 10/13/1004/15/10 10:07
S_6010BCAM17

N-12 @ 3.01004070-009A Soil 10/13/1004/15/10 10:09
S_6010BCAM17

N-14 @ 0.51004070-010A Soil 10/13/1004/15/10 10:17
S_8081AOCP
S_8082PCB
S_6010BCAM17

S-9 @ 0.51004070-011A Soil 10/13/1004/15/10 13:47
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Login Summary Report

Report Due Date:

5 day TAT! Received 20 soils.

14:55

4/16/2010

IIURS (San Jose)TL5174

Petaluma CA

5/14/2010

TAT Requested:

Date Received:

Time Received:

QC Level: 

Project Name:

Project # :

Comments:

Client ID:

5+ day:0

1004070Work Order # :

SubbedRequested
Tests

Test
On Hold

Sample
On Hold

Scheduled
Disposal

MatrixCollection 
Date/Time

Client 
Sample ID

WO Sample ID

S_6010B(STLC)
S_6010B(TCLP)
S_6010BCAM17
S_6010BDI-STLC

Sample Note:  STLC,DI STLC,TCLP-Pb

S-9 @ 1.01004070-012A Soil 10/13/1004/15/10 13:49
S_6010B(STLC)
S_6010BCAM17
S_6010BDI-STLC
S_6010B(TCLP)

S-8 @ 0.51004070-013A Soil 10/13/1004/15/10 14:01
S_6010B(STLC)
S_6010BCAM17
S_6010BDI-STLC
CO

Sample Note:  STLC, DI-STLC-Pb

S-8 @ 1.01004070-014A Soil 10/13/1004/15/10 14:03
S_6010BCAM17

M-16 @ 0.51004070-015A Soil 10/13/1004/15/10 15:26
S_6010BCAM17

M-16 @ 1.01004070-016A Soil 10/13/1004/15/10 15:28
S_CrVI7199
SUB_AsbestosCARB
435

Yes

S_pH9045C
S_6010BDI-STLC
S_6010BCAM17
S_TPHDO
S_8260Full
S_GCMS-GRO
S_6010B(STLC)
S_7471BHG

M-16 @ 1.51004070-017A Soil 10/13/1004/15/10 15:30
S_6010B(STLC)
S_6010BDI-STLC
S_6010BCAM17
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Login Summary Report

Report Due Date:

5 day TAT! Received 20 soils.

14:55

4/16/2010

IIURS (San Jose)TL5174

Petaluma CA

5/14/2010

TAT Requested:

Date Received:

Time Received:

QC Level: 

Project Name:

Project # :

Comments:

Client ID:

5+ day:0

1004070Work Order # :

SubbedRequested
Tests

Test
On Hold

Sample
On Hold

Scheduled
Disposal

MatrixCollection 
Date/Time

Client 
Sample ID

WO Sample ID

M-16 @ 2.01004070-018A Soil 10/13/1004/15/10 15:32
S_6010BCAM17

M-16 @ 3.01004070-019A Soil 10/13/1004/15/10 15:34
S_6010B(STLC)
S_6010BDI-STLC
S_GCMS-GRO
S_TPHDO
S_6010BCAM17
S_8260MBTEX
S_6010B(TCLP)

M-16 @ 6.01004070-020A Soil 10/13/10 On-Hold04/15/10 15:36
S_6010BCAM17

Sample Note:  HOLD
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Sample Description Appearance Result Notes

Test Report: Qualitative asbestos analysis of soils using the EPA 600/R-93/116 method

091003567

Attn: Nutan Kabir
Torrent Laboratory, Inc.
483 Sinclair Frontage Rd.
Milpitas, CA 95035

Customer PO:
Received: 04/20/10 10:45 AM

CoC100419002

Customer ID: TORR80

Fax: (408) 263-8293 Phone: (408) 263-5258
Project:

EMSL Order:

EMSL Proj:
4/26/2010Analysis Date:

EMSL Analytical, Inc
2235 Polvorosa Ave , Suite 230, San Leandro, CA 94577
Phone:  (510) 895-3675        Fax:  (510) 895-3680     Email:   milpitaslab@emsl.com

1004070-001A
091003567-0001

None Detected

1004070-016A
091003567-0002

Chrysotile

Baojia Ke, Laboratory Manager
or other approved signatory

1Test Report  PLMQualw/Types-7.12.0  Printed: 4/27/2010 8:58:53 AM

Analyst(s)

THIS IS THE LAST PAGE OF THE REPORT.

EMSL recommends that soil samples reported as "ND" be tested by the EPA Screening Method/Qualitative. The above report relates only to the items tested. This report may not be 
reproduced, except in full, without written approval by EMSL Analytical, Inc.  The above test must not be used by the client to claim product endorsement by NVLAP nor any agency of 
the United States Government. Unless otherwise noted, the results in this report have not been blank corrected.Samples received in good condition unless otherwise noted.
Samples analyzed by EMSL Analytical, Inc 2235 Polvorosa Ave , Suite 230,  San LeandroCA 

Grant Mays (2)

mailto:milpitaslab@emsl.com


Draft Table 2
Soil Results - Total Metals
HWY 101 MSN B4 Project

Lead STLC Lead DI-STLC Lead TCLP

URS Sample ID

Chromium 6 Chromium STLC
Boring ID

Lead STLC Lead DI-STLC Lead TCLPChromium 6 Chromium STLC

# of samples 
to be tested 6 3 43 43 20

S-5 1003111-019A

S-8 1004070-013A 1004070-013A

1003116-027A 1003116-027A 1003116-027A

1003116-028A 1003116-028A

M-1

M-1D

M-2 1004009-006A 1004009-006A

M-4 1004009-010A 1004009-010A 1004009-010A

1004070-011A 1004070-011A 1004070-011A

1004070-012A 1004070-012A 1004070-012A

S-12 1004072-005A 1004072-005A

S-13 1004072-004A 1004072-004A

S-14 1003116-026A 1003116-026A 1003116-026A

S-15

N-4 1004070-003A 1004070-003A

1003116-014A 1003116-014A 1003116-014A

1003116-015A 1003116-015A 1003116-015A 1003116-015A

1003116-001A 1003116-001A

1003116-002A 1003116-002A 1003116-002A

1003116-003A 1003116-003A

1003116-004A 1003116-004A 1003116-004A

1003116-005A 1003116-005A 1003116-005A

1004091-011A 1004091-011A 1004091-011A

1004091-012A 1004091-012A

1004091-013A 1004091-013A

1004091-014A 1004091-014A

1003111-001A 1003111-001A

1003111-002A 1003111-002A

1003111-012A 1003111-012A

1003111-013A 1003111-013A

1004070-005A 1004070-005A 1004070-005A

1004070-006A 1004070-006A 1004070-006A

N-13 1003111-014A 1003111-014A

N-13-d 1003111-007A 1003111-007A

1004072-011A 1004072-011A 1004072-011A

1004072-014A 1004072-014A
1004011-001A 1004011-001A 1004011-001A

1004011-003A 1004011-003A

1004011-007A 1004011-007A

1004011-008A 1004011-008A

M-19-d 1004011-012A 1004011-012A

M-21 1004011-023A 1004011-023A 1004011-023A

M-22 1004011-029A 1004011-029A

S-16 1003116-029A 1003116-029A
N-15 1004067-004A 1004067-004A 1004067-004A
N-16 1004067-010A 1004067-010A 1004067-010A
N-17 1004072-017A 1004072-017A 1004072-017A
M-6
M-10

1004070-016A 1004070-016A 1004070-016A
1004070-017A 1004070-017A
1004070-019A 1004070-019A 1004070-019A

N-12

S-9

N-1

M-16

# of samples 
to be tested

N-8

N-6

N-7

N-5

N-14

M-18

M-19

N-11

1 of 1



URS (San Jose)
100 W San Fernando St, Suite200
San Jose, California 95113
Tel: 4082979585
Fax: 4082976962

RE: Petaluma CA

Torrent Laboratory, Inc. received 14 sample(s) on April 16, 2010 for the analyses presented 
in the following Report.

Dear James Ripple:

Work Order No.:  1004067 Rev:  1

All data for associated QC met EPA or laboratory specification(s) except where noted in the 
case narrative.

Torrent Laboratory, Inc. is certified by the State of California, ELAP #1991.  If you have any 
questions regarding these test results, please feel free to contact the Project Management 
Team at (408)263-5258; ext 204.

Date

May 18, 2010

Patti Sandrock
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Date:  5/18/2010

Client:  URS (San Jose)

Project:  Petaluma CA

Work Order:  1004067

CASE NARRATIVE

No issues encountered with the receiving, preparation, analysis or reporting of the results associated with 
this work order.

REVISIONS:

Per client request, additional TCLP, STLC and DI-STLC anlaysis was performed on specified samples (see 
attachment at end of report).

Note: Extraction of 50 g sample / 500g 0.2M Sodium Citrate Solution was performed according to wet 
extraction procedure (WET) which was rotated in a rotary shaker for 48 hours.
         
 
          Date Prepared: 5/9/10 @ 1PM to 5/11/10 @ 1PM

Note: Extraction of 100 g sample / 2000g TCLP Fluid # 1 was performed according to Toxicity 
Characteristic Leaching Procedure (TCLP) which was rotated in a rotary shaker for 18 hours.

           Date Prepared: 5/6/10 @ 3:50PM to 5/7/10 @ 9:50AM.

Note: Extraction of 50 g sample  with DI water was performed according to wet extraction procedure (WET) 
which was rotated in a rotary shaker for 48 hours.
         
 
          Date Prepared: 5/11/10 @ 11:20AM to 5/3/10 @ 11:20AM.

Rev1   5/17/10
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Report prepared for:  James Ripple

URS (San Jose)

Date Received:  04/16/10

Date Reported:  05/18/10

Sample Result Summary

1004067-003AN-15 @0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg181.00.13SW6010B 1

1004067-004AN-15 @1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead (STLC) mg/L390.100.0500SW6010B 1

Lead (TCLP) mg/L4.90.100.05SW6010B 1

Lead mg/Kg9201.00.13SW6010B 1

1004067-005AN-15 @ 1.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg391.00.13SW6010B 1

1004067-006AN-15 @ 2.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg5.41.00.13SW6010B 1

1004067-007AN-15 @ 3.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg6.31.00.13SW6010B 1

1004067-009AN-16 @ 0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg311.00.13SW6010B 1
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Report prepared for:  James Ripple

URS (San Jose)

Date Received:  04/16/10

Date Reported:  05/18/10

Sample Result Summary

1004067-010AN-16 @ 1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead (STLC) mg/L4.70.100.0500SW6010B 1

Lead mg/Kg3101.00.13SW6010B 1

1004067-011AN-16 @ 1.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg2.31.00.13SW6010B 1

1004067-012AN-16 @ 2.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg7.31.00.13SW6010B 1

1004067-013AN-16 @ 3.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg7.01.00.13SW6010B 1

1004067-015AN17-GW

Parameters: PQLMDL UnitResultsDFAnalysis
Method

All compounds were non-detectable for this sample.

1004067-017AM-16GW

Parameters: PQLMDL UnitResultsDFAnalysis
Method

All compounds were non-detectable for this sample.
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/16/10

URS (San Jose)
James Ripple

1004067-003ALab Sample ID:  

Sample Matrix: Soil

N-15 @0.5

Petaluma CA

04/15/10 / 10:33

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/19/10 400610mg/Kg18Lead 04/19/10 0.13 1.0 03041
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/16/10

URS (San Jose)
James Ripple

1004067-004ALab Sample ID:  

Sample Matrix: Soil

N-15 @1.0

Petaluma CA

04/15/10 / 10:35

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/11/10 400854mg/L39Lead (STLC) 05/12/10 0.0500 0.10 04131

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/7/10 400786mg/L4.9Lead (TCLP) 05/07/10 0.05 0.10 03921

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/19/10 400610mg/Kg920Lead 04/19/10 0.13 1.0 03041

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/13/10 400865mg/LNDLead (DI-STLC) 05/13/10 0.0500 0.10 04241
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/16/10

URS (San Jose)
James Ripple

1004067-005ALab Sample ID:  

Sample Matrix: Soil

N-15 @ 1.5

Petaluma CA

04/15/10 / 10:37

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/19/10 400610mg/Kg39Lead 04/19/10 0.13 1.0 03041
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/16/10

URS (San Jose)
James Ripple

1004067-006ALab Sample ID:  

Sample Matrix: Soil

N-15 @ 2.0

Petaluma CA

04/15/10 / 10:39

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/19/10 400610mg/Kg5.4Lead 04/19/10 0.13 1.0 03041
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/16/10

URS (San Jose)
James Ripple

1004067-007ALab Sample ID:  

Sample Matrix: Soil

N-15 @ 3.0

Petaluma CA

04/15/10 / 10:41

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/19/10 400610mg/Kg6.3Lead 04/19/10 0.13 1.0 03041
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/16/10

URS (San Jose)
James Ripple

1004067-009ALab Sample ID:  

Sample Matrix: Soil

N-16 @ 0.5

Petaluma CA

04/15/10 / 11:02

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/19/10 400610mg/Kg31Lead 04/19/10 0.13 1.0 03041
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/16/10

URS (San Jose)
James Ripple

1004067-010ALab Sample ID:  

Sample Matrix: Soil

N-16 @ 1.0

Petaluma CA

04/15/10 / 11:04

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/11/10 400854mg/L4.7Lead (STLC) 05/12/10 0.0500 0.10 04131

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/7/10 400786mg/LNDLead (TCLP) 05/07/10 0.05 0.10 03921

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/19/10 400610mg/Kg310Lead 04/19/10 0.13 1.0 03041

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/13/10 400865mg/LNDLead (DI-STLC) 05/13/10 0.0500 0.10 04241
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/16/10

URS (San Jose)
James Ripple

1004067-011ALab Sample ID:  

Sample Matrix: Soil

N-16 @ 1.5

Petaluma CA

04/15/10 / 11:06

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/19/10 400610mg/Kg2.3Lead 04/19/10 0.13 1.0 03041
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/16/10

URS (San Jose)
James Ripple

1004067-012ALab Sample ID:  

Sample Matrix: Soil

N-16 @ 2.0

Petaluma CA

04/15/10 / 11:08

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/19/10 400610mg/Kg7.3Lead 04/19/10 0.13 1.0 03041
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/16/10

URS (San Jose)
James Ripple

1004067-013ALab Sample ID:  

Sample Matrix: Soil

N-16 @ 3.0

Petaluma CA

04/15/10 / 11:10

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/19/10 400610mg/Kg7.0Lead 04/19/10 0.13 1.0 03041
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/16/10

URS (San Jose)
James Ripple

1004067-015ALab Sample ID:  

Sample Matrix: Groundwater

N17-GW

Petaluma CA

04/15/10 / 11:53

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW8015B(M) 4/19/10 400630mg/LNDTPH as Diesel 04/20/10 0.0400 0.10 03101

SW8015B(M) 4/19/10 400630mg/LNDTPH as Motor Oil 04/20/10 0.0900 0.20 03101

SW8015B(M) 4/19/10 400630%96.0Pentacosane (S) 04/20/10 64.2 123 03101
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/16/10

URS (San Jose)
James Ripple

1004067-017ALab Sample ID:  

Sample Matrix: Groundwater

M-16GW

Petaluma CA

04/15/10 / 15:38

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW8260B NA 400621ug/LNDDichlorodifluoromethane 04/20/10 0.41 0.50 NA1

SW8260B NA 400621ug/LNDChloromethane 04/20/10 0.41 0.50 NA1

SW8260B NA 400621ug/LNDVinyl Chloride 04/20/10 0.37 0.50 NA1

SW8260B NA 400621ug/LNDBromomethane 04/20/10 0.37 0.50 NA1

SW8260B NA 400621ug/LNDTrichlorofluoromethane 04/20/10 0.34 0.50 NA1

SW8260B NA 400621ug/LND1,1-Dichloroethene 04/20/10 0.29 0.50 NA1

SW8260B NA 400621ug/LNDFreon 113 04/20/10 0.38 0.50 NA1

SW8260B NA 400621ug/LNDMethylene Chloride 04/20/10 0.18 5.0 NA1

SW8260B NA 400621ug/LNDtrans-1,2-Dichloroethene 04/20/10 0.31 0.50 NA1

SW8260B NA 400621ug/LNDMTBE 04/20/10 0.38 0.50 NA1

SW8260B NA 400621ug/LNDtert-Butanol 04/20/10 1.5 5.0 NA1

SW8260B NA 400621ug/LNDDiisopropyl ether (DIPE) 04/20/10 0.36 0.50 NA1

SW8260B NA 400621ug/LND1,1-Dichloroethane 04/20/10 0.28 0.50 NA1

SW8260B NA 400621ug/LNDETBE 04/20/10 0.40 0.50 NA1

SW8260B NA 400621ug/LNDcis-1,2-Dichloroethene 04/20/10 0.33 0.50 NA1

SW8260B NA 400621ug/LND2,2-Dichloropropane 04/20/10 0.37 0.50 NA1

SW8260B NA 400621ug/LNDBromochloromethane 04/20/10 0.34 0.50 NA1

SW8260B NA 400621ug/LNDChloroform 04/20/10 0.29 0.50 NA1

SW8260B NA 400621ug/LNDCarbon Tetrachloride 04/20/10 0.26 0.50 NA1

SW8260B NA 400621ug/LND1,1,1-Trichloroethane 04/20/10 0.32 0.50 NA1

SW8260B NA 400621ug/LND1,1-Dichloropropene 04/20/10 0.40 0.50 NA1

SW8260B NA 400621ug/LNDBenzene 04/20/10 0.33 0.50 NA1

SW8260B NA 400621ug/LNDTAME 04/20/10 0.32 0.50 NA1

SW8260B NA 400621ug/LND1,2-Dichloroethane 04/20/10 0.28 0.50 NA1

SW8260B NA 400621ug/LNDTrichloroethylene 04/20/10 0.38 0.50 NA1

SW8260B NA 400621ug/LNDDibromomethane 04/20/10 0.21 0.50 NA1

SW8260B NA 400621ug/LND1,2-Dichloropropane 04/20/10 0.37 0.50 NA1

SW8260B NA 400621ug/LNDBromodichloromethane 04/20/10 0.23 0.50 NA1

SW8260B NA 400621ug/LND2-Chloroethyl vinyl ether 04/20/10 0.91 2.0 NA1

SW8260B NA 400621ug/LNDcis-1,3-Dichloropropene 04/20/10 0.30 0.50 NA1

SW8260B NA 400621ug/LNDToluene 04/20/10 0.19 0.50 NA1

SW8260B NA 400621ug/LNDTetrachloroethylene 04/20/10 0.15 0.50 NA1

SW8260B NA 400621ug/LNDtrans-1,3-Dichloropropene 04/20/10 0.20 0.50 NA1

SW8260B NA 400621ug/LND1,1,2-Trichloroethane 04/20/10 0.20 0.50 NA1

SW8260B NA 400621ug/LNDDibromochloromethane 04/20/10 0.21 0.50 NA1

SW8260B NA 400621ug/LND1,3-Dichloropropane 04/20/10 0.18 0.50 NA1

Page 16 of 32Total Page Count:  32



SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/16/10

URS (San Jose)
James Ripple

1004067-017ALab Sample ID:  

Sample Matrix: Groundwater

M-16GW

Petaluma CA

04/15/10 / 15:38

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW8260B NA 400621ug/LND1,2-Dibromoethane 04/20/10 0.19 0.50 NA1

SW8260B NA 400621ug/LNDChlorobenzene 04/20/10 0.14 0.50 NA1

SW8260B NA 400621ug/LNDEthyl Benzene 04/20/10 0.15 0.50 NA1

SW8260B NA 400621ug/LND1,1,1,2-Tetrachloroethane 04/20/10 0.10 0.50 NA1

SW8260B NA 400621ug/LNDm,p-Xylene 04/20/10 0.20 1.0 NA1

SW8260B NA 400621ug/LNDo-Xylene 04/20/10 0.13 0.50 NA1

SW8260B NA 400621ug/LNDStyrene 04/20/10 0.20 0.50 NA1

SW8260B NA 400621ug/LNDBromoform 04/20/10 0.45 1.0 NA1

SW8260B NA 400621ug/LNDIsopropyl Benzene 04/20/10 0.28 0.50 NA1

SW8260B NA 400621ug/LNDBromobenzene 04/20/10 0.39 0.50 NA1

SW8260B NA 400621ug/LND1,1,2,2-Tetrachloroethane 04/20/10 0.26 0.50 NA1

SW8260B NA 400621ug/LNDn-Propylbenzene 04/20/10 0.30 0.50 NA1

SW8260B NA 400621ug/LND2-Chlorotoluene 04/20/10 0.33 0.50 NA1

SW8260B NA 400621ug/LND1,3,5-Trimethylbenzene 04/20/10 0.20 0.50 NA1

SW8260B NA 400621ug/LND4-Chlorotoluene 04/20/10 0.32 0.50 NA1

SW8260B NA 400621ug/LNDtert-Butylbenzene 04/20/10 0.29 0.50 NA1

SW8260B NA 400621ug/LND1,2,3-Trichloropropane 04/20/10 0.59 1.0 NA1

SW8260B NA 400621ug/LND1,2,4-Trimethylbenzene 04/20/10 0.33 0.50 NA1

SW8260B NA 400621ug/LNDsec-Butyl Benzene 04/20/10 0.24 0.50 NA1

SW8260B NA 400621ug/LNDp-Isopropyltoluene 04/20/10 0.25 0.50 NA1

SW8260B NA 400621ug/LND1,3-Dichlorobenzene 04/20/10 0.31 0.50 NA1

SW8260B NA 400621ug/LND1,4-Dichlorobenzene 04/20/10 0.37 0.50 NA1

SW8260B NA 400621ug/LNDn-Butylbenzene 04/20/10 0.32 0.50 NA1

SW8260B NA 400621ug/LND1,2-Dichlorobenzene 04/20/10 0.39 0.50 NA1

SW8260B NA 400621ug/LND1,2-Dibromo-3-Chloropropane 04/20/10 0.45 1.0 NA1

SW8260B NA 400621ug/LNDHexachlorobutadiene 04/20/10 0.22 0.50 NA1

SW8260B NA 400621ug/LND1,2,4-Trichlorobenzene 04/20/10 0.48 1.0 NA1

SW8260B NA 400621ug/LNDNaphthalene 04/20/10 0.57 1.0 NA1

SW8260B NA 400621ug/LND1,2,3-Trichlorobenzene 04/20/10 0.52 1.0 NA1

SW8260B NA 400621%111(S) Dibromofluoromethane 04/20/10 61.2 131 NA1

SW8260B NA 400621%110(S) Toluene-d8 04/20/10 75.1 127 NA1

SW8260B NA 400621%92.1(S) 4-Bromofluorobenzene 04/20/10 64.1 120 NA1
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/16/10

URS (San Jose)
James Ripple

1004067-017ALab Sample ID:  

Sample Matrix: Groundwater

M-16GW

Petaluma CA

04/15/10 / 15:38

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

8260TPH NA 400624ug/LNDTPH(Gasoline) 04/20/10 22 50 NA1

8260TPH NA 400624%76.4(S) 4-Bromofluorobenzene 04/20/10 58.4 133 NA1

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW8015B(M) 4/19/10 400630mg/LNDTPH as Diesel 04/20/10 0.0400 0.10 03101

SW8015B(M) 4/19/10 400630mg/LNDTPH as Motor Oil 04/20/10 0.0900 0.20 03101

SW8015B(M) 4/19/10 400630%98.1Pentacosane (S) 04/20/10 64.2 123 03101
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MB Summary Report

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

04/19/10 Prep Batch:

Analytical 
Batch:

400610

mg/Kg

04/19/10

03043050

Soil

1004067

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.20 5.0Antimony ND 

0.28 1.7Arsenic ND 

1 5.0Barium ND 

0.0840 2.0Beryllium ND 

0.059 1.0Cadmium ND 

0.059 5.0Chromium 0.10 

0.14 5.0Cobalt ND 

0.090 5.0Copper 0.60 

0.13 1.0Lead 0.25 

0.059 5.0Molybdenum ND 

0.059 5.0Nickel 3.1 

0.29 5.0Selenium 0.45 

1.0 1.0Silver ND 

0.12 5.0Thallium ND 

0.12 5.0Vanadium ND 

0.59 5.0Zinc 1.0 
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MB Summary Report

Work Order:  

Matrix:

Units:

Prep Method: 

SW8260BAnalytical 
Method:

Prep Date:

Analyzed Date:

NA Prep Batch:

Analytical 
Batch:

400621

ug/L

04/20/10

NANA

Water

1004067

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.41 0.50Dichlorodifluoromethane ND 

0.41 0.50Chloromethane ND 

0.37 0.50Vinyl Chloride ND 

0.37 0.50Bromomethane ND 

0.34 0.50Trichlorofluoromethane ND 

0.29 0.501,1-Dichloroethene ND 

0.38 0.50Freon 113 ND 

0.18 5.0Methylene Chloride ND 

0.31 0.50trans-1,2-Dichloroethene ND 

0.38 0.50MTBE ND 

1.5 5.0tert-Butanol ND 

0.36 0.50Diisopropyl ether (DIPE) ND 

0.28 0.501,1-Dichloroethane ND 

0.40 0.50ETBE ND 

0.33 0.50cis-1,2-Dichloroethene ND 

0.37 0.502,2-Dichloropropane ND 

0.34 0.50Bromochloromethane ND 

0.29 0.50Chloroform ND 

0.26 0.50Carbon Tetrachloride ND 

0.32 0.501,1,1-Trichloroethane ND 

0.40 0.501,1-Dichloropropene ND 

0.33 0.50Benzene ND 

0.32 0.50TAME ND 

0.28 0.501,2-Dichloroethane ND 

0.38 0.50Trichloroethylene ND 

0.21 0.50Dibromomethane ND 

0.37 0.501,2-Dichloropropane ND 

0.23 0.50Bromodichloromethane ND 

0.91 2.02-Chloroethyl vinyl ether ND 

0.30 0.50cis-1,3-Dichloropropene ND 

0.19 0.50Toluene ND 

0.15 0.50Tetrachloroethylene ND 

0.20 0.50trans-1,3-Dichloropropene ND 

0.20 0.501,1,2-Trichloroethane ND 

0.21 0.50Dibromochloromethane ND 

0.18 0.501,3-Dichloropropane ND 

0.19 0.501,2-Dibromoethane ND 
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MB Summary Report

Work Order:  

Matrix:

Units:

Prep Method: 

SW8260BAnalytical 
Method:

Prep Date:

Analyzed Date:

NA Prep Batch:

Analytical 
Batch:

400621

ug/L

04/20/10

NANA

Water

1004067

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.14 0.50Chlorobenzene ND 

0.15 0.50Ethyl Benzene ND 

0.10 0.501,1,1,2-Tetrachloroethane ND 

0.20 1.0m,p-Xylene 0.38 

0.13 0.50o-Xylene ND 

0.20 0.50Styrene ND 

0.45 1.0Bromoform ND 

0.28 0.50Isopropyl Benzene ND 

0.39 0.50Bromobenzene ND 

0.26 0.501,1,2,2-Tetrachloroethane ND 

0.30 0.50n-Propylbenzene ND 

0.33 0.502-Chlorotoluene ND 

0.20 0.501,3,5-Trimethylbenzene ND 

0.32 0.504-Chlorotoluene ND 

0.29 0.50tert-Butylbenzene ND 

0.59 1.01,2,3-Trichloropropane ND 

0.33 0.501,2,4-Trimethylbenzene ND 

0.24 0.50sec-Butyl Benzene ND 

0.25 0.50p-Isopropyltoluene ND 

0.31 0.501,3-Dichlorobenzene ND 

0.37 0.501,4-Dichlorobenzene ND 

0.32 0.50n-Butylbenzene ND 

0.39 0.501,2-Dichlorobenzene ND 

0.45 1.01,2-Dibromo-3-Chloropropane ND 

0.22 0.50Hexachlorobutadiene ND 

0.48 1.01,2,4-Trichlorobenzene ND 

0.57 1.0Naphthalene ND 

0.52 1.01,2,3-Trichlorobenzene ND 

(S) Dibromofluoromethane 113 %

(S) Toluene-d8 108 %

(S) 4-Bromofluorobenzene 79.7 %
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MB Summary Report

Work Order:  

Matrix:

Units:

Prep Method: 

8260TPHAnalytical 
Method:

Prep Date:

Analyzed Date:

NA Prep Batch:

Analytical 
Batch:

400624

ug/L

04/20/10

NANA

Water

1004067

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

22 50TPH(Gasoline) ND 

(S) 4-Bromofluorobenzene 72.1 %

Work Order:  

Matrix:

Units:

Prep Method: 

SW8015B(M)Analytical 
Method:

Prep Date:

Analyzed Date:

04/19/10 Prep Batch:

Analytical 
Batch:

400630

mg/L

04/20/10

03103510_TPH

Water

1004067

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.0440 0.10TPH as Diesel ND 

0.0920 0.20TPH as Motor Oil ND 

Pentacosane (S) 93.6 %

Work Order:  

Matrix:

Units:

Prep Method: 

SW8015B(M)Analytical 
Method:

Prep Date:

Analyzed Date:

04/19/10 Prep Batch:

Analytical 
Batch:

400630

mg/L

04/20/10

03103510_TPH

Water

1004067

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.0440 0.10TPH as Diesel ND 

0.0920 0.20TPH as Motor Oil ND 

Pentacosane (S) 105 %

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

05/07/10 Prep Batch:

Analytical 
Batch:

400786

mg/L

05/07/10

03921311/3010B

Soil

1004067

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.0500 0.10Lead (TCLP) ND 
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MB Summary Report

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

05/11/10 Prep Batch:

Analytical 
Batch:

400854

mg/Kg

05/12/10

0413WET/3010B

Soil

1004067

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.0200 0.10Chromium (STLC) ND 

0.0500 0.10Lead (STLC) ND 

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

05/13/10 Prep Batch:

Analytical 
Batch:

400865

mg/Kg

05/13/10

0424WET-DI/3010B

Soil

1004067

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.0500 0.10Lead (DI-STLC) ND 
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LCS/LCSD Summary Report
Raw values are used in quality control assessment.

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

04/19/10 Prep Batch:

Analytical 
Batch:

40061004/19/10

mg/Kg

3050 0304

Soil

1004067

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

5 500.2 0.00 0.533 3030.7 - 130Antimony 94 93.5

1.7 500.28 0.00 0.994 3071 - 121Arsenic 91 90.1

5 501.1 0.20 6.23 3070.2 - 130Barium 100.9 94.9

2 500.084 0.00 3.62 3073.3 - 115Beryllium 103.6 100

1 500.059 0.00 6.47 68.7 - 110Cadmium 97.3 91.2

5 500.059 0.10 5.91 3076 - 116Chromium 101.4 95.2

5 500.14 0.050 4.74 3057.4 - 122Cobalt 99.3 94.7

5 500.09 0.60 6.55 3074.8 - 119Copper 103.5 97.4

1 500.13 0.25 0.853 3067.9 - 118Lead 94.2 93.4

5 500.059 0.050 0.731 3062.9 - 123Molybdenum 96.1 95.4

5 500.059 3.1 5.84 3061.5 - 122Nickel 103.8 98.1

5 500.29 0.45 1.39 3062 - 111Selenium 86.7 85.5

1 501 -0.15 5.55 3081.1 - 109Silver 98.2 92.9

5 500.12 0.10 0.333 3039.2 - 125Thallium 90.2 89.9

5 500.12 -0.10 5.28 3065.8 - 122Vanadium 101.1 95.8

5 500.59 1.0 8.19 3059.9 - 122Zinc 97.9 90.2

Work Order:  

Matrix:

Units:

Prep Method: 

SW8260BAnalytical 
Method:

Prep Date:

Analyzed Date:

NA Prep Batch:

Analytical 
Batch:

40062104/20/10

ug/L

NA NA

Water

1004067

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

0.50 17.040.29 0.00 5.93 3061.4 - 1291,1-Dichloroethene 109 115

0.50 17.040.33 0.00 9.47 3066.9 - 140Benzene 104 114

0.50 17.040.38 0.00 10.1 3069.3 - 144Trichloroethylene 103 114

0.50 17.040.19 0.00 8.40 3076.6 - 123Toluene 109 119

0.50 17.040.14 0.00 6.27 3073.9 - 137Chlorobenzene 110 117

11.360.00 61.2 - 131(S) Dibromofluoromethane 116 111

11.360.00 75.1 - 127(S) Toluene-d8 110 114

11.360.070 64.1 - 120(S) 4-Bromofluorobenzene 117 114
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LCS/LCSD Summary Report
Raw values are used in quality control assessment.

Work Order:  

Matrix:

Units:

Prep Method: 

8260TPHAnalytical 
Method:

Prep Date:

Analyzed Date:

NA Prep Batch:

Analytical 
Batch:

40062404/20/10

ug/L

NA NA

Water

1004067

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

50 227.2722 0.00 1.70 52.4 - 127TPH(Gasoline) 101 99.4

11.3672.1 58.4 - 133(S) 4-Bromofluorobenzene 84.6 79.1

Work Order:  

Matrix:

Units:

Prep Method: 

SW8015B(M)Analytical 
Method:

Prep Date:

Analyzed Date:

04/19/10 Prep Batch:

Analytical 
Batch:

40063004/20/10

mg/L

3510_TPH 0310

Water

1004067

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

0.10 10.0440 0.014 11.0 3050.3 - 125TPH as Diesel 80.5 72.1

1000.062 57.9 - 125Pentacosane (S) 96.3 82.6

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

05/07/10 Prep Batch:

Analytical 
Batch:

40078605/07/10

mg/L

1311/3010B 0392

Soil

1004067

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

0.1 100.05 0.000 0.644 2080 - 120Lead (TCLP) 92.8 93.4

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

05/11/10 Prep Batch:

Analytical 
Batch:

40085405/12/10

mg/Kg

WET/3010B 0413

Soil

1004067

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

0.10 100.0200 ,0.0100 0.644 2080 - 120Chromium (STLC) 93.4 92.8

0.10 100.0500 ,0.000 0.440 2080 - 120Lead (STLC) 91.1 90.7
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LCS/LCSD Summary Report
Raw values are used in quality control assessment.

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

05/13/10 Prep Batch:

Analytical 
Batch:

40086505/13/10

mg/Kg

WET-DI/3010B 0424

Soil

1004067

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

0.10 100.0500 ,0.000 0.203 2080 - 120Lead (DI-STLC) 98.5 98.7
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Laboratory Qualifiers and Definitions

Method Detection Limit (MDL) -  the minimum concentration of a substance that can be measured and reported with a 99% confidence that the analyte 
concentration is greater than zero 

Matrix Spike (MS/MSD) -  Client sample spiked with identical concentrations of target analyte (s).  The spiking occurs prior to the sample preparation and 
analysis.  They are used to document the precision and bias of a method in a given sample matrix.

Matrix - the component or substrate that contains the analyte of interest (e.g., - groundwater, sediment, soil, waste water, etc)

Laboratory Control Sample (LCS ad LCSD) - A known matrix spiked with compounds representative of the target analyte(s).  This is used to document 
laboratory performance.

Duplicate - a field sample and/or laboratory QC sample prepared in duplicate following all of the same processes and procedures used on the original sample 
(sample duplicate, LCSD, MSD)

Blank (Method/Preparation Blank) -MB/PB - An analyte-free matrix to which all reagents are added in the same volumes/proportions as used in sample 
processing.  The method blank is used to document contamination resulting from the analytical process.

Practical Quantitation Limit  (PQL) - a laboratory determined value at 2 to 5 times above the MDL that can be reproduced in a manner that results in a 99% 
confidence level that the result is both accurate and precise. PQLs reflect all preparation factors and/or dilution factors that have been applied to the sample 
during the preparation and/or analytical processes.

Precision (%RPD) - The agreement among a set of replicate/duplicate measurements without regard to known value of the replicates 

 Surrogate (S) or (Surr) - An organic compound which is similar to the target analyte(s) in chemical composition and behavior in the analytical process, but 
which is not normally found in environmental samples. Surrogates are used in most organic analysis to demonstrate matrix compatibility with the chosen method 
of analysis

Tentatively Identified Compound (TIC) - A compound not contained within the analytical calibration standards but present in the GCMS library of defined 
compounds.  When the library is searched for an unknown compound, it can frequently give a tentative identification to the compound based on retention time 
and primary and secondary ion match.  TICs are reported as estimates and are candidates for further investigation.

Units: the unit of measure used to express the reported result - mg/L and mg/Kg (equivalent to PPM - parts per million in liquid and solid), ug/L and ug/Kg 
(equivalent to PPB - parts per billion in liquid and solid), ug/m3, mg.m3, ppbv and ppmv  (all units of measure for reporting concentrations in air), % ( 
equivalent to 10000 ppm or 1,000,000 ppb), ug/Wipe ( concentration found on the surface of a single Wipe usually taken over a 100cm2 surface)

B - Indicates when the anlayte is found in the associated method or preparation blank 
D - Surrogate is not recoverable due to the necessary dilution of the sample
E - Indicates the reportable value is outside of the calibration range of the instrument but within the linear range of the instrument (unless otherwise noted) 
Values reported with an E qualifier should be considered as estimated.
H- Indicates that the recommended holding time for the analyte or compound has been exceeded
J- Indicates a value between the method MDL and PQL and that the reported concentration should be considered as estimated rather the quantitative 
NA - Not Analyzed
N/A - Not Applicable
NR - Not recoverable - a matrix spike concentration is not recoverable due to a concentration within the original sample that is greater than four times the spike 
concentration added
R- The % RPD between a duplicate set of samples is outside of the absolute values established by laboratory control charts
S- Spike recovery is outside of established method and/or laboratory control limits.  Further explanation of the use of this qualifier should be included within a 
case narrative

    X -Used to indicate that a value based on pattern identification is within the pattern range but not typical of the pattern found in standards.       
    Further explanation may or may not be provided within the sample footnote and/or the case narrative.

DEFINITIONS:

Accuracy/Bias (% Recovery) - The closeness of agreement between an observed value and an accepted reference value.

LABORATORY QUALIFIERS:
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pH Adjusted by:  pH Checked by:  

°C3

No VOA vials submitted

Yes

Yes

Temperature:

Water-pH acceptable upon receipt?

Water-VOA vials have zero headspace?

Container/Temp Blank temperature in compliance?

All samples received within holding time?

Sample Preservation and Hold Time (HT) Information

YesSamples containers intact?

Yes

Yes

Not Present

Yes

Sufficient sample volume for indicated test?

Samples in proper container/bottle?

Custody seals intact on shipping container/cooler?

Shipping Container/Cooler In Good Condition?

Sample Receipt Information

Yes

Yes

Yes

Not Present

Chain of custody agrees with sample labels?

Chain of custody signed when relinquished and received?

Chain of custody present?

Custody seals intact on sample bottles?

Chain of Custody (COC) Information

Checklist Completed By:  lorna

Carrier Name:  Gold Bullet Courier

Physically Logged By:  

Received By:   lorna

Date and Time Received:  4/16/2010  14:25

Work Order No.:  1004067

Project Name:  Petaluma CA

Client Name:  URS (San Jose)

Sample Receipt Checklist
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Login Summary Report

Report Due Date:

5 day TAT! Received 15 soils, 4 On hold and 2 waters.

14:25

4/16/2010

IIURS (San Jose)TL5174

Petaluma CA

5/14/2010

TAT Requested:

Date Received:

Time Received:

QC Level: 

Project Name:

Project # :

Comments:

Client ID:

5+ day:0

1004067Work Order # :

SubbedRequested
Tests

Test
On Hold

Sample
On Hold

Scheduled
Disposal

MatrixCollection 
Date/Time

Client 
Sample ID

WO Sample ID

M-16 @9.01004067-001A Soil 10/13/10 On-Hold04/15/10 15:38
S_6010BCAM17

Sample Note:  HOLD

M-16 @10.5'1004067-002A Soil 10/13/10 On-Hold04/15/10 15:40
S_6010BCAM17

Sample Note:  HOLD

N-15 @0.51004067-003A Soil 10/13/1004/15/10 10:33
S_6010BCAM17

Sample Note:  Metals- Pb only for samples 003A-013A.

N-15 @1.01004067-004A Soil 10/13/1004/15/10 10:35
S_6010B(STLC)
S_6010BDI-STLC
S_6010BCAM17
S_6010B(TCLP)

N-15 @ 1.51004067-005A Soil 10/13/1004/15/10 10:37
S_6010BCAM17

N-15 @ 2.01004067-006A Soil 10/13/1004/15/10 10:39
S_6010BCAM17

N-15 @ 3.01004067-007A Soil 10/13/1004/15/10 10:41
S_6010BCAM17

N-15 @ 6.01004067-008A Soil 10/13/10 On-Hold04/15/10 10:43
S_6010BCAM17

N-16 @ 0.51004067-009A Soil 10/13/1004/15/10 11:02
S_6010BCAM17

N-16 @ 1.01004067-010A Soil 10/13/1004/15/10 11:04
S_6010B(STLC)
S_6010BCAM17
S_6010BDI-STLC
S_6010B(TCLP)

N-16 @ 1.51004067-011A Soil 10/13/1004/15/10 11:06
S_6010BCAM17

N-16 @ 2.01004067-012A Soil 10/13/1004/15/10 11:08
S_6010BCAM17

N-16 @ 3.01004067-013A Soil 10/13/1004/15/10 11:10
S_6010BCAM17
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Login Summary Report

Report Due Date:

5 day TAT! Received 15 soils, 4 On hold and 2 waters.

14:25

4/16/2010

IIURS (San Jose)TL5174

Petaluma CA

5/14/2010

TAT Requested:

Date Received:

Time Received:

QC Level: 

Project Name:

Project # :

Comments:

Client ID:

5+ day:0

1004067Work Order # :

SubbedRequested
Tests

Test
On Hold

Sample
On Hold

Scheduled
Disposal

MatrixCollection 
Date/Time

Client 
Sample ID

WO Sample ID

N-16 @ 6.01004067-014A Soil 10/13/10 On-Hold04/15/10 11:12
S_6010BCAM17

Sample Note:  HOLD

N17-GW1004067-015A Water 10/13/1004/15/10 11:53
W_TPHDO

N-17 @ 15.01004067-016A Soil 10/13/10 On-Hold04/15/10 11:45
S_6010BCAM17

M-16GW1004067-017A Water 10/13/1004/15/10 15:38
W_8260Full
W_GCMS-GRO
W_TPHDO

Sample Note:  Per client request TPHD/MO added to sample M-16 GW on 4/20/10.

Page 30 of 32Total Page Count:  32



Page 31 of 32Total Page Count:  32



Page 32 of 32Total Page Count:  32



Draft Table 2
Soil Results - Total Metals
HWY 101 MSN B4 Project

Lead STLC Lead DI-STLC Lead TCLP

URS Sample ID

Chromium 6 Chromium STLC
Boring ID

Lead STLC Lead DI-STLC Lead TCLPChromium 6 Chromium STLC

# of samples 
to be tested 6 3 43 43 20

S-5 1003111-019A

S-8 1004070-013A 1004070-013A

1003116-027A 1003116-027A 1003116-027A

1003116-028A 1003116-028A

M-1

M-1D

M-2 1004009-006A 1004009-006A

M-4 1004009-010A 1004009-010A 1004009-010A

1004070-011A 1004070-011A 1004070-011A

1004070-012A 1004070-012A 1004070-012A

S-12 1004072-005A 1004072-005A

S-13 1004072-004A 1004072-004A

S-14 1003116-026A 1003116-026A 1003116-026A

S-15

N-4 1004070-003A 1004070-003A

1003116-014A 1003116-014A 1003116-014A

1003116-015A 1003116-015A 1003116-015A 1003116-015A

1003116-001A 1003116-001A

1003116-002A 1003116-002A 1003116-002A

1003116-003A 1003116-003A

1003116-004A 1003116-004A 1003116-004A

1003116-005A 1003116-005A 1003116-005A

1004091-011A 1004091-011A 1004091-011A

1004091-012A 1004091-012A

1004091-013A 1004091-013A

1004091-014A 1004091-014A

1003111-001A 1003111-001A

1003111-002A 1003111-002A

1003111-012A 1003111-012A

1003111-013A 1003111-013A

1004070-005A 1004070-005A 1004070-005A

1004070-006A 1004070-006A 1004070-006A

N-13 1003111-014A 1003111-014A

N-13-d 1003111-007A 1003111-007A

1004072-011A 1004072-011A 1004072-011A

1004072-014A 1004072-014A
1004011-001A 1004011-001A 1004011-001A

1004011-003A 1004011-003A

1004011-007A 1004011-007A

1004011-008A 1004011-008A

M-19-d 1004011-012A 1004011-012A

M-21 1004011-023A 1004011-023A 1004011-023A

M-22 1004011-029A 1004011-029A

S-16 1003116-029A 1003116-029A
N-15 1004067-004A 1004067-004A 1004067-004A
N-16 1004067-010A 1004067-010A 1004067-010A
N-17 1004072-017A 1004072-017A 1004072-017A
M-6
M-10

1004070-016A 1004070-016A 1004070-016A
1004070-017A 1004070-017A
1004070-019A 1004070-019A 1004070-019A

N-12

S-9

N-1

M-16

# of samples 
to be tested

N-8

N-6

N-7

N-5

N-14

M-18

M-19

N-11

1 of 1



URS (San Jose)
100 W San Fernando St, Suite200
San Jose, California 95113
Tel: 4082979585
Fax: 4082976962

RE: Petaluma, CA

Torrent Laboratory, Inc. received 30 sample(s) on April 02, 2010 for the analyses presented 
in the following Report.

Dear James Ripple:

Work Order No.:  1004011 Rev:  3

All data for associated QC met EPA or laboratory specification(s) except where noted in the 
case narrative.

Torrent Laboratory, Inc. is certified by the State of California, ELAP #1991.  If you have any 
questions regarding these test results, please feel free to contact the Project Management 
Team at (408)263-5258; ext 204.

Date

July 19, 2010

Nutan Kabir

Page 1 of 59Total Page Count:  59



Date:  7/19/2010

Client:  URS (San Jose)

Project:  Petaluma, CA

Work Order:  1004011

CASE NARRATIVE

No issues encountered with the receiving, preparation, analysis or reporting of the results associated with 
this work order.

 Analytical Comments for Asbestos, Note: Analysis performed by sub-contract laboratory EMSL, Inc 
NVLAP Certification # 101048-3. Results to follow under separate cover.

REVISIONS:

Per client request, additional TCLP, STLC and DI-STLC anlaysis was performed on specified samples (see 
attachment at end of report).

Note: Extraction of 50 g sample / 500g 0.2M Sodium Citrate Solution was performed according to wet 
extraction procedure (WET) which was rotated in a rotary shaker for 48 hours.
         
 
          Date Prepared: 5/9/10 @ 1PM to 5/11/10 @ 1PM

Note: Extraction of 100 g sample / 2000g TCLP Fluid # 1 was performed according to Toxicity 
Characteristic Leaching Procedure (TCLP) which was rotated in a rotary shaker for 18 hours.

           Date Prepared: 5/6/10 @ 3:50PM to 5/7/10 @ 9:50AM.

Note: Extraction of 50 g sample  with DI water was performed according to wet extraction procedure (WET) 
which was rotated in a rotary shaker for 48 hours.
         
 
          Date Prepared: 5/11/10 @ 11:20AM to 5/3/10 @ 11:20AM.

Analytical Comments for method 6010B(STLC),For MS/MSDNote:The % recoveries for MS for Pb and 
MSD for Cr are outside of laboratory control limits but are within % RPD limits. The associated  LCS/LCSD 
% recoveries and % RPD are within limits.  No corrective action required.

Rev1   5/17/10

Per Client request STLC for Nickel reported for samples 008A and 012A.

Rev2  7/19/10

Per client request, STLC for Nickel reported for 007A.

Rev 3
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Report prepared for:  James Ripple

URS (San Jose)

Date Received:  04/02/10

Date Reported:  07/19/10

Sample Result Summary

1004011-001M-18@0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead (DI-STLC) mg/L1.10.100.0500SW6010B 1

Lead (TCLP) mg/L0.130.100.05SW6010B 1

Lead (STLC) mg/L240.100.0500SW6010B 1

1004011-002M-18@1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg341.00.13SW6010B 1

1004011-003M-18@1.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg581.00.13SW6010B 1

1004011-004M-18@2.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg5.31.00.13SW6010B 1

1004011-005M-18@3.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg1.51.00.13SW6010B 1

1004011-006M-19@0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg1.11.00.13SW6010B 1
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Report prepared for:  James Ripple

URS (San Jose)

Date Received:  04/02/10

Date Reported:  07/19/10

Sample Result Summary

1004011-007M-19@1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Antimony mg/Kg7.85.00.20SW6010B 1

Barium mg/Kg535.01SW6010B 1

Chromium mg/Kg3205.00.0590SW6010B 1

Cobalt mg/Kg315.00.14SW6010B 1

Copper mg/Kg235.00.0900SW6010B 1

Lead mg/Kg351.00.13SW6010B 1

Nickel mg/Kg5305.00.0590SW6010B 1

Silver mg/Kg2.11.00SW6010B 1

Vanadium mg/Kg505.00.12SW6010B 1

Zinc mg/Kg425.00.59SW6010B 1

Mercury mg/Kg0.340.100.017471B 1

pH S.U.8.072.00.10SW9045C 1

Chromium (STLC) mg/L0.260.100.0200SW6010B 1

NIckel (STLC) mg/L2.70.100.0200SW6010B 1

1004011-008M-19@1.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg551.00.13SW6010B 1

Lead (STLC) mg/L0.200.100.0500SW6010B 1

NIckel (STLC) mg/L5.90.100.0200SW6010B 1

1004011-009M-19@2.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg191.00.13SW6010B 1

1004011-010M-19@3.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg3.01.00.13SW6010B 1

Page 4 of 59Total Page Count:  59



Report prepared for:  James Ripple

URS (San Jose)

Date Received:  04/02/10

Date Reported:  07/19/10

Sample Result Summary

1004011-011M-19d@0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg141.00.13SW6010B 1

1004011-012M-19d@1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Antimony mg/Kg7.25.00.20SW6010B 1

Barium mg/Kg615.01SW6010B 1

Chromium mg/Kg2605.00.0590SW6010B 1

Cobalt mg/Kg395.00.14SW6010B 1

Copper mg/Kg345.00.0900SW6010B 1

Lead mg/Kg381.00.13SW6010B 1

Nickel mg/Kg4705.00.0590SW6010B 1

Silver mg/Kg1.71.00SW6010B 1

Vanadium mg/Kg585.00.12SW6010B 1

Zinc mg/Kg455.00.59SW6010B 1

pH S.U.7.842.00.10SW9045C 1

Chromium (STLC) mg/L0.230.100.0200SW6010B 1

NIckel (STLC) mg/L2.70.100.0200SW6010B 1

1004011-013M-19d@1.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg361.00.13SW6010B 1

1004011-014M-19d@2.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg301.00.13SW6010B 1

1004011-015M-19d@3.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg5.41.00.13SW6010B 1
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Report prepared for:  James Ripple

URS (San Jose)

Date Received:  04/02/10

Date Reported:  07/19/10

Sample Result Summary

1004011-016M-20@0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg7.51.00.13SW6010B 1

1004011-017M-20@1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg111.00.13SW6010B 1

1004011-018M-20@1.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg301.00.13SW6010B 1

1004011-019M-20@2.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg151.00.13SW6010B 1

1004011-020M-20@3.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg2.01.00.13SW6010B 1

1004011-021M-21@0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg181.00.13SW6010B 1

1004011-022M-21@1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg121.00.13SW6010B 1
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Report prepared for:  James Ripple

URS (San Jose)

Date Received:  04/02/10

Date Reported:  07/19/10

Sample Result Summary

1004011-023M-21@1.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg4901.00.13SW6010B 1

Lead (DI-STLC) mg/L6.20.100.0500SW6010B 1

Lead (STLC) mg/L210.100.0500SW6010B 1

1004011-024M-21@2.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg8.41.00.13SW6010B 1

1004011-025M-21@3.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg2.11.00.13SW6010B 1

1004011-026M-22@0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg111.00.13SW6010B 1

1004011-027M-22@1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg8.31.00.13SW6010B 1

1004011-028M-22@1.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg171.00.13SW6010B 1
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Report prepared for:  James Ripple

URS (San Jose)

Date Received:  04/02/10

Date Reported:  07/19/10

Sample Result Summary

1004011-029M-22@2.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg1101.00.13SW6010B 1

Lead (DI-STLC) mg/L1.40.100.0500SW6010B 1

Lead (STLC) mg/L6.60.100.0500SW6010B 1

1004011-030M-22@3.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg9.01.00.13SW6010B 1
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  07/19/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

Client Sample ID:  

Date/Time Sampled:

Project Number:

Project Name/Location:  

04/02/10 / 2:02

Petaluma, CA

M-18@0.5

SoilSample Matrix:

Lab Sample ID:  1004011-001A

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/11/10 400854mg/L24Lead (STLC) 05/12/10 0.0500 0.10 04131

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/7/10 400786mg/L0.13Lead (TCLP) 05/07/10 0.05 0.10 03921

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400497mg/Kg590Lead 04/08/10 0.13 1.0 02531

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/13/10 400865mg/L1.1Lead (DI-STLC) 05/13/10 0.0500 0.10 04241

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

The results shown below are reported using their MDL. 
SW8081A 4/6/10 400514ug/KgNDalpha-BHC 04/08/10 18 80 024140

SW8081A 4/6/10 400514ug/KgNDgamma-BHC 04/08/10 16 80 024140

SW8081A 4/6/10 400514ug/KgNDbeta-BHC 04/08/10 15 80 024140

SW8081A 4/6/10 400514ug/KgNDdelta-BHC 04/08/10 20 80 024140

SW8081A 4/6/10 400514ug/KgNDHeptachlor 04/08/10 44 80 024140

SW8081A 4/6/10 400514ug/KgNDAldrin 04/08/10 18 80 024140

SW8081A 4/6/10 400514ug/KgNDHeptachlor epoxide 04/08/10 13 80 024140

SW8081A 4/6/10 400514ug/KgNDgamma-Chlordane 04/08/10 17 80 024140

SW8081A 4/6/10 400514ug/KgNDalpha-Chlordane 04/08/10 14 80 024140

SW8081A 4/6/10 400514ug/KgNDEndosulfan I 04/08/10 24 80 024140

SW8081A 4/6/10 400514ug/KgND4,4'-DDE 04/08/10 19 80 024140

SW8081A 4/6/10 400514ug/KgNDDieldrin 04/08/10 17 80 024140

SW8081A 4/6/10 400514ug/KgNDEndrin 04/08/10 23 80 024140

SW8081A 4/6/10 400514ug/KgND4,4'-DDD 04/08/10 19 80 024140

SW8081A 4/6/10 400514ug/KgNDEndosulfan II 04/08/10 61 80 024140

SW8081A 4/6/10 400514ug/KgND4,4'-DDT 04/08/10 32 80 024140

SW8081A 4/6/10 400514ug/KgNDEndrin aldehyde 04/08/10 41 80 024140
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  07/19/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

Client Sample ID:  

Date/Time Sampled:

Project Number:

Project Name/Location:  

04/02/10 / 2:02

Petaluma, CA

M-18@0.5

SoilSample Matrix:

Lab Sample ID:  1004011-001A

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

The results shown below are reported using their MDL. 
SW8081A 4/6/10 400514ug/KgNDEndosulfan sulfate 04/08/10 20 80 024140

SW8081A 4/6/10 400514ug/KgNDMethoxychlor 04/08/10 25 200 024140

SW8081A 4/6/10 400514ug/KgNDEndrin Ketone 04/08/10 16 80 024140

SW8081A 4/6/10 400514ug/KgNDChlordane 04/08/10 400 800 024140

SW8081A 4/6/10 400514ug/KgNDToxaphene 04/08/10 400 4000 024140

SW8081A 4/6/10 400514S,D %175TCMX (S) 04/08/10 52.5 139 024140

SW8081A 4/6/10 400514D %114DCBP (S) 04/08/10 50.2 139 024140

Note:  D - Surrogates diluted out.  Reporting limits increased due to the nature of the sample matrix (dark color extract).  All compounds reported to 
the MDL.

NOTE:

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW8082 4/6/10 400515mg/KgNDAroclor1016 04/07/10 0.0230 0.10 02421

SW8082 4/6/10 400515mg/KgNDAroclor1221 04/07/10 0.0920 0.20 02421

SW8082 4/6/10 400515mg/KgNDAroclor1232 04/07/10 0.0460 0.10 02421

SW8082 4/6/10 400515mg/KgNDAroclor1242 04/07/10 0.0430 0.10 02421

SW8082 4/6/10 400515mg/KgNDAroclor1248 04/07/10 0.0360 0.10 02421

SW8082 4/6/10 400515mg/KgNDAroclor1254 04/07/10 0.0240 0.10 02421

SW8082 4/6/10 400515mg/KgNDAroclor1260 04/07/10 0.0270 0.10 02421

SW8082 4/6/10 400515%101TCMX (S) 04/07/10 51.7 128 02421

SW8082 4/6/10 400515%99.3DCBP (S) 04/07/10 55.1 113 02421

Page 10 of 59Total Page Count:  59



SAMPLE RESULTS

Report prepared for:  
Date Reported:  07/19/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

Client Sample ID:  

Date/Time Sampled:

Project Number:

Project Name/Location:  

04/02/10 / 2:04

Petaluma, CA

M-18@1.0

SoilSample Matrix:

Lab Sample ID:  1004011-002A

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400497mg/Kg34Lead 04/08/10 0.13 1.0 02531
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  07/19/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

Client Sample ID:  

Date/Time Sampled:

Project Number:

Project Name/Location:  

04/02/10 / 2:06

Petaluma, CA

M-18@1.5

SoilSample Matrix:

Lab Sample ID:  1004011-003A

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/11/10 400854mg/LNDLead (STLC) 05/12/10 0.0500 0.10 04131

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400497mg/Kg58Lead 04/08/10 0.13 1.0 02531

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/13/10 400865mg/LNDLead (DI-STLC) 05/13/10 0.0500 0.10 04241
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  07/19/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

Client Sample ID:  

Date/Time Sampled:

Project Number:

Project Name/Location:  

04/02/10 / 2:08

Petaluma, CA

M-18@2.0

SoilSample Matrix:

Lab Sample ID:  1004011-004A

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400497mg/Kg5.3Lead 04/08/10 0.13 1.0 02531
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  07/19/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

Client Sample ID:  

Date/Time Sampled:

Project Number:

Project Name/Location:  

04/02/10 / 2:10

Petaluma, CA

M-18@3.0

SoilSample Matrix:

Lab Sample ID:  1004011-005A

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400497mg/Kg1.5Lead 04/08/10 0.13 1.0 02531
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  07/19/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

Client Sample ID:  

Date/Time Sampled:

Project Number:

Project Name/Location:  

04/02/10 / 2:18

Petaluma, CA

M-19@0.5

SoilSample Matrix:

Lab Sample ID:  1004011-006A

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400497mg/Kg1.1Lead 04/08/10 0.13 1.0 02531
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  07/19/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

Client Sample ID:  

Date/Time Sampled:

Project Number:

Project Name/Location:  

04/02/10 / 2:20

Petaluma, CA

M-19@1.0

SoilSample Matrix:

Lab Sample ID:  1004011-007A

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/11/10 400854mg/L0.26Chromium (STLC) 05/12/10 0.0200 0.10 04131

SW6010B 5/11/10 400854mg/L2.7NIckel (STLC) 05/12/10 0.0200 0.10 04131

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/5/10 400481mg/Kg7.8Antimony 04/07/10 0.20 5.0 02461

SW6010B 4/5/10 400481mg/KgNDArsenic 04/07/10 0.28 1.7 02461

SW6010B 4/5/10 400481mg/Kg53Barium 04/07/10 1 5.0 02461

SW6010B 4/5/10 400481mg/KgNDBeryllium 04/07/10 0.0840 2.0 02461

SW6010B 4/5/10 400481mg/KgNDCadmium 04/07/10 0.0590 1.0 02461

SW6010B 4/5/10 400481mg/Kg320Chromium 04/07/10 0.0590 5.0 02461

SW6010B 4/5/10 400481mg/Kg31Cobalt 04/07/10 0.14 5.0 02461

SW6010B 4/5/10 400481mg/Kg23Copper 04/07/10 0.0900 5.0 02461

SW6010B 4/5/10 400481mg/Kg35Lead 04/07/10 0.13 1.0 02461

SW6010B 4/5/10 400481mg/KgNDMolybdenum 04/07/10 0.0590 5.0 02461

SW6010B 4/5/10 400481mg/Kg530Nickel 04/07/10 0.0590 5.0 02461

SW6010B 4/5/10 400481mg/KgNDSelenium 04/07/10 0.29 5.0 02461

SW6010B 4/5/10 400481mg/Kg2.1Silver 04/07/10 0 1.0 02461

SW6010B 4/5/10 400481mg/KgNDThallium 04/07/10 0.12 5.0 02461

SW6010B 4/5/10 400481mg/Kg50Vanadium 04/07/10 0.12 5.0 02461

SW6010B 4/5/10 400481mg/Kg42Zinc 04/07/10 0.59 5.0 02461

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

7471B 4/5/10 400476mg/Kg0.34Mercury 04/06/10 0.01 0.10 02391

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW7199M 5/11/10 400887mg/KgNDHexavalent Chromium 05/11/10 0.015 0.10 04361

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW9045C NA 400508S.U.8.07pH 04/06/10 0.10 2.0 NA1
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  07/19/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

Client Sample ID:  

Date/Time Sampled:

Project Number:

Project Name/Location:  

04/02/10 / 2:22

Petaluma, CA

M-19@1.5

SoilSample Matrix:

Lab Sample ID:  1004011-008A

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/11/10 400854mg/L0.20Lead (STLC) 05/12/10 0.0500 0.10 04131

SW6010B 5/11/10 400854mg/L5.9NIckel (STLC) 05/12/10 0.0200 0.10 04131

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400497mg/Kg55Lead 04/08/10 0.13 1.0 02531

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/13/10 400865mg/LNDLead (DI-STLC) 05/13/10 0.0500 0.10 04241
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  07/19/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

Client Sample ID:  

Date/Time Sampled:

Project Number:

Project Name/Location:  

04/02/10 / 2:24

Petaluma, CA

M-19@2.0

SoilSample Matrix:

Lab Sample ID:  1004011-009A

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400497mg/Kg19Lead 04/08/10 0.13 1.0 02531
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  07/19/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

Client Sample ID:  

Date/Time Sampled:

Project Number:

Project Name/Location:  

04/02/10 / 2:26

Petaluma, CA

M-19@3.0

SoilSample Matrix:

Lab Sample ID:  1004011-010A

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400496mg/Kg3.0Lead 04/08/10 0.13 1.0 02521
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  07/19/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

Client Sample ID:  

Date/Time Sampled:

Project Number:

Project Name/Location:  

04/02/10 / 2:32

Petaluma, CA

M-19d@0.5

SoilSample Matrix:

Lab Sample ID:  1004011-011A

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400496mg/Kg14Lead 04/08/10 0.13 1.0 02521
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  07/19/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

Client Sample ID:  

Date/Time Sampled:

Project Number:

Project Name/Location:  

04/02/10 / 2:34

Petaluma, CA

M-19d@1.0

SoilSample Matrix:

Lab Sample ID:  1004011-012A

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/11/10 400854mg/L0.23Chromium (STLC) 05/12/10 0.0200 0.10 04131

SW6010B 5/11/10 400854mg/L2.7NIckel (STLC) 05/12/10 0.0200 0.10 04131

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/5/10 400481mg/Kg7.2Antimony 04/07/10 0.20 5.0 02461

SW6010B 4/5/10 400481mg/KgNDArsenic 04/07/10 0.28 1.7 02461

SW6010B 4/5/10 400481mg/Kg61Barium 04/07/10 1 5.0 02461

SW6010B 4/5/10 400481mg/KgNDBeryllium 04/07/10 0.0840 2.0 02461

SW6010B 4/5/10 400481mg/KgNDCadmium 04/07/10 0.0590 1.0 02461

SW6010B 4/5/10 400481mg/Kg260Chromium 04/07/10 0.0590 5.0 02461

SW6010B 4/5/10 400481mg/Kg39Cobalt 04/07/10 0.14 5.0 02461

SW6010B 4/5/10 400481mg/Kg34Copper 04/07/10 0.0900 5.0 02461

SW6010B 4/5/10 400481mg/Kg38Lead 04/07/10 0.13 1.0 02461

SW6010B 4/5/10 400481mg/KgNDMolybdenum 04/07/10 0.0590 5.0 02461

SW6010B 4/5/10 400481mg/Kg470Nickel 04/07/10 0.0590 5.0 02461

SW6010B 4/5/10 400481mg/KgNDSelenium 04/07/10 0.29 5.0 02461

SW6010B 4/5/10 400481mg/Kg1.7Silver 04/07/10 0 1.0 02461

SW6010B 4/5/10 400481mg/KgNDThallium 04/07/10 0.12 5.0 02461

SW6010B 4/5/10 400481mg/Kg58Vanadium 04/07/10 0.12 5.0 02461

SW6010B 4/5/10 400481mg/Kg45Zinc 04/07/10 0.59 5.0 02461

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

7471B 4/5/10 400476mg/KgNDMercury 04/06/10 0.01 0.10 02391

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW7199M 5/11/10 400887mg/KgNDHexavalent Chromium 05/11/10 0.015 0.10 04361

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW9045C NA 400508S.U.7.84pH 04/06/10 0.10 2.0 NA1
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  07/19/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

Client Sample ID:  

Date/Time Sampled:

Project Number:

Project Name/Location:  

04/02/10 / 2:36

Petaluma, CA

M-19d@1.5

SoilSample Matrix:

Lab Sample ID:  1004011-013A

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400496mg/Kg36Lead 04/08/10 0.13 1.0 02521
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  07/19/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

Client Sample ID:  

Date/Time Sampled:

Project Number:

Project Name/Location:  

04/02/10 / 2:38

Petaluma, CA

M-19d@2.0

SoilSample Matrix:

Lab Sample ID:  1004011-014A

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400496mg/Kg30Lead 04/08/10 0.13 1.0 02521
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  07/19/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

Client Sample ID:  

Date/Time Sampled:

Project Number:

Project Name/Location:  

04/02/10 / 2:40

Petaluma, CA

M-19d@3.0

SoilSample Matrix:

Lab Sample ID:  1004011-015A

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400496mg/Kg5.4Lead 04/08/10 0.13 1.0 02521
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  07/19/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

Client Sample ID:  

Date/Time Sampled:

Project Number:

Project Name/Location:  

04/02/10 / 2:44

Petaluma, CA

M-20@0.5

SoilSample Matrix:

Lab Sample ID:  1004011-016A

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400496mg/Kg7.5Lead 04/08/10 0.13 1.0 02521
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  07/19/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

Client Sample ID:  

Date/Time Sampled:

Project Number:

Project Name/Location:  

04/02/10 / 2:46

Petaluma, CA

M-20@1.0

SoilSample Matrix:

Lab Sample ID:  1004011-017A

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400496mg/Kg11Lead 04/08/10 0.13 1.0 02521
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  07/19/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

Client Sample ID:  

Date/Time Sampled:

Project Number:

Project Name/Location:  

04/02/10 / 2:48

Petaluma, CA

M-20@1.5

SoilSample Matrix:

Lab Sample ID:  1004011-018A

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400496mg/Kg30Lead 04/08/10 0.13 1.0 02521
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  07/19/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

Client Sample ID:  

Date/Time Sampled:

Project Number:

Project Name/Location:  

04/02/10 / 2:50

Petaluma, CA

M-20@2.0

SoilSample Matrix:

Lab Sample ID:  1004011-019A

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400496mg/Kg15Lead 04/08/10 0.13 1.0 02521

Page 28 of 59Total Page Count:  59



SAMPLE RESULTS

Report prepared for:  
Date Reported:  07/19/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

Client Sample ID:  

Date/Time Sampled:

Project Number:

Project Name/Location:  

04/02/10 / 2:52

Petaluma, CA

M-20@3.0

SoilSample Matrix:

Lab Sample ID:  1004011-020A

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400496mg/Kg2.0Lead 04/08/10 0.13 1.0 02521
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  07/19/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

Client Sample ID:  

Date/Time Sampled:

Project Number:

Project Name/Location:  

04/02/10 / 3:00

Petaluma, CA

M-21@0.5

SoilSample Matrix:

Lab Sample ID:  1004011-021A

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400496mg/Kg18Lead 04/08/10 0.13 1.0 02521
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  07/19/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

Client Sample ID:  

Date/Time Sampled:

Project Number:

Project Name/Location:  

04/02/10 / 3:02

Petaluma, CA

M-21@1.0

SoilSample Matrix:

Lab Sample ID:  1004011-022A

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400496mg/Kg12Lead 04/08/10 0.13 1.0 02521
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  07/19/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

Client Sample ID:  

Date/Time Sampled:

Project Number:

Project Name/Location:  

04/02/10 / 3:04

Petaluma, CA

M-21@1.5

SoilSample Matrix:

Lab Sample ID:  1004011-023A

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/11/10 400854mg/L21Lead (STLC) 05/12/10 0.0500 0.10 04131

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/7/10 400786mg/LNDLead (TCLP) 05/07/10 0.05 0.10 03921

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400496mg/Kg490Lead 04/08/10 0.13 1.0 02521

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/13/10 400865mg/L6.2Lead (DI-STLC) 05/13/10 0.0500 0.10 04241
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  07/19/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

Client Sample ID:  

Date/Time Sampled:

Project Number:

Project Name/Location:  

04/02/10 / 3:06

Petaluma, CA

M-21@2.0

SoilSample Matrix:

Lab Sample ID:  1004011-024A

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400496mg/Kg8.4Lead 04/08/10 0.13 1.0 02521
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  07/19/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

Client Sample ID:  

Date/Time Sampled:

Project Number:

Project Name/Location:  

04/02/10 / 3:08

Petaluma, CA

M-21@3.0

SoilSample Matrix:

Lab Sample ID:  1004011-025A

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400496mg/Kg2.1Lead 04/08/10 0.13 1.0 02521
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  07/19/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

Client Sample ID:  

Date/Time Sampled:

Project Number:

Project Name/Location:  

04/02/10 / 3:16

Petaluma, CA

M-22@0.5

SoilSample Matrix:

Lab Sample ID:  1004011-026A

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400496mg/Kg11Lead 04/08/10 0.13 1.0 02521

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

The results shown below are reported using their MDL. 
SW8081A 4/6/10 400514ug/KgNDalpha-BHC 04/08/10 18 80 024120

SW8081A 4/6/10 400514ug/KgNDgamma-BHC 04/08/10 16 80 024120

SW8081A 4/6/10 400514ug/KgNDbeta-BHC 04/08/10 15 80 024120

SW8081A 4/6/10 400514ug/KgNDdelta-BHC 04/08/10 20 80 024120

SW8081A 4/6/10 400514ug/KgNDHeptachlor 04/08/10 44 80 024120

SW8081A 4/6/10 400514ug/KgNDAldrin 04/08/10 18 80 024120

SW8081A 4/6/10 400514ug/KgNDHeptachlor epoxide 04/08/10 13 80 024120

SW8081A 4/6/10 400514ug/KgNDgamma-Chlordane 04/08/10 17 80 024120

SW8081A 4/6/10 400514ug/KgNDalpha-Chlordane 04/08/10 14 80 024120

SW8081A 4/6/10 400514ug/KgNDEndosulfan I 04/08/10 24 80 024120

SW8081A 4/6/10 400514ug/KgND4,4'-DDE 04/08/10 19 80 024120

SW8081A 4/6/10 400514ug/KgNDDieldrin 04/08/10 17 80 024120

SW8081A 4/6/10 400514ug/KgNDEndrin 04/08/10 23 80 024120

SW8081A 4/6/10 400514ug/KgND4,4'-DDD 04/08/10 19 80 024120

SW8081A 4/6/10 400514ug/KgNDEndosulfan II 04/08/10 61 80 024120

SW8081A 4/6/10 400514ug/KgND4,4'-DDT 04/08/10 32 80 024120

SW8081A 4/6/10 400514ug/KgNDEndrin aldehyde 04/08/10 41 80 024120

SW8081A 4/6/10 400514ug/KgNDEndosulfan sulfate 04/08/10 20 80 024120

SW8081A 4/6/10 400514ug/KgNDMethoxychlor 04/08/10 25 200 024120

SW8081A 4/6/10 400514ug/KgNDEndrin Ketone 04/08/10 16 80 024120

SW8081A 4/6/10 400514ug/KgNDChlordane 04/08/10 400 800 024120

SW8081A 4/6/10 400514ug/KgNDToxaphene 04/08/10 400 4000 024120

SW8081A 4/6/10 400514%133TCMX (S) 04/08/10 52.5 139 024120

SW8081A 4/6/10 400514%124DCBP (S) 04/08/10 50.2 139 024120

Note: Reporting limits increased due to the nature of the sample matrix (dark color extract).  All compounds reported to the MDL.NOTE:
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  07/19/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

Client Sample ID:  

Date/Time Sampled:

Project Number:

Project Name/Location:  

04/02/10 / 3:16

Petaluma, CA

M-22@0.5

SoilSample Matrix:

Lab Sample ID:  1004011-026A

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW8082 4/6/10 400515mg/KgNDAroclor1016 04/07/10 0.0460 0.20 02421

SW8082 4/6/10 400515mg/KgNDAroclor1221 04/07/10 0.184 0.40 02421

SW8082 4/6/10 400515mg/KgNDAroclor1232 04/07/10 0.0920 0.20 02421

SW8082 4/6/10 400515mg/KgNDAroclor1242 04/07/10 0.0860 0.20 02421

SW8082 4/6/10 400515mg/KgNDAroclor1248 04/07/10 0.0720 0.20 02421

SW8082 4/6/10 400515mg/KgNDAroclor1254 04/07/10 0.0480 0.20 02421

SW8082 4/6/10 400515mg/KgNDAroclor1260 04/07/10 0.0540 0.20 02421

SW8082 4/6/10 400515%93.1TCMX (S) 04/07/10 51.7 128 02421

SW8082 4/6/10 400515%91.8DCBP (S) 04/07/10 55.1 113 02421
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  07/19/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

Client Sample ID:  

Date/Time Sampled:

Project Number:

Project Name/Location:  

04/02/10 / 3:18

Petaluma, CA

M-22@1.0

SoilSample Matrix:

Lab Sample ID:  1004011-027A

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400496mg/Kg8.3Lead 04/08/10 0.13 1.0 02521
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  07/19/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

Client Sample ID:  

Date/Time Sampled:

Project Number:

Project Name/Location:  

04/02/10 / 3:20

Petaluma, CA

M-22@1.5

SoilSample Matrix:

Lab Sample ID:  1004011-028A

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400496mg/Kg17Lead 04/08/10 0.13 1.0 02521
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  07/19/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

Client Sample ID:  

Date/Time Sampled:

Project Number:

Project Name/Location:  

04/02/10 / 3:22

Petaluma, CA

M-22@2.0

SoilSample Matrix:

Lab Sample ID:  1004011-029A

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/11/10 400854mg/L6.6Lead (STLC) 05/12/10 0.0500 0.10 04131

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400496mg/Kg110Lead 04/08/10 0.13 1.0 02521

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/13/10 400865mg/L1.4Lead (DI-STLC) 05/13/10 0.0500 0.10 04241
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  07/19/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

Client Sample ID:  

Date/Time Sampled:

Project Number:

Project Name/Location:  

04/02/10 / 3:24

Petaluma, CA

M-22@3.0

SoilSample Matrix:

Lab Sample ID:  1004011-030A

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400496mg/Kg9.0Lead 04/08/10 0.13 1.0 02521
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MB Summary Report

Work Order:  

Matrix:

Units:

1004011 Prep Method: 

7471ABAnalytical 
Method:

Prep Date:

Analyzed Date:

04/05/10 Prep Batch:

Analytical 
Batch:

400476

mg/Kg

04/06/10

02397471

Soil

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.01 0.10Mercury ND

Work Order:  

Matrix:

Units:

1004011 Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

04/05/10 Prep Batch:

Analytical 
Batch:

400481

mg/Kg

04/07/10

02463050

Soil

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.20 5.0Antimony ND

0.28 1.7Arsenic ND

1 5.0Barium ND

0.0840 2.0Beryllium ND

0.059 1.0Cadmium ND

0.059 5.0Chromium 0.10

0.14 5.0Cobalt ND

0.090 5.0Copper 0.50

0.13 1.0Lead 0.25

0.059 5.0Molybdenum ND

0.059 5.0Nickel 0.10

0.29 5.0Selenium ND

1.0 1.0Silver ND

0.12 5.0Thallium ND

0.12 5.0Vanadium ND

0.59 5.0Zinc 0.95

Work Order:  

Matrix:

Units:

1004011 Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

04/06/10 Prep Batch:

Analytical 
Batch:

400496

mg/Kg

04/08/10

02523050

Soil

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.13 1.0Lead 0.30
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MB Summary Report

Work Order:  

Matrix:

Units:

1004011 Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

04/06/10 Prep Batch:

Analytical 
Batch:

400497

mg/Kg

04/08/10

02533050

Soil

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.13 1.0Lead 0.25

Work Order:  

Matrix:

Units:

1004011 Prep Method: 

SW8081AAnalytical 
Method:

Prep Date:

Analyzed Date:

04/06/10 Prep Batch:

Analytical 
Batch:

400514

ug/Kg

04/08/10

02413545_OCP

Soil

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.44 2.0alpha-BHC ND

0.40 2.0gamma-BHC ND

0.36 2.0beta-BHC ND

0.49 2.0delta-BHC ND

1.1 2.0Heptachlor ND

0.44 2.0Aldrin ND

0.32 2.0Heptachlor epoxide ND

0.42 2.0gamma-Chlordane ND

0.36 2.0alpha-Chlordane ND

0.59 2.0Endosulfan I ND

0.48 2.04,4'-DDE ND

0.43 2.0Dieldrin ND

0.57 2.0Endrin ND

0.47 2.04,4'-DDD ND

1.5 2.0Endosulfan II ND

0.81 2.04,4'-DDT ND

1.0 2.0Endrin aldehyde ND

0.49 2.0Endosulfan sulfate ND

0.62 5.0Methoxychlor ND

0.40 2.0Endrin Ketone ND

10 20Chlordane ND

10 100Toxaphene ND

TCMX (S) 80.3

DCBP (S) 78.3
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MB Summary Report

Work Order:  

Matrix:

Units:

1004011 Prep Method: 

SW8081AAnalytical 
Method:

Prep Date:

Analyzed Date:

04/06/10 Prep Batch:

Analytical 
Batch:

400514

ug/Kg

04/08/10

02413545_OCP

Soil

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.44 2.0alpha-BHC ND

0.40 2.0gamma-BHC ND

0.36 2.0beta-BHC ND

0.49 2.0delta-BHC ND

1.1 2.0Heptachlor ND

0.44 2.0Aldrin ND

0.32 2.0Heptachlor epoxide ND

0.42 2.0gamma-Chlordane ND

0.36 2.0alpha-Chlordane ND

0.59 2.0Endosulfan I ND

0.48 2.04,4'-DDE ND

0.43 2.0Dieldrin ND

0.57 2.0Endrin ND

0.47 2.04,4'-DDD ND

1.5 2.0Endosulfan II ND

0.81 2.04,4'-DDT ND

1.0 2.0Endrin aldehyde ND

0.49 2.0Endosulfan sulfate ND

0.62 5.0Methoxychlor ND

0.40 2.0Endrin Ketone ND

10 20Chlordane ND

10 100Toxaphene ND

TCMX (S) 86.6

DCBP (S) 85.0
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MB Summary Report

Work Order:  

Matrix:

Units:

1004011 Prep Method: 

SW8082Analytical 
Method:

Prep Date:

Analyzed Date:

04/06/10 Prep Batch:

Analytical 
Batch:

400515

mg/Kg

04/07/10

02423545_PCB

Soil

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.0230 0.10Aroclor1016 ND

0.0920 0.20Aroclor1221 ND

0.0460 0.10Aroclor1232 ND

0.0430 0.10Aroclor1242 ND

0.0360 0.10Aroclor1248 ND

0.0240 0.10Aroclor1254 ND

0.0270 0.10Aroclor1260 ND

TCMX (S) 88.8

DCBP (S) 88.6

Work Order:  

Matrix:

Units:

1004011 Prep Method: 

SW8082Analytical 
Method:

Prep Date:

Analyzed Date:

04/06/10 Prep Batch:

Analytical 
Batch:

400515

mg/Kg

04/07/10

02423545_PCB

Soil

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.0230 0.10Aroclor1016 ND

0.0920 0.20Aroclor1221 ND

0.0460 0.10Aroclor1232 ND

0.0430 0.10Aroclor1242 ND

0.0360 0.10Aroclor1248 ND

0.0240 0.10Aroclor1254 ND

0.0270 0.10Aroclor1260 ND

TCMX (S) 91.6

DCBP (S) 90.0

Work Order:  

Matrix:

Units:

1004011 Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

05/07/10 Prep Batch:

Analytical 
Batch:

400786

mg/L

05/07/10

03921311/3010B

Soil

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.0500 0.10Lead (TCLP) ND
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MB Summary Report

Work Order:  

Matrix:

Units:

1004011 Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

05/11/10 Prep Batch:

Analytical 
Batch:

400854

mg/Kg

05/12/10

0413WET/3010B

Soil

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.0200 0.10Chromium (STLC) ND

0.0500 0.10Lead (STLC) ND

Work Order:  

Matrix:

Units:

1004011 Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

05/13/10 Prep Batch:

Analytical 
Batch:

400865

mg/Kg

05/13/10

0424WET-DI/3010B

Soil

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.0500 0.10Lead (DI-STLC) ND

Work Order:  

Matrix:

Units:

1004011 Prep Method: 

SW7199Analytical 
Method:

Prep Date:

Analyzed Date:

05/11/10 Prep Batch:

Analytical 
Batch:

400887

mg/Kg

05/11/10

04367199M

Soil

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.015 0.10Hexavalent Chromium ND

Page 45 of 59Total Page Count:  59



LCS/LCSD Summary Report
Raw values are used in quality control assessment.

Work Order:  

Matrix:

Units:

1004011 Prep Method: 

7471BAnalytical 
Method:

Prep Date:

Analyzed Date:

04/05/10 Prep Batch:

Analytical 
Batch:

40047604/06/10

mg/Kg

7471 0239

Soil

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

0.10 1.250.01 1.93 3080.5 - 133Mercury 119 116

Work Order:  

Matrix:

Units:

1004011 Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

04/05/10 Prep Batch:

Analytical 
Batch:

40048104/07/10

mg/Kg

3050 0246

Soil

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

5.0 500.20 0.000 3030.7 - 130Antimony 95.9 95.9

1.7 500.28 0.319 3071 - 121Arsenic 93.9 94.2

5.0 501 6.10 3070.2 - 130Barium 103 96.9

2.0 500.0840 0.000 3073.3 - 115Beryllium 92.3 92.3

1.0 500.059 6.28 68.7 - 110Cadmium 98.6 92.6

5.0 500.059 6.72 3076 - 116Chromium 103 96.3

5.0 500.14 6.02 3057.4 - 122Cobalt 101 95.1

5.0 500.090 6.04 3074.8 - 119Copper 104 97.9

1.0 500.13 0.313 3067.9 - 118Lead 95.7 96.0

5.0 500.059 0.408 3062.9 - 123Molybdenum 98.2 97.8

5.0 500.059 6.32 3061.5 - 122Nickel 99.5 93.4

5.0 500.29 0.574 3062 - 111Selenium 86.8 87.3

1.0 501.0 5.26 3081.1 - 109Silver 99.5 94.4

5.0 500.12 0.109 3039.2 - 125Thallium 92.0 92.1

5.0 500.12 6.10 3065.8 - 122Vanadium 103 96.9

5.0 500.59 6.12 3059.9 - 122Zinc 101 95.0

Work Order:  

Matrix:

Units:

1004011 Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

04/06/10 Prep Batch:

Analytical 
Batch:

40049604/08/10

mg/Kg

3050 0252

Soil

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

1 500.13 0.642 3067.9 - 118Lead 93.7 93.1
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LCS/LCSD Summary Report
Raw values are used in quality control assessment.

Work Order:  

Matrix:

Units:

1004011 Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

04/06/10 Prep Batch:

Analytical 
Batch:

40049704/08/10

mg/Kg

3050 0253

Soil

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

1 500.13 0.652 3067.9 - 118Lead 91.7 92.3

Work Order:  

Matrix:

Units:

1004011 Prep Method: 

SW8081AAnalytical 
Method:

Prep Date:

Analyzed Date:

04/06/10 Prep Batch:

Analytical 
Batch:

40051404/08/10

ug/Kg

3545_OCP 0241

Soil

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

2.0 200.40 1.44 3056.9 - 120gamma-BHC 92.0 90.7

2.0 201.1 1.60 3063.6 - 117Heptachlor 93.7 95.2

2.0 200.44 0.955 3053 - 123Aldrin 91.3 92.2

2.0 200.43 1.34 3044 - 130Dieldrin 95.3 94.1

2.0 200.57 0.726 3044.1 - 121Endrin 96.2 95.5

2.0 200.81 3.47 3052.8 - 1344,4'-DDT 96.2 92.9

350 52.5 - 139TCMX (S) 89.1 86.3

350 50.2 - 139DCBP (S) 86.5 85.1

Work Order:  

Matrix:

Units:

1004011 Prep Method: 

SW8082Analytical 
Method:

Prep Date:

Analyzed Date:

04/06/10 Prep Batch:

Analytical 
Batch:

40051504/07/10

mg/Kg

3545_PCB 0242

Soil

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

0.10 10.0230 0.160 3055.6 - 135Aroclor1016 88.3 88.4

0.10 0.50.0270 0.679 3065.6 - 132Aroclor1260 94.6 94.0

0.25 51.7 - 128TCMX (S) 90.3 88.7

0.250 55.1 - 113DCBP (S) 92.2 90.4

Work Order:  

Matrix:

Units:

1004011 Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

05/07/10 Prep Batch:

Analytical 
Batch:

40078605/07/10

mg/L

1311/3010B 0392

Soil

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

0.1 100.05 0.644 2080 - 120Lead (TCLP) 92.8 93.4
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LCS/LCSD Summary Report
Raw values are used in quality control assessment.

Work Order:  

Matrix:

Units:

1004011 Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

05/11/10 Prep Batch:

Analytical 
Batch:

40085405/12/10

mg/L

WET/3010B 0413

Soil

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

0.10 100.0200 0.644 2080 - 120Chromium (STLC) 93.4 92.8

0.10 100.0500 0.440 2080 - 120Lead (STLC) 91.1 90.7

Work Order:  

Matrix:

Units:

1004011 Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

05/13/10 Prep Batch:

Analytical 
Batch:

40086505/13/10

mg/L

WET-DI/3010B 0424

Soil

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

0.10 100.0500 0.203 2080 - 120Lead (DI-STLC) 98.5 98.7

Work Order:  

Matrix:

Units:

1004011 Prep Method: 

SW7199Analytical 
Method:

Prep Date:

Analyzed Date:

05/11/10 Prep Batch:

Analytical 
Batch:

40088705/11/10

mg/Kg

7199M 0436

Soil

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

0.10 0.10.015 6.16 3065 - 135Hexavalent Chromium 95.9 90.2
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MS/MSD Summary Report
Raw values are used in quality control assessment.

Work Order:  1004011

Analyzed Date:

Prep Date:

Matrix:

Prep Method: 04/06/10

1004011-010ASpiked Sample:

Analytical 
Method:

Prep Batch:

Units:

Analytical 
Batch:

SW6010B 40049604/08/10

mg/Kg

02523050

Soil

Parameters MDL PQL Sample
Conc. 

Spike
Conc.

MS %
Recovery

MSD %
Recovery

MS/MSD
% RPD

%
Recovery

Limits

% RPD
Limits

Lab
Qualifier

50 67.9 - 1180.13 1 0.827 30Lead 79.1 78.40.059

Work Order:  1004011

Analyzed Date:

Prep Date:

Matrix:

Prep Method: 05/11/10

1004011-001ASpiked Sample:

Analytical 
Method:

Prep Batch:

Units:

Analytical 
Batch:

SW6010B 40085405/12/10

mg/L

0413WET/3010B

Soil

Parameters MDL PQL Sample
Conc. 

Spike
Conc.

MS %
Recovery

MSD %
Recovery

MS/MSD
% RPD

%
Recovery

Limits

% RPD
Limits

Lab
Qualifier

10 75 - 1250.0200 S0.10 8.35 20Chromium (STLC) 81.1 73.30.0130

10 75 - 1250.0500 S0.10 0.424 20Lead (STLC) 296 67.72.38

Work Order:  1004011

Analyzed Date:

Prep Date:

Matrix:

Prep Method: 05/13/10

1004011-001ASpiked Sample:

Analytical 
Method:

Prep Batch:

Units:

Analytical 
Batch:

SW6010B 40086505/13/10

mg/L

0424WET-DI/3010B

Soil

Parameters MDL PQL Sample
Conc. 

Spike
Conc.

MS %
Recovery

MSD %
Recovery

MS/MSD
% RPD

%
Recovery

Limits

% RPD
Limits

Lab
Qualifier

10 75 - 1250.0500 0.10 2.54 20Lead (DI-STLC) 105 1080.109
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Duplicate QC Summary Report

Work Order:  

Matrix:

Units:

Prep Method: 

SW9045CAnalytical 
Method:

Prep Date:

Analyzed Date:

NA Prep Batch:

Analytical 
Batch:

40050804/06/10

1004011

Lab Sample ID:  1004011-012A-Dup

NA NA

Soil

Parameters PQL MDL Sample
Result

Duplicate
Result

% RPD

pH 0.100 2.00 7.87 0.09557.84

Raw values are used in quality control assessment.
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Laboratory Qualifiers and Definitions

Method Detection Limit (MDL) -  the minimum concentration of a substance that can be measured and reported with a 99% confidence that the analyte 
concentration is greater than zero 

Matrix Spike (MS/MSD) -  Client sample spiked with identical concentrations of target analyte (s).  The spiking occurs prior to the sample preparation and 
analysis.  They are used to document the precision and bias of a method in a given sample matrix.

Matrix - the component or substrate that contains the analyte of interest (e.g., - groundwater, sediment, soil, waste water, etc)

Laboratory Control Sample (LCS ad LCSD) - A known matrix spiked with compounds representative of the target analyte(s).  This is used to document 
laboratory performance.

Duplicate - a field sample and/or laboratory QC sample prepared in duplicate following all of the same processes and procedures used on the original sample 
(sample duplicate, LCSD, MSD)

Blank (Method/Preparation Blank) -MB/PB - An analyte-free matrix to which all reagents are added in the same volumes/proportions as used in sample 
processing.  The method blank is used to document contamination resulting from the analytical process.

Practical Quantitation Limit  (PQL) - a laboratory determined value at 2 to 5 times above the MDL that can be reproduced in a manner that results in a 99% 
confidence level that the result is both accurate and precise. PQLs reflect all preparation factors and/or dilution factors that have been applied to the sample 
during the preparation and/or analytical processes.

Precision (%RPD) - The agreement among a set of replicate/duplicate measurements without regard to known value of the replicates 

 Surrogate (S) or (Surr) - An organic compound which is similar to the target analyte(s) in chemical composition and behavior in the analytical process, but 
which is not normally found in environmental samples. Surrogates are used in most organic analysis to demonstrate matrix compatibility with the chosen method 
of analysis

Tentatively Identified Compound (TIC) - A compound not contained within the analytical calibration standards but present in the GCMS library of defined 
compounds.  When the library is searched for an unknown compound, it can frequently give a tentative identification to the compound based on retention time 
and primary and secondary ion match.  TICs are reported as estimates and are candidates for further investigation.

Units: the unit of measure used to express the reported result - mg/L and mg/Kg (equivalent to PPM - parts per million in liquid and solid), ug/L and ug/Kg 
(equivalent to PPB - parts per billion in liquid and solid), ug/m3, mg.m3, ppbv and ppmv  (all units of measure for reporting concentrations in air), % ( 
equivalent to 10000 ppm or 1,000,000 ppb), ug/Wipe ( concentration found on the surface of a single Wipe usually taken over a 100cm2 surface)

B - Indicates when the anlayte is found in the associated method or preparation blank 
D - Surrogate is not recoverable due to the necessary dilution of the sample
E - Indicates the reportable value is outside of the calibration range of the instrument but within the linear range of the instrument (unless otherwise noted) 
Values reported with an E qualifier should be considered as estimated.
H- Indicates that the recommended holding time for the analyte or compound has been exceeded
J- Indicates a value between the method MDL and PQL and that the reported concentration should be considered as estimated rather the quantitative 
NA - Not Analyzed
N/A - Not Applicable
NR - Not recoverable - a matrix spike concentration is not recoverable due to a concentration within the original sample that is greater than four times the spike 
concentration added
R- The % RPD between a duplicate set of samples is outside of the absolute values established by laboratory control charts
S- Spike recovery is outside of established method and/or laboratory control limits.  Further explanation of the use of this qualifier should be included within a 
case narrative

    X -Used to indicate that a value based on pattern identification is within the pattern range but not typical of the pattern found in standards.       
    Further explanation may or may not be provided within the sample footnote and/or the case narrative.

DEFINITIONS:

Accuracy/Bias (% Recovery) - The closeness of agreement between an observed value and an accepted reference value.

LABORATORY QUALIFIERS:
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pH Adjusted by:  pH Checked by:  

°C5

No VOA vials submitted

Yes

Yes

Temperature:

Water-pH acceptable upon receipt?

Water-VOA vials have zero headspace?

Container/Temp Blank temperature in compliance?

All samples received within holding time?

Sample Preservation and Hold Time (HT) Information

YesSamples containers intact?

Yes

Yes

Not Present

Yes

Sufficient sample volume for indicated test?

Samples in proper container/bottle?

Custody seals intact on shipping container/cooler?

Shipping Container/Cooler In Good Condition?

Sample Receipt Information

Yes

Yes

Yes

Not Present

Chain of custody agrees with sample labels?

Chain of custody signed when relinquished and received?

Chain of custody present?

Custody seals intact on sample bottles?

Chain of Custody (COC) Information

Checklist Completed By:  NG

Carrier Name:  Hi-Speed Courier

Physically Logged By:  NG

Received By:   NG

Date and Time Received:  4/2/2010  10:04

Work Order No.:  1004011

Project Name:  Petaluma, CA

Client Name:  URS (San Jose)

Sample Receipt Checklist
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Login Summary Report

Report Due Date:

5 day TAT! Asbestos subbed to EMSL.

10:04

4/2/2010

IIURS (San Jose)TL5174

Petaluma, CA

5/14/2010

TAT Requested:

Date Received:

Time Received:

QC Level: 

Project Name:

Project # :

Comments:

Client ID:

5+ day:0

1004011Work Order # :

SubbedRequested
Tests

Test
On Hold

Sample
On Hold

Scheduled
Disposal

MatrixCollection 
Date/Time

Client 
Sample ID

WO Sample ID

M-18@0.51004011-001A Soil 09/29/1004/02/10 2:02
S_6010B(STLC)
S_6010BDI-STLC
S_8081AOCP
S_6010B(TCLP)
S_8082PCB
S_6010BCAM17

Sample Note:  Pb only.

M-18@1.01004011-002A Soil 09/29/1004/02/10 2:04
S_6010BCAM17

Sample Note:  Pb only.

M-18@1.51004011-003A Soil 09/29/1004/02/10 2:06
S_6010B(STLC)
S_6010BDI-STLC
S_6010BCAM17

Sample Note:  Pb only.

M-18@2.01004011-004A Soil 09/29/1004/02/10 2:08
S_6010BCAM17

Sample Note:  Pb only.

M-18@3.01004011-005A Soil 09/29/1004/02/10 2:10
S_6010BCAM17

Sample Note:  Pb only.

M-19@0.51004011-006A Soil 09/29/1004/02/10 2:18
S_6010BCAM17

Sample Note:  Pb only.

M-19@1.01004011-007A Soil 09/29/1004/02/10 2:20
S_CrVI7199
S_6010BCAM17
S_7471BHG
SUB_AsbestosCARB
435

Yes

S_6010B(STLC)
S_pH9045C

M-19@1.51004011-008A Soil 09/29/1004/02/10 2:22
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Login Summary Report

Report Due Date:

5 day TAT! Asbestos subbed to EMSL.

10:04

4/2/2010

IIURS (San Jose)TL5174

Petaluma, CA

5/14/2010

TAT Requested:

Date Received:

Time Received:

QC Level: 

Project Name:

Project # :

Comments:

Client ID:

5+ day:0

1004011Work Order # :

SubbedRequested
Tests

Test
On Hold

Sample
On Hold

Scheduled
Disposal

MatrixCollection 
Date/Time

Client 
Sample ID

WO Sample ID

S_6010B(STLC)
S_6010BDI-STLC
S_6010BCAM17

Sample Note:  Pb only.

M-19@2.01004011-009A Soil 09/29/1004/02/10 2:24
S_6010BCAM17

Sample Note:  Pb only.

M-19@3.01004011-010A Soil 09/29/1004/02/10 2:26
S_6010BCAM17

Sample Note:  Pb only.

M-19d@0.51004011-011A Soil 09/29/1004/02/10 2:32
S_6010BCAM17

Sample Note:  Pb only.

M-19d@1.01004011-012A Soil 09/29/1004/02/10 2:34
S_CrVI7199
S_7471BHG
S_6010BCAM17
SUB_AsbestosCARB
435

Yes

S_6010B(STLC)
S_pH9045C

M-19d@1.51004011-013A Soil 09/29/1004/02/10 2:36
S_6010BCAM17

Sample Note:  Pb only.

M-19d@2.01004011-014A Soil 09/29/1004/02/10 2:38
S_6010BCAM17

Sample Note:  Pb only.

M-19d@3.01004011-015A Soil 09/29/1004/02/10 2:40
S_6010BCAM17

Sample Note:  Pb only.

M-20@0.51004011-016A Soil 09/29/1004/02/10 2:44
S_6010BCAM17

Sample Note:  Pb only.
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Login Summary Report

Report Due Date:

5 day TAT! Asbestos subbed to EMSL.

10:04

4/2/2010

IIURS (San Jose)TL5174

Petaluma, CA

5/14/2010

TAT Requested:

Date Received:

Time Received:

QC Level: 

Project Name:

Project # :

Comments:

Client ID:

5+ day:0

1004011Work Order # :

SubbedRequested
Tests

Test
On Hold

Sample
On Hold

Scheduled
Disposal

MatrixCollection 
Date/Time

Client 
Sample ID

WO Sample ID

M-20@1.01004011-017A Soil 09/29/1004/02/10 2:46
S_6010BCAM17

Sample Note:  Pb only.

M-20@1.51004011-018A Soil 09/29/1004/02/10 2:48
S_6010BCAM17

Sample Note:  Pb only.

M-20@2.01004011-019A Soil 09/29/1004/02/10 2:50
S_6010BCAM17

Sample Note:  Pb only.

M-20@3.01004011-020A Soil 09/29/1004/02/10 2:52
S_6010BCAM17

Sample Note:  Pb only.

M-21@0.51004011-021A Soil 09/29/1004/02/10 3:00
S_6010BCAM17

Sample Note:  Pb only.

M-21@1.01004011-022A Soil 09/29/1004/02/10 3:02
S_6010BCAM17

Sample Note:  Pb only.

M-21@1.51004011-023A Soil 09/29/1004/02/10 3:04
S_6010B(STLC)
S_6010B(TCLP)
S_6010BCAM17
S_6010BDI-STLC

Sample Note:  Pb only.

M-21@2.01004011-024A Soil 09/29/1004/02/10 3:06
S_6010BCAM17

Sample Note:  Pb only.

M-21@3.01004011-025A Soil 09/29/1004/02/10 3:08
S_6010BCAM17

Sample Note:  Pb only.

M-22@0.51004011-026A Soil 09/29/1004/02/10 3:16
S_8081AOCP
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Login Summary Report

Report Due Date:

5 day TAT! Asbestos subbed to EMSL.

10:04

4/2/2010

IIURS (San Jose)TL5174

Petaluma, CA

5/14/2010

TAT Requested:

Date Received:

Time Received:

QC Level: 

Project Name:

Project # :

Comments:

Client ID:

5+ day:0

1004011Work Order # :

SubbedRequested
Tests

Test
On Hold

Sample
On Hold

Scheduled
Disposal

MatrixCollection 
Date/Time

Client 
Sample ID

WO Sample ID

S_8082PCB
S_6010BCAM17

Sample Note:  Pb only.

M-22@1.01004011-027A Soil 09/29/1004/02/10 3:18
S_6010BCAM17

Sample Note:  Pb only.

M-22@1.51004011-028A Soil 09/29/1004/02/10 3:20
S_6010BCAM17

Sample Note:  Pb only.

M-22@2.01004011-029A Soil 09/29/1004/02/10 3:22
S_6010B(STLC)
S_6010BDI-STLC
S_6010BCAM17

Sample Note:  Pb only.

M-22@3.01004011-030A Soil 09/29/1004/02/10 3:24
S_6010BCAM17

Sample Note:  Pb only.
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URS (San Jose)
100 W San Fernando St, Suite200
San Jose, California 95113
Tel: 4082979585
Fax: 4082976962

RE: Petaluma, CA

Torrent Laboratory, Inc. received 30 sample(s) on April 02, 2010 for the analyses presented 
in the following Report.

Dear James Ripple:

Work Order No.:  1004011 Rev:  1

All data for associated QC met EPA or laboratory specification(s) except where noted in the 
case narrative.

Torrent Laboratory, Inc. is certified by the State of California, ELAP #1991.  If you have any 
questions regarding these test results, please feel free to contact the Project Management 
Team at (408)263-5258; ext 204.

Date

May 18, 2010

Patti Sandrock
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Date:  5/18/2010

Client:  URS (San Jose)

Project:  Petaluma, CA

Work Order:  1004011

CASE NARRATIVE

No issues encountered with the receiving, preparation, analysis or reporting of the results associated with 
this work order.

 Analytical Comments for Asbestos, Note: Analysis performed by sub-contract laboratory EMSL, Inc 
NVLAP Certification # 101048-3. Results to follow under separate cover.

REVISIONS:

Per client request, additional TCLP, STLC and DI-STLC anlaysis was performed on specified samples (see 
attachment at end of report).

Note: Extraction of 50 g sample / 500g 0.2M Sodium Citrate Solution was performed according to wet 
extraction procedure (WET) which was rotated in a rotary shaker for 48 hours.
         
 
          Date Prepared: 5/9/10 @ 1PM to 5/11/10 @ 1PM

Note: Extraction of 100 g sample / 2000g TCLP Fluid # 1 was performed according to Toxicity 
Characteristic Leaching Procedure (TCLP) which was rotated in a rotary shaker for 18 hours.

           Date Prepared: 5/6/10 @ 3:50PM to 5/7/10 @ 9:50AM.

Note: Extraction of 50 g sample  with DI water was performed according to wet extraction procedure (WET) 
which was rotated in a rotary shaker for 48 hours.
         
 
          Date Prepared: 5/11/10 @ 11:20AM to 5/3/10 @ 11:20AM.

Analytical Comments for method 6010B(STLC),For MS/MSDNote:The % recoveries for MS for Pb and 
MSD for Cr are outside of laboratory control limits but are within % RPD limits. The associated  LCS/LCSD 
% recoveries and % RPD are within limits.  No corrective action required.

Rev1   5/17/10
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Report prepared for:  James Ripple

URS (San Jose)

Date Received:  04/02/10

Date Reported:  05/18/10

Sample Result Summary

1004011-001AM-18@0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead (STLC) mg/L240.100.0500SW6010B 1

Lead (TCLP) mg/L0.130.100.05SW6010B 1

Lead (DI-STLC) mg/L1.10.100.0500SW6010B 1

1004011-002AM-18@1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg341.00.13SW6010B 1

1004011-003AM-18@1.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg581.00.13SW6010B 1

1004011-004AM-18@2.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg5.31.00.13SW6010B 1

1004011-005AM-18@3.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg1.51.00.13SW6010B 1

1004011-006AM-19@0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg1.11.00.13SW6010B 1
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Report prepared for:  James Ripple

URS (San Jose)

Date Received:  04/02/10

Date Reported:  05/18/10

Sample Result Summary

1004011-007AM-19@1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Chromium (STLC) mg/L0.260.100.0200SW6010B 1

Antimony mg/Kg7.85.00.20SW6010B 1
Barium mg/Kg535.01SW6010B 1
Chromium mg/Kg3205.00.0590SW6010B 1
Cobalt mg/Kg315.00.14SW6010B 1
Copper mg/Kg235.00.0900SW6010B 1
Lead mg/Kg351.00.13SW6010B 1
Nickel mg/Kg5305.00.0590SW6010B 1
Silver mg/Kg2.11.00SW6010B 1
Vanadium mg/Kg505.00.12SW6010B 1
Zinc mg/Kg425.00.59SW6010B 1

Mercury mg/Kg0.340.100.017471B 1

pH S.U.8.072.00.10SW9045C 1

1004011-008AM-19@1.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead (STLC) mg/L0.200.100.0500SW6010B 1

Lead mg/Kg551.00.13SW6010B 1

1004011-009AM-19@2.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg191.00.13SW6010B 1

1004011-010AM-19@3.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg3.01.00.13SW6010B 1
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Report prepared for:  James Ripple

URS (San Jose)

Date Received:  04/02/10

Date Reported:  05/18/10

Sample Result Summary

1004011-011AM-19d@0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg141.00.13SW6010B 1

1004011-012AM-19d@1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Chromium (STLC) mg/L0.230.100.0200SW6010B 1

Antimony mg/Kg7.25.00.20SW6010B 1
Barium mg/Kg615.01SW6010B 1
Chromium mg/Kg2605.00.0590SW6010B 1
Cobalt mg/Kg395.00.14SW6010B 1
Copper mg/Kg345.00.0900SW6010B 1
Lead mg/Kg381.00.13SW6010B 1
Nickel mg/Kg4705.00.0590SW6010B 1
Silver mg/Kg1.71.00SW6010B 1
Vanadium mg/Kg585.00.12SW6010B 1
Zinc mg/Kg455.00.59SW6010B 1

pH S.U.7.842.00.10SW9045C 1

1004011-013AM-19d@1.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg361.00.13SW6010B 1

1004011-014AM-19d@2.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg301.00.13SW6010B 1

1004011-015AM-19d@3.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg5.41.00.13SW6010B 1
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Report prepared for:  James Ripple

URS (San Jose)

Date Received:  04/02/10

Date Reported:  05/18/10

Sample Result Summary

1004011-016AM-20@0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg7.51.00.13SW6010B 1

1004011-017AM-20@1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg111.00.13SW6010B 1

1004011-018AM-20@1.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg301.00.13SW6010B 1

1004011-019AM-20@2.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg151.00.13SW6010B 1

1004011-020AM-20@3.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg2.01.00.13SW6010B 1

1004011-021AM-21@0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg181.00.13SW6010B 1

1004011-022AM-21@1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg121.00.13SW6010B 1
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Report prepared for:  James Ripple

URS (San Jose)

Date Received:  04/02/10

Date Reported:  05/18/10

Sample Result Summary

1004011-023AM-21@1.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead (STLC) mg/L210.100.0500SW6010B 1

Lead mg/Kg4901.00.13SW6010B 1

Lead (DI-STLC) mg/L6.20.100.0500SW6010B 1

1004011-024AM-21@2.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg8.41.00.13SW6010B 1

1004011-025AM-21@3.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg2.11.00.13SW6010B 1

1004011-026AM-22@0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg111.00.13SW6010B 1

1004011-027AM-22@1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg8.31.00.13SW6010B 1

1004011-028AM-22@1.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg171.00.13SW6010B 1
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Report prepared for:  James Ripple

URS (San Jose)

Date Received:  04/02/10

Date Reported:  05/18/10

Sample Result Summary

1004011-029AM-22@2.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead (STLC) mg/L6.60.100.0500SW6010B 1

Lead mg/Kg1101.00.13SW6010B 1

Lead (DI-STLC) mg/L1.40.100.0500SW6010B 1

1004011-030AM-22@3.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg9.01.00.13SW6010B 1
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004011-001ALab Sample ID:  

Sample Matrix: Soil

M-18@0.5

Petaluma, CA

04/02/10 / 2:02

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/11/10 400854mg/L24Lead (STLC) 05/12/10 0.0500 0.10 04131

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/7/10 400786mg/L0.13Lead (TCLP) 05/07/10 0.05 0.10 03921

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400497mg/Kg590Lead 04/08/10 0.13 1.0 02531

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/13/10 400865mg/L1.1Lead (DI-STLC) 05/13/10 0.0500 0.10 04241

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

The results shown below are reported using their MDL. 
SW8081A 4/6/10 400514ug/KgNDalpha-BHC 04/08/10 18 80 024140

SW8081A 4/6/10 400514ug/KgNDgamma-BHC 04/08/10 16 80 024140

SW8081A 4/6/10 400514ug/KgNDbeta-BHC 04/08/10 15 80 024140

SW8081A 4/6/10 400514ug/KgNDdelta-BHC 04/08/10 20 80 024140

SW8081A 4/6/10 400514ug/KgNDHeptachlor 04/08/10 44 80 024140

SW8081A 4/6/10 400514ug/KgNDAldrin 04/08/10 18 80 024140

SW8081A 4/6/10 400514ug/KgNDHeptachlor epoxide 04/08/10 13 80 024140

SW8081A 4/6/10 400514ug/KgNDgamma-Chlordane 04/08/10 17 80 024140

SW8081A 4/6/10 400514ug/KgNDalpha-Chlordane 04/08/10 14 80 024140

SW8081A 4/6/10 400514ug/KgNDEndosulfan I 04/08/10 24 80 024140

SW8081A 4/6/10 400514ug/KgND4,4'-DDE 04/08/10 19 80 024140

SW8081A 4/6/10 400514ug/KgNDDieldrin 04/08/10 17 80 024140

SW8081A 4/6/10 400514ug/KgNDEndrin 04/08/10 23 80 024140

SW8081A 4/6/10 400514ug/KgND4,4'-DDD 04/08/10 19 80 024140

SW8081A 4/6/10 400514ug/KgNDEndosulfan II 04/08/10 61 80 024140

SW8081A 4/6/10 400514ug/KgND4,4'-DDT 04/08/10 32 80 024140

SW8081A 4/6/10 400514ug/KgNDEndrin aldehyde 04/08/10 41 80 024140
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004011-001ALab Sample ID:  

Sample Matrix: Soil

M-18@0.5

Petaluma, CA

04/02/10 / 2:02

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

The results shown below are reported using their MDL. 
SW8081A 4/6/10 400514ug/KgNDEndosulfan sulfate 04/08/10 20 80 024140

SW8081A 4/6/10 400514ug/KgNDMethoxychlor 04/08/10 25 200 024140

SW8081A 4/6/10 400514ug/KgNDEndrin Ketone 04/08/10 16 80 024140

SW8081A 4/6/10 400514ug/KgNDChlordane 04/08/10 400 800 024140

SW8081A 4/6/10 400514ug/KgNDToxaphene 04/08/10 400 4000 024140

SW8081A 4/6/10 400514S,D %175TCMX (S) 04/08/10 52.5 139 024140

SW8081A 4/6/10 400514D %114DCBP (S) 04/08/10 50.2 139 024140

Note:  D - Surrogates diluted out.  Reporting limits increased due to the nature of the sample matrix (dark color extract).  All compounds reported to 
the MDL.

NOTE:

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW8082 4/6/10 400515mg/KgNDAroclor1016 04/07/10 0.0230 0.10 02421

SW8082 4/6/10 400515mg/KgNDAroclor1221 04/07/10 0.0920 0.20 02421

SW8082 4/6/10 400515mg/KgNDAroclor1232 04/07/10 0.0460 0.10 02421

SW8082 4/6/10 400515mg/KgNDAroclor1242 04/07/10 0.0430 0.10 02421

SW8082 4/6/10 400515mg/KgNDAroclor1248 04/07/10 0.0360 0.10 02421

SW8082 4/6/10 400515mg/KgNDAroclor1254 04/07/10 0.0240 0.10 02421

SW8082 4/6/10 400515mg/KgNDAroclor1260 04/07/10 0.0270 0.10 02421

SW8082 4/6/10 400515%101TCMX (S) 04/07/10 51.7 128 02421

SW8082 4/6/10 400515%99.3DCBP (S) 04/07/10 55.1 113 02421
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004011-002ALab Sample ID:  

Sample Matrix: Soil

M-18@1.0

Petaluma, CA

04/02/10 / 2:04

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400497mg/Kg34Lead 04/08/10 0.13 1.0 02531
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004011-003ALab Sample ID:  

Sample Matrix: Soil

M-18@1.5

Petaluma, CA

04/02/10 / 2:06

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/11/10 400854mg/LNDLead (STLC) 05/12/10 0.0500 0.10 04131

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400497mg/Kg58Lead 04/08/10 0.13 1.0 02531

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/13/10 400865mg/LNDLead (DI-STLC) 05/13/10 0.0500 0.10 04241
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004011-004ALab Sample ID:  

Sample Matrix: Soil

M-18@2.0

Petaluma, CA

04/02/10 / 2:08

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400497mg/Kg5.3Lead 04/08/10 0.13 1.0 02531
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004011-005ALab Sample ID:  

Sample Matrix: Soil

M-18@3.0

Petaluma, CA

04/02/10 / 2:10

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400497mg/Kg1.5Lead 04/08/10 0.13 1.0 02531

Page 14 of 59Total Page Count:  59



SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004011-006ALab Sample ID:  

Sample Matrix: Soil

M-19@0.5

Petaluma, CA

04/02/10 / 2:18

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400497mg/Kg1.1Lead 04/08/10 0.13 1.0 02531
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004011-007ALab Sample ID:  

Sample Matrix: Soil

M-19@1.0

Petaluma, CA

04/02/10 / 2:20

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/11/10 400854mg/L0.26Chromium (STLC) 05/12/10 0.0200 0.10 04131

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/5/10 400481mg/Kg7.8Antimony 04/07/10 0.20 5.0 02461

SW6010B 4/5/10 400481mg/KgNDArsenic 04/07/10 0.28 1.7 02461

SW6010B 4/5/10 400481mg/Kg53Barium 04/07/10 1 5.0 02461

SW6010B 4/5/10 400481mg/KgNDBeryllium 04/07/10 0.0840 2.0 02461

SW6010B 4/5/10 400481mg/KgNDCadmium 04/07/10 0.0590 1.0 02461

SW6010B 4/5/10 400481mg/Kg320Chromium 04/07/10 0.0590 5.0 02461

SW6010B 4/5/10 400481mg/Kg31Cobalt 04/07/10 0.14 5.0 02461

SW6010B 4/5/10 400481mg/Kg23Copper 04/07/10 0.0900 5.0 02461

SW6010B 4/5/10 400481mg/Kg35Lead 04/07/10 0.13 1.0 02461

SW6010B 4/5/10 400481mg/KgNDMolybdenum 04/07/10 0.0590 5.0 02461

SW6010B 4/5/10 400481mg/Kg530Nickel 04/07/10 0.0590 5.0 02461

SW6010B 4/5/10 400481mg/KgNDSelenium 04/07/10 0.29 5.0 02461

SW6010B 4/5/10 400481mg/Kg2.1Silver 04/07/10 0 1.0 02461

SW6010B 4/5/10 400481mg/KgNDThallium 04/07/10 0.12 5.0 02461

SW6010B 4/5/10 400481mg/Kg50Vanadium 04/07/10 0.12 5.0 02461

SW6010B 4/5/10 400481mg/Kg42Zinc 04/07/10 0.59 5.0 02461

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

7471B 4/5/10 400476mg/Kg0.34Mercury 04/06/10 0.01 0.10 02391

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW7199M 5/11/10 400887mg/KgNDHexavalent Chromium 05/11/10 0.015 0.10 04361

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW9045C NA 400508S.U.8.07pH 04/06/10 0.10 2.0 NA1
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004011-008ALab Sample ID:  

Sample Matrix: Soil

M-19@1.5

Petaluma, CA

04/02/10 / 2:22

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/11/10 400854mg/L0.20Lead (STLC) 05/12/10 0.0500 0.10 04131

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400497mg/Kg55Lead 04/08/10 0.13 1.0 02531

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/13/10 400865mg/LNDLead (DI-STLC) 05/13/10 0.0500 0.10 04241
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004011-009ALab Sample ID:  

Sample Matrix: Soil

M-19@2.0

Petaluma, CA

04/02/10 / 2:24

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400497mg/Kg19Lead 04/08/10 0.13 1.0 02531
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004011-010ALab Sample ID:  

Sample Matrix: Soil

M-19@3.0

Petaluma, CA

04/02/10 / 2:26

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400496mg/Kg3.0Lead 04/08/10 0.13 1.0 02521
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004011-011ALab Sample ID:  

Sample Matrix: Soil

M-19d@0.5

Petaluma, CA

04/02/10 / 2:32

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400496mg/Kg14Lead 04/08/10 0.13 1.0 02521
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004011-012ALab Sample ID:  

Sample Matrix: Soil

M-19d@1.0

Petaluma, CA

04/02/10 / 2:34

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/11/10 400854mg/L0.23Chromium (STLC) 05/12/10 0.0200 0.10 04131

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/5/10 400481mg/Kg7.2Antimony 04/07/10 0.20 5.0 02461

SW6010B 4/5/10 400481mg/KgNDArsenic 04/07/10 0.28 1.7 02461

SW6010B 4/5/10 400481mg/Kg61Barium 04/07/10 1 5.0 02461

SW6010B 4/5/10 400481mg/KgNDBeryllium 04/07/10 0.0840 2.0 02461

SW6010B 4/5/10 400481mg/KgNDCadmium 04/07/10 0.0590 1.0 02461

SW6010B 4/5/10 400481mg/Kg260Chromium 04/07/10 0.0590 5.0 02461

SW6010B 4/5/10 400481mg/Kg39Cobalt 04/07/10 0.14 5.0 02461

SW6010B 4/5/10 400481mg/Kg34Copper 04/07/10 0.0900 5.0 02461

SW6010B 4/5/10 400481mg/Kg38Lead 04/07/10 0.13 1.0 02461

SW6010B 4/5/10 400481mg/KgNDMolybdenum 04/07/10 0.0590 5.0 02461

SW6010B 4/5/10 400481mg/Kg470Nickel 04/07/10 0.0590 5.0 02461

SW6010B 4/5/10 400481mg/KgNDSelenium 04/07/10 0.29 5.0 02461

SW6010B 4/5/10 400481mg/Kg1.7Silver 04/07/10 0 1.0 02461

SW6010B 4/5/10 400481mg/KgNDThallium 04/07/10 0.12 5.0 02461

SW6010B 4/5/10 400481mg/Kg58Vanadium 04/07/10 0.12 5.0 02461

SW6010B 4/5/10 400481mg/Kg45Zinc 04/07/10 0.59 5.0 02461

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

7471B 4/5/10 400476mg/KgNDMercury 04/06/10 0.01 0.10 02391

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW7199M 5/11/10 400887mg/KgNDHexavalent Chromium 05/11/10 0.015 0.10 04361

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW9045C NA 400508S.U.7.84pH 04/06/10 0.10 2.0 NA1
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004011-013ALab Sample ID:  

Sample Matrix: Soil

M-19d@1.5

Petaluma, CA

04/02/10 / 2:36

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400496mg/Kg36Lead 04/08/10 0.13 1.0 02521
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004011-014ALab Sample ID:  

Sample Matrix: Soil

M-19d@2.0

Petaluma, CA

04/02/10 / 2:38

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400496mg/Kg30Lead 04/08/10 0.13 1.0 02521
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004011-015ALab Sample ID:  

Sample Matrix: Soil

M-19d@3.0

Petaluma, CA

04/02/10 / 2:40

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400496mg/Kg5.4Lead 04/08/10 0.13 1.0 02521
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004011-016ALab Sample ID:  

Sample Matrix: Soil

M-20@0.5

Petaluma, CA

04/02/10 / 2:44

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400496mg/Kg7.5Lead 04/08/10 0.13 1.0 02521
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004011-017ALab Sample ID:  

Sample Matrix: Soil

M-20@1.0

Petaluma, CA

04/02/10 / 2:46

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400496mg/Kg11Lead 04/08/10 0.13 1.0 02521
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004011-018ALab Sample ID:  

Sample Matrix: Soil

M-20@1.5

Petaluma, CA

04/02/10 / 2:48

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400496mg/Kg30Lead 04/08/10 0.13 1.0 02521
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004011-019ALab Sample ID:  

Sample Matrix: Soil

M-20@2.0

Petaluma, CA

04/02/10 / 2:50

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400496mg/Kg15Lead 04/08/10 0.13 1.0 02521
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004011-020ALab Sample ID:  

Sample Matrix: Soil

M-20@3.0

Petaluma, CA

04/02/10 / 2:52

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400496mg/Kg2.0Lead 04/08/10 0.13 1.0 02521
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004011-021ALab Sample ID:  

Sample Matrix: Soil

M-21@0.5

Petaluma, CA

04/02/10 / 3:00

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400496mg/Kg18Lead 04/08/10 0.13 1.0 02521
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004011-022ALab Sample ID:  

Sample Matrix: Soil

M-21@1.0

Petaluma, CA

04/02/10 / 3:02

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400496mg/Kg12Lead 04/08/10 0.13 1.0 02521
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004011-023ALab Sample ID:  

Sample Matrix: Soil

M-21@1.5

Petaluma, CA

04/02/10 / 3:04

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/11/10 400854mg/L21Lead (STLC) 05/12/10 0.0500 0.10 04131

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/7/10 400786mg/LNDLead (TCLP) 05/07/10 0.05 0.10 03921

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400496mg/Kg490Lead 04/08/10 0.13 1.0 02521

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/13/10 400865mg/L6.2Lead (DI-STLC) 05/13/10 0.0500 0.10 04241
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004011-024ALab Sample ID:  

Sample Matrix: Soil

M-21@2.0

Petaluma, CA

04/02/10 / 3:06

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400496mg/Kg8.4Lead 04/08/10 0.13 1.0 02521
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004011-025ALab Sample ID:  

Sample Matrix: Soil

M-21@3.0

Petaluma, CA

04/02/10 / 3:08

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400496mg/Kg2.1Lead 04/08/10 0.13 1.0 02521
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004011-026ALab Sample ID:  

Sample Matrix: Soil

M-22@0.5

Petaluma, CA

04/02/10 / 3:16

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400496mg/Kg11Lead 04/08/10 0.13 1.0 02521

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

The results shown below are reported using their MDL. 
SW8081A 4/6/10 400514ug/KgNDalpha-BHC 04/08/10 18 80 024120

SW8081A 4/6/10 400514ug/KgNDgamma-BHC 04/08/10 16 80 024120

SW8081A 4/6/10 400514ug/KgNDbeta-BHC 04/08/10 15 80 024120

SW8081A 4/6/10 400514ug/KgNDdelta-BHC 04/08/10 20 80 024120

SW8081A 4/6/10 400514ug/KgNDHeptachlor 04/08/10 44 80 024120

SW8081A 4/6/10 400514ug/KgNDAldrin 04/08/10 18 80 024120

SW8081A 4/6/10 400514ug/KgNDHeptachlor epoxide 04/08/10 13 80 024120

SW8081A 4/6/10 400514ug/KgNDgamma-Chlordane 04/08/10 17 80 024120

SW8081A 4/6/10 400514ug/KgNDalpha-Chlordane 04/08/10 14 80 024120

SW8081A 4/6/10 400514ug/KgNDEndosulfan I 04/08/10 24 80 024120

SW8081A 4/6/10 400514ug/KgND4,4'-DDE 04/08/10 19 80 024120

SW8081A 4/6/10 400514ug/KgNDDieldrin 04/08/10 17 80 024120

SW8081A 4/6/10 400514ug/KgNDEndrin 04/08/10 23 80 024120

SW8081A 4/6/10 400514ug/KgND4,4'-DDD 04/08/10 19 80 024120

SW8081A 4/6/10 400514ug/KgNDEndosulfan II 04/08/10 61 80 024120

SW8081A 4/6/10 400514ug/KgND4,4'-DDT 04/08/10 32 80 024120

SW8081A 4/6/10 400514ug/KgNDEndrin aldehyde 04/08/10 41 80 024120

SW8081A 4/6/10 400514ug/KgNDEndosulfan sulfate 04/08/10 20 80 024120

SW8081A 4/6/10 400514ug/KgNDMethoxychlor 04/08/10 25 200 024120

SW8081A 4/6/10 400514ug/KgNDEndrin Ketone 04/08/10 16 80 024120

SW8081A 4/6/10 400514ug/KgNDChlordane 04/08/10 400 800 024120

SW8081A 4/6/10 400514ug/KgNDToxaphene 04/08/10 400 4000 024120

SW8081A 4/6/10 400514%133TCMX (S) 04/08/10 52.5 139 024120

SW8081A 4/6/10 400514%124DCBP (S) 04/08/10 50.2 139 024120

Note: Reporting limits increased due to the nature of the sample matrix (dark color extract).  All compounds reported to the MDL.NOTE:
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004011-026ALab Sample ID:  

Sample Matrix: Soil

M-22@0.5

Petaluma, CA

04/02/10 / 3:16

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW8082 4/6/10 400515mg/KgNDAroclor1016 04/07/10 0.0460 0.20 02421

SW8082 4/6/10 400515mg/KgNDAroclor1221 04/07/10 0.184 0.40 02421

SW8082 4/6/10 400515mg/KgNDAroclor1232 04/07/10 0.0920 0.20 02421

SW8082 4/6/10 400515mg/KgNDAroclor1242 04/07/10 0.0860 0.20 02421

SW8082 4/6/10 400515mg/KgNDAroclor1248 04/07/10 0.0720 0.20 02421

SW8082 4/6/10 400515mg/KgNDAroclor1254 04/07/10 0.0480 0.20 02421

SW8082 4/6/10 400515mg/KgNDAroclor1260 04/07/10 0.0540 0.20 02421

SW8082 4/6/10 400515%93.1TCMX (S) 04/07/10 51.7 128 02421

SW8082 4/6/10 400515%91.8DCBP (S) 04/07/10 55.1 113 02421
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004011-027ALab Sample ID:  

Sample Matrix: Soil

M-22@1.0

Petaluma, CA

04/02/10 / 3:18

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400496mg/Kg8.3Lead 04/08/10 0.13 1.0 02521
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004011-028ALab Sample ID:  

Sample Matrix: Soil

M-22@1.5

Petaluma, CA

04/02/10 / 3:20

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400496mg/Kg17Lead 04/08/10 0.13 1.0 02521
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004011-029ALab Sample ID:  

Sample Matrix: Soil

M-22@2.0

Petaluma, CA

04/02/10 / 3:22

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/11/10 400854mg/L6.6Lead (STLC) 05/12/10 0.0500 0.10 04131

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400496mg/Kg110Lead 04/08/10 0.13 1.0 02521

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/13/10 400865mg/L1.4Lead (DI-STLC) 05/13/10 0.0500 0.10 04241
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004011-030ALab Sample ID:  

Sample Matrix: Soil

M-22@3.0

Petaluma, CA

04/02/10 / 3:24

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400496mg/Kg9.0Lead 04/08/10 0.13 1.0 02521
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MB Summary Report

Work Order:  

Matrix:

Units:

Prep Method: 

7471ABAnalytical 
Method:

Prep Date:

Analyzed Date:

04/05/10 Prep Batch:

Analytical 
Batch:

400476

mg/Kg

04/06/10

02397471

Soil

1004011

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.01 0.10Mercury ND 

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

04/05/10 Prep Batch:

Analytical 
Batch:

400481

mg/Kg

04/07/10

02463050

Soil

1004011

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.20 5.0Antimony ND 

0.28 1.7Arsenic ND 

1 5.0Barium ND 

0.0840 2.0Beryllium ND 

0.059 1.0Cadmium ND 

0.059 5.0Chromium 0.10 

0.14 5.0Cobalt ND 

0.090 5.0Copper 0.50 

0.13 1.0Lead 0.25 

0.059 5.0Molybdenum ND 

0.059 5.0Nickel 0.10 

0.29 5.0Selenium ND 

1.0 1.0Silver ND 

0.12 5.0Thallium ND 

0.12 5.0Vanadium ND 

0.59 5.0Zinc 0.95 

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

04/06/10 Prep Batch:

Analytical 
Batch:

400496

mg/Kg

04/08/10

02523050

Soil

1004011

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.13 1.0Lead 0.30 
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MB Summary Report

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

04/06/10 Prep Batch:

Analytical 
Batch:

400497

mg/Kg

04/08/10

02533050

Soil

1004011

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.13 1.0Lead 0.25 

Work Order:  

Matrix:

Units:

Prep Method: 

SW8081AAnalytical 
Method:

Prep Date:

Analyzed Date:

04/06/10 Prep Batch:

Analytical 
Batch:

400514

ug/Kg

04/08/10

02413545_OCP

Soil

1004011

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.44 2.0alpha-BHC ND 

0.40 2.0gamma-BHC ND 

0.36 2.0beta-BHC ND 

0.49 2.0delta-BHC ND 

1.1 2.0Heptachlor ND 

0.44 2.0Aldrin ND 

0.32 2.0Heptachlor epoxide ND 

0.42 2.0gamma-Chlordane ND 

0.36 2.0alpha-Chlordane ND 

0.59 2.0Endosulfan I ND 

0.48 2.04,4'-DDE ND 

0.43 2.0Dieldrin ND 

0.57 2.0Endrin ND 

0.47 2.04,4'-DDD ND 

1.5 2.0Endosulfan II ND 

0.81 2.04,4'-DDT ND 

1.0 2.0Endrin aldehyde ND 

0.49 2.0Endosulfan sulfate ND 

0.62 5.0Methoxychlor ND 

0.40 2.0Endrin Ketone ND 

10 20Chlordane ND 

10 100Toxaphene ND 

TCMX (S) 80.3 %

DCBP (S) 78.3 %
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MB Summary Report

Work Order:  

Matrix:

Units:

Prep Method: 

SW8081AAnalytical 
Method:

Prep Date:

Analyzed Date:

04/06/10 Prep Batch:

Analytical 
Batch:

400514

ug/Kg

04/08/10

02413545_OCP

Soil

1004011

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.44 2.0alpha-BHC ND 

0.40 2.0gamma-BHC ND 

0.36 2.0beta-BHC ND 

0.49 2.0delta-BHC ND 

1.1 2.0Heptachlor ND 

0.44 2.0Aldrin ND 

0.32 2.0Heptachlor epoxide ND 

0.42 2.0gamma-Chlordane ND 

0.36 2.0alpha-Chlordane ND 

0.59 2.0Endosulfan I ND 

0.48 2.04,4'-DDE ND 

0.43 2.0Dieldrin ND 

0.57 2.0Endrin ND 

0.47 2.04,4'-DDD ND 

1.5 2.0Endosulfan II ND 

0.81 2.04,4'-DDT ND 

1.0 2.0Endrin aldehyde ND 

0.49 2.0Endosulfan sulfate ND 

0.62 5.0Methoxychlor ND 

0.40 2.0Endrin Ketone ND 

10 20Chlordane ND 

10 100Toxaphene ND 

TCMX (S) 86.6 %

DCBP (S) 85.0 %
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MB Summary Report

Work Order:  

Matrix:

Units:

Prep Method: 

SW8082Analytical 
Method:

Prep Date:

Analyzed Date:

04/06/10 Prep Batch:

Analytical 
Batch:

400515

mg/Kg

04/07/10

02423545_PCB

Soil

1004011

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.0230 0.10Aroclor1016 ND 

0.0920 0.20Aroclor1221 ND 

0.0460 0.10Aroclor1232 ND 

0.0430 0.10Aroclor1242 ND 

0.0360 0.10Aroclor1248 ND 

0.0240 0.10Aroclor1254 ND 

0.0270 0.10Aroclor1260 ND 

TCMX (S) 88.8 %

DCBP (S) 88.6 %

Work Order:  

Matrix:

Units:

Prep Method: 

SW8082Analytical 
Method:

Prep Date:

Analyzed Date:

04/06/10 Prep Batch:

Analytical 
Batch:

400515

mg/Kg

04/07/10

02423545_PCB

Soil

1004011

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.0230 0.10Aroclor1016 ND 

0.0920 0.20Aroclor1221 ND 

0.0460 0.10Aroclor1232 ND 

0.0430 0.10Aroclor1242 ND 

0.0360 0.10Aroclor1248 ND 

0.0240 0.10Aroclor1254 ND 

0.0270 0.10Aroclor1260 ND 

TCMX (S) 91.6 %

DCBP (S) 90.0 %

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

05/07/10 Prep Batch:

Analytical 
Batch:

400786

mg/L

05/07/10

03921311/3010B

Soil

1004011

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.0500 0.10Lead (TCLP) ND 
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MB Summary Report

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

05/11/10 Prep Batch:

Analytical 
Batch:

400854

mg/Kg

05/12/10

0413WET/3010B

Soil

1004011

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.0200 0.10Chromium (STLC) ND 

0.0500 0.10Lead (STLC) ND 

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

05/13/10 Prep Batch:

Analytical 
Batch:

400865

mg/Kg

05/13/10

0424WET-DI/3010B

Soil

1004011

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.0500 0.10Lead (DI-STLC) ND 

Work Order:  

Matrix:

Units:

Prep Method: 

SW7199Analytical 
Method:

Prep Date:

Analyzed Date:

05/11/10 Prep Batch:

Analytical 
Batch:

400887

mg/Kg

05/11/10

04367199M

Soil

1004011

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.015 0.10Hexavalent Chromium ND 
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LCS/LCSD Summary Report
Raw values are used in quality control assessment.

Work Order:  

Matrix:

Units:

Prep Method: 

7471BAnalytical 
Method:

Prep Date:

Analyzed Date:

04/05/10 Prep Batch:

Analytical 
Batch:

40047604/06/10

mg/Kg

7471 0239

Soil

1004011

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

0.10 1.250.01 0.000833 1.93 3080.5 - 133Mercury 119 116

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

04/05/10 Prep Batch:

Analytical 
Batch:

40048104/07/10

mg/Kg

3050 0246

Soil

1004011

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

5.0 500.20 0.050 0.000 3030.7 - 130Antimony 95.9 95.9

1.7 500.28 0.00 0.319 3071 - 121Arsenic 93.9 94.2

5.0 501 0.20 6.10 3070.2 - 130Barium 103 96.9

2.0 500.0840 0.00 0.000 3073.3 - 115Beryllium 92.3 92.3

1.0 500.059 0.050 6.28 68.7 - 110Cadmium 98.6 92.6

5.0 500.059 0.10 6.72 3076 - 116Chromium 103 96.3

5.0 500.14 0.050 6.02 3057.4 - 122Cobalt 101 95.1

5.0 500.090 0.50 6.04 3074.8 - 119Copper 104 97.9

1.0 500.13 0.25 0.313 3067.9 - 118Lead 95.7 96.0

5.0 500.059 0.00 0.408 3062.9 - 123Molybdenum 98.2 97.8

5.0 500.059 0.10 6.32 3061.5 - 122Nickel 99.5 93.4

5.0 500.29 0.10 0.574 3062 - 111Selenium 86.8 87.3

1.0 501.0 0.00 5.26 3081.1 - 109Silver 99.5 94.4

5.0 500.12 0.050 0.109 3039.2 - 125Thallium 92.0 92.1

5.0 500.12 -0.050 6.10 3065.8 - 122Vanadium 103 96.9

5.0 500.59 0.95 6.12 3059.9 - 122Zinc 101 95.0

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

04/06/10 Prep Batch:

Analytical 
Batch:

40049604/08/10

mg/Kg

3050 0252

Soil

1004011

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

1 500.13 0.30 0.642 3067.9 - 118Lead 93.7 93.1
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LCS/LCSD Summary Report
Raw values are used in quality control assessment.

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

04/06/10 Prep Batch:

Analytical 
Batch:

40049704/08/10

mg/Kg

3050 0253

Soil

1004011

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

1 500.13 0.25 0.652 3067.9 - 118Lead 91.7 92.3

Work Order:  

Matrix:

Units:

Prep Method: 

SW8081AAnalytical 
Method:

Prep Date:

Analyzed Date:

04/06/10 Prep Batch:

Analytical 
Batch:

40051404/08/10

ug/Kg

3545_OCP 0241

Soil

1004011

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

2.0 200.40 0.00 1.44 3056.9 - 120gamma-BHC 92.0 90.7

2.0 201.1 0.15 1.60 3063.6 - 117Heptachlor 93.7 95.2

2.0 200.44 0.00 0.955 3053 - 123Aldrin 91.3 92.2

2.0 200.43 0.00 1.34 3044 - 130Dieldrin 95.3 94.1

2.0 200.57 0.00 0.726 3044.1 - 121Endrin 96.2 95.5

2.0 200.81 0.24 3.47 3052.8 - 1344,4'-DDT 96.2 92.9

3500.00 52.5 - 139TCMX (S) 89.1 86.3

3500.00 50.2 - 139DCBP (S) 86.5 85.1

0.00  - 4,4'-DDE

0.11  - 4,4'-DDD

0.00  - 4,4'-DDT

Work Order:  

Matrix:

Units:

Prep Method: 

SW8082Analytical 
Method:

Prep Date:

Analyzed Date:

04/06/10 Prep Batch:

Analytical 
Batch:

40051504/07/10

mg/Kg

3545_PCB 0242

Soil

1004011

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

0.10 10.0230 0.0068 0.160 3055.6 - 135Aroclor1016 88.3 88.4

0.10 0.50.0270 0.00 0.679 3065.6 - 132Aroclor1260 94.6 94.0

0.250.00 51.7 - 128TCMX (S) 90.3 88.7

0.2500.00 55.1 - 113DCBP (S) 92.2 90.4
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LCS/LCSD Summary Report
Raw values are used in quality control assessment.

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

05/07/10 Prep Batch:

Analytical 
Batch:

40078605/07/10

mg/L

1311/3010B 0392

Soil

1004011

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

0.1 100.05 0.000 0.644 2080 - 120Lead (TCLP) 92.8 93.4

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

05/11/10 Prep Batch:

Analytical 
Batch:

40085405/12/10

mg/L

WET/3010B 0413

Soil

1004011

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

0.10 100.0200 ,0.0100 0.644 2080 - 120Chromium (STLC) 93.4 92.8

0.10 100.0500 ,0.000 0.440 2080 - 120Lead (STLC) 91.1 90.7

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

05/13/10 Prep Batch:

Analytical 
Batch:

40086505/13/10

mg/Kg

WET-DI/3010B 0424

Soil

1004011

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

0.10 100.0500 ,0.000 0.203 2080 - 120Lead (DI-STLC) 98.5 98.7

Work Order:  

Matrix:

Units:

Prep Method: 

SW7199Analytical 
Method:

Prep Date:

Analyzed Date:

05/11/10 Prep Batch:

Analytical 
Batch:

40088705/11/10

mg/Kg

7199M 0436

Soil

1004011

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

0.10 0.10.015 ,0.0006 6.16 3065 - 135Hexavalent Chromium 95.9 90.2
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MS/MSD Summary Report
Raw values are used in quality control assessment.

Work Order:  1004011

Analyzed Date:

Prep Date:

Matrix:

Prep Method: 04/06/10

1004011-010ASpiked Sample:

Analytical 
Method:

Prep Batch:

Units:

Analytical 
Batch:

SW6010B 40049604/08/10

mg/Kg

02523050

Soil

Parameters MDL PQL Sample
Conc. 

Spike
Conc.

MS %
Recovery

MSD %
Recovery

MS/MSD
% RPD

%
Recovery

Limits

% RPD
Limits

Lab
Qualifier

50 67.9 - 1180.13 1 0.827 30Lead 79.1 78.40.059

Work Order:  1004011

Analyzed Date:

Prep Date:

Matrix:

Prep Method: 05/11/10

1004011-001ASpiked Sample:

Analytical 
Method:

Prep Batch:

Units:

Analytical 
Batch:

SW6010B 40085405/12/10

mg/L

0413WET/3010B

Soil

Parameters MDL PQL Sample
Conc. 

Spike
Conc.

MS %
Recovery

MSD %
Recovery

MS/MSD
% RPD

%
Recovery

Limits

% RPD
Limits

Lab
Qualifier

10 75 - 1250.0200 S0.10 8.35 20Chromium (STLC) 81.1 73.30.0130

10 75 - 1250.0500 S0.10 0.424 20Lead (STLC) 296 67.72.38

Work Order:  1004011

Analyzed Date:

Prep Date:

Matrix:

Prep Method: 05/13/10

1004011-001ASpiked Sample:

Analytical 
Method:

Prep Batch:

Units:

Analytical 
Batch:

SW6010B 40086505/13/10

mg/L

0424WET-DI/3010B

Soil

Parameters MDL PQL Sample
Conc. 

Spike
Conc.

MS %
Recovery

MSD %
Recovery

MS/MSD
% RPD

%
Recovery

Limits

% RPD
Limits

Lab
Qualifier

10 75 - 1250.0500 0.10 2.54 20Lead (DI-STLC) 105 1080.109
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Duplicate Summary Report

Work Order:  

Matrix:

Units:

Prep Method: 

SW9045CAnalytical 
Method:

Prep Date:

Analyzed Date:

NA Prep Batch:

Analytical 
Batch:

40050804/06/10

1004011

Lab Sample ID:  1004011-012A-Dup

NA NA

Soil

Parameters PQL MDL Sample
Result

Duplicate
Result

% RPD

pH 0.100 2.00 7.87 0.09557.84

Raw values are used in quality control assessment.
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Laboratory Qualifiers and Definitions

Method Detection Limit (MDL) -  the minimum concentration of a substance that can be measured and reported with a 99% confidence that the analyte 
concentration is greater than zero 

Matrix Spike (MS/MSD) -  Client sample spiked with identical concentrations of target analyte (s).  The spiking occurs prior to the sample preparation and 
analysis.  They are used to document the precision and bias of a method in a given sample matrix.

Matrix - the component or substrate that contains the analyte of interest (e.g., - groundwater, sediment, soil, waste water, etc)

Laboratory Control Sample (LCS ad LCSD) - A known matrix spiked with compounds representative of the target analyte(s).  This is used to document 
laboratory performance.

Duplicate - a field sample and/or laboratory QC sample prepared in duplicate following all of the same processes and procedures used on the original sample 
(sample duplicate, LCSD, MSD)

Blank (Method/Preparation Blank) -MB/PB - An analyte-free matrix to which all reagents are added in the same volumes/proportions as used in sample 
processing.  The method blank is used to document contamination resulting from the analytical process.

Practical Quantitation Limit  (PQL) - a laboratory determined value at 2 to 5 times above the MDL that can be reproduced in a manner that results in a 99% 
confidence level that the result is both accurate and precise. PQLs reflect all preparation factors and/or dilution factors that have been applied to the sample 
during the preparation and/or analytical processes.

Precision (%RPD) - The agreement among a set of replicate/duplicate measurements without regard to known value of the replicates 

 Surrogate (S) or (Surr) - An organic compound which is similar to the target analyte(s) in chemical composition and behavior in the analytical process, but 
which is not normally found in environmental samples. Surrogates are used in most organic analysis to demonstrate matrix compatibility with the chosen method 
of analysis

Tentatively Identified Compound (TIC) - A compound not contained within the analytical calibration standards but present in the GCMS library of defined 
compounds.  When the library is searched for an unknown compound, it can frequently give a tentative identification to the compound based on retention time 
and primary and secondary ion match.  TICs are reported as estimates and are candidates for further investigation.

Units: the unit of measure used to express the reported result - mg/L and mg/Kg (equivalent to PPM - parts per million in liquid and solid), ug/L and ug/Kg 
(equivalent to PPB - parts per billion in liquid and solid), ug/m3, mg.m3, ppbv and ppmv  (all units of measure for reporting concentrations in air), % ( 
equivalent to 10000 ppm or 1,000,000 ppb), ug/Wipe ( concentration found on the surface of a single Wipe usually taken over a 100cm2 surface)

B - Indicates when the anlayte is found in the associated method or preparation blank 
D - Surrogate is not recoverable due to the necessary dilution of the sample
E - Indicates the reportable value is outside of the calibration range of the instrument but within the linear range of the instrument (unless otherwise noted) 
Values reported with an E qualifier should be considered as estimated.
H- Indicates that the recommended holding time for the analyte or compound has been exceeded
J- Indicates a value between the method MDL and PQL and that the reported concentration should be considered as estimated rather the quantitative 
NA - Not Analyzed
N/A - Not Applicable
NR - Not recoverable - a matrix spike concentration is not recoverable due to a concentration within the original sample that is greater than four times the spike 
concentration added
R- The % RPD between a duplicate set of samples is outside of the absolute values established by laboratory control charts
S- Spike recovery is outside of established method and/or laboratory control limits.  Further explanation of the use of this qualifier should be included within a 
case narrative

    X -Used to indicate that a value based on pattern identification is within the pattern range but not typical of the pattern found in standards.       
    Further explanation may or may not be provided within the sample footnote and/or the case narrative.

DEFINITIONS:

Accuracy/Bias (% Recovery) - The closeness of agreement between an observed value and an accepted reference value.

LABORATORY QUALIFIERS:
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pH Adjusted by:  pH Checked by:  

°C5

No VOA vials submitted

Yes

Yes

Temperature:

Water-pH acceptable upon receipt?

Water-VOA vials have zero headspace?

Container/Temp Blank temperature in compliance?

All samples received within holding time?

Sample Preservation and Hold Time (HT) Information

YesSamples containers intact?

Yes

Yes

Not Present

Yes

Sufficient sample volume for indicated test?

Samples in proper container/bottle?

Custody seals intact on shipping container/cooler?

Shipping Container/Cooler In Good Condition?

Sample Receipt Information

Yes

Yes

Yes

Not Present

Chain of custody agrees with sample labels?

Chain of custody signed when relinquished and received?

Chain of custody present?

Custody seals intact on sample bottles?

Chain of Custody (COC) Information

Checklist Completed By:  NG

Carrier Name:  Hi-Speed Courier

Physically Logged By:  NG

Received By:   NG

Date and Time Received:  4/2/2010  10:04

Work Order No.:  1004011

Project Name:  Petaluma, CA

Client Name:  URS (San Jose)

Sample Receipt Checklist
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Login Summary Report

Report Due Date:

5 day TAT! Asbestos subbed to EMSL.

10:04

4/2/2010

IIURS (San Jose)TL5174

Petaluma, CA

5/14/2010

TAT Requested:

Date Received:

Time Received:

QC Level: 

Project Name:

Project # :

Comments:

Client ID:

5+ day:0

1004011Work Order # :

SubbedRequested
Tests

Test
On Hold

Sample
On Hold

Scheduled
Disposal

MatrixCollection 
Date/Time

Client 
Sample ID

WO Sample ID

M-18@0.51004011-001A Soil 09/29/1004/02/10 2:02
S_6010B(STLC)
S_6010BDI-STLC
S_8081AOCP
S_6010B(TCLP)
S_8082PCB
S_6010BCAM17

Sample Note:  Pb only.

M-18@1.01004011-002A Soil 09/29/1004/02/10 2:04
S_6010BCAM17

Sample Note:  Pb only.

M-18@1.51004011-003A Soil 09/29/1004/02/10 2:06
S_6010B(STLC)
S_6010BDI-STLC
S_6010BCAM17

Sample Note:  Pb only.

M-18@2.01004011-004A Soil 09/29/1004/02/10 2:08
S_6010BCAM17

Sample Note:  Pb only.

M-18@3.01004011-005A Soil 09/29/1004/02/10 2:10
S_6010BCAM17

Sample Note:  Pb only.

M-19@0.51004011-006A Soil 09/29/1004/02/10 2:18
S_6010BCAM17

Sample Note:  Pb only.

M-19@1.01004011-007A Soil 09/29/1004/02/10 2:20
S_CrVI7199
S_7471BHG
S_6010BCAM17
SUB_AsbestosCARB
435

Yes

S_6010B(STLC)
S_pH9045C

M-19@1.51004011-008A Soil 09/29/1004/02/10 2:22
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Login Summary Report

Report Due Date:

5 day TAT! Asbestos subbed to EMSL.

10:04

4/2/2010

IIURS (San Jose)TL5174

Petaluma, CA

5/14/2010

TAT Requested:

Date Received:

Time Received:

QC Level: 

Project Name:

Project # :

Comments:

Client ID:

5+ day:0

1004011Work Order # :

SubbedRequested
Tests

Test
On Hold

Sample
On Hold

Scheduled
Disposal

MatrixCollection 
Date/Time

Client 
Sample ID

WO Sample ID

S_6010B(STLC)
S_6010BCAM17
S_6010BDI-STLC

Sample Note:  Pb only.

M-19@2.01004011-009A Soil 09/29/1004/02/10 2:24
S_6010BCAM17

Sample Note:  Pb only.

M-19@3.01004011-010A Soil 09/29/1004/02/10 2:26
S_6010BCAM17

Sample Note:  Pb only.

M-19d@0.51004011-011A Soil 09/29/1004/02/10 2:32
S_6010BCAM17

Sample Note:  Pb only.

M-19d@1.01004011-012A Soil 09/29/1004/02/10 2:34
S_CrVI7199
SUB_AsbestosCARB
435

Yes

S_7471BHG
S_6010BCAM17
S_6010B(STLC)
S_pH9045C

M-19d@1.51004011-013A Soil 09/29/1004/02/10 2:36
S_6010BCAM17

Sample Note:  Pb only.

M-19d@2.01004011-014A Soil 09/29/1004/02/10 2:38
S_6010BCAM17

Sample Note:  Pb only.

M-19d@3.01004011-015A Soil 09/29/1004/02/10 2:40
S_6010BCAM17

Sample Note:  Pb only.

M-20@0.51004011-016A Soil 09/29/1004/02/10 2:44
S_6010BCAM17

Sample Note:  Pb only.
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Login Summary Report

Report Due Date:

5 day TAT! Asbestos subbed to EMSL.

10:04

4/2/2010

IIURS (San Jose)TL5174

Petaluma, CA

5/14/2010

TAT Requested:

Date Received:

Time Received:

QC Level: 

Project Name:

Project # :

Comments:

Client ID:

5+ day:0

1004011Work Order # :

SubbedRequested
Tests

Test
On Hold

Sample
On Hold

Scheduled
Disposal

MatrixCollection 
Date/Time

Client 
Sample ID

WO Sample ID

M-20@1.01004011-017A Soil 09/29/1004/02/10 2:46
S_6010BCAM17

Sample Note:  Pb only.

M-20@1.51004011-018A Soil 09/29/1004/02/10 2:48
S_6010BCAM17

Sample Note:  Pb only.

M-20@2.01004011-019A Soil 09/29/1004/02/10 2:50
S_6010BCAM17

Sample Note:  Pb only.

M-20@3.01004011-020A Soil 09/29/1004/02/10 2:52
S_6010BCAM17

Sample Note:  Pb only.

M-21@0.51004011-021A Soil 09/29/1004/02/10 3:00
S_6010BCAM17

Sample Note:  Pb only.

M-21@1.01004011-022A Soil 09/29/1004/02/10 3:02
S_6010BCAM17

Sample Note:  Pb only.

M-21@1.51004011-023A Soil 09/29/1004/02/10 3:04
S_6010B(STLC)
S_6010BDI-STLC
S_6010B(TCLP)
S_6010BCAM17

Sample Note:  Pb only.

M-21@2.01004011-024A Soil 09/29/1004/02/10 3:06
S_6010BCAM17

Sample Note:  Pb only.

M-21@3.01004011-025A Soil 09/29/1004/02/10 3:08
S_6010BCAM17

Sample Note:  Pb only.

M-22@0.51004011-026A Soil 09/29/1004/02/10 3:16
S_8081AOCP
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Login Summary Report

Report Due Date:

5 day TAT! Asbestos subbed to EMSL.

10:04

4/2/2010

IIURS (San Jose)TL5174

Petaluma, CA

5/14/2010

TAT Requested:

Date Received:

Time Received:

QC Level: 

Project Name:

Project # :

Comments:

Client ID:

5+ day:0

1004011Work Order # :

SubbedRequested
Tests

Test
On Hold

Sample
On Hold

Scheduled
Disposal

MatrixCollection 
Date/Time

Client 
Sample ID

WO Sample ID

S_8082PCB
S_6010BCAM17

Sample Note:  Pb only.

M-22@1.01004011-027A Soil 09/29/1004/02/10 3:18
S_6010BCAM17

Sample Note:  Pb only.

M-22@1.51004011-028A Soil 09/29/1004/02/10 3:20
S_6010BCAM17

Sample Note:  Pb only.

M-22@2.01004011-029A Soil 09/29/1004/02/10 3:22
S_6010B(STLC)
S_6010BCAM17
S_6010BDI-STLC

Sample Note:  Pb only.

M-22@3.01004011-030A Soil 09/29/1004/02/10 3:24
S_6010BCAM17

Sample Note:  Pb only.
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Sample Description Appearance Result Notes

Test Report: Asbestos Analysis via Polarized Light Microscopy, Qualitative

091003195

Attn: Patti Sandrock
Torrent Laboratory, Inc.
483 Sinclair Frontage Rd.
Milpitas, CA 95035

Customer PO: CoC100405003
Received: 04/06/10 10:30 AM

CoC100405003

Customer ID: TORR80

Fax: (408) 263-8293 Phone: (408) 263-5258
Project:

EMSL Order:

EMSL Proj:
4/14/2010Analysis Date:

EMSL Analytical, Inc
2235 Polvorosa Ave , Suite 230, San Leandro, CA 94577
Phone:  (510) 895-3675        Fax:  (510) 895-3680     Email:   milpitaslab@emsl.com

1004011-007A
091003195-0001

Chrysotile

1004011-012A
091003195-0002

Chrysotile

Baojia Ke, Laboratory Manager
or other approved signatory

1Test Report  PLMQualw/Types-7.12.0  Printed: 4/15/2010 4:49:17 PM

Analyst(s)

THIS IS THE LAST PAGE OF THE REPORT.

EMSL recommends that soil samples reported as "ND" be tested by the EPA Screening Method/Qualitative. The above report relates only to the items tested. This report may not be 
reproduced, except in full, without written approval by EMSL Analytical, Inc.  The above test must not be used by the client to claim product endorsement by NVLAP nor any agency of 
the United States Government. Unless otherwise noted, the results in this report have not been blank corrected.Samples received in good condition unless otherwise noted.
Samples analyzed by EMSL Analytical, Inc 2235 Polvorosa Ave , Suite 230,  San LeandroCA 

Grant Mays (2)

mailto:milpitaslab@emsl.com


Draft Table 2
Soil Results - Total Metals
HWY 101 MSN B4 Project

Lead STLC Lead DI-STLC Lead TCLP

URS Sample ID

Chromium 6 Chromium STLC
Boring ID

Lead STLC Lead DI-STLC Lead TCLPChromium 6 Chromium STLC

# of samples 
to be tested 6 3 43 43 20

S-5 1003111-019A

S-8 1004070-013A 1004070-013A

1003116-027A 1003116-027A 1003116-027A

1003116-028A 1003116-028A

M-1

M-1D

M-2 1004009-006A 1004009-006A

M-4 1004009-010A 1004009-010A 1004009-010A

1004070-011A 1004070-011A 1004070-011A

1004070-012A 1004070-012A 1004070-012A

S-12 1004072-005A 1004072-005A

S-13 1004072-004A 1004072-004A

S-14 1003116-026A 1003116-026A 1003116-026A

S-15

N-4 1004070-003A 1004070-003A

1003116-014A 1003116-014A 1003116-014A

1003116-015A 1003116-015A 1003116-015A 1003116-015A

1003116-001A 1003116-001A

1003116-002A 1003116-002A 1003116-002A

1003116-003A 1003116-003A

1003116-004A 1003116-004A 1003116-004A

1003116-005A 1003116-005A 1003116-005A

1004091-011A 1004091-011A 1004091-011A

1004091-012A 1004091-012A

1004091-013A 1004091-013A

1004091-014A 1004091-014A

1003111-001A 1003111-001A

1003111-002A 1003111-002A

1003111-012A 1003111-012A

1003111-013A 1003111-013A

1004070-005A 1004070-005A 1004070-005A

1004070-006A 1004070-006A 1004070-006A

N-13 1003111-014A 1003111-014A

N-13-d 1003111-007A 1003111-007A

1004072-011A 1004072-011A 1004072-011A

1004072-014A 1004072-014A
1004011-001A 1004011-001A 1004011-001A

1004011-003A 1004011-003A

1004011-007A 1004011-007A

1004011-008A 1004011-008A

M-19-d 1004011-012A 1004011-012A

M-21 1004011-023A 1004011-023A 1004011-023A

M-22 1004011-029A 1004011-029A

S-16 1003116-029A 1003116-029A
N-15 1004067-004A 1004067-004A 1004067-004A
N-16 1004067-010A 1004067-010A 1004067-010A
N-17 1004072-017A 1004072-017A 1004072-017A
M-6
M-10

1004070-016A 1004070-016A 1004070-016A
1004070-017A 1004070-017A
1004070-019A 1004070-019A 1004070-019A

N-12

S-9

N-1

M-16

# of samples 
to be tested

N-8

N-6

N-7

N-5

N-14

M-18

M-19

N-11

1 of 1



URS (San Jose)
100 W San Fernando St, Suite200
San Jose, California 95113
Tel: 4082979585
Fax: 4082976962

RE: Petaluma, CA

Torrent Laboratory, Inc. received 10 sample(s) on April 02, 2010 for the analyses presented 
in the following Report.

Dear James Ripple:

Work Order No.:  1004010 

All data for associated QC met EPA or laboratory specification(s) except where noted in the 
case narrative.

Torrent Laboratory, Inc. is certified by the State of California, ELAP #1991.  If you have any 
questions regarding these test results, please feel free to contact the Project Management 
Team at (408)263-5258; ext 204.

Date

April 09, 2010

Patti Sandrock
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Date:  4/9/2010

Client:  URS (San Jose)

Project:  Petaluma, CA

Work Order:  1004010

CASE NARRATIVE

No issues encountered with the receiving, preparation, analysis or reporting of the results associated with 
this work order.

 Analytical Comments for Asbestos, Note: Analysis performed by sub-contract laboratory EMSL, Inc 
NVLAP Certification # 101048-3. Results to follow under separate cover.
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Report prepared for:  James Ripple

URS (San Jose)

Date Received:  04/02/10

Date Reported:  04/09/10

Sample Result Summary

1004010-001AM-12@0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg7.71.00.13SW6010B 1

1004010-002AM-12@1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg7.71.00.13SW6010B 1

1004010-003AM-12d@0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg7.21.00.13SW6010B 1

1004010-004AM-12d@1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg8.61.00.13SW6010B 1

TPH as Motor Oil mg/Kg784.01.65SW8015B(M) 1

1004010-005AM-13@0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg221.00.13SW6010B 1
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Report prepared for:  James Ripple

URS (San Jose)

Date Received:  04/02/10

Date Reported:  04/09/10

Sample Result Summary

1004010-006AM-13@1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg241.00.13SW6010B 1

1004010-007AM-14@0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg7.11.00.13SW6010B 1

1004010-008AM-14@1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg3.21.00.13SW6010B 1

1004010-009AM-17@0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg5.31.00.13SW6010B 1

1004010-010AM-17@1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg6.81.00.13SW6010B 1
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  04/09/10
Date Received:  04/02/10

URS (San Jose)
James Ripple
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  04/09/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004010-001ALab Sample ID:  

Sample Matrix: Soil

M-12@0.5

Petaluma, CA

04/02/10 / 1:22

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400497mg/Kg7.7Lead 04/08/10 0.13 1.0 02531

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW8081A 4/6/10 400514ug/KgNDalpha-BHC 04/08/10 0.44 2.0 02411

SW8081A 4/6/10 400514ug/KgNDgamma-BHC 04/08/10 0.40 2.0 02411

SW8081A 4/6/10 400514ug/KgNDbeta-BHC 04/08/10 0.36 2.0 02411

SW8081A 4/6/10 400514ug/KgNDdelta-BHC 04/08/10 0.49 2.0 02411

SW8081A 4/6/10 400514ug/KgNDHeptachlor 04/08/10 1.1 2.0 02411

SW8081A 4/6/10 400514ug/KgNDAldrin 04/08/10 0.44 2.0 02411

SW8081A 4/6/10 400514ug/KgNDHeptachlor epoxide 04/08/10 0.32 2.0 02411

SW8081A 4/6/10 400514ug/KgNDgamma-Chlordane 04/08/10 0.42 2.0 02411

SW8081A 4/6/10 400514ug/KgNDalpha-Chlordane 04/08/10 0.36 2.0 02411

SW8081A 4/6/10 400514ug/KgNDEndosulfan I 04/08/10 0.59 2.0 02411

SW8081A 4/6/10 400514ug/KgND4,4'-DDE 04/08/10 0.48 2.0 02411

SW8081A 4/6/10 400514ug/KgNDDieldrin 04/08/10 0.43 2.0 02411

SW8081A 4/6/10 400514ug/KgNDEndrin 04/08/10 0.57 2.0 02411

SW8081A 4/6/10 400514ug/KgND4,4'-DDD 04/08/10 0.47 2.0 02411

SW8081A 4/6/10 400514ug/KgNDEndosulfan II 04/08/10 1.5 2.0 02411

SW8081A 4/6/10 400514ug/KgND4,4'-DDT 04/08/10 0.81 2.0 02411

SW8081A 4/6/10 400514ug/KgNDEndrin aldehyde 04/08/10 1.0 2.0 02411

SW8081A 4/6/10 400514ug/KgNDEndosulfan sulfate 04/08/10 0.49 2.0 02411

SW8081A 4/6/10 400514ug/KgNDMethoxychlor 04/08/10 0.62 5.0 02411

SW8081A 4/6/10 400514ug/KgNDEndrin Ketone 04/08/10 0.40 2.0 02411

SW8081A 4/6/10 400514ug/KgNDChlordane 04/08/10 10 20 02411

SW8081A 4/6/10 400514ug/KgNDToxaphene 04/08/10 10 100 02411

SW8081A 4/6/10 400514%77.8TCMX (S) 04/08/10 52.5 139 02411

SW8081A 4/6/10 400514%79.5DCBP (S) 04/08/10 50.2 139 02411
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  04/09/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004010-001ALab Sample ID:  

Sample Matrix: Soil

M-12@0.5

Petaluma, CA

04/02/10 / 1:22

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW8082 4/6/10 400515mg/KgNDAroclor1016 04/07/10 0.0230 0.10 02421

SW8082 4/6/10 400515mg/KgNDAroclor1221 04/07/10 0.0920 0.20 02421

SW8082 4/6/10 400515mg/KgNDAroclor1232 04/07/10 0.0460 0.10 02421

SW8082 4/6/10 400515mg/KgNDAroclor1242 04/07/10 0.0430 0.10 02421

SW8082 4/6/10 400515mg/KgNDAroclor1248 04/07/10 0.0360 0.10 02421

SW8082 4/6/10 400515mg/KgNDAroclor1254 04/07/10 0.0240 0.10 02421

SW8082 4/6/10 400515mg/KgNDAroclor1260 04/07/10 0.0270 0.10 02421

SW8082 4/6/10 400515%88.4TCMX (S) 04/07/10 51.7 128 02421

SW8082 4/6/10 400515%89.8DCBP (S) 04/07/10 55.1 113 02421
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  04/09/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004010-002ALab Sample ID:  

Sample Matrix: Soil

M-12@1.0

Petaluma, CA

04/02/10 / 1:24

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400497mg/Kg7.7Lead 04/08/10 0.13 1.0 02531

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW8260B NA 400471ug/KgNDMTBE 04/02/10 2.6 10 NA1

SW8260B NA 400471ug/KgNDtert-Butanol 04/02/10 21 50 NA1

SW8260B NA 400471ug/KgNDDiisopropyl ether (DIPE) 04/02/10 2.2 10 NA1

SW8260B NA 400471ug/KgNDETBE 04/02/10 2.4 10 NA1

SW8260B NA 400471ug/KgNDBenzene 04/02/10 1.5 10 NA1

SW8260B NA 400471ug/KgNDTAME 04/02/10 2.1 10 NA1

SW8260B NA 400471ug/KgNDToluene 04/02/10 0.98 10 NA1

SW8260B NA 400471ug/KgNDEthyl Benzene 04/02/10 0.86 10 NA1

SW8260B NA 400471ug/KgNDm,p-Xylene 04/02/10 1.9 10 NA1

SW8260B NA 400471ug/KgNDo-Xylene 04/02/10 0.66 5.0 NA1

SW8260B NA 400471%100(S) Dibromofluoromethane 04/02/10 59.8 148 NA1

SW8260B NA 400471%85.2(S) Toluene-d8 04/02/10 55.2 133 NA1

SW8260B NA 400471%107(S) 4-Bromofluorobenzene 04/02/10 55.8 141 NA1

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

8260TPH NA 400472ug/KgNDTPH(Gasoline) 04/02/10 17 100 NA1

8260TPH NA 400472S %41.3(S) 4-Bromofluorobenzene 04/02/10 57 127 NA1

S-Matrix effect suspected.NOTE:

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW8015B(M) 4/5/10 400503mg/KgNDTPH as Diesel 04/05/10 0.759 2.0 02351

SW8015B(M) 4/5/10 400503mg/KgNDTPH as Motor Oil 04/05/10 1.65 4.0 02351

SW8015B(M) 4/5/10 400503mg/Kg91.4Pentacosane (S) 04/05/10 59.7 129 02351
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  04/09/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004010-003ALab Sample ID:  

Sample Matrix: Soil

M-12d@0.5

Petaluma, CA

04/02/10 / 1:26

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400497mg/Kg7.2Lead 04/08/10 0.13 1.0 02531

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW8081A 4/6/10 400514ug/KgNDalpha-BHC 04/08/10 0.44 2.0 02411

SW8081A 4/6/10 400514ug/KgNDgamma-BHC 04/08/10 0.40 2.0 02411

SW8081A 4/6/10 400514ug/KgNDbeta-BHC 04/08/10 0.36 2.0 02411

SW8081A 4/6/10 400514ug/KgNDdelta-BHC 04/08/10 0.49 2.0 02411

SW8081A 4/6/10 400514ug/KgNDHeptachlor 04/08/10 1.1 2.0 02411

SW8081A 4/6/10 400514ug/KgNDAldrin 04/08/10 0.44 2.0 02411

SW8081A 4/6/10 400514ug/KgNDHeptachlor epoxide 04/08/10 0.32 2.0 02411

SW8081A 4/6/10 400514ug/KgNDgamma-Chlordane 04/08/10 0.42 2.0 02411

SW8081A 4/6/10 400514ug/KgNDalpha-Chlordane 04/08/10 0.36 2.0 02411

SW8081A 4/6/10 400514ug/KgNDEndosulfan I 04/08/10 0.59 2.0 02411

SW8081A 4/6/10 400514ug/KgND4,4'-DDE 04/08/10 0.48 2.0 02411

SW8081A 4/6/10 400514ug/KgNDDieldrin 04/08/10 0.43 2.0 02411

SW8081A 4/6/10 400514ug/KgNDEndrin 04/08/10 0.57 2.0 02411

SW8081A 4/6/10 400514ug/KgND4,4'-DDD 04/08/10 0.47 2.0 02411

SW8081A 4/6/10 400514ug/KgNDEndosulfan II 04/08/10 1.5 2.0 02411

SW8081A 4/6/10 400514ug/KgND4,4'-DDT 04/08/10 0.81 2.0 02411

SW8081A 4/6/10 400514ug/KgNDEndrin aldehyde 04/08/10 1.0 2.0 02411

SW8081A 4/6/10 400514ug/KgNDEndosulfan sulfate 04/08/10 0.49 2.0 02411

SW8081A 4/6/10 400514ug/KgNDMethoxychlor 04/08/10 0.62 5.0 02411

SW8081A 4/6/10 400514ug/KgNDEndrin Ketone 04/08/10 0.40 2.0 02411

SW8081A 4/6/10 400514ug/KgNDChlordane 04/08/10 10 20 02411

SW8081A 4/6/10 400514ug/KgNDToxaphene 04/08/10 10 100 02411

SW8081A 4/6/10 400514%73.0TCMX (S) 04/08/10 52.5 139 02411

SW8081A 4/6/10 400514%76.5DCBP (S) 04/08/10 50.2 139 02411
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  04/09/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004010-003ALab Sample ID:  

Sample Matrix: Soil

M-12d@0.5

Petaluma, CA

04/02/10 / 1:26

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW8082 4/6/10 400515mg/KgNDAroclor1016 04/07/10 0.0230 0.10 02421

SW8082 4/6/10 400515mg/KgNDAroclor1221 04/07/10 0.0920 0.20 02421

SW8082 4/6/10 400515mg/KgNDAroclor1232 04/07/10 0.0460 0.10 02421

SW8082 4/6/10 400515mg/KgNDAroclor1242 04/07/10 0.0430 0.10 02421

SW8082 4/6/10 400515mg/KgNDAroclor1248 04/07/10 0.0360 0.10 02421

SW8082 4/6/10 400515mg/KgNDAroclor1254 04/07/10 0.0240 0.10 02421

SW8082 4/6/10 400515mg/KgNDAroclor1260 04/07/10 0.0270 0.10 02421

SW8082 4/6/10 400515%78.8TCMX (S) 04/07/10 51.7 128 02421

SW8082 4/6/10 400515%85.3DCBP (S) 04/07/10 55.1 113 02421
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  04/09/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004010-004ALab Sample ID:  

Sample Matrix: Soil

M-12d@1.0

Petaluma, CA

04/02/10 / 1:28

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400497mg/Kg8.6Lead 04/08/10 0.13 1.0 02531

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW8260B NA 400471ug/KgNDMTBE 04/02/10 2.6 10 NA1

SW8260B NA 400471ug/KgNDtert-Butanol 04/02/10 21 50 NA1

SW8260B NA 400471ug/KgNDDiisopropyl ether (DIPE) 04/02/10 2.2 10 NA1

SW8260B NA 400471ug/KgNDETBE 04/02/10 2.4 10 NA1

SW8260B NA 400471ug/KgNDBenzene 04/02/10 1.5 10 NA1

SW8260B NA 400471ug/KgNDTAME 04/02/10 2.1 10 NA1

SW8260B NA 400471ug/KgNDToluene 04/02/10 0.98 10 NA1

SW8260B NA 400471ug/KgNDEthyl Benzene 04/02/10 0.86 10 NA1

SW8260B NA 400471ug/KgNDm,p-Xylene 04/02/10 1.9 10 NA1

SW8260B NA 400471ug/KgNDo-Xylene 04/02/10 0.66 5.0 NA1

SW8260B NA 400471%105(S) Dibromofluoromethane 04/02/10 59.8 148 NA1

SW8260B NA 400471%82.1(S) Toluene-d8 04/02/10 55.2 133 NA1

SW8260B NA 400471%106(S) 4-Bromofluorobenzene 04/02/10 55.8 141 NA1

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

8260TPH NA 400472ug/KgNDTPH(Gasoline) 04/02/10 17 100 NA1

8260TPH NA 400472S %48.3(S) 4-Bromofluorobenzene 04/02/10 57 127 NA1

S-Duplicate analysis yielded similar result indicating a matrix effect.NOTE:

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW8015B(M) 4/5/10 400503mg/KgNDTPH as Diesel 04/05/10 0.759 2.0 02351

SW8015B(M) 4/5/10 400503mg/Kg78TPH as Motor Oil 04/05/10 1.65 4.0 02351

SW8015B(M) 4/5/10 400503mg/Kg85.7Pentacosane (S) 04/05/10 59.7 129 02351
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  04/09/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004010-005ALab Sample ID:  

Sample Matrix: Soil

M-13@0.5

Petaluma, CA

04/02/10 / 1:35

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400497mg/Kg22Lead 04/08/10 0.13 1.0 02531

1004010-006ALab Sample ID:  

Sample Matrix: Soil

M-13@1.0

Petaluma, CA

04/02/10 / 1:37

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400497mg/Kg24Lead 04/08/10 0.13 1.0 02531

1004010-007ALab Sample ID:  

Sample Matrix: Soil

M-14@0.5

Petaluma, CA

04/02/10 / 1:40

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400497mg/Kg7.1Lead 04/08/10 0.13 1.0 02531

1004010-008ALab Sample ID:  

Sample Matrix: Soil

M-14@1.0

Petaluma, CA

04/02/10 / 1:42

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400497mg/Kg3.2Lead 04/08/10 0.13 1.0 02531
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  04/09/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004010-009ALab Sample ID:  

Sample Matrix: Soil

M-17@0.5

Petaluma, CA

04/02/10 / 1:53

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400497mg/Kg5.3Lead 04/08/10 0.13 1.0 02531

1004010-010ALab Sample ID:  

Sample Matrix: Soil

M-17@1.0

Petaluma, CA

04/02/10 / 1:55

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400497mg/Kg6.8Lead 04/08/10 0.13 1.0 02531
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MB Summary Report

Work Order:  

Matrix:

Units:

1004010 Prep Method: 

SW8260BAnalytical 
Method:

Prep Date:

Analyzed Date:

NA Prep Batch:

Analytical 
Batch:

400471

ug/Kg

04/02/10

NANA

Soil

Parameters
Method
Blank
Conc.

PQL MDL 

4.4 10Dichlorodifluoromethane ND

4.6 10Chloromethane ND

2.6 10Vinyl Chloride ND

4.7 10Bromomethane ND

2.9 10Trichlorofluoromethane ND

1.5 101,1-Dichloroethene ND

3.7 10Freon 113 ND

2.0 10Methylene Chloride ND

1.1 10trans-1,2-Dichloroethene ND

2.6 10MTBE ND

21 50tert-Butanol ND

2.2 10Diisopropyl ether (DIPE) ND

1.3 101,1-Dichloroethane ND

2.4 10ETBE ND

1.8 10cis-1,2-Dichloroethene ND

1.2 102,2-Dichloropropane ND

2.3 10Bromochloromethane ND

1.2 10Chloroform ND

1.6 10Carbon Tetrachloride ND

1.2 101,1,1-Trichloroethane ND

1.4 101,1-Dichloropropene ND

1.5 10Benzene ND

2.1 10TAME ND

1.9 101,2-Dichloroethane ND

3.9 10Trichloroethylene ND

2.2 10Dibromomethane ND

1.3 101,2-Dichloropropane ND

1.1 10Bromodichloromethane ND

4.5 102-Chloroethyl vinyl ether ND

1.4 10cis-1,3-Dichloropropene ND

0.98 10Toluene ND

1.8 10Tetrachloroethylene ND

1.2 10trans-1,3-Dichloropropene ND

1.8 101,1,2-Trichloroethane ND

1.1 10Dibromochloromethane ND

2.1 101,3-Dichloropropane ND

1.7 101,2-Dibromoethane ND

0.86 10Ethyl Benzene ND

4.2 10Chlorobenzene ND

0.86 101,1,1,2-Tetrachloroethane ND
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MB Summary Report

Work Order:  

Matrix:

Units:

1004010 Prep Method: 

SW8260BAnalytical 
Method:

Prep Date:

Analyzed Date:

NA Prep Batch:

Analytical 
Batch:

400471

ug/Kg

04/02/10

NANA

Soil

Parameters
Method
Blank
Conc.

PQL MDL 

1.9 10m,p-Xylene ND

0.66 5.0o-Xylene ND

0.77 10Styrene ND

1.9 10Bromoform ND

1.2 10Isopropyl Benzene ND

1.4 10n-Propylbenzene ND

1.2 10Bromobenzene ND

3.0 101,1,2,2-Tetrachloroethane ND

1.1 101,3,5-Trimethylbenzene ND

3.3 101,2,3-Trichloropropane ND

1.6 104-Chlorotoluene ND

1.6 102-Chlorotoluene ND

1.4 10tert-Butylbenzene ND

1.1 101,2,4-Trimethylbenzene ND

1.6 10sec-Butyl Benzene ND

1.5 10p-Isopropyltoluene ND

1.8 101,3-Dichlorobenzene ND

1.5 101,4-Dichlorobenzene ND

2.2 10n-Butylbenzene ND

1.3 101,2-Dichlorobenzene ND

4.2 101,2-Dibromo-3-Chloropropane ND

2.6 10Hexachlorobutadiene ND

2.1 101,2,4-Trichlorobenzene ND

2.8 10Naphthalene ND

2.9 101,2,3-Trichlorobenzene ND

(S) Dibromofluoromethane 114

(S) Toluene-d8 78.0

(S) 4-Bromofluorobenzene 84.7

Work Order:  

Matrix:

Units:

1004010 Prep Method: 

8260TPHAnalytical 
Method:

Prep Date:

Analyzed Date:

NA Prep Batch:

Analytical 
Batch:

400472

ug/Kg

04/02/10

NANA

Soil

Parameters
Method
Blank
Conc.

PQL MDL 

17 100TPH(Gasoline) ND

(S) 4-Bromofluorobenzene 63.2
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MB Summary Report

Work Order:  

Matrix:

Units:

1004010 Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

04/06/10 Prep Batch:

Analytical 
Batch:

400497

mg/Kg

04/08/10

02533050

Soil

Parameters
Method
Blank
Conc.

PQL MDL 

0.13 1.0Lead 0.25

Work Order:  

Matrix:

Units:

1004010 Prep Method: 

SW8015B(M)Analytical 
Method:

Prep Date:

Analyzed Date:

04/05/10 Prep Batch:

Analytical 
Batch:

400503

mg/Kg

04/05/10

02353545_TPH

Soil

Parameters
Method
Blank
Conc.

PQL MDL 

0.758 2.0TPH as Diesel ND

1.78 4.0TPH as Motor Oil ND

Pentacosane (S) 94.3
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MB Summary Report

Work Order:  

Matrix:

Units:

1004010 Prep Method: 

SW8081AAnalytical 
Method:

Prep Date:

Analyzed Date:

04/06/10 Prep Batch:

Analytical 
Batch:

400514

ug/Kg

04/08/10

02413545_OCP

Soil

Parameters
Method
Blank
Conc.

PQL MDL 

0.44 2.0alpha-BHC ND

0.40 2.0gamma-BHC ND

0.36 2.0beta-BHC ND

0.49 2.0delta-BHC ND

1.1 2.0Heptachlor ND

0.44 2.0Aldrin ND

0.32 2.0Heptachlor epoxide ND

0.42 2.0gamma-Chlordane ND

0.36 2.0alpha-Chlordane ND

0.59 2.0Endosulfan I ND

0.48 2.04,4'-DDE ND

0.43 2.0Dieldrin ND

0.57 2.0Endrin ND

0.47 2.04,4'-DDD ND

1.5 2.0Endosulfan II ND

0.81 2.04,4'-DDT ND

1.0 2.0Endrin aldehyde ND

0.49 2.0Endosulfan sulfate ND

0.62 5.0Methoxychlor ND

0.40 2.0Endrin Ketone ND

10 20Chlordane ND

10 100Toxaphene ND

TCMX (S) 80.3

DCBP (S) 78.3
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MB Summary Report

Work Order:  

Matrix:

Units:

1004010 Prep Method: 

SW8081AAnalytical 
Method:

Prep Date:

Analyzed Date:

04/06/10 Prep Batch:

Analytical 
Batch:

400514

ug/Kg

04/08/10

02413545_OCP

Soil

Parameters
Method
Blank
Conc.

PQL MDL 

0.44 2.0alpha-BHC ND

0.40 2.0gamma-BHC ND

0.36 2.0beta-BHC ND

0.49 2.0delta-BHC ND

1.1 2.0Heptachlor ND

0.44 2.0Aldrin ND

0.32 2.0Heptachlor epoxide ND

0.42 2.0gamma-Chlordane ND

0.36 2.0alpha-Chlordane ND

0.59 2.0Endosulfan I ND

0.48 2.04,4'-DDE ND

0.43 2.0Dieldrin ND

0.57 2.0Endrin ND

0.47 2.04,4'-DDD ND

1.5 2.0Endosulfan II ND

0.81 2.04,4'-DDT ND

1.0 2.0Endrin aldehyde ND

0.49 2.0Endosulfan sulfate ND

0.62 5.0Methoxychlor ND

0.40 2.0Endrin Ketone ND

10 20Chlordane ND

10 100Toxaphene ND

TCMX (S) 86.6

DCBP (S) 85.0
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MB Summary Report

Work Order:  

Matrix:

Units:

1004010 Prep Method: 

SW8082Analytical 
Method:

Prep Date:

Analyzed Date:

04/06/10 Prep Batch:

Analytical 
Batch:

400515

mg/Kg

04/07/10

02423545_PCB

Soil

Parameters
Method
Blank
Conc.

PQL MDL 

0.0230 0.10Aroclor1016 ND

0.0920 0.20Aroclor1221 ND

0.0460 0.10Aroclor1232 ND

0.0430 0.10Aroclor1242 ND

0.0360 0.10Aroclor1248 ND

0.0240 0.10Aroclor1254 ND

0.0270 0.10Aroclor1260 ND

TCMX (S) 88.8

DCBP (S) 88.6

Work Order:  

Matrix:

Units:

1004010 Prep Method: 

SW8082Analytical 
Method:

Prep Date:

Analyzed Date:

04/06/10 Prep Batch:

Analytical 
Batch:

400515

mg/Kg

04/07/10

02423545_PCB

Soil

Parameters
Method
Blank
Conc.

PQL MDL 

0.0230 0.10Aroclor1016 ND

0.0920 0.20Aroclor1221 ND

0.0460 0.10Aroclor1232 ND

0.0430 0.10Aroclor1242 ND

0.0360 0.10Aroclor1248 ND

0.0240 0.10Aroclor1254 ND

0.0270 0.10Aroclor1260 ND

TCMX (S) 91.6

DCBP (S) 90.0
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LCS/LCSD Summary Report
Raw values are used in quality control assessment.

Work Order:  

Matrix:

Units:

1004010 Prep Method: 

SW8260BAnalytical 
Method:

Prep Date:

Analyzed Date:

NA Prep Batch:

Analytical 
Batch:

40047104/02/10

ug/Kg

NA NA

Soil

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

101.5 86.8 16.7 3053.7 - 1391,1-Dichloroethene 10350

101.5 83.8 17.4 3066.5 - 135Benzene 99.950

103.9 86.1 4.16 3057.5 - 150Trichloroethylene 89.850

100.98 68.4 5.90 3056.8 - 134Toluene 72.650

104.2 70.6 12.7 3057.4 - 134Chlorobenzene 80.350

59.8 - 148(S) Dibromofluoromethane 11650

55.2 - 133(S) Toluene-d8 74.150

55.8 - 141(S) 4-Bromofluorobenzene 75.450

Work Order:  

Matrix:

Units:

1004010 Prep Method: 

8260TPHAnalytical 
Method:

Prep Date:

Analyzed Date:

NA Prep Batch:

Analytical 
Batch:

40047204/02/10

ug/Kg

NA NA

Soil

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

10017 80.3 0.633 3048.2 - 132TPH(Gasoline) 80.81000

57 - 127(S) 4-Bromofluorobenzene 63.650

Work Order:  

Matrix:

Units:

1004010 Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

04/06/10 Prep Batch:

Analytical 
Batch:

40049704/08/10

mg/Kg

3050 0253

Soil

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

10.13 92.3 0.652 3067.9 - 118Lead 91.750

Work Order:  

Matrix:

Units:

1004010 Prep Method: 

SW8015B(M)Analytical 
Method:

Prep Date:

Analyzed Date:

04/05/10 Prep Batch:

Analytical 
Batch:

40050304/05/10

mg/Kg

3545_TPH 0235

Soil

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

20.758 78.3 1.61 3052.7 - 115TPH as Diesel 79.533.33

59.7 - 129Pentacosane (S) 93.9100
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LCS/LCSD Summary Report
Raw values are used in quality control assessment.

Work Order:  

Matrix:

Units:

1004010 Prep Method: 

SW8081AAnalytical 
Method:

Prep Date:

Analyzed Date:

04/06/10 Prep Batch:

Analytical 
Batch:

40051404/08/10

ug/Kg

3545_OCP 0241

Soil

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

2.00.40 90.7 1.44 3056.9 - 120gamma-BHC 92.020

2.01.1 95.2 1.60 3063.6 - 117Heptachlor 93.720

2.00.44 92.2 0.955 3053 - 123Aldrin 91.320

2.00.43 94.1 1.34 3044 - 130Dieldrin 95.320

2.00.57 95.5 0.726 3044.1 - 121Endrin 96.220

2.00.81 92.9 3.47 3052.8 - 1344,4'-DDT 96.220

52.5 - 139TCMX (S) 89.1350

50.2 - 139DCBP (S) 86.5350

Work Order:  

Matrix:

Units:

1004010 Prep Method: 

SW8082Analytical 
Method:

Prep Date:

Analyzed Date:

04/06/10 Prep Batch:

Analytical 
Batch:

40051504/07/10

mg/Kg

3545_PCB 0242

Soil

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

0.100.0230 88.4 0.160 3055.6 - 135Aroclor1016 88.31

0.100.0270 94.0 0.679 3065.6 - 132Aroclor1260 94.60.5

51.7 - 128TCMX (S) 90.30.25

55.1 - 113DCBP (S) 92.20.250
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MS/MSD Summary Report
Raw values are used in quality control assessment.

Work Order:  1004010

Analyzed Date:

Prep Date:

Matrix:

Prep Method: 04/06/10

1004010-001ASpiked Sample:

Analytical 
Method:

Prep Batch:

Units:

Analytical 
Batch:

SW6010B 40049704/08/10

mg/Kg

02533050

Soil

Parameters MDL PQL Sample
Conc. 

Spike
Conc.

MS %
Recovery

MSD %
Recovery

MS/MSD
% RPD

%
Recovery

Limits

% RPD
Limits

Lab
Qualifier

50 67.9 - 1180.13 1.0 0.969 30Lead 78.3 77.40.15

Work Order:  1004010

Analyzed Date:

Prep Date:

Matrix:

Prep Method: 04/06/10

1004010-003ASpiked Sample:

Analytical 
Method:

Prep Batch:

Units:

Analytical 
Batch:

SW8081A 40051404/08/10

ug/Kg

02413545_OCP

Soil

Parameters MDL PQL Sample
Conc. 

Spike
Conc.

MS %
Recovery

MSD %
Recovery

MS/MSD
% RPD

%
Recovery

Limits

% RPD
Limits

Lab
Qualifier

20 53 - 1230.44 2.0 16.7 30Aldrin 81.3 96.10

20 56.9 - 1200.40 2.0 14.4 30gamma-BHC 82.2 94.90

20 63.6 - 1171.1 2.0 14.6 30Heptachlor 83.6 96.80.0425

20 44 - 1300.43 2.0 17.8 30Dieldrin 83.8 1000

20 44.1 - 1210.57 2.0 16.5 30Endrin 85.2 1010

20 52.8 - 1340.81 2.0 15.9 304,4'-DDT 88.3 1030

350 52.5 - 139TCMX (S) 77.0 84.0

350 50.2 - 139DCBP (S) 75.2 85.1

Work Order:  1004010

Analyzed Date:

Prep Date:

Matrix:

Prep Method: 04/06/10

1004010-001ASpiked Sample:

Analytical 
Method:

Prep Batch:

Units:

Analytical 
Batch:

SW8082 40051504/07/10

mg/Kg

02423545_PCB

Soil

Parameters MDL PQL Sample
Conc. 

Spike
Conc.

MS %
Recovery

MSD %
Recovery

MS/MSD
% RPD

%
Recovery

Limits

% RPD
Limits

Lab
Qualifier

1 55.6 - 1350.0230 0.10 3.06 30Aroclor1016 94.3 97.30

0.5 65.6 - 1320.0270 0.10 4.41 30Aroclor1260 102 1070

0.25 51.7 - 128TCMX (S) 94.2 95.9

0.250 55.1 - 113DCBP (S) 98.8 100
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Laboratory Qualifiers and Definitions

Method Detection Limit (MDL) -  the minimum concentration of a substance that can be measured and reported with a 99% confidence that the analyte 
concentration is greater than zero 

Matrix Spike (MS/MSD) -  Client sample spiked with identical concentrations of target analyte (s).  The spiking occurs prior to the sample preparation and 
analysis.  They are used to document the precision and bias of a method in a given sample matrix.

Matrix - the component or substrate that contains the analyte of interest (e.g., - groundwater, sediment, soil, waste water, etc)

Laboratory Control Sample (LCS ad LCSD) - A known matrix spiked with compounds representative of the target analyte(s).  This is used to document 
laboratory performance.

Duplicate - a field sample and/or laboratory QC sample prepared in duplicate following all of the same processes and procedures used on the original sample 
(sample duplicate, LCSD, MSD)

Blank (Method/Preparation Blank) -MB/PB - An analyte-free matrix to which all reagents are added in the same volumes/proportions as used in sample 
processing.  The method blank is used to document contamination resulting from the analytical process.

Practical Quantitation Limit  (PQL) - a laboratory determined value at 2 to 5 times above the MDL that can be reproduced in a manner that results in a 99% 
confidence level that the result is both accurate and precise. PQLs reflect all preparation factors and/or dilution factors that have been applied to the sample 
during the preparation and/or analytical processes.

Precision (%RPD) - The agreement among a set of replicate/duplicate measurements without regard to known value of the replicates 

 Surrogate (S) or (Surr) - An organic compound which is similar to the target analyte(s) in chemical composition and behavior in the analytical process, but 
which is not normally found in environmental samples. Surrogates are used in most organic analysis to demonstrate matrix compatibility with the chosen method 
of analysis

Tentatively Identified Compound (TIC) - A compound not contained within the analytical calibration standards but present in the GCMS library of defined 
compounds.  When the library is searched for an unknown compound, it can frequently give a tentative identification to the compound based on retention time 
and primary and secondary ion match.  TICs are reported as estimates and are candidates for further investigation.

Units: the unit of measure used to express the reported result - mg/L and mg/Kg (equivalent to PPM - parts per million in liquid and solid), ug/L and ug/Kg 
(equivalent to PPB - parts per billion in liquid and solid), ug/m3, mg.m3, ppbv and ppmv  (all units of measure for reporting concentrations in air), % ( 
equivalent to 10000 ppm or 1,000,000 ppb), ug/Wipe ( concentration found on the surface of a single Wipe usually taken over a 100cm2 surface)

B - Indicates when the anlayte is found in the associated method or preparation blank 
D - Surrogate is not recoverable due to the necessary dilution of the sample
E - Indicates the reportable value is outside of the calibration range of the instrument but within the linear range of the instrument (unless otherwise noted) 
Values reported with an E qualifier should be considered as estimated.
H- Indicates that the recommended holding time for the analyte or compound has been exceeded
J- Indicates a value between the method MDL and PQL and that the reported concentration should be considered as estimated rather the quantitative 
NA - Not Analyzed
N/A - Not Applicable
NR - Not recoverable - a matrix spike concentration is not recoverable due to a concentration within the original sample that is greater than four times the spike 
concentration added
R- The % RPD between a duplicate set of samples is outside of the absolute values established by laboratory control charts
S- Spike recovery is outside of established method and/or laboratory control limits.  Further explanation of the use of this qualifier should be included within a 
case narrative

    X -Used to indicate that a value based on pattern identification is within the pattern range but not typical of the pattern found in standards.       
    Further explanation may or may not be provided within the sample footnote and/or the case narrative.

DEFINITIONS: 

Accuracy/Bias (% Recovery) - The closeness of agreement between an observed value and an accepted reference value.

LABORATORY QUALIFIERS:
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pH Adjusted by:  pH Checked by:  

°C5

No VOA vials submitted

Yes

Yes

Temperature:

Water-pH acceptable upon receipt?

Water-VOA vials have zero headspace?

Container/Temp Blank temperature in compliance?

All samples received within holding time?

Sample Preservation and Hold Time (HT) Information

YesSamples containers intact?

Yes

Yes

Not Present

Yes

Sufficient sample volume for indicated test?

Samples in proper container/bottle?

Custody seals intact on shipping container/cooler?

Shipping Container/Cooler In Good Condition?

Sample Receipt Information

Yes

Yes

Yes

Not Present

Chain of custody agrees with sample labels?

Chain of custody signed when relinquished and received?

Chain of custody present?

Custody seals intact on sample bottles?

Chain of Custody (COC) Information

Checklist Completed By:  NG

Carrier Name:  Hi-Speed Courier

Physically Logged By:  NG

Received By:   NG

Date and Time Received:  4/2/2010  10:04

Work Order No.:  1004010

Project Name:  Petaluma, CA

Client Name:  URS (San Jose)

Sample Receipt Checklist
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Login Summary Report

Report Due Date:

5 day TAT! Received 10 soils.

10:04

4/2/2010

URS (San Jose)TL5174

Petaluma, CA

4/9/2010

TAT Requested:

Date Received:

Time Received:

QC Level: 

Project Name:

Project # :

Comments:

Client ID:

5+ day:0

1004010Work Order # :

SubbedRequested
Tests

Test
On Hold

Sample
On Hold

Scheduled
Disposal

MatrixCollection 
Date/Time

Client 
Sample ID

WO Sample ID

M-12@0.51004010-001A Soil 09/29/1004/02/10 1:22
S_6010BCAM17
S_8081AOCP
S_8082PCB

Sample Note:  Metal- Pb only.

M-12@1.01004010-002A Soil 09/29/1004/02/10 1:24
S_GCMS-GRO
S_8260Pet
S_TPHDO
S_6010BCAM17

Sample Note:  Metal- Pb only.

M-12d@0.51004010-003A Soil 09/29/1004/02/10 1:26
S_6010BCAM17
S_8082PCB
S_8081AOCP

Sample Note:  Pb only.

M-12d@1.01004010-004A Soil 09/29/1004/02/10 1:28
S_GCMS-GRO
S_8260Pet
S_6010BCAM17
S_TPHDO

Sample Note:  Pb only.

M-13@0.51004010-005A Soil 09/29/1004/02/10 1:35
S_6010BCAM17

Sample Note:  Pb only.

M-13@1.01004010-006A Soil 09/29/1004/02/10 1:37
S_6010BCAM17

Sample Note:  Pb only.

M-14@0.51004010-007A Soil 09/29/1004/02/10 1:40
S_6010BCAM17

Sample Note:  Pb only.

M-14@1.01004010-008A Soil 09/29/1004/02/10 1:42
S_6010BCAM17
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Login Summary Report

Report Due Date:

5 day TAT! Received 10 soils.

10:04

4/2/2010

URS (San Jose)TL5174

Petaluma, CA

4/9/2010

TAT Requested:

Date Received:

Time Received:

QC Level: 

Project Name:

Project # :

Comments:

Client ID:

5+ day:0

1004010Work Order # :

SubbedRequested
Tests

Test
On Hold

Sample
On Hold

Scheduled
Disposal

MatrixCollection 
Date/Time

Client 
Sample ID

WO Sample ID

Sample Note:  Pb only.

M-17@0.51004010-009A Soil 09/29/1004/02/10 1:53
S_6010BCAM17

Sample Note:  Pb only.

M-17@1.01004010-010A Soil 09/29/1004/02/10 1:55
S_6010BCAM17

Sample Note:  Pb only.
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URS (San Jose)
100 W San Fernando St, Suite200
San Jose, California 95113
Tel: 4082979585
Fax: 4082976962

RE: Petaluma, CA

Torrent Laboratory, Inc. received 26 sample(s) on April 02, 2010 for the analyses presented 
in the following Report.

Dear James Ripple:

Work Order No.:  1004009 Rev:  1

All data for associated QC met EPA or laboratory specification(s) except where noted in the 
case narrative.

Torrent Laboratory, Inc. is certified by the State of California, ELAP #1991.  If you have any 
questions regarding these test results, please feel free to contact the Project Management 
Team at (408)263-5258; ext 204.

Date

May 18, 2010

Patti Sandrock
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Date:  5/18/2010

Client:  URS (San Jose)

Project:  Petaluma, CA

Work Order:  1004009

CASE NARRATIVE

 Analytical Comments for Asbestos, Note: Analysis performed by sub-contract laboratory EMSL, Inc 
NVLAP Certification # 101048-3. Results to follow under separate cover.

No issues encountered with the receiving, preparation, analysis or reporting of the results associated with 
this work order.

REVISIONS:

Per client request, additional TCLP, STLC and DI-STLC anlaysis was performed on specified samples (see 
attachment at end of report).

Note: Extraction of 50 g sample / 500g 0.2M Sodium Citrate Solution was performed according to wet 
extraction procedure (WET) which was rotated in a rotary shaker for 48 hours.
         
 
          Date Prepared: 5/9/10 @ 1PM to 5/11/10 @ 1PM

Note: Extraction of 100 g sample / 2000g TCLP Fluid # 1 was performed according to Toxicity 
Characteristic Leaching Procedure (TCLP) which was rotated in a rotary shaker for 18 hours.

           Date Prepared: 5/6/10 @ 3:50PM to 5/7/10 @ 9:50AM.

Note: Extraction of 50 g sample  with DI water was performed according to wet extraction procedure (WET) 
which was rotated in a rotary shaker for 48 hours.
         
 
          Date Prepared: 5/11/10 @ 11:20AM to 5/3/10 @ 11:20AM.

Rev1   5/17/10
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Report prepared for:  James Ripple

URS (San Jose)

Date Received:  04/02/10

Date Reported:  05/18/10

Sample Result Summary

1004009-001AM-1@0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg5.31.00.13SW6010B 1

1004009-002AM-1@1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Arsenic mg/Kg3.21.70.28SW6010B 1
Barium mg/Kg775.01SW6010B 1
Chromium mg/Kg765.00.0590SW6010B 1
Cobalt mg/Kg235.00.14SW6010B 1
Copper mg/Kg345.00.0900SW6010B 1
Lead mg/Kg411.00.13SW6010B 1
Nickel mg/Kg855.00.0590SW6010B 1
Vanadium mg/Kg555.00.12SW6010B 1
Zinc mg/Kg685.00.59SW6010B 1

pH S.U.7.252.00.10SW9045C 1

1004009-003AM-1d@0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg4.51.00.13SW6010B 1

1004009-004AM-1d@1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Arsenic mg/Kg2.91.70.28SW6010B 1
Barium mg/Kg645.01SW6010B 1
Chromium mg/Kg545.00.0590SW6010B 1
Cobalt mg/Kg165.00.14SW6010B 1
Copper mg/Kg255.00.0900SW6010B 1
Lead mg/Kg141.00.13SW6010B 1
Nickel mg/Kg535.00.0590SW6010B 1
Vanadium mg/Kg405.00.12SW6010B 1
Zinc mg/Kg355.00.59SW6010B 1

pH S.U.7.572.00.10SW9045C 1
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Report prepared for:  James Ripple

URS (San Jose)

Date Received:  04/02/10

Date Reported:  05/18/10

Sample Result Summary

1004009-005AM-2@0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg7.11.00.13SW6010B 1

1004009-006AM-2@1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead (STLC) mg/L0.530.100.0500SW6010B 1

Lead mg/Kg801.00.13SW6010B 1

1004009-007AM-3@0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg111.00.13SW6010B 1

1004009-008AM-3@1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg7.61.00.13SW6010B 1

1004009-009AM-4@0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg2.71.00.13SW6010B 1

1004009-010AM-4@1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead (STLC) mg/L140.100.0500SW6010B 1

Lead (TCLP) mg/L0.240.100.05SW6010B 1

Lead mg/Kg8301.00.13SW6010B 1
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Report prepared for:  James Ripple

URS (San Jose)

Date Received:  04/02/10

Date Reported:  05/18/10

Sample Result Summary

1004009-011AM-5@0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg2.81.00.13SW6010B 1

1004009-012AM-5@1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg2.31.00.13SW6010B 1

1004009-013AM-7@0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg5.41.00.13SW6010B 1

1004009-014AM-7@1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg6.21.00.13SW6010B 1

1004009-015AM-8@0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg5.81.00.13SW6010B 1

1004009-016AM-8@1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg111.00.13SW6010B 1

1004009-017AM-6@0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg2.01.00.13SW6010B 1
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Report prepared for:  James Ripple

URS (San Jose)

Date Received:  04/02/10

Date Reported:  05/18/10

Sample Result Summary

1004009-018AM-6@1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg2.11.00.13SW6010B 1

1004009-019AM-6@1.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg4.31.00.13SW6010B 1

1004009-020AM-6@2.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg1.01.00.13SW6010B 1

1004009-021AM-6@3.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Barium mg/Kg345.01SW6010B 1
Chromium mg/Kg625.00.0590SW6010B 1
Cobalt mg/Kg175.00.14SW6010B 1
Copper mg/Kg215.00.0900SW6010B 1
Lead mg/Kg201.00.13SW6010B 1
Nickel mg/Kg365.00.0590SW6010B 1
Silver mg/Kg1.41.00SW6010B 1
Vanadium mg/Kg815.00.12SW6010B 1
Zinc mg/Kg425.00.59SW6010B 1

pH S.U.8.302.00.10SW9045C 1

1004009-025AM-9@0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg2.51.00.13SW6010B 1

1004009-026AM-9@1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg3.31.00.13SW6010B 1
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004009-001ALab Sample ID:  

Sample Matrix: Soil

M-1@0.5

Petaluma, CA

04/02/10 / 0:30

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/5/10 400484mg/Kg5.3Lead 04/07/10 0.13 1.0 02491
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004009-002ALab Sample ID:  

Sample Matrix: Soil

M-1@1.0

Petaluma, CA

04/02/10 / 0:32

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/5/10 400481mg/KgNDAntimony 04/07/10 0.20 5.0 02461

SW6010B 4/5/10 400481mg/Kg3.2Arsenic 04/07/10 0.28 1.7 02461

SW6010B 4/5/10 400481mg/Kg77Barium 04/07/10 1 5.0 02461

SW6010B 4/5/10 400481mg/KgNDBeryllium 04/07/10 0.0840 2.0 02461

SW6010B 4/5/10 400481mg/KgNDCadmium 04/07/10 0.0590 1.0 02461

SW6010B 4/5/10 400481mg/Kg76Chromium 04/07/10 0.0590 5.0 02461

SW6010B 4/5/10 400481mg/Kg23Cobalt 04/07/10 0.14 5.0 02461

SW6010B 4/5/10 400481mg/Kg34Copper 04/07/10 0.0900 5.0 02461

SW6010B 4/5/10 400481mg/Kg41Lead 04/07/10 0.13 1.0 02461

SW6010B 4/5/10 400481mg/KgNDMolybdenum 04/07/10 0.0590 5.0 02461

SW6010B 4/5/10 400481mg/Kg85Nickel 04/07/10 0.0590 5.0 02461

SW6010B 4/5/10 400481mg/KgNDSelenium 04/07/10 0.29 5.0 02461

SW6010B 4/5/10 400481mg/KgNDSilver 04/07/10 0 1.0 02461

SW6010B 4/5/10 400481mg/KgNDThallium 04/07/10 0.12 5.0 02461

SW6010B 4/5/10 400481mg/Kg55Vanadium 04/07/10 0.12 5.0 02461

SW6010B 4/5/10 400481mg/Kg68Zinc 04/07/10 0.59 5.0 02461

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

7471B 4/5/10 400476mg/KgNDMercury 04/06/10 0.01 0.10 02391

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW9045C NA 400508S.U.7.25pH 04/06/10 0.10 2.0 NA1
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004009-003ALab Sample ID:  

Sample Matrix: Soil

M-1d@0.5

Petaluma, CA

04/02/10 / 0:34

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/5/10 400484mg/Kg4.5Lead 04/07/10 0.13 1.0 02491
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004009-004ALab Sample ID:  

Sample Matrix: Soil

M-1d@1.0

Petaluma, CA

04/02/10 / 0:36

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/5/10 400481mg/KgNDAntimony 04/07/10 0.20 5.0 02461

SW6010B 4/5/10 400481mg/Kg2.9Arsenic 04/07/10 0.28 1.7 02461

SW6010B 4/5/10 400481mg/Kg64Barium 04/07/10 1 5.0 02461

SW6010B 4/5/10 400481mg/KgNDBeryllium 04/07/10 0.0840 2.0 02461

SW6010B 4/5/10 400481mg/KgNDCadmium 04/07/10 0.0590 1.0 02461

SW6010B 4/5/10 400481mg/Kg54Chromium 04/07/10 0.0590 5.0 02461

SW6010B 4/5/10 400481mg/Kg16Cobalt 04/07/10 0.14 5.0 02461

SW6010B 4/5/10 400481mg/Kg25Copper 04/07/10 0.0900 5.0 02461

SW6010B 4/5/10 400481mg/Kg14Lead 04/07/10 0.13 1.0 02461

SW6010B 4/5/10 400481mg/KgNDMolybdenum 04/07/10 0.0590 5.0 02461

SW6010B 4/5/10 400481mg/Kg53Nickel 04/07/10 0.0590 5.0 02461

SW6010B 4/5/10 400481mg/KgNDSelenium 04/07/10 0.29 5.0 02461

SW6010B 4/5/10 400481mg/KgNDSilver 04/07/10 0 1.0 02461

SW6010B 4/5/10 400481mg/KgNDThallium 04/07/10 0.12 5.0 02461

SW6010B 4/5/10 400481mg/Kg40Vanadium 04/07/10 0.12 5.0 02461

SW6010B 4/5/10 400481mg/Kg35Zinc 04/07/10 0.59 5.0 02461

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

7471B 4/5/10 400476mg/KgNDMercury 04/06/10 0.01 0.10 02391

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW9045C NA 400508S.U.7.57pH 04/06/10 0.10 2.0 NA1
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004009-005ALab Sample ID:  

Sample Matrix: Soil

M-2@0.5

Petaluma, CA

04/02/10 / 0:25

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/5/10 400484mg/Kg7.1Lead 04/07/10 0.13 1.0 02491
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004009-006ALab Sample ID:  

Sample Matrix: Soil

M-2@1.0

Petaluma, CA

04/02/10 / 0:27

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/11/10 400853mg/L0.53Lead (STLC) 05/12/10 0.0500 0.10 04121

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/5/10 400484mg/Kg80Lead 04/07/10 0.13 1.0 02491

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/13/10 400864mg/LNDLead (DI-STLC) 05/13/10 0.0500 0.10 04231
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004009-007ALab Sample ID:  

Sample Matrix: Soil

M-3@0.5

Petaluma, CA

04/02/10 / 0:16

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/5/10 400484mg/Kg11Lead 04/07/10 0.13 1.0 02491
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004009-008ALab Sample ID:  

Sample Matrix: Soil

M-3@1.0

Petaluma, CA

04/02/10 / 0:18

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/5/10 400484mg/Kg7.6Lead 04/07/10 0.13 1.0 02491
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004009-009ALab Sample ID:  

Sample Matrix: Soil

M-4@0.5

Petaluma, CA

04/02/10 / 0:06

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/5/10 400484mg/Kg2.7Lead 04/07/10 0.13 1.0 02491
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004009-010ALab Sample ID:  

Sample Matrix: Soil

M-4@1.0

Petaluma, CA

04/02/10 / 0:08

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/11/10 400853mg/L14Lead (STLC) 05/12/10 0.0500 0.10 04121

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/7/10 400786mg/L0.24Lead (TCLP) 05/07/10 0.05 0.10 03921

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/5/10 400484mg/Kg830Lead 04/07/10 0.13 1.0 02491

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/13/10 400864mg/LNDLead (DI-STLC) 05/13/10 0.0500 0.10 04231
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004009-011ALab Sample ID:  

Sample Matrix: Soil

M-5@0.5

Petaluma, CA

04/02/10 / 23:57

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/5/10 400484mg/Kg2.8Lead 04/07/10 0.13 1.0 02491
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004009-012ALab Sample ID:  

Sample Matrix: Soil

M-5@1.0

Petaluma, CA

04/02/10 / 23:59

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/5/10 400484mg/Kg2.3Lead 04/07/10 0.13 1.0 02491
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004009-013ALab Sample ID:  

Sample Matrix: Soil

M-7@0.5

Petaluma, CA

04/02/10 / 23:35

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/5/10 400484mg/Kg5.4Lead 04/07/10 0.13 1.0 02491
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004009-014ALab Sample ID:  

Sample Matrix: Soil

M-7@1.0

Petaluma, CA

04/02/10 / 23:38

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/5/10 400484mg/Kg6.2Lead 04/07/10 0.13 1.0 02491
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004009-015ALab Sample ID:  

Sample Matrix: Soil

M-8@0.5

Petaluma, CA

04/02/10 / 23:25

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/5/10 400484mg/Kg5.8Lead 04/07/10 0.13 1.0 02491

Page 21 of 43Total Page Count:  43



SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004009-016ALab Sample ID:  

Sample Matrix: Soil

M-8@1.0

Petaluma, CA

04/02/10 / 23:28

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/5/10 400484mg/Kg11Lead 04/07/10 0.13 1.0 02491
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004009-017ALab Sample ID:  

Sample Matrix: Soil

M-6@0.5

Petaluma, CA

04/02/10 / 22:42

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/5/10 400484mg/Kg2.0Lead 04/07/10 0.13 1.0 02491
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004009-018ALab Sample ID:  

Sample Matrix: Soil

M-6@1.0

Petaluma, CA

04/02/10 / 22:46

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/5/10 400484mg/Kg2.1Lead 04/07/10 0.13 1.0 02491
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004009-019ALab Sample ID:  

Sample Matrix: Soil

M-6@1.5

Petaluma, CA

04/02/10 / 22:49

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/5/10 400484mg/Kg4.3Lead 04/07/10 0.13 1.0 02491
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004009-020ALab Sample ID:  

Sample Matrix: Soil

M-6@2.0

Petaluma, CA

04/02/10 / 22:51

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/5/10 400484mg/Kg1.0Lead 04/07/10 0.13 1.0 02491
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004009-021ALab Sample ID:  

Sample Matrix: Soil

M-6@3.0

Petaluma, CA

04/02/10 / 22:54

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/5/10 400481mg/KgNDAntimony 04/07/10 0.20 5.0 02461

SW6010B 4/5/10 400481mg/KgNDArsenic 04/07/10 0.28 1.7 02461

SW6010B 4/5/10 400481mg/Kg34Barium 04/07/10 1 5.0 02461

SW6010B 4/5/10 400481mg/KgNDBeryllium 04/07/10 0.0840 2.0 02461

SW6010B 4/5/10 400481mg/KgNDCadmium 04/07/10 0.0590 1.0 02461

SW6010B 4/5/10 400481mg/Kg62Chromium 04/07/10 0.0590 5.0 02461

SW6010B 4/5/10 400481mg/Kg17Cobalt 04/07/10 0.14 5.0 02461

SW6010B 4/5/10 400481mg/Kg21Copper 04/07/10 0.0900 5.0 02461

SW6010B 4/5/10 400481mg/Kg20Lead 04/07/10 0.13 1.0 02461

SW6010B 4/5/10 400481mg/KgNDMolybdenum 04/07/10 0.0590 5.0 02461

SW6010B 4/5/10 400481mg/Kg36Nickel 04/07/10 0.0590 5.0 02461

SW6010B 4/5/10 400481mg/KgNDSelenium 04/07/10 0.29 5.0 02461

SW6010B 4/5/10 400481mg/Kg1.4Silver 04/07/10 0 1.0 02461

SW6010B 4/5/10 400481mg/KgNDThallium 04/07/10 0.12 5.0 02461

SW6010B 4/5/10 400481mg/Kg81Vanadium 04/07/10 0.12 5.0 02461

SW6010B 4/5/10 400481mg/Kg42Zinc 04/07/10 0.59 5.0 02461

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

7471B 4/5/10 400476mg/KgNDMercury 04/06/10 0.01 0.10 02391

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW9045C NA 400508S.U.8.30pH 04/06/10 0.10 2.0 NA1

Page 27 of 43Total Page Count:  43



SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004009-025ALab Sample ID:  

Sample Matrix: Soil

M-9@0.5

Petaluma, CA

04/02/10 / 11:49

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/5/10 400484mg/Kg2.5Lead 04/07/10 0.13 1.0 02491
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/18/10
Date Received:  04/02/10

URS (San Jose)
James Ripple

1004009-026ALab Sample ID:  

Sample Matrix: Soil

M-9@1.0

Petaluma, CA

04/02/10 / 11:52

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 4/6/10 400497mg/Kg3.3Lead 04/08/10 0.13 1.0 02531
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MB Summary Report

Work Order:  

Matrix:

Units:

Prep Method: 

7471ABAnalytical 
Method:

Prep Date:

Analyzed Date:

04/05/10 Prep Batch:

Analytical 
Batch:

400476

mg/Kg

04/06/10

02397471

Soil

1004009

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.01 0.10Mercury ND 

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

04/05/10 Prep Batch:

Analytical 
Batch:

400481

mg/Kg

04/07/10

02463050

Soil

1004009

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.20 5.0Antimony ND 

0.28 1.7Arsenic ND 

1 5.0Barium ND 

0.0840 2.0Beryllium ND 

0.059 1.0Cadmium ND 

0.059 5.0Chromium 0.10 

0.14 5.0Cobalt ND 

0.090 5.0Copper 0.50 

0.13 1.0Lead 0.25 

0.059 5.0Molybdenum ND 

0.059 5.0Nickel 0.10 

0.29 5.0Selenium ND 

1.0 1.0Silver ND 

0.12 5.0Thallium ND 

0.12 5.0Vanadium ND 

0.59 5.0Zinc 0.95 

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

04/05/10 Prep Batch:

Analytical 
Batch:

400484

mg/Kg

04/07/10

02493050

Soil

1004009

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.13 1.0Lead 0.25 
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MB Summary Report

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

04/06/10 Prep Batch:

Analytical 
Batch:

400497

mg/Kg

04/08/10

02533050

Soil

1004009

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.13 1.0Lead 0.25 

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

05/07/10 Prep Batch:

Analytical 
Batch:

400786

mg/L

05/07/10

03921311/3010B

Soil

1004009

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.0500 0.10Lead (TCLP) ND 

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

05/11/10 Prep Batch:

Analytical 
Batch:

400853

mg/Kg

05/12/10

0412WET/3010B

Soil

1004009

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.0500 0.10Lead (STLC) ND 

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

05/13/10 Prep Batch:

Analytical 
Batch:

400864

mg/Kg

05/13/10

0423WET-DI/3010B

Soil

1004009

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.0500 0.10Lead (DI-STLC) ND 
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LCS/LCSD Summary Report
Raw values are used in quality control assessment.

Work Order:  

Matrix:

Units:

Prep Method: 

7471BAnalytical 
Method:

Prep Date:

Analyzed Date:

04/05/10 Prep Batch:

Analytical 
Batch:

40047604/06/10

mg/Kg

7471 0239

Soil

1004009

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

0.10 1.250.01 0.000833 1.93 3080.5 - 133Mercury 119 116

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

04/05/10 Prep Batch:

Analytical 
Batch:

40048104/07/10

mg/Kg

3050 0246

Soil

1004009

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

5.0 500.20 0.050 0.000 3030.7 - 130Antimony 95.9 95.9

1.7 500.28 0.00 0.319 3071 - 121Arsenic 93.9 94.2

5.0 501 0.20 6.10 3070.2 - 130Barium 103 96.9

2.0 500.0840 0.00 0.000 3073.3 - 115Beryllium 92.3 92.3

1.0 500.059 0.050 6.28 68.7 - 110Cadmium 98.6 92.6

5.0 500.059 0.10 6.72 3076 - 116Chromium 103 96.3

5.0 500.14 0.050 6.02 3057.4 - 122Cobalt 101 95.1

5.0 500.090 0.50 6.04 3074.8 - 119Copper 104 97.9

1.0 500.13 0.25 0.313 3067.9 - 118Lead 95.7 96.0

5.0 500.059 0.00 0.408 3062.9 - 123Molybdenum 98.2 97.8

5.0 500.059 0.10 6.32 3061.5 - 122Nickel 99.5 93.4

5.0 500.29 0.10 0.574 3062 - 111Selenium 86.8 87.3

1.0 501.0 0.00 5.26 3081.1 - 109Silver 99.5 94.4

5.0 500.12 0.050 0.109 3039.2 - 125Thallium 92.0 92.1

5.0 500.12 -0.050 6.10 3065.8 - 122Vanadium 103 96.9

5.0 500.59 0.95 6.12 3059.9 - 122Zinc 101 95.0

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

04/05/10 Prep Batch:

Analytical 
Batch:

40048404/07/10

mg/Kg

3050 0249

Soil

1004009

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

1 500.13 0.25 1.30 3067.9 - 118Lead 99 100
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LCS/LCSD Summary Report
Raw values are used in quality control assessment.

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

04/06/10 Prep Batch:

Analytical 
Batch:

40049704/08/10

mg/Kg

3050 0253

Soil

1004009

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

1 500.13 0.25 0.652 3067.9 - 118Lead 91.7 92.3

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

05/07/10 Prep Batch:

Analytical 
Batch:

40078605/07/10

mg/L

1311/3010B 0392

Soil

1004009

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

0.1 100.05 0.000 0.644 2080 - 120Lead (TCLP) 92.8 93.4

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

05/11/10 Prep Batch:

Analytical 
Batch:

40085305/12/10

mg/Kg

WET/3010B 0412

Soil

1004009

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

0.10 100.0500 0.0100 0.789 2080 - 120Lead (STLC) 101 102

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

05/13/10 Prep Batch:

Analytical 
Batch:

40086405/13/10

mg/Kg

WET-DI/3010B 0423

Soil

1004009

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

0.10 100.0500 ,0.000 0.0970 2080 - 120Lead (DI-STLC) 103 103
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MS/MSD Summary Report
Raw values are used in quality control assessment.

Work Order:  1004009

Analyzed Date:

Prep Date:

Matrix:

Prep Method: 04/05/10

1004009-001ASpiked Sample:

Analytical 
Method:

Prep Batch:

Units:

Analytical 
Batch:

SW6010B 40048404/07/10

mg/Kg

02493050

Soil

Parameters MDL PQL Sample
Conc. 

Spike
Conc.

MS %
Recovery

MSD %
Recovery

MS/MSD
% RPD

%
Recovery

Limits

% RPD
Limits

Lab
Qualifier

50 67.9 - 1180.13 1 4.73 30Lead 88.6 84.00.11
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Duplicate Summary Report

Work Order:  

Matrix:

Units:

Prep Method: 

SW9045CAnalytical 
Method:

Prep Date:

Analyzed Date:

NA Prep Batch:

Analytical 
Batch:

40050804/06/10

1004009

Lab Sample ID:  1004011-012A-Dup

NA NA

Soil

Parameters PQL MDL Sample
Result

Duplicate
Result

% RPD

pH 0.100 2.00 7.87 0.09557.84

Raw values are used in quality control assessment.
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Laboratory Qualifiers and Definitions

Method Detection Limit (MDL) -  the minimum concentration of a substance that can be measured and reported with a 99% confidence that the analyte 
concentration is greater than zero 

Matrix Spike (MS/MSD) -  Client sample spiked with identical concentrations of target analyte (s).  The spiking occurs prior to the sample preparation and 
analysis.  They are used to document the precision and bias of a method in a given sample matrix.

Matrix - the component or substrate that contains the analyte of interest (e.g., - groundwater, sediment, soil, waste water, etc)

Laboratory Control Sample (LCS ad LCSD) - A known matrix spiked with compounds representative of the target analyte(s).  This is used to document 
laboratory performance.

Duplicate - a field sample and/or laboratory QC sample prepared in duplicate following all of the same processes and procedures used on the original sample 
(sample duplicate, LCSD, MSD)

Blank (Method/Preparation Blank) -MB/PB - An analyte-free matrix to which all reagents are added in the same volumes/proportions as used in sample 
processing.  The method blank is used to document contamination resulting from the analytical process.

Practical Quantitation Limit  (PQL) - a laboratory determined value at 2 to 5 times above the MDL that can be reproduced in a manner that results in a 99% 
confidence level that the result is both accurate and precise. PQLs reflect all preparation factors and/or dilution factors that have been applied to the sample 
during the preparation and/or analytical processes.

Precision (%RPD) - The agreement among a set of replicate/duplicate measurements without regard to known value of the replicates 

 Surrogate (S) or (Surr) - An organic compound which is similar to the target analyte(s) in chemical composition and behavior in the analytical process, but 
which is not normally found in environmental samples. Surrogates are used in most organic analysis to demonstrate matrix compatibility with the chosen method 
of analysis

Tentatively Identified Compound (TIC) - A compound not contained within the analytical calibration standards but present in the GCMS library of defined 
compounds.  When the library is searched for an unknown compound, it can frequently give a tentative identification to the compound based on retention time 
and primary and secondary ion match.  TICs are reported as estimates and are candidates for further investigation.

Units: the unit of measure used to express the reported result - mg/L and mg/Kg (equivalent to PPM - parts per million in liquid and solid), ug/L and ug/Kg 
(equivalent to PPB - parts per billion in liquid and solid), ug/m3, mg.m3, ppbv and ppmv  (all units of measure for reporting concentrations in air), % ( 
equivalent to 10000 ppm or 1,000,000 ppb), ug/Wipe ( concentration found on the surface of a single Wipe usually taken over a 100cm2 surface)

B - Indicates when the anlayte is found in the associated method or preparation blank 
D - Surrogate is not recoverable due to the necessary dilution of the sample
E - Indicates the reportable value is outside of the calibration range of the instrument but within the linear range of the instrument (unless otherwise noted) 
Values reported with an E qualifier should be considered as estimated.
H- Indicates that the recommended holding time for the analyte or compound has been exceeded
J- Indicates a value between the method MDL and PQL and that the reported concentration should be considered as estimated rather the quantitative 
NA - Not Analyzed
N/A - Not Applicable
NR - Not recoverable - a matrix spike concentration is not recoverable due to a concentration within the original sample that is greater than four times the spike 
concentration added
R- The % RPD between a duplicate set of samples is outside of the absolute values established by laboratory control charts
S- Spike recovery is outside of established method and/or laboratory control limits.  Further explanation of the use of this qualifier should be included within a 
case narrative

    X -Used to indicate that a value based on pattern identification is within the pattern range but not typical of the pattern found in standards.       
    Further explanation may or may not be provided within the sample footnote and/or the case narrative.

DEFINITIONS:

Accuracy/Bias (% Recovery) - The closeness of agreement between an observed value and an accepted reference value.

LABORATORY QUALIFIERS:
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pH Adjusted by:  pH Checked by:  

°C5

No VOA vials submitted

Yes

Yes

Temperature:

Water-pH acceptable upon receipt?

Water-VOA vials have zero headspace?

Container/Temp Blank temperature in compliance?

All samples received within holding time?

Sample Preservation and Hold Time (HT) Information

YesSamples containers intact?

Yes

Yes

Not Present

Yes

Sufficient sample volume for indicated test?

Samples in proper container/bottle?

Custody seals intact on shipping container/cooler?

Shipping Container/Cooler In Good Condition?

Sample Receipt Information

Yes

Yes

Yes

Not Present

Chain of custody agrees with sample labels?

Chain of custody signed when relinquished and received?

Chain of custody present?

Custody seals intact on sample bottles?

Chain of Custody (COC) Information

Checklist Completed By:  NG

Carrier Name:  Hi-Speed Courier

Physically Logged By:  NG

Received By:   NG

Date and Time Received:  4/2/2010  10:04

Work Order No.:  1004009

Project Name:  Petaluma, CA

Client Name:  URS (San Jose)

Sample Receipt Checklist
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Login Summary Report

Report Due Date:

5 day TAT! Received 26 soils, 3 soils ON hold.Asbestos subbed to EMSL.

10:04

4/2/2010

IIURS (San Jose)TL5174

Petaluma, CA

5/14/2010

TAT Requested:

Date Received:

Time Received:

QC Level: 

Project Name:

Project # :

Comments:

Client ID:

5+ day:0

1004009Work Order # :

SubbedRequested
Tests

Test
On Hold

Sample
On Hold

Scheduled
Disposal

MatrixCollection 
Date/Time

Client 
Sample ID

WO Sample ID

M-1@0.51004009-001A Soil 09/29/1004/02/10 0:30
S_6010BCAM17

Sample Note:  Pb only.

M-1@1.01004009-002A Soil 09/29/1004/02/10 0:32
S_7471BHG
S_pH9045C
SUB_AsbestosCARB
435

Yes

S_6010BCAM17
M-1d@0.51004009-003A Soil 09/29/1004/02/10 0:34

S_6010BCAM17

Sample Note:  Pb only.

M-1d@1.01004009-004A Soil 09/29/1004/02/10 0:36
S_7471BHG
SUB_AsbestosCARB
435

Yes

S_6010BCAM17
S_pH9045C

M-2@0.51004009-005A Soil 09/29/1004/02/10 0:25
S_6010BCAM17

Sample Note:  Pb only.

M-2@1.01004009-006A Soil 09/29/1004/02/10 0:27
S_6010B(STLC)
S_6010BDI-STLC
S_6010BCAM17

Sample Note:  Pb only.Additional STLC/DI-STLC for Lead.

M-3@0.51004009-007A Soil 09/29/1004/02/10 0:16
S_6010BCAM17

Sample Note:  Pb only.

M-3@1.01004009-008A Soil 09/29/1004/02/10 0:18
S_6010BCAM17

Sample Note:  Pb only.

M-4@0.51004009-009A Soil 09/29/1004/02/10 0:06
S_6010BCAM17
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Login Summary Report

Report Due Date:

5 day TAT! Received 26 soils, 3 soils ON hold.Asbestos subbed to EMSL.

10:04

4/2/2010

IIURS (San Jose)TL5174

Petaluma, CA

5/14/2010

TAT Requested:

Date Received:

Time Received:

QC Level: 

Project Name:

Project # :

Comments:

Client ID:

5+ day:0

1004009Work Order # :

SubbedRequested
Tests

Test
On Hold

Sample
On Hold

Scheduled
Disposal

MatrixCollection 
Date/Time

Client 
Sample ID

WO Sample ID

Sample Note:  Pb only.

M-4@1.01004009-010A Soil 09/29/1004/02/10 0:08
S_6010B(STLC)
S_6010BDI-STLC
S_6010BCAM17
S_6010B(TCLP)

Sample Note:  Pb only.

M-5@0.51004009-011A Soil 09/29/1004/02/10 23:57
S_6010BCAM17

Sample Note:  Pb only.

M-5@1.01004009-012A Soil 09/29/1004/02/10 23:59
S_6010BCAM17

Sample Note:  Pb only.

M-7@0.51004009-013A Soil 09/29/1004/02/10 23:35
S_6010BCAM17

Sample Note:  Pb only.

M-7@1.01004009-014A Soil 09/29/1004/02/10 23:38
S_6010BCAM17

Sample Note:  Pb only.

M-8@0.51004009-015A Soil 09/29/1004/02/10 23:25
S_6010BCAM17

Sample Note:  Pb only.

M-8@1.01004009-016A Soil 09/29/1004/02/10 23:28
S_6010BCAM17

Sample Note:  Pb only.

M-6@0.51004009-017A Soil 09/29/1004/02/10 22:42
S_6010BCAM17

Sample Note:  Pb only.

M-6@1.01004009-018A Soil 09/29/1004/02/10 22:46
S_6010BCAM17

Sample Note:  Pb only.

M-6@1.51004009-019A Soil 09/29/1004/02/10 22:49

Page 39 of 43Total Page Count:  43



Login Summary Report

Report Due Date:

5 day TAT! Received 26 soils, 3 soils ON hold.Asbestos subbed to EMSL.

10:04

4/2/2010

IIURS (San Jose)TL5174

Petaluma, CA

5/14/2010

TAT Requested:

Date Received:

Time Received:

QC Level: 

Project Name:

Project # :

Comments:

Client ID:

5+ day:0

1004009Work Order # :

SubbedRequested
Tests

Test
On Hold

Sample
On Hold

Scheduled
Disposal

MatrixCollection 
Date/Time

Client 
Sample ID

WO Sample ID

S_6010BCAM17

Sample Note:  Pb only.

M-6@2.01004009-020A Soil 09/29/1004/02/10 22:51
S_6010BCAM17

Sample Note:  Pb only.

M-6@3.01004009-021A Soil 09/29/1004/02/10 22:54
S_7471BHG
SUB_AsbestosCARB
435

Yes

S_6010BCAM17
S_pH9045C

M-6@6.01004009-022A Soil 09/29/10 On-Hold04/02/10 23:02
S_6010BCAM17

M-6@8.01004009-023A Soil 09/29/10 On-Hold04/02/10 23:05
S_6010BCAM17

M-6@4.51004009-024A Soil 09/29/10 On-Hold04/02/10 10:57
S_6010BCAM17

M-9@0.51004009-025A Soil 09/29/1004/02/10 11:49
S_6010BCAM17

Sample Note:  Pb only.

M-9@1.01004009-026A Soil 09/29/1004/02/10 11:52
S_6010BCAM17

Sample Note:  Pb only.
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Sample Description Appearance Result Notes

Test Report: Asbestos Analysis via Polarized Light Microscopy, Qualitative

091003196

Attn: Patti Sandrock
Torrent Laboratory, Inc.
483 Sinclair Frontage Rd.
Milpitas, CA 95035

Customer PO: CoC100405002
Received: 04/06/10 10:30 AM

CoC100405002

Customer ID: TORR80

Fax: (408) 263-8293 Phone: (408) 263-5258
Project:

EMSL Order:

EMSL Proj:
4/14/2010Analysis Date:

EMSL Analytical, Inc
2235 Polvorosa Ave , Suite 230, San Leandro, CA 94577
Phone:  (510) 895-3675        Fax:  (510) 895-3680     Email:   milpitaslab@emsl.com

1004009-002A
091003196-0001

None Detected

1004009-004A
091003196-0002

None Detected

1004009-021A
091003196-0003

None Detected

Baojia Ke, Laboratory Manager
or other approved signatory

1Test Report  PLMQualw/Types-7.12.0  Printed: 4/15/2010 4:50:37 PM

Analyst(s)

THIS IS THE LAST PAGE OF THE REPORT.

EMSL recommends that soil samples reported as "ND" be tested by the EPA Screening Method/Qualitative. The above report relates only to the items tested. This report may not be 
reproduced, except in full, without written approval by EMSL Analytical, Inc.  The above test must not be used by the client to claim product endorsement by NVLAP nor any agency of 
the United States Government. Unless otherwise noted, the results in this report have not been blank corrected.Samples received in good condition unless otherwise noted.
Samples analyzed by EMSL Analytical, Inc 2235 Polvorosa Ave , Suite 230,  San LeandroCA 

Grant Mays (3)

mailto:milpitaslab@emsl.com


483 Sinclair Frontage Road

Milpitas, CA 95035

Phone: 408.263.5258

FAX: 408.263.8293

www.torrentlab.com

CHAIN OF CUSTODY

.

Company Name: URS Corporation Location of Sampling: Petaluma, CA

Address: 100 W San Fernando Street, Suite 200 Purpose: Hazardous Materials Investigation for HWY 101 MSN B4 Project

City: San Jose' - ~I~State: ··tA . -
Zip Code: '95113 Speciallnstructions I Comments:' .. - -n - .. ._~_. .~

--------.-- ..----------------- ...--------- ... .....---.-

Telephone: 408-297-9585 FAX: 408-297-6962 .
REPORT TO: J Ripple SAMPLER: J Ripple/M Thummaluru P;O.#: 28645045.03200 EMAIL: jamesJipple@urscorp.com

TURNAROUND TIME: SAMPLE TYPE: REPORT FORMAT: =lG
f-o

~ '".
~

~
'"

.•..
III 10WorkDays D 3WorkDaysD Noon- NxtDay D StormWater DAir D QC LevelIV - ...:l t'il

~ ANALYSISt'il >< =-- =
D WasteWater D Other DEDF

.•.. ~~ .~ •... REQUESTED
D 7 WorkDays D 2 WorkDays D 2 - 8 Hours ~

OJ)

D GroundWater D ExcelI EDD
Q f-o ~ .•...

'"r-- e
== '"

~ ~
D 5WorkDays D 1WorkDay DOther o Soil .... -- -- Q 0 "Cl"Cl OJ) .•.. ....

~
I I '" '" C"I '"=: =: ~ t'il .... "Cl

==~

"
.•.. t'il< =: '" uDATE I TIME #OF CONT =-- =-- '" ~ ~ .

LAB 10 CLIENT'S SAMPLE 1.0.
SAMPLED

MATRIX
CO NT TYPE U f-o f-o < c.. an =-- ...:l =--

REMARKS
.

I~~~M-l@O.5 04{o~1\0 Soil 1 Sleeve .fOO~.3.D .

o';tb~IO
-.- ..------ ------- ---- -

M-l@1.0 Soil 1 Sleeve .f .f .f•••••••• ":l.C) -..- ..-..-- .......... n •• __
.__ .

•• _ •••••••••••• _ •• mm. ...... -.

ri:!f~n"o!':
M-ld@O.5 041°~lO Soil 1 Sleeve ' .f

o'1JOY~ ---..-------- ...-- -.- ----_.~--- ..- f---- ...
'-.ii,

M-ld@1.0 .f .f .fSoil 1 Sleeve
3' An-'

}1 °4./OCl/to .fM-2@O.5 Soil 1 Sleeve
!i OC~~

04!OVlO
,

I.n M-2@1.0 Soil 1 Sleeve .f 1'i:,T' OO~~
tic; ,

tll.t/O~(D
.

M-3@O.5 Soil .f '"
J~ l(i" 1 Sleeve ;,

00· \6 ,
1\"

O~/tfJ/1o
~ 0L..

-:);: ,; M-3@1.0 Soil 1 Sleeve .f
(')0111 R .J 1"1.

~rr M-4@O.5 0'-\1c~ro
00 tab Soil 1 Sleeve .f '}8'" .

:"

i{ [,[~~ M-4@1.0 0l.f./Ct.tf l1> Soil 1 Sleeve .ff) () '.t'l€,

Were Samples Received in Good Condition? ~Yes 0 NO Samples on Ice? ~s D NO Method of Shipment

NOTE: Samoles are discarded bv the laboratorv 30 davs from date of

Relinquished By:
1

Of~Page _1_

Time:or 3 0
Time:
JDID c..'

Log In ReviewedLog In

2

http://www.torrentlab.com
mailto:jamesJipple@urscorp.com


RESET-
LAB WORK ORDER NO

. Ii) q fopqCHAIN OF CUSTODY
r;~~H~[)EQl~R§A~
~£J>,',.;;,,,,,,,,,,,,,,,;t,,,,,,~;, .. -·~·'ilIb-' •••~•••}8.%,;.,_

483 Sinclair Frontage Road

Milpitas, CA 95035
Phone: 408.263.5258
FAX: 408.263.8293
www.torrentlab.com

f

Company Name: URS Corporation Location of Sampling: Petaluma, CA

Address: 100 W San Fernando Street, Suite 200 Purpose: Hazardous Materials Investigation for HWY 101 MSN B4 Project

City': San Jose I State: CA Zip Code: 95113 Special Instructions IComments:
··_______ m.·._

Telephone: 408-297-9585 FAX: 408-297-6962

REPORT TO: J Ripple SAMPLER: J Ripple/M Thummaluru P.O.#: 28645045.03200 EMAIL: james ripple@urscorp.com

TURNAROUND TIME: SAMPLE TYPE: REPORT FORMAT: =G
Eo-<

~ '"
~

~
'" ~/l!10 WorkDays 0 3WorkDays o Noon- NxtDay o StormWater o Air o QC LevelIV -; ...:l C'il

~ ANAL VSIS~ =o WasteWater o Other o EDF
~ ~ REQUESTED~ ~ >.o 7WorkDays o 2WorkDays o 2 ..8 Hours ~ ~o GroundWater o ExcelI EDD- <= Eo-< .Q >.

'"r-- S = '"
~ ~o 5WorkDays o 1WorkDay o Other o Soil ...-l -- ~ <= 0 -=-= ~ :9~

I I '" '" '"== ==
~ C'il ~ -= =DATE I TIME #OF CO NT -< ~ ~ .Q

== C-' '" C'il
U'" ~ ~

LASlO CLIENT'S SAMPLE 1.0.
SAMPLED

MATRIX
CONT TYPE U Eo-< Eo-< -<. c.. If) ~ ...:l ~ REMARKS

etl fl M-5@O.5 O';{O\ !ID __ Soil 1 Sleeve .fQ.1:)'~.------ ....--------.
()4/01 {to " --- --

O/2.A M-5@1.0 Soil 1 Sleeve .f -'-"

'lJ>~~--.-------- ..-

~/OI110 ~~3S-
..- 1-...._ ....1--..- ......- ....-- . .--.....- f--..._- ....1---.----- ....---. 1--......_

013 Ii M-7@O.5 Soil 1 Sleeve .f
-

Ol({(/tfD~.,~~
..-- ....- ...-'.--- ..---- t-- ......- ...--.- '-'- .-- .... .- •...-1--...

P1lJ.A· M-7@1.0 Soil 1 Sleeve .f.

0I6fi M-8@O.5 CJ.1/0 I (fO Soil 1 Sleeve .f
~t~~

OIQil M-8@1.0
OLf{()lftD

Soil 1 Sleeve .f~~.~
01'l.11 M-6@O.5 ~IC1/l0 Soil .f. ' Lt

~J.·.4't.. 1 Sleeve ~ - ~
Ol8R M-6@1.0 04lDI/10 ~'l.;4b Soil 1 Sleeve .f .-1'

•
o ll3 ,A M-6@1.5 O~{Olf I'D . Soil 1 Sleeve .f. 9.:l",l..to,
oz,e ~ M-6@2.0 O'-\f DIIlO Soil 1 Sleeve .f9..r.t~s;-\

2 .n.,_. n~? IDri/2 ITii6/~DG
Were Samples Receiv~9 in Good Condition? lfI--ves 0 NO Samples on Ice? ~ Yes 0 NO

NOTE: are discarded the laboratory 30 days from date of receipt unless other arrange -ments are made.

Log In By:,-------------J Date:~=._~.=.:.~~~~:o:;=.:=...~I Log In Reviewed By::=,,:.·=~==.._~;~_.fu._.l

1 Relinquished By: Time:
-C1$"" 30

Sample seals intact? 0 Yes 0 NOEIN/A
Page~ Of~

;

·'_t~,~

http://www.torrentlab.com
mailto:ripple@urscorp.com


Company Name: URS Corporation Location of Sampling: Petaluma, CA

Address: 100 W San Fernando Street, Suite 200 Purpose: Hazardous Materials Investigation for HWY 101 MSN B4 Project

City: San Jose IState: CA Zip Code: 95113 Special Instructions / Comments:

Telephone: 408-297-9585 FAX: 408-297-6962

REPORTTO: J Ripple SAMPLER: J Ripple/M Thummaluru P.O.#: 28645045.03200 EMAIL: james Jipple@urscorp.com

TURNAROUNDTIME: SAMPLE TYPE: REPORTFORMAT: =G
Eo-< :; '":; ~

'"
;.0

III 10 Work Days o 3 Work Days o Noon - Nxt Day o Storm Water o Air o QC Level IV - ...:l ~
~ ANALYSIS~ ~ =-- =o Waste Water o Other o EDF

;.0 ~~ f;l;iI •... REQUESTEDo 7 Work Days o 2 Work Days o 2-8Hours :; I:)JIo Ground Water o Excel! EDD
Q Eo-< ,.Q •...

'"r-- e = '"
~ ~o 5 Work Days o 1 Work Day o Other o Soil ..... -- -- Q 0 "'Cl"'Cl I:)JI ;.0 ...•:; I I '" '" ("j '"

== ==
~ ~ ...• "'Cl =,.Q c.? ;.0 ~

DATE I TIME #OF CONT -< =-- =-- == '" U
LAB 10 CLIENT'S SAMPLE 1.0. MATRIX '" ~ ~

REMARKSSAMPLED CONT TYPE U Eo-< Eo-< -< Q. Vl =-- ...:l =--

02.tA M-6@3.0 ~D iICl.O\Oi7.,'!,9J Soil 1 Sleeve .; .; .;
.---- 1--- _. __ .n

qa;~A M-6@6.0 c'1.(O If 10 '2..~~arL. Soil 1 Sleeve Hold
~.7&+ _ •••••••••• n •••• n'_ ••• _ •••••••• ______ m •••••

o...•.(a /10 'l\C
............. --.---- ---.- ...............• .._._ ..._.~ ---- I----- ...-•......• -.•..••.. ____ •••••• m ••••

••••••• n ••••••••• _.

02.3A M-6~ ~·O Soil 1 Sleeve Hold,ct3 , __
- ---,,----------------

02,(-) --M-6@~ 11:1"> \- °It {Ol/10 '.1Q ;51 Soil 1 Sleeve Hold.
'- '~"',:.:

6Z5A M-9@O.5 Oi{OllfD~"u.c, Soil 1 Sleeve .;
".-'-",

(J2~B M-9@1.0 olt/orjw Soil 1 Sleeve .;. 'l~~s<.( o r.
,

Soil 1 Sleeve 0
~ II_

Soil 1 Sleeve -1'
-- Soil 1 Sleeve
.'.

Soil 1 Sleeve

RESET-
LAB WORKORDERNO

j·OO't 009
CHAIN OF CUSTODY

483 Sinclair Frontage Road
Milpitas, CA 95035
Phone: 408.263.5258
FAX: 408.263.8293
www.torrentlab.com.'

Relinquished By:
1

2

I Print: D
V&t""-'14 r-"

Print:

Tim'bSJO

TiiIJIOy

Date:
4,/'2--

vll\r~~
t+ -'2, - \<)

Ti~I'2-T

mailto:Jipple@urscorp.com
http://www.torrentlab.com


Draft Table 2
Soil Results - Total Metals
HWY 101 MSN B4 Project

Lead STLC Lead DI-STLC Lead TCLP

URS Sample ID

Chromium 6 Chromium STLC
Boring ID

Lead STLC Lead DI-STLC Lead TCLPChromium 6 Chromium STLC

# of samples 
to be tested 6 3 43 43 20

S-5 1003111-019A

S-8 1004070-013A 1004070-013A

1003116-027A 1003116-027A 1003116-027A

1003116-028A 1003116-028A

M-1

M-1D

M-2 1004009-006A 1004009-006A

M-4 1004009-010A 1004009-010A 1004009-010A

1004070-011A 1004070-011A 1004070-011A

1004070-012A 1004070-012A 1004070-012A

S-12 1004072-005A 1004072-005A

S-13 1004072-004A 1004072-004A

S-14 1003116-026A 1003116-026A 1003116-026A

S-15

N-4 1004070-003A 1004070-003A

1003116-014A 1003116-014A 1003116-014A

1003116-015A 1003116-015A 1003116-015A 1003116-015A

1003116-001A 1003116-001A

1003116-002A 1003116-002A 1003116-002A

1003116-003A 1003116-003A

1003116-004A 1003116-004A 1003116-004A

1003116-005A 1003116-005A 1003116-005A

1004091-011A 1004091-011A 1004091-011A

1004091-012A 1004091-012A

1004091-013A 1004091-013A

1004091-014A 1004091-014A

1003111-001A 1003111-001A

1003111-002A 1003111-002A

1003111-012A 1003111-012A

1003111-013A 1003111-013A

1004070-005A 1004070-005A 1004070-005A

1004070-006A 1004070-006A 1004070-006A

N-13 1003111-014A 1003111-014A

N-13-d 1003111-007A 1003111-007A

1004072-011A 1004072-011A 1004072-011A

1004072-014A 1004072-014A
1004011-001A 1004011-001A 1004011-001A

1004011-003A 1004011-003A

1004011-007A 1004011-007A

1004011-008A 1004011-008A

M-19-d 1004011-012A 1004011-012A

M-21 1004011-023A 1004011-023A 1004011-023A

M-22 1004011-029A 1004011-029A

S-16 1003116-029A 1003116-029A
N-15 1004067-004A 1004067-004A 1004067-004A
N-16 1004067-010A 1004067-010A 1004067-010A
N-17 1004072-017A 1004072-017A 1004072-017A
M-6
M-10

1004070-016A 1004070-016A 1004070-016A
1004070-017A 1004070-017A
1004070-019A 1004070-019A 1004070-019A

N-12

S-9

N-1

M-16

# of samples 
to be tested

N-8

N-6

N-7

N-5

N-14

M-18

M-19

N-11

1 of 1



Sample Description Appearance Result Notes

Test Report: Qualitative asbestos analysis of soils using the EPA 600/R-93/116 method

091002644

Attn: Nutan Kabir
Torrent Laboratory, Inc.
483 Sinclair Frontage Rd.
Milpitas, CA 95035

Customer PO: COC100322002
Received: 03/23/10 9:30 AM

COC100322002

Customer ID: TORR80

Fax: (408) 263-8293 Phone: (408) 263-5258
Project:

EMSL Order:

EMSL Proj:
3/30/2010Analysis Date:

EMSL Analytical, Inc
2235 Polvorosa Ave , Suite 230, San Leandro, CA 94577
Phone:  (510) 895-3675        Fax:  (510) 895-3680     Email:   milpitaslab@emsl.com

1003116-006A
091002644-0001

None Detected

1003116-007A
091002644-0002

None Detected

1003116-013A
091002644-0003

None Detected

1003116-015A
091002644-0004

None Detected

Baojia Ke, Laboratory Manager
or other approved signatory

1Test Report  PLMQualw/Types-7.12.0  Printed: 3/30/2010 9:01:17 AM

Analyst(s)

THIS IS THE LAST PAGE OF THE REPORT.

EMSL recommends that soil samples reported as "ND" be tested by the EPA Screening Method/Qualitative. The above report relates only to the items tested. This report may not be 
reproduced, except in full, without written approval by EMSL Analytical, Inc.  The above test must not be used by the client to claim product endorsement by NVLAP nor any agency of 
the United States Government. Unless otherwise noted, the results in this report have not been blank corrected.Samples received in good condition unless otherwise noted.
Samples analyzed by EMSL Analytical, Inc 2235 Polvorosa Ave , Suite 230,  San LeandroCA 

Nonette Patron (4)

mailto:milpitaslab@emsl.com
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Sample seals intact? 0 Yes 0 NO0 N/A

Page~ Of~

Date:; _
,,_ • -... ... v.;>---. ..•••. ~_'_'''''' .. N- • ..-!!

EMAIL: james Jipple@urscorp.com
I I I

~ ANALYSIS

QJ

I REQUESTED
"t:l..•~ ~ ~..• U "t:l =:l.•... ~

il
~ 0 uQJ QJ

I REMARKS~ > ~ ~

Received By:

CHAIN OF CUSTODY

Location of Sampling: Petaluma, CA

Purpose: Hazardous Materials Investigation for HWY 101 MSN 84 Project

Special Instructions / Comments:

T.

Jar

Jar

Jar

Jar

-;Ja.p.

T.

~

1

1

1

1

1

Time" '~ 20 Y H
Time:

REPORT FORMAT:

o NO Method of Shipment

unless other arrange -ments are made.

Log In Reviewed

C'l _.!I I 1

C' .•

RESET-

o Air I0 QC Level IV

o Other 0 EDFo Excel 1EDD

Zip Code: 95113

Date:

lO
Date:

SAMPLE TYPE:

o Storm Watero Waste Watero Ground Watero Soil

~
_..__~ __ .~ . m~_m._m_ _f_._.m_ .. ""m__ ._._m_._" _m .f f _.f. .. .....•.__ __ .••_ __ .•........ m•.~__ ._..__.-.--..I .•••••..•.• _

+-
r--r----:--i---

./ - 1./1./
./
./
./

Date:
k~, ..~_"-=~,.", ,,,,~,,,, :_,''''''

SAMPLER: J Ripple/M Thummaluru

483 Sinclair Frontage Road
Milpitas, CA 95035
Phone: 408.263.52'58
FAX: 408.263.8293
www.torrentlab.com

o3rAfl6~~-I-~oil -l---;--T--';~
03 J A,[co .11:s,~I Soil

03.(\Q[[C) ••.'2 I Soil
, tt'?l..U

03.1\,\ IIC> I Soil
\~'.t\R

03(1<7(10 ( . I Soil
1<;).1>\ '""\

P.O.#: 28645045.03200
I I iXlD

~ ~ ~- ~ ~.s ~ ~
QJ r"l ••.•
~ Q Eo-< .c
r-- e =:l ~,..-.l --- c:>"t:l en .•.••

~ == == ~DATE/TIME MATRIX #OF CONT I <u ~ ~ ~
SAMPLED CONT TYPE Eo-< Eo-< ..•.••

~~~{ 10 \ \-': '-\~__ ~~ _~ ~~~_' ' '.._m ' "_"

DYes 0 NO

o Other

o Noon .. Nxt Day

o 2-8Hours

Print:

J Print: 0,""",,,~" ,,,

o 3 Work Days

o 2 Work Days

o 1 Work Day

CLIENT'S SAMPLE I.D.

N-6@1.0

N-6@1.5

Were Samples Received in Good Condition?

NOTE:

Log In By:

N-6@O.5

LASlO

Relinquished By:
1

Relinquished By:
2

TURNAROUND TIME:

Company Name: URS Corporation
Address: 100 W San Fernando Street, Suite 200

City: San Jose I State: CA

Telephone: 408-297-9585 FAX: 408-297-6962

REPORT TO: J Ripple

-

III 10 Work Days

o 7 Work Days

o 5 Work Days

001AI N-5@1.5

i
I

l

mailto:Jipple@urscorp.com
http://www.torrentlab.com


RESET-
483 Sinclair Frontage Road

Milpitas, CA 95035

Phone: 408.263.5258

FAX: 408.263.8293

www.torrentlab.com

CHAIN OF CUSTODY

Company Name: URS Corporation Location of Sampling: Petaluma, CA •
Address: 100 W San Fernando Street, Suite 200 Purpose: Hazardous Materials Investigation for HWY 101 MSN B4 Project

City: San Jose I State: CA lip Coge: 95113 Special Instructions I Comments:
-----

Telephone: 408-297-9585 FAX: 408-297-6962

REPORT TO: J Ripple SAMPLER: J Ripple/M Thummaluru P.O.#: 28645045.03200 EMAIL: jamesJipple@urscorp.com

TURNAROUND TIME: SAMPLE TYPE: REPORT FORMAT: ~G
Eo-

~ '"
~

CI.l

'"
.•..

III 10 WorkDays o 3WorkDays o Noon;,-_NxtDay o StormWater o Air o QCLevelIV -; ...:l = ~ ANALYSIS=- =o WasteWater o Other o EDF
.•..

CI.l REQUESTEDCI.l r.:l >.o 7WorkDays o 2 WorkDays o 2 - 8 Hours ~
~o GroundWater o ExcelI EDD

Q Eo- .c >.
r-- E ~ '"

~o 5WorkDays o 1WorkDay o Other
-. o Soil .... -- -- Q 0'0 ~ .•..

'"~
I I '" '"

== ==
CI.l = U '0

-< .c
==

I.,'j 0 =DATE I TIME
MATRIX

#OF CO NT =- =- '" CI.l
LAB ID CLIENT'S SAMPLE 1.0.

SAMPLED CONT TYPE U Eo- Eo- -< Q., III ;> ...:l REMARKS

o22ft S-6@O.5 D3( \9 tCD J).•~Q. Soil 1 Jar .f
-----~--_..__ .__ ...._----,- ....-.....--.--.- .. -- --- ---- ---

~~9A S-6@1.0 o>~~o I>,2C Soil 11';i~ Jar .f
------------------- ....-- .....--------------------

v~ ~orr[OT5:cl'.------ .--......-- ,..", ..,- .....--" ....-.--......... --------- .. •••.."_.m.'" ---------- f--- " ..------ ------- -- ......

•~.2lfN S-7@O.5 Soil 1 Jar .f
------.--.- ..-.--."-. - bJ./-(Ol(lo--r5;ory- -------- .------ ----- -- ----- ---- ..-.-

b~5A S-7@1.0 . Soil 1 Jar .f_r
/ -')../I9IlIV I ILl II ~ . -r- / /

/" \ - I ' ~V" . ,Jal y y y ----c7 .~

lU 1 / '!( ,I ~ .. - T~_ .I I I

=-"v -/ -.'§ V" .~
~. - -- -t/ of of

M.1 ,",'-'1 "'/ .r~~ );.- T_ I 6
V

iL - ~ .7' V \r-Y'f' ",011 • Yiir···· on

ilill!1J'~lij ~~~~L"n Tn_
I '1if'~7~' .u :SoIl y

"<1'1! .;;, ./.. 1 /Iill "'7" ~~~ • - ~v •• y

02.611 S-14@O.5 3(1 tr I/o I rIA.~s( Soil .. 1 Jar .f
Date:

Sample seals intact? 0 Yes 0 NO0 N/A

page~ Of~

Print:

Time:

Time: ~ " 2.<' f't1 IReceived By:

o NO Method of Shipment _

unless other arrange -ments are made..- ....-,., •...•...

Log In Reviewed

Date:

\0
Date:

J fl.1M( ;rin •.

Were Samples Received in Good Condition? 0 Yes 0 NO

NOTE:

Relinquished By:
1

Relinquished By:
2

http://www.torrentlab.com
mailto:jamesJipple@urscorp.com


--------_._----- -- --_ ... _" .". ".,';; ....•--.,~-~-

RESET-
483 Sinclair Frontage Road

Milpitas, CA 95035

Phone: 408.263.5258

FAX: 408.263.8293

www.torrentlab.com

CHAIN OF CUSTODY
03//6

Company Name: URS Corporation Location of Sampling: Petaluma, CA

Address: 100 W San Fernando Street, Suite 200 Purpose: Hazardous Materials Investigation for HWY 101 MSN 84 Project

City: San Jose I State:" CA Zip Code: 95113 Special Instructions I Comments:
______ •_______________ ._ •• m •• _ •••••• _ ••••••• ____ ••• _. ________ ._ •• _. _________ ••••••• __ ._ •••• __ ••

Telephone: 408-297-9585 FAX: 408-297-6962

REPORT TO: J Ripple SAMPLER: J Ripple/M Thummaluru P.O.#: 28645045.03200 EMAIL: James ripple@urscorp.com

TURNAROUND TIME: SAMPLE TYPE: REPORT FORMAT: =:l'G'
Eo-< :; '":; ~

'"
.•...

III 10WorkDays o 3WorkDays o Noon- NxtDay o StormWater o Air o QC LevelIV - ....;l ~~ ~ ~ = ~ ANALYSISo WasteWater o Other o EDF
.•... ~~ ~ ~ • REQUESTEDo 7WorkDays o 2 WorkDays o 2 - 8 Hours :; eJIo GroundWater o Excel! EDD = Eo-< .Q ~
r-- e =:l '" ~o 5WorkDays o 1WorkDay o Other o Soil
....• -- -- = 0'tl eJI .•...
:; I I '" '" '"

== ==
~ ~ U 'tl

DATE I TIME #OF CONT -< ~ ~ .Q

==
e,:, 0 ~

CLIENT'S SAMPLE 1.0. MATRIX '" ~
LAB 10 SAMPLED CO NT TYPE U Eo-< Eo-< -< Q. l£l ;, ....;l REMARKS

(1)6f} .
e-.>rl4/tO 1)':.Ltr;- .fS-2@O.5 Soil . 1 Jar

m •• ___ ._ ••• __ •__ '

~10TrO . ....-.- ...._._--~-- -. ~-

017 fJ S-2@1.0 J )~SD Soil 1 Jar .f
--------.--- ...--...---- ..--.......-..

Cibl~f~
.._ .._.h ...._. .--."--_ .. --..- .....-- . ---. - ...- . _m._ ..-.-.-.- _..._m....._"m .._.._ . ...--....-- ......•-•.•.....•...•

__ m_

07811 S-3@O.5 .. Soil 1 Jar .f
mm___ ._.__ ...._______ .._·.._ ..·____

q19t/ . S-3@1.0 ' a31\~ (0, Soil 1 Jar .f.
02011 S-4@O.5 tDlt9.{~C) ~~ ••~b Soil 1 Jar .f
O?lA S-4@1.0 a~h9 {lD Soil 1 Jar .f
'J •• ; 1(,~3D •.

S5~ t\ ~it'8,(lO ~ . . T__
/ / -or C/

15'".~
•.••un ..- T _6

'.'
C< ~----.~

Cl'"lI.RJI1 •••.
sod 1 Jar

, . .~V/itiii/ '-/ .v JS~r?- -V
:,:.: .. ':; 0

J-S 5d@O;S r~;SC1.. :sod 1 Jar

~-d@1:O - -031f~f{v Soil /-
15-.,( I <JaT

Y
.

Relinquished By:
J~~in' Ti~e~ 'lP ~ f1 IReceived By: Print: I Date: I Time:

1
2 Relinquished BY: Time: Print: .

"o NO Method of Shipment Sample seals intact? 0 Yes 0 NO0 N/A-----------
unless other arran~e.' Page ~ of ~

Log In Reviewed

are discarded by t~e laboratory 30NOTE: Sar.ne!~s,

Log In By: .._c~ •._~ __ "•••_ •."c •.. ~." ••••..•

Were Samples Received in Good Condition? 0 Yes 0 NO

http://www.torrentlab.com
mailto:ripple@urscorp.com


RESET-
483 Sinclair Frontage Road

Milpitas, CA 95035
Phone: 408.263.5258
FAX: 408.263.8293
www.torrentlab.com

CHAIN OF CUSTODY LAB WORK ORDER NO

1003/16

Company Name: URS Corporation Location of Sampling: Petaluma, CA

Address: 100 W San Fernando Street, Suite 200 Purpose: Hazardous Materials Investigation for HWY 101 MSN B4 Project

City: San Jose I State: CA Zip Code: 95113 Special Instructions / Comments:---_ ....

Telephone: 408-297~9585 FAX: 408~297-6962

REPORT TO: J Ripple SAMPLER: J Ripple/M Thummaluru P.O. #: 28645045.03200 EMAIL: jamesJipple@urscorp.com
,

=igTURNAROUND TIME: SAMPLE TYPE: REPORT FORMAT: E-
~

~

~

~~ ..•...
III 10 WorkDays 0 3WorkDays 0 Noon- NxtDay o StormWater o Air o QC LevelIV - ...:l C':l

~ ANALYSISC':l
=-- =o WasteWater .0 Other o EDF

..•... ~
D'2Work Days 02 -8 Hours

~ ~ ~ REQUESTEDo 7WorkDays ~
bJIo GroundWater o ExcelI EDD = E- ..c ~

r-- 8 = ~ ~o 5WorkDays o 1WorkDay o Other o Soil - -- -- = 0't:l bJI - ~
~

I I ~ ~
== ==

~ C':l U 't:l..c C':l

CLIENT'S SAMPLE I.D," •
DATE / TIME

MATRIX
#OF CONT -< =-- =-- ~

== C-' 0 ~
REMARKSLABID

SAMPj,..ED CONT TYPE U E- E- -< Q. l£l ;, ...:l
.

'" ~ ""'~ ~ ..••.,.L\1 'l:::.' 1/,,:; /;,.., / ~.•a 1 T f
xx ."",,'V \

I I~.
y

.....••.•.-----.---- ...-- ..---.---- ..-.. n31(Cl~OJlq'O~ ...- ...------- .--.-.- -.-----.- --.-.- ..---- ----.--- ...----.--- ---...- --- -..--.-. -.- ...--.....

r:rtJ7A S-15@O.5 / . Soil 1 Jar .f .f .f
. --.- --- .. ---- ---- --~- _ ..oiTiiilto['( Lfo~-.-. --.- - .. - ...- ---- ........•.- -- .....- . ...--- ...... -- ...... -- - •....- m •••• _ "-----. ...--.- ..."

(}1)g IJ S-15@1.0 . Soil 1 Jar .f /

• ____ "m __ ••• _._._._ ••• ___ m ••• _

o3J77f7iort 'f~~--.- ...... _._- ...---

oj'l/l S-15@1.5 . Soil 1 Jar .f
0'0 II S-15@2.0 D~I(~/(~( ll.\ \~ Soil 1 Jar .f
)ltA S-15@3.0 OJf(<7/ro ( l~n. Soil 1 Jar .f
~!"f.A N-3@O.5 o3{A!{() Soil 1 Jar ..f

11:/Q.. I II /I
",AW1Hn 03/10;/10 ~ .f .f .f 6'"i)J3 N-3@1.0 Soil 1 Jar ,Jl'tpz't<>"

t),!ill N-5@O.5 1:l3} I~ /)0 ,~ Soil 1 Jar .f .;{#'
015 It N-5@1.0 - o3{lq{ro . J..( Soil 1 Jar .f .f .f, I" ,.,

Date:

Sample seals intact? DYes 0 NO D N/A

Page~ Of~

Date:

Print:

are made.

Received By:

Receive

o NO Method of Shipment

Time:

_b '.2.0 PM
Time:

unless other arrange

Log In Reviewed By:

Date:

l~
Date:

Date:

DYes 0 NO

J Print: ~ \.~c.-cS I"
Print:

are discarded

Relinquished By:
2

Were Samples Received in Good Condition?

NOTE:

Log In By: ,
_,""-"'3;;';;"",' •....'r '"

Relinquished By:
1

http://www.torrentlab.com
mailto:jamesJipple@urscorp.com


RESET- CHAIN OF CUSTODY
483 Sinclair Frontage Road

Milpitas, CA 95035
Phone: 408.263.5258
FAX: 408.263.8293
www.torrentlab.com

Company Name: URS Corporation
,.

Location of Sampling: Petaluma, CA

Address: 100 W San Fernando Street, Suite 200 Purpose: Hazardous Materials Investigation for HWY 101 MSN B4 Project

City: San Jose I State: CA Zip Code: 95113 Special Instructions / Comments:
---.-

Telephone: 408-297-9585 FAX: 408-297-6962

REPORT TO: J Ripple SAMPLER: J Ripple/M Thummaluru P.O.#: 28645045.03200 EMAIL: james Jipple@urscorp.com

TURNAROUND TIME: SAMPLE TYPE: REPORT FORMAT: =GE-o
~ '"~

~
'"

.•..
1ZI1o WorkDays o 3WorkDays o Noon- NxtDay o StormWater o Air o QC LevelIV '; ..;I ~

~ ANALYSIS~ ~ =o WasteWater o Other o EDF
.•.. ~ REQUESTED~ ~ •....o 7WorkDays o 2 WorkDays o 2 - 8 Hours ~

I:lJ), o Excel1 EDD
Q E-o .Q •....o GroundWater r-- e = '"

~ .jo 5WorkDays o 1WorkDay o Other (2lSoil .... -- -- Q 0"t:l I:lJ) .•..
'"~

I I '" '"
== ==

~ ~ U "t:l
-< .Q

I.:l 0 ~
DATE / TIME

MATRIX
#OF CO NT ~ ~ '" == ~

REMARKSLAB 10 CLIENT'S SAMPLE I.D.
SAMPLED CO NT TYPE U E-o E-o -< Cl. III > ..;I

\: 12>{ (BleD .,., .•" ". _ r-. - .:r~_ -\7 __. ... j:'\J - -, T ['--"._~••~ ..___ _.__ ....__~?,'4-> . Z)C>" \
--.--- .. -_ ..

1\".<+ i!i:'~
J

'.J 'n _&L(glo_:> __ ...:___ .p3IL9L2_J():.~~L I :farJ
.. ~-

I~~!:!A'
___ '___ m._._ 1---•.....__ .... 1--- ....-f---- . --.-- .....- •.. -.........--

_.~.::L(iLL~Q__.........:..__._~h91!.~JQ!~ . ~~ I ..J0.'-l_ /.-. ,.,
i')gdli

--......---.--- ----.-.- .." 1----_. ..-- ..-- --..-
5 --(£.. (OJ o~(""" .. ()~IAr~ t .~J'~ I .s~ \ ~ V" ,,.. .. V1_ ••••...•. "

S -\-6 ~10jO/i \~o rYl,f/q In> 11~\li,
D.3iA 5-\60 \..s- 1M II&. fro t~~.~ V
()';l..!'i

"I '[

V
"c;..-

[v •••" $ \G, ~ 'i.~ 6J/10I/ro n:w 1)6
.•••.:?' <>. '-' C I

~
~

(\1\

s- \b (OJ 3,-0 D)!f(1!/o 13~l{q \
1/ '

~ V,,,"" :;;;:H.• ---- ~ I

'"

Relinquished By:
1

Relinquished By:
2

J
Print·

~t) p\
Print:

Date:
/1>

Date:

Time:, ~ Z. t> YM
Time:

Received By: Time:

Date:

Were Samples Received in Good Condition? 0 Yes 0 NO Samples on Ice? 0 Yes 0 NO Method of Shipment Sample seals intact? 0 Yes 0 NO0 N/A-----------
NOTE: are discarded the laboratory 3Q~Y~~!!.1,~ate ~~l~~~Pt unless other arrange -ments are made, ,..--'" ,="••-~, Page ~ of ~

Log In By:. ,', '. ,Date: .• , I Log In Reviewed
F;,"='"".;;;,_;,;,~,:.:..,••.-" •.",_":::':::,:,:,,:;.,;,,;,,,':':"'h"'S',;"",.:,;,.,,:,,·.·:,'-0"~_._.·,.,:.','''''''''':·."""';,:, ••••. a.-:_"""",,, ,,' ... ....-i __ ·;,:":'""":'::',:·,::~"",m"·,·.,:.".,.",:",;",~,;

http://www.torrentlab.com
mailto:Jipple@urscorp.com


URS (San Jose)
100 W San Fernando St, Suite200
San Jose, California 95113
Tel: 4082979585
Fax: 4082976962

RE: HWY 101 MSN B4 project,Petaluma, CA,

Torrent Laboratory, Inc. received 33 sample(s) on March 19, 2010 for the analyses 
presented in the following Report.

Dear James Ripple:

Work Order No.:  1003116 Rev:  1

All data for associated QC met EPA or laboratory specification(s) except where noted in the 
case narrative.

Torrent Laboratory, Inc. is certified by the State of California, ELAP #1991.  If you have any 
questions regarding these test results, please feel free to contact the Project Management 
Team at (408)263-5258; ext 204.

Date

May 25, 2010

Nutan Kabir

Page 1 of 64Total Page Count:  64



Date:  5/25/2010

Client:  URS (San Jose)

Project:  HWY 101 MSN B4 project,Petaluma, CA,

Work Order:  1003116

CASE NARRATIVE

 Analytical Comments for Asbestos, Note: Analysis performed by sub-contract laboratory EMSL, Inc 
NVLAP Certification # 101048-3. Results to follow under separate cover.

No issues encountered with the receiving, preparation, analysis or reporting of the results associated with 
this work order.

Revisions:

Per client request, addtional anlaysis on specified samples for STLC, SI-STLC and TCLP were performed

Note: Extraction of 50 g sample / 500g 0.2M Sodium Citrate Solution was performed according to wet 
extraction procedure (WET) which was rotated in a rotary shaker for 48 hours.
         
 
          Date Prepared: 5/9/10 @ 1PM to 5/11/10 @ 1PM

Note: Extraction of 50 g sample  with DI water was performed according to wet extraction procedure (WET) 
which was rotated in a rotary shaker for 48 hours.
         
 
          Date Prepared: 5/11/10 @ 11:20AM to 5/3/10 @ 11:20AM.

Rev1   5/17/10

Page 2 of 64Total Page Count:  64



Report prepared for:  James Ripple

URS (San Jose)

Date Received:  03/19/10

Date Reported:  05/25/10

Sample Result Summary

1003116-001AN-5@1.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead (STLC) mg/L1.20.100.0500SW6010B 1

Lead mg/Kg651.00.13SW6010B 1

1003116-002AN-6@0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead (STLC) mg/L2.90.100.0500SW6010B 1

Lead mg/Kg3201.00.13SW6010B 1

gamma-Chlordane ug/Kg178017SW8081A 40

Aroclor1260 mg/Kg0.861.00.270SW8082 10

1003116-003AN-6@1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead (STLC) mg/L4.80.100.0500SW6010B 1

Lead mg/Kg1201.00.13SW6010B 1

1003116-004AN-6@1.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead (STLC) mg/L100.100.0500SW6010B 1

Lead (TCLP) mg/L0.310.100.05SW6010B 1

Chromium mg/Kg455.00.0590SW6010B 1
Lead mg/Kg2101.00.13SW6010B 1

Page 3 of 64Total Page Count:  64



Report prepared for:  James Ripple

URS (San Jose)

Date Received:  03/19/10

Date Reported:  05/25/10

Sample Result Summary

1003116-005AN-6@2.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead (STLC) mg/L1.30.100.0500SW6010B 1

Lead mg/Kg1401.00.13SW6010B 1

1003116-006AN-6@3.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Arsenic mg/Kg1.81.70.28SW6010B 1
Barium mg/Kg695.01SW6010B 1
Chromium mg/Kg675.00.0590SW6010B 1
Cobalt mg/Kg225.00.14SW6010B 1
Copper mg/Kg255.00.0900SW6010B 1
Lead mg/Kg121.00.13SW6010B 1
Nickel mg/Kg665.00.0590SW6010B 1
Vanadium mg/Kg815.00.12SW6010B 1
Zinc mg/Kg465.00.59SW6010B 1

pH S.U.7.752.00.10SW9045C 1

1003116-007AS-15@0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Arsenic mg/Kg5.21.70.28SW6010B 1
Barium mg/Kg1205.01SW6010B 1
Chromium mg/Kg505.00.0590SW6010B 1
Cobalt mg/Kg135.00.14SW6010B 1
Copper mg/Kg295.00.0900SW6010B 1
Lead mg/Kg161.00.13SW6010B 1
Molybdenum mg/Kg5.35.00.0590SW6010B 1
Nickel mg/Kg555.00.0590SW6010B 1
Silver mg/Kg1.11.00SW6010B 1
Vanadium mg/Kg415.00.12SW6010B 1
Zinc mg/Kg595.00.59SW6010B 1

Mercury mg/Kg0.410.100.017471B 1

pH S.U.8.162.00.10SW9045C 1

Page 4 of 64Total Page Count:  64



Report prepared for:  James Ripple

URS (San Jose)

Date Received:  03/19/10

Date Reported:  05/25/10

Sample Result Summary

1003116-008AS-15@1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg141.00.13SW6010B 1

1003116-009AS-15@1.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg141.00.13SW6010B 1

1003116-010AS-15@2.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg131.00.13SW6010B 1

1003116-011AS-15@3.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg151.00.13SW6010B 1

1003116-012AN-3@0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg431.00.13SW6010B 1

1003116-013AN-3@1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Arsenic mg/Kg2.61.70.28SW6010B 1
Barium mg/Kg535.01SW6010B 1
Chromium mg/Kg255.00.0590SW6010B 1
Cobalt mg/Kg125.00.14SW6010B 1
Copper mg/Kg275.00.0900SW6010B 1
Lead mg/Kg481.00.13SW6010B 1
Nickel mg/Kg465.00.0590SW6010B 1
Vanadium mg/Kg325.00.12SW6010B 1
Zinc mg/Kg745.00.59SW6010B 1

pH S.U.7.682.00.10SW9045C 1
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Report prepared for:  James Ripple

URS (San Jose)

Date Received:  03/19/10

Date Reported:  05/25/10

Sample Result Summary

1003116-014AN-5@0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead (STLC) mg/L180.100.0500SW6010B 1

Lead (TCLP) mg/L0.260.100.05SW6010B 1

Lead mg/Kg3701.00.13SW6010B 1

1003116-015AN-5@1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead (STLC) mg/L110.100.0500SW6010B 1

Lead (TCLP) mg/L0.100.100.05SW6010B 1

Arsenic mg/Kg4.31.70.28SW6010B 1
Barium mg/Kg685.01SW6010B 1
Chromium mg/Kg565.00.0590SW6010B 1
Cobalt mg/Kg245.00.14SW6010B 1
Copper mg/Kg415.00.0900SW6010B 1
Lead mg/Kg2801.00.13SW6010B 1
Nickel mg/Kg595.00.0590SW6010B 1
Vanadium mg/Kg685.00.12SW6010B 1
Zinc mg/Kg905.00.59SW6010B 1

pH S.U.7.192.00.10SW9045C 1

1003116-016AS-2@0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg181.00.13SW6010B 1

1003116-017AS-2@1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg7.51.00.13SW6010B 1
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Report prepared for:  James Ripple

URS (San Jose)

Date Received:  03/19/10

Date Reported:  05/25/10

Sample Result Summary

1003116-018AS-3@0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg121.00.13SW6010B 1

1003116-019AS-3@1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg5.51.00.13SW6010B 1

1003116-020AS-4@0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg141.00.13SW6010B 1

1003116-021AS-4@1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg9.21.00.13SW6010B 1

1003116-022AS-6@0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg111.00.13SW6010B 1

1003116-023AS-6@1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg8.11.00.13SW6010B 1

1003116-024AS-7@0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg171.00.13SW6010B 1
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Report prepared for:  James Ripple

URS (San Jose)

Date Received:  03/19/10

Date Reported:  05/25/10

Sample Result Summary

1003116-025AS-7@1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg141.00.13SW6010B 1

1003116-026AS-14@0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead (STLC) mg/L150.100.0500SW6010B 1

Lead (TCLP) mg/L0.120.100.05SW6010B 1

Lead mg/Kg4501.00.13SW6010B 1

Lead (DI-STLC) mg/L0.150.100.0500SW6010B 1

1003116-027AN-1@0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead (STLC) mg/L120.100.0500SW6010B 1

Lead mg/Kg2701.00.13SW6010B 1

1003116-028AN-1@1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead (STLC) mg/L0.910.100.0500SW6010B 1

Lead mg/Kg531.00.13SW6010B 1

Lead (DI-STLC) mg/L0.170.100.0500SW6010B 1
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Report prepared for:  James Ripple

URS (San Jose)

Date Received:  03/19/10

Date Reported:  05/25/10

Sample Result Summary

1003116-029AS-16@0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead (STLC) mg/L3.60.100.0500SW6010B 1

Lead mg/Kg741.00.13SW6010B 1

Lead (DI-STLC) mg/L0.130.100.0500SW6010B 1

1003116-030AS-16@1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg231.00.13SW6010B 1

1003116-031AS-16@1.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg111.00.13SW6010B 1

1003116-032AS-16@2.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg141.00.13SW6010B 1

1003116-033AS-16@3.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg6.11.00.13SW6010B 1
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/25/10
Date Received:  03/19/10

URS (San Jose)
James Ripple

1003116-001ALab Sample ID:  

Sample Matrix: Soil

N-5@1.5

HWY 101 MSN B4 project,Petaluma, CA,

28645045.03200

03/19/10 / 11:40

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/11/10 400853mg/L1.2Lead (STLC) 05/12/10 0.0500 0.10 04121

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 3/22/10 400355mg/Kg65Lead 03/23/10 0.13 1.0 01851

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/13/10 400864mg/LNDLead (DI-STLC) 05/13/10 0.0500 0.10 04231
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/25/10
Date Received:  03/19/10

URS (San Jose)
James Ripple

1003116-002ALab Sample ID:  

Sample Matrix: Soil

N-6@0.5

HWY 101 MSN B4 project,Petaluma, CA,

28645045.03200

03/19/10 / 11:50

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/11/10 400853mg/L2.9Lead (STLC) 05/12/10 0.0500 0.10 04121

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/7/10 400786mg/LNDLead (TCLP) 05/07/10 0.05 0.10 03921

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 3/22/10 400355mg/Kg320Lead 03/23/10 0.13 1.0 01851

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/13/10 400864mg/LNDLead (DI-STLC) 05/13/10 0.0500 0.10 04231

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

The results shown below are reported using their MDL. 
SW8081A 3/25/10 400369ug/KgNDalpha-BHC 03/25/10 18 80 019140

SW8081A 3/25/10 400369ug/KgNDgamma-BHC 03/25/10 16 80 019140

SW8081A 3/25/10 400369ug/KgNDbeta-BHC 03/25/10 15 80 019140

SW8081A 3/25/10 400369ug/KgNDdelta-BHC 03/25/10 20 80 019140

SW8081A 3/25/10 400369ug/KgNDHeptachlor 03/25/10 44 80 019140

SW8081A 3/25/10 400369ug/KgNDAldrin 03/25/10 18 80 019140

SW8081A 3/25/10 400369ug/KgNDHeptachlor epoxide 03/25/10 13 80 019140

SW8081A 3/25/10 400369ug/Kg17gamma-Chlordane 03/25/10 17 80 019140

SW8081A 3/25/10 400369ug/KgNDalpha-Chlordane 03/25/10 14 80 019140

SW8081A 3/25/10 400369ug/KgNDEndosulfan I 03/25/10 24 80 019140

SW8081A 3/25/10 400369ug/KgND4,4'-DDE 03/25/10 19 80 019140

SW8081A 3/25/10 400369ug/KgNDDieldrin 03/25/10 17 80 019140

SW8081A 3/25/10 400369ug/KgNDEndrin 03/25/10 23 80 019140

SW8081A 3/25/10 400369ug/KgND4,4'-DDD 03/25/10 19 80 019140

SW8081A 3/25/10 400369ug/KgNDEndosulfan II 03/25/10 61 80 019140

SW8081A 3/25/10 400369ug/KgND4,4'-DDT 03/25/10 32 80 019140

SW8081A 3/25/10 400369ug/KgNDEndrin aldehyde 03/25/10 41 80 019140
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/25/10
Date Received:  03/19/10

URS (San Jose)
James Ripple

1003116-002ALab Sample ID:  

Sample Matrix: Soil

N-6@0.5

HWY 101 MSN B4 project,Petaluma, CA,

28645045.03200

03/19/10 / 11:50

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

The results shown below are reported using their MDL. 
SW8081A 3/25/10 400369ug/KgNDEndosulfan sulfate 03/25/10 20 80 019140

SW8081A 3/25/10 400369ug/KgNDMethoxychlor 03/25/10 25 200 019140

SW8081A 3/25/10 400369ug/KgNDEndrin Ketone 03/25/10 16 80 019140

SW8081A 3/25/10 400369ug/KgNDChlordane 03/25/10 400 800 019140

SW8081A 3/25/10 400369ug/KgNDToxaphene 03/25/10 400 4000 019140

SW8081A 3/25/10 400369D %92.9TCMX (S) 03/25/10 52.5 139 019140

SW8081A 3/25/10 400369D %80.9DCBP (S) 03/25/10 50.2 139 019140

Note: D - Surrogates diluted out.  Reporting limits increased due to the nature of the sample matrix (dark color extract).  All compounds reported to the 
MDL.

NOTE:

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

The results shown below are reported using their MDL. 
SW8082 3/24/10 400377mg/KgNDAroclor1016 03/25/10 0.230 1.0 019510

SW8082 3/24/10 400377mg/KgNDAroclor1221 03/25/10 0.920 2.0 019510

SW8082 3/24/10 400377mg/KgNDAroclor1232 03/25/10 0.460 1.0 019510

SW8082 3/24/10 400377mg/KgNDAroclor1242 03/25/10 0.430 1.0 019510

SW8082 3/24/10 400377mg/KgNDAroclor1248 03/25/10 0.360 1.0 019510

SW8082 3/24/10 400377mg/KgNDAroclor1254 03/25/10 0.240 1.0 019510

SW8082 3/24/10 400377J mg/Kg0.86Aroclor1260 03/25/10 0.270 1.0 019510

SW8082 3/24/10 400377S,D %139TCMX (S) 03/25/10 51.7 128 019510

SW8082 3/24/10 400377S,D %149DCBP (S) 03/25/10 55.1 113 019510

Note: Reporting limits increased due to the nature of the sample matrix (dark color extract).  D - Surrogates diluted out. All compounds reported to the 
MDL.  Values detected between the MDL and RL should be considered as estimated and would be flagged

NOTE:
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/25/10
Date Received:  03/19/10

URS (San Jose)
James Ripple

1003116-003ALab Sample ID:  

Sample Matrix: Soil

N-6@1.0

HWY 101 MSN B4 project,Petaluma, CA,

28645045.03200

03/19/10 / 11:59

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/11/10 400853mg/L4.8Lead (STLC) 05/12/10 0.0500 0.10 04121

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 3/22/10 400357mg/Kg120Lead 03/23/10 0.13 1.0 01871

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/13/10 400864mg/LNDLead (DI-STLC) 05/13/10 0.0500 0.10 04231
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/25/10
Date Received:  03/19/10

URS (San Jose)
James Ripple

1003116-004ALab Sample ID:  

Sample Matrix: Soil

N-6@1.5

HWY 101 MSN B4 project,Petaluma, CA,

28645045.03200

03/19/10 / 12:03

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/11/10 400853mg/L10Lead (STLC) 05/12/10 0.0500 0.10 04121

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/7/10 400786mg/L0.31Lead (TCLP) 05/07/10 0.05 0.10 03921

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 3/22/10 400357mg/Kg45Chromium 03/23/10 0.0590 5.0 01871

SW6010B 3/22/10 400357mg/Kg210Lead 03/23/10 0.13 1.0 01871

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/13/10 400864mg/LNDLead (DI-STLC) 05/13/10 0.0500 0.10 04231
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/25/10
Date Received:  03/19/10

URS (San Jose)
James Ripple

1003116-005ALab Sample ID:  

Sample Matrix: Soil

N-6@2.0

HWY 101 MSN B4 project,Petaluma, CA,

28645045.03200

03/19/10 / 12:08

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/11/10 400853mg/L1.3Lead (STLC) 05/12/10 0.0500 0.10 04121

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/7/10 400786mg/LNDLead (TCLP) 05/07/10 0.05 0.10 03921

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 3/22/10 400357mg/Kg140Lead 03/23/10 0.13 1.0 01871

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/13/10 400864mg/LNDLead (DI-STLC) 05/13/10 0.0500 0.10 04231
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/25/10
Date Received:  03/19/10

URS (San Jose)
James Ripple

1003116-006ALab Sample ID:  

Sample Matrix: Soil

N-6@3.0

HWY 101 MSN B4 project,Petaluma, CA,

28645045.03200

03/19/10 / 12:14

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 3/22/10 400357mg/KgNDAntimony 03/23/10 0.20 5.0 01871

SW6010B 3/22/10 400357mg/Kg1.8Arsenic 03/23/10 0.28 1.7 01871

SW6010B 3/22/10 400357mg/Kg69Barium 03/23/10 1 5.0 01871

SW6010B 3/22/10 400357mg/KgNDBeryllium 03/23/10 0.0840 2.0 01871

SW6010B 3/22/10 400357mg/KgNDCadmium 03/23/10 0.0590 1.0 01871

SW6010B 3/22/10 400357mg/Kg67Chromium 03/23/10 0.0590 5.0 01871

SW6010B 3/22/10 400357mg/Kg22Cobalt 03/23/10 0.14 5.0 01871

SW6010B 3/22/10 400357mg/Kg25Copper 03/23/10 0.0900 5.0 01871

SW6010B 3/22/10 400357mg/Kg12Lead 03/23/10 0.13 1.0 01871

SW6010B 3/22/10 400357mg/KgNDMolybdenum 03/23/10 0.0590 5.0 01871

SW6010B 3/22/10 400357mg/Kg66Nickel 03/23/10 0.0590 5.0 01871

SW6010B 3/22/10 400357mg/KgNDSelenium 03/23/10 0.29 5.0 01871

SW6010B 3/22/10 400357mg/KgNDSilver 03/23/10 0 1.0 01871

SW6010B 3/22/10 400357mg/KgNDThallium 03/23/10 0.12 5.0 01871

SW6010B 3/22/10 400357mg/Kg81Vanadium 03/23/10 0.12 5.0 01871

SW6010B 3/22/10 400357mg/Kg46Zinc 03/23/10 0.59 5.0 01871

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

7471B 3/22/10 400337mg/KgNDMercury 03/23/10 0.01 0.10 01811

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW9045C NA 400354S.U.7.75pH 03/23/10 0.10 2.0 NA1
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/25/10
Date Received:  03/19/10

URS (San Jose)
James Ripple

1003116-007ALab Sample ID:  

Sample Matrix: Soil

S-15@0.5

HWY 101 MSN B4 project,Petaluma, CA,

28645045.03200

03/19/10 / 14:03

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 3/22/10 400357mg/KgNDAntimony 03/23/10 0.20 5.0 01871

SW6010B 3/22/10 400357mg/Kg5.2Arsenic 03/23/10 0.28 1.7 01871

SW6010B 3/22/10 400357mg/Kg120Barium 03/23/10 1 5.0 01871

SW6010B 3/22/10 400357mg/KgNDBeryllium 03/23/10 0.0840 2.0 01871

SW6010B 3/22/10 400357mg/KgNDCadmium 03/23/10 0.0590 1.0 01871

SW6010B 3/22/10 400357mg/Kg50Chromium 03/23/10 0.0590 5.0 01871

SW6010B 3/22/10 400357mg/Kg13Cobalt 03/23/10 0.14 5.0 01871

SW6010B 3/22/10 400357mg/Kg29Copper 03/23/10 0.0900 5.0 01871

SW6010B 3/22/10 400357mg/Kg16Lead 03/23/10 0.13 1.0 01871

SW6010B 3/22/10 400357mg/Kg5.3Molybdenum 03/23/10 0.0590 5.0 01871

SW6010B 3/22/10 400357mg/Kg55Nickel 03/23/10 0.0590 5.0 01871

SW6010B 3/22/10 400357mg/KgNDSelenium 03/23/10 0.29 5.0 01871

SW6010B 3/22/10 400357mg/Kg1.1Silver 03/23/10 0 1.0 01871

SW6010B 3/22/10 400357mg/KgNDThallium 03/23/10 0.12 5.0 01871

SW6010B 3/22/10 400357mg/Kg41Vanadium 03/23/10 0.12 5.0 01871

SW6010B 3/22/10 400357mg/Kg59Zinc 03/23/10 0.59 5.0 01871

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

7471B 3/22/10 400337mg/Kg0.41Mercury 03/23/10 0.01 0.10 01811

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW9045C NA 400354S.U.8.16pH 03/23/10 0.10 2.0 NA1

Page 17 of 64Total Page Count:  64



SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/25/10
Date Received:  03/19/10

URS (San Jose)
James Ripple

1003116-008ALab Sample ID:  

Sample Matrix: Soil

S-15@1.0

HWY 101 MSN B4 project,Petaluma, CA,

28645045.03200

03/19/10 / 14:04

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 3/22/10 400357mg/Kg14Lead 03/23/10 0.13 1.0 01871
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/25/10
Date Received:  03/19/10

URS (San Jose)
James Ripple

1003116-009ALab Sample ID:  

Sample Matrix: Soil

S-15@1.5

HWY 101 MSN B4 project,Petaluma, CA,

28645045.03200

03/19/10 / 14:08

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 3/22/10 400357mg/Kg14Lead 03/23/10 0.13 1.0 01871
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/25/10
Date Received:  03/19/10

URS (San Jose)
James Ripple

1003116-010ALab Sample ID:  

Sample Matrix: Soil

S-15@2.0

HWY 101 MSN B4 project,Petaluma, CA,

28645045.03200

03/19/10 / 14:15

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 3/22/10 400357mg/Kg13Lead 03/23/10 0.13 1.0 01871
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/25/10
Date Received:  03/19/10

URS (San Jose)
James Ripple

1003116-011ALab Sample ID:  

Sample Matrix: Soil

S-15@3.0

HWY 101 MSN B4 project,Petaluma, CA,

28645045.03200

03/19/10 / 14:22

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 3/22/10 400357mg/Kg15Lead 03/23/10 0.13 1.0 01871
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/25/10
Date Received:  03/19/10

URS (San Jose)
James Ripple

1003116-012ALab Sample ID:  

Sample Matrix: Soil

N-3@0.5

HWY 101 MSN B4 project,Petaluma, CA,

28645045.03200

03/19/10 / 11:12

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 3/22/10 400357mg/Kg43Lead 03/23/10 0.13 1.0 01871
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/25/10
Date Received:  03/19/10

URS (San Jose)
James Ripple

1003116-013ALab Sample ID:  

Sample Matrix: Soil

N-3@1.0

HWY 101 MSN B4 project,Petaluma, CA,

28645045.03200

03/19/10 / 11:15

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 3/22/10 400357mg/KgNDAntimony 03/23/10 0.20 5.0 01871

SW6010B 3/22/10 400357mg/Kg2.6Arsenic 03/23/10 0.28 1.7 01871

SW6010B 3/22/10 400357mg/Kg53Barium 03/23/10 1 5.0 01871

SW6010B 3/22/10 400357mg/KgNDBeryllium 03/23/10 0.0840 2.0 01871

SW6010B 3/22/10 400357mg/KgNDCadmium 03/23/10 0.0590 1.0 01871

SW6010B 3/22/10 400357mg/Kg25Chromium 03/23/10 0.0590 5.0 01871

SW6010B 3/22/10 400357mg/Kg12Cobalt 03/23/10 0.14 5.0 01871

SW6010B 3/22/10 400357mg/Kg27Copper 03/23/10 0.0900 5.0 01871

SW6010B 3/22/10 400357mg/Kg48Lead 03/23/10 0.13 1.0 01871

SW6010B 3/22/10 400357mg/KgNDMolybdenum 03/23/10 0.0590 5.0 01871

SW6010B 3/22/10 400357mg/Kg46Nickel 03/23/10 0.0590 5.0 01871

SW6010B 3/22/10 400357mg/KgNDSelenium 03/23/10 0.29 5.0 01871

SW6010B 3/22/10 400357mg/KgNDSilver 03/23/10 0 1.0 01871

SW6010B 3/22/10 400357mg/KgNDThallium 03/23/10 0.12 5.0 01871

SW6010B 3/22/10 400357mg/Kg32Vanadium 03/23/10 0.12 5.0 01871

SW6010B 3/22/10 400357mg/Kg74Zinc 03/23/10 0.59 5.0 01871

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

7471B 3/22/10 400337mg/KgNDMercury 03/23/10 0.01 0.10 01811

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW9045C NA 400354S.U.7.68pH 03/23/10 0.10 2.0 NA1
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/25/10
Date Received:  03/19/10

URS (San Jose)
James Ripple

1003116-014ALab Sample ID:  

Sample Matrix: Soil

N-5@0.5

HWY 101 MSN B4 project,Petaluma, CA,

28645045.03200

03/19/10 / 11:26

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/11/10 400853mg/L18Lead (STLC) 05/12/10 0.0500 0.10 04121

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/7/10 400786mg/L0.26Lead (TCLP) 05/07/10 0.05 0.10 03921

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 3/22/10 400357mg/Kg370Lead 03/23/10 0.13 1.0 01871

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/13/10 400864mg/LNDLead (DI-STLC) 05/13/10 0.0500 0.10 04231
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/25/10
Date Received:  03/19/10

URS (San Jose)
James Ripple

1003116-015ALab Sample ID:  

Sample Matrix: Soil

N-5@1.0

HWY 101 MSN B4 project,Petaluma, CA,

28645045.03200

03/19/10 / 11:35

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/11/10 400853mg/L11Lead (STLC) 05/12/10 0.0500 0.10 04121

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/7/10 400786mg/L0.10Lead (TCLP) 05/07/10 0.05 0.10 03921

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 3/22/10 400357mg/KgNDAntimony 03/23/10 0.20 5.0 01871

SW6010B 3/22/10 400357mg/Kg4.3Arsenic 03/23/10 0.28 1.7 01871

SW6010B 3/22/10 400357mg/Kg68Barium 03/23/10 1 5.0 01871

SW6010B 3/22/10 400357mg/KgNDBeryllium 03/23/10 0.0840 2.0 01871

SW6010B 3/22/10 400357mg/KgNDCadmium 03/23/10 0.0590 1.0 01871

SW6010B 3/22/10 400357mg/Kg56Chromium 03/23/10 0.0590 5.0 01871

SW6010B 3/22/10 400357mg/Kg24Cobalt 03/23/10 0.14 5.0 01871

SW6010B 3/22/10 400357mg/Kg41Copper 03/23/10 0.0900 5.0 01871

SW6010B 3/22/10 400357mg/Kg280Lead 03/23/10 0.13 1.0 01871

SW6010B 3/22/10 400357mg/KgNDMolybdenum 03/23/10 0.0590 5.0 01871

SW6010B 3/22/10 400357mg/Kg59Nickel 03/23/10 0.0590 5.0 01871

SW6010B 3/22/10 400357mg/KgNDSelenium 03/23/10 0.29 5.0 01871

SW6010B 3/22/10 400357mg/KgNDSilver 03/23/10 0 1.0 01871

SW6010B 3/22/10 400357mg/KgNDThallium 03/23/10 0.12 5.0 01871

SW6010B 3/22/10 400357mg/Kg68Vanadium 03/23/10 0.12 5.0 01871

SW6010B 3/22/10 400357mg/Kg90Zinc 03/23/10 0.59 5.0 01871

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/13/10 400864mg/LNDLead (DI-STLC) 05/13/10 0.0500 0.10 04231

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

7471B 3/22/10 400337mg/KgNDMercury 03/23/10 0.01 0.10 01811
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/25/10
Date Received:  03/19/10

URS (San Jose)
James Ripple

1003116-015ALab Sample ID:  

Sample Matrix: Soil

N-5@1.0

HWY 101 MSN B4 project,Petaluma, CA,

28645045.03200

03/19/10 / 11:35

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW7199M 5/11/10 400887mg/KgNDHexavalent Chromium 05/11/10 0.015 0.10 04361

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW9045C NA 400354S.U.7.19pH 03/23/10 0.10 2.0 NA1
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/25/10
Date Received:  03/19/10

URS (San Jose)
James Ripple

1003116-016ALab Sample ID:  

Sample Matrix: Soil

S-2@0.5

HWY 101 MSN B4 project,Petaluma, CA,

28645045.03200

03/19/10 / 15:45

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 3/24/10 400391mg/Kg18Lead 03/26/10 0.13 1.0 02051
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/25/10
Date Received:  03/19/10

URS (San Jose)
James Ripple

1003116-017ALab Sample ID:  

Sample Matrix: Soil

S-2@1.0

HWY 101 MSN B4 project,Petaluma, CA,

28645045.03200

03/19/10 / 15:50

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 3/24/10 400391mg/Kg7.5Lead 03/26/10 0.13 1.0 02051
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/25/10
Date Received:  03/19/10

URS (San Jose)
James Ripple

1003116-018ALab Sample ID:  

Sample Matrix: Soil

S-3@0.5

HWY 101 MSN B4 project,Petaluma, CA,

28645045.03200

03/19/10 / 16:05

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 3/24/10 400391mg/Kg12Lead 03/26/10 0.13 1.0 02051
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/25/10
Date Received:  03/19/10

URS (San Jose)
James Ripple

1003116-019ALab Sample ID:  

Sample Matrix: Soil

S-3@1.0

HWY 101 MSN B4 project,Petaluma, CA,

28645045.03200

03/19/10 / 16:08

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 3/24/10 400391mg/Kg5.5Lead 03/26/10 0.13 1.0 02051
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/25/10
Date Received:  03/19/10

URS (San Jose)
James Ripple

1003116-020ALab Sample ID:  

Sample Matrix: Soil

S-4@0.5

HWY 101 MSN B4 project,Petaluma, CA,

28645045.03200

03/19/10 / 15:26

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 3/24/10 400391mg/Kg14Lead 03/26/10 0.13 1.0 02051
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/25/10
Date Received:  03/19/10

URS (San Jose)
James Ripple

1003116-021ALab Sample ID:  

Sample Matrix: Soil

S-4@1.0

HWY 101 MSN B4 project,Petaluma, CA,

28645045.03200

03/19/10 / 15:30

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 3/24/10 400391mg/Kg9.2Lead 03/26/10 0.13 1.0 02051
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/25/10
Date Received:  03/19/10

URS (San Jose)
James Ripple

1003116-022ALab Sample ID:  

Sample Matrix: Soil

S-6@0.5

HWY 101 MSN B4 project,Petaluma, CA,

28645045.03200

03/19/10 / 15:22

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 3/24/10 400391mg/Kg11Lead 03/26/10 0.13 1.0 02051
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/25/10
Date Received:  03/19/10

URS (San Jose)
James Ripple

1003116-023ALab Sample ID:  

Sample Matrix: Soil

S-6@1.0

HWY 101 MSN B4 project,Petaluma, CA,

28645045.03200

03/19/10 / 15:25

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 3/24/10 400391mg/Kg8.1Lead 03/26/10 0.13 1.0 02051
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/25/10
Date Received:  03/19/10

URS (San Jose)
James Ripple

1003116-024ALab Sample ID:  

Sample Matrix: Soil

S-7@0.5

HWY 101 MSN B4 project,Petaluma, CA,

28645045.03200

03/19/10 / 15:05

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 3/24/10 400391mg/Kg17Lead 03/26/10 0.13 1.0 02051
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/25/10
Date Received:  03/19/10

URS (San Jose)
James Ripple

1003116-025ALab Sample ID:  

Sample Matrix: Soil

S-7@1.0

HWY 101 MSN B4 project,Petaluma, CA,

28645045.03200

03/19/10 / 15:09

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 3/24/10 400391mg/Kg14Lead 03/26/10 0.13 1.0 02051
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/25/10
Date Received:  03/19/10

URS (San Jose)
James Ripple

1003116-026ALab Sample ID:  

Sample Matrix: Soil

S-14@0.5

HWY 101 MSN B4 project,Petaluma, CA,

28645045.03200

03/19/10 / 14:55

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/11/10 400853mg/L15Lead (STLC) 05/12/10 0.0500 0.10 04121

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/7/10 400786mg/L0.12Lead (TCLP) 05/07/10 0.05 0.10 03921

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 3/24/10 400391mg/Kg450Lead 03/26/10 0.13 1.0 02051

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/13/10 400864mg/L0.15Lead (DI-STLC) 05/13/10 0.0500 0.10 04231
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/25/10
Date Received:  03/19/10

URS (San Jose)
James Ripple

1003116-027ALab Sample ID:  

Sample Matrix: Soil

N-1@0.5

HWY 101 MSN B4 project,Petaluma, CA,

28645045.03200

03/19/10 / 10:53

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/11/10 400853mg/L12Lead (STLC) 05/12/10 0.0500 0.10 04121

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/7/10 400786mg/LNDLead (TCLP) 05/07/10 0.05 0.10 03921

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 3/24/10 400391mg/Kg270Lead 03/26/10 0.13 1.0 02051

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/13/10 400864mg/LNDLead (DI-STLC) 05/13/10 0.0500 0.10 04231
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/25/10
Date Received:  03/19/10

URS (San Jose)
James Ripple

1003116-028ALab Sample ID:  

Sample Matrix: Soil

N-1@1.0

HWY 101 MSN B4 project,Petaluma, CA,

28645045.03200

03/19/10 / 10:58

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/11/10 400853mg/L0.91Lead (STLC) 05/12/10 0.0500 0.10 04121

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 3/24/10 400391mg/Kg53Lead 03/26/10 0.13 1.0 02051

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/13/10 400864mg/L0.17Lead (DI-STLC) 05/13/10 0.0500 0.10 04231
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/25/10
Date Received:  03/19/10

URS (San Jose)
James Ripple

1003116-029ALab Sample ID:  

Sample Matrix: Soil

S-16@0.5

HWY 101 MSN B4 project,Petaluma, CA,

28645045.03200

03/19/10 / 13:31

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/11/10 400853mg/L3.6Lead (STLC) 05/12/10 0.0500 0.10 04121

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 3/24/10 400391mg/Kg74Lead 03/26/10 0.13 1.0 02051

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/13/10 400864mg/L0.13Lead (DI-STLC) 05/13/10 0.0500 0.10 04231
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/25/10
Date Received:  03/19/10

URS (San Jose)
James Ripple

1003116-030ALab Sample ID:  

Sample Matrix: Soil

S-16@1.0

HWY 101 MSN B4 project,Petaluma, CA,

28645045.03200

03/19/10 / 13:34

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 3/24/10 400391mg/Kg23Lead 03/26/10 0.13 1.0 02051
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/25/10
Date Received:  03/19/10

URS (San Jose)
James Ripple

1003116-031ALab Sample ID:  

Sample Matrix: Soil

S-16@1.5

HWY 101 MSN B4 project,Petaluma, CA,

28645045.03200

03/19/10 / 13:36

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 3/24/10 400391mg/Kg11Lead 03/26/10 0.13 1.0 02051
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/25/10
Date Received:  03/19/10

URS (San Jose)
James Ripple

1003116-032ALab Sample ID:  

Sample Matrix: Soil

S-16@2.0

HWY 101 MSN B4 project,Petaluma, CA,

28645045.03200

03/19/10 / 13:40

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 3/24/10 400391mg/Kg14Lead 03/26/10 0.13 1.0 02051
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  05/25/10
Date Received:  03/19/10

URS (San Jose)
James Ripple

1003116-033ALab Sample ID:  

Sample Matrix: Soil

S-16@3.0

HWY 101 MSN B4 project,Petaluma, CA,

28645045.03200

03/19/10 / 13:49

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 3/24/10 400391mg/Kg6.1Lead 03/26/10 0.13 1.0 02051
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MB Summary Report

Work Order:  

Matrix:

Units:

Prep Method: 

7471ABAnalytical 
Method:

Prep Date:

Analyzed Date:

03/22/10 Prep Batch:

Analytical 
Batch:

400337

mg/Kg

03/23/10

018174711003116

Soil

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.01 0.10Mercury ND 

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

03/22/10 Prep Batch:

Analytical 
Batch:

400355

mg/Kg

03/23/10

018530501003116

Soil

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.13 1.0Lead 0.35 

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

03/22/10 Prep Batch:

Analytical 
Batch:

400357

mg/Kg

03/23/10

018730501003116

Soil

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.20 5.0Antimony ND 

0.28 1.7Arsenic ND 

1 5.0Barium ND 

0.0840 2.0Beryllium ND 

0.059 1.0Cadmium ND 

0.059 5.0Chromium 0.10 

0.14 5.0Cobalt ND 

0.090 5.0Copper 0.50 

0.13 1.0Lead 0.25 

0.059 5.0Molybdenum ND 

0.059 5.0Nickel 0.10 

0.29 5.0Selenium ND 

1.0 1.0Silver ND 

0.12 5.0Thallium ND 

0.12 5.0Vanadium ND 

0.59 5.0Zinc 1.1 
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MB Summary Report

Work Order:  

Matrix:

Units:

Prep Method: 

SW8081AAnalytical 
Method:

Prep Date:

Analyzed Date:

03/25/10 Prep Batch:

Analytical 
Batch:

400369

ug/Kg

03/25/10

01913545_OCP1003116

Soil

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.44 2.0alpha-BHC ND 

0.40 2.0gamma-BHC ND 

0.36 2.0beta-BHC ND 

0.49 2.0delta-BHC ND 

1.1 2.0Heptachlor ND 

0.44 2.0Aldrin ND 

0.32 2.0Heptachlor epoxide ND 

0.42 2.0gamma-Chlordane ND 

0.36 2.0alpha-Chlordane ND 

0.59 2.0Endosulfan I ND 

0.48 2.04,4'-DDE ND 

0.43 2.0Dieldrin ND 

0.57 2.0Endrin ND 

0.47 2.04,4'-DDD ND 

1.5 2.0Endosulfan II ND 

0.81 2.04,4'-DDT ND 

1.0 2.0Endrin aldehyde ND 

0.49 2.0Endosulfan sulfate ND 

0.62 5.0Methoxychlor ND 

0.40 2.0Endrin Ketone ND 

10 20Chlordane ND 

10 100Toxaphene ND 

TCMX (S) 96.4 %

DCBP (S) 99.2 %
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MB Summary Report

Work Order:  

Matrix:

Units:

Prep Method: 

SW8082Analytical 
Method:

Prep Date:

Analyzed Date:

03/24/10 Prep Batch:

Analytical 
Batch:

400377

mg/Kg

03/25/10

01953545_PCB1003116

Soil

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.0230 0.10Aroclor1016 ND 

0.0920 0.20Aroclor1221 ND 

0.0460 0.10Aroclor1232 ND 

0.0430 0.10Aroclor1242 ND 

0.0360 0.10Aroclor1248 ND 

0.0240 0.10Aroclor1254 ND 

0.0270 0.10Aroclor1260 ND 

TCMX (S) 94.1 %

DCBP (S) 95.9 %

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

03/24/10 Prep Batch:

Analytical 
Batch:

400391

mg/Kg

03/26/10

020530501003116

Soil

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.13 1.0Lead 0.25 

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

05/07/10 Prep Batch:

Analytical 
Batch:

400786

mg/L

05/07/10

03921311/3010B1003116

Soil

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.0500 0.10Lead (TCLP) ND 

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

05/11/10 Prep Batch:

Analytical 
Batch:

400853

mg/Kg

05/12/10

0412WET/3010B1003116

Soil

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.0500 0.10Lead (STLC) ND 
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MB Summary Report

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

05/13/10 Prep Batch:

Analytical 
Batch:

400864

mg/Kg

05/13/10

0423WET-DI/3010B1003116

Soil

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.0500 0.10Lead (DI-STLC) ND 

Work Order:  

Matrix:

Units:

Prep Method: 

SW7199Analytical 
Method:

Prep Date:

Analyzed Date:

05/11/10 Prep Batch:

Analytical 
Batch:

400887

mg/Kg

05/11/10

04367199M1003116

Soil

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.015 0.10Hexavalent Chromium ND 
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LCS/LCSD Summary Report
Raw values are used in quality control assessment.

Work Order:  

Matrix:

Units:

Prep Method: 

7471BAnalytical 
Method:

Prep Date:

Analyzed Date:

03/22/10 Prep Batch:

Analytical 
Batch:

40033703/23/10

mg/Kg

7471 0181

Soil

1003116

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

0.10 1.250.01 0.00333 1.93 3080.5 - 133Mercury 106 108

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

03/22/10 Prep Batch:

Analytical 
Batch:

40035503/23/10

mg/Kg

3050 0185

Soil

1003116

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

1 500.13 ,0.35 0.705 3067.9 - 118Lead 99.6 98.9

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

03/22/10 Prep Batch:

Analytical 
Batch:

40035703/23/10

mg/Kg

3050 0187

Soil

1003116

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

5 500.2 ,-0.050 0.303 3030.7 - 130Antimony 99.2 98.9

1.7 500.28 ,0.00 0.303 3071 - 121Arsenic 99 98.7

5 501.1 ,0.25 1.88 3070.2 - 130Barium 99.9 102

2 500.084 ,0.00 3.73 3073.3 - 115Beryllium 101.1 97.3

1 500.059 ,0.00 1.99 68.7 - 110Cadmium 94.3 96.2

5 500.059 ,0.10 1.69 3076 - 116Chromium 99.9 102

5 500.14 ,0.050 2.85 3057.4 - 122Cobalt 97 99.8

5 500.09 ,0.50 1.69 3074.8 - 119Copper 100 102

1 500.13 ,0.25 0.201 3067.9 - 118Lead 99.6 99.4

5 500.059 ,0.00 0.196 3062.9 - 123Molybdenum 102.3 102

5 500.059 ,0.10 1.73 3061.5 - 122Nickel 97.6 99.3

5 500.29 ,-0.20 0.638 3062 - 111Selenium 94.3 93.7

1 501 ,-0.050 1.55 3081.1 - 109Silver 96.2 97.7

5 500.12 ,-0.10 0.423 3039.2 - 125Thallium 94.4 94.8

5 500.12 ,0.050 1.49 3065.8 - 122Vanadium 99.9 101

5 500.59 ,1.1 1.08 3059.9 - 122Zinc 100.5 102
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LCS/LCSD Summary Report
Raw values are used in quality control assessment.

Work Order:  

Matrix:

Units:

Prep Method: 

SW8081AAnalytical 
Method:

Prep Date:

Analyzed Date:

03/25/10 Prep Batch:

Analytical 
Batch:

40036903/25/10

ug/Kg

3545_OCP 0191

Soil

1003116

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

2.0 200.40 ,0.00 11.2 3056.9 - 120gamma-BHC 91.7 82.0

2.0 201.1 ,0.00 10.2 3063.6 - 117Heptachlor 98.7 89.1

2.0 200.44 ,0.00 11.1 3053 - 123Aldrin 99.2 88.8

2.0 200.43 ,0.00 13.4 3044 - 130Dieldrin 105 92.2

2.0 200.57 ,0.00 13.5 3044.1 - 121Endrin 104 91.1

2.0 200.81 ,0.00 11.0 3052.8 - 1344,4'-DDT 105 94.3

350 ,0.00 52.5 - 139TCMX (S) 92.2 82.3

350 ,0.00 50.2 - 139DCBP (S) 94.5 82.7

Work Order:  

Matrix:

Units:

Prep Method: 

SW8082Analytical 
Method:

Prep Date:

Analyzed Date:

03/24/10 Prep Batch:

Analytical 
Batch:

40037703/25/10

mg/Kg

3545_PCB 0195

Soil

1003116

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

0.1 10.023 ,0.00072 5.09 3055.6 - 135Aroclor1016 90.002 94.7

0.1 0.50.027 ,0.00 3.01 3065.6 - 132Aroclor1260 94.478 97.4

0.25 ,0.00 51.7 - 128TCMX (S) 86.82 93.9

0.250 ,0.00 55.1 - 113DCBP (S) 91.08 93.8

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

03/24/10 Prep Batch:

Analytical 
Batch:

40039103/26/10

mg/Kg

3050 0205

Soil

1003116

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

1.0 500.13 ,0.25 0.213 3067.9 - 118Lead 94.2 94.0

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

05/07/10 Prep Batch:

Analytical 
Batch:

40078605/07/10

mg/L

1311/3010B 0392

Soil

1003116

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

0.1 100.05 ,0.000 0.644 2080 - 120Lead (TCLP) 92.8 93.4
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LCS/LCSD Summary Report
Raw values are used in quality control assessment.

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

05/11/10 Prep Batch:

Analytical 
Batch:

40085305/12/10

mg/Kg

WET/3010B 0412

Soil

1003116

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

0.10 100.0500 ,0.0100 0.789 2080 - 120Lead (STLC) 101 102

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

05/13/10 Prep Batch:

Analytical 
Batch:

40086405/13/10

mg/L

WET-DI/3010B 0423

Soil

1003116

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

0.10 100.0500 ,0.000 0.0970 2080 - 120Lead (DI-STLC) 103 103

Work Order:  

Matrix:

Units:

Prep Method: 

SW7199Analytical 
Method:

Prep Date:

Analyzed Date:

05/11/10 Prep Batch:

Analytical 
Batch:

40088705/11/10

mg/Kg

7199M 0436

Soil

1003116

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

0.10 0.10.015 ,0.0006 6.16 3065 - 135Hexavalent Chromium 95.9 90.2
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MS/MSD Summary Report
Raw values are used in quality control assessment.

Work Order:  1003116

Analyzed Date:

Prep Date:

Matrix:

Prep Method: 03/24/10

1003116-016ASpiked Sample:

Analytical 
Method:

Prep Batch:

Units:

Analytical 
Batch:

SW6010B 40039103/26/10

mg/Kg

02053050

Soil

Parameters MDL PQL Sample
Conc. 

Spike
Conc.

MS %
Recovery

MSD %
Recovery

MS/MSD
% RPD

%
Recovery

Limits

% RPD
Limits

Lab
Qualifier

50 67.9 - 1180.13 1.0 6.92 30Lead 90.5 82.50.36

Work Order:  1003116

Analyzed Date:

Prep Date:

Matrix:

Prep Method: 05/07/10

1003116-002ASpiked Sample:

Analytical 
Method:

Prep Batch:

Units:

Analytical 
Batch:

SW6010B 40078605/07/10

mg/L

03921311/3010B

Soil

Parameters MDL PQL Sample
Conc. 

Spike
Conc.

MS %
Recovery

MSD %
Recovery

MS/MSD
% RPD

%
Recovery

Limits

% RPD
Limits

Lab
Qualifier

10 75 - 1250.0500 0.10 1.53 20Lead (TCLP) 92.5 91.10.000
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Duplicate QC Summary Report

Work Order:  

Matrix:

Units:

Prep Method: 

SW9045CAnalytical 
Method:

Prep Date:

Analyzed Date:

NA Prep Batch:

Analytical 
Batch:

40035403/23/10

1003116

Lab Sample ID:  1003116-015A-Dup

NA NA

Soil

Parameters PQL MDL Sample
Result

Duplicate
Result

% RPD

pH 0.100 2.00 7.22 0.1047.19

Raw values are used in quality control assessment.
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Laboratory Qualifiers and Definitions

Method Detection Limit (MDL) -  the minimum concentration of a substance that can be measured and reported with a 99% confidence that the analyte 
concentration is greater than zero 

Matrix Spike (MS/MSD) -  Client sample spiked with identical concentrations of target analyte (s).  The spiking occurs prior to the sample preparation and 
analysis.  They are used to document the precision and bias of a method in a given sample matrix.

Matrix - the component or substrate that contains the analyte of interest (e.g., - groundwater, sediment, soil, waste water, etc)

Laboratory Control Sample (LCS ad LCSD) - A known matrix spiked with compounds representative of the target analyte(s).  This is used to document 
laboratory performance.

Duplicate - a field sample and/or laboratory QC sample prepared in duplicate following all of the same processes and procedures used on the original sample 
(sample duplicate, LCSD, MSD)

Blank (Method/Preparation Blank) -MB/PB - An analyte-free matrix to which all reagents are added in the same volumes/proportions as used in sample 
processing.  The method blank is used to document contamination resulting from the analytical process.

Practical Quantitation Limit  (PQL) - a laboratory determined value at 2 to 5 times above the MDL that can be reproduced in a manner that results in a 99% 
confidence level that the result is both accurate and precise. PQLs reflect all preparation factors and/or dilution factors that have been applied to the sample 
during the preparation and/or analytical processes.

Precision (%RPD) - The agreement among a set of replicate/duplicate measurements without regard to known value of the replicates 

 Surrogate (S) or (Surr) - An organic compound which is similar to the target analyte(s) in chemical composition and behavior in the analytical process, but 
which is not normally found in environmental samples. Surrogates are used in most organic analysis to demonstrate matrix compatibility with the chosen method 
of analysis

Tentatively Identified Compound (TIC) - A compound not contained within the analytical calibration standards but present in the GCMS library of defined 
compounds.  When the library is searched for an unknown compound, it can frequently give a tentative identification to the compound based on retention time 
and primary and secondary ion match.  TICs are reported as estimates and are candidates for further investigation.

Units: the unit of measure used to express the reported result - mg/L and mg/Kg (equivalent to PPM - parts per million in liquid and solid), ug/L and ug/Kg 
(equivalent to PPB - parts per billion in liquid and solid), ug/m3, mg.m3, ppbv and ppmv  (all units of measure for reporting concentrations in air), % ( 
equivalent to 10000 ppm or 1,000,000 ppb), ug/Wipe ( concentration found on the surface of a single Wipe usually taken over a 100cm2 surface)

B - Indicates when the anlayte is found in the associated method or preparation blank 
D - Surrogate is not recoverable due to the necessary dilution of the sample
E - Indicates the reportable value is outside of the calibration range of the instrument but within the linear range of the instrument (unless otherwise noted) 
Values reported with an E qualifier should be considered as estimated.
H- Indicates that the recommended holding time for the analyte or compound has been exceeded
J- Indicates a value between the method MDL and PQL and that the reported concentration should be considered as estimated rather the quantitative 
NA - Not Analyzed
N/A - Not Applicable
NR - Not recoverable - a matrix spike concentration is not recoverable due to a concentration within the original sample that is greater than four times the spike 
concentration added
R- The % RPD between a duplicate set of samples is outside of the absolute values established by laboratory control charts
S- Spike recovery is outside of established method and/or laboratory control limits.  Further explanation of the use of this qualifier should be included within a 
case narrative

    X -Used to indicate that a value based on pattern identification is within the pattern range but not typical of the pattern found in standards.       
    Further explanation may or may not be provided within the sample footnote and/or the case narrative.

DEFINITIONS:

Accuracy/Bias (% Recovery) - The closeness of agreement between an observed value and an accepted reference value.

LABORATORY QUALIFIERS:
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pH Adjusted by:  pH Checked by:  

°C5

No VOA vials submitted

Yes

Yes

Temperature:

Water-pH acceptable upon receipt?

Water-VOA vials have zero headspace?

Container/Temp Blank temperature in compliance?

All samples received within holding time?

Sample Preservation and Hold Time (HT) Information

YesSamples containers intact?

Yes

Yes

Not Present

Yes

Sufficient sample volume for indicated test?

Samples in proper container/bottle?

Custody seals intact on shipping container/cooler?

Shipping Container/Cooler In Good Condition?

Sample Receipt Information

Yes

Yes

Yes

Not Present

Chain of custody agrees with sample labels?

Chain of custody signed when relinquished and received?

Chain of custody present?

Custody seals intact on sample bottles?

Chain of Custody (COC) Information

Checklist Completed By:  NG

Carrier Name:  Client Droped off

Physically Logged By:  NG

Received By:   NG

Date and Time Received:  3/19/2010  18:20

Work Order No.:  1003116

Project Name:  HWY 101 MSN B4 project,Petaluma, CA,

Client Name:  URS (San Jose)

Sample Receipt Checklist
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Login Summary Report

Report Due Date:

Received 33 soils. Asbestos PLM subbed to EMSL.

18:20

3/19/2010

IIURS (San Jose)TL5174

HWY 101 MSN B4 project,Petaluma, CA,

28645045.03200

5/14/2010

TAT Requested:

Date Received:

Time Received:

QC Level: 

Project Name:

Project # :

Comments:

Client ID:

5+ day:0

1003116Work Order # :

SubbedRequested
Tests

Test
On Hold

Sample
On Hold

Scheduled
Disposal

MatrixCollection 
Date/Time

Client 
Sample ID

WO Sample ID

N-5@1.51003116-001A Soil 09/15/1003/19/10 11:40
S_6010B(STLC)
S_6010BDI-STLC
S_6010BCAM17

N-6@0.51003116-002A Soil 09/15/1003/19/10 11:50
S_6010B(STLC)
S_6010BDI-STLC
S_8082PCB
S_6010BCAM17
S_8081AOCP
S_6010B(TCLP)

N-6@1.01003116-003A Soil 09/15/1003/19/10 11:59
S_6010B(STLC)
S_6010BCAM17
S_6010BDI-STLC

N-6@1.51003116-004A Soil 09/15/1003/19/10 12:03
S_6010B(STLC)
S_6010BDI-STLC
S_6010B(TCLP)
S_6010BCAM17

N-6@2.01003116-005A Soil 09/15/1003/19/10 12:08
S_6010B(STLC)
S_6010BDI-STLC
S_6010B(TCLP)
S_6010BCAM17

N-6@3.01003116-006A Soil 09/15/1003/19/10 12:14
S_pH9045C
S_6010BCAM17
S_7471BHG
SUB_AsbestosCARB
435

Yes

S-15@0.51003116-007A Soil 09/15/1003/19/10 14:03
S_pH9045C
SUB_AsbestosCARB
435

Yes

S_7471BHG
S_6010BCAM17
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Login Summary Report

Report Due Date:

Received 33 soils. Asbestos PLM subbed to EMSL.

18:20

3/19/2010

IIURS (San Jose)TL5174

HWY 101 MSN B4 project,Petaluma, CA,

28645045.03200

5/14/2010

TAT Requested:

Date Received:

Time Received:

QC Level: 

Project Name:

Project # :

Comments:

Client ID:

5+ day:0

1003116Work Order # :

SubbedRequested
Tests

Test
On Hold

Sample
On Hold

Scheduled
Disposal

MatrixCollection 
Date/Time

Client 
Sample ID

WO Sample ID

S-15@1.01003116-008A Soil 09/15/1003/19/10 14:04
S_6010BCAM17

S-15@1.51003116-009A Soil 09/15/1003/19/10 14:08
S_6010BCAM17

S-15@2.01003116-010A Soil 09/15/1003/19/10 14:15
S_6010BCAM17

S-15@3.01003116-011A Soil 09/15/1003/19/10 14:22
S_6010BCAM17

N-3@0.51003116-012A Soil 09/15/1003/19/10 11:12
S_6010BCAM17

N-3@1.01003116-013A Soil 09/15/1003/19/10 11:15
S_pH9045C
S_7471BHG
S_6010BCAM17
SUB_AsbestosCARB
435

Yes

N-5@0.51003116-014A Soil 09/15/1003/19/10 11:26
S_6010B(STLC)
S_6010B(TCLP)
S_6010BDI-STLC
S_6010BCAM17

N-5@1.01003116-015A Soil 09/15/1003/19/10 11:35
S_CrVI7199
S_pH9045C
SUB_AsbestosCARB
435

Yes

S_7471BHG
S_6010BCAM17
S_6010B(TCLP)
S_6010BDI-STLC
S_6010B(STLC)

S-2@0.51003116-016A Soil 09/15/1003/19/10 15:45
S_6010BCAM17

S-2@1.01003116-017A Soil 09/15/1003/19/10 15:50
S_6010BCAM17

S-3@0.51003116-018A Soil 09/15/1003/19/10 16:05
S_6010BCAM17
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Login Summary Report

Report Due Date:

Received 33 soils. Asbestos PLM subbed to EMSL.

18:20

3/19/2010

IIURS (San Jose)TL5174

HWY 101 MSN B4 project,Petaluma, CA,

28645045.03200

5/14/2010

TAT Requested:

Date Received:

Time Received:

QC Level: 

Project Name:

Project # :

Comments:

Client ID:

5+ day:0

1003116Work Order # :

SubbedRequested
Tests

Test
On Hold

Sample
On Hold

Scheduled
Disposal

MatrixCollection 
Date/Time

Client 
Sample ID

WO Sample ID

S-3@1.01003116-019A Soil 09/15/1003/19/10 16:08
S_6010BCAM17

S-4@0.51003116-020A Soil 09/15/1003/19/10 15:26
S_6010BCAM17

S-4@1.01003116-021A Soil 09/15/1003/19/10 15:30
S_6010BCAM17

S-6@0.51003116-022A Soil 09/15/1003/19/10 15:22
S_6010BCAM17

S-6@1.01003116-023A Soil 09/15/1003/19/10 15:25
S_6010BCAM17

S-7@0.51003116-024A Soil 09/15/1003/19/10 15:05
S_6010BCAM17

S-7@1.01003116-025A Soil 09/15/1003/19/10 15:09
S_6010BCAM17

S-14@0.51003116-026A Soil 09/15/1003/19/10 14:55
S_6010B(STLC)
S_6010BDI-STLC
S_6010BCAM17
S_6010B(TCLP)

N-1@0.51003116-027A Soil 09/15/1003/19/10 10:53
S_6010B(STLC)
S_6010BCAM17
S_6010B(TCLP)
S_6010BDI-STLC

Sample Note:  Additional analyses for Pb  / STLC ; DI-STLC and TCLP

N-1@1.01003116-028A Soil 09/15/1003/19/10 10:58
S_6010B(STLC)
S_6010BCAM17
S_6010BDI-STLC

Sample Note:  Additional analyses for Pb / STLC and DI STLC.

S-16@0.51003116-029A Soil 09/15/1003/19/10 13:31
S_6010B(STLC)
S_6010BDI-STLC
S_6010BCAM17

S-16@1.01003116-030A Soil 09/15/1003/19/10 13:34
S_6010BCAM17
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Login Summary Report

Report Due Date:

Received 33 soils. Asbestos PLM subbed to EMSL.

18:20

3/19/2010

IIURS (San Jose)TL5174

HWY 101 MSN B4 project,Petaluma, CA,

28645045.03200

5/14/2010

TAT Requested:

Date Received:

Time Received:

QC Level: 

Project Name:

Project # :

Comments:

Client ID:

5+ day:0

1003116Work Order # :

SubbedRequested
Tests

Test
On Hold

Sample
On Hold

Scheduled
Disposal

MatrixCollection 
Date/Time

Client 
Sample ID

WO Sample ID

S-16@1.51003116-031A Soil 09/15/1003/19/10 13:36
S_6010BCAM17

S-16@2.01003116-032A Soil 09/15/1003/19/10 13:40
S_6010BCAM17

S-16@3.01003116-033A Soil 09/15/1003/19/10 13:49
S_6010BCAM17
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Sample Description Appearance Result Notes

Test Report: Qualitative asbestos analysis of soils using the EPA 600/R-93/116 method

091002644

Attn: Nutan Kabir
Torrent Laboratory, Inc.
483 Sinclair Frontage Rd.
Milpitas, CA 95035

Customer PO: COC100322002
Received: 03/23/10 9:30 AM

COC100322002

Customer ID: TORR80

Fax: (408) 263-8293 Phone: (408) 263-5258
Project:

EMSL Order:

EMSL Proj:
3/30/2010Analysis Date:

EMSL Analytical, Inc
2235 Polvorosa Ave , Suite 230, San Leandro, CA 94577
Phone:  (510) 895-3675        Fax:  (510) 895-3680     Email:   milpitaslab@emsl.com

1003116-006A
091002644-0001

None Detected

1003116-007A
091002644-0002

None Detected

1003116-013A
091002644-0003

None Detected

1003116-015A
091002644-0004

None Detected

Baojia Ke, Laboratory Manager
or other approved signatory

1Test Report  PLMQualw/Types-7.12.0  Printed: 3/30/2010 9:01:17 AM

Analyst(s)

THIS IS THE LAST PAGE OF THE REPORT.

EMSL recommends that soil samples reported as "ND" be tested by the EPA Screening Method/Qualitative. The above report relates only to the items tested. This report may not be 
reproduced, except in full, without written approval by EMSL Analytical, Inc.  The above test must not be used by the client to claim product endorsement by NVLAP nor any agency of 
the United States Government. Unless otherwise noted, the results in this report have not been blank corrected.Samples received in good condition unless otherwise noted.
Samples analyzed by EMSL Analytical, Inc 2235 Polvorosa Ave , Suite 230,  San LeandroCA 

Nonette Patron (4)

mailto:milpitaslab@emsl.com


-r
-I-

Sample seals intact? 0 Yes 0 NO0 N/A

Page~ Of~

Date:; _
,,_ • -... ... v.;>---. ..•••. ~_'_'''''' .. N- • ..-!!

EMAIL: james Jipple@urscorp.com
I I I

~ ANALYSIS

QJ

I REQUESTED
"t:l..•~ ~ ~..• U "t:l =:l.•... ~

il
~ 0 uQJ QJ

I REMARKS~ > ~ ~

Received By:

CHAIN OF CUSTODY

Location of Sampling: Petaluma, CA

Purpose: Hazardous Materials Investigation for HWY 101 MSN 84 Project

Special Instructions / Comments:

T.

Jar

Jar

Jar

Jar

-;Ja.p.

T.

~

1

1

1

1

1

Time" '~ 20 Y H
Time:

REPORT FORMAT:

o NO Method of Shipment

unless other arrange -ments are made.

Log In Reviewed

C'l _.!I I 1

C' .•

RESET-

o Air I0 QC Level IV

o Other 0 EDFo Excel 1EDD

Zip Code: 95113

Date:

lO
Date:

SAMPLE TYPE:

o Storm Watero Waste Watero Ground Watero Soil

~
_..__~ __ .~ . m~_m._m_ _f_._.m_ .. ""m__ ._._m_._" _m .f f _.f. .. .....•.__ __ .••_ __ .•........ m•.~__ ._..__.-.--..I .•••••..•.• _

+-
r--r----:--i---

./ - 1./1./
./
./
./

Date:
k~, ..~_"-=~,.", ,,,,~,,,, :_,''''''

SAMPLER: J Ripple/M Thummaluru

483 Sinclair Frontage Road
Milpitas, CA 95035
Phone: 408.263.52'58
FAX: 408.263.8293
www.torrentlab.com

o3rAfl6~~-I-~oil -l---;--T--';~
03 J A,[co .11:s,~I Soil

03.(\Q[[C) ••.'2 I Soil
, tt'?l..U

03.1\,\ IIC> I Soil
\~'.t\R

03(1<7(10 ( . I Soil
1<;).1>\ '""\

P.O.#: 28645045.03200
I I iXlD

~ ~ ~- ~ ~.s ~ ~
QJ r"l ••.•
~ Q Eo-< .c
r-- e =:l ~,..-.l --- c:>"t:l en .•.••

~ == == ~DATE/TIME MATRIX #OF CONT I <u ~ ~ ~
SAMPLED CONT TYPE Eo-< Eo-< ..•.••

~~~{ 10 \ \-': '-\~__ ~~ _~ ~~~_' ' '.._m ' "_"

DYes 0 NO

o Other

o Noon .. Nxt Day

o 2-8Hours

Print:

J Print: 0,""",,,~" ,,,

o 3 Work Days

o 2 Work Days

o 1 Work Day

CLIENT'S SAMPLE I.D.

N-6@1.0

N-6@1.5

Were Samples Received in Good Condition?

NOTE:

Log In By:

N-6@O.5

LASlO

Relinquished By:
1

Relinquished By:
2

TURNAROUND TIME:

Company Name: URS Corporation
Address: 100 W San Fernando Street, Suite 200

City: San Jose I State: CA

Telephone: 408-297-9585 FAX: 408-297-6962

REPORT TO: J Ripple

-

III 10 Work Days

o 7 Work Days

o 5 Work Days

001AI N-5@1.5

i
I

l

mailto:Jipple@urscorp.com
http://www.torrentlab.com


RESET-
483 Sinclair Frontage Road

Milpitas, CA 95035

Phone: 408.263.5258

FAX: 408.263.8293

www.torrentlab.com

CHAIN OF CUSTODY

Company Name: URS Corporation Location of Sampling: Petaluma, CA •
Address: 100 W San Fernando Street, Suite 200 Purpose: Hazardous Materials Investigation for HWY 101 MSN B4 Project

City: San Jose I State: CA lip Coge: 95113 Special Instructions I Comments:
-----

Telephone: 408-297-9585 FAX: 408-297-6962

REPORT TO: J Ripple SAMPLER: J Ripple/M Thummaluru P.O.#: 28645045.03200 EMAIL: jamesJipple@urscorp.com

TURNAROUND TIME: SAMPLE TYPE: REPORT FORMAT: ~G
Eo-

~ '"
~

CI.l

'"
.•..

III 10 WorkDays o 3WorkDays o Noon;,-_NxtDay o StormWater o Air o QCLevelIV -; ...:l = ~ ANALYSIS=- =o WasteWater o Other o EDF
.•..

CI.l REQUESTEDCI.l r.:l >.o 7WorkDays o 2 WorkDays o 2 - 8 Hours ~
~o GroundWater o ExcelI EDD

Q Eo- .c >.
r-- E ~ '"

~o 5WorkDays o 1WorkDay o Other
-. o Soil .... -- -- Q 0'0 ~ .•..

'"~
I I '" '"

== ==
CI.l = U '0

-< .c
==

I.,'j 0 =DATE I TIME
MATRIX

#OF CO NT =- =- '" CI.l
LAB ID CLIENT'S SAMPLE 1.0.

SAMPLED CONT TYPE U Eo- Eo- -< Q., III ;> ...:l REMARKS

o22ft S-6@O.5 D3( \9 tCD J).•~Q. Soil 1 Jar .f
-----~--_..__ .__ ...._----,- ....-.....--.--.- .. -- --- ---- ---

~~9A S-6@1.0 o>~~o I>,2C Soil 11';i~ Jar .f
------------------- ....-- .....--------------------

v~ ~orr[OT5:cl'.------ .--......-- ,..", ..,- .....--" ....-.--......... --------- .. •••.."_.m.'" ---------- f--- " ..------ ------- -- ......

•~.2lfN S-7@O.5 Soil 1 Jar .f
------.--.- ..-.--."-. - bJ./-(Ol(lo--r5;ory- -------- .------ ----- -- ----- ---- ..-.-

b~5A S-7@1.0 . Soil 1 Jar .f_r
/ -')../I9IlIV I ILl II ~ . -r- / /

/" \ - I ' ~V" . ,Jal y y y ----c7 .~

lU 1 / '!( ,I ~ .. - T~_ .I I I

=-"v -/ -.'§ V" .~
~. - -- -t/ of of

M.1 ,",'-'1 "'/ .r~~ );.- T_ I 6
V

iL - ~ .7' V \r-Y'f' ",011 • Yiir···· on

ilill!1J'~lij ~~~~L"n Tn_
I '1if'~7~' .u :SoIl y

"<1'1! .;;, ./.. 1 /Iill "'7" ~~~ • - ~v •• y

02.611 S-14@O.5 3(1 tr I/o I rIA.~s( Soil .. 1 Jar .f
Date:

Sample seals intact? 0 Yes 0 NO0 N/A

page~ Of~

Print:

Time:

Time: ~ " 2.<' f't1 IReceived By:

o NO Method of Shipment _

unless other arrange -ments are made..- ....-,., •...•...

Log In Reviewed

Date:

\0
Date:

J fl.1M( ;rin •.

Were Samples Received in Good Condition? 0 Yes 0 NO

NOTE:

Relinquished By:
1

Relinquished By:
2

http://www.torrentlab.com
mailto:jamesJipple@urscorp.com


--------_._----- -- --_ ... _" .". ".,';; ....•--.,~-~-

RESET-
483 Sinclair Frontage Road

Milpitas, CA 95035

Phone: 408.263.5258

FAX: 408.263.8293

www.torrentlab.com

CHAIN OF CUSTODY
03//6

Company Name: URS Corporation Location of Sampling: Petaluma, CA

Address: 100 W San Fernando Street, Suite 200 Purpose: Hazardous Materials Investigation for HWY 101 MSN 84 Project

City: San Jose I State:" CA Zip Code: 95113 Special Instructions I Comments:
______ •_______________ ._ •• m •• _ •••••• _ ••••••• ____ ••• _. ________ ._ •• _. _________ ••••••• __ ._ •••• __ ••

Telephone: 408-297-9585 FAX: 408-297-6962

REPORT TO: J Ripple SAMPLER: J Ripple/M Thummaluru P.O.#: 28645045.03200 EMAIL: James ripple@urscorp.com

TURNAROUND TIME: SAMPLE TYPE: REPORT FORMAT: =:l'G'
Eo-< :; '":; ~

'"
.•...

III 10WorkDays o 3WorkDays o Noon- NxtDay o StormWater o Air o QC LevelIV - ....;l ~~ ~ ~ = ~ ANALYSISo WasteWater o Other o EDF
.•... ~~ ~ ~ • REQUESTEDo 7WorkDays o 2 WorkDays o 2 - 8 Hours :; eJIo GroundWater o Excel! EDD = Eo-< .Q ~
r-- e =:l '" ~o 5WorkDays o 1WorkDay o Other o Soil
....• -- -- = 0'tl eJI .•...
:; I I '" '" '"

== ==
~ ~ U 'tl

DATE I TIME #OF CONT -< ~ ~ .Q

==
e,:, 0 ~

CLIENT'S SAMPLE 1.0. MATRIX '" ~
LAB 10 SAMPLED CO NT TYPE U Eo-< Eo-< -< Q. l£l ;, ....;l REMARKS

(1)6f} .
e-.>rl4/tO 1)':.Ltr;- .fS-2@O.5 Soil . 1 Jar

m •• ___ ._ ••• __ •__ '

~10TrO . ....-.- ...._._--~-- -. ~-

017 fJ S-2@1.0 J )~SD Soil 1 Jar .f
--------.--- ...--...---- ..--.......-..

Cibl~f~
.._ .._.h ...._. .--."--_ .. --..- .....-- . ---. - ...- . _m._ ..-.-.-.- _..._m....._"m .._.._ . ...--....-- ......•-•.•.....•...•

__ m_

07811 S-3@O.5 .. Soil 1 Jar .f
mm___ ._.__ ...._______ .._·.._ ..·____

q19t/ . S-3@1.0 ' a31\~ (0, Soil 1 Jar .f.
02011 S-4@O.5 tDlt9.{~C) ~~ ••~b Soil 1 Jar .f
O?lA S-4@1.0 a~h9 {lD Soil 1 Jar .f
'J •• ; 1(,~3D •.

S5~ t\ ~it'8,(lO ~ . . T__
/ / -or C/

15'".~
•.••un ..- T _6

'.'
C< ~----.~

Cl'"lI.RJI1 •••.
sod 1 Jar

, . .~V/itiii/ '-/ .v JS~r?- -V
:,:.: .. ':; 0

J-S 5d@O;S r~;SC1.. :sod 1 Jar

~-d@1:O - -031f~f{v Soil /-
15-.,( I <JaT

Y
.

Relinquished By:
J~~in' Ti~e~ 'lP ~ f1 IReceived By: Print: I Date: I Time:

1
2 Relinquished BY: Time: Print: .

"o NO Method of Shipment Sample seals intact? 0 Yes 0 NO0 N/A-----------
unless other arran~e.' Page ~ of ~

Log In Reviewed

are discarded by t~e laboratory 30NOTE: Sar.ne!~s,

Log In By: .._c~ •._~ __ "•••_ •."c •.. ~." ••••..•

Were Samples Received in Good Condition? 0 Yes 0 NO

http://www.torrentlab.com
mailto:ripple@urscorp.com


RESET-
483 Sinclair Frontage Road

Milpitas, CA 95035
Phone: 408.263.5258
FAX: 408.263.8293
www.torrentlab.com

CHAIN OF CUSTODY LAB WORK ORDER NO

1003/16

Company Name: URS Corporation Location of Sampling: Petaluma, CA

Address: 100 W San Fernando Street, Suite 200 Purpose: Hazardous Materials Investigation for HWY 101 MSN B4 Project

City: San Jose I State: CA Zip Code: 95113 Special Instructions / Comments:---_ ....

Telephone: 408-297~9585 FAX: 408~297-6962

REPORT TO: J Ripple SAMPLER: J Ripple/M Thummaluru P.O. #: 28645045.03200 EMAIL: jamesJipple@urscorp.com
,

=igTURNAROUND TIME: SAMPLE TYPE: REPORT FORMAT: E-
~

~

~

~~ ..•...
III 10 WorkDays 0 3WorkDays 0 Noon- NxtDay o StormWater o Air o QC LevelIV - ...:l C':l

~ ANALYSISC':l
=-- =o WasteWater .0 Other o EDF

..•... ~
D'2Work Days 02 -8 Hours

~ ~ ~ REQUESTEDo 7WorkDays ~
bJIo GroundWater o ExcelI EDD = E- ..c ~

r-- 8 = ~ ~o 5WorkDays o 1WorkDay o Other o Soil - -- -- = 0't:l bJI - ~
~

I I ~ ~
== ==

~ C':l U 't:l..c C':l

CLIENT'S SAMPLE I.D," •
DATE / TIME

MATRIX
#OF CONT -< =-- =-- ~

== C-' 0 ~
REMARKSLABID

SAMPj,..ED CONT TYPE U E- E- -< Q. l£l ;, ...:l
.

'" ~ ""'~ ~ ..••.,.L\1 'l:::.' 1/,,:; /;,.., / ~.•a 1 T f
xx ."",,'V \

I I~.
y

.....••.•.-----.---- ...-- ..---.---- ..-.. n31(Cl~OJlq'O~ ...- ...------- .--.-.- -.-----.- --.-.- ..---- ----.--- ...----.--- ---...- --- -..--.-. -.- ...--.....

r:rtJ7A S-15@O.5 / . Soil 1 Jar .f .f .f
. --.- --- .. ---- ---- --~- _ ..oiTiiilto['( Lfo~-.-. --.- - .. - ...- ---- ........•.- -- .....- . ...--- ...... -- ...... -- - •....- m •••• _ "-----. ...--.- ..."

(}1)g IJ S-15@1.0 . Soil 1 Jar .f /

• ____ "m __ ••• _._._._ ••• ___ m ••• _

o3J77f7iort 'f~~--.- ...... _._- ...---

oj'l/l S-15@1.5 . Soil 1 Jar .f
0'0 II S-15@2.0 D~I(~/(~( ll.\ \~ Soil 1 Jar .f
)ltA S-15@3.0 OJf(<7/ro ( l~n. Soil 1 Jar .f
~!"f.A N-3@O.5 o3{A!{() Soil 1 Jar ..f

11:/Q.. I II /I
",AW1Hn 03/10;/10 ~ .f .f .f 6'"i)J3 N-3@1.0 Soil 1 Jar ,Jl'tpz't<>"

t),!ill N-5@O.5 1:l3} I~ /)0 ,~ Soil 1 Jar .f .;{#'
015 It N-5@1.0 - o3{lq{ro . J..( Soil 1 Jar .f .f .f, I" ,.,

Date:

Sample seals intact? DYes 0 NO D N/A

Page~ Of~

Date:

Print:

are made.

Received By:

Receive

o NO Method of Shipment

Time:

_b '.2.0 PM
Time:

unless other arrange

Log In Reviewed By:

Date:

l~
Date:

Date:

DYes 0 NO

J Print: ~ \.~c.-cS I"
Print:

are discarded

Relinquished By:
2

Were Samples Received in Good Condition?

NOTE:

Log In By: ,
_,""-"'3;;';;"",' •....'r '"

Relinquished By:
1

http://www.torrentlab.com
mailto:jamesJipple@urscorp.com


RESET- CHAIN OF CUSTODY
483 Sinclair Frontage Road

Milpitas, CA 95035
Phone: 408.263.5258
FAX: 408.263.8293
www.torrentlab.com

Company Name: URS Corporation
,.

Location of Sampling: Petaluma, CA

Address: 100 W San Fernando Street, Suite 200 Purpose: Hazardous Materials Investigation for HWY 101 MSN B4 Project

City: San Jose I State: CA Zip Code: 95113 Special Instructions / Comments:
---.-

Telephone: 408-297-9585 FAX: 408-297-6962

REPORT TO: J Ripple SAMPLER: J Ripple/M Thummaluru P.O.#: 28645045.03200 EMAIL: james Jipple@urscorp.com

TURNAROUND TIME: SAMPLE TYPE: REPORT FORMAT: =GE-o
~ '"~

~
'"

.•..
1ZI1o WorkDays o 3WorkDays o Noon- NxtDay o StormWater o Air o QC LevelIV '; ..;I ~

~ ANALYSIS~ ~ =o WasteWater o Other o EDF
.•.. ~ REQUESTED~ ~ •....o 7WorkDays o 2 WorkDays o 2 - 8 Hours ~

I:lJ), o Excel1 EDD
Q E-o .Q •....o GroundWater r-- e = '"

~ .jo 5WorkDays o 1WorkDay o Other (2lSoil .... -- -- Q 0"t:l I:lJ) .•..
'"~

I I '" '"
== ==

~ ~ U "t:l
-< .Q

I.:l 0 ~
DATE / TIME

MATRIX
#OF CO NT ~ ~ '" == ~

REMARKSLAB 10 CLIENT'S SAMPLE I.D.
SAMPLED CO NT TYPE U E-o E-o -< Cl. III > ..;I

\: 12>{ (BleD .,., .•" ". _ r-. - .:r~_ -\7 __. ... j:'\J - -, T ['--"._~••~ ..___ _.__ ....__~?,'4-> . Z)C>" \
--.--- .. -_ ..

1\".<+ i!i:'~
J

'.J 'n _&L(glo_:> __ ...:___ .p3IL9L2_J():.~~L I :farJ
.. ~-

I~~!:!A'
___ '___ m._._ 1---•.....__ .... 1--- ....-f---- . --.-- .....- •.. -.........--

_.~.::L(iLL~Q__.........:..__._~h91!.~JQ!~ . ~~ I ..J0.'-l_ /.-. ,.,
i')gdli

--......---.--- ----.-.- .." 1----_. ..-- ..-- --..-
5 --(£.. (OJ o~(""" .. ()~IAr~ t .~J'~ I .s~ \ ~ V" ,,.. .. V1_ ••••...•. "

S -\-6 ~10jO/i \~o rYl,f/q In> 11~\li,
D.3iA 5-\60 \..s- 1M II&. fro t~~.~ V
()';l..!'i

"I '[

V
"c;..-

[v •••" $ \G, ~ 'i.~ 6J/10I/ro n:w 1)6
.•••.:?' <>. '-' C I

~
~

(\1\
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URS (San Jose)
100 W San Fernando St, Suite200
San Jose, California 95113
Tel: 4082979585
Fax: 4082976962

RE: HWY 101 MSN B4 project, Petaluma, CA

Torrent Laboratory, Inc. received 22 sample(s) on March 19, 2010 for the analyses 
presented in the following Report.

Dear James Ripple:

Work Order No.:  1003111 Rev:  1

All data for associated QC met EPA or laboratory specification(s) except where noted in the 
case narrative.

Torrent Laboratory, Inc. is certified by the State of California, ELAP #1991.  If you have any 
questions regarding these test results, please feel free to contact the Project Management 
Team at (408)263-5258; ext 204.

Date

March 26, 2010

Nutan Kabir
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Date:  3/26/2010

Client:  URS (San Jose)

Project:  HWY 101 MSN B4 project, Petaluma, CA

Work Order:  1003111

CASE NARRATIVE

No issues encountered with the receiving, preparation, analysis or reporting of the results associated with 
this work order.

Revisions:

Per client request, addtional anlaysis on specified samples for STLC, SI-STLC and TCLP were performed

Note: Extraction of 50 g sample / 500g 0.2M Sodium Citrate Solution was performed according to wet 
extraction procedure (WET) which was rotated in a rotary shaker for 48 hours.
         
 
          Date Prepared: 5/9/10 @ 1PM to 5/11/10 @ 1PM

Note: Extraction of 50 g sample  with DI water was performed according to wet extraction procedure (WET) 
which was rotated in a rotary shaker for 48 hours.
         
 
          Date Prepared: 5/11/10 @ 11:20AM to 5/3/10 @ 11:20AM.

Rev1   5/17/10
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Report prepared for:  James Ripple

URS (San Jose)

Date Received:  03/19/10

Date Reported:  03/26/10

Sample Result Summary

1003111-001AN-8@0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead (STLC) mg/L3.60.100.0500SW6010B 1

Lead mg/Kg771.00.13SW6010B 1

1003111-002AN-8@1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead (STLC) mg/L6.10.100.0500SW6010B 1

Lead mg/Kg1101.00.13SW6010B 1

1003111-003AN-9@0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg171.00.13SW6010B 1

1003111-004AN-9@1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg101.00.13SW6010B 1
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Report prepared for:  James Ripple

URS (San Jose)

Date Received:  03/19/10

Date Reported:  03/26/10

Sample Result Summary

1003111-005AN-10@0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Arsenic mg/Kg7.21.70.28SW6010B 1
Barium mg/Kg995.01SW6010B 1
Chromium mg/Kg435.00.0590SW6010B 1
Cobalt mg/Kg145.00.14SW6010B 1
Copper mg/Kg275.00.0900SW6010B 1
Lead mg/Kg401.00.13SW6010B 1
Nickel mg/Kg475.00.0590SW6010B 1
Vanadium mg/Kg445.00.12SW6010B 1
Zinc mg/Kg845.00.59SW6010B 1

Mercury mg/Kg0.290.100.017471B 1

pH S.U.7.062.00.10SW9045C 1

1003111-006AN-10@1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Arsenic mg/Kg6.31.70.28SW6010B 1
Barium mg/Kg1405.01SW6010B 1
Chromium mg/Kg425.00.0590SW6010B 1
Cobalt mg/Kg195.00.14SW6010B 1
Copper mg/Kg285.00.0900SW6010B 1
Lead mg/Kg321.00.13SW6010B 1
Nickel mg/Kg625.00.0590SW6010B 1
Vanadium mg/Kg435.00.12SW6010B 1
Zinc mg/Kg705.00.59SW6010B 1

Mercury mg/Kg0.130.100.017471B 1

pH S.U.7.252.00.10SW9045C 1

1003111-007AN-13d@0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead (STLC) mg/L3.70.100.0500SW6010B 1

Lead mg/Kg991.00.13SW6010B 1
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Report prepared for:  James Ripple

URS (San Jose)

Date Received:  03/19/10

Date Reported:  03/26/10

Sample Result Summary

1003111-008AN-13d@1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Arsenic mg/Kg2.71.70.28SW6010B 1
Barium mg/Kg735.01SW6010B 1
Chromium mg/Kg285.00.0590SW6010B 1
Cobalt mg/Kg145.00.14SW6010B 1
Copper mg/Kg165.00.0900SW6010B 1
Lead mg/Kg441.00.13SW6010B 1
Nickel mg/Kg345.00.0590SW6010B 1
Vanadium mg/Kg375.00.12SW6010B 1
Zinc mg/Kg505.00.59SW6010B 1

pH S.U.7.102.00.10SW9045C 1

1003111-009AN-13d@1.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg8.51.00.13SW6010B 1

1003111-010AN-13d@2.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg101.00.13SW6010B 1

1003111-011AN-13d@3.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg171.00.13SW6010B 1

1003111-012AN-11@0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead (STLC) mg/L3.10.100.0500SW6010B 1

Lead mg/Kg801.00.13SW6010B 1
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Report prepared for:  James Ripple

URS (San Jose)

Date Received:  03/19/10

Date Reported:  03/26/10

Sample Result Summary

1003111-013AN-11@1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead (STLC) mg/L1.30.100.0500SW6010B 1

Lead mg/Kg561.00.13SW6010B 1

1003111-014AN-13@0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead (STLC) mg/L3.50.100.0500SW6010B 1

Lead mg/Kg901.00.13SW6010B 1

1003111-015AN-13@1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Arsenic mg/Kg3.01.70.28SW6010B 1
Barium mg/Kg1405.01SW6010B 1
Chromium mg/Kg325.00.0590SW6010B 1
Cobalt mg/Kg225.00.14SW6010B 1
Copper mg/Kg175.00.0900SW6010B 1
Lead mg/Kg461.00.13SW6010B 1
Nickel mg/Kg385.00.0590SW6010B 1
Vanadium mg/Kg385.00.12SW6010B 1
Zinc mg/Kg595.00.59SW6010B 1

pH S.U.7.182.00.10SW9045C 1

1003111-016AN-13@1.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg111.00.13SW6010B 1

1003111-017AN-13@2.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg5.81.00.13SW6010B 1
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Report prepared for:  James Ripple

URS (San Jose)

Date Received:  03/19/10

Date Reported:  03/26/10

Sample Result Summary

1003111-018AN-13@3.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg6.21.00.13SW6010B 1

1003111-019AS-5@0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Arsenic mg/Kg2.31.70.28SW6010B 1
Barium mg/Kg825.01SW6010B 1
Chromium mg/Kg785.00.0590SW6010B 1
Cobalt mg/Kg235.00.14SW6010B 1
Copper mg/Kg335.00.0900SW6010B 1
Lead mg/Kg171.00.13SW6010B 1
Nickel mg/Kg785.00.0590SW6010B 1
Silver mg/Kg2.01.00SW6010B 1
Vanadium mg/Kg665.00.12SW6010B 1
Zinc mg/Kg515.00.59SW6010B 1

pH S.U.6.632.00.10SW9045C 1

1003111-020AS-5@1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg7.41.00.13SW6010B 1

1003111-021AS-5d@0.5

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg171.00.13SW6010B 1

1003111-022AS-5d@1.0

Parameters: PQLMDL UnitResultsDFAnalysis
Method

Lead mg/Kg7.51.00.13SW6010B 1
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  03/26/10
Date Received:  03/19/10

URS (San Jose)
James Ripple

1003111-001ALab Sample ID:  

Sample Matrix: Soil

N-8@0.5

HWY 101 MSN B4 project, Petaluma, CA

03/18/10 / 12:27

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/11/10 400853mg/L3.6Lead (STLC) 05/12/10 0.0500 0.10 04121

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 3/22/10 400355mg/Kg77Lead 03/23/10 0.13 1.0 01851

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/13/10 400864mg/LNDLead (DI-STLC) 05/13/10 0.0500 0.10 04231
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  03/26/10
Date Received:  03/19/10

URS (San Jose)
James Ripple

1003111-002ALab Sample ID:  

Sample Matrix: Soil

N-8@1.0

HWY 101 MSN B4 project, Petaluma, CA

03/18/10 / 12:32

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/11/10 400853mg/L6.1Lead (STLC) 05/12/10 0.0500 0.10 04121

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 3/22/10 400355mg/Kg110Lead 03/23/10 0.13 1.0 01851

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/13/10 400864mg/LNDLead (DI-STLC) 05/13/10 0.0500 0.10 04231
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  03/26/10
Date Received:  03/19/10

URS (San Jose)
James Ripple

1003111-003ALab Sample ID:  

Sample Matrix: Soil

N-9@0.5

HWY 101 MSN B4 project, Petaluma, CA

03/18/10 / 11:40

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 3/22/10 400355mg/Kg17Lead 03/23/10 0.13 1.0 01851
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  03/26/10
Date Received:  03/19/10

URS (San Jose)
James Ripple

1003111-004ALab Sample ID:  

Sample Matrix: Soil

N-9@1.0

HWY 101 MSN B4 project, Petaluma, CA

03/18/10 / 11:47

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 3/22/10 400355mg/Kg10Lead 03/23/10 0.13 1.0 01851
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  03/26/10
Date Received:  03/19/10

URS (San Jose)
James Ripple

1003111-005ALab Sample ID:  

Sample Matrix: Soil

N-10@0.5

HWY 101 MSN B4 project, Petaluma, CA

03/18/10 / 12:06

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 3/22/10 400357mg/KgNDAntimony 03/23/10 0.20 5.0 01871

SW6010B 3/22/10 400357mg/Kg7.2Arsenic 03/23/10 0.28 1.7 01871

SW6010B 3/22/10 400357mg/Kg99Barium 03/23/10 1 5.0 01871

SW6010B 3/22/10 400357mg/KgNDBeryllium 03/23/10 0.0840 2.0 01871

SW6010B 3/22/10 400357mg/KgNDCadmium 03/23/10 0.0590 1.0 01871

SW6010B 3/22/10 400357mg/Kg43Chromium 03/23/10 0.0590 5.0 01871

SW6010B 3/22/10 400357mg/Kg14Cobalt 03/23/10 0.14 5.0 01871

SW6010B 3/22/10 400357mg/Kg27Copper 03/23/10 0.0900 5.0 01871

SW6010B 3/22/10 400357mg/Kg40Lead 03/23/10 0.13 1.0 01871

SW6010B 3/22/10 400357mg/KgNDMolybdenum 03/23/10 0.0590 5.0 01871

SW6010B 3/22/10 400357mg/Kg47Nickel 03/23/10 0.0590 5.0 01871

SW6010B 3/22/10 400357mg/KgNDSelenium 03/23/10 0.29 5.0 01871

SW6010B 3/22/10 400357mg/KgNDSilver 03/23/10 0 1.0 01871

SW6010B 3/22/10 400357mg/KgNDThallium 03/23/10 0.12 5.0 01871

SW6010B 3/22/10 400357mg/Kg44Vanadium 03/23/10 0.12 5.0 01871

SW6010B 3/22/10 400357mg/Kg84Zinc 03/23/10 0.59 5.0 01871

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

7471B 3/22/10 400337mg/Kg0.29Mercury 03/23/10 0.01 0.10 01811

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW9045C NA 400354S.U.7.06pH 03/23/10 0.10 2.0 NA1
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  03/26/10
Date Received:  03/19/10

URS (San Jose)
James Ripple

1003111-006ALab Sample ID:  

Sample Matrix: Soil

N-10@1.0

HWY 101 MSN B4 project, Petaluma, CA

03/18/10 / 12:10

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 3/22/10 400357mg/KgNDAntimony 03/23/10 0.20 5.0 01871

SW6010B 3/22/10 400357mg/Kg6.3Arsenic 03/23/10 0.28 1.7 01871

SW6010B 3/22/10 400357mg/Kg140Barium 03/23/10 1 5.0 01871

SW6010B 3/22/10 400357mg/KgNDBeryllium 03/23/10 0.0840 2.0 01871

SW6010B 3/22/10 400357mg/KgNDCadmium 03/23/10 0.0590 1.0 01871

SW6010B 3/22/10 400357mg/Kg42Chromium 03/23/10 0.0590 5.0 01871

SW6010B 3/22/10 400357mg/Kg19Cobalt 03/23/10 0.14 5.0 01871

SW6010B 3/22/10 400357mg/Kg28Copper 03/23/10 0.0900 5.0 01871

SW6010B 3/22/10 400357mg/Kg32Lead 03/23/10 0.13 1.0 01871

SW6010B 3/22/10 400357mg/KgNDMolybdenum 03/23/10 0.0590 5.0 01871

SW6010B 3/22/10 400357mg/Kg62Nickel 03/23/10 0.0590 5.0 01871

SW6010B 3/22/10 400357mg/KgNDSelenium 03/23/10 0.29 5.0 01871

SW6010B 3/22/10 400357mg/KgNDSilver 03/23/10 0 1.0 01871

SW6010B 3/22/10 400357mg/KgNDThallium 03/23/10 0.12 5.0 01871

SW6010B 3/22/10 400357mg/Kg43Vanadium 03/23/10 0.12 5.0 01871

SW6010B 3/22/10 400357mg/Kg70Zinc 03/23/10 0.59 5.0 01871

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

7471B 3/22/10 400337mg/Kg0.13Mercury 03/23/10 0.01 0.10 01811

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW9045C NA 400354S.U.7.25pH 03/23/10 0.10 2.0 NA1
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  03/26/10
Date Received:  03/19/10

URS (San Jose)
James Ripple

1003111-007ALab Sample ID:  

Sample Matrix: Soil

N-13d@0.5

HWY 101 MSN B4 project, Petaluma, CA

03/18/10 / 15:00

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/11/10 400853mg/L3.7Lead (STLC) 05/12/10 0.0500 0.10 04121

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 3/22/10 400355mg/Kg99Lead 03/23/10 0.13 1.0 01851

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/13/10 400864mg/LNDLead (DI-STLC) 05/13/10 0.0500 0.10 04231
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  03/26/10
Date Received:  03/19/10

URS (San Jose)
James Ripple

1003111-008ALab Sample ID:  

Sample Matrix: Soil

N-13d@1.0

HWY 101 MSN B4 project, Petaluma, CA

03/18/10 / 15:05

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 3/22/10 400357mg/KgNDAntimony 03/23/10 0.20 5.0 01871

SW6010B 3/22/10 400357mg/Kg2.7Arsenic 03/23/10 0.28 1.7 01871

SW6010B 3/22/10 400357mg/Kg73Barium 03/23/10 1 5.0 01871

SW6010B 3/22/10 400357mg/KgNDBeryllium 03/23/10 0.0840 2.0 01871

SW6010B 3/22/10 400357mg/KgNDCadmium 03/23/10 0.0590 1.0 01871

SW6010B 3/22/10 400357mg/Kg28Chromium 03/23/10 0.0590 5.0 01871

SW6010B 3/22/10 400357mg/Kg14Cobalt 03/23/10 0.14 5.0 01871

SW6010B 3/22/10 400357mg/Kg16Copper 03/23/10 0.0900 5.0 01871

SW6010B 3/22/10 400357mg/Kg44Lead 03/23/10 0.13 1.0 01871

SW6010B 3/22/10 400357mg/KgNDMolybdenum 03/23/10 0.0590 5.0 01871

SW6010B 3/22/10 400357mg/Kg34Nickel 03/23/10 0.0590 5.0 01871

SW6010B 3/22/10 400357mg/KgNDSelenium 03/23/10 0.29 5.0 01871

SW6010B 3/22/10 400357mg/KgNDSilver 03/23/10 0 1.0 01871

SW6010B 3/22/10 400357mg/KgNDThallium 03/23/10 0.12 5.0 01871

SW6010B 3/22/10 400357mg/Kg37Vanadium 03/23/10 0.12 5.0 01871

SW6010B 3/22/10 400357mg/Kg50Zinc 03/23/10 0.59 5.0 01871

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

7471B 3/22/10 400337mg/KgNDMercury 03/23/10 0.01 0.10 01811

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW9045C NA 400354S.U.7.10pH 03/23/10 0.10 2.0 NA1
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  03/26/10
Date Received:  03/19/10

URS (San Jose)
James Ripple

1003111-009ALab Sample ID:  

Sample Matrix: Soil

N-13d@1.5

HWY 101 MSN B4 project, Petaluma, CA

03/18/10 / 15:10

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 3/22/10 400355mg/Kg8.5Lead 03/23/10 0.13 1.0 01851
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  03/26/10
Date Received:  03/19/10

URS (San Jose)
James Ripple

1003111-010ALab Sample ID:  

Sample Matrix: Soil

N-13d@2.0

HWY 101 MSN B4 project, Petaluma, CA

03/18/10 / 15:19

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 3/22/10 400355mg/Kg10Lead 03/23/10 0.13 1.0 01851
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  03/26/10
Date Received:  03/19/10

URS (San Jose)
James Ripple

1003111-011ALab Sample ID:  

Sample Matrix: Soil

N-13d@3.0

HWY 101 MSN B4 project, Petaluma, CA

03/18/10 / 15:23

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 3/22/10 400355mg/Kg17Lead 03/23/10 0.13 1.0 01851
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  03/26/10
Date Received:  03/19/10

URS (San Jose)
James Ripple

1003111-012ALab Sample ID:  

Sample Matrix: Soil

N-11@0.5

HWY 101 MSN B4 project, Petaluma, CA

03/18/10 / 14:42

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/11/10 400853mg/L3.1Lead (STLC) 05/12/10 0.0500 0.10 04121

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 3/22/10 400355mg/Kg80Lead 03/23/10 0.13 1.0 01851

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/13/10 400864mg/LNDLead (DI-STLC) 05/13/10 0.0500 0.10 04231
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  03/26/10
Date Received:  03/19/10

URS (San Jose)
James Ripple

1003111-013ALab Sample ID:  

Sample Matrix: Soil

N-11@1.0

HWY 101 MSN B4 project, Petaluma, CA

03/18/10 / 14:46

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/11/10 400853mg/L1.3Lead (STLC) 05/12/10 0.0500 0.10 04121

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 3/22/10 400355mg/Kg56Lead 03/23/10 0.13 1.0 01851

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/13/10 400864mg/LNDLead (DI-STLC) 05/13/10 0.0500 0.10 04231

Page 20 of 44Total Page Count:  44



SAMPLE RESULTS

Report prepared for:  
Date Reported:  03/26/10
Date Received:  03/19/10

URS (San Jose)
James Ripple

1003111-014ALab Sample ID:  

Sample Matrix: Soil

N-13@0.5

HWY 101 MSN B4 project, Petaluma, CA

03/18/10 / 15:00

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/11/10 400853mg/L3.5Lead (STLC) 05/12/10 0.0500 0.10 04121

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 3/22/10 400355mg/Kg90Lead 03/23/10 0.13 1.0 01851

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 5/13/10 400864mg/LNDLead (DI-STLC) 05/13/10 0.0500 0.10 04231
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  03/26/10
Date Received:  03/19/10

URS (San Jose)
James Ripple

1003111-015ALab Sample ID:  

Sample Matrix: Soil

N-13@1.0

HWY 101 MSN B4 project, Petaluma, CA

03/18/10 / 15:05

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 3/22/10 400357mg/KgNDAntimony 03/23/10 0.20 5.0 01871

SW6010B 3/22/10 400357mg/Kg3.0Arsenic 03/23/10 0.28 1.7 01871

SW6010B 3/22/10 400357mg/Kg140Barium 03/23/10 1 5.0 01871

SW6010B 3/22/10 400357mg/KgNDBeryllium 03/23/10 0.0840 2.0 01871

SW6010B 3/22/10 400357mg/KgNDCadmium 03/23/10 0.0590 1.0 01871

SW6010B 3/22/10 400357mg/Kg32Chromium 03/23/10 0.0590 5.0 01871

SW6010B 3/22/10 400357mg/Kg22Cobalt 03/23/10 0.14 5.0 01871

SW6010B 3/22/10 400357mg/Kg17Copper 03/23/10 0.0900 5.0 01871

SW6010B 3/22/10 400357mg/Kg46Lead 03/23/10 0.13 1.0 01871

SW6010B 3/22/10 400357mg/KgNDMolybdenum 03/23/10 0.0590 5.0 01871

SW6010B 3/22/10 400357mg/Kg38Nickel 03/23/10 0.0590 5.0 01871

SW6010B 3/22/10 400357mg/KgNDSelenium 03/23/10 0.29 5.0 01871

SW6010B 3/22/10 400357mg/KgNDSilver 03/23/10 0 1.0 01871

SW6010B 3/22/10 400357mg/KgNDThallium 03/23/10 0.12 5.0 01871

SW6010B 3/22/10 400357mg/Kg38Vanadium 03/23/10 0.12 5.0 01871

SW6010B 3/22/10 400357mg/Kg59Zinc 03/23/10 0.59 5.0 01871

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

7471B 3/22/10 400337mg/KgNDMercury 03/23/10 0.01 0.10 01811

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW9045C NA 400354S.U.7.18pH 03/23/10 0.10 2.0 NA1
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  03/26/10
Date Received:  03/19/10

URS (San Jose)
James Ripple

1003111-016ALab Sample ID:  

Sample Matrix: Soil

N-13@1.5

HWY 101 MSN B4 project, Petaluma, CA

03/18/10 / 15:10

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 3/22/10 400355mg/Kg11Lead 03/23/10 0.13 1.0 01851
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  03/26/10
Date Received:  03/19/10

URS (San Jose)
James Ripple

1003111-017ALab Sample ID:  

Sample Matrix: Soil

N-13@2.0

HWY 101 MSN B4 project, Petaluma, CA

03/18/10 / 15:19

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 3/22/10 400355mg/Kg5.8Lead 03/23/10 0.13 1.0 01851

Page 24 of 44Total Page Count:  44



SAMPLE RESULTS

Report prepared for:  
Date Reported:  03/26/10
Date Received:  03/19/10

URS (San Jose)
James Ripple

1003111-018ALab Sample ID:  

Sample Matrix: Soil

N-13@3.0

HWY 101 MSN B4 project, Petaluma, CA

03/18/10 / 15:23

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 3/22/10 400355mg/Kg6.2Lead 03/23/10 0.13 1.0 01851
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  03/26/10
Date Received:  03/19/10

URS (San Jose)
James Ripple

1003111-019ALab Sample ID:  

Sample Matrix: Soil

S-5@0.5

HWY 101 MSN B4 project, Petaluma, CA

03/18/10 / 15:52

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 3/22/10 400357mg/KgNDAntimony 03/23/10 0.20 5.0 01871

SW6010B 3/22/10 400357mg/Kg2.3Arsenic 03/23/10 0.28 1.7 01871

SW6010B 3/22/10 400357mg/Kg82Barium 03/23/10 1 5.0 01871

SW6010B 3/22/10 400357mg/KgNDBeryllium 03/23/10 0.0840 2.0 01871

SW6010B 3/22/10 400357mg/KgNDCadmium 03/23/10 0.0590 1.0 01871

SW6010B 3/22/10 400357mg/Kg78Chromium 03/23/10 0.0590 5.0 01871

SW6010B 3/22/10 400357mg/Kg23Cobalt 03/23/10 0.14 5.0 01871

SW6010B 3/22/10 400357mg/Kg33Copper 03/23/10 0.0900 5.0 01871

SW6010B 3/22/10 400357mg/Kg17Lead 03/23/10 0.13 1.0 01871

SW6010B 3/22/10 400357mg/KgNDMolybdenum 03/23/10 0.0590 5.0 01871

SW6010B 3/22/10 400357mg/Kg78Nickel 03/23/10 0.0590 5.0 01871

SW6010B 3/22/10 400357mg/KgNDSelenium 03/23/10 0.29 5.0 01871

SW6010B 3/22/10 400357mg/Kg2.0Silver 03/23/10 0 1.0 01871

SW6010B 3/22/10 400357mg/KgNDThallium 03/23/10 0.12 5.0 01871

SW6010B 3/22/10 400357mg/Kg66Vanadium 03/23/10 0.12 5.0 01871

SW6010B 3/22/10 400357mg/Kg51Zinc 03/23/10 0.59 5.0 01871

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

7471B 3/22/10 400337mg/KgNDMercury 03/23/10 0.01 0.10 01811

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW7199M 5/11/10 400887mg/KgNDHexavalent Chromium 05/11/10 0.015 0.10 04361

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW9045C NA 400354S.U.6.63pH 03/23/10 0.10 2.0 NA1
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  03/26/10
Date Received:  03/19/10

URS (San Jose)
James Ripple

1003111-020ALab Sample ID:  

Sample Matrix: Soil

S-5@1.0

HWY 101 MSN B4 project, Petaluma, CA

03/18/10 / 15:55

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 3/22/10 400355mg/Kg7.4Lead 03/23/10 0.13 1.0 01851
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  03/26/10
Date Received:  03/19/10

URS (San Jose)
James Ripple

1003111-021ALab Sample ID:  

Sample Matrix: Soil

S-5d@0.5

HWY 101 MSN B4 project, Petaluma, CA

03/18/10 / 15:52

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 3/22/10 400355mg/Kg17Lead 03/23/10 0.13 1.0 01851
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SAMPLE RESULTS

Report prepared for:  
Date Reported:  03/26/10
Date Received:  03/19/10

URS (San Jose)
James Ripple

1003111-022ALab Sample ID:  

Sample Matrix: Soil

S-5d@1.0

HWY 101 MSN B4 project, Petaluma, CA

03/18/10 / 15:55

Project Name/Location:  

Project Number:

Date/Time Sampled:

Client Sample ID:  

Tag Number: Petaluma, CA

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW6010B 3/22/10 400355mg/Kg7.5Lead 03/23/10 0.13 1.0 01851

Page 29 of 44Total Page Count:  44



MB Summary Report

Work Order:  

Matrix:

Units:

Prep Method: 

7471ABAnalytical 
Method:

Prep Date:

Analyzed Date:

03/22/10 Prep Batch:

Analytical 
Batch:

400337

mg/Kg

03/23/10

018174711003111

Soil

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.01 0.10Mercury ND 

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

03/22/10 Prep Batch:

Analytical 
Batch:

400355

mg/Kg

03/23/10

018530501003111

Soil

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.13 1.0Lead 0.35 

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

03/22/10 Prep Batch:

Analytical 
Batch:

400357

mg/Kg

03/23/10

018730501003111

Soil

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.20 5.0Antimony ND 

0.28 1.7Arsenic ND 

1 5.0Barium ND 

0.0840 2.0Beryllium ND 

0.059 1.0Cadmium ND 

0.059 5.0Chromium 0.10 

0.14 5.0Cobalt ND 

0.090 5.0Copper 0.50 

0.13 1.0Lead 0.25 

0.059 5.0Molybdenum ND 

0.059 5.0Nickel 0.10 

0.29 5.0Selenium ND 

1.0 1.0Silver ND 

0.12 5.0Thallium ND 

0.12 5.0Vanadium ND 

0.59 5.0Zinc 1.1 
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MB Summary Report

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

05/11/10 Prep Batch:

Analytical 
Batch:

400853

mg/Kg

05/12/10

0412WET/3010B1003111

Soil

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.0500 0.10Lead (STLC) ND 

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

05/13/10 Prep Batch:

Analytical 
Batch:

400864

mg/Kg

05/13/10

0423WET-DI/3010B1003111

Soil

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.0500 0.10Lead (DI-STLC) ND 

Work Order:  

Matrix:

Units:

Prep Method: 

SW7199Analytical 
Method:

Prep Date:

Analyzed Date:

05/11/10 Prep Batch:

Analytical 
Batch:

400887

mg/Kg

05/11/10

04367199M1003111

Soil

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.015 0.10Hexavalent Chromium ND 
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LCS/LCSD Summary Report
Raw values are used in quality control assessment.

Work Order:  

Matrix:

Units:

Prep Method: 

7471BAnalytical 
Method:

Prep Date:

Analyzed Date:

03/22/10 Prep Batch:

Analytical 
Batch:

40033703/23/10

mg/Kg

7471 0181

Soil

1003111

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

0.10 1.250.01 0.00333 1.93 3080.5 - 133Mercury 106 108

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

03/22/10 Prep Batch:

Analytical 
Batch:

40035503/23/10

mg/Kg

3050 0185

Soil

1003111

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

1 500.13 ,0.35 0.705 3067.9 - 118Lead 99.6 98.9

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

03/22/10 Prep Batch:

Analytical 
Batch:

40035703/23/10

mg/Kg

3050 0187

Soil

1003111

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

5 500.2 ,-0.050 0.303 3030.7 - 130Antimony 99.2 98.9

1.7 500.28 ,0.00 0.303 3071 - 121Arsenic 99 98.7

5 501.1 ,0.25 1.88 3070.2 - 130Barium 99.9 102

2 500.084 ,0.00 3.73 3073.3 - 115Beryllium 101.1 97.3

1 500.059 ,0.00 1.99 68.7 - 110Cadmium 94.3 96.2

5 500.059 ,0.10 1.69 3076 - 116Chromium 99.9 102

5 500.14 ,0.050 2.85 3057.4 - 122Cobalt 97 99.8

5 500.09 ,0.50 1.69 3074.8 - 119Copper 100 102

1 500.13 ,0.25 0.201 3067.9 - 118Lead 99.6 99.4

5 500.059 ,0.00 0.196 3062.9 - 123Molybdenum 102.3 102

5 500.059 ,0.10 1.73 3061.5 - 122Nickel 97.6 99.3

5 500.29 ,-0.20 0.638 3062 - 111Selenium 94.3 93.7

1 501 ,-0.050 1.55 3081.1 - 109Silver 96.2 97.7

5 500.12 ,-0.10 0.423 3039.2 - 125Thallium 94.4 94.8

5 500.12 ,0.050 1.49 3065.8 - 122Vanadium 99.9 101

5 500.59 ,1.1 1.08 3059.9 - 122Zinc 100.5 102
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LCS/LCSD Summary Report
Raw values are used in quality control assessment.

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

05/11/10 Prep Batch:

Analytical 
Batch:

40085305/12/10

mg/Kg

WET/3010B 0412

Soil

1003111

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

0.10 100.0500 ,0.0100 0.789 2080 - 120Lead (STLC) 101 102

Work Order:  

Matrix:

Units:

Prep Method: 

SW6010BAnalytical 
Method:

Prep Date:

Analyzed Date:

05/13/10 Prep Batch:

Analytical 
Batch:

40086405/13/10

mg/L

WET-DI/3010B 0423

Soil

1003111

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

0.10 100.0500 ,0.000 0.0970 2080 - 120Lead (DI-STLC) 103 103

Work Order:  

Matrix:

Units:

Prep Method: 

SW7199Analytical 
Method:

Prep Date:

Analyzed Date:

05/11/10 Prep Batch:

Analytical 
Batch:

40088705/11/10

mg/Kg

7199M 0436

Soil

1003111

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

0.10 0.10.015 ,0.0006 6.16 3065 - 135Hexavalent Chromium 95.9 90.2
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MS/MSD Summary Report
Raw values are used in quality control assessment.

Work Order:  1003111

Analyzed Date:

Prep Date:

Matrix:

Prep Method: 03/22/10

1003111-005ASpiked Sample:

Analytical 
Method:

Prep Batch:

Units:

Analytical 
Batch:

7471B 40033703/23/10

mg/Kg

01817471

Soil

Parameters MDL PQL Sample
Conc. 

Spike
Conc.

MS %
Recovery

MSD %
Recovery

MS/MSD
% RPD

%
Recovery

Limits

% RPD
Limits

Lab
Qualifier

1.25 80.5 - 1330.01 0.10 5.12 30Mercury 88.8 94.70.00344

Work Order:  1003111

Analyzed Date:

Prep Date:

Matrix:

Prep Method: 03/22/10

1003111-001ASpiked Sample:

Analytical 
Method:

Prep Batch:

Units:

Analytical 
Batch:

SW6010B 40035503/23/10

mg/Kg

01853050

Soil

Parameters MDL PQL Sample
Conc. 

Spike
Conc.

MS %
Recovery

MSD %
Recovery

MS/MSD
% RPD

%
Recovery

Limits

% RPD
Limits

Lab
Qualifier

50 67.9 - 1180.13 NR1 4.39 30Lead 91.91.5

Work Order:  1003111

Analyzed Date:

Prep Date:

Matrix:

Prep Method: 03/22/10

1003111-005ASpiked Sample:

Analytical 
Method:

Prep Batch:

Units:

Analytical 
Batch:

SW6010B 40035703/23/10

mg/Kg

01873050

Soil

Parameters MDL PQL Sample
Conc. 

Spike
Conc.

MS %
Recovery

MSD %
Recovery

MS/MSD
% RPD

%
Recovery

Limits

% RPD
Limits

Lab
Qualifier

50 30.7 - 1300.20 5.0 9.13 30Antimony 70.1 63.70.032

50 71 - 1210.28 1.7 5.13 30Arsenic 89.8 84.80.14

50 70.2 - 1301 5.0 8.21 30Barium 126 1002.0

50 73.3 - 1150.0840 2.0 0.549 30Beryllium 91.6 91.1-0.0030

50 68.7 - 1100.059 1.0 3.59 30Cadmium 89.8 86.60.0100

50 76 - 1160.059 5.0 1.55 30Chromium 89.1 86.30.87

50 57.4 - 1220.14 5.0 0.258 30Cobalt 88.1 88.30.28

50 74.8 - 1190.090 5.0 5.37 30Copper 97.7 90.00.55

50 67.9 - 1180.13 1.0 7.25 30Lead 93.0 80.90.80

50 62.9 - 1230.059 5.0 3.86 30Molybdenum 87.6 84.3-0.0050

50 61.5 - 1220.059 5.0 3.81 30Nickel 81.4 87.80.94

50 62 - 1110.29 5.0 2.41 30Selenium 86.5 84.40.016

50 81.1 - 1091.0 1.0 3.86 30Silver 94.9 91.30.0020

50 39.2 - 1250.12 5.0 3.62 30Thallium 78.9 76.2-0.029

50 65.8 - 1220.12 5.0 1.97 30Vanadium 85.9 82.60.88

50 59.9 - 1220.59 5.0 22.3 30Zinc 122 63.51.7
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MS/MSD Summary Report
Raw values are used in quality control assessment.

Work Order:  1003111

Analyzed Date:

Prep Date:

Matrix:

Prep Method: 05/11/10

1003111-001ASpiked Sample:

Analytical 
Method:

Prep Batch:

Units:

Analytical 
Batch:

SW6010B 40085305/12/10

mg/L

0412WET/3010B

Soil

Parameters MDL PQL Sample
Conc. 

Spike
Conc.

MS %
Recovery

MSD %
Recovery

MS/MSD
% RPD

%
Recovery

Limits

% RPD
Limits

Lab
Qualifier

10 75 - 1250.0500 0.10 0.616 20Lead (STLC) 78.6 77.70.356

Work Order:  1003111

Analyzed Date:

Prep Date:

Matrix:

Prep Method: 05/13/10

1003111-001ASpiked Sample:

Analytical 
Method:

Prep Batch:

Units:

Analytical 
Batch:

SW6010B 40086405/13/10

mg/L

0423WET-DI/3010B

Soil

Parameters MDL PQL Sample
Conc. 

Spike
Conc.

MS %
Recovery

MSD %
Recovery

MS/MSD
% RPD

%
Recovery

Limits

% RPD
Limits

Lab
Qualifier

10 75 - 1250.0500 0.10 1.66 20Lead (DI-STLC) 103 1010.000

Work Order:  1003111

Analyzed Date:

Prep Date:

Matrix:

Prep Method: 05/11/10

1003111-019ASpiked Sample:

Analytical 
Method:

Prep Batch:

Units:

Analytical 
Batch:

SW7199 40088705/11/10

mg/Kg

04367199M

Soil

Parameters MDL PQL Sample
Conc. 

Spike
Conc.

MS %
Recovery

MSD %
Recovery

MS/MSD
% RPD

%
Recovery

Limits

% RPD
Limits

Lab
Qualifier

0.1 65 - 1250.015 0.10 -4.11 30Hexavalent Chromium 112 93.10.021
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Duplicate QC Summary Report

Work Order:  

Matrix:

Units:

Prep Method: 

SW9045CAnalytical 
Method:

Prep Date:

Analyzed Date:

NA Prep Batch:

Analytical 
Batch:

40035403/23/10

1003111

Lab Sample ID:  1003116-015A-Dup

NA NA

Soil

Parameters PQL MDL Sample
Result

Duplicate
Result

% RPD

pH 0.100 2.00 7.22 0.1047.19

Raw values are used in quality control assessment.
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Laboratory Qualifiers and Definitions

Method Detection Limit (MDL) -  the minimum concentration of a substance that can be measured and reported with a 99% confidence that the analyte 
concentration is greater than zero 

Matrix Spike (MS/MSD) -  Client sample spiked with identical concentrations of target analyte (s).  The spiking occurs prior to the sample preparation and 
analysis.  They are used to document the precision and bias of a method in a given sample matrix.

Matrix - the component or substrate that contains the analyte of interest (e.g., - groundwater, sediment, soil, waste water, etc)

Laboratory Control Sample (LCS ad LCSD) - A known matrix spiked with compounds representative of the target analyte(s).  This is used to document 
laboratory performance.

Duplicate - a field sample and/or laboratory QC sample prepared in duplicate following all of the same processes and procedures used on the original sample 
(sample duplicate, LCSD, MSD)

Blank (Method/Preparation Blank) -MB/PB - An analyte-free matrix to which all reagents are added in the same volumes/proportions as used in sample 
processing.  The method blank is used to document contamination resulting from the analytical process.

Practical Quantitation Limit  (PQL) - a laboratory determined value at 2 to 5 times above the MDL that can be reproduced in a manner that results in a 99% 
confidence level that the result is both accurate and precise. PQLs reflect all preparation factors and/or dilution factors that have been applied to the sample 
during the preparation and/or analytical processes.

Precision (%RPD) - The agreement among a set of replicate/duplicate measurements without regard to known value of the replicates 

 Surrogate (S) or (Surr) - An organic compound which is similar to the target analyte(s) in chemical composition and behavior in the analytical process, but 
which is not normally found in environmental samples. Surrogates are used in most organic analysis to demonstrate matrix compatibility with the chosen method 
of analysis

Tentatively Identified Compound (TIC) - A compound not contained within the analytical calibration standards but present in the GCMS library of defined 
compounds.  When the library is searched for an unknown compound, it can frequently give a tentative identification to the compound based on retention time 
and primary and secondary ion match.  TICs are reported as estimates and are candidates for further investigation.

Units: the unit of measure used to express the reported result - mg/L and mg/Kg (equivalent to PPM - parts per million in liquid and solid), ug/L and ug/Kg 
(equivalent to PPB - parts per billion in liquid and solid), ug/m3, mg.m3, ppbv and ppmv  (all units of measure for reporting concentrations in air), % ( 
equivalent to 10000 ppm or 1,000,000 ppb), ug/Wipe ( concentration found on the surface of a single Wipe usually taken over a 100cm2 surface)

B - Indicates when the anlayte is found in the associated method or preparation blank 
D - Surrogate is not recoverable due to the necessary dilution of the sample
E - Indicates the reportable value is outside of the calibration range of the instrument but within the linear range of the instrument (unless otherwise noted) 
Values reported with an E qualifier should be considered as estimated.
H- Indicates that the recommended holding time for the analyte or compound has been exceeded
J- Indicates a value between the method MDL and PQL and that the reported concentration should be considered as estimated rather the quantitative 
NA - Not Analyzed
N/A - Not Applicable
NR - Not recoverable - a matrix spike concentration is not recoverable due to a concentration within the original sample that is greater than four times the spike 
concentration added
R- The % RPD between a duplicate set of samples is outside of the absolute values established by laboratory control charts
S- Spike recovery is outside of established method and/or laboratory control limits.  Further explanation of the use of this qualifier should be included within a 
case narrative

    X -Used to indicate that a value based on pattern identification is within the pattern range but not typical of the pattern found in standards.       
    Further explanation may or may not be provided within the sample footnote and/or the case narrative.

DEFINITIONS:

Accuracy/Bias (% Recovery) - The closeness of agreement between an observed value and an accepted reference value.

LABORATORY QUALIFIERS:
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pH Adjusted by:  pH Checked by:  

°C4

No VOA vials submitted

Yes

Yes

Temperature:

Water-pH acceptable upon receipt?

Water-VOA vials have zero headspace?

Container/Temp Blank temperature in compliance?

All samples received within holding time?

Sample Preservation and Hold Time (HT) Information

YesSamples containers intact?

Yes

Yes

Not Present

Yes

Sufficient sample volume for indicated test?

Samples in proper container/bottle?

Custody seals intact on shipping container/cooler?

Shipping Container/Cooler In Good Condition?

Sample Receipt Information

Yes

Yes

Yes

Not Present

Chain of custody agrees with sample labels?

Chain of custody signed when relinquished and received?

Chain of custody present?

Custody seals intact on sample bottles?

Chain of Custody (COC) Information

Checklist Completed By:  NG

Carrier Name:  Client Droped off

Physically Logged By:  NG

Received By:   LI

Date and Time Received:  3/19/2010  17:00

Work Order No.:  1003111

Project Name:  HWY 101 MSN B4 project, Petaluma, CA

Client Name:  URS (San Jose)

Sample Receipt Checklist
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Login Summary Report

Report Due Date:

5 day TAT! Received 22 soils. Asbestos PLM subbed to EMSL.

17:00

3/19/2010

IIURS (San Jose)TL5174

HWY 101 MSN B4 project, Petaluma, CA

5/14/2010

TAT Requested:

Date Received:

Time Received:

QC Level: 

Project Name:

Project # :

Comments:

Client ID:

5+ day:0

1003111Work Order # :

SubbedRequested
Tests

Test
On Hold

Sample
On Hold

Scheduled
Disposal

MatrixCollection 
Date/Time

Client 
Sample ID

WO Sample ID

N-8@0.51003111-001A Soil 09/15/1003/18/10 12:27
S_6010B(STLC)
S_6010BDI-STLC
S_6010BCAM17

N-8@1.01003111-002A Soil 09/15/1003/18/10 12:32
S_6010B(STLC)
S_6010BDI-STLC
S_6010BCAM17

N-9@0.51003111-003A Soil 09/15/1003/18/10 11:40
S_6010BCAM17

N-9@1.01003111-004A Soil 09/15/1003/18/10 11:47
S_6010BCAM17

N-10@0.51003111-005A Soil 09/15/1003/18/10 12:06
S_pH9045C
S_7471BHG
S_6010BCAM17
SUB_AsbestosCARB
435

Yes

N-10@1.01003111-006A Soil 09/15/1003/18/10 12:10
S_pH9045C
S_6010BCAM17
S_7471BHG
SUB_AsbestosCARB
435

Yes

N-13d@0.51003111-007A Soil 09/15/1003/18/10 15:00
S_6010B(STLC)
S_6010BDI-STLC
S_6010BCAM17

N-13d@1.01003111-008A Soil 09/15/1003/18/10 15:05
S_pH9045C
S_7471BHG
SUB_AsbestosCARB
435

Yes

S_6010BCAM17
N-13d@1.51003111-009A Soil 09/15/1003/18/10 15:10

S_6010BCAM17
N-13d@2.01003111-010A Soil 09/15/1003/18/10 15:19
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Login Summary Report

Report Due Date:

5 day TAT! Received 22 soils. Asbestos PLM subbed to EMSL.

17:00

3/19/2010

IIURS (San Jose)TL5174

HWY 101 MSN B4 project, Petaluma, CA

5/14/2010

TAT Requested:

Date Received:

Time Received:

QC Level: 

Project Name:

Project # :

Comments:

Client ID:

5+ day:0

1003111Work Order # :

SubbedRequested
Tests

Test
On Hold

Sample
On Hold

Scheduled
Disposal

MatrixCollection 
Date/Time

Client 
Sample ID

WO Sample ID

S_6010BCAM17
N-13d@3.01003111-011A Soil 09/15/1003/18/10 15:23

S_6010BCAM17
N-11@0.51003111-012A Soil 09/15/1003/18/10 14:42

S_6010B(STLC)
S_6010BDI-STLC
S_6010BCAM17

N-11@1.01003111-013A Soil 09/15/1003/18/10 14:46
S_6010B(STLC)
S_6010BCAM17
S_6010BDI-STLC

N-13@0.51003111-014A Soil 09/15/1003/18/10 15:00
S_6010B(STLC)
S_6010BCAM17
S_6010BDI-STLC

N-13@1.01003111-015A Soil 09/15/1003/18/10 15:05
S_pH9045C
SUB_AsbestosCARB
435

Yes

S_6010BCAM17
S_7471BHG

N-13@1.51003111-016A Soil 09/15/1003/18/10 15:10
S_6010BCAM17

N-13@2.01003111-017A Soil 09/15/1003/18/10 15:19
S_6010BCAM17

N-13@3.01003111-018A Soil 09/15/1003/18/10 15:23
S_6010BCAM17

S-5@0.51003111-019A Soil 09/15/1003/18/10 15:52
S_CrVI7199
CO
S_6010BCAM17
SUB_AsbestosCARB
435

Yes

S_pH9045C
S_7471BHG

S-5@1.01003111-020A Soil 09/15/1003/18/10 15:55
S_6010BCAM17
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Login Summary Report

Report Due Date:

5 day TAT! Received 22 soils. Asbestos PLM subbed to EMSL.

17:00

3/19/2010

IIURS (San Jose)TL5174

HWY 101 MSN B4 project, Petaluma, CA

5/14/2010

TAT Requested:

Date Received:

Time Received:

QC Level: 

Project Name:

Project # :

Comments:

Client ID:

5+ day:0

1003111Work Order # :

SubbedRequested
Tests

Test
On Hold

Sample
On Hold

Scheduled
Disposal

MatrixCollection 
Date/Time

Client 
Sample ID

WO Sample ID

S-5d@0.51003111-021A Soil 09/15/1003/18/10 15:52
S_6010BCAM17

S-5d@1.01003111-022A Soil 09/15/1003/18/10 15:55
S_6010BCAM17
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Sample Description Appearance Result Notes

Test Report: Qualitative asbestos analysis of soils using the EPA 600/R-93/116 method

091002645

Attn: Nutan Kabir
Torrent Laboratory, Inc.
483 Sinclair Frontage Rd.
Milpitas, CA 95035

Customer PO: COC100322001
Received: 03/23/10 9:30 AM

COC100322001

Customer ID: TORR80

Fax: (408) 263-8293 Phone: (408) 263-5258
Project:

EMSL Order:

EMSL Proj:
3/30/2010Analysis Date:

EMSL Analytical, Inc
2235 Polvorosa Ave , Suite 230, San Leandro, CA 94577
Phone:  (510) 895-3675        Fax:  (510) 895-3680     Email:   milpitaslab@emsl.com

1003111-005A
091002645-0001

None Detected

1003111-006A
091002645-0002

None Detected

1003111-008A
091002645-0003

None Detected

1003111-015A
091002645-0004

None Detected

1003111-019A
091002645-0005

None Detected

Baojia Ke, Laboratory Manager
or other approved signatory

1Test Report  PLMQualw/Types-7.12.0  Printed: 3/30/2010 10:18:29 AM

Analyst(s)

THIS IS THE LAST PAGE OF THE REPORT.

EMSL recommends that soil samples reported as "ND" be tested by the EPA Screening Method/Qualitative. The above report relates only to the items tested. This report may not be 
reproduced, except in full, without written approval by EMSL Analytical, Inc.  The above test must not be used by the client to claim product endorsement by NVLAP nor any agency of 
the United States Government. Unless otherwise noted, the results in this report have not been blank corrected.Samples received in good condition unless otherwise noted.
Samples analyzed by EMSL Analytical, Inc 2235 Polvorosa Ave , Suite 230,  San LeandroCA 

Rui Cindy Geng (5)

mailto:milpitaslab@emsl.com


RESET-
-\

~&I~rr~l1!
483 Sinclair Frontage Road

Milpitas, CA 95035

Phone: 408.263.5258

FAX: 408.263.8293

www.torrentlab.com

CHAIN OF CUSTODY

Company Name: URS Corporation Location of Sampling: Petaluma, CA

~ddress: 100 W San Fernando Street, Suite 200
.

Purpose: Hazardous Materials Investigation for HWY 101 MSN B4 Project. IState: CA,City: San Jose Zip Code: 95113 Special Instructions I Comments:
-- ._._~~--_ ....-.._._._-------

Telephone: 408-297-9585 FAX: 408-297-6962

REPORT TO: J Ripple SAMPLER: J Ripple/M Thummaluru P.O.#: 28645045.03200 EMAIL: james ripple@urscorp.com

TURNAROUND TIME: SAMPLE TYPE: ' REPORT FORMAT: iXlG
Eo-

~
~

~
QJ

lZJ10 WorkDays o 3WorkDays o Noon- NxtDay o StormWater o Air o QC LevelIV
~ ...:l

.•..-;
~

~
~ ANAL YS'S=-- coWasteWater o Other o EDF

.•..
QJ . REQUESTEDQJ f;Iil ~o 7WorkDays o 2 WorkDays o 2 - 8 Hours ~
~o GroundWater o Excel! EDD = Eo- ..c ~e ~ .~ ~o 5WorkDays o 1WorkDay o Other fZI Soil r-- -- -- 0•...

"C ~ .•..
~

I I ~ ~ ~
=: ==

QJ ~ U "C

-< ..c

==
~ 0 ~

LASlO CLIENT'S SAMPLE 1.0. DATE I TIME #OF CONT =-- =-- ~ QJ
REMARKS

SAMPLED
MATRIX

CONT TYPE U Eo- Eo- -< Q.. ltl ;;, ...:l

liooj, N-8@O.5 =~~(tf)1i22~_ ... Soil 1 Jar ./
~o2j .--- ...- ...-.-. -..--....---- . -'--'- ......•-.- ........- ...-.- .... .....---_' ---_._- -.-- ..'_H"'·· ~----

N";8@1.0 1'2..32 Soil 1 Jar ./Ii'
••• __ •__ m •• _ •••• _ •• _ •••• _ ••••• _ •• __ •••• _. __ •••• _._ _ .

. - ....-.- ..--...- --.----..- ..-.- -- ..- ....- .. -.-. ---- --- ..-..- f-'--- 1--_. - ..- - ...- ---- nom_hm •••

003A N-9@O.5 1\Y.l> Soil 1 Jar ./
.-.....- .....-.---.- ....- ....----....--- ...-.-- --. -.-- ......---- -.-.-- ...- _ ...._-- _.---- 1--.--- ---........ .---....-.- _ .....---1---.-. --..- ----- ...---- --

eo.:#. A N-9@1.0 1\ t.l "f Soil 1 Jar ./
Oo5R N-IO@O.5 - rz.Dt, Soil 1 Jar ./ ./ ./,

oo~R: N-IO@l.O \'2-10 Soil 1 Jar ./ ./ ./
e.9~{!N-13d@O.5 IS'"OD Soil 1 Jar ./ ,, Or-
QOSll -

"" ~N-13d@1.0 ')b~ Soil 1 Jar ./. ./ ./ .-

oOr;111 N-13d@1.5 I S-/O Soil 1 Jar ./ /{,JF .

o IC('If N-13d@2.0 ,'-.:I } )"11 Soil 1 Jar ./...

Samples on Ice?

laboratory 3~ daysf~om?ateofr~C~ipt unless other arrange are made.Date::~~~=~=~.~==~_=iI Log In Reviewed By:, ~ __ .......c. . Date:

Time:

__________ Sample seals intact? 0 Yes D NOD N!A

Page --i- of ~

Received By:,....,.Time:t ~2S rvrI.,
Relinquished By:

1
2 Relinquished

Were Samples Received in Good Condition?

NOTE:

Log In

http://www.torrentlab.com
mailto:ripple@urscorp.com


RESET-/

483 Sinclair Frontage Road

Milpitas, CA 95035
Phone: 408.263.5258
FAX: 408.263.8293
www.torrentlab.com

CHAIN OF CUSTODY

l'

Company Name: URS Corporation Location of Sampling: Petaluma, CA

Address: 100 W San Fernando Street, Suite 200 Purpose: Hazardous Materials Investigation for HWY 101 MSN B4 Project

City: San Jose IState: CA Zip Code: 95113 Special Instructions I Comments:
.-

Telephone: 408~297-9585 FAX: 408-297-6962

REPORT TO: J Ripple SAMPLER: J Ripple/M Thummaluru P.O. #: 28645045.03200 EMAIL: james ripple@urscorp.com

TURNAROUND TIME: SAMPLE TYPE: REPORT FORMAT: ="GEo-
~ '"~

CI.lo StormWater o QC LevelIV '"
.•..

tlI10 WorkDays 0 3WorkDays o Noon- NxtDay o Air -; -- ...;l co=
~ ANALYSISo WasteWater o Other o EDF

.•.. >< Q.; =CI.l ~ ~ CI.l REQUESTEDo 7WorkDays o 2WorkDays o 2-8Hours ~
~o GroundWater o ExcelI EDD

0 Eo- .J:I ~
to- e = '"

~o 5WorkDays o 1WorkDay o Other o Soil .... -- -- 0 0'T:l ~ .•..
~

I I '" '" '"
== ==

CI.l co= U 'T:l
DATE I TIME #OF CONT -< Q.; Q.;

.J:I

== C-' 0 co=

LAB 10 CLIENT'S SAMPLE 1.0. MATRIX '" CI.l

SAMPLED CONT TYPE U Eo- Eo- -< Cl. trl > ...;l REMARKS

;ijl,'ii'~N-13d@3.0 3(lfI!ltJ ( ,S-2.3 Soil 1 Jar ~
•• H •• ··_ •••••• ________ -.. .-.--1- .....- ..-- _.-_ .. .- ...---.

('\ \.~'~ N-ll@O.5 lc.ftf2 Soil 1 Jar ~-'.!G" _...~ ..._ ....... _ ...... __ m.______ ._·_~····_ -... f---.--- m_ ...._·· ..···_m.~.m ___ ••• - ......- ....- .-.-- _._m ..__ n _____ • ··_n ....._ .. ~m'_" -.---- ....- ..- H"_ .._.

(), a.A N-ll@1.0 It.( 9 {, Soil 1 Jar ~,
-.-.- -.-- -- _ .. .--- ...-

ol~A N-13@O.5 IS-oC Soil 1 Jar ~

O15A N-13@1.0 IJ"f>S Soil 1 Jar ~ ~ ~

Oi'B N-13@1.5
.

~J) 10 Soil 1 Jar

O\7A N-13@2.0 , I r; /1 Soil 1 Jar ~
(')e,.

.~

Ql~fl N-13@3.0 1)"23 Soil 1 Jar ~ ~~

OJ C}'A S-5@O.5 ls-r-2 Soil 1 Jar ~ ~ ~
;

d20.·~
,

S-5@1.0 \.J / ~)S- Soil 1 Jar ~

Relinquished By: {., Date: Time: I Received By: Print: I Date: I Time:
1 1 I~ {J l ~2:r f /rl

2
Date: Time:a.

Were Sampres R~ceived in Good Condition? DYes 0 NO Samples on Ice? 0 Yes 0 NO

NOTE: Samples laboratory 30da~~. fr?m date of re~~ipt unless other arrange

Log In By: - ~. - ~.• "' __ '"_~ , Date: ~~~"-,.--~~'~,~_~~. ': I Log In Reviewed

\

Sample seals intact? 0 Yes D NO 0 N/A

Page __ Z of ~

http://www.torrentlab.com
mailto:ripple@urscorp.com


RESET-
483 Sinclair Frontage Road

Milpitas, CA 95035

Phone: 408.263.5258

FAX: 408.263.8293

www.torrentlab.com

CHAIN OF CUSTODY

.
Company Name: URS Corporation Location of Sampling: Petaluma, CA

Address: 100 W San Fernando Street, Suite 200 Purpose: Hazardous Materials Investigation for HWY 101 MSN B4 Project

City: San Jose IState: CA IZip Code: 95113 Special Instructions I Comments: --.--- ...- ...--"'--

Telephone: 408-297-9585. FAX: 408-297-6962

REPORT TO: J Ripple SAMPLER: J Ripple/M Thummaluru P.O.#: 28645045.03200 EMAIL: james ripple@urscorp.com

TURNAROUND TIME: SAMPLE TYPE: REPORT FORMAT: =:QG
Eo-<

~ '"~
CI.l

III 10WorkDays '" -o 3 WorkDays o Noon· NxtDay D StormWater o Air o QC LevelIV - ...:l = ~ ANALYSIS= --~ llo; =
D WasteWater o Other DEDF - CI.l REQUESTEDo 7WorkDays o 2WorkDays 02.8 Hours

CI.l ~ >. ~
D GroundWater o Excel! EDD ~ Q Eo-< .Q >.

r- 8 = '"
~

D 5WorkDays D 1WorkDay o Other IZI Soil .... -- -- Q 0"Cl ~ - '"~
I I '" '" U "Cl:::c: :::c: CI.l =-< .Q

:::c: c..? 0 c-=
LAB 10 CLIENT'S SAMPLE 1.0. DATE I TIME #OF CO NT llo; llo; '" CI.l

REMARKS
SAMPLED

MATRIX
CONT TYPE U Eo-< Eo-< -< c. I() > ...:l

02,tA S-5d@O.5 . )/tBflb / I S-S-2. Soil 1 Jar ,
--.-- ..-----------. --t------ ~- ----.--- ._--- ---

o 22. A' S-5d@1.0 ~ IsST Soil 1 Jar ,
, 3

.-._ ............_ .._ ..m_··_···· ..····..·_._.~ .._. __ .~ ..h __ ._. -.--.----.- ..--.- ._ ..~. __ ._-_. '___n_._ .,,_.._ ..._ ..._m_ .. ..-...- ..-.... "'_"'_."_mh' .--- ..- f----" -- ~- - ..- ... -..

.~
.. ------- ..----.---------- --.-------"--- ----_. ---,"---_. ---"-'-- -. -_ . ._-- .

;

,

,
I~C

. ~~ ..
I'

. ". ' .

Log In By: ,Date:
.'.:.:..~~~ ....•••~.......:'~ ;.:.'.'p',--,,'C- •. ~ '>""',"",",,"" '_~·"'''~_n_''''-'-<,' ..'' __'0";;"';

unless other arrange -ments,a_re_~m~a..,d..e.....•.--~,~~~,

Log In Reviewed BY:_=:::::-:.-=:::::::::.=-•.:":.=::_====::::::::::::;:;::

Time:Date:

Sample seals intact? 0 Yes 0 NO 0 N!A
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Print:Time:, : t.S ft-r I Received By:

Time:

DYes

the laboratory 30are

2

1 Relinquished By:

NOTE:
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Sample Description Appearance Result Notes

Test Report: Qualitative asbestos analysis of soils using the EPA 600/R-93/116 method

091002645

Attn: Nutan Kabir
Torrent Laboratory, Inc.
483 Sinclair Frontage Rd.
Milpitas, CA 95035

Customer PO: COC100322001
Received: 03/23/10 9:30 AM

COC100322001

Customer ID: TORR80

Fax: (408) 263-8293 Phone: (408) 263-5258
Project:

EMSL Order:

EMSL Proj:
3/30/2010Analysis Date:

EMSL Analytical, Inc
2235 Polvorosa Ave , Suite 230, San Leandro, CA 94577
Phone:  (510) 895-3675        Fax:  (510) 895-3680     Email:   milpitaslab@emsl.com

1003111-005A
091002645-0001

None Detected

1003111-006A
091002645-0002

None Detected

1003111-008A
091002645-0003

None Detected

1003111-015A
091002645-0004

None Detected

1003111-019A
091002645-0005

None Detected

Baojia Ke, Laboratory Manager
or other approved signatory

1Test Report  PLMQualw/Types-7.12.0  Printed: 3/30/2010 10:18:29 AM

Analyst(s)

THIS IS THE LAST PAGE OF THE REPORT.

EMSL recommends that soil samples reported as "ND" be tested by the EPA Screening Method/Qualitative. The above report relates only to the items tested. This report may not be 
reproduced, except in full, without written approval by EMSL Analytical, Inc.  The above test must not be used by the client to claim product endorsement by NVLAP nor any agency of 
the United States Government. Unless otherwise noted, the results in this report have not been blank corrected.Samples received in good condition unless otherwise noted.
Samples analyzed by EMSL Analytical, Inc 2235 Polvorosa Ave , Suite 230,  San LeandroCA 

Rui Cindy Geng (5)

mailto:milpitaslab@emsl.com


RESET-
-\

~&I~rr~l1!
483 Sinclair Frontage Road

Milpitas, CA 95035

Phone: 408.263.5258

FAX: 408.263.8293

www.torrentlab.com

CHAIN OF CUSTODY

Company Name: URS Corporation Location of Sampling: Petaluma, CA

~ddress: 100 W San Fernando Street, Suite 200
.

Purpose: Hazardous Materials Investigation for HWY 101 MSN B4 Project. IState: CA,City: San Jose Zip Code: 95113 Special Instructions I Comments:
-- ._._~~--_ ....-.._._._-------

Telephone: 408-297-9585 FAX: 408-297-6962

REPORT TO: J Ripple SAMPLER: J Ripple/M Thummaluru P.O.#: 28645045.03200 EMAIL: james ripple@urscorp.com

TURNAROUND TIME: SAMPLE TYPE: ' REPORT FORMAT: iXlG
Eo-

~
~

~
QJ

lZJ10 WorkDays o 3WorkDays o Noon- NxtDay o StormWater o Air o QC LevelIV
~ ...:l

.•..-;
~

~
~ ANAL YS'S=-- coWasteWater o Other o EDF

.•..
QJ . REQUESTEDQJ f;Iil ~o 7WorkDays o 2 WorkDays o 2 - 8 Hours ~
~o GroundWater o Excel! EDD = Eo- ..c ~e ~ .~ ~o 5WorkDays o 1WorkDay o Other fZI Soil r-- -- -- 0•...

"C ~ .•..
~

I I ~ ~ ~
=: ==

QJ ~ U "C

-< ..c

==
~ 0 ~

LASlO CLIENT'S SAMPLE 1.0. DATE I TIME #OF CONT =-- =-- ~ QJ
REMARKS

SAMPLED
MATRIX

CONT TYPE U Eo- Eo- -< Q.. ltl ;;, ...:l

liooj, N-8@O.5 =~~(tf)1i22~_ ... Soil 1 Jar ./
~o2j .--- ...- ...-.-. -..--....---- . -'--'- ......•-.- ........- ...-.- .... .....---_' ---_._- -.-- ..'_H"'·· ~----

N";8@1.0 1'2..32 Soil 1 Jar ./Ii'
••• __ •__ m •• _ •••• _ •• _ •••• _ ••••• _ •• __ •••• _. __ •••• _._ _ .

. - ....-.- ..--...- --.----..- ..-.- -- ..- ....- .. -.-. ---- --- ..-..- f-'--- 1--_. - ..- - ...- ---- nom_hm •••

003A N-9@O.5 1\Y.l> Soil 1 Jar ./
.-.....- .....-.---.- ....- ....----....--- ...-.-- --. -.-- ......---- -.-.-- ...- _ ...._-- _.---- 1--.--- ---........ .---....-.- _ .....---1---.-. --..- ----- ...---- --

eo.:#. A N-9@1.0 1\ t.l "f Soil 1 Jar ./
Oo5R N-IO@O.5 - rz.Dt, Soil 1 Jar ./ ./ ./,

oo~R: N-IO@l.O \'2-10 Soil 1 Jar ./ ./ ./
e.9~{!N-13d@O.5 IS'"OD Soil 1 Jar ./ ,, Or-
QOSll -

"" ~N-13d@1.0 ')b~ Soil 1 Jar ./. ./ ./ .-

oOr;111 N-13d@1.5 I S-/O Soil 1 Jar ./ /{,JF .

o IC('If N-13d@2.0 ,'-.:I } )"11 Soil 1 Jar ./...

Samples on Ice?

laboratory 3~ daysf~om?ateofr~C~ipt unless other arrange are made.Date::~~~=~=~.~==~_=iI Log In Reviewed By:, ~ __ .......c. . Date:

Time:

__________ Sample seals intact? 0 Yes D NOD N!A

Page --i- of ~

Received By:,....,.Time:t ~2S rvrI.,
Relinquished By:

1
2 Relinquished

Were Samples Received in Good Condition?

NOTE:

Log In

http://www.torrentlab.com
mailto:ripple@urscorp.com


RESET-/

483 Sinclair Frontage Road

Milpitas, CA 95035
Phone: 408.263.5258
FAX: 408.263.8293
www.torrentlab.com

CHAIN OF CUSTODY

l'

Company Name: URS Corporation Location of Sampling: Petaluma, CA

Address: 100 W San Fernando Street, Suite 200 Purpose: Hazardous Materials Investigation for HWY 101 MSN B4 Project

City: San Jose IState: CA Zip Code: 95113 Special Instructions I Comments:
.-

Telephone: 408~297-9585 FAX: 408-297-6962

REPORT TO: J Ripple SAMPLER: J Ripple/M Thummaluru P.O. #: 28645045.03200 EMAIL: james ripple@urscorp.com

TURNAROUND TIME: SAMPLE TYPE: REPORT FORMAT: ="GEo-
~ '"~

CI.lo StormWater o QC LevelIV '"
.•..

tlI10 WorkDays 0 3WorkDays o Noon- NxtDay o Air -; -- ...;l co=
~ ANALYSISo WasteWater o Other o EDF

.•.. >< Q.; =CI.l ~ ~ CI.l REQUESTEDo 7WorkDays o 2WorkDays o 2-8Hours ~
~o GroundWater o ExcelI EDD

0 Eo- .J:I ~
to- e = '"

~o 5WorkDays o 1WorkDay o Other o Soil .... -- -- 0 0'T:l ~ .•..
~

I I '" '" '"
== ==

CI.l co= U 'T:l
DATE I TIME #OF CONT -< Q.; Q.;

.J:I

== C-' 0 co=

LAB 10 CLIENT'S SAMPLE 1.0. MATRIX '" CI.l

SAMPLED CONT TYPE U Eo- Eo- -< Cl. trl > ...;l REMARKS

;ijl,'ii'~N-13d@3.0 3(lfI!ltJ ( ,S-2.3 Soil 1 Jar ~
•• H •• ··_ •••••• ________ -.. .-.--1- .....- ..-- _.-_ .. .- ...---.

('\ \.~'~ N-ll@O.5 lc.ftf2 Soil 1 Jar ~-'.!G" _...~ ..._ ....... _ ...... __ m.______ ._·_~····_ -... f---.--- m_ ...._·· ..···_m.~.m ___ ••• - ......- ....- .-.-- _._m ..__ n _____ • ··_n ....._ .. ~m'_" -.---- ....- ..- H"_ .._.

(), a.A N-ll@1.0 It.( 9 {, Soil 1 Jar ~,
-.-.- -.-- -- _ .. .--- ...-

ol~A N-13@O.5 IS-oC Soil 1 Jar ~

O15A N-13@1.0 IJ"f>S Soil 1 Jar ~ ~ ~

Oi'B N-13@1.5
.

~J) 10 Soil 1 Jar

O\7A N-13@2.0 , I r; /1 Soil 1 Jar ~
(')e,.

.~

Ql~fl N-13@3.0 1)"23 Soil 1 Jar ~ ~~

OJ C}'A S-5@O.5 ls-r-2 Soil 1 Jar ~ ~ ~
;

d20.·~
,

S-5@1.0 \.J / ~)S- Soil 1 Jar ~

Relinquished By: {., Date: Time: I Received By: Print: I Date: I Time:
1 1 I~ {J l ~2:r f /rl

2
Date: Time:a.

Were Sampres R~ceived in Good Condition? DYes 0 NO Samples on Ice? 0 Yes 0 NO

NOTE: Samples laboratory 30da~~. fr?m date of re~~ipt unless other arrange

Log In By: - ~. - ~.• "' __ '"_~ , Date: ~~~"-,.--~~'~,~_~~. ': I Log In Reviewed

\

Sample seals intact? 0 Yes D NO 0 N/A

Page __ Z of ~

http://www.torrentlab.com
mailto:ripple@urscorp.com


RESET-
483 Sinclair Frontage Road

Milpitas, CA 95035

Phone: 408.263.5258

FAX: 408.263.8293

www.torrentlab.com

CHAIN OF CUSTODY

.
Company Name: URS Corporation Location of Sampling: Petaluma, CA

Address: 100 W San Fernando Street, Suite 200 Purpose: Hazardous Materials Investigation for HWY 101 MSN B4 Project

City: San Jose IState: CA IZip Code: 95113 Special Instructions I Comments: --.--- ...- ...--"'--

Telephone: 408-297-9585. FAX: 408-297-6962

REPORT TO: J Ripple SAMPLER: J Ripple/M Thummaluru P.O.#: 28645045.03200 EMAIL: james ripple@urscorp.com

TURNAROUND TIME: SAMPLE TYPE: REPORT FORMAT: =:QG
Eo-<

~ '"~
CI.l

III 10WorkDays '" -o 3 WorkDays o Noon· NxtDay D StormWater o Air o QC LevelIV - ...:l = ~ ANALYSIS= --~ llo; =
D WasteWater o Other DEDF - CI.l REQUESTEDo 7WorkDays o 2WorkDays 02.8 Hours

CI.l ~ >. ~
D GroundWater o Excel! EDD ~ Q Eo-< .Q >.

r- 8 = '"
~

D 5WorkDays D 1WorkDay o Other IZI Soil .... -- -- Q 0"Cl ~ - '"~
I I '" '" U "Cl:::c: :::c: CI.l =-< .Q

:::c: c..? 0 c-=
LAB 10 CLIENT'S SAMPLE 1.0. DATE I TIME #OF CO NT llo; llo; '" CI.l

REMARKS
SAMPLED

MATRIX
CONT TYPE U Eo-< Eo-< -< c. I() > ...:l

02,tA S-5d@O.5 . )/tBflb / I S-S-2. Soil 1 Jar ,
--.-- ..-----------. --t------ ~- ----.--- ._--- ---

o 22. A' S-5d@1.0 ~ IsST Soil 1 Jar ,
, 3

.-._ ............_ .._ ..m_··_···· ..····..·_._.~ .._. __ .~ ..h __ ._. -.--.----.- ..--.- ._ ..~. __ ._-_. '___n_._ .,,_.._ ..._ ..._m_ .. ..-...- ..-.... "'_"'_."_mh' .--- ..- f----" -- ~- - ..- ... -..

.~
.. ------- ..----.---------- --.-------"--- ----_. ---,"---_. ---"-'-- -. -_ . ._-- .

;

,

,
I~C

. ~~ ..
I'

. ". ' .

Log In By: ,Date:
.'.:.:..~~~ ....•••~.......:'~ ;.:.'.'p',--,,'C- •. ~ '>""',"",",,"" '_~·"'''~_n_''''-'-<,' ..'' __'0";;"';

unless other arrange -ments,a_re_~m~a..,d..e.....•.--~,~~~,

Log In Reviewed BY:_=:::::-:.-=:::::::::.=-•.:":.=::_====::::::::::::;:;::

Time:Date:

Sample seals intact? 0 Yes 0 NO 0 N!A

Page -.L of ---1-

Print:Time:, : t.S ft-r I Received By:

Time:

DYes

the laboratory 30are

2

1 Relinquished By:

NOTE:
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mailto:ripple@urscorp.com


URS (San Jose)
100 W San Fernando St, Suite200
San Jose, California 95113
Tel: 4082979585
Fax: 4082976962

RE: Petaluma River Bridge

Torrent Laboratory, Inc. received 3 sample(s) on October 22, 2010 for the analyses 
presented in the following Report.

Dear Patrick Walz:

Work Order No.:  1010193 

All data for associated QC met EPA or laboratory specification(s) except where noted in the 
case narrative.

Torrent Laboratory, Inc. is certified by the State of California, ELAP #1991.  If you have any 
questions regarding these test results, please feel free to contact the Project Management 
Team at (408)263-5258; ext 204.

Date

October 29, 2010

Mukesh Jani

Page 1 of 12Total Page Count:  12



Date:  10/29/2010

Client:  URS (San Jose)

Project:  Petaluma River Bridge

Work Order:  1010193

CASE NARRATIVE

No issues encountered with the receiving, preparation, analysis or reporting of the results associated with 
this work order.

Page 2 of 12Total Page Count:  12



Report prepared for:  Patrick Walz

URS (San Jose)

Date Received:  10/22/10

Date Reported:  10/29/10

Sample Result Summary

1010193-001PH-1

Parameters: PQLMDL UnitResultsDFAnalysis
Method

TPH as Motor Oil (SG) mg/Kg994.01.8SW8015B(M) 1

1010193-002PH-2

Parameters: PQLMDL UnitResultsDFAnalysis
Method

TPH as Motor Oil (SG) mg/Kg280167.1SW8015B(M) 4

1010193-003PH-3

Parameters: PQLMDL UnitResultsDFAnalysis
Method

TPH as Motor Oil (SG) mg/Kg300167.1SW8015B(M) 4

Page 3 of 12Total Page Count:  12



SAMPLE RESULTS

Report prepared for:  
Date Reported:  10/29/10
Date Received:  10/22/10

URS (San Jose)
Patrick Walz

Client Sample ID:  

Date/Time Sampled:

Project Number:

Project Name/Location:  

10/15/10 / 10:00

Petaluma River Bridge

PH-1

SoilSample Matrix:

Lab Sample ID:  1010193-001A

Tag Number: Petaluma River Bridge

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

8260TPH 10/26/10 402800ug/KgNDTPH(Gasoline) 10/26/10 17 100 14401

8260TPH 10/26/10 402800%47.7(S) 4-Bromofluorobenzene 10/26/10 43.9 127 14401

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW8015B(M) 10/29/10 402820mg/KgNDTPH as Diesel (SG) 10/29/10 0.76 2.0 14461

SW8015B(M) 10/29/10 402820mg/Kg99TPH as Motor Oil (SG) 10/29/10 1.8 4.0 14461

SW8015B(M) 10/29/10 402820%80.9Pentacosane (S) 10/29/10 61.5 133 14461

Page 4 of 12Total Page Count:  12



SAMPLE RESULTS

Report prepared for:  
Date Reported:  10/29/10
Date Received:  10/22/10

URS (San Jose)
Patrick Walz

Client Sample ID:  

Date/Time Sampled:

Project Number:

Project Name/Location:  

10/15/10 / 11:00

Petaluma River Bridge

PH-2

SoilSample Matrix:

Lab Sample ID:  1010193-002A

Tag Number: Petaluma River Bridge

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

8260TPH 10/26/10 402800ug/KgNDTPH(Gasoline) 10/26/10 17 100 14401

8260TPH 10/26/10 402800%76.9(S) 4-Bromofluorobenzene 10/26/10 43.9 127 14401

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW8015B(M) 10/29/10 402820mg/KgNDTPH as Diesel (SG) 10/29/10 3.0 7.9 14464

SW8015B(M) 10/29/10 402820mg/Kg280TPH as Motor Oil (SG) 10/29/10 7.1 16 14464

SW8015B(M) 10/29/10 402820%90.4Pentacosane (S) 10/29/10 61.5 133 14464

Page 5 of 12Total Page Count:  12



SAMPLE RESULTS

Report prepared for:  
Date Reported:  10/29/10
Date Received:  10/22/10

URS (San Jose)
Patrick Walz

Client Sample ID:  

Date/Time Sampled:

Project Number:

Project Name/Location:  

10/15/10 / 12:10

Petaluma River Bridge

PH-3

SoilSample Matrix:

Lab Sample ID:  1010193-003A

Tag Number: Petaluma River Bridge

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

8260TPH 10/26/10 402800ug/KgNDTPH(Gasoline) 10/26/10 17 100 14401

8260TPH 10/26/10 402800%86.1(S) 4-Bromofluorobenzene 10/26/10 43.9 127 14401

Parameters: 
Prep
Batch

Analytical
Batch

UnitLab
Qualifier

ResultsPQLMDLDFDate
Analyzed

Prep
Date

Analysis
Method

SW8015B(M) 10/29/10 402820mg/KgNDTPH as Diesel (SG) 10/29/10 3.0 7.9 14464

SW8015B(M) 10/29/10 402820mg/Kg300TPH as Motor Oil (SG) 10/29/10 7.1 16 14464

SW8015B(M) 10/29/10 402820%105Pentacosane (S) 10/29/10 61.5 133 14464

Page 6 of 12Total Page Count:  12



MB Summary Report

Work Order:  

Matrix:

Units:

Prep Method: 

8260TPHAnalytical 
Method:

Prep Date:

Analyzed Date:

10/26/10 Prep Batch:

Analytical 
Batch:

402800

ug/Kg

10/26/10

14405035

Soil

1010193

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

17 100TPH(Gasoline) 82

(S) 4-Bromofluorobenzene 104

Work Order:  

Matrix:

Units:

Prep Method: 

SW8015B(M)Analytical 
Method:

Prep Date:

Analyzed Date:

10/29/10 Prep Batch:

Analytical 
Batch:

402820

mg/Kg

10/29/10

14463545_TPHSG

Soil

1010193

Parameters
Method
Blank
Conc.

PQL MDL 
Lab

Qualifier

0.76 2.0TPH as Diesel (SG) ND

1.8 4.0TPH as Motor Oil (SG) ND

Pentacosane (S) 97.6

Page 7 of 12Total Page Count:  12



LCS/LCSD Summary Report
Raw values are used in quality control assessment.

Work Order:  

Matrix:

Units:

Prep Method: 

8260TPHAnalytical 
Method:

Prep Date:

Analyzed Date:

10/26/10 Prep Batch:

Analytical 
Batch:

40280010/26/10

ug/Kg

5035 1440

Soil

1440

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

100 100017 9.17 3048.2 - 132TPH(Gasoline) 118 10882

50 57 - 127(S) 4-Bromofluorobenzene 97.5 105104

Work Order:  

Matrix:

Units:

Prep Method: 

SW8015B(M)Analytical 
Method:

Prep Date:

Analyzed Date:

10/29/10 Prep Batch:

Analytical 
Batch:

40282010/29/10

mg/Kg

3545_TPHSG 1446

Soil

1446

Parameters MDL PQL 
Method
Blank
Conc.

Spike
Conc.

LCS %
Recovery

LCSD %
Recovery

LCS/LCSD
% RPD

%
Recovery

Limits
% RPD
Limits

Lab
Qualifier

2.0 33.330.76 10.0 3050.8 - 111TPH as Diesel (SG) 79.1 71.6ND

100 61.5 - 133TPH as Motor Oil (SG) ND
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Laboratory Qualifiers and Definitions

Method Detection Limit (MDL) -  the minimum concentration of a substance that can be measured and reported with a 99% confidence that the analyte 
concentration is greater than zero 

Matrix Spike (MS/MSD) -  Client sample spiked with identical concentrations of target analyte (s).  The spiking occurs prior to the sample preparation and 
analysis.  They are used to document the precision and bias of a method in a given sample matrix.

Matrix - the component or substrate that contains the analyte of interest (e.g., - groundwater, sediment, soil, waste water, etc)

Laboratory Control Sample (LCS ad LCSD) - A known matrix spiked with compounds representative of the target analyte(s).  This is used to document 
laboratory performance.

Duplicate - a field sample and/or laboratory QC sample prepared in duplicate following all of the same processes and procedures used on the original sample 
(sample duplicate, LCSD, MSD)

Blank (Method/Preparation Blank) -MB/PB - An analyte-free matrix to which all reagents are added in the same volumes/proportions as used in sample 
processing.  The method blank is used to document contamination resulting from the analytical process.

Practical Quantitation Limit  (PQL) - a laboratory determined value at 2 to 5 times above the MDL that can be reproduced in a manner that results in a 99% 
confidence level that the result is both accurate and precise. PQLs reflect all preparation factors and/or dilution factors that have been applied to the sample 
during the preparation and/or analytical processes.

Precision (%RPD) - The agreement among a set of replicate/duplicate measurements without regard to known value of the replicates 

 Surrogate (S) or (Surr) - An organic compound which is similar to the target analyte(s) in chemical composition and behavior in the analytical process, but 
which is not normally found in environmental samples. Surrogates are used in most organic analysis to demonstrate matrix compatibility with the chosen method 
of analysis

Tentatively Identified Compound (TIC) - A compound not contained within the analytical calibration standards but present in the GCMS library of defined 
compounds.  When the library is searched for an unknown compound, it can frequently give a tentative identification to the compound based on retention time 
and primary and secondary ion match.  TICs are reported as estimates and are candidates for further investigation.

Units: the unit of measure used to express the reported result - mg/L and mg/Kg (equivalent to PPM - parts per million in liquid and solid), ug/L and ug/Kg 
(equivalent to PPB - parts per billion in liquid and solid), ug/m3, mg.m3, ppbv and ppmv  (all units of measure for reporting concentrations in air), % ( 
equivalent to 10000 ppm or 1,000,000 ppb), ug/Wipe ( concentration found on the surface of a single Wipe usually taken over a 100cm2 surface)

B - Indicates when the anlayte is found in the associated method or preparation blank 
D - Surrogate is not recoverable due to the necessary dilution of the sample
E - Indicates the reportable value is outside of the calibration range of the instrument but within the linear range of the instrument (unless otherwise noted) 
Values reported with an E qualifier should be considered as estimated.
H- Indicates that the recommended holding time for the analyte or compound has been exceeded
J- Indicates a value between the method MDL and PQL and that the reported concentration should be considered as estimated rather the quantitative 
NA - Not Analyzed
N/A - Not Applicable
NR - Not recoverable - a matrix spike concentration is not recoverable due to a concentration within the original sample that is greater than four times the spike 
concentration added
R- The % RPD between a duplicate set of samples is outside of the absolute values established by laboratory control charts
S- Spike recovery is outside of established method and/or laboratory control limits.  Further explanation of the use of this qualifier should be included within a 
case narrative

    X -Used to indicate that a value based on pattern identification is within the pattern range but not typical of the pattern found in standards.       
    Further explanation may or may not be provided within the sample footnote and/or the case narrative.

DEFINITIONS:

Accuracy/Bias (% Recovery) - The closeness of agreement between an observed value and an accepted reference value.

LABORATORY QUALIFIERS:
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Samples received @ room temperature.

pH Adjusted by:  pH Checked by:  

°C

No VOA vials submitted

Yes

Temperature:

Water-pH acceptable upon receipt?

Water-VOA vials have zero headspace?

Container/Temp Blank temperature in compliance?

All samples received within holding time?

Sample Preservation and Hold Time (HT) Information

YesSamples containers intact?

Yes

Yes

Not Present

Yes

Sufficient sample volume for indicated test?

Samples in proper container/bottle?

Custody seals intact on shipping container/cooler?

Shipping Container/Cooler In Good Condition?

Sample Receipt Information

Yes

Yes

Yes

Not Present

Chain of custody agrees with sample labels?

Chain of custody signed when relinquished and received?

Chain of custody present?

Custody seals intact on sample bottles?

Chain of Custody (COC) Information

Checklist Completed By:  NG

Carrier Name:  Hi-Speed Courier

Physically Logged By:  NG

Received By:   NG

Date and Time Received:  10/22/2010  11:25

Work Order No.:  1010193

Project Name:  Petaluma River Bridge

Client Name:  URS (San Jose)

Sample Receipt Checklist

Page 10 of 12Total Page Count:  12



Login Summary Report

Report Due Date:

5 Day TAT!!  Report to Patrick!  TPHGas, THD/O with SiO2

11:25

10/22/2010

URS (San Jose)TL5174

Petaluma River Bridge

10/29/2010

TAT Requested:

Date Received:

Time Received:

QC Level: 

Project Name:

Project # :

Comments:

Client ID:

5+ day:0

1010193Work Order # :

SubbedRequested
Tests

Test
On Hold

Sample
On Hold

Scheduled
Disposal

MatrixCollection 
Date/Time

Client 
Sample ID

WO Sample ID

PH-11010193-001A Soil 04/20/1110/15/10 10:00
S_GCMS-GRO
S_TPHDOSG

Sample Note:  Silica Gel for d/mo, TPHg for all samples.

PH-21010193-002A Soil 04/20/1110/15/10 11:00
S_GCMS-GRO
S_TPHDOSG

PH-31010193-003A Soil 04/20/1110/15/10 12:10
S_GCMS-GRO
S_TPHDOSG
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Pre-Demolition 

Asbestos & CAM 17 Heavy Metals Report 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Background 

This is a pre-demolition asbestos and CAM 17 Heavy Metals inspection located in Petaluma, CA.  

Synopsis 

Asbestos was found in the following tested materials; 

 Grey Soil / Rock 

 

CAM 17 Heavy Metals were elevated in ALL of the paint samples taken.  

Date: June 8, 2010 

  

KELLCO-MACS Job #: 1004-28 

  

Client: Mr. Patrick Waltz 

URS Corporation 

55 South Market Street 

Suite #1500 

San Jose, CA 95113 

  

Location: Petaluma Boulevard North & South Bridges 

Petaluma, CA  

  

Date of Inspection: May 4, 2010  

  

Inspectors: Derrik Quach SST #02-3214, CDPH Lead #2280 

Tim Cannard CAC #94-1395, CDPH Lead #764                           

  

Description Of The 

Inspected Area: 

The inspection was conducted on a bridge located in Petaluma, 

CA.    
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Sample #203141-4 came back with elevated levels of Chromium.  It was further analyzed by an 

accredited laboratory for Hexachrome (Chrome 6) by EPA 218.6 method.  The result from this test was 

180 PPM (mg/kg). 

 

Chrome 6 is a listed carcinogen and ALL of the sample results should be shared with any contractor 

and personnel working within this area in order to be OSHA Compliant.  

About the Inspection 

The inspection performed was both visual and tactile.  Samples were taken of suspect materials located 

at the exterior of the survey area.  

 

The inspection was at the direction of the client.  If any non-sampled materials are uncovered, these 

should be submitted for analysis. 

 

The following numbering convention was used for this inspection:  

 

LETTER STANDS FOR EXAMPLE MEANING 

XX Building DESIGNATION 

based on information provided 

on drawings provided to us 

prior to inspection 

URS URS (Client Name) 

Y & Optional 

Z 

Building SYSTEM (W: wall; 

F: Flooring; C: Ceiling; T: 

TSI; M: Misc)   

R 

 

B 

 

C 

Rail Sample 

 

Barrier Sample 

 

Column Sample 

xx Sample number and layer 01 

 

02 

First Sample & Layer 

 

Second Sample & Layer 

 

 

 Asbestos Findings 

Asbestos samples were analyzed in the KELLCO-MACS laboratory, by Polarized Light Microscopy, 

the EPA's recommended method.  Copies of the full laboratory reports are attached.  These valuable 

reports can be utilized as future reference to determine if a particular material was tested. 
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Photographs of sampled materials are included.  Sample locations are noted on the attached not-to-scale 

drawing. 

 

The determination of a material to be Asbestos Containing Material (ACM) was made either by direct 

sampling or by homogeneity with at least one positive sample of the same material.  

 

Materials that tested positive for asbestos are:   

 

Lab Sample # Field Sample # Field Description Asbestos % 

LD203229-1 URS-S-20 South 101, S. End - Grey - Soil / Rock 1.90% Chrysotile 

 

Tested materials that were none detected for asbestos are:  

 

Lab Sample # Field Sample # Field Description 

L203179-1 URS-B-01 South 101, SE Base - Brown - Compact Board 

L203179-2 URS-B-02 South 101, SE Base - Grey - Concrete 

L203179-3 URS-C-03 South 101, SE Column - Grey - Concrete 

L203179-4 URS-B-04 South 101, SW Base - Grey - Concrete 

L203179-5 URS-R-05 South 101, SW Rail - Grey - Concrete 

L203179-6 URS-B-06 South 101, SW Base - Grey - Concrete 

L203179-7 URS-W-07 South 101, SW Wall - Grey - Paint 

L203179-8 URS-W-08 North 101, SW Wall - Grey - Concrete Patch 

L203179-9 URS-B-09 North 101, SE Base - Brown - Compact Board 

L203179-10 URS-C-10 North 101, SE Column - Grey - Concrete 

L203179-11 URS-B-11 North 101, N Base - Grey - Concrete 

L203179-12 URS-B-12 North 101, NW Base - Grey - Concrete 

L203179-13 URS-R-13 North 101, NW Rail - Grey - Concrete 

L203179-14 URS-S-14 North 101, NW Reflex Sign - Grey - Sealant 

L203179-15 URS-B-15 South 101, NE Base - Brown - Compact Board 

L203179-16 URS-B-16 South 101, NE Base - Grey - Concrete Patch 

L203179-17 URS-C-17 South 101, N End - Grey - Concrete 

L203179-18 URS-C-18 South 101, NE Bridges - Grey - Concrete 

L203179-19 URS-C-19 South 101, NE Column - Grey - Concrete 

 

 CAM 17 Heavy Metals Findings 

 

Eight (4) paint samples were collected and submitted for CAM 17 Heavy Metals analysis to Macs Lab, 

Inc. using the EPA 6010B/3050 method. 
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CAM 17 paint samples were taken for the purpose of notifying the general contractor about the 

existence of heavy metals in the paint.  This was done so the contractor, when choosing their work 

methods, could use proper engineering controls, properly trained personnel and proper personnel 

protective equipment (PPE) to perform the work.  

 

These samples were analyzed using an ICP/MS, Extraction Method SW3050B TTLC.  This method is 

not for the purpose of profiling any waste streams from this project.  Profiling the waste streams 

(TCLP & STLC) will be the responsibility of the contractor performing the work.   

 

A copy of the CAM 17 heavy metals analysis in paint and pertinent information relative to it is 

appended to this report. 

 

 

Lab Sample Number: 203141 -1 203141 -2 203141 -3 203141 -4 

 

Client Sample Number: URS-1 URS-2 URS-3 URS-4 

 

Matrix:  Bulk   Bulk   Bulk   Bulk  

 

Extraction Type:  Acid   Acid   Acid   Acid  

 

Units:  mg/kg  (PPM)   mg/kg  (PPM)   mg/kg  (PPM)   mg/kg  (PPM)  

Sb Antimony         29.22          17.76            84.79            39.69  

As Arsenic         21.17          17.00    13,752.68            13.47  

Ba Barium      223.98       183.16            16.13          655.31  

Be Beryllium           0.98            0.38   <0.01              0.16  

Cd Cadmium           4.73            2.15              4.15              2.65  

Cr Chromium      115.27          32.41            24.40      4,055.37  

Co Cobalt         12.23            6.67              2.30              8.48  

Cu Copper         68.59          32.28    14,686.26            20.70  

Pb Lead   1,511.72       661.60         660.24    17,432.18  

Hg Mercury           4.49            5.36              0.11              3.98  

Mo Molybdenum           7.42            4.43            10.19              6.02  

Ni Nickel         40.00          32.66              2.11            10.20  

Se Selenium   1,764.84    1,083.12         533.52          388.19  

Ag Silver           1.52            0.68              1.56              1.02  

Tl Thallium         25.63          15.11              3.67            15.49  

V Vanadium         30.82          26.67              0.37              8.92  

Zn Zinc      327.38       153.71      4,346.50          716.02  
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 Hexavalent Chrome (Chrome 6) Findings 

 

Sample #203141-4 a total of one (1) paint sample was submitted for Hexachrome analysis to 

McCampbell Analytical Laboratory the EPA 218.6 method. 

 

A copy of this laboratory analytical report is appended to this report. 

 

Lab ID # Client ID # Matrix Extraction Type Hexachrome PPM 

(mg/kg) 

1005703-001A 203141-4 S TOTAL 180 PPM 

 

 Regulatory Requirements 
The Environmental Protection Agency (EPA) defines Asbestos Containing Material as any material 

that contains greater than 1% asbestos.  Materials containing greater than 1% asbestos must be removed 

prior to demolition or renovation if they will be disturbed. 

 

Friable asbestos containing material is any material that can be crushed or pulverized by hand pressure 

when dry, or materials that can be rendered to a crumbled, pulverized, or powdered state when dry by 

crushing, sanding, sawing, shot blasting, or through demolition or renovation activities. 

 

As stated by NESHAP regulations, any material that contains less than 10% asbestos using the visual 

estimation method can be point counted with gravimetric reduction.  The Point Counting method is a 

much more accurate analytical method for determining the percent of asbestos in a particular material.  

If the Point Count method determines that the material contains less than 1% asbestos, the material 

being analyzed can be disposed of as non-hazardous asbestos containing construction waste.  

 

Removal or disturbance of material with any detectable amount of asbestos must be handled in 

accordance with OSHA regulations.  Cal-OSHA registration is required if the material contains more 

than .1% asbestos (1/10
th 

of a percent).  If there is more than 100 feet (linear or square) of an asbestos 

containing material that will be abated or disturbed, a California State registered and licensed asbestos 

abatement contractor must perform the work.  If there is less than 100 feet, the work does not require a 

licensed asbestos abatement contractor, but must still conform to Cal-OSHA regulations. 

 

Removal or disturbance of any amount of lead paint requires adherence to the Cal-OSHA and CDPH 

regulations, including proper training and certification for workers and supervisors 

 

The OSHA lead (1532) regulations require that a Negative Initial Determination for lead exposure be 

made with paint that contains greater than 0.06% (600 ppm) of lead.   
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Paint with less than 0.06% lead should still be treated within the OSHA guidelines, but with reasonable 

work practices should not generate OSHA action levels of lead exposure. 

 

Building components with intact lead paint and no other hazardous materials can be disposed of as non-

hazardous construction waste.  Paint chips and debris must be disposed of as lead containing hazardous 

waste. 

Comment Regarding All Asbestos Containing Materials: 

Asbestos containing materials in good condition do not necessarily need to be 

removed unless they will be disturbed; they should however be respected.   

 

Employees, contract workers and others should be advised not to drill, saw, scrape or 

otherwise disturb this material without taking precautionary measures appropriate to 

asbestos containing material.  

 

Asbestos containing material should be removed prior to the renovation and must be 

removed prior to demolition. 

Comment Regarding All Lead Containing Materials: 

Lead is a known health hazard.  Lead containing materials in good condition do not 

necessarily need to be removed if they are not disturbed; they should however be 

respected. 

 

Painted surfaces that contain lead should be made known to contractors who may 

disturb them during their work.  OSHA guidelines for workers in contact with lead 

paint apply if ANY detectable lead is found. 

 

Anyone coming in contact with leaded paint should be advised not to disturb it 

without taking precautionary measures appropriate to avoid lead contamination or 

lead exposure.  

Areas Needing Immediate Corrective Action 

Asbestos (in any condition) and should be removed prior to renovation and must be removed prior to 

demolition of the survey site.   
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Analytical Procedures 

 POLARIZED LIGHT MICROSCOPY (PLM) 

Bulk samples were analyzed in accordance with U.S. EPA "Test Method for Determination of 

Asbestos in Bulk Building Materials, 1993," with inclusion of area percent estimates of the 

sample components.  The use of the McCrone Color Dispersion Staining Technique 

supplements the analysis when considered useful by the analyst.  The samples are prepared with 

refractive immersion oil and are examined under Polarized Light Microscopy (PLM).  The 

accuracy of the visual estimate method is 1%. 

 

As per the standard "...The accuracy in the determination of the presence or absence of asbestos 

of greater than 1 area percent asbestos is greater than 99%."  ASTM Committee D22.05, 

1/18/88, Standard Method of Testing for Asbestos Containing Materials by Polarized Light 

Microscopy.  If the sample matrix is reduced to minimize non-asbestos components, the 

detection limit can be mathematically enhanced, based on the amount of material remaining 

after matrix reduction.  This method is called gravimetric reduction.   This method involves 

ashing and chemical dissolution of the sample. 

 ATOMIC ABSORPTION FOR LEAD 

Paint samples were collected for atomic absorption (AA) analysis.  The detection limit for each 

sample depends upon many factors including the sensitivity of the instrument and the sample 

size.  In the KELLCO-MACS laboratory utilizing flame AA, the detection limit is normally 

.01% or 100 parts per million (ppm). 

 CAM 17 Testing 

CAM 17 Metals were tested by Macs Lab, Inc. using ICP-MS, Extraction Method SW3050B 

and Analytical Method 6010B/3050. 

 

 Hexavalent Chrome (Chrome 6) Testing 

Hexavalent Chrome was tested by McCampbell Analytical Laboratory using the TTLC 

Hexachrome by EPA 218.6 Analytical Method. 

KELLCO-MACS Qualifications 

KELLCO-MACS is a creative joint venture offering hazardous materials and AIHA laboratory 

analyses.  Our credentials include: 

 

 The KELLCO-MACS asbestos inspector is licensed with the State of California Department of 

Occupational Safety and Health (CAL-OSHA). 
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 The KELLCO-MACS lead inspector is licensed by the California Department of Public Health 

(CDPH) 

 

 The laboratory accreditations include: 

 

o NVLAP PLM for Asbestos: NIST National Voluntary Laboratory Accreditation 

Program certificate of accreditation for bulk asbestos analysis by polarized light 

microscopy (Accreditation #101948-1). 

o AIHA Accreditation for Industrial Hygiene Analytical Laboratory for PCM, and AA 

for lead (Accreditation #101786). 

o AIHA Analyst Proficiency (NIOSH PAT) (Accreditation # 11172) 

o AIHA ELLAP Accreditation for Lead: Accreditation for the Environmental Lead 

Laboratory recognized by the EPA as meeting the requirements of the National Lead 

Laboratory Accreditation Program established under Title X (Lab ID #11109). 

o ELAP PLM for Asbestos: California Department of Health Services, Environmental 

Laboratory Accreditation Program, certificate for bulk asbestos analysis (Certificate 

#2027) 

o USDA Soil permit #39484 

 

The following supporting documents are attached to this report: 

 

 Laboratory analytical reports 

 Photographs of sample locations 

 Floor plan or sketch showing sample locations 

 

Please call KELLCO if there are any questions and/or clarifications regarding this report.   We look 

forward to working with you in the future. 

 

Sincerely, 

 

KELLCO-MACS 

 
Tim C. Cannard CAC #94-1395, CDPH Lead #764 

Senior Project Manager
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Asbestos Definitions and Classifications 
ACM (Asbestos Containing Material) - Material containing more than 1% asbestos.  ACM must be 

disposed as hazardous waste.  Note: Federal OSHA and Cal-OSHA control materials 

containing any amount of asbestos. 

ACBM (Asbestos Containing Building Material) – AHERA/ASHARA term for material containing 

more than 1% asbestos in or on interior structural members or other structural components.  

Exceptions: Covered walkways, porticos and exterior HVAC TSI. 

ACCM (Asbestos Containing Construction Material) – California term for a manufactured 

construction material containing greater than .1% (one tenth of one percent) asbestos. 

PACM (Presumed Asbestos Containing Material) OSHA considers all TSI and surfacing materials 

installed prior to1980 to be ACM unless proven otherwise. 

Friable Asbestos Containing Material that can be crumbled pulverized or reduced to powder by hand 

pressure when dry. 

NOA Naturally Occurring Asbestos.  CARB defines as having >.25% by point counting. 

 

Categories of Asbestos Used BY EPA AHERA/ASHARA and OSHA/Cal-OSHA 
TSI (Thermal System Insulation) - “Thermal system insulation (TSI)” means ACM applied to 

pipes, fittings, boilers, breeching, tanks, ducts or other structural components to prevent heat 

loss or gain. “Thermal system insulation ACM” is thermal system insulation which contains 

more than 1% asbestos. 

 

SURFACING 

(usually mixed 

on site at time 

of application) 

“Surfacing material” means material that is sprayed, troweled-on or otherwise applied to 

surfaces (such as acoustical plaster on ceilings and fireproofing materials on structural 

members, or other materials on surfaces for acoustical, fireproofing, and other purposes).  

“Surfacing ACM” means surfacing material which contains more than 1% asbestos.  NOTE:  

OSHA/Cal-OSHA do not classify taping mud, floor tile mastic, stucco, leveling compound, 

and hard wall plasters or wall texturing as surfacing. 

MISC. All other ACM, including classify taping mud, floor tile mastic, stucco, leveling compound, 

and hard wall plasters or wall texturing as surfacing. 

 

NESHAPS Categories for Asbestos (used by Air Quality Management Districts) 
Category I Cat I Non-friable Asbestos Containing Material refers to asbestos containing packing, 

gaskets, resilient floor covering, Galbestos, and asphalt roofing products containing more than 

1% asbestos. 

Category II Cat II Non-friable Asbestos-Containing Material is any material that is not Cat I that contains 

greater than 1% asbestos. 

RACM “Regulated Asbestos-Containing Material.” – Friable asbestos material (ACM) or a Category 

I non-friable ACM that has become friable OR a Category I non-friable ACM that will be or 

has been subjected to sanding, grinding, cutting or abrading OR Category II non-friable ACM 

that has a high probability of becoming or has become crumbled, pulverized, or reduced to 

powder by the forces expected to act on the material in the course of demolition or renovation 

operations.  RACM should be removed prior to renovation or demolition. 
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Characterization of Asbestos Containing Materials 

 

Material 
Estimated 

Quantity 
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Grey Rock / Soil Unknown  X    X 
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US 101 and SH 116 Bridge 

Petaluma, CA  
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Pre-Demolition 

Asbestos and CAM 17 Heavy Metals Report 

 

 

for 

 

 

URS Corporation 

55 South Market Street 

Suite #1500 

San Jose, CA 95113 

 

 

 

June 8, 2010 
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Pre-Demolition 

Asbestos & CAM 17 Heavy Metals Report 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Background 

This is a pre-demolition asbestos and CAM 17 Heavy Metals inspection located in Petaluma, CA.  

Synopsis 

Asbestos was NOT found in the tested materials.  

 

CAM 17 Heavy Metals were elevated in ALL of the paint samples taken.  

 

Date: June 8, 2010 

  

KELLCO-MACS Job #: 1004-29 

  

Client: Mr. Patrick Waltz 

URS Corporation 

55 South Market Street 

Suite #1500 

San Jose, CA 95113 

  

Location: US 101 and SH 116 Bridge 

Petaluma, CA  

  

Date of Inspection: May 4, 2010  

  

Inspectors: Derrik Quach SST #02-3214, CDPH Lead #2280 

Tim Cannard CAC #94-1395, CDPH Lead #764                           

  

Description Of The 

Inspected Area: 

The inspection was conducted on a bridge located in Petaluma, 

CA.    
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Sample #203235-2 came back with elevated levels of Chromium.  It was further analyzed by an 

accredited laboratory for Hexachrome (Chrome 6) by EPA 218.6 method.  The result from this test was 

33 PPM (mg/kg). 

 

Chrome 6 is a listed carcinogen and ALL of the sample results should be shared with any contractor 

and personnel working within this area in order to be OSHA Compliant.  

About the Inspection 

The inspection performed was both visual and tactile.  Samples were taken of suspect materials located 

at the exterior of the survey area.  

 

The inspection was at the direction of the client.  If any non-sampled materials are uncovered, these 

should be submitted for analysis. 

 

The following numbering convention was used for this inspection:  

 

LETTER STANDS FOR EXAMPLE MEANING 

XX Building DESIGNATION 

based on information provided 

on drawings provided to us 

prior to inspection 

URS URS (Client Name) 

Y & Optional 

Z 

Building SYSTEM (W: wall; 

F: Flooring; C: Ceiling; T: 

TSI; M: Misc)   

R 

 

B 

 

C 

Rail Sample 

 

Barrier Sample 

 

Column Sample 

xx Sample number and layer 01 

 

02 

First Sample & Layer 

 

Second Sample & Layer 

 

 

 Asbestos Findings 

Asbestos samples were analyzed in the KELLCO-MACS laboratory, by Polarized Light Microscopy, 

the EPA's recommended method.  Copies of the full laboratory reports are attached.  These valuable 

reports can be utilized as future reference to determine if a particular material was tested. 
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Photographs of sampled materials are included.  Sample locations are noted on the attached not-to-scale 

drawing. 

 

The determination of a material to be Asbestos Containing Material (ACM) was made either by direct 

sampling or by homogeneity with at least one positive sample of the same material.  

 

Materials that tested positive for asbestos are:   NONE 

 

Tested materials that were none detected for asbestos are:  

 

Lab Sample # Field Sample # Field Description 

L203237-1 URS-R-01 101 North, rail at northeast / grey concrete 

L203237-2 URS-B-02 101 North, barrier wall at northeast / grey concrete 

L203237-3 URS-B-03 101 North, board at northeast / brown compact board 

L203237-4 URS-B-04 101 North, base at northeast / grey concrete 

L203237-5 URS-C-05 101 North, column, north / grey concrete 

L203237-6 URS-B-06 101 South, barrier wall decor, northeast / grey concrete 

L203237-7 URS-B-07 101 South, barrier wall, northeast / grey concrete 

L203237-8 URS-B-08 101 South, base at northeast / grey concrete 

L203237-9 URS-A-09 101 South, asphalt at northeast / black asphalt 

L203237-10 URS-S-10 101 South, reflexer, debris / grey sealant (mastic) 

L203237-11 URS-R-11 101 North, rail at southwest / grey concrete 

L203237-12 URS-B-12 101 North, board at southwest / brown compact board 

L203237-13 URS-B-13 101 North, bridge at southwest / grey concrete 

L203237-14 URS-C-14 101 North, 2nd column to south end / concrete 

L203237-15 URS-M-15 101 North, rock/soil between bridges / purple/brown rock/soil 

L203237-16 URS-A-16 101 South, asphalt southwest / black asphalt 

L203237-17 URS-R-17 101 South, rail/barrier decor, southwest / grey concrete 

L203237-18 URS-M-18 101 South, board, southwest / brown compact board 

L203237-19 URS-B-19 101 South, bridge, southwest / grey concrete 

L203237-20 URS-C-20 101 South, 2nd column, southwest / grey concrete 

L203237-21 URS-B-21 101 South, column base adjacent to railroad / grey concrete 

 

 CAM 17 Heavy Metals Findings 

 

Eight (3) paint samples were collected and submitted for CAM 17 Heavy Metals analysis to Macs Lab, 

Inc. using the EPA 6010B/3050 method. 
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CAM 17 paint samples were taken for the purpose of notifying the general contractor about the 

existence of heavy metals in the paint.  This was done so the contractor, when choosing their work 

methods, could use proper engineering controls, properly trained personnel and proper personnel 

protective equipment (PPE) to perform the work.  

 

These samples were analyzed using an ICP/MS, Extraction Method SW3050B TTLC.  This method is 

not for the purpose of profiling any waste streams from this project.  Profiling the waste streams 

(TCLP & STLC) will be the responsibility of the contractor performing the work.   

 

A copy of the CAM 17 heavy metals analysis in paint and pertinent information relative to it is 

appended to this report. 

 

 

Lab Sample Number: 203235 -1 203235 -2 203235 -3 

 

Client Sample Number: URS-1 URS-2 URS-3 

 

Matrix:  Bulk   Bulk   Bulk  

 

Extraction Type:  Acid   Acid   Acid  

 

Units:  mg/kg  (PPM)   mg/kg  (PPM)   mg/kg  (PPM)  

Sb Antimony         27.59            9.45            7.22  

As Arsenic           7.54            4.97            1.61  

Ba Barium         45.62    1,493.00    2,937.92  

Be Beryllium           0.25            0.16            1.20  

Cd Cadmium           1.47            0.93            2.28  

Cr Chromium         13.14       502.97          17.20  

Co Cobalt           2.61            3.02          69.71  

Cu Copper         10.28          12.10       210.13  

Pb Lead      518.53    2,008.70       127.67  

Hg Mercury           6.82            3.00            2.84  

Mo Molybdenum           5.31            4.06            5.57  

Ni Nickel           6.70            5.37            6.62  

Se Selenium   1,597.73       157.68       342.74  

Ag Silver  <0.01            0.87            1.80  

Tl Thallium         18.28            4.21            6.17  

V Vanadium         17.10            6.48          12.57  

Zn Zinc      131.59    1,452.67    1,229.62  



 
A Creative Joint Venture For Better Environmental Solutions 

 

  

 

Pre-Demolition Asbestos & CAM 17 Heavy Metal Inspection Report 

Job #1004-29, US 101 and SH 116 Bridges, Petaluma, CA  

June 8, 2010 - Page 5 

KELLCO-MACS 
 

 Hexavalent Chrome (Chrome 6) Findings 

 

Sample #203235-2 a total of one (1) paint sample was submitted for Hexachrome analysis to 

McCampbell Analytical Laboratory the EPA 218.6 method. 

 

A copy of this laboratory analytical report is appended to this report. 

 

Lab ID # Client ID # Matrix Extraction Type Hexachrome PPM 

(mg/kg) 

1005704-001A 203235-2 S TOTAL 33 PPM 

 

Regulatory Requirements 

 
The Environmental Protection Agency (EPA) defines Asbestos Containing Material as any material 

that contains greater than 1% asbestos.  Materials containing greater than 1% asbestos must be removed 

prior to demolition or renovation if they will be disturbed. 

 

Friable asbestos containing material is any material that can be crushed or pulverized by hand pressure 

when dry, or materials that can be rendered to a crumbled, pulverized, or powdered state when dry by 

crushing, sanding, sawing, shot blasting, or through demolition or renovation activities. 

 

As stated by NESHAP regulations, any material that contains less than 10% asbestos using the visual 

estimation method can be point counted with gravimetric reduction.  The Point Counting method is a 

much more accurate analytical method for determining the percent of asbestos in a particular material.  

If the Point Count method determines that the material contains less than 1% asbestos, the material 

being analyzed can be disposed of as non-hazardous asbestos containing construction waste.  

 

Removal or disturbance of material with any detectable amount of asbestos must be handled in 

accordance with OSHA regulations.  Cal-OSHA registration is required if the material contains more 

than .1% asbestos (1/10
th 

of a percent).  If there is more than 100 feet (linear or square) of an asbestos 

containing material that will be abated or disturbed, a California State registered and licensed asbestos 

abatement contractor must perform the work.  If there is less than 100 feet, the work does not require a 

licensed asbestos abatement contractor, but must still conform to Cal-OSHA regulations. 

 

Removal or disturbance of any amount of lead paint requires adherence to the Cal-OSHA and CDPH 

regulations, including proper training and certification for workers and supervisors 
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The OSHA lead (1532) regulations require that a Negative Initial Determination for lead exposure be 

made with paint that contains greater than 0.06% (600 ppm) of lead.  Paint with less than 0.06% lead 

should still be treated within the OSHA guidelines, but with reasonable work practices should not 

generate OSHA action levels of lead exposure. 

 

Building components with intact lead paint and no other hazardous materials can be disposed of as non-

hazardous construction waste.  Paint chips and debris must be disposed of as lead containing hazardous 

waste. 

Comment Regarding All Asbestos Containing Materials: 

Asbestos containing materials in good condition do not necessarily need to be 

removed unless they will be disturbed; they should however be respected.   

 

Employees, contract workers and others should be advised not to drill, saw, scrape or 

otherwise disturb this material without taking precautionary measures appropriate to 

asbestos containing material.  

 

Asbestos containing material should be removed prior to the renovation and must be 

removed prior to demolition. 

Comment Regarding All Lead Containing Materials: 

Lead is a known health hazard.  Lead containing materials in good condition do not 

necessarily need to be removed if they are not disturbed; they should however be 

respected. 

 

Painted surfaces that contain lead should be made known to contractors who may 

disturb them during their work.  OSHA guidelines for workers in contact with lead 

paint apply if ANY detectable lead is found. 

 

Anyone coming in contact with leaded paint should be advised not to disturb it 

without taking precautionary measures appropriate to avoid lead contamination or 

lead exposure.  

Areas Needing Immediate Corrective Action 

Asbestos (in any condition) and should be removed prior to renovation and must be removed prior to 

demolition of the survey site.   
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Analytical Procedures 

 POLARIZED LIGHT MICROSCOPY (PLM) 

Bulk samples were analyzed in accordance with U.S. EPA "Test Method for Determination of 

Asbestos in Bulk Building Materials, 1993," with inclusion of area percent estimates of the 

sample components.  The use of the McCrone Color Dispersion Staining Technique 

supplements the analysis when considered useful by the analyst.  The samples are prepared with 

refractive immersion oil and are examined under Polarized Light Microscopy (PLM).  The 

accuracy of the visual estimate method is 1%. 

 

As per the standard "...The accuracy in the determination of the presence or absence of asbestos 

of greater than 1 area percent asbestos is greater than 99%."  ASTM Committee D22.05, 

1/18/88, Standard Method of Testing for Asbestos Containing Materials by Polarized Light 

Microscopy.  If the sample matrix is reduced to minimize non-asbestos components, the 

detection limit can be mathematically enhanced, based on the amount of material remaining 

after matrix reduction.  This method is called gravimetric reduction.   This method involves 

ashing and chemical dissolution of the sample. 

 POINT COUNTING 

The Point Counting method is a much more accurate analytical method for determining the 

percent of asbestos in a particular material.  KELLCO-MACS uses a muffle furnace to ash the 

sample and remove organic compounds.  Hydrochloric acid is used to dissolve some of the non-

asbestos minerals.  Under this method a minimum of 125 points are counted from each of 8 

different slide preparations of the same sample (total of 1000 points min.)  If the Point Count 

Method determines that the material contains less than 1% asbestos, the material being 

analyzed can be treated as non-hazardous asbestos containing construction waste.  Note: ONLY 

the Point Count Method can be used for this determination. 

 ATOMIC ABSORPTION FOR LEAD 

Paint samples were collected for atomic absorption (AA) analysis.  The detection limit for each 

sample depends upon many factors including the sensitivity of the instrument and the sample 

size.  In the KELLCO-MACS laboratory utilizing flame AA, the detection limit is normally 

.01% or 100 parts per million (ppm). 

 CAM 17 Testing 

CAM 17 Metals were tested by Macs Lab, Inc. using ICP-MS, Extraction Method SW3050B 

and Analytical Method 6010B/3050. 
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 Hexavalent Chrome (Chrome 6) Testing 

Hexavalent Chrome was tested by McCampbell Analytical Laboratory using the TTLC 

Hexachrome by EPA 218.6 Analytical Method. 

KELLCO-MACS Qualifications 

KELLCO-MACS is a creative joint venture offering hazardous materials and AIHA laboratory 

analyses.  Our credentials include: 

 

 The KELLCO-MACS asbestos inspector is licensed with the State of California Department of 

Occupational Safety and Health (CAL-OSHA). 

 

 The KELLCO-MACS lead inspector is licensed by the California Department of Public Health 

(CDPH) 

 

 The laboratory accreditations include: 

 

o NVLAP PLM for Asbestos: NIST National Voluntary Laboratory Accreditation 

Program certificate of accreditation for bulk asbestos analysis by polarized light 

microscopy (Accreditation #101948-1). 

o AIHA Accreditation for Industrial Hygiene Analytical Laboratory for PCM, and AA 

for lead (Accreditation #101786). 

o AIHA Analyst Proficiency (NIOSH PAT) (Accreditation # 11172) 

o AIHA ELLAP Accreditation for Lead: Accreditation for the Environmental Lead 

Laboratory recognized by the EPA as meeting the requirements of the National Lead 

Laboratory Accreditation Program established under Title X (Lab ID #11109). 

o ELAP PLM for Asbestos: California Department of Health Services, Environmental 

Laboratory Accreditation Program, certificate for bulk asbestos analysis (Certificate 

#2027) 

o USDA Soil permit #39484 

 

The following supporting documents are attached to this report: 

 

 Laboratory analytical reports 

 Photographs of sample locations 

 Floor plan or sketch showing sample locations 

 

Please call KELLCO if there are any questions and/or clarifications regarding this report.   We look 

forward to working with you in the future. 
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Sincerely, 

 

KELLCO-MACS 

 
Tim C. Cannard CAC #94-1395, CDPH Lead #764 

Senior Project Manager



 

 

 

 



















McCampbell Analytical, Inc. 1534 Willow Pass Road, Pittsburg, CA  94565-1701
Web: www.mccampbell.com       E-mail: main@mccampbell.com

Telephone: 877-252-9262      Fax: 925-252-9269"When Quality Counts"

June 02, 2010

Dear Tim:

WorkOrder: 1005704

Client Project ID:   #1004-29; US 101 + SH 116 BridgeKellco Services, Inc.

3137 Diablo Avenue

Hayward, CA  94545

Client Contact: Tim Cannard

Client P.O.:

Date Sampled: 05/27/10

Date Received: 05/27/10

Date Reported: 06/02/10

Date Completed: 06/02/10

All analyses were completed satisfactorily and all QC samples were found to be within our control limits. 

If you have any questions or concerns, please feel free to give me a call.  Thank you for choosing 

McCampbell Analytical Laboratories for your analytical needs.
     
                                                                                                                     
          
                                                                                                                Best regards,

Enclosed within are:

2) A QC report for the above sample,

4) An invoice for analytical services.

3) A copy of the chain of custody, and

#1004-29; US 101 + SH 116 Bridge,1) The results of the analyzed sample from your project:1

Angela Rydelius
Laboratory Manager
McCampbell Analytical, Inc.





McCampbell Analytical, Inc.
1534 Willow Pass Rd

Pittsburg, CA 94565-1701
(925) 252-9262

CHAIN-OF-CUSTODY RECORD Page 

Lab ID Matrix Collection Date Hold
Requested Tests (See legend below)

Report to:

Tim Cannard

3137 Diablo Avenue

Hayward, CA  94545

(510) 786-9751 FAX (510) 786-9625

PO:

05/27/2010

Client ID

ProjectNo: #1004-29; US 101 + SH 116 Bridge

WorkOrder: 1005704

1 of 1

Date Printed:

Date Received: 05/27/2010

1 2 3 4 5 6 7 8 9 10 11 12

Kellco Services, Inc.

Bill to:

Accounts Payable

Kellco Services, Inc.

3137 Diablo Avenue

Hayward, CA 94545

Requested TAT: 5 days

ClientCode: KSH

Email: mailbox3137@kellcomacs.com

EDF Fax Email HardCopy ThirdParty

christine@kellcomacs.com; jrichards

Excel J-flagWriteOn

cc:

WaterTrax

A1005704-001 Solid 5/27/2010203235-2

Prepared by:  Melissa Valles

NOTE:  Soil samples are discarded 60 days after results are reported unless other arrangements are made (Water samples are 30 days).  

Hazardous samples will be returned to client or disposed of at client expense.

Comments:

218_6-TTLC_Solid1 2 3 4 5

6 7 8 9 10

Test Legend:

11 12



Sample Receipt Checklist

McCampbell Analytical, Inc. 1534 Willow Pass Road, Pittsburg, CA  94565-1701
Web: www.mccampbell.com       E-mail: main@mccampbell.com

Telephone: 877-252-9262      Fax: 925-252-9269"When Quality Counts"

Client Name: Kel lco Services,  Inc.

WorkOrder N°: 1005704

Date and Time Received: 5/27/2010 5:51:59 PM

Checklist completed and reviewed by: Melissa Valles

Matrix Solid Carrier: Rob Pringle (MAI Courier)

Shipping container/cooler in good condition? Yes No

Custody seals intact on shipping container/cooler? Yes No NA

Samples Received on Ice? Yes No

Chain of custody present? Yes No

Chain of custody signed when relinquished and received? Yes No

Chain of custody agrees with sample labels? Yes No

Samples in proper containers/bottles? Yes No

Sample containers intact? Yes No

Sufficient sample volume for indicated test? Yes No

All samples received within holding time? Yes No

NAContainer/Temp Blank temperature

Yes No No VOA vials submittedWater - VOA vials have zero headspace / no bubbles?

Metal - pH acceptable upon receipt (pH<2)? Yes No NA

* NOTE: If the "No" box is checked, see comments below.

Cooler Temp:

Chain of Custody (COC) Information

Yes NoSample IDs noted by Client on COC?

Yes NoDate and Time of collection noted by Client on COC?

Yes NoSampler's name noted on COC?

Sample Receipt Information

Sample Preservation and Hold Time (HT) Information

Sample labels checked for correct preservation? Yes No

Project Name: #1004-29; US 101 + SH 116 Bridge

Client contacted: Date contacted: Contacted by:

Comments:



Lab ID HexachromeClient ID Matrix DF % SS

TTLC Hexachrome by Alkaline Digestion and IC-UV Analysis*

Client Project ID:   #1004-29; US 101 + 
SH 116 Bridge

Kellco Services, Inc.

3137 Diablo Avenue

Hayward, CA 94545

Client Contact: Tim Cannard

Client P.O.:

Date Sampled: 05/27/10

Date Received: 05/27/10

Date Extracted: 05/27/10

Date Analyzed: 05/28/10

Work Order: 1005704Extraction method: SW3060A Analytical methods: E218.6m

Extraction Type Comments

McCampbell Analytical, Inc. 1534 Willow Pass Road, Pittsburg, CA  94565-1701
Web: www.mccampbell.com       E-mail: main@mccampbell.com

Telephone: 877-252-9262      Fax: 925-252-9269"When Quality Counts"

203235-2 331005704-001A S 1 N/ATOTAL

DHS ELAP Certification 1644 Angela Rydelius, Lab Manager

Reporting Limit for DF =1;
ND means not detected at or

 above the reporting limit

W

S

NA

0.8

µg/L

mg/Kg

* All samples are reported in mg/kg unless otherwise requested.  All samples and QC were cleaned up prior to analysis.

TOTAL

TOTAL



QC SUMMARY REPORT FOR E218.6m

McCampbell Analytical, Inc. 1534 Willow Pass Road, Pittsburg, CA  94565-1701
Web: www.mccampbell.com       E-mail: main@mccampbell.com

Telephone: 877-252-9262      Fax: 925-252-9269"When Quality Counts"

EPA Method E218.6m Extraction SW3060A Spiked Sample ID: N/A

Sample Spiked MS

% Rec. % Rec. % Rec. % Rec.

MSD LCS LCSDMS-MSD

% RPD

LCS-LCSD

% RPD

WorkOrder 1005704W.O. Sample Matrix: Solid BatchID: 50907

MS / MSD

Acceptance Criteria (%)

LCS/LCSD

Analyte

QC Matrix: Soil

RPD RPDmg/Kg mg/Kg

Hexachrome N/A 40 N/A N/A N/A 90.8 91.2 0.440 N/A 80 - 120N/A 10

All target compounds in the Method Blank of this extraction batch were ND less than the method RL with the following exceptions:
NONE

Lab ID Date Sampled Date Extracted Lab ID Date Sampled Date ExtractedDate Analyzed Date Analyzed

BATCH 50907 SUMMARY

1005704-001A 05/27/10 05/28/10 7:37 PM05/27/10

MS = Matrix Spike; MSD = Matrix Spike Duplicate; LCS = Laboratory Control Sample; LCSD = Laboratory Control Sample Duplicate; RPD = Relative Percent Deviation.

% Recovery = 100 * (MS-Sample) / (Amount Spiked); RPD = 100 * (MS -  MSD) / ((MS + MSD) / 2).

MS / MSD spike recoveries and / or %RPD may fall outside of laboratory acceptance criteria due to one or more of the following reasons: a) the sample is inhomogenous AND 

contains significant concentrations of analyte relative to the amount spiked, or b) the spiked sample's matrix interferes with the spike recovery.

N/A = not applicable to this method.

NR = analyte concentration in sample exceeds spike amount for soil matrix or exceeds 2x spike amount for water matrix or sample diluted due to high matrix or analyte content.

DHS ELAP Certification 1644 QA/QC Officer
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Sample Acquisition As Directed By the Client  

Limited Asbestos and Lead Paint Inspection Report 
 

 

Date: July 14, 2010 

  

KELLCO-MACS Job #: 1006-20 

  

Client: Mr. Patrick Waltz 

URS Corporation 

55 South Market Street 

Suite # 1500 

San Jose, CA 95113 

  

Location: Petaluma River Bridge 

Petaluma, CA 

  

Date of Inspection: June 18, 2010 

  

Inspectors: Derrick Quach SST # 02-3214 

Tim Cannard CAC # 94-1395 

  

Description Of The 

Inspected Area: 

This is a limited client directed asbestos bulk and lead paint 

sampling on the Petaluma River Bridge located in Petaluma, 

CA. The sampling was limited to the concrete column, column 

base, mortar, rail, black mastic, joint cork, asphalt, and black 

pipe of the North and South Edges.   

 

Background 

This is a limited client directed asbestos and CAM 17 Heavy Metals inspection located in Petaluma, 

CA.  

Synopsis 

Asbestos was found in the following materials: None 

 

Lead paint was found in the following tested materials:  

 Grey paint on wall barrier 
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 White paint on asphalt and barrier fence 

 Yellow paint on asphalt 

 

Hexavalent Chrome (Chrome 6) was present.  

 

CAM 17 Heavy Metals were found in ALL of the paint samples submitted. 

 

Samples #205528-5  came back with elevated levels of Chromium.  These samples were further 

analyzed by an accredited laboratory for Hexachrome (Chrome 6) by EPA 218.6 method.  

 

Chrome 6 is a listed carcinogen and ALL of the sample results should be shared with any contractor 

and personnel working within this area in order to be OSHA Compliant.  

About the Inspection 

The inspection performed was both visual and tactile.  Samples were taken of suspect materials located 

at exterior of the survey area.  

 

The inspection was limited to those materials readily discerned in a reasonable inspection by a 

competent inspector. Materials that are hidden within walls, behind structures, in vertical shafts or in 

areas that make them not readily available to our inspector were not sampled. If future work uncovers 

any non-sampled materials, these should be submitted for asbestos and/or lead paint analysis. 

 

The following numbering convention was used for this inspection:  

 

LETTER STANDS FOR EXAMPLE MEANING 

XX Building DESIGNATION 

based on information provided 

on drawings provided to us 

prior to inspection 

PRB Petaluma River Bridge 

Y & Optional 

Z 

EITHER building SYSTEM 

(W: wall; F: Flooring; C: 

Ceiling; T: TSI; M: Misc)  OR  

Further designation of sample 

location as Unit # within 

building 

B 

 

C 

 

R 

Base 

 

Column 

 

Rail 

 

xx Sample number and layer 01 

 

02 

 

03 

First Sample, First Layer 

 

Second Sample, First Layer 

 

Third Sample, First Layer 
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Asbestos Findings 

Asbestos samples were analyzed in the KELLCO-MACS laboratory, by Polarized Light Microscopy, 

the EPA's recommended method.  Copies of the full laboratory reports are attached.  These valuable 

reports can be utilized as future reference to determine if a particular material was tested. 

 

Photographs of sampled materials are included.  Sample locations are noted on the attached not-to-scale 

drawing. 

 

The determination of a material to be Asbestos Containing Material (ACM) was made either by direct 

sampling or by homogeneity with at least one positive sample of the same material.  

 

Materials that tested positive for asbestos are:  None 

 

Tested materials that were none detected for asbestos are:  

 

Lab Sample # Field Sample # Field Description 

L205017-1 PRB-B-01 South bound, base, 3rd column / grey concrete 

L205017-2 PRB-C-02 South bound, 3rd column / grey mortar 

L205017-3 PRB-B-03 South bound, bridge / grey concrete 

L205017-4 PRB-C-04 Sough bound, column base / grey concrete 

L205017-5 PRB-B-05 South bound, column base / grey concrete 

L205017-6 PRB-B-06 North bound, southwest bridge /  black joint cork 

L205017-7 PRB-C-07 North bound, southwest bridge / grey concrete 

L205017-8 PRB-D-08 Between north bound & south bound / grey concrete 

L205017-9 PRB-B-09 North bound, southeast barrier / grey concrete 

L205017-10 PRB-R-10 North bound, southeast rail / grey concrete 

L205017-11 PRB-C-11 North bound, 2nd column / black mastic/barriers 

L205017-12 PRB-C-12 South bound, 2nd column / black mastic/barriers 

L205017-13 PRB-B-13 North bound, northeast barriers / grey concrete 

L205017-14 PRB-C-14 North bound, north column / grey concrete 

L205017-15 PRB-B-15 North barriers wall, northwest wall / black joint cork 

L205017-16 PRB-M-16 North bound, north base / black asphalt 

L205017-17 PRB-M-17-1 South bound, northwest barrier wall / black pipe 

L205017-18 RPB-M-17-2 South bound, northwest barrier wall / grey concrete 

L205017-19 RPB-B-18 South bound, southwest barrier wall / grey concrete 

L205017-20 RPB-R-19 South bound, southwest rail / grey concrete 

L205017-21 RPB-B-20 North bound, southwest barrier wall / grey concrete 

Paint Findings 

Lead samples were analyzed by Atomic Absorption in the KELLCO-MACS laboratory.  OSHA 

requires protection of workers from exposure to any lead.  Paint should be considered as containing 

lead if it is the same color as any positive tested material, unless it has specifically been tested and 

shown to be none detected for lead.   
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The following materials tested positive for lead:  

 

Lab Sample # Field Sample # Field Description PPM Wt % 

P205016-3 PRB-Pb-03 South bound 

bridge, southwest 

bound (barrier 

wall) / grey paint 

on concrete 

118 0.0118 

P205016-4 PRB-Pb-04 North bound 

bridge, southeast 

stripe / white paint 

on asphalt 

101 0.0101 

P205016-5 PRB-Pb-04 North bound 

bridge, southwest 

stripe / yellow 

paint on asphalt 

1,490 0.149 

P205016-6 PRB-Pb-05 North bound, 

southeast barriers 

fence / white paint 

on metal 

114,000 11.4 

P205016-7 PRB-Pb-06 North bound, 

wood pole, 

southeast barrier / 

white paint on 

wood 

11,800 1.18 

 

Paint of the same color as the above samples should be considered positive unless proven 

otherwise by direct sampling with results of “None Detected.”  

 

The following are materials for which the lead was none detected: 

 

Lab Sample # Field Sample # Field Description 

P205016-1 PRBC-Pb-01 South bound bridge, 3rd column / grey paint on metal 

P205016-2 PRB-Pb-02 South bound bridge, south base / grey wood 

 

Although there are some materials that are negative for lead paint, for the purposes of demolition 

it is recommended that all painted materials be considered as lead containing. 

 

 CAM 17 Heavy Metals Findings 
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Seven  paint samples were collected and submitted for CAM 17 Heavy Metals analysis to Macs Lab, 

Inc. using the EPA 6010B/3050 method. 

 

CAM 17 paint samples were taken for the purpose of notifying the general contractor about the 

existence of heavy metals in the paint.  This was done so the contractor, when choosing their work 

methods, could use proper engineering controls, properly trained personnel and proper personnel 

protective equipment (PPE) to perform the work.  

 

These samples were analyzed using an ICP/MS, Extraction Method SW3050B TTLC.  This method is 

not for the purpose of profiling any waste streams from this project.  Profiling the waste streams 

(TCLP & STLC) will be the responsibility of the contractor performing the work.   

 

A copy of the CAM 17 heavy metals analysis in paint and pertinent information relative to it is 

appended to this report. 
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Lab Sample Number: 205528 -1 205528 -2 205528 -3 205528 -4 

 

Client Sample Number: 1 2 3 4 

 

Matrix:  Bulk   Bulk   Bulk   Bulk  

 

Extraction Type:  Acid   Acid   Acid   Acid  

 

Units:  mg/kg  (PPM)   mg/kg  (PPM)   mg/kg  (PPM)   mg/kg  (PPM)  

Sb Antimony 15.81  55.00 6.00 3.72 

As Arsenic 22.94  14,635.14 7.14 4.47 

Ba Barium         81.54  174.41 2,270.00 121.10 

Be Beryllium <0.01  0.09 0.09 0.14 

Cd Cadmium 0.80  7.39 1.41 0.69 

Cr Chromium <0.01 10.36 15.00 <0.01 

Co Cobalt 1.22 7.88 27.68 5.23 

Cu Copper 72.15 47,207.21 9.68 8.98 

Pb Lead <0.01 2,350.45 58.45 112.37 

Hg Mercury 466.86 183.60 66.68 54.64 

Mo Molybdenum 6.88 16.94 3.82 4.47 

Ni Nickel 3.02 16.89 17.95 4.97 

Se Selenium 434.56 760.36 402.95 244.05 

Ag Silver <0.01 4.19 0.27 1.78 

0.76 Thallium 9.23 7.34 5.55 13.62 

V Vanadium 1.80 14.28 9.77 8.06 

12.36 Zinc 5,654.36 10,184.68 <0.01 24.04 
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 Lab Sample Number: 205528 -5 205528 -6 205528 -7 

 

Client Sample Number: 5 6 7 

 

Matrix: Bulk Bulk Bulk 

 

Extraction Type: Acid Acid Acid 

 

Units: mg/kg  (PPM) mg/kg  (PPM) mg/kg  (PPM) 

Sb Antimony 10.85 105.61  85.29 

As Arsenic 5.25 20.25 833.06 

Ba Barium 3,606.14 33.55 103.69 

Be Beryllium 0.31 0.31 2.82 

Cd Cadmium 1.44 23.08 27.30 

Cr Chromium 293.62 3,129.97 0.21 

Co Cobalt 5.29 278.87 345.65 

Cu Copper 10.61 34.04 811.93 

Pb Lead 1,839.42 202,917.77 17,763.05 

Hg Mercury 44.36 49.87 34.38 

Mo Molybdenum 9.49 35.94 49.42 

Ni Nickel 15.05 9.37 9.78 

Se Selenium 254.32 1,014.59 675.64 

Ag Silver 0.78 2.87 6.09 

0.76 Thallium 5.83 88.68 45.98 

V Vanadium 12.36 7.07 10.44 

12.36 Zinc 3,560.65 12,727.67 11,719.14 
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 Hexavalent Chrome (Chrome 6) Findings  
 

Sample #205528-5, a total of one (1)  paint sample was submitted for Hexachrome analysis to McCampbell 

Analytical Laboratory the EPA 218.6 method.  

 
A copy of this laboratory analytical report is appended to this report.  

Lab ID Client ID Matrix Type Hexachrome PPM (mg/kg 

1007064-001A 205528 S TOTAL 180 PPM 

 

Sample numbers 205528 was considered to have elevated levels of Chromium. Such results will require 

special training and handling to be OSHA compliant. 

Regulatory Requirements 

The Environmental Protection Agency (EPA) defines Asbestos Containing Material as any material 

that contains greater than 1% asbestos.  Materials containing greater than 1% asbestos must be removed 

prior to demolition or renovation if they will be disturbed. 

 

Friable asbestos containing material is any material that can be crushed or pulverized by hand pressure 

when dry, or materials that can be rendered to a crumbled, pulverized, or powdered state when dry by 

crushing, sanding, sawing, shot blasting, or through demolition or renovation activities. 

 

As stated by NESHAP regulations, any material that contains less than 10% asbestos using the visual 

estimation method can be point counted with gravimetric reduction.  The Point Counting method is a 

much more accurate analytical method for determining the percent of asbestos in a particular material.  

If the Point Count method determines that the material contains less than 1% asbestos, the material 

being analyzed can be disposed of as a non-hazardous asbestos containing construction waste.  

 

Removal or disturbance of material with any detectable amount of asbestos must be handled in 

accordance with OSHA regulations.  Cal-OSHA registration is required if the material contains more 

than .1% asbestos (1/10
th 

of a percent).  If there is more than 100 feet (linear or square) of an asbestos 

containing material that will be abated or disturbed, a California State registered and licensed asbestos 

abatement contractor must perform the work.  If there is less than 100 feet, the work does not require a 

licensed asbestos abatement contractor, but must still conform to Cal-OSHA regulations. 

 

Removal or disturbance of any amount of lead paint requires adherence to the Cal-OSHA and CDPH 

regulations, including proper training and certification for workers and supervisors 

 

The OSHA lead (1532) regulations require that a Negative Initial Determination for lead exposure be 

made with paint that contains greater than 0.06% (600 ppm) of lead.  Paint with less than 0.06% lead 

should still be treated within the OSHA guidelines, but with reasonable work practices should not 

generate OSHA action levels of lead exposure. 

 

Building components with intact lead paint and no other hazardous materials can be disposed of as non-

hazardous construction waste.  Paint chips and debris must be disposed of as lead containing hazardous 

waste. 
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Comment Regarding All Asbestos Containing Materials: 

Asbestos containing materials in good condition do not necessarily need to be 

removed unless they will be disturbed; they should however be respected.   

 

Employees, contract workers and others should be advised not to drill, saw, scrape or 

otherwise disturb this material without taking precautionary measures appropriate to 

asbestos containing material.  

 

Asbestos containing material should be removed prior to the renovation and must be 

removed prior to demolition. 

Comment Regarding All Lead Containing Materials: 

Lead is a known health hazard.  Lead containing materials in good condition do not 

necessarily need to be removed if they are not disturbed; they should however be 

respected. 

 

Painted surfaces that contain lead should be made known to contractors who may 

disturb them during their work.  OSHA guidelines for workers in contact with lead 

paint apply if ANY detectable lead is found. 

 

Anyone coming in contact with leaded paint should be advised not to disturb it 

without taking precautionary measures appropriate to avoid lead contamination or 

lead exposure.  

 

Areas Needing Immediate Corrective Action 

Asbestos (in any condition) and chipping and peeling lead paint should be removed prior to renovation 

and must be removed prior to demolition of the survey site.   

Analytical Procedures 

POLARIZED LIGHT MICROSCOPY (PLM) 

Bulk samples were analyzed in accordance with U.S. EPA "Test Method for Determination of 

Asbestos in Bulk Building Materials, 1993," with inclusion of area percent estimates of the 

sample components.  The use of the McCrone Color Dispersion Staining Technique 

supplements the analysis when considered useful by the analyst.  The samples are prepared with 

refractive immersion oil and are examined under Polarized Light Microscopy (PLM).  The 

accuracy of the visual estimate method is 1%. 

 

As per the standard "...The accuracy in the determination of the presence or absence of asbestos 

of greater than 1 area percent asbestos is greater than 99%."  ASTM Committee D22.05, 

1/18/88, Standard Method of Testing for Asbestos Containing Materials by Polarized Light 

Microscopy.  If the sample matrix is reduced to minimize non-asbestos components, the 
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detection limit can be mathematically enhanced, based on the amount of material remaining 

after matrix reduction.  This method is called gravimetric reduction.   This method involves 

ashing and chemical dissolution of the sample. 

POINT COUNTING 

The Point Counting method is a much more accurate analytical method for determining the 

percent of asbestos in a particular material.  KELLCO-MACS uses a muffle furnace to ash the 

sample and remove organic compounds.  Hydrochloric acid is used to dissolve some of the non-

asbestos minerals.  Under this method a minimum of 125 points are counted from each of 8 

different slide preparations of the same sample (total of 1000 points min.)  If the Point Count 

Method determines that the material contains less than 1% asbestos, the material being 

analyzed can be treated as non-hazardous asbestos containing construction waste.  Note: ONLY 

the Point Count Method can be used for this determination. 

ATOMIC ABSORPTION FOR LEAD 

Paint samples were collected for atomic absorption (AA) analysis.  The detection limit for each 

sample depends upon many factors including the sensitivity of the instrument and the sample 

size.  In the KELLCO-MACS laboratory utilizing flame AA, the detection limit is normally 

.01% or 100 parts per million (ppm). 

CAM 17 TESTING 

CAM 17 Metals were tested by Macs Lab, Inc. using ICP-MS, Extraction Method SW3050B 

and Analytical Method 6010B/3050. 

 

HEXAVALENT CHROME (Chrome 6) TESTING 
Hexavalent Chrome was tested by McCampbell Analytical Laboratory using the TTLC 

Hexachrome by EPA 218.6 Analytical Method. 

 

KELLCO-MACS Qualifications 

KELLCO-MACS  is a creative joint venture offering hazardous materials and AIHA laboratory 

analyses.  Our credentials include: 

 

 The KELLCO-MACS asbestos inspector is licensed with the State of California Department of 

Occupational Safety and Health (CAL-OSHA). 

 

 The KELLCO-MACS lead inspector is licensed by the California Department of Public Health 

(CDPH) 

 

 The laboratory accreditations include: 
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o NVLAP PLM for Asbestos: NIST National Voluntary Laboratory Accreditation 

Program certificate of accreditation for bulk asbestos analysis by polarized light 

microscopy (Accreditation #101948-1). 

o AIHA Accreditation for Industrial Hygiene Analytical Laboratory for PCM, and AA 

for lead (Accreditation #101786). 

o AIHA Analyst Proficiency (NIOSH PAT) (Accreditation # 11172) 

o AIHA ELLAP Accreditation for Lead: Accreditation for the Environmental Lead 

Laboratory recognized by the EPA as meeting the requirements of the National Lead 

Laboratory Accreditation Program established under Title X (Lab ID #11109). 

o ELAP PLM for Asbestos: California Department of Health Services, Environmental 

Laboratory Accreditation Program, certificate for bulk asbestos analysis (Certificate 

#2027) 

o USDA Soil permit #39484 

 

The following supporting documents are attached to this report: 

 

 Laboratory analytical reports 

 Photographs of sample locations 

 Floor plan or sketch showing sample locations 

 

Please call KELLCO if there are any questions and/or clarifications regarding this report.   We look 

forward to working with you in the future. 

 

Sincerely, 

 

KELLCO-MACS 

 
Tim C. Cannard CAC #94-1395, CDPH Lead #764 

Senior Project Manager 
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1. Section 1 ONE General Information  

1.1 DESCRIPTION OF PROJECT 

1.1.1 Location and Route Description 

The Marin Sonoma Narrows (MSN) HOV Widening project proposes to add high occupancy 

vehicle (HOV) facilities to Route 101 from the junction of State Route (SR) 37 in the City of 

Navato to just north of the Corona Road Overcrossing in the City of Petaluma, a distance of 

approximately 16 miles.  The project has been divided into three main segments.  Segments A 

and C consist of the existing freeway in the cities of Navato and Petaluma, respectively.  

Segment B is the existing expressway between the two cities.  The focus of this report is segment 

B4 (see Figure 1-1), which is a part of Segment B. 

The planned improvements in segment B4 include the following structures: 

 Route 101/SR116 SOH Left (Widen) – recently constructed (completed in 2007) five span 

structure will be widened by 24 feet along the eastern edge of the deck 

 Route 101/SR116 SOH Right (Replace) – existing four span structure (constructed in 1955) 

will be replaced  

 Petaluma River (Replace) – existing nine span twin-structure (constructed in 1955) will be 

replaced 

 Retaining wall along SB of Route 101 – new retaining wall along the western edge of SB 101 

will span from the new Petaluma River Bridge to the end of existing retaining wall 

 Retaining wall along NB of Route 101 – new retaining wall along the eastern edge of NB 

101 will connect the new Petaluma River Bridge with the new Route 101/SR116 SOH Right 

structure 

 Retaining wall adjacent to park and ride lot, southeast quadrant of existing South Petaluma 

Undercrossing (to be removed under another contract) 

 Retaining wall and sound wall along NB on-ramp at Route 101/SR 116 Interchange 

The control line reference station locations are shown on Figures 1-1, 1-2 and 1-3. 

1.1.2 Retaining Walls 

Four (4) retaining walls are planned as shown on Figure 1-2 and as summarized in the following 

table. 

Table 1-1 Planned Retaining Walls 

Wall 

No. 
Alignment 

Begin Station 

(Approximately) 

End Station 

(Approximately) 

Length Design Wall Height 

(ft) (ft) 

152 “A” Rt. 152+45 155+56 358 10 – 24 

168 “A” Rt. 168+30 169+61 148 10 - 12 

179 “A2” Rt. 179+45 187+77 833 14 - 28 

180 “A2” Lt. 180+11 182+12 201 12 – 14 

Lt. = Offset to the left direction 

Rt. = Offset to the right direction 
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These 4 retaining walls are envisioned to be standard plan walls.  Another retaining wall No. 293 

is considered to be a non-standard plan wall because of excessive settlement and bearing 

capacity issues with spread footing foundations.  The geotechnical design parameters and aspects 

of these walls are presented in the Retaining Wall Foundation Report, under a separate cover. 

1.1.3 Sound Walls 

Sound walls are planned along a portion of the on-ramp from southbound SR 116 to NB 

Route101.  It will extend into the southern portion of the next segment, Segment C, toward 

Caulfield Lane.  These walls are required to mitigate traffic noise impact.  The sound walls are 

designated as 5 separate walls: 1) Retaining Wall No. 293 (with sound wall above the retaining 

wall), 2) Sound Wall No. 297, 3) Sound Wall No. 300, 4) Sound Wall No. 211, and 5) Sound 

Wall No. 212.  The geotechnical analysis and design of Retaining Wall No. 293 will be 

addressed in a separate foundation report.  The design heights and approximate length of the 

sound walls are presented in Table 1-2. 

Table 1-2 Planned Sound Walls 

Wall 

No. 
Alignment 

Begin Station 

(Approximately) 

End Station 

(Approximately) 

Length Design Wall Height 

(ft) (ft) 

297 “R6” Rt. 297+13 301+35 422 12 

300 “R6” Rt. 300+51 

310+08 

(97 feet Rt. “A1” 

210+48) 

957 16 

211 “A” Rt. 211+33 212+89 156 16 

212 “A” Rt. 212+53 218+65 612 12 

 

The approximate locations of the planned sound walls are shown on Figure 1-3. 

1.2 PHYSICAL SETTING 

1.2.1 Climate 

Climatologically, the area is classified as Mediterranean with dry summers and mild winters.  

There are two nearby weather stations (Western Regional Climate Center, 2006), including one 

at Petaluma (P) and one at Santa Rosa (SR); the following discussion includes records at both 

weather stations.  The mean annual temperature is 58 F (P and SR).  Extremes of temperatures 

expected range from an average daily maximum of 82.5 F (P) and 83.2 F (SR) in August to 

average daily lows of 38.1 F (P) and 37.1 F (SR) in January.  The highest and lowest 

temperatures on record in Petaluma are 110 F and 18 F and in Santa Rosa are 110 F and 

15 F, respectively.  Freezing temperatures should only be expected to occur on an average of 

23.6 days (P) and 30.2 days (SR) per year, so freeze-thaw conditions should not be a factor. 
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Precipitation in Petaluma averages about 25 inches per year and in Santa Rosa about 30 inches 

per year, primarily confined to the months of October through April.  December and January 

usually have the most precipitation accumulation, averaging about 4-¾ to 5-½ inches per month 

in Petaluma and 5-¾ to 6-¼ inches per month in Santa Rosa.  Thunderstorms are rare. 

1.2.2 Terrain 

The topography along the existing roadways from S. Petaluma Boulevard Overcrossing to just 

south of Caulfield Lane Overcrossing, ranges in elevation from approximately 50 feet, rising to 

70 feet and then descending to approximately 17 to 18 feet.  Between the Petaluma River, UPRR 

tracks and SR 116, the roadway is elevated on an existing embankment with fill height ranging 

from 40 to 62 feet. 

Development within the project limits is primarily commercial and industrial. 

1.2.3 Surface Drainage 

Watershed 

The Project is located within the San Pablo Hydrologic Unit (HU) of the San Francisco Bay 

Basin, and specifically within the San Pablo Bay Watershed.  This watershed falls within the 

jurisdiction of the San Francisco Bay Regional Water Quality Control Board (SFBRWQCB). 

Within the San Pablo HU, the Project is in the Petaluma River Hydrologic Area (HA).  The 

nearest receiving water body is Petaluma River, which crosses Route 101 within the Project 

limits at PM 3.2.  The river flows from northwest to southeast and empties into San Pablo Bay 

approximately 9 miles from the Project area. 

Off-site watersheds were determined using USGS mapping, topographic survey information 

provided by URS Corporation, and field verification.  Watersheds are shown for all of the 

existing cross culverts.  See Appendix C of the Draft Drainage Report (DR) for the off-site 

watershed delineations. 

Flood Sources 

According to the Flood Insurance Rate Map (FIRM) for Sonoma County Panels 1001 and 1005 

from Federal Emergency Management Agency (FEMA), the base flood areas are mostly 

distributed to the east of Petaluma Boulevard South with base flood elevation of 9 feet (Zone 

AE, see Appendix I of the Draft DR).  Along the Petaluma River is the floodway area in Zone 

AE which must be kept free of encroachment. There are also small areas with no base flood 

elevation determined (Zone A), and areas of 500-year flood (Zone X) along Hopper Street within 

the project limit. 

The reference datum for this elevation is the North American Vertical Datum of 1988 (NAVD 

88).  The FIRMs covering the Project limits can be found in Appendix I of the Draft DR. 

1.2.4 Regional Geology 

The project is located along the western margins of the Petaluma Valley within the central 

portion of the Coast Ranges geomorphic province of California. Northwest-southeast-trending 
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valleys and ridges characterize the regional morphology of the Coast Ranges province.  These 

topographic features are controlled by folds and faults that resulted from the collision of the 

Farallon and North American plates and subsequent predominantly strike-slip faulting along the 

San Andreas fault system between the Pacific and North American plates.  Regional geologic 

mapping shows the project alignment to be underlain by manmade fill, Holocene Bay Mud 

deposits, Holocene alluvial fan deposits, Tertiary age volcanic rocks, and Jurassic-Cretaceous 

age Franciscan Complex rocks (Wagner et al, 2000; Armstrong, 1980).  The regional geologic 

map (Figure 1-4) shows the approximate areal extent of these various geologic units.  

1.2.5 Site Geology 

The north abutment of the Petaluma River Bridge and both abutments of the SR 116 bridges are 

composed of manmade fill constructed on the underlying bay mud and alluvial fan deposits.  

Manmade fill also underlies the Northwestern Pacific railroad tracks and SR 116, including the 

on-ramps and off-ramps to Route 101.  Holocene Bay Mud deposits underlie the south margins 

of the Petaluma River below about Elevation 10 feet and extend to just north of SR 116.  

Holocene alluvial fan deposits underlie portions of the Bay Mud deposits and occur at ground 

surface in the area generally north of SR 116.  The “bedrock” that underlies the alluvial fan 

deposits and portions of the Bay Mud is the Jurassic-Cretaceous age Franciscan Complex.  This 

unit is mapped by Wagner et al (2000) as schist and phyllite, however based on review of the 

current URS borings (2009), the existing Caltrans Log of Test Borings (LOTBs) and site 

geologic mapping, this unit appears to be mainly of mélange consisting of tectonic mixtures of 

sheared shale, greenstone, greywacke and serpentinite with scattered blocks of blueschist.  A 

geologic map of the site by Wentworth (1997) shows this area as mélange.  The only surface 

outcrops of the Franciscan Complex rocks occur near the south abutment of the Petaluma River 

Bridge. 

1.3 PREVIOUS INVESTIGATIONS NEAR SITE 

Existing Foundation Investigation references obtained from Caltrans’ files include the following: 

Table 1-2 Existing Foundation Information 

Bridge 

Number 
Name 

Caltrans File No / 

Contract No.. 
Date 

20-0155 101 /116 Separation Contract 04-276004 March 2004 

20-0154 Petaluma River Bridge 54-4TL19 April 1953 

  04-147204 October 1996 
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2. Section 2 TW O Exp loration, Geotechnical Test ing and Subsurface Cond itions 

2.1 FIELD EXPLORATION 

To supplement available data, URS drilled six hollow stem auger borings (A-09-009, A-09-010, 

A-09-101, A-09-103, A-09-105 and A-09-106), and thirteen rotary wash borings (R-09-001 to R-

09-008, R-09-011 to R-09-015), and advanced two CPTs (CPT-09-003 and CPT-09-114).  

Hollow stem auger borings ranged in depths from 30 to 52 feet, whereas the rotary borings were 

drilled to depths about 19 to 120 feet.  Borings R-09-005 and R-09-006 were located in the 

Petaluma River channel, and were drilled with a rig mounted on a barge.  The field explorations 

were performed in three separate periods from June 10 to 17, August 11 to September 2, and on 

October 28 and 29, 2009.  The locations of the explorations are shown on Figures 2-1 through 

2-4. 

A representative of URS supervised the drilling operations and soil sampling.  The soil samples 

collected were labeled and sealed immediately to preserve their natural moisture content.  At 

completion of the exploration, samples were delivered to the laboratory for further examination 

and testing.  Descriptions of individual laboratory tests and results are presented in Appendix B, 

“Laboratory Tests,” and on the Boring Records in Appendix A.  A summary of laboratory test 

results is presented in Table 2-1. 

Comprehensive descriptions of the soils encountered at each boring, together with field and 

laboratory test data are presented on the Boring Records (Appendix A). 

2.2 SUBSURFACE CONDITIONS 

2.2.1 Soil and Rock Conditions 

2.2.1.1 Fill 

Borings drilled in existing embankments included R-09-008, R-09-011 and R-09-015 that were 

located at the top of the existing embankment near the north abutment of Petaluma Bridge, the 

south and north abutments of the Route 101/116 Separation Overhead (SOH), respectively.  

These borings encountered fill soil to depths of 76 feet (Elevation -4.0) at the Petaluma Bridge, 

and 54 feet (Elevation -3.0) to 23 feet (Elevation +11.0) at the Route 101/116 SOH.  Fill soil 

ranging in depth from 5 to 18 feet thick was also encountered in Borings R-09-002, R-09-003 

and R-09-007 located along both the north and south edge of Petaluma Boulevard and the north 

bank of the river channel as shown on Figure 2-2.  The fill consists primarily of granular soils 

(clayey gravel, clayey gravel with sand, clayey sand with gravel and clayey sand) with cohesive 

interbeds (lean clay, gravelly lean clay and sandy lean clay with gravel).  The granular soils are 

medium dense to dense in relative density, whereas the cohesive layers are judged to be medium 

stiff to stiff in consistency.  In Borings R-09-002 and R-09-003, a 7 inch thick asphalt concrete 

(AC) pavement was encountered overlying 8 inches of aggregate base (AB). 

Borings R-09-012 and -013 were drilled on the south and north sides of the railroad tracks, 

respectively, between the north and south bridge abutment fill embankments.  About 2.5 to 5 feet 

of sandy to clayey gravel fill were encountered.  Boring R-09-014 was drilled in the Route 116 

pavement median where an 8 inch thick AC layer was encountered overlying 6 inches of AB; the 

pavement section was underlain by silty sand with gravel fill extending to a depth of 11 feet. 
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2.2.1.2 Native 

Native soils encountered in the exploratory borings consist of Bay Mud, colluvium, alluvial fan 

deposits (alluvium) and Franciscan Complex mélange.  The Bay Mud deposits encountered in 

Boring R-09-005 and R-09-006 extend to depths of 18 and 13 feet (about Elevation –11.5 to –17 

feet), respectively; the very soft blue to dark gray fat clay includes traces of peat and occasional 

sand interbeds.  

Encountered in boring R-09-002, located on the lower south abutment slope, just south of 

Petaluma Boulevard, the colluvium consists of very stiff lean clay with sand and gravel.  It is 

composed of weathered rock and soil that has been transported down slope under the influence 

of gravity.  The colluvium is estimated to be about 10 to 15 feet in thickness. 

Alluvial fan deposits (alluvium) were encountered in borings R-09-005 and -006 underlying the 

Bay Mud, in borings R-09-007 and -008, and R-09-011 through R-09-015.  The alluvium 

consists of interbedded sands and clays with gravel.  The cohesive deposits (lean clay, fat clay, 

sandy lean clay and gravelly lean clay) are generally medium stiff to very stiff and high in 

moisture content (as much as 46 percent).  Fat clay layers with thickness ranging from 13.5 to 30 

feet thick were encountered in Borings R-09-008, R-09-012 and R-09-014 at Elevation -4, +5 

and -41 feet, respectively.  The granular interbeds include medium dense to very dense silty 

sand, clayey sand, poorly graded sand, and silty, clayey sand.  However, the silty sand layer is 

loose in Boring R-09-013, at a depth of 26 feet.  Boring R-09-008 terminated in lean clay at a 

depth of 112 feet, whereas R-09-015 terminated in sandy lean clay alluvium at a depth of 108.5 

feet; these two borings did not encounter the underlying Franciscan Complex bedrock.  The 

remaining 11 borings terminated in bedrock, as summarized in the following table. 

Table 2-2 Summary of Bedrock Elevations Encountered in Borings 

Boring 

Depth to Top 

of Bedrock 

(feet) 

Elevation of 

Top of Bedrock 

(feet) 

Length of 

Sampled Bedrock 

(feet) 

R-09-001 0 84 21.5 

R-09-002 34 23 15.5 

R-09-003 11.5 27.5 50 

R-09-004 2 9 16.5 

R-09-005 20.5 -19.5 18 

R-09-006 21.5 -20 10 

R-09-007 29 -18 51 

R-09-011 98.5 -47.5 21.0 

R-09-012 55.0 -44.0 30.0 

R-09-013 59.0 -49.0 27.5 

R-09-014 91.5 -77.5 5.0 

 

Underlying the fill and colluvium south to the Petaluma River and the alluvium beneath the river 

channel and north of the channel, Franciscan Complex bedrock was encountered.  The 

Franciscan Complex consists of mélange, a tectonic mixture of highly sheared metamorphic rock 

consisting of black shale and serpentinite with greenstone, greywacke, talc and scattered blocks 

of blueschist.  The bedrock is highly to completely weathered clay near ground surface in the 
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south abutment and becomes moderately weathered and very dense below a depth of about 10 to 

as much as 50 feet. 

2.2.2 Groundwater 

All of the previous borings were completed using rotary wash drilling methods, nevertheless, 

groundwater levels were measured in a few of the borings at Elevation -0.1 to +4 feet.  These 

water level measurements (see Appendix C) were made in June 1952 and September 2002; the 

1952 Elevations have been converted by using the conversion: Elevation 0 NGVD29 = Elevation 

+ 2.28 NAVD88. 

All of the 2009 borings except R-09-005 and R-09-006 were initially started with hollow stem 

auger and then completed using the rotary wash drilling method.  Borings were dry to the depth 

where method of drilling was switched from hollow stem auger to rotary wash; depths at which 

the drilling methods were switched are summarized as follows: 

Table 2-3 Summary of Drilling Method Changes 

Boring Number Depth Where Hollow Stem Auger 

Switched to Rotary Wash 

(feet) 

Corresponding 

Approximate Elevation 

(feet) 

R-09-001 5 +78.5 

R-09-002 5 +29 

R-09-003 5 +34 

R-09-004 5 +8 

R-09-007 1 +6 

R-09-008 5 +67 

R-09-011 19 +32 

R-09-012 21 -10 

R-09-013 19 -9 

R-09-014 18 -4 

 

Groundwater was encountered in Boring R-09-014 at a depth of 18 feet (Elevation -4).  In 

addition, groundwater was encountered in Borings A-09-101 and A-09-103 at depths of 10 feet 

(Elevation -3) and 26 feet (Elevation -10), respectively.  No groundwater springs or seeps were 

observed on or near the project alignment.  The Petaluma River is subject to tidal variations.  A 

recent topographic map of the site dated April 2008 shows the river level at Elevation 0.65 feet 

and the 1952 LOTB sheet recorded the high tide river level at Elevation 7.5 feet.  The 1952 

LOTB sheet for the 101/116 SOH (former Route 1/104 Separation) revealed that groundwater 

was encountered around Elevation +4 and +5 feet, except that Boring B-3 (1952) encountered 

groundwater at approximately Elevation 1.8 feet. 

Considering the previous measurements, expected tidal fluctuation and proximity to the 

Petaluma River, we recommend a design groundwater level at Elevation 5.0 feet for portions of 

the site near the Petaluma River.  For locations north of Abut 5 of Route 101N/116 SOH 

(Replace) and Abut 6 of Route 101S/116 SOH (Widen), a slightly lower design groundwater 

level at Elevation 0.0 feet is recommended. 
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3. Section 3 THR EE Seismic and Geologic H azards 

3.1 PROJECT SITE SEISMICITY 

The closest active faults to the project alignment are the Rodgers Creek-Healdsburg fault, San 

Andreas (north) fault, the northern end of the Hayward fault and the Maacama-Brush fault 

(Merriam and Shantz, 2007).  The nearest potentially active fault is the Late Quaternary Tolay 

fault located 2.3 miles (3.7 km) northeast of the site.  The California Geological Survey (2000) 

has produced maps showing Alquist-Priolo Earthquake Fault Zones along faults with known 

Holocene activity that pose a potential surface faulting hazard.  With the exception of the Tolay 

fault, all of these faults are included as Alquist-Priolo (A-P) zoned faults.  The Rodgers Creek-

Healdsburg fault is located about 4.6 miles (7.4 km) northeast of the site and the San Andreas 

(north) fault is located about 15.8 miles (25.4 km) southwest of the project alignment.  More 

distant active faults include the north end of Hayward fault located about 18.6 miles (30.0 km) 

southeast of the site, and the Maacama-Brush fault located about 21.5 miles (34.6 km) northeast 

of the site.  Figure 3-1 shows active faults within the site region relative to the project.  The 

project alignment does not cross any mapped A-P zoned faults. 

Table 3-1: Seismic Source Parameters  

 

Fault 

 

Type 

 

MMax  

Distance 

(mile)* 

Near Field 

Effects ? 

Design PGA (g) 

Vs30=2,500 ft/sec 

Rodgers Creek-

Healdsburg 
strike-slip 7.1 4.6 Yes 0.6 

San Andreas 

(north) 
strike-slip 7.9 15.8 No - 

Hayward strike-slip 7.3 18.6 No - 

*The distances are based on Caltrans ARS Online (2009). 

For design, a site PGA of 0.6 g (earthquake moment magnitude of M7.0) was estimated using 

Caltrans ARS Online tool; this value of PGA corresponds to a site specific average shear wave 

velocity of 1,000 fps. 

3.2 POTENTIAL GEOLOGIC HAZARDS 

3.2.1 Surface Fault Displacement and Ground Shaking 

The project alignment does not cross any Alquist-Priolo Earthquake Fault Zones (Hart, 1975).  

Therefore, surface rupture due to faulting along the alignment is not expected to occur.  

However, the short distance to nearby active faults including the Rodgers Creek-Healdsburg 

fault, San Andreas (north) fault, and the northern end of the Hayward fault does create a high 

risk for ground shaking from fault movement.  The intensity of the ground shaking is dependent 

upon the size of the earthquake, the distance of the epicenter from the site, the direction that the 

earthquake propagates along the fault, and the site geologic conditions. 

3.2.2 Landslides 

With the exception of the manmade bridge abutment fills, the project alignment is on relatively 

flat ground and is not subject to landsliding.  Regional geologic maps by Wagner et al (2000) and 
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Wentworth (1997), as well as the landslide hazard area maps in the Sonoma County Hazard 

Mitigation Plan (2006), do not show any mapped landslides on the hills at or near the project.  

Furthermore, no evidence of landslide scarps or slumping of the manmade fill embankments was 

observed during site reconnaissance. 

3.2.3 Settlement and Seismic Compaction 

Subsidence typically occurs as a result of subsurface fluid extraction (e.g. groundwater or 

petroleum) or compression of soft, geologically young sediments.  Groundwater extraction for 

high volume municipal and agricultural use has the potential to cause future ground subsidence 

in the region.  However, we are not aware of subsidence in the area. No active petroleum wells 

are present within many miles of the site (California Division of Oil, Gas, and Geothermal 

Resources, 2001).  

Settlement can occur quickly when soil is loaded by a structure or by the placement of fill on top 

of soil; it can also occur gradually when soil pore pressures, increased by vertical loading, 

gradually dissipate over time.  This second type is termed consolidation settlement.  The Bay 

Mud soils are susceptible to consolidation settlement if loaded by structures and placement of 

fill.  

Compaction settlement, or seismic densification, occurs when loose granular soils above the 

water table increase in density as a result of earthquake shaking.  The soil densification can result 

in differential settlement because of variations in soil composition, thickness, and initial density.  

As previously mentioned, occasional layers of medium dense granular soils were encountered in 

a few of the borings.  At Boring R-09-012, the soils above the groundwater table are primarily 

sandy lean to fat clay.  For design, we estimated the potential post-earthquake settlement at 

Borings R-09-011 and R-09-013 through R-09-015 due to seismic compaction using the 

computer program LIQUEFY PRO
1
.  In our analyses we used a peak ground acceleration (PGA) 

of 0.6g and a design earthquake moment magnitude (M) of 7.0.  The results of these studies 

indicated that the magnitude seismic compaction settlement at R-09-013 through R-09-015 is 

ranged from negligible to ¼ inch.  Seismic compaction is ½ inch for the soils encountered at 

R-09-011.  Copies of these calculations are included in Appendix D. 

3.2.4 Scour 

No creeks or active channels cross the alignment at the proposed Route 101/116 SOH Right 

(Replace).  Therefore, scour is not a potential hazard at the site.  At the Petaluma River Bridge 

site, the existing channel is presently unlined; bedrock is exposed on the south bank.  Based on 

the project bridge design hydraulic report (WRECO, September 2009), we understand the total 

scour depth of 12.0 feet is based on boundary conditions of Stillwater Elevation and 500 years 

                                                 
1 LIQUEFY PRO is a software program that evaluates liquefaction potential and calculates settlement of a soil 

deposit due to seismic loads.  The program is based on methods recommended in the 2001 NCEER Workshop and  
2008 Edition of SP117 Implementation.  The seismic load is estimated with Seed’ s simplified method (Seed, 
1971), which gives a Cyclic Stress Ratio (CSR) that is compared with the Cyclic Resistance Ratio (CRR) of the 
soil.  The CRR calculation is based upon input data from common in-situ tests such as SPT and CPT.  Because the 
BPT-test is more appropriate for gravel type soils the user can also use BPT data as input for the liquefaction 
analysis.  The program finally makes an estimate of the earthquake-induced settlements using the results from the 
liquefaction evaluation.  The software was developed by CivilTech Software, located in the Seattle-Bellevue area. 
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recurrence interval.  More detailed discussions on the impact of scour to the foundation design 

are presented in the foundation report for the Petaluma River Bridge. 

3.2.5 Flooding 

The Petaluma River Channel is within a floodplain. The FEMA defines the area as Zone AE. 

Zone AE is defined as an area with a 1% annual chance of flooding. With the exception of the 

active channel of the Petaluma River and the low lying area south of SR 116 below about 

Elevation +9 feet, the project alignment is located outside of Zone AE. 

3.2.6 Liquefaction Potential 

Liquefaction is a phenomenon whereby sediments temporarily lose shear strength and collapse.  

This condition is caused by cyclic loading during earthquake shaking that generates high pore 

water pressures within the sediments.  The soil type most susceptible to liquefaction is loose, 

cohesionless, granular soil below the water table and within about 50 feet of the ground surface.  

Liquefaction can result in loss of foundation support and settlement of overlying structures, 

ground subsidence and translation due to lateral spreading, lurch cracking, and differential 

settlement of affected deposits.  Lateral spreading occurs when a layer liquefies at depth and 

causes horizontal movement or displacement of the overburden mass toward a free face such as a 

stream bank or excavation, or toward an open body of water. 

In a regional study of the nine-county San Francisco Bay region for the U.S. Geological Survey, 

Witter et al. (2006) mapped the liquefaction susceptibility of the site soils along the project 

alignment.  The alluvial fan and Bay Mud deposits found from the south bank of the Petaluma 

River and extending north past SR 116 have been mapped as having a “moderate” liquefaction 

susceptibility (see Figure 3-2). The thin fill embankments that underlie the railroad tracks are 

shown as having "very high" liquefaction susceptibility.   The Sonoma County Hazard 

Mitigation Plan (2006) shows these deposits as having a “high” liquefaction hazard.  The 

Franciscan Complex bedrock mapped south of the river is not subject to liquefaction.  

Based on a review of the borings completed for this study, potentially liquefiable sand layers 

were encountered at few of the borings.  We analyzed post-liquefaction settlement of the 

medium dense sand layers encountered in Borings R-09-012 through R-09-015 for the peak 

ground acceleration (PGA) of 0.6g and design earthquake moment magnitude, M 7.0, adjusting 

the measured driving resistance (blow counts) in the field for hammer type, sampler size, 

overburden pressure, rod length, and fines content; the magnitude of settlement at these boring 

locations is estimated to range from 0.1 inch to 0.9 inch.  Copies of these calculations are 

included in Appendix D. 
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Table 3-2:  Estimated Post Liquefaction Ground Surface Settlement 

Boring / CPT 

Number 

Depth Ranges of Liquefiable 

Layers (feet) 

Estimated Ground Surface 

Settlement (inch) 

 R-09-005 3 - 4½ 0.4 

 R-09-012 29 - 36 0.9 

 R-09-013 26 - 29 0.5 

 R-09-014 41½ - 44 0.4 

 R-09-015 35 - 36 0.1 

 A-09-101 15 - 24 2.5 

 A-09-103 28 - 31½, 3½ - 38 1.4 

 CPT-09-102 15 - 23, 48 - 50 1.3 

 CPT-09-104 13 - 19 0.3 
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4. Section 4 FOUR  Geot echn ical Analysis and D esign  

4.1 FOUNDATION TREATMENT 

4.1.1 Clearing and Grubbing 

Before any grading begins, all locations to be filled should be cleared of existing improvements 

(rails, posts, curbs, pavements, etc.), all debris, vegetation, and any soils containing roots or other 

vegetative matter in accordance with Section 16 of Caltrans Standard Specifications.  A stripping 

depth of 4 to 6 inches is estimated.  The entire root ball of large shrubs should be removed, 

including all roots greater than 1 inch in diameter. 

4.1.2 Subgrade Preparation 

Immediately after existing guardrail posts have been removed, the resulting voids should be 

backfilled with slurry cement up to present ground surface in accordance with Caltrans Standard 

Specifications Section 19-3.062 “Slurry Cement Backfill”. 

All subgrades should be prepared in accordance with Caltrans Standard Specifications Section 

25-1.03 “Subgrade”.  After the areas to receive fill have been cleared and stripped, the exposed 

subgrade soil should be scarified, moisture conditioned to near the optimum moisture content, 

and compacted to the requirements of fill to a minimum depth of 6 inches.  When the subgrade 

has been compacted and approved by the Engineer, fill can be placed to provide the desired 

finished grades. 

4.1.3 Fill Material 

In general, materials intended for use as fill materials should be a soil or soil/rock mixture that is 

free of organic matter and other deleterious substances in accordance with Section 19 of Caltrans 

Standard Specifications.  In addition, these materials should have an R-value greater than 15 to 

be consistent with the design R-value used in pavement structural design.  All import material 

should meet these requirements and should be approved by the Engineer prior to construction.  

Asphalt concrete and aggregate base that are pulverized to meet the size requirements for fill 

material detailed above, could be reused as fill.  In our opinion, the fat clays excavated from the 

project site should not be reused as engineered fill due to their expansive nature, i.e. potential to 

shrink and swell with moisture changes.  A detailed discussion about the reuse of onsite soils is 

provided in Section 4.3 “Cuts and Excavations”. 

4.1.4 Fill Placement 

All fill should be constructed in accordance with Caltrans Standard Specifications Section 19, 

entitled “Earthwork.”  Relative compaction of not less than 90 percent should be achieved in all 

fill materials, except where 95 percent is required. 

4.2 ESTIMATED SETTLEMENT 

4.2.1 General 

Based on the profile sheets developed for the South Petaluma UC (Remove), Petaluma River 

Bridge, Route 101/116 SOH (Replace) and Route 101/116 SOH (Widen), new fills ranging from 
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5 to 38 feet in height are planned.  We evaluated settlement of the approach embankment and the 

ramps due to placement of new fill.  A summary of the settlement analysis results is presented in 

Table 4-1. 

Table 4-1 Retaining Wall/Embankment Settlement Analysis 

Structure 
Control 

Line 

New Fill 

Height* 

(feet) 

Consolidation 

Settlement (inch) 

Time for 

90% 

Consolidation 

Settlement 

RW 152 A 20 to 38** < ½ N/A 

RW 168 A 6 to 7 < ¼ N/A 

RW 179 A 8 to 21 < ½ N/A 

RW 180 A 5 to 8 < ½ N/A 

Route 101/116 SOH 

North Abutment Fill 
A 5 to 21 ½ to 4½ 9 months 

Route 101/116 SOH 

South Abutment Fill 
A < 5 < ½ N/A 

RW 293 R 6 to 12 2 to 4 3 months 

*New Fill Height = Future Finished Grade Elevation – Original Ground Elevation 

**RW152 to be founded on new fill; i.e. wall height will be less than new fill height. 

 

The settlement analysis results indicate that standard plan retaining walls (RW 152, 168, 179 and 

180) should have less than 1 inch long term settlement and should therefore perform as designed.  

Detailed discussions of the settlement analysis and impact to foundation considerations for the 

other structures are presented in the corresponding foundation reports.  For the Route 101/116 

SOH north abutment fill, the settlement period could be reduced by applying a surcharge.  With a 

surcharge fill height of 5 feet, the time to reach 90% consolidation settlement due to the 

abutment fill is estimated to be 5 months; a surcharge fill height of 10 feet would reduce the time 

to reach 90% consolidation to 3-½ months. 

For new embankments associated with the retaining walls, the closest existing utilities are 

located approximately about 50 feet from the toe of new embankment fill.  Therefore, it is our 

opinion that the embankment fill should post no adverse effect on existing utilities. 

4.2.2 Settlement Monitoring 

To assist the Resident Engineer in determining whether to increase or decrease the duration of 

settlement periods, we recommend the embankment construction at the north abutment [Abut 5 

of the Route 101N/116 SOH (Replace)] be monitored in accordance with California Test 112, 

“Method for Installation and Use of Embankment Settlement Devices.”  As a minimum, two 

settlement monitoring devices should be installed on the abutment along “A” Station 194+50.  

One device should be installed near the toe of existing embankment slope, and the second one 

near the toe of the planned approach embankment at Abut 5.  Similarly, the settlement should be 

monitored along RW 293.  As a minimum, we recommend 3 settlement monitoring devices be 
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installed along the wall alignment where the fill height exceeds 10 feet.  The approximate 

locations of these devices should be near RW 293 LOL Stations 194+30, 195+50 and 196+50. 

4.3 RETAINING WALLS 

As discussed previously in Section 1.1.2 “Retaining Walls”, five (5) retaining walls are planned.  

Foundation design concepts and preliminary geotechnical recommendations for special wall 

(non-standard) RW 293 are summarized in a separate Foundation Investigation Report.  

Drawings and details of the remaining four (4) retaining walls are presented in Appendix E.  

Table 4-2 presents a summary of wall configurations of the four proposed standard Type 1 walls. 

Table 4-2 Summary of Wall Configurations 

Wall Length 

(feet) 

Wall Design 

Height 

(feet) 

Approximate Fill 

Height from 

Original Ground 

(feet) 

152 358 10 to 24 20 to 38  

168 148 10 to 12 6 to 7 

179 833 14 to 28 8 to 21 

180 201 12 to 14 5 to 8  

 

Based on the project quantity estimates, it is planned to have about 7% of the embankment fills 

to be generated from onsite cuts.  Therefore, it is assumed that all embankment fill and wall 

backfill would be imported from offsite.  We recommend the imported fill materials should be a 

soil or soil/rock mixture that is free of organic matter and other deleterious substances in 

accordance with Section 19 of Caltrans Standard Specifications.  We anticipate the imported fill 

with an average as compacted moist unit weight of 130 pcf and friction angle, ’, to be greater 

than 34 degrees; thus, the resulting equivalent fluid pressure of the wall backfill should be equal 

to or less than 36 psf per lineal foot.  Therefore, the standard plan Type 1 wall soil design 

parameters are applicable. 

Based on subsurface conditions revealed in borings presented in the LOTB sheets for each of the 

walls (Appendix A), the bearing resistance for these walls were analyzed.  Table 4-3 below 

presents a summary of the estimated allowable pressures and toe pressures at the maximum wall 

height location of each of the four standard plan Type 1 walls. 

Table 4-3 Type 1 Wall Soil Parameters 

Wall Maximum 

Wall 

Height 

(feet) 

Ultimate 

Bearing 

Pressure 

(psf) 

Allowable 

Bearing 

Pressure 

(psf) 

Equivalent 

Fluid 

Pressure 

(psf per 

lineal foot) 

Standard 

Plan B3-1 

Toe 

Pressure 

(psf) 

152 24 24,000 8,000 36 4,900 

168 12 30,000 10,000 36 2,800 

179 28 18,000 6,000 36 5,700 

180 14 10,000 3,300 36 3,300 

 

The global stability of RW152, RW179 and RW180 was evaluated using a limit equilibrium 

method based on Spencer’s procedure of slices as coded in the program SLOPE/W (Version 
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6-19).  The global stability of RW168 was not evaluated as the wall footing will be placed on top 

of bedrock and no stability issues are anticipated with the 2:1 side slopes.  In Spencer’s 

procedure, all forces are assumed to have the same inclination, and all requirements for static 

equilibrium are satisfied.  We performed the analyses using the maximum wall heights, which in 

our opinion, represents the critical section for each retaining wall.  On this basis, the cross 

sections were selected at Stations “A” 154+40 (RW152), “A” 187+20 (RW179) and “A” 180+20 

(RW180).  A design groundwater at Elevation 5 was selected for RW152, RW179, and RW 180. 

Caltrans requires minimum factors of safety of 1.3 for retaining walls under static loading 

conditions (Bridge Design Specifications, Section 5.2.2.3, August 2004).  The results of our 

analyses are summarized in the following paragraphs and include the following cases: (1) static 

and (2) pseudo-static condition.  A copy of our global slope stability calculations is presented in 

Appendix D. 

For static analysis undrained conditions were assumed for impervious clay soils, whereas drained 

strengths were used for granular soils.  Soil strength parameters from laboratory unconfined 

compressive strength tests were used for the fine grained soils and the estimated friction angle 

was used for the granular soils. 

To compute the factor of safety of the slope during earthquake loading, we applied a pseudo-

static seismic coefficient of 0.2g to the center of the slice for the slip surface having the 

minimum computed static factor of safety.  This pseudo-static seismic coefficient is equal to 

approximately one-third of the peak horizontal ground acceleration, 0.6g, anticipated at the site.  

The seismic stability screening approach is consistent with Section 3.10 of the March 2006 

Guidelines for Structure Foundation Reports. 

The results of our analyses for the three retaining walls are summarized in the following table. 

Table 4-4  Results of Global Slope Stability Calculations 

Loading 

Conditions 

Minimum Calculated Factor of Safety Minimum 

Required 

Factor of 

Safety 

RW152 RW179 RW180 

Static 1.5 1.3 1.5 1.3 

Pseudo Static 

Seismic 
1.1 1.1 1.1 1.1 

 

Based on our analyses, the computed minimum (critical) factors of safety for static condition for 

the three walls ranges from 1.3 to 1.5, all of which exceed or equal the minimum required value 

of 1.3. 

Based on our analyses, the computed minimum (critical) factor of safety for the pseudo-static 

condition for all three walls equals the minimum required value of 1.1 (See guidelines for 

Structures Foundation Reports, March 2006, Version 2.0, Section 3.10). 
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4.4 SOUND WALLS 

4.4.1 Sound Wall Description 

Sound Wall 297 

Sound Wall 297 is planned along a portion of the off-ramp from southbound Route101 to Old 

Redwood Highway.  SW 297 begins about 36 feet right of “R6” line Station 297+92.  The wall 

will have a design height of 12 feet and a total length about 424 feet.  It will be placed on a Type 

736SV concrete barrier.  The concrete barrier will be supported on 16 feet long, 16-inch diameter 

CIDH piles.  Plans of this wall are presented in Appendix E as reference. 

Sound Wall 300 

Sound Wall 300 is planned along the northbound Route101 between the end of northbound 

Route 101 on-ramp from Route 116 to Caufield Lane Overcrossing.  SW 300 begins about 

89 feet right of “R6” line Station 300+51.  The wall will have a design height 16 feet and a total 

length about 957 feet.  It will be placed on a Type 736SV concrete barrier.  The concrete barrier 

will be supported on 16 feet long, 16-inch diameter CIDH piles.  Plans of this wall are presented 

in Appendix E as reference. 

Sound Wall 211 

Sound Wall 211 is planned east side of Route 101 northbound shoulder, just north of the 

Caulfield Lane Overcrossing.  This sound wall begins about 98 feet right of “A” line Station 

211+33.  The wall will have a design height of 16 feet and a total length about 156 feet.  It will 

be placed engineered fill and supported on 16 feet long, 16-inch diameter CIDH piles.  Refer to 

Appendix E for plans for this sound wall. 

Sound Wall 212 

Sound Wall 212 is planned east side of Route 101 northbound shoulder, north of the Caulfield 

Lane Overcrossing.  This sound wall begins about 73 feet right of “A” line Station 212+53.  The 

wall will have a design height of 12 feet and a total length about 612 feet.  It will be placed 

engineered fill and supported on 16 feet long, 16-inch diameter CIDH piles.  Refer to Appendix 

E for plans for this sound wall. 

4.4.2 Subsurface Conditions 

Two (2) exploratory borings (A-09-101 and A-09-103) and two CPTs (CPT-09-102 and 

CPT-09-104) were performed along the proposed alignment of both sound walls.  The borings 

were drilled on June 8 and 9, 2006 to a terminal depth of 51½ feet below existing ground surface 

(bgs), whereas the CPTs were conducted on June 22, 2009, extending to a depth of 80 feet. 

Fill was encountered in Boring A-09-103 to a depth of 2½ feet bgs.  The fill consists of very 

dense silty sand and gravel. 

Underlying the fill are alluvial soils which generally consist of loose sand and medium stiff to 

stiff fat clay and lean clay and sandy lean clay to terminal boring depths of 50 to 80 feet bgs. 
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Granular interbeds 5 to 7 feet thick were observed in both borings beginning at Elevation -8 to 

-10 feet.  These granular deposits were classified as loose to medium dense silty sand and clayey 

sand. 

Groundwater was encountered at depths of 10 feet and 26 feet bgs (Elevation -3 and -10) in 

Borings A-09-101 and A-09-103, respectively.   

4.4.3 Design Considerations 

Recommended Design Parameters 

Segments of the sound wall will be placed in level ground.  We recommend that cast-in-drilled 

hole (CIDH) piles be used as foundations to resist both vertical and horizontal wall design loads.  

The sound walls will consist of reinforced concrete masonry blocks. 

Based on our analysis of the boring logs and laboratory test results, we have estimated the 

friction angle ' for this sound wall.  We then compared this value to the ' value used in the 

Caltrans Standard Plans.  The comparison is summarized in the following table for sound wall on 

Type 736SV concrete barrier. 

Table 4-5 Comparison of Design Parameters to Standard Plan Assumptions 

Estimated ' 

(degrees) 
Caltrans Standard Sheet Name 

Recommended ' on Caltrans 

Standard Sheet 

(degrees) 

30 
Sound Wall-Masonry Block on 

Type 736 SV Barrier, Details No. 3 
30 

30 
Sound Wall-Masonry Block on 

Pile Cap, Details No. 2 and 3 
30 

 

We also recommend the following: 

 Isolation Factor 

 3.0 for ground surface level on both sides of wall 

 2.0 for ground surface sloped on either side of wall 

 Minimum Pier Length = 5 feet 

 Minimum Pile Diameter = 16 inches 

 

Specified pile to pile spacing should be determined in accordance with Caltrans Memo to 

Designer 22-1, “Pile Embedment.” 

Post Liquefaction Settlement  

Table 4-6 presents a summary of the estimated post-liquefaction ground surface settlement at 

sound wall.   
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Table 4-6 Estimated Post Liquefaction Ground Surface Settlement at Sound Wall 

Boring/CPT 

Number 

Depth to Top of 

Layer  

(feet) 

Layer Thickness 

(feet) 

Estimated Ground 

Surface Settlement 

(inch) 

CPT-09-102 19 2 1 

A-09-103 28, 33½ 3, 4½ 1½ 

CPT-09-104 14 5 <½ 

 

Although, CPT-09-102 is estimated to have post liquefaction settlement about 1 inch, the 

planned CIDH pile tip should be above the liquefiable layer and thus downdrag on the piles is 

unlikely.  Similarly for A-09-103, the likelihood of liquefaction induced downdrag on the piles is 

low.  The estimated ground settlement is less than ½ inch at CPT-09-104; therefore, downdrag 

due to liquefaction induced settlement is unlikely to be mobilized.  It is concluded that the risk of 

downdrag due to liquefaction is relatively low along SW 297 and SW 211 

4.4.4 Construction Considerations for Sound Walls 

Fill was encountered in Boring A-09-103 to a depth of 2½ feet bgs.  Underlying the fill, the 

conditions encountered in these borings consist of layers of lean clay and fat clay with granular 

interbeds.  Groundwater was encountered at Elevation -3 to -10 feet at the time of drilling.  In 

addition, planned depth of CIDH-piles is 16 feet, with tip ranging between Elevation -7 to +1. 

The conditions encountered in borings consist primarily of layers of fat clay and lean clay with 

granular interbeds.  Groundwater was encountered in borings at variable elevations (-3 to -10) at 

the time of drilling.  In cohesive soils as generally encountered, a fairly long time would be 

required for the groundwater to seep into the borehole and attain an equilibrium position with the 

long-term hydrostatic groundwater table.  Thus, the immediate readings obtained may or may not 

be representative of the actual groundwater table level.  Furthermore, seasonal fluctuations in 

groundwater levels should be anticipated throughout the year.  While the cohesive deposits will 

help to keep the holes open during construction, some sloughing and caving can be expected in 

the cohesionless deposits.  Therefore, it is recommended that the Contractor have casing on site, 

should it be needed to minimize the risk of caving in either clay or sand soils.  Casing should be 

withdrawn from the hole slowly as the concrete is being placed; a minimum head of concrete of 

3 feet should be maintained in the casing at all times.  All CIDH piles should be installed under 

the direct observation of the Geotechnical Engineer. 
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4.5 NEW OVERHEAD SIGNS 

4.5.1 Description 

Four new overhead signs are planned; the locations and other details are summarized in the 
following table. 

Table 4-7 New Overhead Sign Locations and Types 
Overhead Sign 

Approximate 
Station Location 

(feet) 

Closest Boring (s) 
Post 
Type 

Contract 
B4 Sign 
Number 

Revised 
Contract  

Sign 
Number 

Number 
“A” Line 
Station 

Location 
A B2 & B4 SS11-D 151+84 Lt 

*
A-09-123 153+00 VIII 

B C3 SS2-A 187+90 Rt FNBT R-09-011 NA VIII 

D C3 SS4-C 218+44 Rt FNBT B-2 (1972) 210+50 IX 

E 
B2 & B4 SS14-E 

182+00 Lt FSBT 
A-09-009 

CPT-03 (2004) 
182+69 
183+00 

VIII 

   *FNBT = Facing Northbound traffic 
  **FSBT = Facing Southbound traffic 

For the combined B2 and B4 contract, Signs A and E have been re-numbered to Signs SS11-D 
and SS14-E, respectively.  Signs B and D are planned for the northern segment of the original B4 
contract and have been excluded from the combined B2 and B4 contract. 

An overhead sign with a drilled pier type foundation is planned for Signs SS11-D (former A), 
SS4-C (former D) and SS14-E (former E).  Sign SS2-A is to be placed just south of the new 
101N/116 SOH (Replace) (see Sheets S-11 and S-14 of the July 2011 plan set and Sheets S-3 
and S-6 of the November 2010 plan set presented in Appendix E).  The “SD“ Plan Sheets 
indicate Signs SS11-D, SS14-E and SS4-C are to be supported by a single CIDH pile having a 
diameter of 60 inches, with varying depths.  The support of SS2-A will be incorporated into the 
bridge abutment return wall along the eastern edge of the northbound shoulder.  In accordance 
with Caltrans 2006 Standard Plan S7 (Figure 4-1), the foundation design is based on an internal 
friction angle of 30 degrees and a unit weight of 120 pcf.  The LOTBs for these signs are 
presented in Appendix A.  Sign details are included in Appendix E, Plan Sheet SD-1. 

4.5.2 Subsurface Conditions  

At Station 151+84, the nearest boring is A-09-123.  Boring A-09-123 reveals that the near 
surface lean clay is very stiff which overlies sandy lean clay and clayey sand with gravel.  Then, 
the boring met refusal at the terminal depth of 26 feet.  No groundwater was encountered during 
drilling.  A more detailed description of the subsurface conditions is shown on the LOTB 
prepared by Caltrans in Appendix A. 

At Station 187+90, the subsurface conditions in nearby Boring R-09-011 were reviewed for this 
study.  Dense silty sand and clayey gravel fill (depth of 27 feet bgs) overlying alternating layers 
of sandy lean clay and clayey sand fill to a total depth of 54 feet bgs were encountered.  Below 
the fill, underlying native soils consisted of very stiff lean clay with interbedded layers of very 
dense silty sand and poorly graded sand to a depth of 97 feet bgs.  Occurring below the lean clay 
are about 2 feet of very dense clayey gravel founded on intensely weathered metamorphic rock 
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(serpentinite) extending to the terminal depth of the boring at 120 feet.  A more detailed 

description of the subsurface conditions is shown on the Boring Records, Appendix A. 

At Station 218+44, the subsurface conditions were reviewed in nearby as-built Boring B-2 

(Contract No. 04-358714, 1971).  Dense silty sand gravel fill was found to a depth of 4 feet bgs.  

Below the fill, underlying native soils consisted of soft clay and loose silty sand to a depth of 16 

feet bgs that in turn is underlain by stiff lean clay to a depth of 48 feet.  Occurring directly below 

the lean clay is a deposit of medium dense silty sand extending to about 62 feet bgs.  Dense to 

very dense gravel deposits were encountered below the sand, extending to the terminal depth of 

the boring about 98 feet bgs.  Groundwater was encountered at a depth of 18 feet bgs (Elevation 

4.4) at time of drilling in B-2.  A more detailed description of the subsurface conditions is shown 

on the LOTB, Appendix A. 

At Station 182+00, the subsurface conditions in nearby Boring A-09-009 and as-built CPT-03 

(Contract No. 04-276004, 2004) were reviewed for this study.  Dense clayey gravel fill was 

encountered in the entire Boring A-09-009 (terminal depth at 51 feet bgs).  CPT-03 (2004) 

encountered refusal in shallow depth of less than 1 foot which was indicative of dense clayey 

gravel consistent with the findings of Boring A-09-009.  A more detailed description of the 

subsurface conditions is shown on the Boring Records, Appendix A. 

4.5.3 Geotechnical Design Parameters 

It is our opinion that the design lateral soil pressure estimated for an angle of internal friction of 

30 degrees and unit weight of soils of 120 pcf is appropriate for Signs SS11-D and SS14-E 

assuming the ground surface is no steeper than 2:1 (horizontal to vertical).  However, due to the 

shallow groundwater encountered at Sign SS4-C the unit weight is reduced considerably to the 

submerged unit weight below the groundwater level.  Based on preliminary analysis of lateral 

pile capacities, we estimate that the standard depth for the CIDH piles should be capable to resist 

the shear and moment at Sign SS11-D.  However, the potential of liquefaction induced 

settlement at Sign SS4-C necessitates pile embedment be deepened to resist downdrag loads due 

to negative skin friction developed on the pile shaft.  For Sign SS14-E, it is recommended that 

the pile length be extended to 30 feet to account for potential influence of retaining wall, RW 

180, foundation bearing pressure.  Sign structure foundations are summarized in Table 4-8. 

Table 4-8 Pile Data at Overhead Sign Structures 

 Pile Data  Extend Pile Depth Due to 

Sign 

Number 
Diameter 

(ft) 

Depth 

(ft) 
Remarks 

Liquefaction 

Induced 

Settlement 

Lateral 

Load/Adjacent 

Structure 

SS11-D 5 25  No No 

SS2-A NA NA 
Supported on return 

wall 
NA NA 

SS4-C 5 40 Non-standard length Yes No 

SS14-E 5 30 Non-standard length No Yes 
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4.5.4 Construction Considerations 

At Sign SS11-D, the subsurface conditions consist of about 13 feet of stiff lean clay overlying 

weathered bedrock.  Groundwater was not encountered during exploration.  Drilling in the lean 

clay layer and the weathered bedrock is expected to be dry.  Some hard drilling should be 

expected in the lower 5 to 7 feet of the specified depth of the drilled shaft as the corresponding 

weathered bedrock becomes less fractured and having higher penetration resistance. 

At Sign SS2-A, the subsurface conditions and construction considerations should be referred to 

the foundation report of the Route 101N/116 SOH (Replace). 

At Sign SS4-C, the subsurface conditions consist of layers of lean clays with granular seams.  

Groundwater is anticipated at a depth of about 10 feet below ground surface.  In cohesive soils as 

generally encountered a fairly long time would be required for the groundwater to seep into the 

bore hole and attain an equilibrium position with long-term hydrostatic groundwater table.  Thus, 

the immediate readings obtained may or may not be representative of the actual groundwater 

table level.  Furthermore, seasonal fluctuations in groundwater levels should be anticipated 

throughout the year.  While the cohesive deposits will help keep the holes open during 

construction, some sloughing and caving can be expected in the cohesionless deposits.  

Therefore, it is recommended that the Contractor should have a minimum length of 10 feet of 

casing on site.  If temporary casing is used, the casing should be withdrawn from the hole slowly 

as the concrete is being placed; a minimum head of concrete of 3 feet should be maintained in 

the casing at all times. 

At Sign SS14-E, the subsurface conditions consist of 3 feet of medium dense clayey gravel fill 

overlying dense clayey gravel fill to more than 50 feet bgs.  Groundwater is not anticipated in the 

fill; therefore, drilling is expected to be dry.  While clayey gravel should keep the hole open 

during construction, some sloughing and caving can be expected in the upper 3 feet of medium 

dense gravel fill.  Therefore, it is recommended that the Contractor have casing of a minimum 

length of 5 feet on site, should it be needed to minimize the risk of caving in the medium dense 

gravel fill.  If temporary casing is used, the casing should be withdrawn from the hole slowly as 

the concrete is being placed; a minimum head of concrete of 3 feet should be maintained in the 

casing at all times. 

All CIDH piles should be installed under the direct observation of the Geotechnical Engineer. 

4.6 GEOTECHNICAL CALCULATIONS 

Our geotechnical engineering calculations are presented in Appendix D.  These calculations 

include retaining wall bearing capacities, slope stability, estimated settlement, parameter 

selections for sound walls and sign structures, pile analysis for sign foundations and liquefaction 

analyses. 
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5. Section 5 F IVE Specifications 

5.1 EARTHWORK 

Earthwork should conform to the applicable portions of Section 19 of the Standard 

Specifications and to current Special Provisions. 

5.2 STRUCTURE BACKFILL 

Structure backfill should conform to the provisions in Section 19-3 of the Standard 

Specifications. 

5.3 EMBANKMENT CONSTRUCTION 

Embankment material for at least 4 feet below the grading plane should conform to the 

requirements noted in the Special Provisions.  All imported borrow should conform to the 

provisions of Section 19-7.02 of the Standard Specifications and to current Special Provisions. 
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6. Section 6 SIX Limit ations 

The opinions, conclusions and recommendations contained in this Geotechnical Design Report 

are based upon the information obtained from explorations made at widely separated locations, 

geologic reconnaissance, review of available geologic and topographic information and historic 

data, and upon local experience and engineering judgment. 

The recommendations presented in this report are based on the assumption that the soil and 

geologic conditions do not deviate substantially from those encountered in the exploratory 

borings.  If any variations are encountered during construction, URS should be consulted so that 

supplementary recommendations can be made.   

If the planned construction is changed from that presently conceived, URS should be retained to 

review the changes and make modifications to the original recommendations presented in this 

report in order to meet the project needs.   

Geotechnical issues may arise during construction which are not apparent at this time.  We 

should be retained during construction to review the soil conditions encountered and the 

construction procedures.  All testing should be done under the direct observation of a 

representative of our firm. 

The elevations shown on the logs of new borings are based on interpolation from spot and 

contour elevations shown on available topographic maps. 

A specific review related to environmental and hazardous waste issues and an investigation for 

subsurface environmental contamination is being performed by URS and will be presented in a 

separate report. 

As-built drawings pertinent only to the geotechnical investigation are included. 

The recommendations presented in this Geotechnical Design Report were developed with the 

standard of care commonly used as state of the practice in the profession.  No other warranties 

are included, either express or implied, as to the professional advice presented in this report. 
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A-09-009 26-Aug-09 182+52 A Rt. 43 1 25.4 95

A-09-009 26-Aug-09 182+52 A Rt. 43 20 77 63 59 38 33 24 18 14 11 9 8 7 4.9 125

A-09-009 26-Aug-09 182+52 A Rt. 43 25 10.4 131

A-09-010 27-Aug-09 186+35 A Rt. 45 30 18.7 105

A-09-101 8-Jun-09 195+36 A Rt. 398 1 2,530       33.6 86

A-09-101 8-Jun-09 195+36 A Rt. 398 5 2,650       31.6 88

A-09-101 8-Jun-09 195+36 A Rt. 398 15 100 100 95 83 67 56 38 22 17 20.5 104

A-09-101 8-Jun-09 195+36 A Rt. 398 25 19.3 105

A-09-101 8-Jun-09 195+36 A Rt. 398 35 5,940       21.4 106

A-09-101 8-Jun-09 195+36 A Rt. 398 40 6,500       23.9 102

A-09-101 8-Jun-09 195+36 A Rt. 398 50 3,760       21.2 105

A-09-103 9-Jun-09 204+93 A Rt. 66 5 5,140       21.1 102

A-09-103 9-Jun-09 204+93 A Rt. 66 15 3,390       28.2 96

A-09-103 9-Jun-09 204+93 A Rt. 66 20 4,440       28.9 94

A-09-103 9-Jun-09 204+93 A Rt. 66 35 16.3 113

A-09-103 9-Jun-09 204+93 A Rt. 66 50 3,030       50.3 72

A-09-105 18-Oct-09 152+77 A Rt. 62 40 3,820       16.9 110

A-09-105 18-Oct-09 152+77 A Rt. 62 40 3,000       22.6 98

A-09-105 18-Oct-09 152+77 A Rt. 62 40 7,530       17.6 116

A-09-105 18-Oct-09 152+77 A Rt. 62 40 3,880       15.3 118

A-09-106 19-Oct-09 154+58 A Rt. 49 30 3,740       15.2 116

A-09-106 19-Oct-09 154+58 A Rt. 49 30 2,300       18.0 106

A-09-106 19-Oct-09 154+58 A Rt. 49 30 3,060       20.2 109

A-09-106 19-Oct-09 154+58 A Rt. 49 30 4,010       28.0 94

R-09-002 18-Aug-09 171+62 A Rt. 56 1.5 18.8 116

R-09-002 18-Aug-09 171+62 A Rt. 56 5 5,720       20.2 110

R-09-003 19-Aug-09 172+80 A Lt. 33 10 1,610       24.3 100

R-09-005 11-Aug-09 175+42 A Lt. 20 1 90            36.8 83

R-09-005 11-Aug-09 175+42 A Lt. 20 5 340          44.3 76

R-09-005 11-Aug-09 175+42 A Lt. 20 15 730          59.1 65

R-09-006 12-Aug-09 174+96 A Rt. 44 1 100          97.0 46

R-09-006 12-Aug-09 174+96 A Rt. 44 5 130          71.5 57

R-09-006 12-Aug-09 174+96 A Rt. 44 10 580          87.8 49

R-09-007 31-Aug-09 177+35 A Lt. 12 5 13.7 109

R-09-008 23-Aug-09 179+54 A Lt. 2 33.5 3,530       13.1 128

R-09-008 23-Aug-09 179+54 A Lt. 2 43.5 100 98 93 78 61 48 40 33 27 23 17.1 119

R-09-008 23-Aug-09 179+54 A Lt. 2 78.5 5,670       32.6 91

R-09-008 23-Aug-09 179+54 A Lt. 2 98.5 8,980       21.6 108

R-09-011 23-Jun-09 187+43 A Lt. 1 19 7.6 125

R-09-011 23-Jun-09 187+43 A Lt. 1 54.2 6,130       23.0 103

R-09-011 23-Jun-09 187+43 A Lt. 1 58.8 7,530       18.0 119

R-09-011 23-Jun-09 187+43 A Lt. 1 69 8,260       18.6 110

Sieve Analysis Results (Percent Passing) In-Place ConditionsAtterberg Limits

X:\101_MSN_SCTA\450_Geotech\Lab\lab_summary_9-29-09.xlslab_summary_9-29-09.xls Page 1 of 2



TABLE 2-1
SUMMARY OF LABORATORY TEST RESULTS
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Sieve Analysis Results (Percent Passing) In-Place ConditionsAtterberg Limits

R-09-011 23-Jun-09 187+43 A Lt. 1 78 5,160       20.8 104

R-09-011 23-Jun-09 187+43 A Lt. 1 83 17.5 112

R-09-012 10-Jun-09 190+06 A Rt. 28 10 1,760       27.1 97

R-09-012 10-Jun-09 190+06 A Rt. 28 15 4,450       27.5 97

R-09-012 10-Jun-09 190+06 A Rt. 28 20 87 26 61 2,850       35.1 87

R-09-012 10-Jun-09 190+06 A Rt. 28 40 2,560       29.2 94

R-09-012 10-Jun-09 190+06 A Rt. 28 45 81 26 55 2,060       45.3 77

R-09-012 10-Jun-09 190+06 A Rt. 28 46.2 1,910       16.7 117

R-09-012 10-Jun-09 190+06 A Rt. 28 50 2,740       32.0 90

R-09-013 11-Jun-09 191+80 A Rt. 14 11 1,670       27.6 94

R-09-013 11-Jun-09 191+80 A Rt. 14 14 67 22 45 4,540       28.2 95

R-09-013 11-Jun-09 191+80 A Rt. 14 19 3,460       25.9 97

R-09-013 11-Jun-09 191+80 A Rt. 14 25 820          25.1 100

R-09-013 11-Jun-09 191+80 A Rt. 14 26 100 100 100 98 66 41 22.9 103

R-09-013 11-Jun-09 191+80 A Rt. 14 34 2,430       24.6 101

R-09-013 11-Jun-09 191+80 A Rt. 14 39 3,450       22.1 104

R-09-013 11-Jun-09 191+80 A Rt. 14 44 2,750       31.1 91

R-09-013 11-Jun-09 191+80 A Rt. 14 50.2 2,820       23.1 103

R-09-014 14-Jun-09 193+17 A Lt. 2 11.2 73 20 54 2,550       31.3 91

R-09-014 14-Jun-09 193+17 A Lt. 2 15 100 100 100 100 80 44 1,500       22.5 104

R-09-014 14-Jun-09 193+17 A Lt. 2 20 21.4 104

R-09-014 14-Jun-09 193+17 A Lt. 2 30 3,070       27.2 97

R-09-014 14-Jun-09 193+17 A Lt. 2 35 3,300       23.5 103

R-09-014 14-Jun-09 193+17 A Lt. 2 40 3,790       21.8 106

R-09-014 14-Jun-09 193+17 A Lt. 2 46 1,340       23.7 102

R-09-014 14-Jun-09 193+17 A Lt. 2 50 2,360       28.3 94

R-09-014 14-Jun-09 193+17 A Lt. 2 65 55 22 33 34.6 89

R-09-014 14-Jun-09 193+17 A Lt. 2 75 3,750       28.6 94

R-09-014 14-Jun-09 193+17 A Lt. 2 86 13.8 115

R-09-014 14-Jun-09 193+17 A Lt. 2 90 46.3 70

R-09-015 16-Jun-09 194+32 A Rt. 21 10 7.1 128

R-09-015 16-Jun-09 194+32 A Rt. 21 15 11.6 123

R-09-015 16-Jun-09 194+32 A Rt. 21 25 1,780       22.1 100

R-09-015 16-Jun-09 194+32 A Rt. 21 36.2 19.1 109

R-09-015 16-Jun-09 194+32 A Rt. 21 45 18.5 106

R-09-015 16-Jun-09 194+32 A Rt. 21 65 3,230       21.0 105

R-09-015 16-Jun-09 194+32 A Rt. 21 75 78 27 51 2,910       45.5 75

R-09-015 16-Jun-09 194+32 A Rt. 21 85 1,490       41.5 78

X:\101_MSN_SCTA\450_Geotech\Lab\lab_summary_9-29-09.xlslab_summary_9-29-09.xls Page 2 of 2
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APPENDIXA FIELD EXPLORATION, BORING RECORDS AND LOG OF TEST BORING 
 SHEETS FOR RETAINING WALLS 
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APPENDIXA Field Exploration Program 

FIELD EXPLORATION PROGRAM 

The geotechnical field investigation consisted of three periods of field explorations.  The first 
period included seven borings extending to depths of 85 to 119½ feet below the existing ground 
surface (bgs) and 2 cone penetration tests (CPT) extending to depths of 50 and 51½ feet.  The 
explorations were performed on June 10 to 29, 2009, by WDC Exploration & Wells, 
Richmond, California.  Then, during August 11 to September 2, 2009, the second period of 
field explorations consisted of ten borings extending to depths of 18½ to 112 feet below the 
existing ground surface.  PC Exploration Inc., Lincoln, California, was the drilling 
subcontractor.  The third period was on October 28 and 29, 2010; two borings extending to 30 
and 40 feet were performed by Exploration Geoservices, Inc. 

The boring locations were carefully selected to obtain supplemental subsurface information to 
provide geotechnical design recommendations for the proposed structures while avoiding 
underground utilities and subsurface obstructions.  Layout of the explorations was performed 
by representatives of URS, and exploration locations were checked for conflict with 
underground utilities by contacting Underground Service Alert (USA) Network.  USA, in turn, 
alerted the various municipalities and utility companies that a subsurface investigation was to 
be conducted near their utilities.  

After underground utility clearance, URS obtained permits from the County of Sonoma, Permit 
and Resource Management Department, Well and Permit Section, and coordinated with 
appropriate personnel to accommodate the required inspection during and following 
exploration at each location. 

Rotary Wash Borings (R-09-001 through R-09-008, R-09-011 through R-09-015) 

Rotary wash borings were drilled to provide the necessary information to evaluate the 
subsurface stratigraphy and to allow acquisition of high-quality soil samples for laboratory 
testing.  The borings were drilled and sampled at the location indicated on the Site and Boring 
Location Plan, Figures 2-1 through 2-4.  The borings were advanced to depths ranging from 19 
to 119½  feet below existing ground surface using a truck-mounted drill rig, a crawler drill rig 
(limited-low overhead access), and a barge drill rig.  All field explorations were advanced 
under the supervision of a URS engineer who maintained a record of all field activities, 
classified the soils encountered using the Unified Soil Classification System (USCS), and 
prepared a log of the boring. 

The drilling operation proceeded carefully, with particular attention to potential interference 
with utilities or other buried structures.  During drilling, both disturbed and undisturbed 
samples were obtained for identification and laboratory testing.  Soil samples were generally 
obtained at 5-foot intervals and at changes in strata.  Samples were obtained using an unlined 
split spoon sampler (SPT), having an outside diameter of 2 inches, and lined Modified 
California (MC) sampler, having an outside diameter of 2½ inches.  A 140-pound hammer 
falling through a distance of 30 inches was used to drive the samplers.  The blow count 
recorded on the boring logs adjacent to the sample depth is the number of blows required to 
drive the sampler for the final 1 foot of a maximum 18 inch drive.  The Franciscan Complex 
bedrock in boring R-09-012 was drilled using HQ wireline coring methods below a depth of 60 
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APPENDIXA Field Exploration Program 

feet, which provides a 2.4-inch diameter core sample.  Due to the very poor rock recovery 
obtained in this boring and the poor quality of the shale and serpentinite rock samples that were 
recovered, rotary wash drilling with SPT and MC drive samples was considered to provide 
more meaningful information for the foundation design and was used on the remaining borings 
that penetrated the Franciscan Complex rocks. 

One of the objectives of the field investigation was to obtain high-quality undisturbed samples 
for laboratory testing.  An effort was made to minimize sample disturbance during sample 
handling and transportation.  After careful withdrawal from the ground, the sample was placed 
upright and the ends of the sample were cleaned of disturbed soil.  If possible, pocket 
penetrometer tests were performed on the bottom end of cohesive soil samples.  Both ends of 
the samples were covered with plastic caps, and carefully transported to URS’ laboratory in 
San Jose. Rock core samples obtained from boring R-09-012 was placed in wooden core boxes, 
photographed and transported to URS’ laboratory in San Jose. 

Hollow Stem Auger Boring (A-09-009, A-09-010, A-09-101, A-09-103, A-09-105 and A-09-106) 

The hollow stem auger boring was drilled to provide the necessary information to evaluate the 
subsurface stratigraphy and to allow acquisition of soil samples for laboratory testing.  The 
borings were drilled and sampled at the locations indicated on the Site and Boring Location 
Plans, Figures 2-1 through 2-5.  The boring was advanced to depths of 30 to 52 feet below 
existing ground surface using a crawler drill rig (limited-low overhead access) and a truck-
mounted drill rig under the supervision of a URS engineer who maintained a record of all field 
activities, classified the soils encountered using the Unified Soil Classification System (USCS), 
and prepared a log of the boring. 

The drilling operation proceeded carefully, with particular attention to potential interference 
with utilities or other buried structures.  During drilling, samples were obtained for 
identification and laboratory testing.  Soil samples were generally obtained at 5-foot intervals 
and at changes in strata.  Samples were obtained using a lined Modified California (MC) 
sampler, having an outside diameter of 2½ inches. A 140-pound hammer falling through a 
distance of 30 inches was used to drive the samplers.  The blow count recorded on the boring 
logs adjacent to the sample depth is the number of blows required to drive the sampler for the 
final 1 foot of a maximum 18 inch drive.  

One of the objectives of the field investigation was to obtain high-quality undisturbed samples 
for laboratory testing.  An effort was made to minimize sample disturbance during sample 
handling and transportation.  After careful withdrawal from the ground, the sample was placed 
upright and the ends of the sample were cleaned of disturbed soil.  Both ends of the samples 
were covered with plastic caps, and carefully transported to URS’ laboratory in San Jose. 

Cone Penetration Tests (CPT-09-102 and CPT-09-104) 

We also performed two Cone Penetration Tests (CPT) at locations shown on the Site and 
Boring Location Plan, Figures 2-4 and 2-5.  The CPTs were advanced to depths of 100 feet 
below existing ground surface under the supervision of a URS representative.   

The CPT consists of pushing a cone-tipped probe into the soil while simultaneously recording 
the cone tip resistance and side friction resistance to penetration.  The CPT was conducted in 
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general accordance with ASTM specifications (ASTM D3441-79) using an electric cone 
penetrometer.  The CPT equipment consists of a cone assembly mounted at the end of a series 
of hollow rods.  A set of hydraulic rams is used to push the cone and rods into the soil while a 
continuous record of tip and friction resistance versus depth is obtained in both analog and 
digital form at the ground surface.  A specially designed all-wheel drive truck is used to 
transport and house the test equipment and to provide a 178 kN reaction to the thrust of the 
hydraulic rams. 

The cone penetrometer assembly consists of a conical tip and a cylindrical friction sleeve.  The 
conical tip has a 60-degree apex angle and a projected cross-sectional area of 15 cm2. The 
cylindrical friction sleeve has a surface area of 225 cm2.  Both the conical tip and the 
cylindrical friction sleeve have outer diameters of 4.37 centimeters.  The interior of the cone 
penetrometer is instrumented with strain gauges that allow simultaneous measurement of cone 
tip and friction sleeve resistance during penetration.  Continuous electric signals from the strain 
gauges are transmitted by a cable in the sounding rods to analog and digital data recorders in 
the CPT truck. 

Data obtained during a CPT consists of continuous stratigraphic information with close vertical 
resolution.  Stratigraphic interpretation is based on relationships between cone tip resistance 
and friction resistance.  The calculated friction ratio (CPT friction sleeve resistance divided by 
cone tip resistance) is used as an indicator of soil type.  Granular soils typically have low 
friction ratios and high cone resistance, while cohesive or organic soils have high friction ratios 
and low cone resistance.  These stratigraphic material categories form the basis for all 
subsequent calculations that utilize the CPT data.  Soil interpretation presented on the CPT logs 
from this investigation was based on recent correlations developed by Robertson, 1986, 
presented on Figure A-1. 
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CLAYEY GRAVEL (GC); medium dense; brown; gray
gravel; [FILL].

  At EL. 58.0 ft, becomes very dense; coarse GRAVEL.
GRAVELLY lean CLAY (CL); reddish brown; moist; [FILL].

CLAYEY GRAVEL (GC); dense; brown; gray gravel;
[FILL].
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13110CLAYEY GRAVEL (GC) (continued).

[FILL].

  At EL. 34.0 ft, becomes very dense.

  At EL. 29.0 ft, becomes dense.

  At EL. 13.5 ft, becomes mottled with red.

Bottom of Borehole at 51.5 ft.
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CLAYEY GRAVEL (GC/CL); brown; moist; gray gravel;
[FILL].

Lean CLAY (CL); reddish brown; moist; [FILL].

CLAYEY GRAVEL (GC/CL); brown; moist; [FILL].
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CLAYEY GRAVEL (GC/CL) (continued).

[FILL].

CLAYEY GRAVEL (GC); dense; brown; moist; gray
gravel; [FILL].

SANDY lean CLAY with GRAVEL (CL); very stiff; gray
mottled with brown; [FILL].

SANDY lean CLAY (CL); stiff; grayish brown; moist;
[FILL].

Bottom of Borehole at 52.1 ft.
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Fat CLAY (CH); stiff; dark brown; moist.

  At EL. 2.5 ft, becomes brown; trace fine GRAVEL.

Poorly graded SAND with SILT (SP-SM); medium dense;
grayish brown; wet.

Fat CLAY (CH); stiff; light brown; moist.

CLAYEY SAND (SC); loose; dark grayish brown; wet.

  At EL. -13.0 ft, becomes very loose.

  At EL. -15.0 ft, contains thin Lean Clay (CL) seams;
medium stiff; gray.

SILTY, CLAYEY SAND (SC-SM); dense; gray; moist.
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SILTY, CLAYEY SAND (SC-SM) (continued).

Lean CLAY (CL); very stiff; bluish gray; moist.

GRAVELLY lean CLAY (CL); medium stiff; gray; moist to
wet.

Lean CLAY (CL); very stiff; dark bluish gray mottled with
brown; moist.

  At EL. -43.0 ft, becomes medium stiff; brown.
  At EL. -43.5 ft, becomes stiff; dark bluish gray.

Bottom of Borehole at 51.5 ft.
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UC =1.29

UC =0.85

UC =1.11
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SILTY SAND with GRAVEL (SM); very dense; light
reddish brown; moist; [FILL].

Lean CLAY (CL); very stiff; dark grayish brown; moist.

Fat CLAY (CH); stiff; light brown; moist.

  At EL. 0.0 ft, with trace GRAVEL.

  At EL. -4.0 ft, becomes very stiff; mottled with black.
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Sampler advanced 9 in.

LL=57
PI=38
PI

50/
3"

12

12

14

14

TOTAL DEPTH OF BORING

51.5 ft

DRILLING CONTRACTOR

WDC Exploration & Wells

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

69%

BOREHOLE DIAMETER

8-inch
SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96"), SPT (1.44")

BOREHOLE LOCATION (Offset, Station, Line)

66' Rt  Sta  205+10 A
DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

CME 75 Crawler
SPT HAMMER TYPE

Auto Hammer 140lb/30in
BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

26 ft

BEGIN DATE

6-9-09
COMPLETION DATE

6-9-09
LOGGED BY

C.Rambo
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

2279553.6 ft / 5953017.2 ft
HOLE ID

A-09-103
SURFACE ELEVATION

16 ft

HOLE ID

A-09-103
EA
04-28645045

REPORT TITLE
BORING RECORD

DIST.
04

COUNTY
Sonoma

(continued)

SHEET
1  of  2

San Jose Office

100 W. San Fernando St, Suite 200

San Jose, CA  95113
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UC =0.76
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113

72

16
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Fat CLAY (CH) (continued).

SILTY SAND (SM); medium dense; brown; moist.

SILTY, CLAYEY SAND (SC-SM); medium dense; bluish
gray; moist to wet.

Lean CLAY (CL); very stiff; bluish gray; moist.

Poorly graded SAND with SILT (SP-SM); medium dense;
bluish gray; moist to wet; trace fine GRAVEL.

  At EL. -24.0 ft, becomes dense.

Lean CLAY (CL); very stiff; grayish brown; moist.

  At EL. -34.0 ft, becomes stiff; gray mottled with light
reddish brown.

Bottom of Borehole at 51.5 ft.
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HOLE ID

A-09-103
EA
04-28645045

REPORT TITLE
BORING RECORD

DIST.
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COUNTY
Sonoma

SHEET
2  of  2

San Jose Office

100 W. San Fernando St, Suite 200

San Jose, CA  95113
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UC =0.96

UC =0.75

UC =1.9

UC =0.97

1
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110

98

116

118

17

23

18

15

7 inches Asphalt Concrete over 12 inches Aggregate
Base.

Sub base, dark brown.

SANDY lean CLAY (CL); stiff; gray; moist.

Lean CLAY (CL); very stiff; dark gray; moist.

SANDY lean CLAY (CL); stiff; dark gray; moist.
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TOTAL DEPTH OF BORING

40.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc.

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch
SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96")

BOREHOLE LOCATION (Offset, Station, Line)

62' Rt  Sta  152+76 A
DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

EGI
SPT HAMMER TYPE

Auto Hammer 140lb/30in
BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry to 40'

BEGIN DATE

10-28-09
COMPLETION DATE

10-28-09
LOGGED BY

C.Rambo
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

2274867.2 ft / 5955173.0 ft
HOLE ID

A-09-105
SURFACE ELEVATION

36 ft

HOLE ID

A-09-105
EA
04-28645045

REPORT TITLE
BORING RECORD

DIST.
04

COUNTY
Sonoma

(continued)

SHEET
1  of  2

San Jose Office

100 W. San Fernando St, Suite 200

San Jose, CA  95113
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6

7

8

  At EL. 11.0 ft, grades to with gravel.
SANDY lean CLAY (CL) (continued).

SANDY lean CLAY (CL); stiff; grayish brown; moist.

METAMORPHIC ROCK (SERPENTINITE), light green,
intensely weathered.

  At EL. -3.0 ft, becomes less talc more serpentinite, dark
blue.

Bottom of Borehole at 40.0 ft.
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Refusal at 40 feet
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HOLE ID

A-09-105
EA
04-28645045

REPORT TITLE
BORING RECORD
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Sonoma

SHEET
2  of  2

San Jose Office

100 W. San Fernando St, Suite 200

San Jose, CA  95113
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UC =0.94

UC =0.58

UC =0.76

UC =1.0

1

2
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6

116

106

109

94

15
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20

28

5 inches Asphalt Concrete over 12 inches Aggregate
Base.

SANDY lean CLAY (CL); gray; moist; trace GRAVEL
[FILL].

  At EL. 35.0 ft, becomes grayish brown.

  At EL. 30.0 ft, becomes gray; with gravel.

Lean CLAY with SAND (CL); grayish brown; moist [FILL].

Fat CLAY with SAND (CH); very stiff; dark gray; moist.

METAMORPHIC ROCK (SERPENTINITE), dark bluish
gray.
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TOTAL DEPTH OF BORING

30.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc.

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch
SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96"), SPT (1.44")

BOREHOLE LOCATION (Offset, Station, Line)

49' Rt  Sta  154+58 A
DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

EGI
SPT HAMMER TYPE

Auto Hammer 140lb/30in
BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry to 30'

BEGIN DATE

10-29-09
COMPLETION DATE

10-29-09
LOGGED BY

C.Rambo
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

2274980.2 ft / 5955034.5 ft
HOLE ID

A-09-106
SURFACE ELEVATION

40 ft

HOLE ID

A-09-106
EA
04-28645045

REPORT TITLE
BORING RECORD

DIST.
04

COUNTY
Sonoma

(continued)

SHEET
1  of  2

San Jose Office

100 W. San Fernando St, Suite 200

San Jose, CA  95113
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7

METAMORPHIC ROCK (Serpentinite) (continued).

Bottom of Borehole at 30.0 ft.

6017
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47
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HOLE ID

A-09-106
EA
04-28645045

REPORT TITLE
BORING RECORD

DIST.
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COUNTY
Sonoma

SHEET
2  of  2

San Jose Office

100 W. San Fernando St, Suite 200

San Jose, CA  95113
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METAMORPHIC ROCK, Graywacke (sandstone),
brownish gray, intensely weathered, very weak, intensely
fractured, with Lean Clay (CL) infilling along fractures.

[Franciscan Complex].

  At EL. 77.5 ft, becomes intensely to moderately
weathered.

  At EL. 76.5 ft, becomes black to dark gray, intensely
weathered, weak to medium strong, little to no clay
infilling along joints.

  At EL. 73.5 ft, becomes light greenish gray, intensely
weathered, very weak, trace of serpentinite, foliated
fabric, breaks down to Clayey Sand (SC).

  At EL. 69.5 ft, becomes Greenstone ?(meta-volcanic),
dark gray, moderately weathered, medium strong,
intensely fractured, (meta-volcanic).

[Franciscan Complex].

Bottom of Borehole at 21.5 ft.
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8-inch hollow stem auger to 5 feet

Switch to mud rotary

Sampler advanced 8 in.

Sampler advanced 5 in.

62
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50/
2"

REF

TOTAL DEPTH OF BORING

21.5 ft

DRILLING CONTRACTOR

PC Exploration, Inc

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

81%

BOREHOLE DIAMETER

3-7/8 inch
SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96"), SPT (1.44")

BOREHOLE LOCATION (Offset, Station, Line)

8'  Lt  Sta  170+42 A
DRILLING METHOD

Rotary Wash with HQ Core Barrel
DRILL RIG

Gefco D-444
SPT HAMMER TYPE

Auto Hammer 140lb/30in
BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry to 5'

BEGIN DATE

8-17-09
COMPLETION DATE

8-17-09
LOGGED BY

C.Rambo
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

2276285.6 ft / 5954179.4 ft
HOLE ID

R-09-001
SURFACE ELEVATION

84 ft

HOLE ID

R-09-001
EA
04-28645045

REPORT TITLE
BORING RECORD

DIST.
04

COUNTY
Sonoma

SHEET
1  of  1

San Jose Office

100 W. San Fernando St, Suite 200

San Jose, CA  95113
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UC =1.43

1

2

3

4

5

6

116

110

19

20

7 inches Asphalt Concrete over 8 inches Aggregate Base.

SANDY lean CLAY (CL); stiff; brown; moist; little
GRAVEL; [FILL].

Aggregate Base? 3/4" max gravel size; moist; [FILL].

Lean CLAY (CL); very stiff; black; moist; [COLLUVIUM].

GRAVELLY lean CLAY with SAND (CL); [COLLUVIUM].

SANDY lean CLAY (CL); stiff; brown; moist.

METAMORPHIC ROCK, Graywacke (Sandstone),
yellowish gray to olive black, intensely weathered, very
weak, with trace of shale and serpentinite, foliated fabric.

[FRANCISCAN COMPLEX].

  At EL. 20.0 ft, becomes dark gray, moderately
weathered.

  At EL. 14.0 ft, becomes dark gray to grayish green,
intensely weathered, very weak, increasing
shale/serpentinite with a trace of graywacke; breaks
down to clayey sand (SC); banded.

Bottom of Borehole at 26.5 ft.

65
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55
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6
8
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30

13
25

78/2"

14
81/4.5"

17
25
42

8 inch hollow stem auger to 5 feet

Switch to mud rotary

Sampler advanced 14 in.

Sampler advanced 10.5 in.

14
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42

 103/
8"

81/
4.5"

67

TOTAL DEPTH OF BORING

26.5 ft

DRILLING CONTRACTOR

PC Exploration, Inc

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

81%

BOREHOLE DIAMETER

3-7/8 inch
SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96"), SPT (1.44")

BOREHOLE LOCATION (Offset, Station, Line)

56' Rt  Sta  171+79 A
DRILLING METHOD

Rotary Wash with HQ Core Barrel
DRILL RIG

Gefco D-444
SPT HAMMER TYPE

Auto Hammer 140lb/30in
BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry to 5'

BEGIN DATE

8-18-09
COMPLETION DATE

8-18-09
LOGGED BY

C.Rambo
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

2276436.4 ft / 5954190.8 ft
HOLE ID

R-09-002
SURFACE ELEVATION

34 ft

HOLE ID

R-09-002
EA
04-28645045

REPORT TITLE
BORING RECORD

DIST.
04

COUNTY
Sonoma

SHEET
1  of  1

San Jose Office

100 W. San Fernando St, Suite 200

San Jose, CA  95113
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PREPARED BY
M.Thummaluru

DATE
8-20-09
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UC =0.40

1

2

3

4

5

10024

7 inches Asphalt Concrete over 8 inches Aggregate Base.

CLAYEY GRAVEL with SAND (GC); very dense; brown;
moist; [FILL].

SANDY lean CLAY with GRAVEL (CL); medium stiff;
brown mottled with yellowish brown; moist; [FILL].

  At EL. 32.5 ft, becomes light greenish gray; with black fat
CLAY lenses.

Lean CLAY (CL); stiff; dark gray; moist; trace SAND;
residual soil.

METAMORPHIC ROCK,  Graywacke (Sandstone),
intensely weathered, very weak, intensely fractured,
brown; trace of shale; foliated fabric; breaks down to
clayey sand (SC).

[FRANCISCAN COMPLEX].

  At EL. 21.5 ft, becomes dark greenish gray to dark gray,
moderately weathered, some calcite viens; approximately
50% shale and 50% graywacke.

40
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34
28
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7
18
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33
49

18
42
55

8 inch hollow stem auger to 5 feet

Began rotary wash

62

13

25

82

97

TOTAL DEPTH OF BORING

61.5 ft

DRILLING CONTRACTOR

PC Exploration, Inc

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

81%

BOREHOLE DIAMETER

3-7/8 inch
SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96"), SPT (1.44")

BOREHOLE LOCATION (Offset, Station, Line)

33'  Lt  Sta  172+97 A
DRILLING METHOD

Rotary Wash with HQ Core Barrel
DRILL RIG

Gefco D-444
SPT HAMMER TYPE

Auto Hammer 140lb/30in
BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry to 5'

BEGIN DATE

8-19-09
COMPLETION DATE

8-19-09
LOGGED BY

S.Manoharan
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

2276515.0 ft / 5954065.9 ft
HOLE ID

R-09-003
SURFACE ELEVATION

39 ft

HOLE ID

R-09-003
EA
04-28645045

REPORT TITLE
BORING RECORD

DIST.
04

COUNTY
Sonoma

(continued)

SHEET
1  of  3

San Jose Office

100 W. San Fernando St, Suite 200

San Jose, CA  95113
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7

8

9

10

11

1485

  At EL. 14.0 ft, becomes dark gray, intensely weathered,
very weak, mostly shale with approximately 20%
graywacke; highly sheared/foliated fabric.

METAMORPHIC ROCK (continued).

[FRANCISCAN COMPLEX].

  At EL. 9.0 ft, becomes black, mostly shale; breaks down
to lean clay (CL) with sand/gravel.

  At EL. -6.0 ft, becomes moderately weathered, very weak
to weak.
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HOLE ID

R-09-003
EA
04-28645045

REPORT TITLE
BORING RECORD

DIST.
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COUNTY
Sonoma

(continued)
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San Jose Office

100 W. San Fernando St, Suite 200

San Jose, CA  95113
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13

Bottom of Borehole at 61.5 ft.
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Sampler advanced 15 in.
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HOLE ID

R-09-003
EA
04-28645045

REPORT TITLE
BORING RECORD

DIST.
04

COUNTY
Sonoma

SHEET
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San Jose Office

100 W. San Fernando St, Suite 200

San Jose, CA  95113
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1

2

3

4

5

Lean CLAY (CL); grayish brown.

METAMORPHIC ROCK, Graywacke with a trace of
serpentinite, breaks down to clayey sand, intensely
weathered, intensely fractured, bluish gray mottled with
brown.
[FRANCISCAN COMPLEX].

  At EL. 0.0 ft, becomes slightly weathered, very weak.

Bottom of Borehole at 18.7 ft.
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50/1.5"

86
50/2"

8 inch hollow stem auger to 1 feet
Switch to mud rotary

Sampler advanced 13.5 in.

Sampler advanced 8 in.

38
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 146/
7.5"

50/
2"

TOTAL DEPTH OF BORING

18.7 ft

DRILLING CONTRACTOR

PC Exploration, Inc

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

3-7/8 inch
SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96"), SPT (1.44")

BOREHOLE LOCATION (Offset, Station, Line)

92' Rt  Sta  172+77 A
DRILLING METHOD

Rotary Wash with HQ Core Barrel
DRILL RIG

Diedrich D-25
SPT HAMMER TYPE

Auto Hammer 140lb/30in
BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry to 1'

BEGIN DATE

9-2-09
COMPLETION DATE

9-2-09
LOGGED BY

C.Rambo
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

2276541.2 ft / 5954190.0 ft
HOLE ID

R-09-004
SURFACE ELEVATION

11 ft

HOLE ID

R-09-004
EA
04-28645045

REPORT TITLE
BORING RECORD

DIST.
04

COUNTY
Sonoma

SHEET
1  of  1

San Jose Office

100 W. San Fernando St, Suite 200

San Jose, CA  95113
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DATE
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UC =0.02

UC =0.09

PP =
0.25

UC =0.18

1
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5

83

76

65

37

44

59

Fat CLAY (CH); very soft; dark gray; trace GRAVEL; trace
SAND; [BAY MUD].

CLAYEY SAND (SC); very loose; dark gray; [BAY MUD].

Fat CLAY (CH); very soft; dark gray to black; with traces of
peat; [BAY MUD].

CLAYEY SAND (SC); dark gray; [ALLUVIUM].

METAMORPHIC ROCK, Grawacke/Shale, dark gray to
light gray, intensely weathered, very weak, graywacke
occurs as strong gravel in a clayey shale matrix.

[FRANCISCAN COMPLEX].
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41

Mud rotary

Hard drilling

No recovery with rock core @ 20 ft.
followed up with SPT

After core 4 feet of cavein hole

Easy drilling

   2

   3

   2

   4

71

TOTAL DEPTH OF BORING

38.5 ft

DRILLING CONTRACTOR

PC Exploration, Inc

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

3-7/8 inch
SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96"), SPT (1.44")

BOREHOLE LOCATION (Offset, Station, Line)

20'  Lt  Sta  175+60 A
DRILLING METHOD

Rotary Wash with HQ Core Barrel
DRILL RIG

Diedrich D-25
SPT HAMMER TYPE

Auto Hammer 140lb/30in
BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

N/A

BEGIN DATE

8-11-09
COMPLETION DATE

8-11-09
LOGGED BY

C.Rambo
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

2276765.7 ft / 5953984.0 ft
HOLE ID

R-09-005
SURFACE ELEVATION

1 ft

HOLE ID

R-09-005
EA
04-28645045

REPORT TITLE
BORING RECORD

DIST.
04

COUNTY
Sonoma

(continued)

SHEET
1  of  2

San Jose Office

100 W. San Fernando St, Suite 200

San Jose, CA  95113
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6

7

8

METAMORPHIC ROCK (continued).

  At EL. -25.0 ft, becomes very weak, mostly shale with
approximately 20% graywake and trace of serpentinite;
highly sheared/foliated fabric; FRANCISCAN
COMPLEX.

[FRANCISCAN COMPLEX].

  At EL. -32.0 ft, becomes slightly weathered, trace of talc.

Bottom of Borehole at 38.5 ft.
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UC =0.03

UC =0.03

PP =
<0.25

UC =0.15
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Fat CLAY (CH); very soft; dark gray; with peat; [BAY
MUD].

  At EL. -7.5 ft, becomes gray.

SANDY lean CLAY (CL); gray; [ALLUVIUM].

CLAYEY SAND (SC); medium dense; gray; with fine to
1/2" gravel; well-rounded; [ALLUVIUM].

Lean CLAY (CL); stiff; gray; trace fine GRAVEL; trace
SAND; [ALLUVIUM].

METAMORPHIC ROCK, Shale/Serpentinite, intensely
weathered, very weak, intensely fractured, black with light
green streaks; highly sheared fabric.

[FRANCISCAN COMPLEX].
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METAMORPHIC ROCK (continued).

  At EL. -26.5 ft, becomes slightly weathered.

Bottom of Borehole at 31.5 ft.
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GRAVELLY lean CLAY (CL); stiff; gray mottled with
brown; moist [FILL].

Brown; moist to wet.

CLAYEY GRAVEL (GC); dense; black; moist.

[FILL ?].

Lean CLAY (CL); medium stiff; gray; Alluvium.

SILTY, CLAYEY SAND (SC-SM); dense; olive.

SILTY SAND (SM/SC); dense; gray; moist.
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SILTY SAND (SM/SC) (continued).

Poorly graded SAND with SILT (SP-SM); dark gray.

METAMORPHIC ROCK, graywacke and shale with trace
of green serpentinite and white talc, black to dusky brown,
intensely weathered, intensely fractured, clay infilling
along fractures, [FRANCISCAN COMPLEX].

METAMORPHIC ROCK, shale, serpentinite and talc, pale
green to brownish gray, decomposed, highly sheared,
lean to fat clay.

[FRANCISCAN COMPLEX].

  At EL. -36.0 ft, becomes intensely weathered, shale
breaks down to fat clay.
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METAMORPHIC ROCK (continued).

  At EL. -47.0 ft, becomes graywacke fragments less
weathered, shale and serpentinite highly weathered, soft
clay.

Bottom of Borehole at 80.0 ft.
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CLAYEY GRAVEL (GC); dense; moist; brown clay and
gray gravel, [FILL].

SANDY lean CLAY with GRAVEL (CL); brown; [FILL].

CLAYEY GRAVEL (GC); dense; brown; [FILL].

CLAYEY SAND with GRAVEL (SC); medium dense;
brown; moist; [FILL].
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CLAYEY SAND with GRAVEL (SC) (continued).

  At EL. 38.0 ft, becomes dark gray.

  At EL. 33.5 ft, becomes brown.

  At EL. 23.0 ft, becomes mottled with gray.

  At EL. 18.0 ft, becomes reddish brown mottled with gray
and brown.
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SANDY lean CLAY with GRAVEL (CL); stiff; reddish
brown; moist; [FILL].

Fat CLAY (CH); stiff; olive gray; moist; [ALLUVIUM].
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Fat CLAY (CH) (continued).

  At EL. -17.0 ft, with sand.
SILTY, CLAYEY SAND (SC-SM); dense; grayish brown;
medium to fine SAND; [ALLUVIUM].

Lean CLAY (CL); very stiff; dark bluish gray; moist.

SILTY, CLAYEY SAND (SC-SM); gray.

Lean CLAY (CL); stiff; olive gray; moist; [ALLUVIUM].

Bottom of Borehole at 112.0 ft.
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SILTY GRAVEL (GM); some asphalt concrete chunks.
[FILL].

Poorly graded GRAVEL (GP); gravel size upto 3 inches.
[FILL].

Lean CLAY (CL); grayish brown; [FILL].

CLAYEY GRAVEL (GC); medium dense; gray; moist.

CLAYEY GRAVEL (GC/CL); medium dense; bluish gray;
moist; with bluish gray Serpentinite gravel. [FILL].
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8 inch hollow stem auger to 19 feet

Began rotary wash
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TOTAL DEPTH OF BORING

119.5 ft

DRILLING CONTRACTOR

WDC Exploration & Wells

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

84%

BOREHOLE DIAMETER

4-7/8 inch
SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96"), SPT (1.44")

BOREHOLE LOCATION (Offset, Station, Line)

1'  Lt  Sta  187+60 A
DRILLING METHOD

Rotary Wash
DRILL RIG

CME 85
SPT HAMMER TYPE

Auto Hammer 140lb/30in
BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry to 19'

BEGIN DATE

6-23-09
COMPLETION DATE

6-25-09
LOGGED BY

C.Rambo
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

2277894.2 ft / 5953576.1 ft
HOLE ID

R-09-011
SURFACE ELEVATION

51 ft
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CLAYEY GRAVEL (GC/CL) (continued).

SANDY lean CLAY (CL); medium stiff; brown; moist; with
bluish sand and trace gravel. [FILL].

  At EL. 17.5 ft, observed  6-inch gravel lense.
CLAYEY SAND (SC); medium dense; grayish brown;
moist; [FILL].

SANDY lean CLAY with GRAVEL (CL); grayish brown;
moist; [FILL].

CLAYEY SAND with GRAVEL (SC); medium dense;
brown; moist; [FILL].

Lean CLAY (CL); very stiff; grayish brown; moist.
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Lean CLAY (CL) (continued).

SANDY lean CLAY (CL); very stiff; gray; moist.
Lean CLAY (CL); very stiff; grayish brown; moist.

SILTY SAND (SM); very dense; grayish brown; moist.

Poorly graded SAND (SP); medium dense; grayish
brown; moist; trace of fine gravel.

Lean CLAY (CL); hard; grayish brown; moist.
  At EL. -18.0 ft, becomes bluish gray.

Poorly graded SAND with SILT (SP-SM); very dense;
grayish brown; wet.
SILTY, CLAYEY SAND (SC-SM); very dense; dark bluish
gray; wet; weathered Serpentinite sand.

Lean CLAY (CL); very stiff; dark bluish gray; moist.

Poorly graded SAND with SILT (SP-SM); dense; dark
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bluish gray; moist.

Lean CLAY (CL); bluish gray; moist.

SANDY lean CLAY (CL); brown; moist.

CLAYEY GRAVEL (GC); very dense; brown; moist.

METAMORPHIC ROCK (SERPENTINITE), dark greenish
gray, intensely weathered.
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Stop drilling 06/24/09
Resume drilling 06/25/09

Sampler advanced 9 in.

Easy drilling

Sampler advanced 10 in.

Hard drilling
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METAMORPHIC ROCK (Serpentinite) (continued).

Bottom of Borehole at 119.5 ft.
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Sampler advanced 7 in.
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UC =0.44

UC =1.11

UC =0.71

1

2

3

4

5

97

97

87

27

27

35

SANDY lean CLAY (CL/SC); brown; moist.

SILTY GRAVEL with SAND (GM); very dense; brown;
moist; gray gravel.
SANDY lean CLAY with GRAVEL (CL); stiff; grayish
brown; moist.

Fat CLAY with SAND (CH); medium stiff; dark gray; moist.

  At EL. 1.0 ft, becomes gray.

  At EL. -4.0 ft, becomes very stiff; grayish brown; with
some black speckling.

  At EL. -9.0 ft, becomes stiff; gray mottled with brown.
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8 inch hollow stem auger to 21.5
feet

Sampler advanced 17 in.

Drilling Fluid was at 5.5 feet on
6/11/09
Stabilization fabric at 6 feet

C

LL=87
PI=61
PI

Began rotary wash
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TOTAL DEPTH OF BORING

85.0 ft

DRILLING CONTRACTOR

WDC Exploration & Wells

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

69%

BOREHOLE DIAMETER

4-7/8 inch
SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96"), SPT (1.44"), Rock Core

BOREHOLE LOCATION (Offset, Station, Line)

28' Rt  Sta  190+23 A
DRILLING METHOD

Rotary Wash
DRILL RIG

CME 75 Crawler
SPT HAMMER TYPE

Auto Hammer 140lb/30in
BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry to 21.5'

BEGIN DATE
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COMPLETION DATE
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2278149.9 ft / 5953509.7 ft
HOLE ID
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SURFACE ELEVATION

11 ft
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  At EL. -14.0 ft, becomes medium stiff; bluish gray.
Fat CLAY with SAND (CH) (continued).

  At EL. -17.0 ft, becomes brown.

Poorly graded SAND with SILT (SP-SM); medium dense;
brown; moist.

  At EL. -20.0 ft, becomes gray.

Fat CLAY (CH); stiff; bluish gray; moist; with some black
speckling.

SANDY lean CLAY (CL); stiff; very dark greenish gray;
moist.

Fat CLAY with SAND (CH); stiff; very dark greenish gray;
moist; some GRAVEL.
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METAMORPHIC ROCK.

METAMORPHIC ROCK (SERPENTINITE), dark greenish
gray, intensely weathered, extremely weak, intensely
fractured, trace of white talc?, material breaks down easily
to Lean Clay (CL) with sand and rock fragments.

[FRANCISCAN COMPLEX] [FRANCISCAN COMPLEX].

  At EL. -63.0 ft, becomes moderately weathered, weak,
with black shale lenses and talc, highly sheared fabric.

(SERPENTINITE), Shale, decomposed, very weak, soft,
clayey.

  At EL. -69.0 ft, becomes Serpentinite, intensely to
moderately weathered, very weak, mostly black shale
with 20% serpentinite, highly sheared.

Bottom of Borehole at 85.0 ft.
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Sampler advanced 11 in.

Sampler advanced 11 in.

Core barrel blocked at 74 feet
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UC =0.42

UC =1.14

UC =0.87
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CLAYEY SAND with GRAVEL (SC); light brown; moist.

CLAYEY GRAVEL with SAND (GC); grayish brown;
moist.

Lean to fat CLAY with SAND (CL/CH/CH); stiff; dark gray;
moist.

Fat CLAY (CH); medium stiff; gray; moist.

  At EL. -2.0 ft, with Clayey Sand lenses with some
 black speckling.

  At EL. -4.0 ft, becomes very stiff; mottled with brown.

  At EL. -9.0 ft, becomes stiff.

SILTY SAND (SM); medium dense; gray; moist.

SANDY lean CLAY (CL); soft; grayish brown; moist.
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8 inch hollow stem auger to 21.5
feet

Drilling fluid measured at 5.5 feet
on 6/11/09
Stabilization fabric at 6 feet

LL=67
PI=45
PI

Began rotary wash
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TOTAL DEPTH OF BORING

86.5 ft

DRILLING CONTRACTOR

WDC Exploration & Wells

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

85%

BOREHOLE DIAMETER

4-7/8 inch
SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96"), SPT (1.44")

BOREHOLE LOCATION (Offset, Station, Line)

14' Rt  Sta  191+97 A
DRILLING METHOD

Rotary Wash
DRILL RIG

CME 85
SPT HAMMER TYPE

Auto Hammer 140lb/30in
BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry to 19'

BEGIN DATE

6-11-09
COMPLETION DATE

6-12-09
LOGGED BY

S.Mano/C.Rambo
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

2278308.1 ft / 5953435.2 ft
HOLE ID

R-09-013
SURFACE ELEVATION

10 ft

HOLE ID
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(continued)

SHEET
1  of  4

San Jose Office

100 W. San Fernando St, Suite 200

San Jose, CA  95113

R
Q

D
 (

%
)

S
he

ar
 S

tr
en

gt
h

(t
sf

)

S
am

pl
e 

N
um

be
r

D
ry

 U
ni

t 
W

ei
gh

t
(p

cf
)

M
oi

st
ur

e
C

on
te

nt
 (

%
)

E
LE

V
A

T
IO

N
 (

ft
)

8.00

6.00

4.00

2.00

0.00

-2.00

-4.00

-6.00

-8.00

-10.00

-12.00

-14.00

DESCRIPTION

M
at

er
ia

l
G

ra
ph

ic
s

D
E

P
T

H
 (

ft
)

R
ec

ov
er

y 
(%

)

B
lo

w
s 

pe
r 

6 
in

.

S
am

pl
e 

Lo
ca

tio
n

D
ri

lli
ng

 M
et

ho
d

C
as

in
g 

D
ep

th

PREPARED BY
L.Phillips

DATE
6-17-09

BRIDGE NUMBER

Remarks

B
lo

w
s 

pe
r 

F
oo

t

POSTMILE
0.9/2.9

ROUTE
101

PROJECT OR BRIDGE NAME
U.S. 101/ SR 116 SOH

U
R

S
 B

O
R

IN
G

 R
E

C
O

R
D

 2
00

80
2 

 2
86

45
0

40
_M

S
N

B
4P

E
T

R
IV

E
R

.G
P

J 
 S

N
J_

C
T

.G
LB

  1
1/

23
/1

0

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25



UC =0.21

UC =0.61

UC =0.86

UC =0.69

UC =0.71
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SANDY lean CLAY (CL) (continued).

SILTY SAND (SM); loose; greenish gray; moist.

Lean CLAY with SAND (CL); medium stiff; bluish gray;
moist to wet.

  At EL. -24.0 ft, becomes stiff; moist.

SANDY lean CLAY (CL); stiff; very dark greenish gray;
moist.

Fat CLAY (CH); stiff; dark bluish gray; moist.

SANDY lean CLAY (CL); stiff; very dark greenish gray;
moist.

Lean CLAY (CL); stiff; very dark greenish gray; moist.

SANDY lean CLAY with GRAVEL (CL); greenish gray;
moist; weathered rock.
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SANDY lean CLAY with GRAVEL (CL) (continued).

METAMORPHIC ROCK (SERPENTINITE), dark greenish
gray, intensely weathered, Lean Clay (CL).

  At EL. -55.5 ft, with trace of white talc.
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Sampler advanced 7 in.

Stop drilling 06/11/09
Resume drilling 06/12/09

Sampler advanced 7 in.
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18METAMORPHIC ROCK (Serpentinite) (continued).

Bottom of Borehole at 86.5 ft.
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Sampler advanced 16 in.
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UC =0.38
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8 inches Asphalt Concrete over 6 inches Aggregate Base.

SILTY SAND with GRAVEL (SM); very dense; brown;
moist.

  At EL. 8.0 ft, observed 6 inch lense of SILTY GRAVEL
(GM); gray; moist.

  At EL. 7.5 ft, becomes medium dense; dark brown; wet.

Fat CLAY (CH); stiff;  light brown with black speckling;
moist; with black speckling.

SILTY SAND (SM); medium dense; light brown; moist.
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8 inch hollow stem auger to 20 feet

Bridging material?
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-#200=44%
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Began rotary wash
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TOTAL DEPTH OF BORING

96.5 ft

DRILLING CONTRACTOR

WDC Exploration & Wells

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

85%

BOREHOLE DIAMETER

4-7/8 inch
SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96"), SPT (1.44")

BOREHOLE LOCATION (Offset, Station, Line)

2'  Lt  Sta  193+34 A
DRILLING METHOD

Rotary Wash
DRILL RIG

CME 85
SPT HAMMER TYPE

Auto Hammer 140lb/30in
BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

18 ft

BEGIN DATE
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COMPLETION DATE
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LOGGED BY
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SURFACE ELEVATION
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  At EL. -11.0 ft, becomes dense; light gray; less silt.
SILTY SAND (SM) (continued).

Lean CLAY (CL); stiff; gray; moist.

  At EL. -21.0 ft, becomes dark gray.

Poorly graded SAND with SILT (SP-SM); dark gray;
moist.

SANDY lean CLAY (CL/SC); gray; moist.

Lean CLAY with SAND (CL); medium stiff; gray; moist.

  At EL. -36.0 ft, becomes stiff.
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Fat CLAY (CH); stiff; gray; moist. 30
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SILTY SAND (SM); medium dense; gray; moist.
SILTY GRAVEL with SAND (GM); very dense; dark gray;
moist.

SANDY lean CLAY (CL); gray; moist.

  At EL. -75.5 ft, observed 6 inch gravel lense.
  At EL. -76.0 ft, becomes stiff; brown.

METAMORPHIC ROCK (SERPENTINITE), light brown to
grayish blue, intensely fractured.

Bottom of Borehole at 96.5 ft.
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Sampler advanced 11 in.

Hard drilling

Sampler advanced 15 in.
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SILTY GRAVEL (GM); dense; brown; moist; [FILL].

SILTY SAND with GRAVEL (SM/ML); medium dense;
brown; moist; [FILL].

SANDY lean CLAY (CL); stiff; brown; moist; some
GRAVEL; [FILL].

  At EL. 14.0 ft, becomes medium stiff; moist to wet.

Lean CLAY (CL); medium stiff; dark gray; moist.
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8 inch hollow stem auger to 22 feet

Began rotary wash
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TOTAL DEPTH OF BORING

108.5 ft

DRILLING CONTRACTOR

WDC Exploration & Wells

AFTER DRILLING (DATE)

N/A

HAMMER EFFICIENCY, ERi

85%

BOREHOLE DIAMETER

4-7/8 inch
SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96"), SPT (1.44")

BOREHOLE LOCATION (Offset, Station, Line)

22' Rt  Sta  194+49 A
DRILLING METHOD

Rotary Wash
DRILL RIG

CME 85
SPT HAMMER TYPE

Auto Hammer 140lb/30in
BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry to 22'

BEGIN DATE

6-16-09
COMPLETION DATE

6-17-09
LOGGED BY
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BOREHOLE LOCATION (Lat/Long or North/East and Datum)

2278545.9 ft / 5953352.3 ft
HOLE ID

R-09-015
SURFACE ELEVATION

34 ft
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Lean CLAY (CL) (continued).

  At EL. 3.0 ft, becomes stiff; brown.

Poorly graded SAND with SILT (SP-SM); medium dense;
grayish brown; moist.

Lean CLAY (CL); stiff; light brown; moist.

Poorly graded SAND with SILT (SP-SM); dense; gray;
moist.

SILTY, CLAYEY SAND (SC-SM); medium dense; gray;
moist.
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SILTY, CLAYEY SAND (SC-SM) (continued).
Lean CLAY (CL); stiff; gray; moist.

SILTY, CLAYEY SAND (SC-SM); dense; gray; moist.

Fat CLAY (CH); stiff; gray mottled with brown; moist; trace
coarse SAND.
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Stop drilling 6/16/09
Resume drilling 6/17/09
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7841  At EL. -51.0 ft, becomes medium stiff.
Fat CLAY (CH) (continued).

SANDY lean CLAY (CL); very stiff; gray; moist.

SILTY, CLAYEY SAND (SC-SM); very dense; gray; moist.

SANDY lean CLAY (CL); very stiff; gray mottled with
brown; moist; trace GRAVEL.

Bottom of Borehole at 108.5 ft.
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Maximum depth: 80.01  (ft)

Lankelma, Inc.
Richmond, CA 94801
713-231-7661
umeshbachu@lankelma.com
www.lankelma.com

Northing: 
Easting: 
Elevation: 
Customer: URS
Job Site: Petaluma River Bridge

Date: 22/Jun/2009
Test ID: CPT-09-102
Project: PRB

Estimated Phreatic Surface

Test ID: CPT-09-102

File: Z22U0903C.ecp

10 0

Sleeve Stress

(tsf) 0 400

Tip Stress COR
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 (Rob. 1986)
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Maximum depth: 79.96  (ft)

Lankelma, Inc.
Richmond, CA 94801
713-231-7661
umeshbachu@lankelma.com
www.lankelma.com

Northing: 
Easting: 
Elevation: 
Customer: URS
Job Site: Petaluma River Bridge

Date: 22/Jun/2009
Test ID: CPT-09-104
Project: PRB
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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

1 to 2

2 to 4

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

< 0.25

0.25 to 0.50

0.50 to 1.0

> 4.0

1 to 2

2 to 4

< 0.25

0.25 to 0.50

0.50 to 1.0

> 4.0

< 0.12

0.12 to 0.25

0.25 to 0.50

> 2.0

0.50 to 1.0

1.0 to 2.0

Description

Unconfined

Compressive

Strength (tsf)

Pocket

Penetrometer

Measurement (tsf)

Torvane

Measurement (tsf)

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

A 1/8-inch thread cannot be rolled at any water content.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.

3"

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.

1"

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
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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

along sleeve friction

element (34.88 in

area) divided by 

pressure measured

on tip element.

Pressure measured

(2.33 in  area)

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)

Hand driven (1-inch soil tube)

Hand Auger

Note: Size in inches.

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

Blows per 12"

(Using 28 lb hand 

hammer with a 12"

drop or as noted) Driving rate in

seconds per 12"

(using a Stanley

MB 156 percussion

hammer and a 2.2"

cone, or as noted)

Size of Sampler 

(inches)
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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)

> 12"

No. 4 to 3/4"

SPT N   (Blows / 12 inches)

3/4" to 3"

3" to 12"
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GEOTECHNICAL SERVICES

         

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

Lengths greater than 3 feet.

No fractures.

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

Description

Lengths from 1 to 3 feet with few lengths less than 1 foot or

greater than 3 feet.

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.

Term

Strong

Weak

Very Weak

Very Strong 

> 30,000

14,500 - 30,000

7,000 - 14,500

3,500 - 7,000

700 - 3,500

150 - 700

< 150

RELATIVE STRENGTH OF INTACT ROCK

Uniaxial Compressive Strength (PSI)

Extremely Strong

Medium Strong

Extremely Weak

Description Thickness / Spacing

Massive Greater than 10 ft

3 to 10 ft

1 to 3 ft

Moderately bedded

Very thinly bedded

Laminated 

Very thickly bedded

BEDDING SPACING

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

Lengths mostly in 4" to 1 foot range with most lengths about 8"

Length of intact core pieces   4"

Specimen can be grooved 1/6" deep with a pocket knife or sharp pick with moderate 

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

3-5/8" to 1 ft

1-1/4" to 3-5/8"

3/8" to 1-1/4"

Less than 3/8"

Lengths average from 1 to 4" with scattered fragmented

intervals with lengths less than 4"

Total length of core run (inches)

Total length of core run (inches)

Length of the recovered core pieces (inches)
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LOG OF TEST BORINGS 4 OF 7

"A" LINE

162+00

B.M: JK122
B. M Elev.: 52.65 US Survey Feet 

Northing: 2277835.878

Easting: 5953598.199

Vertical Datum: NAVD88

Horizontal Datum: CCS83/Zone 3

1" Iron pipe with a plastic plug and 

tack along the northbound median
of Stat Route 101; 50 feet northerly 

of a "Petaluma Blvd South-3/4 mile" 

sign; 16 feet westerly of the edge of 

pavement and witnessed by a carsonite

witness post.

B.M: JK121
B. M Elev.: 81.98 US Survey Feet 

Northing: 2276227.207

Easting: 5954272.578

Vertical Datum: NAVD88

Horizontal Datum: CCS83/Zone 3

1" Iron pipe with a plastic plug and 
tack along the northbound shoulder 
of Stat Route 101 across from a 

"Sonoma-Napa-Right Lane" sign; 10.7 

feet easterly of a metal beam guard rail
and at top slope.

BENCH MARK:

1. This LOTB sheet was prepared in accordance 

with the Caltrans Soil and Rock Logging, Classification,

and Presentation Manual (June 2007).

NOTE:

PLAN

150+00

2640C1
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C. RAMBO RETAINING WALL No. 152

70

60

50

1" = 50’

  
"A

" 
L
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E

7 inches Asphalt Concrete over 12 inches Aggregate Base.
Sub base, dark brown.
SANDY lean CLAY (CL); stiff; gray; moist.

Lean CLAY (CL); very stiff; dark gray; moist.

SANDY lean CLAY (CL); stiff; dark gray; moist.

  At EL. 11.0 ft, grades to with gravel.

SANDY lean CLAY (CL); stiff; grayish brown; moist.

METAMORPHIC ROCK (SERPENTINITE), light green, intensely
weathered.

  At EL. -3.0 ft, becomes less talc more serpentinite, dark blue.

5 inches Asphalt Concrete over 12 inches Aggregate Base.
SANDY lean CLAY (CL); gray; moist; trace GRAVEL [FILL].

  At EL. 35.0 ft, becomes grayish brown.

  At EL. 30.0 ft, becomes gray; with gravel.

Lean CLAY with SAND (CL); grayish brown; moist [FILL].

Fat CLAY with SAND (CH); very stiff; dark gray; moist.

METAMORPHIC ROCK (SERPENTINITE), dark bluish gray.

UCUWM

M UW UC

UCUWM

M UW UC

UCUWM

M UW UC

UCUWM

M UW UC

A-09-106

A-09-105
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EL. 36.0’
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EL. 40.0’

2.013

9 2.0

2.08

12 2.0

2.023

91 2.0

1.473

17 2.0

2.015

11 2.0

2.017

21 2.0

2.030

22 2.0

50 2.0

8"

Terminated at El. -4.0’

10-28-09

Hammer Efficiency Ratio (ERi) = %

Terminated at El. 10.0’

10-29-09

Hammer Efficiency Ratio (ERi) = %
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"A" LINE

RW 152

Dry At Time Of Drilling

Dry At Time Of Drilling
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172+00

LOG OF TEST BORINGS 5 OF 7

"A" LINE

178+00

B.M: JK122
B. M Elev.: 52.65 US Survey Feet 

Northing: 2277835.878

Easting: 5953598.199

Vertical Datum: NAVD88

Horizontal Datum: CCS83/Zone 3

1" Iron pipe with a plastic plug and 

tack along the northbound median
of Stat Route 101; 50 feet northerly 

of a "Petaluma Blvd South-3/4 mile" 

sign; 16 feet westerly of the edge of 

pavement and witnessed by a carsonite

witness post.

B.M: JK121
B. M Elev.: 81.98 US Survey Feet 

Northing: 2276227.207

Easting: 5954272.578

Vertical Datum: NAVD88

Horizontal Datum: CCS83/Zone 3

1" Iron pipe with a plastic plug and 
tack along the northbound shoulder 
of Stat Route 101 across from a 

"Sonoma-Napa-Right Lane" sign; 10.7 

feet easterly of a metal beam guard rail
and at top slope.

BENCH MARK:

1. This LOTB sheet was prepared in accordance 

with the Caltrans Soil and Rock Logging, Classification,

and Presentation Manual (June 2007).

NOTE:

PLAN

148+00

2640C1

04

XX-XXXX

XX.XX
XXXXS. MANOHARAN

C. RAMBO RETAINING WALL No. 168

Clay (CL) infilling along fractures.
[Franciscan Complex].

along joints.

breaks down to Clayey Sand (SC).

fractured, (meta-volcanic).
[Franciscan Complex].

Terminated at El. 62.0’

08-17-09

2.062

56 2.0

1.476

50/2 1.4

1.4REF

EL. 83.5’

R-09-001

Hammer Efficiency Ratio (ERi) = 81%

  "A" LINE

Groundwater Not Encountered Down to Depth of 5 ft

METAMORPHIC ROCK, Graywacke (Sandstone), brownish gray,
intensely weathered, very weak, intensely fractured, with Lean

At EL. 77.5 ft, becomes intensely to moderately weathered.
At EL. 76.5 ft, becomes black to dark gray, intensely
weathered, weak to medium strong, little to no clay infilling

At EL. 73.5 ft, becomes light greenish gray, intensely
weathered, very weak, trace of serpentinite, foliated fabric,

At EL. 69.5 ft, becomes Greenstone ?(meta-volcanic), dark
gray, moderately weathered, medium strong, intensely

8’  Lt  Sta  170+42
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1" = 50’

R-09-001
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3-" "A" LINE

100
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RW 168

2. Borings R-09-001 was dry to a depth of
5 feet (Elevation 78.5)
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183+00

LOG OF TEST BORINGS 6 OF 7

"A" LINE

189+00

B.M: JK122
B. M Elev.: 52.65 US Survey Feet 

Northing: 2277835.878

Easting: 5953598.199

Vertical Datum: NAVD88

Horizontal Datum: CCS83/Zone 3

1" Iron pipe with a plastic plug and 

tack along the northbound median
of Stat Route 101; 50 feet northerly 

of a "Petaluma Blvd South-3/4 mile" 

sign; 16 feet westerly of the edge of 

pavement and witnessed by a carsonite

witness post.

B.M: JK121
B. M Elev.: 81.98 US Survey Feet 

Northing: 2276227.207

Easting: 5954272.578

Vertical Datum: NAVD88

Horizontal Datum: CCS83/Zone 3

1" Iron pipe with a plastic plug and 
tack along the northbound shoulder 
of Stat Route 101 across from a 

"Sonoma-Napa-Right Lane" sign; 10.7 

feet easterly of a metal beam guard rail
and at top slope.

BENCH MARK:

1. This LOTB sheet was prepared in accordance 

with the Caltrans Soil and Rock Logging, Classification,

and Presentation Manual (June 2007).

NOTE:

PLAN

2640C1

04

XX-XXXX

XX.XX
XXXXS. MANOHARAN

C. RAMBO RETAINING WALL No. 179

gravel, [FILL].
CLAYEY GRAVEL (GC); dense; moist; brown clay and gray

CLAYEY GRAVEL (GC); dense; brown; [FILL].

CLAYEY SAND with GRAVEL (SC); medium dense; brown;

  At EL. 33.5 ft, becomes brown.

  At EL. 18.0 ft, becomes reddish brown mottled with gray and

  At EL. 23.0 ft, becomes mottled with gray.

brown.

SANDY lean CLAY with GRAVEL (CL); stiff; reddish brown;
moist; [FILL].

  At EL. -17.0 ft, with sand.

to fine SAND; [ALLUVIUM].

SILTY, CLAYEY SAND (SC-SM); gray.

Lean CLAY (CL); stiff; olive gray; moist; [ALLUVIUM].

Terminated at El. -40.0’

08-25-09

UCUWM

UCUWM

PAUWM

M UW UC

3-"EL. 72.0’

44 2.0

2.045

28 2.0
2.019

18 2.0

2.026

26 2.0

40 2.0

2.025

32 2.0

2.022

20 2.0

29 2.0

30 2.0

2.040

36 2.0

32 2.0

20 2.0

50 2.0

2.026

1.423

SILTY, CLAYEY SAND (SC-SM); dense; grayish brown; medium

7
8

Hammer Efficiency Ratio (ERi) = 81%

  "A" LINE

Groundwater Not Encountered Down to Depth of 5 ft

Groundwater Level Lower than El. 67’

moist; sand (55%); little gravel (22%); little fines (23%) [FILL].

Fat CLAY (CH); stiff; olive gray; moist; UC=2.84 tsf [ALLUVIUM].

Lean CLAY (CL); very stiff; dark bluish gray; moist; UC=4.49 tsf.

  At EL. 38.0 ft, becomes dark gray; UC=1.77 tsf.

2’  Lt  Sta  179+71 R-09-008
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SANDY lean CLAY with GRAVEL (CL); 

brown; [FILL].

CLAYEY GRAVEL (GC); medium dense; brown; gray gravel.
ASPHALT.

  At EL. 58.0 ft, becomes very dense; coarse GRAVEL.

CLAYEY GRAVEL (GC); very dense; brown; gray gravel.

08-26-09

Terminated at El. 12.5’

Hammer Efficiency Ratio (ERi) = %

A-09-009

EL. 64.0’

2.016

50/6 2.0

2.054

54 2.0

GRAVELLY lean CLAY (CL); reddish brown; moist.

50 2.0

2.055

70/11 2.0

2.045

48 2.0

55 2.0

2.054

  "A" LINE

43’  Rt  Sta  182+69.00

ASPHALT.

Lean CLAY (CL); reddish brown; moist.
GRAVELLY lean CLAY (CL/GC); stiff; brown; moist.

SANDY lean CLAY (CL); stiff; grayish brown; moist.

Terminated at El. 1.9’

08-27-09

Hammer Efficiency Ratio (ERi) = %

A-09-010

EL. 54.0’

26 2.0

2.028

31 2.0

2.029

28 2.0

2.030

34 2.0

2.053

40 2.0

2.028

push 2.9

  "A" LINE

45’ Rt  Sta  186+52.00

CLAYEY GRAVEL (GC/CL); stiff; 

brown; moist; gray gravel.

CLAYEY GRAVEL (GC); very dense; brown; 

moist; gray gravel.

SANDY lean CLAY with GRAVEL (CL); very stiff; 

gray mottled with brown.

8-"

8-"

"A" LINE

"A2" LINE

1" = 50’

A-09-009

R-09-008

A-09-010

3-"
7
8

8-" 8-"

Dry At Time Of Drilling

Dry At Time Of Drilling

RW 179

2. Boring R-09-008 was dry to depth af 5 feet 

(Elevation 67). Groundwater was encountered in

Boring R-09-008, but elevation was not measured. 

3. Standard Penetration Test sampler: I.D. = 1.44 inch (1.4)

Modified California sampler: I.D. 1.96 inch (2.0)
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179+00

LOG OF TEST BORINGS 7 OF 7

"A" LINE

187+00

B.M: JK122
B. M Elev.: 52.65 US Survey Feet 

Northing: 2277835.878

Easting: 5953598.199

Vertical Datum: NAVD88

Horizontal Datum: CCS83/Zone 3

1" Iron pipe with a plastic plug and 

tack along the northbound median
of Stat Route 101; 50 feet northerly 

of a "Petaluma Blvd South-3/4 mile" 

sign; 16 feet westerly of the edge of 

pavement and witnessed by a carsonite

witness post.

B.M: JK121
B. M Elev.: 81.98 US Survey Feet 

Northing: 2276227.207

Easting: 5954272.578

Vertical Datum: NAVD88

Horizontal Datum: CCS83/Zone 3

1" Iron pipe with a plastic plug and 
tack along the northbound shoulder 
of Stat Route 101 across from a 

"Sonoma-Napa-Right Lane" sign; 10.7 

feet easterly of a metal beam guard rail
and at top slope.

BENCH MARK:

1. This LOTB sheet was prepared in accordance 

with the Caltrans Soil and Rock Logging, Classification,

and Presentation Manual (June 2007).

NOTE:

PLAN

189+00

2640C1

04

XX-XXXX

XX.XX
XXXXS. MANOHARAN

C. RAMBO RETAINING WALL No. 180

gravel, [FILL].
CLAYEY GRAVEL (GC); dense; moist; brown clay and gray

SANDY lean CLAY with GRAVEL (CL); brown; [FILL].

CLAYEY GRAVEL (GC); dense; brown; [FILL].
CLAYEY SAND with GRAVEL (SC); medium dense; brown;

  At EL. 33.5 ft, becomes brown.

  At EL. 18.0 ft, becomes reddish brown mottled with gray and

  At EL. 23.0 ft, becomes mottled with gray.

brown.

SANDY lean CLAY with GRAVEL (CL); stiff; reddish brown;
moist; [FILL].

  At EL. -17.0 ft, with sand.

to fine SAND; [ALLUVIUM].

SILTY, CLAYEY SAND (SC-SM); gray.

Lean CLAY (CL); stiff; olive gray; moist; [ALLUVIUM].

Terminated at El. -40.0’

08-25-09

UCUWM

UCUWM

PAUWM

M UW UC

EL. 72.0’

44 2.0

2.045

28 2.0
2.019

18 2.0

2.026

26 2.0

40 2.0

2.025

32 2.0

2.022

20 2.0

29 2.0

30 2.0

2.040

36 2.0

32 2.0

20 2.0

50 2.0

2.026

1.423

SILTY, CLAYEY SAND (SC-SM); dense; grayish brown; medium

Hammer Efficiency Ratio (ERi) = 81%

  "A" LINE

Groundwater Not Encountered Down to Depth of 5 ft

Groundwater Level Lower than El. 67’

moist; sand (55%); little gravel (22%); little fines (23%) [FILL].

Fat CLAY (CH); stiff; olive gray; moist; UC=2.84 tsf [ALLUVIUM].

Lean CLAY (CL); very stiff; dark bluish gray; moist; UC=4.49 tsf.

  At EL. 38.0 ft, becomes dark gray; UC=1.77 tsf.

2’  Lt  Sta  179+71 R-09-008

80

70

10

0

-10

60
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40

30

20

-20

-30

-40

-50

80

70

10

0

1" = 50’

R-09-008

3-"
7
8

3-"
7
8

"A2" LINE

"A" LINE

RW 180

2. Boring R-09-008 was dry to depth af 5 feet 

(Elevation 67). Groundwater was encountered in

Boring R-09-008, but elevation was not measured. 

3. Standard Penetration Test sampler: I.D. = 1.44 inch (1.4)

Modified California sampler: I.D. 1.96 inch (2.0)
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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

1 to 2

2 to 4

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

< 0.25

0.25 to 0.50

0.50 to 1.0

> 4.0

1 to 2

2 to 4

< 0.25

0.25 to 0.50

0.50 to 1.0

> 4.0

< 0.12

0.12 to 0.25

0.25 to 0.50

> 2.0

0.50 to 1.0

1.0 to 2.0

Description

Unconfined

Compressive

Strength (tsf)

Pocket

Penetrometer

Measurement (tsf)

Torvane

Measurement (tsf)

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

A 1/8-inch thread cannot be rolled at any water content.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.

3"

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.

1"

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

along sleeve friction

element (34.88 in

area) divided by 

pressure measured

on tip element.

Pressure measured

(2.33 in  area)

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)

Hand driven (1-inch soil tube)

Hand Auger

Note: Size in inches.

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

Blows per 12"

(Using 28 lb hand 

hammer with a 12"

drop or as noted) Driving rate in

seconds per 12"

(using a Stanley

MB 156 percussion

hammer and a 2.2"

cone, or as noted)

Size of Sampler 

(inches)
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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)

> 12"

No. 4 to 3/4"

SPT N   (Blows / 12 inches)

3/4" to 3"

3" to 12"
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PROFILE
Ver. 1" = 10’
Hor. 1" = 50’
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,
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206+00

-70

-80

PLAN

BENCH MARK:

NOTE:

B.M: JK121
B. M Elev.: 81.98 US Survey Feet 

Northing: 2276227.207

Easting: 5954272.578

Vertical Datum: NAVD88

Horizontal Datum: CCS83/Zone 3

1" Iron pipe with a plastic plug and 
tack along the northbound shoulder 
of Stat Route 101 across from a 

"Sonoma-Napa-Right Lane" sign; 10.7 

feet easterly of a metal beam guard rail
and at top slope.

B.M: JK122
B. M Elev.: 52.65 US Survey Feet 

Northing: 2277835.878

Easting: 5953598.199

Vertical Datum: NAVD88

Horizontal Datum: CCS83/Zone 3

1" Iron pipe with a plastic plug and 

tack along the northbound median
of Stat Route 101; 50 feet northerly 

of a "Petaluma Blvd South-3/4 mile" 

sign; 16 feet westerly of the edge of 

pavement and witnessed by a carsonite

witness post.

1. This LOTB sheet was prepared in accordance 

with the Caltrans Soil and Rock Logging, Classification,

and Presentation Manual (June 2007).

1" = 50’

LOG OF TEST BORINGS 3 OF 3

"A" LINE
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C. RAMBO
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2. Standard Penetration Test sampler: I.D. = 1.44 inch (1.4)

Modified California sampler: I.D. = 1.96 inch (2.0)
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207+00 208+00 209+00

Lean CLAY (CL); very stiff; dark grayish brown; moist.

Fat CLAY (CH); stiff; light brown; moist.

  At EL. 0.0 ft, with trace GRAVEL.

  At EL. -4.0 ft, becomes very stiff; mottled with black.

SILTY SAND (SM); medium dense; brown; moist.

Lean CLAY (CL); very stiff; bluish gray; moist.

  At EL. -24.0 ft, becomes dense.

Lean CLAY (CL); very stiff; grayish brown; moist.

  At EL. -34.0 ft, becomes stiff; gray mottled with light reddish brown.

50/3 2.0

2.012

12 2.0

2.014

2.014

30 2.0

1.415

2.012

31 1.4

2.019

2.015

Terminated at EL. -63.8’
06-22-09

06-09-09

Hammer Efficiency Ratio (ERi) = 69%

Terminated at EL. -35.5’

Friction Ratio (%) Tip Bearing (tsf)
Terminated at EL. -61.8’

06-22-09

Tip Bearing (tsf)Friction Ratio (%)

EL. 16’

EL. 16’

CPT-09-102

EL. 18’ 5
2
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t 
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2
0

9
+

6
8

CPT-09-104

10 8 6 4 2 0 100 200 300 400 500

10 8 6 4 2 0 100 200 300 400 500

bluish gray; moist to wet; trace fine GRAVEL.

Poorly graded SAND with SILT (SP-SM); medium dense;

SILTY SAND with GRAVEL (SM); very dense; light reddish brown; 
moist; [FILL].

A-09-103

CPT-09-102

A-09-103

CPT-09-104

-8"

ROUTE 101"A" LINE
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E

SOUND WALL No. 297
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"
A

"
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8"

GWS EL. -10.0 ft.

6-9-09 SILTY, CLAYEY SAND (SC-SM); medium dense; bluish gray; moist to wet.

SOUND WALL No. 297

US 101 On-Ramp
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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

1 to 2

2 to 4

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

< 0.25

0.25 to 0.50

0.50 to 1.0

> 4.0

1 to 2

2 to 4

< 0.25

0.25 to 0.50

0.50 to 1.0

> 4.0

< 0.12

0.12 to 0.25

0.25 to 0.50

> 2.0

0.50 to 1.0

1.0 to 2.0

Description

Unconfined

Compressive

Strength (tsf)

Pocket

Penetrometer

Measurement (tsf)

Torvane

Measurement (tsf)

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

A 1/8-inch thread cannot be rolled at any water content.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.

3"

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.

1"

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

along sleeve friction

element (34.88 in

area) divided by 

pressure measured

on tip element.

Pressure measured

(2.33 in  area)

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)

Hand driven (1-inch soil tube)

Hand Auger

Note: Size in inches.

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

Blows per 12"

(Using 28 lb hand 

hammer with a 12"

drop or as noted) Driving rate in

seconds per 12"

(using a Stanley

MB 156 percussion

hammer and a 2.2"

cone, or as noted)

Size of Sampler 

(inches)
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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)

> 12"

No. 4 to 3/4"

SPT N   (Blows / 12 inches)

3/4" to 3"

3" to 12"
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PROFILE
Ver. 1" = 10’
Hor. 1" = 50’
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,
 
f
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e
t

-40

-50

179+00

LOG OF TEST BORINGS 3 OF 3

"A" LINE

187+00

1. This LOTB sheet was prepared in accordance 

with the Caltrans Soil and Rock Logging, Classification,

and Presentation Manual (June 2007).

NOTE:

PLAN

189+00

264081

04

S. MANOHARAN

C. RAMBO

gravel, [FILL].
CLAYEY GRAVEL (GC); dense; moist; brown clay and gray

SANDY lean CLAY with GRAVEL (CL); brown; [FILL].

CLAYEY GRAVEL (GC); dense; brown; [FILL].
CLAYEY SAND with GRAVEL (SC); medium dense; brown;

  At EL. 33.5 ft, becomes brown.

  At EL. 18.0 ft, becomes reddish brown mottled with gray and

  At EL. 23.0 ft, becomes mottled with gray.

brown.

SANDY lean CLAY with GRAVEL (CL); stiff; reddish brown;
moist; [FILL].

  At EL. -17.0 ft, with sand.

to fine SAND; [ALLUVIUM].

SILTY, CLAYEY SAND (SC-SM); gray.

Lean CLAY (CL); stiff; olive gray; moist; [ALLUVIUM].

Terminated at El. -40.0’

08-25-09

UCUWM

UCUWM

PAUWM

M UW UC

EL. 72.0’

44 2.0

2.045

28 2.0
2.019

18 2.0

2.026

26 2.0

40 2.0

2.025

32 2.0

2.022

20 2.0

29 2.0

30 2.0

2.040

36 2.0

32 2.0

20 2.0

50 2.0

2.026

1.423

SILTY, CLAYEY SAND (SC-SM); dense; grayish brown; medium

Hammer Efficiency Ratio (ERi) = 81%

  "A" LINE

moist; sand (55%); little gravel (22%); little fines (23%) [FILL].

Fat CLAY (CH); stiff; olive gray; moist; UC=2.84 tsf [ALLUVIUM].

Lean CLAY (CL); very stiff; dark bluish gray; moist; UC=4.49 tsf.

  At EL. 38.0 ft, becomes dark gray; UC=1.77 tsf.

2’  Lt  Sta  179+71 R-09-008

80

70

10

0

-10

60

50

40

30

20

-20

-30

-40

-50

80

70

10

0

1" = 50’

R-09-008

3-"
7
8

3-"
7
8

"A" LINE

RW 180

2. Boring R-09-008 was dry to depth af 5 feet 

(Elevation 67). Groundwater was encountered in

Boring R-09-008, but elevation was not measured. 

3. Standard Penetration Test sampler: I.D. = 1.44 inch (1.4)

Modified California sampler: I.D. 1.96 inch (2.0)

N/A

N/A
8/25/2009

Groundwater was encountered in Boring R-09-008,

 but elevation was not measured.

BENCH MARK:

B.M: JK 121     Elev 81.98’

1" Iron pipe with a plastic plug and tack along the northbound shoulder of State Route 101

across from a "Sonoma-Napa-Right Lane" sign; 10.7 feet easterly of a metal beam guard 
rail and at top of slope. 
NAVD 1988

B.M: JK122       Elev 52.65’

1" Iron pipe with a plastic plug and tack along the northbound median of State Route 101;

50’ northerly of a "Petaluma Blvd South-3/4 mile" sign; 16 feet westerly of the edge of 
pavement and witnessed by a carsonite witness post. 
NAVD 1988
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APPENDIXB LABORATORY TESTING 
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APPENDIXB Laboratory Testing 

LABORATORY TESTING PROGRAM 

A laboratory testing program was carried out to determine the index and engineering properties 
of the major subsurface strata encountered at the site.  The laboratory testing program included 
conventional tests to confirm the existing information on the engineering characteristics of the 
major strata and to refine some of the engineering parameters.  These tests were performed at 
the URS’ laboratory. 

This appendix briefly describes the testing program and procedures for the different types of 
tests, and then presents detailed test results.  

Index Tests 

Index tests were performed on both cohesive and cohesionless soil samples to aid in soil 
classification and in correlation with other engineering parameters.  Index tests included 
Atterberg Limits, gradation analyses, moisture content and dry density determinations.  
Atterberg Limits tests were performed in accordance with ASTM D 4318.  Particle analyses 
were performed in accordance with ASTM D 422.  The moisture content tests were performed 
in accordance with ASTM D 2216.  Dry density was determined in accordance with 
ASTM D 2937.  The locations of these tests are indicated on the Logs of Test Borings adjacent 
to the appropriate sample depths.  The results are summarized in Table 2-1. 

A plasticity chart graphically presenting the results of the Atterberg Limits tests is included on 
Figure B-1.  Grain size distribution curves are presented graphically on Figure B-2. 

Unconfined Compression Tests 

Unconfined compression tests were performed on select cohesive soil samples to assist in 
determining shear strength parameters.  These tests were performed in accordance with 
ASTM D 2166.  The locations of these tests are indicated on the Logs of Test Borings adjacent 
to the appropriate sample depths.  The results are summarized in Table 2-1. 

Consolidation Tests 

Five consolidation tests were performed on selected samples of undisturbed clayey soil to 
evaluate the compressibility characteristics and past geologic history.  The consolidation test 
was performed in accordance with ASTM D 4186.  Consolidation test results are graphically 
presented on Figure B-3 through B-7. 

X:\101_MSN_SCTA\450_GEOTECH\REPORTS\GDR\APPENDICES\APP_A_FIELD&B_LAB.DOC B-1
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Fines Classification

87
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26
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27

Fat CLAY with SAND

Fat CLAY

Fat CLAY

Fat CLAY

Fat CLAY

Fat CLAY

20.0

45.0

14.0

11.2

65.0

75.0

55 S. Market St, Ste 1500
San Jose, CA 95113

R-09-012

R-09-012

R-09-013

R-09-014

R-09-014

R-09-015

ML

LL PL PI

ATTERBERG LIMITS' RESULTS

61

55

45

53

33
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LIQUEFACTION ANALYSIS Note: Cells in Red must be input
Project 101 MSN Petaluma Hammer type : Type CE Code CE

Project No. 28645045 Donut 0.75 1 3
Boring No. R-09-012 Safety 1 2

Auto 1.16 3
Borehole Diameter: (inch) (mm) CB CB

PGA = 0.6 2.5-4.5 65-115 1 1 1
Mw = 7.0 6 150 1.05 2

GWT during EQ 6.0 ft 8 200 1.15 3
Sampler: Symbol Corr. Factor Rod Length: (feet) (m) CR

SPT S 1 Default 999
Mod.Cal M 0.8 Sampling Method: Type Cs
California C 0.7 Stand 1
Mag. Weighting Factor M(CSR /CSRM=7.5) 0.82 No liners 1.2

Note: F.S. greater than 2 is set to be equal to 2

EQ
o u 'o CSR K

(USCS) pcf ft m ft m psf psf psf % FC< 5% EQ  during EQ Critical Lower Upper Middle NCEER NCEER
1 CL/CH 120 29.0 8.84 14.5 4.42 1,740 530 1,210 0.970 0.544 0 0.0 1.32 1.16 1.00 0.85 1.00 0 1.19 1.26 1.22 1.000 N 2.00 N 1
2 SP-SM 125 36.0 10.97 32.5 9.91 3,918 1,654 2,264 0.907 0.612 16 S 16 12 18.1 0.97 1.16 1.00 0.95 1.20 23 0.254 1.19 1.26 1.22 0.989 N 0.50 Liquef 1
3 CL/CH 120 55.0 16.76 45.5 13.87 5,495 2,465 3,030 0.799 0.565 0 0.0 0.84 1.16 1.00 1.00 1.00 0 1.19 1.26 1.22 0.944 N 2.00 N 1

                        
                        
                        
                        
                        
                        
                         

Thickness o u 'o rd (N 1) 60-cs Liquefy ? cyc CSRM=7.5 CSRM Volumetric Strain** Settl.

ft psf psf psf NCEER psf cyc/'o cyc/'o % in
1 29.0 29.0 1,740 530 1,210 0.970 0.0 N 658.0 0.544 0.44 0.00
2 36.0 7.0 3,918 1,654 2,264 0.907 23.1 Liquef 1385.4 0.612 0.50 1.1 0.92
3 55.0 19.0 5,495 2,465 3,030 0.799 0.0 N 1711.5 0.565 0.46 0.00
4             
5             
6             
7             
8             
9             

            

Total Settlement (inch)   = 0.9

*  Note: The equation used to obtain CRR7.5 is not valid for corrected (N 1)60 higher than 30.  According to NCEER 1997, the soil layer with corrected (N 1)60 higher than 30 blows per foot is unlikely to be susceptible to liquefaction.

** Note: These values were obtained from a chart for estimation of volumetric strain in saturated sands based on a cyclic stress ratio and standard penetration resistance (Tokimatsu and Seed, 1987). 

              See figure 9.53 from "Geotechnical Earthquake Engineering" by S. Kramer.
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LIQUEFACTION ANALYSIS Note: Cells in Red must be input
Project 101 MSN Petaluma Hammer type : Type CE Code CE

Project No. 28645045 Donut 0.75 1 3
Boring No. R-09-013 Safety 1 2

Auto 1.41 3
Borehole Diameter: (inch) (mm) CB CB

PGA = 0.6 2.5-4.5 65-115 1 1 1
Mw = 7.0 6 150 1.05 2

GWT during EQ 5.0 ft 8 200 1.15 3
Sampler: Symbol Corr. Factor Rod Length: (feet) (m) CR

SPT S 1 Default 999
Mod.Cal M 0.8 Sampling Method: Type Cs
California C 0.7 Stand 1
Mag. Weighting Factor M(CSR /CSRM=7.5) 0.82 No liners 1.2

Note: F.S. greater than 2 is set to be equal to 2

EQ
o u 'o CSR K

(USCS) pcf ft m ft m psf psf psf % FC< 5% EQ  during EQ Critical Lower Upper Middle NCEER NCEER
1 CL 120 20.5 6.25 10.25 3.12 1,230 328 902 0.979 0.520 0 0.0 1.53 1.41 1.00 0.75 1.00 0 1.19 1.26 1.22 1.000 N 2.00 N 1
2 SM 125 23.0 7.01 21.8 6.63 2,616 1,045 1,571 0.952 0.618 18 M 14.4 41 22.3 1.16 1.41 1.00 0.95 1.00 35 0.459 1.19 1.26 1.22 1.000 N 2.00 N 1
3 CL 125 26.0 7.92 24.5 7.47 2,960 1,217 1,743 0.944 0.625 0 0.0 1.10 1.41 1.00 0.95 1.00 0 1.19 1.26 1.22 1.000 N 2.00 N 1
4 SM 125 29.0 8.84 27.5 8.38 3,335 1,404 1,931 0.932 0.628 10 M 8 41 14.6 1.05 1.41 1.00 0.95 1.00 20 0.222 1.19 1.26 1.22 1.000 N 0.43 Liquef 1
5 CL 120 59.0 17.98 44.0 13.41 5,323 2,434 2,889 0.814 0.585 0.0 0.86 1.41 1.00 1.00 1.00 0 1.19 1.26 1.22 0.952 N 2.00 N 1

                        
                        
                        
                        
                         

Thickness o u 'o rd (N 1) 60-cs Liquefy ? cyc CSRM=7.5 CSRM Volumetric Strain** Settl.

ft psf psf psf NCEER psf cyc/'o cyc/'o % in
1 20.5 20.5 1,230 328 902 0.979 0.0 N 469.4 0.520 0.42 0.00
2 23.0 2.5 2,616 1,045 1,571 0.952 34.6 N 971.5 0.618 0.51 0.00
3 26.0 3.0 2,960 1,217 1,743 0.944 0.0 N 1089.3 0.625 0.51 0.00
4 29.0 3.0 3,335 1,404 1,931 0.932 20.5 Liquef 1212.4 0.628 0.51 1.4 0.50
5 59.0 30.0 5,323 2,434 2,889 0.814 0.0 N 1688.8 0.585 0.48 0.00
6             
7             
8             
9             

            

Total Settlement (inch)   = 0.50

*  Note: The equation used to obtain CRR7.5 is not valid for corrected (N 1)60 higher than 30.  According to NCEER 1997, the soil layer with corrected (N 1)60 higher than 30 blows per foot is unlikely to be susceptible to liquefaction.

** Note: These values were obtained from a chart for estimation of volumetric strain in saturated sands based on a cyclic stress ratio and standard penetration resistance (Tokimatsu and Seed, 1987). 

              See figure 9.53 from "Geotechnical Earthquake Engineering" by S. Kramer.
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LIQUEFACTION ANALYSIS Note: Cells in Red must be input
Project 101 MSN Petaluma Hammer type : Type CE Code CE

Project No. 28645045 Donut 0.75 1 3
Boring No. R-09-014 Safety 1 2

Auto 1.41 3
Borehole Diameter: (inch) (mm) CB CB

PGA = 0.6 2.5-4.5 65-115 1 1 1
Mw = 7.0 6 150 1.05 2

GWT during EQ 9.0 ft 8 200 1.15 3
Sampler: Symbol Corr. Factor Rod Length: (feet) (m) CR

SPT S 1 Default 999
Mod.Cal M 0.8 Sampling Method: Type Cs
California C 0.7 Stand 1
Mag. Weighting Factor M(CSR /CSRM=7.5) 0.82 No liners 1.2

Note: F.S. greater than 2 is set to be equal to 2

EQ
o u 'o CSR K

(USCS) pcf ft m ft m psf psf psf % FC< 5% EQ  during EQ Critical Lower Upper Middle NCEER NCEER
1 SM 125 11.0 3.35 5.5 1.68 688 0 688 0.989 0.386 41 M 32.8 25 40.9 1.75 1.41 1.00 0.75 1.00 76 0.459 1.19 1.26 1.22 1.000 Y 2.00 N 1
2 CL 120 14.0 4.27 12.5 3.81 1,555 218 1,337 0.974 0.442 0.0 1.26 1.41 1.00 0.75 1.00 0 1.19 1.26 1.22 1.000 N 2.00 N 1
3 SM 125 20.0 6.10 17.0 5.18 2,110 499 1,611 0.964 0.493 18 M 14.4 44 22.3 1.15 1.41 1.00 0.85 1.00 31 0.459 1.19 1.26 1.22 1.000 N 2.00 N 1
4 SM 125 25.0 7.62 22.5 6.86 2,798 842 1,955 0.950 0.530 36 M 28.8 44 39.6 1.04 1.41 1.00 0.95 1.00 55 0.459 1.19 1.26 1.22 1.000 N 2.00 N 1
5 SM 130 28.0 8.53 26.5 8.08 3,305 1,092 2,213 0.936 0.545 59 M 47.2 44 61.6 0.98 1.41 1.00 0.95 1.00 81 0.459 1.19 1.26 1.22 0.992 N 2.00 N 1
6 CL 125 41.5 12.65 34.8 10.59 4,344 1,607 2,737 0.892 0.552 0 0.0 0.88 1.41 1.00 1.00 1.00 0 1.19 1.26 1.22 0.961 N 2.00 N 1
7 SP-SM 130 44.0 13.41 42.8 13.03 5,350 2,106 3,244 0.826 0.531 24 M 19.2 10 20.5 0.81 1.41 1.00 1.00 1.00 23 0.258 1.19 1.26 1.22 0.932 N 0.55 Liquef 1
8 CL 120 90.0 27.43 67.0 20.42 8,273 3,619 4,653 0.609 0.422 0 0.0 0.67 1.41 1.00 1.00 1.00 0 1.19 1.26 1.22 0.862 N 2.00 N 1

                         
                        

Thickness o u 'o rd (N 1) 60-cs Liquefy ? cyc CSRM=7.5 CSRM Volumetric Strain** Settl.

ft psf psf psf NCEER psf cyc/'o cyc/'o % in
1 11.0 11.0 688 0 688 0.989 75.8 N 265.2 0.386 0.32 0.00
2 14.0 3.0 1,555 218 1,337 0.974 0.0 N 590.6 0.442 0.36 0.00
3 20.0 6.0 2,110 499 1,611 0.964 30.6 N 793.4 0.493 0.40 0.00
4 25.0 5.0 2,798 842 1,955 0.950 55.1 N 1036.4 0.530 0.43 0.00
5 28.0 3.0 3,305 1,092 2,213 0.936 80.7 N 1206.8 0.545 0.45 0.00
6 41.5 13.5 4,344 1,607 2,737 0.892 0.0 N 1511.7 0.552 0.45 0.00
7 44.0 2.5 5,350 2,106 3,244 0.826 23.3 Liquef 1722.8 0.531 0.43 1.2 0.36
8 90.0 46.0 8,273 3,619 4,653 0.609 0.0 N 1965.5 0.422 0.35 0.00

            
            

Total Settlement (inch)   = 0.4

*  Note: The equation used to obtain CRR7.5 is not valid for corrected (N 1)60 higher than 30.  According to NCEER 1997, the soil layer with corrected (N 1)60 higher than 30 blows per foot is unlikely to be susceptible to liquefaction.

** Note: These values were obtained from a chart for estimation of volumetric strain in saturated sands based on a cyclic stress ratio and standard penetration resistance (Tokimatsu and Seed, 1987). 

              See figure 9.53 from "Geotechnical Earthquake Engineering" by S. Kramer.
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LIQUEFACTION ANALYSIS Note: Cells in Red must be input
Project 101 MSN Petaluma Hammer type : Type CE Code CE

Project No. 28645045 Donut 0.75 1 3
Boring No. R-09-015 Safety 1 2

Auto 1.41 3
Borehole Diameter: (inch) (mm) CB CB

PGA = 0.6 2.5-4.5 65-115 1 1 1
Mw = 7.0 6 150 1.05 2

GWT during EQ 29.0 ft 8 200 1.15 3
Sampler: Symbol Corr. Factor Rod Length: (feet) (m) CR

SPT S 1 Default 999
Mod.Cal M 0.8 Sampling Method: Type Cs
California C 0.7 Stand 1
Mag. Weighting Factor M(CSR /CSRM=7.5) 0.82 No liners 1.2

Note: F.S. greater than 2 is set to be equal to 2

EQ
o u 'o CSR K

(USCS) pcf ft m ft m psf psf psf % FC< 5% EQ  during EQ Critical Lower Upper Middle NCEER NCEER
1 GM 135 5.0 1.52 2.5 0.76 338 0 338 0.996 0.388 43 M 34.4 45 46.3 2.00 1.41 1.00 0.75 1.00 98 0.459 1.19 1.26 1.22 1.000 Y 2.00 N 1
2 SM 135 15.0 4.57 10.0 3.05 1,350 0 1,350 0.979 0.382 17 M 13.6 25 19.5 1.25 1.41 1.00 0.75 1.00 26 0.295 1.19 1.26 1.22 1.000 Y 2.00 N 1
3 CL 120 35.0 10.67 25.0 7.62 3,225 0 3,225 0.942 0.367 0.0 0.81 1.41 1.00 0.95 1.00 0 1.19 1.26 1.22 0.933 Y 2.00 N 1
4 SP-SM 130 36.0 10.97 35.5 10.82 4,490 406 4,084 0.887 0.380 22 M 17.6 10 18.8 0.72 1.41 1.00 1.00 1.00 19 0.206 1.19 1.26 1.22 0.889 N 0.59 Liquef 1
5 CL 130 43.0 13.11 39.5 12.04 5,010 655 4,355 0.855 0.384 0.0 0.70 1.41 1.00 1.00 1.00 0 1.19 1.26 1.22 0.876 N 2.00 N 1
6 SP-SM 125 52.0 15.85 47.5 14.48 6,028 1,154 4,873 0.778 0.375 40 M 32 10 33.6 0.66 1.41 1.00 1.00 1.00 31 0.459 1.19 1.26 1.22 0.852 N 2.00 N 1
7 SC-SM 125 55.5 16.92 53.8 16.38 6,809 1,544 5,264 0.715 0.361 30 M 24 40 33.8 0.63 1.41 1.00 1.00 1.00 30 0.459 1.19 1.26 1.22 0.835 N 2.00 N 1
8 CL 125 66.5 20.27 61.0 18.59 7,715 1,997 5,718 0.651 0.343 0 0.0 0.61 1.41 1.00 1.00 1.00 0 1.19 1.26 1.22 0.817 N 2.00 N 1
9 SC-SM 125 72.0 21.95 69.3 21.11 8,746 2,512 6,235 0.596 0.326 35 M 28 40 38.6 0.58 1.41 1.00 1.00 1.00 32 0.459 1.19 1.26 1.22 0.797 N 2.00 N 1
10 CL 110 95.0 28.96 83.5 25.45 10,355 3,401 6,954 0.537 0.312 0.0 0.55 1.41 1.00 1.00 1.00 0 1.19 1.26 1.22 0.772 N 2.00 N 1

Thickness o u 'o rd (N 1) 60-cs Liquefy ? cyc CSRM=7.5 CSRM Volumetric Strain** Settl.

ft psf psf psf NCEER psf cyc/'o cyc/'o % in
1 5.0 5.0 338 0 338 0.996 97.9 N 131.1 0.388 0.32 0.00
2 15.0 10.0 1,350 0 1,350 0.979 25.8 N 515.5 0.382 0.31 0.00
3 35.0 20.0 3,225 0 3,225 0.942 0.0 N 1184.6 0.367 0.30 0.00
4 36.0 1.0 4,490 406 4,084 0.887 19.1 Liquef 1553.4 0.380 0.31 1.2 0.14
5 43.0 7.0 5,010 655 4,355 0.855 0.0 N 1671.4 0.384 0.31 0.00
6 52.0 9.0 6,028 1,154 4,873 0.778 31.2 N 1829.5 0.375 0.31 0.00
7 55.5 3.5 6,809 1,544 5,264 0.715 30.2 N 1899.4 0.361 0.29 0.00
8 66.5 11.0 7,715 1,997 5,718 0.651 0.0 N 1959.5 0.343 0.28 0.00
9 72.0 5.5 8,746 2,512 6,235 0.596 31.7 N 2033.0 0.326 0.27 0.00

10 95.0 23.0 10,355 3,401 6,954 0.537 0.0 N 2167.9 0.312 0.25 0.00

Total Settlement (inch)   = 0.14

*  Note: The equation used to obtain CRR7.5 is not valid for corrected (N 1)60 higher than 30.  According to NCEER 1997, the soil layer with corrected (N 1)60 higher than 30 blows per foot is unlikely to be susceptible to liquefaction.

** Note: These values were obtained from a chart for estimation of volumetric strain in saturated sands based on a cyclic stress ratio and standard penetration resistance (Tokimatsu and Seed, 1987). 

              See figure 9.53 from "Geotechnical Earthquake Engineering" by S. Kramer.
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LIQUEFACTION ANALYSIS Note: Cells in Red must be input
Project 101 MSN Petaluma Hammer type : Type CE Code CE

Project No. 28645045 Donut 0.75 1 3
Boring No. A-09-103 Safety 1 2

Auto 1.16 3
Borehole Diameter: (inch) (mm) CB CB

PGA = 0.6 2.5-4.5 65-115 1 1 3
Mw = 7.0 6 150 1.05 2

GWT during EQ 14.0 ft 8 200 1.15 3
Sampler: Symbol Corr. Factor Rod Length: (feet) (m) CR

SPT S 1 Default 999
Mod.Cal M 0.8 Sampling Method: Type Cs
California C 0.7 Stand 1
Mag. Weighting Factor M(CSR /CSRM=7.5) 0.82 No liners 1.2

Note: F.S. greater than 2 is set to be equal to 2

EQ
o u 'o CSR K

(USCS) pcf ft m ft m psf psf psf % FC< 5% EQ  during EQ Critical Lower Upper Middle NCEER NCEER
1 SM 120 2.5 0.76 1.25 0.38 150 0 150 0.999 0.390 100 M 80 25 93.5 2.00 1.16 1.15 0.75 1.00 187 0.459 1.19 1.26 1.22 1.000 Y 2.00 N 1
2 CL 120 9.0 2.74 5.8 1.75 690 0 690 0.989 0.386 0 0.0 1.75 1.16 1.15 0.75 1.00 0 1.19 1.26 1.22 1.000 Y 2.00 N 1
3 CH 120 26.0 7.92 17.5 5.33 2,100 218 1,882 0.963 0.419 0 0.0 1.06 1.16 1.15 0.85 1.00 0 1.19 1.26 1.22 1.000 N 2.00 N 1
4 SM 125 28.2 8.60 27.1 8.26 3,258 817 2,440 0.934 0.486 34 M 27.2 17 31.8 0.93 1.16 1.15 0.95 1.00 38 0.459 1.19 1.26 1.22 0.978 N 2.00 N 1
5 SC-SM 125 31.0 9.45 29.6 9.02 3,570 973 2,597 0.923 0.495 14 S 14 17 17.9 0.90 1.16 1.15 0.95 1.20 25 0.275 1.19 1.26 1.22 0.969 N 0.66 Liquef 1
6 CL 120 33.5 10.21 32.3 9.83 3,895 1,139 2,756 0.908 0.501 0 0.0 0.88 1.16 1.15 0.95 1.00 0 1.19 1.26 1.22 0.960 N 2.00 N 1
7 SP-SM 130 38.0 11.58 35.8 10.90 4,338 1,357 2,980 0.885 0.502 12 M 9.6 17 13.2 0.84 1.16 1.15 1.00 1.00 15 0.160 1.19 1.26 1.22 0.947 N 0.37 Liquef 1
8 SP-SM 130 46.0 14.02 42.0 12.80 5,150 1,747 3,403 0.833 0.492 31 S 31 12 33.5 0.79 1.16 1.15 1.00 1.20 42 0.459 1.19 1.26 1.22 0.924 N 2.00 N 1
9 CL 110 51.5 15.70 48.8 14.86 5,973 2,168 3,804 0.765 0.469 0 0.0 0.75 1.16 1.15 1.00 1.00 0 1.19 1.26 1.22 0.903 N 2.00 N 1

                         

Thickness o u 'o rd (N 1) 60-cs Liquefy ? cyc CSRM=7.5 CSRM Volumetric Strain** Settl.

ft psf psf psf NCEER psf cyc/'o cyc/'o % in
1 2.5 2.5 150 0 150 0.999 187.1 N 58.4 0.390 0.32 0.00
2 9.0 6.5 690 0 690 0.989 0.0 N 266.0 0.386 0.31 0.00
3 26.0 17.0 2,100 218 1,882 0.963 0.0 N 788.7 0.419 0.34 0.00
4 28.2 2.2 3,258 817 2,440 0.934 37.6 N 1186.4 0.486 0.40 0.00
5 31.0 2.8 3,570 973 2,597 0.923 24.5 Liquef 1284.5 0.495 0.40 1.1 0.37
6 33.5 2.5 3,895 1,139 2,756 0.908 0.0 N 1379.7 0.501 0.41 0.00
7 38.0 4.5 4,338 1,357 2,980 0.885 14.8 Liquef 1497.6 0.502 0.41 1.90 1.03
8 46.0 8.0 5,150 1,747 3,403 0.833 42.3 N 1672.7 0.492 0.40 0.00
9 51.5 5.5 5,973 2,168 3,804 0.765 0.0 N 1783.0 0.469 0.38 0.00

            

Total Settlement (inch)   = 1.40

*  Note: The equation used to obtain CRR7.5 is not valid for corrected (N 1)60 higher than 30.  According to NCEER 1997, the soil layer with corrected (N 1)60 higher than 30 blows per foot is unlikely to be susceptible to liquefaction.

** Note: These values were obtained from a chart for estimation of volumetric strain in saturated sands based on a cyclic stress ratio and standard penetration resistance (Tokimatsu and Seed, 1987). 

              See figure 9.53 from "Geotechnical Earthquake Engineering" by S. Kramer.
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Overhead Sign A at “A” Line Station 151+84 
1. Estimate ’ for CIDH Piles in cohesive clays 

a. Include borings A-09-123 from B2, EA 264081. 

b. Lean Clays of PI = 15 to 50 

c. PI = 15 => ’ = 33°  

d. PI = 50 => ’ = 26°  

e. Use ’ = 30° 

 

Reference: FHWA Geotechnical Engineering Circular No. 7, Soil Nail Walls, Report 

No. FHWA 0-IF-03-017. 

2. Estimate ’ for CIDH Piles in granular – sands 

a. N average = 24 

b. Overburden, ’ = 13 x 120 + 2 x 135 = 1830 psf (1.8 ksf) 

c. Dr = 80% 

d. ’ = 38° 



 

 



3. Summary 

a. For clays, ’ ≈ 30° 

b. For sands, ’ ≈ 38° 

c. Recommend ’ = 30° 



US 101 MSN B4 3/30/2010

CIDH Pile Design Spreadsheet B-2_1971  

Caltrans Design Method For CIDH Pile
LRFD service-1 limit state compressive capacity 263 ton (including downdrag force)

Project Name: US 101 MSN B4 Petaluma LRFD service-1 limit state compressive capacity 2341 kN Pile Type CIDH
Project Number: 28645045 Pile Diameter 60 inch Pile Shape Circular
Bridge Name: Overhead Sign D Pile Diameter 1524 mm Pile Surface Area 4.79 sq. m/m Pile Tip Area 1.82 sq. m
Boring Surface El. (m) 4.6 Pile Diameter 5.00 ft Pile Surface Area 15.71 sq. ft/ft Pile Tip Area 19.63 sq. ft.
Boring Surface El. (ft) 15.0
Design GWS El. (ft) 4.0
Unit Weight of Water (pcf) 62.4
Depth with no strength
Convert. Factor 3.281

Bottom of Pile Cap El. (m) 4.6
Bottom of Pile Cap El. (ft) 15.0
Bottom of Fill El. (ft) 15
Scour El. (ft) NA

Soil qT z/B Nc qT Bearing Include
Layer Lateral NSPT Cohesion Adhesion Ult. Load Layer Depth to Effective Type (granular) (cohesive) (cohesive) Capacity B.C.?
No. Resists? Factor Transfer Thickness Layer Center Vert. Stress G= gran. Cohesive (B.C.) (skin) (Tot)

c α fsi (Cen. Lay.) C=cohes. (comp) (tensile)
(-) (m) (feet) (m) (feet) blows/ft (psf) (psf) (feet) (feet) (psf) (psf) (ton) (ton) (ton) (psf) (-) (-) (psf) (ton) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN)

4.57 15.0 0 0 0.0 0 263 2341 0 0 5 45
1 4.57 15.0 3.05 10.0 Y 41 0 0.55 0 5.0 2.5 250.0 1.2 300 g 0.0 11.8 8.2 41000 1.0 7.20 0 403 n 11.8 105 11.8 105 263 2341 8.2 73 5 45
2 3.05 10.0 1.83 6.0 y 5 500 0.55 275 4.0 7 865.0 1.1 989 c 8.6 0.0 0.0 5000 1.8 8.16 4080 40 n 20.4 182 20.4 182 263 2341 16.9 150 5 45
3 1.83 6.0 1.22 4.0 y 5 0 0.55 0 2.0 10 1230.0 1.1 1320 g 0.0 20.7 14.5 5000 2.2 8.64 0 49 n 41.2 366 41.2 366 263 2341 31.4 279 5 45
4 1.22 4.0 0.3 1.0 Y 5 0 0.55 0 3.0 12.5 1417.6 1.0 1450 g 0.0 34.2 23.9 5000 2.8 9.00 0 49 n 75.3 670 75.3 670 263 2341 55.3 492 5 45
5 0.3 1.0 -0.91 -3.0 Y 10 0 0.55 0 4.0 16 1668.0 1.0 1601 g 0.0 50.3 35.2 10000 3.6 9.00 0 98 n 125.6 1118 125.6 1118 263 2341 90.5 805 5 45
6 -0.91 -3.0 -4.57 -15.0 Y 10 1000 0.55 550 12.0 24 2138.8 0.8 1794 c 51.8 0.0 0.0 10000 6.0 9.00 9000 88 n 177.5 1579 177.5 1579 263 2341 142.4 1266 5 45
7 -4.57 -15.0 -5.79 -19.0 Y 11 0 0.55 0 4.0 32 2609.6 0.7 1922 g 0.0 60.4 42.3 11000 6.8 9.00 0 108 n 237.8 2117 237.8 2117 263 2341 184.6 1642 5 45
8 -5.79 -19.0 -6.4 -21.0 Y 11 1500 0.55 825 2.0 35 2792.4 0.7 1958 c 13.0 0.0 0.0 11000 7.2 9.00 13500 133 n 250.8 2232 250.8 2232 263 2341 197.6 1758 5 45
9 -6.4 -21.0 -10.97 -36.0 Y 17 1500 0.55 825 15.0 43.5 3253.2 0.6 1983 c 97.2 0.0 0.0 17000 10.2 9.00 13500 133 n 348.0 3097 348.0 3097 263 2341 294.8 2622 5 45
10 -10.97 -36.0 -14.93 -49.0 Y 20 0 0.55 0 13.0 57.5 4119.6 0.5 1962 g 0.0 200.3 140.2 20000 12.8 9.00 0 196 n 548.3 4880 548.3 4880 263 2341 435.0 3870 5 45
11 -14.93 -49.0 -16.15 -53.0 Y 22 1000 0.55 550 4.0 66 4718.0 0.4 1903 c 17.3 0.0 0.0 22000 13.6 9.00 9000 88 n 565.6 5034 565.6 5034 263 2341 452.3 4024 5 45
12 -16.15 -53.0 -18.9 -62.0 Y 28 0 0.55 0 9.0 72.5 5093.6 0.4 1785 g 0.0 126.2 88.3 28000 15.4 9.00 0 275 y 691.8 6157 966.7 8604 263 2341 540.6 4809 5 45
13 -18.9 -62.0 -23.77 -78.0 Y 28 0 0.55 0 16.0 85 5947.4 0.3 1519 g 0.0 190.9 133.6 28000 18.6 9.00 0 275 y 882.6 7856 1157.5 10302 263 2341 674.2 5998 5 45
14 -23.77 -78.0
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Downdrag force up to Elevation -3.0 ft
=126 ton

Design Load on Pile = 21 kips
Downdrag on pile up to Elev. -3.0 ft = 126 ton = 252 kips
Total Loard = 21 + 252*2 = 525 kips = 263 ton

 24" CIDH Pile with 70 tons Allowable Bearing Capacity X:\101_MSN_SCTA\450_Geotech\Analysis\Pile\Axial\Overhead Sign\OS-D_CIDH.xls



APPENDIXE PLANS OF RETAINING WALLS, SOUND WALLS  
 AND OVERHEAD SIGN STRUCTURES  

 X:\101_MSN_SCTA\450_Geotech\Reports\GDR\Appendices.doc 

 





04 Son 101 2.5/4.1
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TOP OF WALL

1.5’ Min

5’

FG

FG

Var 65.27’ 

TO 70.29’

60

8’

45.97

43.47

40.80

39.60
38.40

37.20

36.00
34.80

Elev 62.39

END RW No. 152

Sta 56+03.49
Elev 54.45

Beg RW No. 152

Sta 52+45.93

30" RCP

FL 18.14

B0-3

3-1

B0-3

3-4

WEAKENED PLANE

(Typ)
Exp Jt (Typ)

B0-3

3-2

Var 65.90’

3 4 55 6

DATUM Elev=30.00

SCALE:
Horiz 1" = 20’

Vert 1" = 4’ 

SCALE: 1" = 20’

"A" LINE



THIS PLAN ACCURATE FOR RETAINING WALL WORK ONLY

OG

B3-1

B11-56

RW LOL

TOP OF WALL

1.5’ Min

ES

0.73’

"A" LINE

�

HAUNCH

SEE Sht R-7

FRACTURED

RIB TEXTURE

SEE Sht R-7

CB (TYPE 736A Mod)

56.98’



04 Son 101 2.5/4.1

URS CORPORATION

100 W. SAN FERNANDO St 

SUITE 200

SAN JOSE, CA 95113

SCTA

490 MENDOCINO AVENUE 

SUITE 206

SANTA ROSA, CA 95401

x

x

x

x

x

Dist COUNTY ROUTE
POST MILES

TOTAL PROJECT

SHEET

No.

TOTAL

SHEETS

No.

Exp.

CIVIL

REGISTERED CIVIL ENGINEER

PLANS APPROVAL DATE

DATE

USERNAME => binh_vuong

DGN FILE => ...\sheets-b4\qa-retwall\R-04.dgn

RELATIVE BORDER SCALE

IS IN INCHES

0 1 2 3
UNIT 0714 PROJECT NUMBER & PHASE 04000007361BORDER LAST REVISED 7/2/2010

RAMSEY

J. HISSEN

C-39608

12-31-11

RETAINING WALL PLAN

R-4

RETAINING WALL No. 179

SHEET 1 OF 2

SCALE AS SHOWN

PLAN
SCALE: 1"=20’

DATUM Elev=48.00’

OG

TOP OF WALL

ELEVATION

24’ 24’ 24’ 24’ 24’ 24’ 24’ 24’ 24’ 24’ 24’ 24’

96’ 96’ 96’

24’ 24’ 24’ 24’

96’ 96’

OG

B3-1

B11-56

RW LOL

TOP OF WALL

1.5’ Min

ES

0.73’

FOOTING STEP (Typ)
B3-8

TOP OF CB

DESIGN H 14’

24’

TOTAL LENGTH = 832.60’ (MEASURED ALONG RW LOL)

WEAKENED

PLANE SPACING

14’ 14’ 14’ 14’ 14’ 14’ 14’ 14’ 14’ 14’ 14’ 14’ 14’ 16’ 16’ 16’

"A2" LINE

�

"A" LINE

�

46.75’

Var 57.75’ 

TO 73.93’

SCALE: Horiz 1"=20’
Vert 1"=4’

DRAINAGE INLET

(SEE DRAINAGE PLANS)

80+00 81+00 82+00

FG

THIS PLAN ACCURATE FOR RETAINING WALL WORK ONLY.

3’

 SECTION at APPROAC SLAB 

HAUNCH

SEE Sht R-7

FRACTURED

RIB TEXTURE

SEE Sht R-7

Exp Jt

SPACING

CB (TYPE 736A Mod)

83+00

62.20

60.70
59.20

55.70

55.70

54.20

51.70

49.70

Elev 77.53

Beg RW No. 179

Sta 79+44.49

DRAINAGE INLETS

(SEE DRAINAGE PLANS)

CB (TYPE 736A Mod)

Exp Jt (Typ)

WEAKENED

PLANE

(Typ)



04 Son 101 2.5/4.1

URS CORPORATION

100 W. SAN FERNANDO St 

SUITE 200

SAN JOSE, CA 95113

SCTA

490 MENDOCINO AVENUE 

SUITE 206

SANTA ROSA, CA 95401

x

x

x

x

x

Dist COUNTY ROUTE
POST MILES

TOTAL PROJECT

SHEET

No.

TOTAL

SHEETS

No.

Exp.

CIVIL

REGISTERED CIVIL ENGINEER

PLANS APPROVAL DATE

DATE

USERNAME => binh_vuong

DGN FILE => ...\sheets-b4\qa-retwall\R-05.dgn

RELATIVE BORDER SCALE

IS IN INCHES

0 1 2 3
UNIT 0714 PROJECT NUMBER & PHASE 04000007361BORDER LAST REVISED 7/2/2010

RAMSEY

J. HISSEN

C-39608

12-31-11

RETAINING WALL PLAN

R-5

RETAINING WALL No. 179

SHEET 2 OF 2

SCALE AS SHOWN

PLAN
SCALE: 1"=20’

ROUTE 101

DATUM Elev=25.00’

OG

ELEVATION

24’ 24’ 24’ 24’ 24’ 24’ 24’ 24’ 24’ 24’ 24’ 24’

96’ 96’ 96’

24’ 24’ 24’ 24’

96’

24’ 16.60’

FOOTING STEP (Typ)
B3-8

DESIGN H 16’ 18’ 18’ 18’ 20’ 20’ 24’18’

TOTAL LENGTH = 832.60’ (MEASURED ALONG RW LOL)

64.60’

WEAKENED

PLANE SPACING

TOP CB

TOP OF WALL

84+00 85+00 86+00

SCALE: Horiz 1"=20’
Vert 1"=4’

87+00

THIS PLAN ACCURATE FOR RETAINING WALL WORK ONLY

FG

Exp Jt

SPACING

DRAINAGE INLET

(SEE DRAINAGE PLANS)

18’ 18’ 20’ 20’ 22’ 22’ 22’ 22’ 24’ 26’

43.39

41.13

38.41

35.41

33.23 32.42

29.85

27.62

Elev 54.31

END RW No. 179

Sta 87+76.59

49.70

47.20

45.20

Exp Jt (Typ)

WEAKENED

PLANE (Typ)

CB (TYPE 736A Mod)



04 Son 101 2.5/4.1

URS CORPORATION

100 W. SAN FERNANDO St 

SUITE 200

SAN JOSE, CA 95113

SCTA

490 MENDOCINO AVENUE 

SUITE 206

SANTA ROSA, CA 95401

x

x

x

x

x

Dist COUNTY ROUTE
POST MILES

TOTAL PROJECT

SHEET

No.

TOTAL

SHEETS

No.

Exp.

CIVIL

REGISTERED CIVIL ENGINEER

PLANS APPROVAL DATE

DATE

USERNAME => binh_vuong

DGN FILE => ...\sheets-b4\qa-retwall\R-06.dgn

RELATIVE BORDER SCALE

IS IN INCHES

0 1 2 3
UNIT 0714 PROJECT NUMBER & PHASE 04000007361BORDER LAST REVISED 7/2/2010

RAMSEY

J. HISSEN

C-39608

12-31-11

SCALE AS SHOWN

PLAN
SCALE: 1"=20’

ROUTE 101

RETAINING WALL No. 180

RETAINING WALL PLAN

R-6

DATUM Elev=55’.00’

OG

TOP OF WALL

ELEVATION

24’ 24’ 24’ 24’ 24’ 24’ 24’ 24’

96’ 96’

9.02’

OG

RW LOL

TOP OF WALL

FOOTING STEP (Typ)
B3-8

TOP OF CB

DESIGN H 14’14’ 14’ 12’

80+00 81+00 82+00

TOTAL LENGTH = 201.02’ (MEASURED ALONG RW LOL)

WEAKENED

PLANE SPACING

DRAINAGE INLET

(SEE DRAINAGE PLANS)

SCALE: Horiz 1"=20’

Vert 1"=4’

WEEP HOLE (Typ)

THIS PLAN ACCURATE FOR RETAINING WALL WORK ONLY

FG

CB (TYPE 736A)

Exp Jt

SPACING

B11-56

RW LOL

ES

"A" LINE

�

HAUNCH

SEE Sht R-7

FRACTURED

RIB TEXTURE

SEE Sht R-7

CB (TYPE 736A Mod) TO 59.34’

58.18

59.68

61.51

12’ 12’ 12’ 12’ 12’

62.47

Elev 75.94

Beg RW No. 180

Sta 80+11.00

Elev 70.45

END RW No. 180

Sta 82+12.03

FRACTURED

RIB TEXTURE

SEE Sht R-7

DRAINAGE INLET

(SEE DRAINAGE PLANS)

B0-3

3-1

B0-3

3-2

WEAKENED

PLANE (Typ)

B0-3

3-4

Exp Jt (Typ)



04 Son 101 2.5/4.1

URS CORPORATION

100 W. SAN FERNANDO St 

SUITE 200

SAN JOSE, CA 95113

SCTA

490 MENDOCINO AVENUE 

SUITE 206

SANTA ROSA, CA 95401

R
A

M
S

E
Y

 H
IS

S
E

N

x

x

x

x

x

Dist COUNTY ROUTE
POST MILES

TOTAL PROJECT

SHEET

No.

TOTAL

SHEETS

L
A

S
T

 R
E

V
IS

IO
N

S
T

A
T

E
 O

F
 C

A
L

IF
O

R
N

IA
  

- 
 D

E
P

A
R

T
M

E
N

T
 O

F
 T

R
A

N
S

P
O

R
T

A
T

IO
N

No.

Exp.

CIVIL

R
E

G
I

S
T

E
R

E

D
P

ROFESSIONA
L

E
N

G
I

N
E

E
R

S

T
A
TE

OF CALIFORN
IA

REGISTERED CIVIL ENGINEER

T
I
M

E
 P

L
O

T
T

E
D

 =
>

D
A

T
E

 P
L

O
T

T
E

D
 =

>

1
1
:5

5
:0

6
 A

M

1
1
/
2
3
/
2
0
1
0

C
H

E
C

K
E

D
 B

Y

C
A

L
C

U
L

A
T

E
D

-

D
E

S
IG

N
E

D
 B

Y
R

E
V

IS
E

D
 B

Y

D
A

T
E

 R
E

V
IS

E
D

PLANS APPROVAL DATE

DATE

C
O

N
S

U
L

T
A

N
T

 F
U

N
C

T
IO

N
A

L
 S

U
P

E
R

V
IS

O
R

R
R

1
1

-
2

2
-
1

0

USERNAME => binh_vuong

DGN FILE => ...\sheets-b4\qa-retwall\R-07.dgn

RELATIVE BORDER SCALE

IS IN INCHES

0 1 2 3
UNIT 0714 PROJECT NUMBER & PHASE 04000007361BORDER LAST REVISED 7/2/2010

RAMSEY

J. HISSEN

C-39608

12-31-11

T
Y

S
O

N
 T

A
N

O

E
L

I
E

 A
B

I
-
J
A

O
U

D
E

T
T

1
0

/
3

1
/
1

0

NO SCALE

 3/4 "  1/4 "

 1/4 " 3/4 "

1

-

FRACTURED RIB TEXTURE

2"

Typ

#5   @ 8"

2
’
-
1
1
"

3
’
-
6
"

1’-8 1/2 "

#5   @ 16"

#5    @ 16"

3
’
-
5
"

#5       @ 16"

1’-4 1/2 "

1’-0"

#6 Cont

MATCH DECK

OVERHANG

9"

RW TYPE I

REINFORCING

#5 x 4’-6"

@ 16"

6
"

#4 Cont

8
"

#5 Tot 10

1
 1

/2
 "

T
y

p

FRACTURED

RIB TEXTURE

SEE DETAIL 1

1
5
^T

yp

2
"

1 
1/

2 
"

T
y
p

5’-0" 5’-0"

3’-6" 6’-6"

1
’
-
0

"

1
’
-
2

"

1
0

"

1
 1

/2
 "

T
y
p

2
"

1
’
-
0

"

R=5’-10"R=7’-1"

R=6’-1"R=4’-6"

A

A

FRACTURED RIB TEXTURE

SEE DETAIL 1, Typ
EDGE OF DECK

SMOOTH FACE

TOP OF BARRIER

SECTION A-A

FACE OF BARRIER

FRACTURED SURFACE

Max RELIEF  1/4 ", Typ

1
 1

/2
 "

NOTES:

1. VERTICAL JOINTS IN FORM LINERS WILL BE AT

   CENTER OF TROUGH BETWEEN RIBS. Min SPACING

   OF FORM LINER VERTICAL JOINTS WILL BE 4’-0".

2. NO HORIZONTAL JOINTS WILL BE PERMITTED IN FORM LINERS.

15^ Typ

1
 1

/2
 "

T
y

p

FRACTURED

RIB TEXTURE

SEE DETAIL 2

6" EXTENDED

TREATMENT

FINISH 

GRADE

TOP OF 

FOOTING

FRACTURED

RIB TEXTURE

SEE DETAIL 2

CONCRETE

BARRIER (TYPE 736)

BARRIER ELEVATION
DETAIL

RETAINING WALL DETAILS

R-7





04 Son 101 2.5/4.1

URS CORPORATION

100 W. SAN FERNANDO St 

SUITE 200

SAN JOSE, CA 95113

SCTA

490 MENDOCINO AVENUE 

SUITE 206

SANTA ROSA, CA 95401

x

x

x

x

x

Dist COUNTY ROUTE
POST MILES

TOTAL PROJECT

SHEET

No.

TOTAL

SHEETS

No.

Exp.

CIVIL

REGISTERED CIVIL ENGINEER

PLANS APPROVAL DATE

DATE

USERNAME => Tony_Silva

DGN FILE => ...\RB-SoundWall\sw-02.dgn

RELATIVE BORDER SCALE

IS IN INCHES

0 1 2 3
UNIT 0714 PROJECT NUMBER & PHASE 04000007361BORDER LAST REVISED 7/2/2010

RAMSEY

J. HISSEN

C-39608

12-31-11

OG

ELEVATION

DATUM Elev=5.00’

PLAN
SOUND WALL No. 297

SHEET 1 OF 1

FG

TOP OF SOUND WALL

SOUND WALL PLAN 

SW-2
SCALE: 1" = 20’

8 9 1300

SCALE:
Horiz 1" = 20’

Vert 1" = 5’ 

SCALE: 1" = 20’

298+01.31 PCC

299+08.41 EC

299+64.40 BC

EP

FG

OG

Beg SOUND WALL No. 297

Beg CB (TYPE 736 SV)

SW 297 LOL 297+13.07 POC=

34.00’ Rt "R6" 297+13.07 POC

Exp Jt (Typ)

TOP OF SOUND WALL

TOP OF CB

(TYPE 736S)

FG ELEVATIONS

Sta Elev

24" APC

(TYPE B)

G2 MH

24" APC

(TYPE B)

G2 DI

18" APC

(TYPE B)
G2 DI

18" APC

(TYPE B)

297+13.07

297+20.00

297+40.00

297+60.00

19.82

297+80.00

298+00.00

298+20.00

298+40.00

298+60.00

298+80.00

299+00.00

299+20.00

299+40.00

299+60.00

299+80.00

300+00.00

300+20.00

300+40.00

300+60.00

300+80.00

301+00.00

301+20.00

301+37.07

19.84

19.89

19.71

19.40

19.08

18.79

18.52

18.26

17.97

17.61

17.22

16.82

16.43

16.03

15.61

15.14

14.58

13.87

13.05

12.19

11.33

10.61

TEMPORARY CONSTRUCTION

EASEMENT

He=2’-0"

END SOUND WALL No. 297

SW 297 LOL 301+37.07 POC=

51.56’ Rt "R6" 301+35.86 POC



301+44.36 BC

302+73.06 EC

Beg SOUND WALL No. 300

Beg CB (TYPE 736SV)

SW 300 LOL 300+51.43 POT=

89.20’ Rt "R6" 300+51.43 POC

SW No. 297 LOL

301+40.00

301+60.00

301+80.00

302+00.00

302+20.00

302+40.00

302+60.00

302+80.00

303+00.00

303+20.00

303+40.00

303+60.00

303+80.00

304+00.00

304+20.00

304+40.00

304+60.00

304+80.00

305+00.00

305+20.00

305+40.00

305+60.00

305+80.00

306+00.00

306+20.00

306+40.00

306+60.00

306+80.00

307+00.00

307+20.00

307+40.00

307+60.00

307+80.00

308+00.00

308+20.00

308+40.00

308+60.00

308+80.00

309+00.00

309+20.00

309+40.00

309+60.00

309+80.00

310+00.00

310+08.64

10.00

10.10

10.32

10.55

10.77

11.00

11.22

11.45

11.67

12.19

12.96

13.51

13.79

13.87

13.77

13.70

13.67

13.66

13.65

13.63

13.62

13.61

13.61

13.62

13.65

13.69

13.74

13.81

13.92

14.03

14.17

14.27

14.35

14.42

14.52

14.68

14.83

14.99

15.10

15.20

15.27

15.32

15.36

15.41

15.46

15.53

15.60

15.68

20.68

23.85

300+51.43

300+60.00

300+80.00

301+00.00

301+20.00

301+40.00

301+60.00

301+80.00

302+00.00

302+20.00

302+40.00

302+60.00

302+80.00

303+00.00

303+20.00

303+40.00

303+60.00

303+80.00

304+00.00

304+20.00

304+40.00

FG ELEVATIONS

Sta Elev

10.00

10.10

10.32

10.55

10.77

11.00

11.22

11.45

11.67

12.19

12.96

13.51

13.79

13.87

13.77

13.70

13.67

13.66

13.65

13.63

13.62

Beg SOUND WALL No. 300

Beg CB (TYPE 736SV)

SW 300 LOL 300+51.43

26.04



TOP OF SOUND WALL

2.4’
1.5’

1.5’
2.4’

1.5’ 1.5’

2.4’

1.5’1.5’

2.4’

1.5’ 1.5’

BOTTOM OF CB

(TYPE 736SV)

TOP OF CB

(TYPE 736SV)

FG

FG ELEVATIONS

Sta Elev

304+60.00

304+80.00

305+00.00

305+20.00

305+40.00

305+60.00

305+80.00

306+00.00

306+20.00

306+40.00

306+60.00

306+80.00

307+00.00

307+20.00

307+40.00

307+60.00

307+80.00

308+00.00

308+20.00

308+40.00

13.61

13.61

13.62

13.65

13.69

13.74

13.81

13.92

14.03

14.17

14.27

14.35

14.42

14.52

14.68

14.83

14.99

15.10

15.20

15.27

OG=FG



Exp Jt (Typ)

TOP OF SOUND WALL

2.4’

1.5’
1.5’

2.0’

TOP OF CB

(TYPE 736SV)

BOTTOM OF CB

(TYPE 736SV)

FG

308+60.00

308+80.00

309+00.00

309+20.00

309+40.00

309+60.00

309+80.00

310+00.00

15.32

15.36

15.41

15.46

15.53

15.60

15.68

20.68

23.85

FG ELEVATIONS

Sta Elev

5.8’

5.0’

5.0’

5.0’

4.0’

L= 9’-6"

L= 10’-0"

L= 10’-0"

L= 10’-6"

L= 10’-6"

310+08.65

21.22

19.44

17.67

15.84

14.91

END CB

(TYPE 736SV)

SW 300 LOL 309+83.76

OG=FG

5.7’





EP ELEVATIONS

Sta Elev

212+53.00

212+60.00

212+80.00

213+00.00

18.73

213+20.00

213+40.00

213+60.00

213+80.00

214+00.00

214+20.00

214+40.00

214+60.00

214+80.00

215+00.00

215+20.00

215+40.00

18.75

18.82

18.89

18.96

19.03

19.10

19.17

19.24

19.31

19.38

19.45

19.52

19.59

19.66

19.73



04 Son 101 2.5/4.1

URS CORPORATION

100 W. SAN FERNANDO St 

SUITE 200

SAN JOSE, CA 95113

SCTA

490 MENDOCINO AVENUE 

SUITE 206

SANTA ROSA, CA 95401

x

x

x

x

x

Dist COUNTY ROUTE
POST MILES

TOTAL PROJECT

SHEET

No.

TOTAL

SHEETS

No.

Exp.

CIVIL

REGISTERED CIVIL ENGINEER

PLANS APPROVAL DATE

DATE

USERNAME => Tony_Silva

DGN FILE => ...\RB-SoundWall\sw-08.dgn

RELATIVE BORDER SCALE

IS IN INCHES

0 1 2 3
UNIT 0714 PROJECT NUMBER & PHASE 04000007361BORDER LAST REVISED 7/2/2010

RAMSEY

J. HISSEN

C-39608

12-31-11

SCALE: 1"=20’

SCALE:
Horiz 1" = 20’
Vert 1" = 5’ 

ELEVATION

SCALE: 1" = 20’

PLAN

6 7 8

EP

SOUND WALL PLAN  

SW-8

DATUM Elev= 5.00’

Exp Jt (Typ)

END SOUND WALL No. 212

END CB (TYPE 736SV)

SW 212 LOL 218+65.00 POT=

73.30’ Rt "A1" 218+65.00 POT

215+60.00

215+80.00

216+00.00

216+20.00

216+40.00

216+60.00

216+80.00

19.80

19.87

19.95

20.02

20.09

20.16

20.23

217+00.00 20.30

217+20.00 20.37

217+40.00 20.44

217+60.00 20.51

217+80.00 20.58

218+00.00 20.65

218+20.00 20.72

218+40.00 20.79

218+60.00 20.86

218+65.67 10.61

EP ELEVATIONS

Sta Elev

OG=FG

He=4’-0"

SOUND WALL No. 212

SHEET 2 OF 2



04 Son 101 2.5/4.1

URS CORPORATION

100 W. SAN FERNANDO St 

SUITE 200

SAN JOSE, CA 95113

SCTA

490 MENDOCINO AVENUE 

SUITE 206

SANTA ROSA, CA 95401

R
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M
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S
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x

x

x

x

x

Dist COUNTY ROUTE
POST MILES

TOTAL PROJECT

SHEET

No.
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SHEETS
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R
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Review Discipline: Caltrans  Office of Geotechnical Comments for FINAL PS&E 

– MSN C3(EA 2640K1) 
By: Caltrans  

Comments Due By: Mohammad Zabolzadeh Date: Feb 17, 2012 

Date Reviewed By: 2-17-12 Next JRT Meeting Date:  

    

TECHNICAL COMMENT REVIEW AND RESPONSE 
Title: CT EA# 04-2640K4 

101 MSN – (Contract C3).  PM 3.4/4.1  
Caltrans Comments  

CODE:   A - Will Comply;   B - Caltrans to Evaluate;   C - Will Not Incorporate;   D – Agency (SCTA/URS) to Evaluate;  E - No Action Required 

AGC

Y 

INIT Item 

No. 

Drawing or 

Page No. 

Review Comments Designer Responses Initial 

Disp. 

JRT 

Disp. 

Final 

Disp. 

Geotechnical  Comments 

CT MZ 1 SD-Sheets The overhead sign numbers do not match with the 

Geotechnical Design Report dated September 30, 2011. The 

pile depths also do not match with GDR. 

Will update Geotechnical Design Report to 

be consistent with project plans on sign 

numbers.  Foundation type and pile depth 

will be coordinated so that both GDR and 

plans are consistent.  For Sign SS2-A will 

be supported on the new wing wall of the 

Northbound Overhead structure.  For Sign 

SS4-C, the depth of CIDH pile should be 

40 feet as discussed in the GDR. 

A A A 

CT MZ 2 SSP Based on the submitted GDR (Page 4-2), five settlement-

monitoring plates are proposed: two at Station "A" 194+50 

and three at Stations "RW 293 LOL" 194+30, 195+50, and 

196+50.  These monitoring plates should be included in either, 

plan sheets, or SSP. 

Will include in SSP locations and 

durations of the settlement monitoring 

plates. 

A A A 

CT MZ 3 Page 431 Under pile installation section - There is no soft bay mud 

overlying dense soils.  Remove this and add "blocks of hard to 

very hard rock in a soft clayey matrix. 

Will modify SSP as indicated. A A A 
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Agency: Caltrans Responded by: URS   
MSN Contract B2/B4 – EA 26408 (Now EA 2640U)  Date Responded: 09/23/2011 

100% PS&E Comment Responses Next JRT Meeting Date:  

TECHNICAL COMMENT REVIEW AND RESPONSE 
CODE:   A - Will Comply;   B - Caltrans to Evaluate;   C - Will Not Incorporate;   D – Agency (SCTA/URS) to Evaluate;  E - No Action Required

INIT Item 
No. 

Drawing or 
Page No. 

Review Comments Designer Responses Rev. 
By 

Initial 
Disp. 

Final 
Disp. 

Geotechnical Services / 08.10.2011 
Moham

mad 
Zabolza

deh 

13 SD 2 SD 2 Sheet - Proposed Signs SS11-D and SS14-E at 
Stations 151+84.6 and 182+00, respectively, appear to be 
the same as Signs A and E of B-4 project.  There are two 
proposed signs B and D in B-4 project that are not 
included in the combined project.  Check discrepancy. 

Yes, Signs A and E of the original B-4 contract 
correspond to Signs SS11-D and SS14-E, 
respectively.  The other signs B and D of the 
original B-4 contract will be included in a future 
contract.  Have revised report to clarify the 
designation change in Signs SS11-D and SS14-
E. 
 

A   
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X:\101_MSN_SCTA\450_Geotech\Reports\CT_comments\CT_comments with answer\July 2011_Reports\B4_Caltrans_95%Comment_Response_GDR_20101122.doc                                                                        

Agency: Caltrans Responded by: URS   
MSN Contract B4 – EA 2640C1  Date Responded:  

95% PS&E Comment Responses Next JRT Meeting Date:  

TECHNICAL COMMENT REVIEW AND RESPONSE 
CODE:   A - Will Comply;   B - Caltrans to Evaluate;   C - Will Not Incorporate;   D – Agency (SCTA/URS) to Evaluate;  E - No Action Required

INIT Item 
No. 

Drawing or 
Page No. 

Review Comments Designer Responses Rev. 
By 

Initial 
Disp. 

Final 
Disp. 

Note to Reviewers: MSN Contract B4 (EA 2640C1) is being split into two segments. The southern segment including the Petaluma River Bridge replacement will be 
combined with MSN Contract B2 (EA 264081) to cover PM 0.9/3.6 .  The remaining work within PM 3.6/4.1 will be packaged in a future contract.  Responses to 
comments related only to the future contract will be implemented in the future. 

Geotechnical Design Comments / 12.28.10 
Moham

mad 
Zabolza

deh 

35  GDR 
All our previous comments dated April 21, 2010, have 
been incorporated into the GDR. 

Noted. TT E E 

MZ 36 Page 4-2 Embankment fills up to 38 ft high are planned for this 
project. The existing utilities (if any) within the limits of 
this fill may be affected significantly. This should be 
discussed in the report. 

Will add discussion of existing utilities.  The 
closest existing utilities are about 50 feet from 
the toe of the planned embankment.  Therefore, 
it is our opinion that the new embankment fill 
should post no adverse effect on the utilities. 

SH A  

MZ 37 Page 7-4 The design values shown on Tables 7-5 (Spread Footing 
Data table) and 7-8 (Pile Data Table) are different than the 
ones shown on the plans. Check discrepancy. 

Presumably this comment refers to the Petaluma 
River Bridge Foundation Report (FR).  The pile 
data table presented on the structural plan has 
been modified and is consistent to Tables 7-5 
and 7-8 of the FR. 

SH A  
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To: MR. HOOSHMAD NIKOUI                 Date: May 25, 2010 
 Chief, Branch A 
          Office of Geotechnical Design – West 
           
 Attention:     M. Zabolzadeh                          File: 04-SON-101, PM 2.5/4.1  
         04 – 2640C1 
                                                                                                    MARIN/ SONOMA NARROWS  
                                                      (Segment B4) 
 
 
From: RIFAAT NASHED     GRANT WILCOX 
 Engineering Geologist    Chief, Branch B 
 Office of Geotechnical Design – West  Office of Geotechnical Design – West 
 Geotechnical Services    Geotechnical Services 
 Division of Engineering Services   Division of Engineering Services 

   
Subject : Geotechnical Design  Report Review and Comments 

 
This memo is in regards to the submitted 65% Geotechnical Design Report – Geology 
and Subsurface Condition Sections- prepared by URS Consultant for the MARIN/ 
SONOMA NARROWS Segment B4 Project, dated March 2010.  We have the following 
comments:  
 
1.2.4 Regional Geology 
 

1- The second paragraph “ The north abutment of the Petaluma………….the 
south abutment of the Petaluma River Bridge” should be put in a separate 
section titled “Site Geology”. 

 
2.1      FIELD EXPLORATION 
 

1- The statement “ URS drilled six hollow stem auger borings (A-09-009, A-09-
010, and A-09-101 to A-09-106)” should be re-wrote to reflect the correct 
number (6 boreholes). 

 
2.2.2 Groundwater 
 

1- This statement should be added and taken into consideration “ Groundwater 
was encountered at depths of 10 feet and 26 feet bgs (Elevation –3 and –10) in 
Borings A-09-101 and A-09-103, respectively. 



MR. HOOSHMAD NIKOUI  
Attn: M. Zabolzadeh 
May 25, 2010 
Page 2  
 

“Caltrans improves mobility across California” 

2- Groundwater elevation should be denoted in the Boring Report (gInt report) of 
borehole No. R-09-014. 

3- The groundwater elevation range should be mentioned with specifying 
locations  

 
   
If you have any questions or need additional information, please call me at (510) 622-
1773 or Grant Wilcox at (510) 286-4835. 

 
 

c: Project File, Daily File, TPokrywka, GWilcox 
 
RNashed/mm 
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Agency: Caltrans Responded by: URS   
MSN Contract B4 – EA 2640C1 Date Responded:  

65% PS&E Comment Responses Next JRT Meeting Date:  

TECHNICAL COMMENT REVIEW AND RESPONSE 
CODE:   A - Will Comply;   B - Caltrans to Evaluate;   C - Will Not Incorporate;   D – Agency (SCTA/URS) to Evaluate;  E - No Action Required 

INIT Item 
No. 

Drawing or 
Page No. 

Review Comments Designer Responses Rev. 
By 

Initial 
Disp. 

JRT 
Disp. 

Final 
Disp. 

Geotechnical Design Comments / 04.23.10 
Moham

mad 
Zabolza

deh 

1 Page 3-3 GDR 
Page 3-3 refers to Appendix D for copies of the 
liquefaction calculations for borings R-09-012 
through R-09-015. Appendix D does not have 
these calculations. 

Appendix D presents liquefaction calculations 
for borings and CPTs that exhibit post-
liquefaction settlement more than 1 inch.  
Calculations for borings R-09-12 to R-09-15 
indicate liquefaction induced settlement to be 
less than 1 inch, and were not presented.  Will 
include in next submittal. 

SH A  A 

MZ 2 Page 4-2 - 
Table 4-1 

Page 4-2 - Table 4-1 refers to consolidation 
settlements up to 4.5 inches. Should these 
settlements be monitored? If so, specify the 
locations. The consolidation period is estimated 
to be about 9 months for Route 1011116 SOH, 
north abutment fill Provide surcharge program 
to reduce the time in case settlement time needs 
to 
be reduced. 

Concur that settlement should be monitored 
during the specified settlement period.  Will 
include approximate locations of settlement 
devices and add estimates of time rate of 
settlement for 2 surcharge heights, e.g. 5 feet 
and 10 feet in next submittal. 

SH A  A 

MZ 3 Page 4-7 - 
Table 4-7 

Page 4-7 - Table 4-7 shows pile depth of 25 ft 
for the proposed Sign A. Table 4-8 shows piIe 
depth of 23 ft for the same sign. Check 
discrepancy. 

Pile depth for Sign A should be 25 feet.  Will 
revise. 

SH A  A 

MZ 4  All boring logs should comply with Caltrans 
revised updated manual dated June 2007. For 
example, rock hardness (soft, etc.) is not 
included in boring R-09-001. 

Will comply. SH A  A 

Geotechnical Design Report Comments / 06.02.2010 
Rifaat 

Nashed 
5 1.2.4 

Regional 
Geology 

The second paragraph “ The north abutment of 
the Petaluma………….the south abutment of the 
Petaluma River Bridge” should be put in a 
separate section titled “Site Geology”. 
 

Will comply. SH A  A 

RN 6 2.1 Field 
Exploration 

The statement “ URS drilled six hollow stem 
auger borings (A-09-009, A-09-010, and A-09-

Will comply. SH A  A 
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Agency: Caltrans Responded by: URS   
MSN Contract B4 – EA 2640C1 Date Responded:  

65% PS&E Comment Responses Next JRT Meeting Date:  

TECHNICAL COMMENT REVIEW AND RESPONSE 
CODE:   A - Will Comply;   B - Caltrans to Evaluate;   C - Will Not Incorporate;   D – Agency (SCTA/URS) to Evaluate;  E - No Action Required 

INIT Item 
No. 

Drawing or 
Page No. 

Review Comments Designer Responses Rev. 
By 

Initial 
Disp. 

JRT 
Disp. 

Final 
Disp. 

101 to A-09-106)” should be re-wrote to reflect 
the correct number (6 boreholes). 

RN 7 2.2.2 
Groundwat

er 

This statement should be added and taken into 
consideration “ Groundwater was encountered at 
depths of 10 feet and 26 feet bgs (Elevation –3 
and –10) in Borings A-09-101 and A-09-103, 
respectively. 

Will comply. SH A  A 

RN 8 2.2.2 
Groundwat

er 

Groundwater elevation should be denoted in the 
Boring Report (gInt report) of borehole No. R-
09-014. 

Will comply. SH A  A 

RN 9 2.2.2 
Groundwat

er 

The groundwater elevation range should be 
mentioned with specifying locations  

Will comply. SH A  A 
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May 20, 2011 File No.04-SON-101-PM 3.57 

Project 28645045 EA 2640C4 CU 04  

 

Mr. Guy Preston 

Project Manager 

Sonoma County Transportation Authority (SCTA) 

490 Mendocino Avenue, Suite 240 

Santa Rosa, CA  95401 

 

Subject: Foundation Report 

U.S. 101N/SR116 SOH (Replace), Bridge No. 20-0284R 

U.S. 101 Marin Sonoma Narrows-Contract 4 (MSN B4)  

Petaluma, California 

 

Dear Mr. Preston: 

URS has completed the accompanying Foundation Report for the U.S. 101N/SR116 SOH 

(replace) in the City of Petaluma, California.  The report was prepared in accordance with 

Caltrans Guidelines for Foundation Investigation Reports, Version 2.0, updated December 2009.  

The Foundation Report presents our engineering opinions and recommendations regarding the 

geotechnical factors influencing the design and construction of the proposed bridge (replace).  

The opinions and recommendations have been based upon the results of our field investigation, 

laboratory testing, engineering judgment and local experience.  Mr. Mark Schmoll, C.E.G, 

prepared the site geology and geologic hazards portion of this report.    

If any questions should arise, or if we can be of further service, please contact the undersigned at 

(408) 297-9585. 

Sincerely, 

 

 

 

 

Jose I. Landazuri, G.E. 501 

Geotechnical Task Leader 
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1. Section 1 ONE Introduction  

1.1 GENERAL 

The Marin Sonoma Narrows (MSN) HOV Widening project proposes to add high occupancy 

vehicle (HOV) facilities to U.S. 101 from the junction of SR 37 in the City of Novato to just 

north of the Corona Road Overcrossing in the City of Petaluma, a distance of approximately 16 

miles.  The project has been divided into three main segments.  Segments A and C consist of the 

existing freeway in the cities of Novato and Petaluma, respectively.  Segment B is the existing 

expressway between the two cities.  The focus of this report is Segment B4, which is a part of 

Segment B. 

The planned improvements in Segment B4 include the following structures: 

• U.S. 101/SR116 SOH Left (Widen) – recently constructed (completed in 2007) five span 

structure will be widened by 24 feet along the eastern edge of the deck 

• U.S. 101/SR116 SOH Right (Replace) – existing four span structure (constructed in 

1955) will be replaced  

• Petaluma River Bridge (Replace) – existing nine span twin-structure (constructed in 

1955) will be replaced 

• Retaining Wall along NB 101 – the new retaining wall along the eastern edge of NB 101 

(RW 152) 

• Retaining Wall along NB 101 – the new retaining wall along the eastern edge of NB 101 

will connect to the new Petaluma River Bridge (RW168) 

• Retaining Wall along SB 101 – the new retaining wall along the western edge of SB 101 

will span from the new Petaluma River Bridge to the end of existing retaining wall 

(RW180) 

• Retaining Wall along NB 101 – the new retaining wall along the eastern edge of NB 101 

will connect the new Petaluma River Bridge with the new U.S. 101/SR 116 SOH Right 

structure (RW 179) 

• Retaining wall along northbound on-ramp to U.S. 101 from SR 116 (RW 293) 

• Sound Wall along NB on-ramp – the new sound wall along northbound on-ramp to U.S. 

101N from SR116 (SW297) 

• Sound Wall along NB 101 – the new sound wall along the eastern edge of NB 101 (SW 

211). 

The subject of this foundation report (FR) is the replacement of the U.S. 101N/SR116 SOH 

(Bridge No. 20-0284R), located in Petaluma, California.  Figure 1-1 shows the location of the 

project site relative to the U.S. 101 MSN-B4 Project alignment.  Please note that figure numbers 

used in the report correspond to the specific sections.  

1.2 SCOPE OF INVESTIGATION 

The geotechnical services performed for the U.S. 101N/SR116 SOH (Replace) were as follows: 

• Reviewed existing plans 

• Site geologic reconnaissance 

• Geotechnical field investigation including five rotary wash borings R-09-011 through R-

09-015 

• Laboratory testing to estimate pertinent engineering properties 
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• Design recommendations and opinions were developed for the following topics: 

− Precast prestressed (PCPS) concrete pile design 

− Resistance to lateral loads 

− Approach fill settlement, if any 

− Abutment grading and approach fill construction 

− Earthquake information consistent with Caltrans Response Spectra Design 

Techniques 

− Assessment of the potential for earthquake induced liquefaction, settlement, and 

lateral spreading 

− Corrosion testing and analysis 

− Consideration of  construction issues, including: 

� Earthwork for abutments and new bridge approaches 

� Construction dewatering 

 

A review related to environmental and hazardous waste issues and the results of evaluations are 

presented in a separate report, titled “Site Investigation Report,” dated February 10, 2011. 

1.3 CALTRANS REVIEW COMMENTS 

We reviewed the comments prepared by Caltrans for the 101/116 SOH Replace dated May 27, 

2010 and December 2, 2010.  The review comments and our responses are presented in 

Appendix K.   
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2. Section 2 TW O Project  Description  

The proposed improvements of Segment B4 of the U.S. 101 Marin Sonoma Narrows (MSN) 

HOV widening project, in the City of Petaluma, will include adding high occupancy vehicle 

(HOV) lanes to U.S. 101.  As part of the proposed highway widening, the U.S. 101N/SR116 

SOH Replacement Bridge will be constructed east of the existing bridge and will carry four lanes 

of northbound traffic.  The width of the new structure will range from 59 to 80.7 feet and the 

length will be 562 feet.  It will be a four-span structure consisting of a cast-in-place reinforced 

concrete deck on reinforced concrete pier walls to match the new widened bridge (20-0284L).  

PCPS concrete piles (14-inch x 14-inch, Class 200) are currently proposed to support new bridge 

foundation elements.  Fill height of generally less than 5 feet thick is planned for the southern 

bridge approach.  An approximately 20-foot high abutment fill is planned for the northern bridge 

approach.  Two 20-foot high retaining walls are planned at each abutment spanning across the 

median between the U.S.101N/SR116 SOH Replacement Bridge and the U.S. 101S/SR 116 

Widening.  The Abutment 1 median retaining wall is planned to be a Caltrans standard Type I 

wall.  The Abutment 5 median retaining wall will be a non-standard wall supported on prescast, 

prestressed (PCPS) concrete piles.  Typical sections of the planned improvements are presented 

in Figures 2-1 and 2-2.  Figure 2-3 shows the foundation plan.   

The bridge begins at ‘A2’ Line, Station 188+33.25, and ends at ‘A2’ Line, Station 193+94.75, 

with the bridge deck positioned at Elevation 52.06 feet and at Elevation 37.53 feet, respectively.  

Pile caps are planned as follows: 

Location 

Bottom of Pile 

Cap Elevation 

(ft) 

Abutment 1 

Footing 1A 

Footing 1B 

Footing 1C 

30.5 

26.5 

22.5 

Abutment 1 

Median RW 
Footing 1D 32.5 

Bent 2 

Footing 2A 

Footing 2B 

Footing 2C 

1.0 

1.0 

-0.5  

Bent 3 

Footing 3A 

Footing 3B 

Footing 3C 

2.0 

2.7 

4.2 

Bent 4 

Footing 4A 

Footing 4B 

Footing 4C 

Footing 4D 

4.2 

4.9 

5.6 

6.4  

Abutment 5 Footing 5A 17.2 

Abutment 5 

RW 

Footing 5B 

Footing 5C 

21.9 

26.1 

Abutment 5 

Median RW 
Footing 5D 17.9 
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As noted on Figure 2-3, Bench Mark JK121 and JK122 are located nearby. The horizontal 

survey control is based on the California Coordinate System, Zone 3, U.S. survey feet, North 

American Datum of 1983 (NAD83), Epoch 2007.00.  Vertical control is the National Geodetic 

Vertical Datum of 1988 (NGVD88).
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3. Section 3 TW O Site Geolog y and Sub surf ace Cond ition s 

3.1 GEOLOGIC SETTING 

3.1.1 Regional Geology 

The project is located along the western margins of the Petaluma Valley within the central 

portion of the Coast Ranges geomorphic province of California.  Northwest-southeast-trending 

valleys and ridges characterize the regional morphology of the Coast Ranges province.  These 

topographic features are controlled by folds and faults that resulted from the collision of the 

Farallon and North American plates and subsequent predominantly strike-slip faulting along the 

San Andreas fault system between the Pacific and North American plates.  Regional geologic 

mapping shows the project alignment to be underlain by manmade fill, Holocene Bay Mud 

deposits, Holocene alluvial fan deposits, Tertiary age volcanic rocks, and Jurassic-Cretaceous 

age Franciscan Complex rocks (Wagner et al, 2000; Armstrong, 1980).  The regional geologic 

map (Figure 3-1) shows the approximate areal extent of these various geologic units.  

3.1.2 Regional Tectonic Setting and Seismicity 

The project alignment lies between known active and potentially active geologic faults. In 

general, earthquakes occur as a result of movement along active faults.  For the purpose of 

activity classification, faults are generally grouped into the following categories by the California 

Division of Mines and Geology (renamed the California Geological Survey, CGS) (Jennings, 

1994):  

• Holocene: displacement has occurred within the last 10,000 to 11,000 years.  

• Late Quaternary: displacement has occurred within the last 700,000 years, but evidence 

of Holocene activity is lacking.  

• Quaternary: evidence of displacement within the last 1.6 million years, but evidence of 

Holocene activity is lacking.  

• Pre-quaternary: no recognized evidence of displacement in the last 1.6 million years.  

Generally, faults with Holocene movement are considered to be “active” while faults with late 

Quaternary to Quaternary movement are considered to be “potentially active”. 

The closest active faults to the project alignment are the Rodgers Creek-Healdsburg fault, San 

Andreas (north) fault, the northern end of the Hayward fault and the Maacama-Garberville fault 

(referred to as the Maacama-Brush fault on the Caltrans Seismic map by Mualchin, 1996).  The 

nearest potentially active fault is the Late Quaternary Tolay fault located 2.3 miles (3.7 km) 

northeast of the site.  The California Geological Survey (2000) has produced maps showing 

Alquist-Priolo Earthquake Fault Zones along faults with known Holocene activity that pose a 

potential surface faulting hazard.  With the exception of the Tolay fault, all of these faults are 

included as Alquist-Priolo (A-P) zoned faults.  The Rodgers Creek-Healdsburg fault is located 

about 4.6 miles (7.4 km) northeast of the site and the San Andreas (north) fault is located about 

15.8 miles (25.4 km) southwest of the project alignment.  More distant active faults include the 

north end of Hayward fault located about 18 miles (30 km) southeast of the site, and the 

Maacama-Garberville fault located about 21.5 miles (34.6 km) northeast of the site.  Figure 3-2 

shows active faults within the site region relative to the project.  The project alignment does not 

cross any mapped A-P zoned faults. 
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The site is within an area of high seismic activity.  The major active faults extending through the 

region have the potential of generating damaging earthquakes.  There is a potential that the site 

will be subject to moderate to strong seismic ground shaking one or more times during the life of 

the project.  The nearest significant earthquake epicenter to the site was the 1969 Santa Rosa 

earthquake series on the Rodgers Creek-Healdsburg fault.  Other large magnitude historic 

earthquakes have occurred on the San Andreas fault and the Hayward fault. 

3.1.3 Local Geology 

The southern abutment (Abutment 1) of the planned U.S. 101/SR 116 (Replace) structure is 

composed of man-made fill constructed on the underlying Bay Mud and alluvial fan deposits.  

Man-made fill also underlies the Northwestern Pacific railroad tracks and SR 116, including the 

on-ramps and off-ramps to U.S. 101.  Holocene Bay Mud deposits underlie the south margins of 

the Petaluma River below about Elevation 10 feet and extend to just north of SR 116.  Holocene 

alluvial fan deposits underlie portions of the Bay Mud deposits and occur at the ground surface 

in the area generally north of SR 116.  The “bedrock” that underlies the alluvial fan deposits and 

portions of the Bay Mud is the Jurassic-Cretaceous age Franciscan Complex.  This unit is 

mapped by Wagner, et al. (2000) as schist and phyllite; however, based on a review of the 2009 

URS borings, the existing Caltrans Log of Test Borings (LOTBs) and site geologic mapping, this 

unit appears to be composed mainly of mélange consisting of tectonic mixtures of sheared shale, 

greenstone, greywacke and serpentinite with scattered blocks of blueschist.  A geologic map of 

the site by Wentworth (1997) shows this area as mélange.  The only surface outcrops of the 

Franciscan Complex rocks occur near the south abutment of the Petaluma River Bridge.  The 

northern abutment (Abutment 5) is underlain by Holocene Bay Mud deposits. 

Borings R-09-011 through R-09-015 completed for U.S. 101N/SR116 SOH (Replace) in 2009 

and the available LOTBs were reviewed to characterize the subsurface conditions along the 

project alignment.  The soil profile for the U.S. 101N/SR116 bridge consists of fill soils, Bay 

Mud, alluvial fan deposits (alluvium) and Franciscan Complex bedrock.  With the exception of 

the bridge approach embankment fills, the fill soil ranges from 0 to about 6 feet in thickness and 

consists of sandy clay with gravel.  Bay Mud was encountered in all of the borings completed in 

1952, but was absent in two of the three borings completed in 2002 and all borings completed in 

2009.  It appears the Bay Mud was excavated and mostly removed during preparation for 

construction of the fill embankments for the existing bridge.  The northern limits of Bay Mud, as 

mapped by Wagner et al. (2000) and Armstrong (1980), only extend to about SR 116.  Alluvial 

fan deposits underlie the Bay Mud and locally occur at the ground surface.  These deposits range 

from medium stiff to hard lean clay to sandy lean clay and fat clay and loose to dense silty to 

clayey sand, poorly graded sand and well-graded sand with gravel.  The alluvial fan deposits are 

about 35 to 90 feet thick and extend down to about Elevation –45 to -80 feet.  The Franciscan 

Complex bedrock underlies the alluvial fan deposits.  The depth to Franciscan Complex bedrock 

ranged from Elevation -45 feet to -80 feet.  The Franciscan Complex was completely to highly 

weathered in the upper 10 to 25 feet, becoming moderately to slightly weathered below this 

depth.  The depth to moderately to slightly weathered bedrock ranged from about Elevation –50 

feet to –80 feet. 
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3.2 SITE AND SUBSURFACE CONDITIONS 

3.2.1 Site Topography 

The existing SR 116 Bridge consists of separate northbound and southbound structures.  The 

south abutments of both bridges share the same man-made approach fill that the north side of the 

Petaluma Bridge lands on, with the surface at about Elevation 50 feet.  The north approach 

embankment is also a man-made fill extending to about Elevation 30 feet at road grade.  These 

bridges cross over two sets of Northwestern Pacific railroad tracks at about Elevation 10 feet and 

the Lakeville Highway (SR 116) at about Elevation 14 feet.  

Development along the project alignment is mixed, including an abandoned quarry west of U.S. 

101 and south of Petaluma Boulevard, a park and marina (Hollen Berger Park) located east of 

U.S. 101 between the Petaluma River and SR 116, and scattered commercial and industrial 

development both east and west of U.S. 101 and north of SR 116.  Open space and farmland 

occupy the area west of U.S. 101 between the Petaluma River and SR 116. 

3.2.2 Field Exploration 

The following subsurface explorations were previously performed for the existing bridge and 

near structure. 

• Borings B-1 through B-9 completed for the U.S. 101/116 northbound and southbound 

bridges (Bridge No. 20-284L and 20-155R), dated 1952, completed by Caltrans; and 

• Borings 02-B-1 through 02-B-3 completed for the U.S. 101/116 northbound and 

southbound bridges (Bridge No. 20-284L and 20-155R), dated 2002, completed by 

Parikh Consultants, Inc. for Caltrans. 

• Boring BH-1 and cone penetration test CPT-1 completed for the Mechanically Stabilized 

Embankment at the south embankment of U.S. 101/116 southbound bridge, dated 

2002, completed by Caltrans. 

The above explorations included both penetration borings without sampling and rotary wash 

borings with split spoon drive samples.  Boring 02-B-2 also included Pitcher barrel sampling and 

wireline coring in the Franciscan Complex bedrock.  Boring locations for U.S. 101/SR116 

bridges are shown on Figure 3-3 and 3-4.  Copies of the LOTBs are included in Appendix A. 

To supplement available data, URS performed five rotary wash Borings, R-09-011 through 

R-09-015, to terminal depths ranging from 85 to 119½ feet.  HQ wireline diamond coring of the 

Franciscan Complex bedrock was used in Boring R-9-012 below a depth of 60 feet.  However, 

due to the limited rock recovery with this drilling method and the sheared and highly weathered 

nature of the shale and serpentinite rock, rotary wash drilling with SPT and MC drive samples 

was used on the remaining borings that penetrated the Franciscan Complex rocks, to obtain 

meaningful information for the foundation design. 

The field explorations were performed on June 10 to 25, 2009.  The locations of the borings are 

shown on the Site and Boring Location Plan, Figure 3-3 and 3-4, as well as on the LOTBs, 

Appendix A.  The LOTBs present descriptions of the soils encountered along with the results of 

laboratory tests.  
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A representative of URS supervised the drilling operations and soil and rock sampling.  Visual 

classifications of the materials encountered were made from cuttings and samples.  The soil 

samples collected from the boring were labeled and sealed immediately to preserve their natural 

moisture content.  The recovered rock core samples were placed in wooded core boxes.  At 

completion of the exploration, samples were delivered to the laboratory for further examination 

and testing.  The borings were backfilled with mixture of cement and bentonite in accordance 

with the requirements of the Sonoma County Health Department.  A detailed discussion of the 

field exploration program is presented in Appendix B. 

The Unified Soil Classification System and the guidelines summarizing soil consistency and 

relative density are presented on the LOTB legend, Appendix A – LOTB 1 of 7 and 2 of 7.  

Descriptions of the soils encountered in the borings are presented on LOTB 3 of 7 and 4 of 7.  

The logging method used in preparing the LOTB is consistent with Caltrans Soil and Rock 

Logging, Classification and Presentation Manual, dated June 2007.  These logs also illustrate the 

notation used for the size of samplers and the methods of advancing them. 

3.2.3 Laboratory Testing 

The water content, dry density, Plasticity Index (PI), grain size distribution (PA), consolidation, 

and Unconfined Compressive Strength (UC) were determined for selected samples to estimate 

the strength and compressibility of the underlying soils.  The locations of these tests, together 

with the resistance to penetration of the samplers, are shown at the corresponding locations on 

the LOTBs.  The laboratory test results are provided in tabular form and/or graphically in 

Appendix B. 

3.2.4 Soil Conditions 

3.2.4.1 Fill 

Borings R-09-011 and R-09-015 were located at the top of the existing embankment near the 

south and north bridge abutments, respectively.  Fill soil was encountered to depths of 54 feet 

(Elevation -3.0) and 23 feet (Elevation +11.0) in Borings R-09-011 and R-09-015, respectively.  

The fill consists primarily of granular soils (silty sand, silty sand with gravel, clayey sand with 

gravel, clayey sand, silty gravel, poorly graded gravel and clayey gravel) with cohesive interbeds 

(lean clay, sandy lean clay, and gravelly lean clay).  The granular soils are medium dense to 

dense in relative density, whereas the cohesive layers are judged to be medium stiff to stiff in 

consistency.  The fill from about Elevation +5 to -3 feet appears to have been placed after 

removal of the “soft, gray silty clay” revealed in nearby Boring B-1 (1952). 

Borings R-09-012 and -013 were drilled on the south and north sides of the railroad tracks, 

respectively, between the bridge approach fill embankments.  These two borings encountered 

2½ feet and 5 feet of sandy to clayey gravel, respectively overlying the alluvium. Boring R-09-

014 was drilled in the Route 116 pavement median.  An 8-inch asphalt concrete pavement was 

encountered overlying 6 inches of aggregate base underlain by silty sand with gravel fill 

extending to a depth of 11 feet.  The bottom of the fill layer (Elevation +3 feet) appears to be 

consistent with the fill thickness revealed in nearby Boring B-4 (1952). 
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3.2.4.2 Native 

Occurring below the fill in borings R-09-011 through R-09-015 are native alluvial fan deposits 

(alluvium) consisting of complexly interbedded layers of cohesive and granular soils.  The 

cohesive deposits (lean clay, fat clay and sandy lean clay) are generally medium stiff to very 

stiff; at a few locations (Borings R-09-012 at 45 feet and R-09-015 at 76 and 85 feet) the dry 

density is relatively low (75 to 78 pcf) and the moisture content is high (41 to 46 percent).  Fat 

clay was encountered in all borings except in R-09-011.  Fat clay layers 22 and 33 feet thick 

were encountered below Elevation +5 feet and -41 feet in Borings R-09-012 and R-09-014, 

respectively.  The granular interbeds include medium dense to very dense silty sand, silty sand 

with gravel, clayey sand, poorly graded sand, clayey sand with gravel, clayey gravel, silty gravel 

with sand and silty gravel.  However, the silty sand layer is loose in Boring R-09-013, at a depth 

of 26 feet.  Boring R-09-015 terminated in sandy lean clay alluvium at a depth of 108.5 feet.  The 

granular layer between Elevation -10 to -25 feet is consistent with the “fine to medium silty and 

clayey sand” recorded in Borings B-1, B-2 and B-4 (1952). 

Four of the five borings terminated in bedrock, as summarized in the following table. 

Boring 

Depth to Top 

of Bedrock 

(feet) 

Elevation of 

Top of Bedrock 

(feet) 

Length of 

Sampled Bedrock 

(feet) 

R-09-011 98.5 -47.5 21.0 

R-09-012 55.0 -44.0 30.0 

R-09-013 59.0 -49.0 27.5 

R-09-014 91.5 -77.5 5.0 

The condition revealed in Boring B-4 (1952), which terminated at approximately Elevation -60 

feet without reaching bedrock, is consistent with the bedrock interpolation between R-09-13 and 

R-09-14.  Franciscan Complex bedrock was encountered and was completely to highly 

weathered in the upper 10 to 25 feet, becoming moderately to slightly weathered below this 

depth.  The Franciscan Complex consists of mélange, a tectonic mixture of highly sheared 

metamorphic rock consisting of black shale and serpentinite with greenstone, greywacke, talc 

and scattered blocks of blueschist.  Where encountered, the depth to moderately to slightly 

weathered bedrock ranged from about Elevation -50 feet to -80 feet.  A generalized soil profile is 

presented in Figure 3-5, based on the conditions encountered in Borings R-09-011 through R-09-

015.  

3.2.5 Groundwater 

All of the previous borings were completed using rotary wash drilling or wireline coring 

methods.  Groundwater levels were measured in a few of the borings from Elevation +1.7 to +5.2 

feet.  These water levels were measured in June 1952 and September 2002.  (1952 Elevations 

have been converted as follows: 

Elevation 0 NGVD29 = Elevation + 2.28 NAVD88). 

All of the 2009 borings were started with hollow-stem auger and then completed using either the 

rotary wash drilling or wireline coring methods.  Borings R-09-011, R-09-012, R-09-013 and 

R-09-015 were dry to depths of 19 feet (Elevation +32), 21 feet (Elevation -10), 19 feet 
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(Elevation -9) and 22 feet (Elevation +12), respectively.  Groundwater was encountered in 

Boring R-09-014 at a depth of 18 feet (Elevation -4). 

Considering the previous measurements, we believe a design groundwater level at 

Elevation 5 feet would be reasonable for the site. 

3.3 GEOLOGIC HAZARDS 

3.3.1 Surface Fault Displacement and Ground Shaking 

The project alignment does not cross any Alquist-Priolo Earthquake Fault Zones (Hart, 1975).  

Therefore, surface rupture due to faulting along the alignment is not expected to occur.  

However, the short distance to nearby active faults including the Rodgers Creek-Healdsburg 

fault, San Andreas (north) fault, and the northern end of the Hayward fault does create a high 

risk for ground shaking from fault movement.  The intensity of the ground shaking is dependent 

upon the size of the earthquake, the distance of the epicenter from the site, the direction that the 

earthquake propagates along the fault, and the site geologic conditions. 

3.3.2 Landslide and Slope Failure 

With the exception of the man-made bridge approach embankment fills, the project alignment is 

on relatively flat ground and is not subject to landsliding.  Regional geologic maps by Wagner et 

al (2000) and Wentworth (1997), as well as the landslide hazard area maps in the Sonoma 

County Hazard Mitigation Plan (2006), do not show any mapped landslides on the hills at or near 

the project.  Furthermore, no evidence of landslide scarps or slumping of the man-made fill 

embankments was observed during site reconnaissance. 

3.3.3 Scour 

No creeks or active channels cross the alignment at the proposed U.S. 101/116 SOH (Replace).  

Therefore, scour is not a potential hazard at the site 

3.3.4 Flooding 

The Petaluma River channel is within a floodplain.  Federal Emergency Management Agency 

(FEMA) defines the area as Zone AE. Zone AE is defined as an area with a 1% annual chance of 

flooding.  With the exception of the active channel of the Petaluma River and the low lying area 

south of SR 116 below about Elevation +9 feet, the project alignment is located outside of Zone 

AE. 

3.3.5 Subsidence and Seismic Compaction 

Subsidence typically occurs as a result of subsurface fluid extraction (e.g. groundwater or 

petroleum) or compression of soft, geologically young sediments.  Groundwater extraction for 

high volume municipal and agricultural use has the potential to cause future ground subsidence 

in the region.  However, we are unaware of subsidence in the area.  No active petroleum wells 

are present within many miles of the site (California Division of Oil, Gas, and Geothermal 

Resources, 2001).  

Elastic and consolidation settlement can occur when soil is loaded by a structure or by the 

placement of fill on top of the soil.  Typically consolidation settlement occurs gradually when 
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soil pore pressures, increased by vertical loading, dissipate over time.  Bay Mud is very 

susceptible to consolidation settlement.  

Compaction settlement, or seismic densification, occurs when loose granular soils above the 

water table densify as a result of earthquake shaking.  The soil densification can result in 

differential settlement because of variations in soil composition, thickness, and initial density.  

As previously mentioned, localized layers of medium dense granular soils were encountered in a 

few of the borings.  At the location of Boring R-09-012, the soils above the groundwater table 

were found to consist of primarily sandy lean to fat clay.  Therefore, post-earthquake settlement 

due to seismic compaction settlement is not expected.  We estimated the potential post-

earthquake settlement at Borings R-09-011 and R-09-013 through R-09-015 using the computer 

program LIQUEFY PRO.  In our analyses we used a peak ground acceleration (PGA) of 0.6g 

and a design earthquake moment magnitude (M) of 7.0.  The design PGA and earthquake 

moment magnitude are discussed in Section 5.2.  Based on the results of these analyses, the 

magnitude of seismic compaction settlement at Borings R-09-013 through R-09-015 probably 

will range from negligible to ¼ inch.  Seismic compaction on the order of ½ inch is estimated for 

the soils encountered in Boring R-09-011.  Copies of these calculations are included in Appendix 

C. 

3.3.6 Liquefaction Potential 

Liquefaction is a phenomenon whereby sediments temporarily lose shear strength and collapse.  

This condition is caused by cyclic loading during earthquake shaking that generates high pore 

water pressures within the sediments.  The soil type most susceptible to liquefaction is loose, 

cohesionless, granular soil below the water table and within about 50 feet of the ground surface.  

Liquefaction can result in loss of foundation support and settlement of overlying structures, 

ground subsidence and translation due to lateral spreading, lurch cracking, and differential 

settlement of affected deposits.  Lateral spreading occurs when a layer liquefies at depth and 

causes horizontal movement or displacement of the overburden mass toward a free face such as a 

stream bank or excavation, or toward an open body of water. 

In a regional study of the nine-county San Francisco Bay region for the U.S. Geological Survey, 

Witter et al. (2006) mapped the liquefaction susceptibility of the site soils along the project 

alignment.  The alluvial fan and Bay Mud deposits found from the south bank of the Petaluma 

River and extending north past SR 116 have been mapped as having a “moderate” liquefaction 

susceptibility (see Figure 3-6).  The thin fill embankments that underlie the railroad tracks are 

shown as having a "very high" liquefaction susceptibility.   The Sonoma County Hazard 

Mitigation Plan (2006) maps these deposits as having a “high” liquefaction hazard.  The 

Franciscan Complex bedrock mapped south of the river is not subject to liquefaction.  

Potentially liquefiable sand layers were encountered in few of the borings completed for this 

study.  Post-liquefaction settlement of the medium dense sand layers encountered in Borings 

R-09-012 through R-09-015 were analyzed for a peak ground acceleration (PGA) of 0.6g and 

design earthquake moment magnitude, M 7.0.  The measured driving resistance (blow counts) 

recorded in the field were adjusted to account for hammer type, sampler size, overburden 

pressure, rod length, and fines content.  The magnitude of settlement at these boring locations is 

estimated to range from 0.1 inch to 0.9 inch.  Copies of these calculations are included in 

Appendix C.   
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3.3.7 Naturally Occurring Asbestos 

Asbestos is a term used for several types of naturally-occurring fibrous minerals generally found 

in ultramafic rocks.  The most common type of asbestos is chrysotile.  Serpentinite often 

contains chrysotile asbestos.  Serpentinite is a common rock type occurring in the Fransican 

Complex and was found in several of the borings completed by Caltrans in 1952 and in the 2009 

URS borings.  Serpentinite is typically grayish-green to bluish-black in color and may have a 

shiny appearance. The amount of asbestos that is typically present in these rocks ranges from less 

than 1% up to about 25%, and sometimes more.  Asbestos is released from Serpentinite rock 

when it is broken or crushed.  This can happen when land is graded for building purposes or at 

quarrying operations.  It is also released naturally through weathering and erosion.  Once 

released from the rock, asbestos can become airborne and may stay in the air for long periods of 

time.  The potential for asbestos to be encountered during construction is low since driven piles 

will be used for support of the new bridges and excavations into the Franciscan complex rocks 

will not be made. 

3.4 GEOLOGICAL PROFILES AND ENGINEERING PARAMETERS 

Figure 3-5 presents a generalized soil profile for the project site; it illustrates the layering of the 

various soil strata encountered in the explorations and the approximate depth to Franciscan 

complex bedrock.  A table summarizing geotechnical parameters for each of the 5 soil layers also 

is presented.  The soil parameters tabulated on Figure 3-5 were selected based on laboratory test 

results as well as engineering judgment and local experience. 

The undrained shear strength, relative density, dry unit weight and moisture content are the 

primary geotechnical parameters used in our foundation design and analysis.  Atterberg limits 

tests and particle analyses were performed for classification of soils.  In general, unconfined 

compression tests were performed on cohesive soil samples to estimate the undrained shear 

strength.  Some disturbance occurs while sampling cohesive soils; therefore unconfined 

compressive strengths can be somewhat lower than the insitu field conditions.  Consequently, 

engineering judgment and local experience were applied in our interpretation of the laboratory 

test results.  The relative density of cohesionless soils was estimated from vertical effective stress 

and Standard Penetration Resistance, N blows per 1 foot based on correlations developed by 

Gibbs and Holtz (DM7.1 – 87, 1986).  Where non-standard sampler sizes were used, such as the 

modified California sampler (2½ inch outside diameter), a correction factor was applied to the 

recorded blows per foot to approximate the equivalent Standard Penetration Resistance. 
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4. Section 4 THR EE Corrosion Evalu ation  

4.1 CORROSION EVALUATION 

An assessment of the potential for corrosion of various buried foundation and pipe structures was 

performed by V&A Consulting Engineers (V&A).  The results of their investigation are 

presented in Appendix D, and summarized below.    

4.2 SUMMARY 

V&A was retained by URS Corporation to perform a corrosion survey along U.S. 101, in and 

near Petaluma, California from 0.4 mile south of Petaluma Boulevard South over crossing to 0.2 

mile north of Caulfield Lane overcrossing.  The objective was to measure various soil parameters 

and evaluate the results with respect to possible levels of corrosion at the proposed bridge site.  

Corrosivity was evaluated for materials within a depth range of 0 to 100 feet below grade.   

The California Department of Transportation, Division of Engineering Services, Materials 

Engineering and Testing Services, Corrosion Technology Branch has published “Corrosion 

Guidelines” (Guidelines) to define what constitutes corrosive soil.  The Guidelines consider soil 

to be corrosive to structural elements (steel reinforced concrete) if one or more of the following 

conditions exist for water or soil samples: 

1. The chloride concentration is 500 ppm (mg/kg) or greater, 

2. The sulfate concentration is 2,000 mg/kg or greater, or 

3. The pH is 5.5 or less. 

Also, a minimum resistivity value of less than 1,000 ohm-cm indicates the presence of high 

quantities of soluble salts and a higher propensity for corrosion.  A wide variety of soluble salts 

are typically found in soils.  Two soils having the same resistivity may have significantly 

different corrosion characteristics, depending on the specific ions available.  The major 

constituents that accelerate corrosion are chlorides, sulfates and the acidity (pH) of the soil.  

Chloride ions tend to break down otherwise protective surface deposits, and can result in 

corrosion of reinforcing steel in concrete structures.  Sulfates in soil can be highly aggressive to 

Portland cement concrete by combining chemically with certain constituents of the concrete, 

principally tricalcium aluminate.  The reaction is accompanied by expansion and eventual 

disruption of the concrete matrix.  High concentrations of bicarbonates tend to decrease soil 

resistivities.  Although bicarbonates are not aggressive to concrete, lower resistivity 

environments can promote corrosion activity.  

Acidity, as indicated by the pH value, is another measure of corrosivity.  The lower the pH (the 

more acidic the environment), the higher will be the corrosivity with respect to buried metallic 

and concrete structures.  As pH increases above 7 (the neutral value), conditions become 

increasingly more alkaline and passive to buried structures.  

Evaluation of the in-situ soil environment was made in terms of potential damage to structures 

due to corrosion.  Soil resistivity measurements were conducted in the field during the initial 

stages of the work.  In addition, soil samples collected by URS during the geotechnical 

investigation were forwarded to Cooper Testing Laboratory in Palo Alto, California, for 

chemical analysis.  The soil samples were analyzed for minimum resistivity, pH, water soluble 

chloride ion concentration, and water soluble sulfate ion concentration in accordance with the 

Guidelines.   
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Soil samples were selected from the Borings R-09-010, R-09-012, and R-09-015 in the general 

vicinity of Northbound 101 / SR 116.  The results are summarized in the following table.  

Table 4-1:  Soil Corrosion Test Results Summary 

Sample ID 

Minimum 

Resistivity 

(ohm-cm) 

pH 

Chloride 

Content 

(mg/kg) 

Sulfate 

Content 

(mg/kg) 

R-09-010 1,762 7.6 12 <5 

R-09-012 268 8.0 2,225 187 

R-09-015 388 6.8 38 2,325 

 

4.3 CONCLUSIONS 

Minimum soil resistivity less than 1,000 ohm-cm measured in samples from Borings R-09-012 

and R-09-015 suggests that soils are corrosive, whereas the pH, measured for all 3 samples, 

ranges from a minimum of 6.8 to a maximum value of 8.0; this suggests a relatively neutral to 

alkaline environment.  The project site is not located within 1,000 feet of salt or brackish water, 

indicating the proposed structure will not be exposed to marine atmosphere.  However, the 

soluble chloride concentrations exceed 500 mg/kg and the soluble sulfate concentrations exceed 

2,000 mg/kg, indicating that the soils are corrosive.  Therefore, according to the Guidelines, the 

soils at the project site are considered corrosive. 
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5. Section 5 FOUR  Seismic Dat a and Evaluation  

5.1 SEISMIC DESIGN METHODOLOGY AND RESOURCES 

The seismic design methodology adopted for this project is based on the following current 

Caltrans standards: 

1. Development of the 2007 Caltrans Deterministic PGA Map and Caltrans ARS Online, July 

2009 

2. Seismic Design Criteria (SDC), v 1.5, August 2009 

3. Guidelines for Foundation Investigations and Reports, v 2.0, dated March 2006 

5.2 PEAK BEDROCK ACCELERATION 

The closest active faults to the project alignment are the Rodgers Creek-Healdsburg fault, San 

Andreas (north) fault, the northern end of the Hayward fault and the Maacama-Garberville fault 

(referred to as the Maacama-Brush fault on the Caltrans Seismic map by Mualchin, 1996).  The 

nearest potentially active fault is the Late Quaternary Tolay fault located 2.3 miles (3.7 km) 

northeast of the site.  The California Geological Survey (2000) has produced maps showing 

Alquist-Priolo Earthquake Fault Zones along faults with known Holocene activity that pose a 

potential surface faulting hazard.  With the exception of the Tolay fault, all of these faults are 

included as Alquist-Priolo (A-P) zoned faults.  The Rodgers Creek-Healdsburg fault is located 

about 4.6 miles (7.4 km) northeast of the site with a corresponding PGA [Vs=2,500 feet per 

second (fps)] contour of 0.6g based on the 2007 Caltrans Deterministic PGA map.  San Andreas 

(north) fault is located about 15.8 miles (25.4 km) southwest of the project alignment.  More 

distant active faults include the north end of Hayward fault located about 18.6 miles (30.0 km) 

southeast of the site, and the Maacama-Garberville fault located about 21.5 miles (34.6 km) 

northeast of the site.  Figure 3-2 shows active faults within the site region relative to the project.  

The project alignment does not cross any mapped A-P zoned faults. 

Table 5-1: Seismic Source Parameters  

 

Fault 

 

Type 

 

MMax  

Distance 

(miles) 

Near Field 

Effects? 

Rodgers Creek-

Healdsburg 
strike-slip 7.1 4.6 Yes 

San Andreas 

(north) 
strike-slip 7.9 15.8 No 

Hayward strike-slip 7.3 18.6 No 

                       Note: The distances are based on Caltrans ARS Online (2009) 

5.3 FAULT TYPE, NEAR-FIELD, AND SPECTRAL ACCELERATION INCREASES 

The technical report that accompanies the 2007 Caltrans Deterministic PGA Map (Merriam and 

Shantz, 2007) indicates that the controlling active fault (Rodgers Creek-Healdsburg) has strike-

slip displacement.  Therefore, in accordance with Caltrans design procedures referenced above, 

no increase in design spectral accelerations is required for fault type.  However, since the project 
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site is located less than 9.3 miles (15.0 km) from the nearest active fault, the design spectral 

accelerations should be modified to account for near-field effects as follows: 

Table 5-2: Spectral Acceleration Increase for Near-Field Effects  

Period (sec) Increase in Spectral Acceleration (%) 

< 0.5 0 

0.5 – 1.0 0 – 20 (determined by linear interpolation) 

>1 20 

 

At the time of this study, no bridge structures with a fundamental period of vibration greater than 

1.5 seconds were anticipated; therefore no adjustments are required for long period effects. 

5.4 SOIL PROFILE TYPE 

The logs of 2009 Borings R-09-011 through R-09-015 reveal that the soils at the site consist of 

fine and coarse-grained alluvium that becomes denser and stiffer with depth, terminating mostly 

in bedrock; the weighted average of the recorded standard penetration test (SPT) blow counts in 

soil in these five borings was used to determine the average SPT resistance value (N) of 29, 15, 

15, 26 and 24, respectively.  In addition, the undrained shear strength of clay deposits in these 

borings ranges from about 650 to 3,700 pounds per square foot (psf).  These two parameters are 

indicative of soil profile Type D based on the guidelines given in SDC Figure B.12.  

Furthermore, the shear wave velocity (Vs) is estimated to be about 1,000 fps or 305 meters per 

second (mps), which falls within the soil profile Type D Vs range of 600 to 1,200 fps.  Therefore, 

Soil Profile Type D should be used for design.   

5.5 DESIGN ACCELERATION RESPONSE SPECTRA 

The design response spectrum for the site is estimated with spectral acceleration values 

generated using Caltrans ARS Online (2009).  This method was developed by Caltrans Geo 

Research Group in partnership with United States Geological Survey (USGS), Pacific 

Earthquake Engineering Research (PEER) and California Department of Conservation.  This 

web-based tool calculates both deterministic and probabilistic acceleration response spectra for 

any location in California based on criteria provided in Appendix B of Caltrans SDC. 

The deterministic spectrum is determined as the average of median response spectra calculated 

using the Campbell-Bozorgnia (2008) and Chiou-Youngs (2008) ground motion prediction 

equations developed under the “Next Generation Attenuation” project coordinated through the 

PEER-Lifelines program.  These equations are applied to all faults considered to be active in the 

last 750,000 years (late-Quaternary age) that are capable of producing a moment magnitude 

earthquake of 6.0 or greater.  The probabilistic spectrum is obtained from the USGS (2008) 

National Hazard Map for 5% probability of exceedance in 50 years.  Caltrans design spectrum is 

based on the larger of the deterministic and probabilistic spectral values.  Both the deterministic 

and probabilistic spectra account for soil effects through incorporation of the parameter Vs30, 

the average shear wave velocity in the upper 30 meters (100 feet) of the soil profile. 

The input values selected for use in Caltrans ARS Online included: 

• Vs30 of 1,000 fps (305 mps) 

• Maximum Moment (MMax) Magnitude 7.1 (Rodgers Creek-Healdsburg fault) 



SECTIONSECTIONSECTIONSECTIONFIVE Seismic Data and Evaluation 

 X:\101_MSN_SCTA\450_GEOTECH\REPORTS\FOUNDATION REPORTS\116 REPLACE\101-116_REPLACE_20110516.DOC\18-MAY-11\\  5-3 

• No ARS increase for fault-type or long period structure 

• ARS increase for near-field effects 

The calculated spectra for both deterministic and probabilistic methods are presented graphically 

in Figure 5-1.  Since the maximum spectral acceleration curve is the USGS 5% in 50 years 

hazard, this curve is presented in Figure 5-2 as a design curve.  Spectral values (from Figure 5-2) 

are provided below in Table 5-3. 

Table 5-3: Spectral Acceleration Values  

(Vs= 305 mps, Lat. = 38.23298053, Long. = -122.61780739) 

Period 

(seconds) 
Sa (g) Sa* (g) 

0.010 0.611 0.611 

0.020 0.711 0.711 

0.030 0.777 0.777 

0.050 0.870 0.870 

0.075 0.951 0.951 

0.100 1.013 1.013 

0.120 1.066 1.066 

0.150 1.136 1.136 

0.170 1.177 1.177 

0.200 1.232 1.232 

0.240 1.263 1.263 

0.300 1.303 1.303 

0.400 1.273 1.273 

0.500 1.249 1.249 

0.750 1.077 1.184 

1.000 0.883 1.060 

1.500 0.636 0.764 

2.000 0.504 0.605 

3.000 0.328 0.394 

4.000 0.236 0.283 

5.000 0.190 0.228 
 *Modified with near-fault factors outlined in Section 5.3. 
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6. Section 6 F IVE Available Plans 

Three sets of previous as-built plans from Caltrans were reviewed including: 

1. Bridge No. 20-0155L (Contract Number unknown) date unknown; apparently constructed in 

about 1952 at location of proposed widening.  Only LOTB sheet was provided. 

2. Bridge No. 20-0155R/L (Contract No: 04-147204) dated October 24, 1996 was Earthquake 

Retrofit Project No. 693.  The pile caps of Piers 4, 5 and 7 of both bridges were increased in 

width and length and supported on Class 70 Modified (70-ton service load) concrete piles.  

3. Bridge No. 20-0284L (Contract Number unknown) dated March 3, 2003.  Original 1952 

bridge was replaced with a new bridge, U.S. 101/116 SOH Left (Replace).  

The 1952 LOTB indicates the original bridge is supported on a total of 455 Raymond step-taper 

piles (32-ton design capacity) at the abutments and bents.  The pile diameter increases from 10 

inches at the tip to a maximum of 15½ inches at the butt.  At Bents 7R and 8R, steel H piles (10 

BP 42) were driven to reach specified tip.  Average pile tips range from about Elevation -38 to -

57 feet.  

The 1996 earthquake retrofit project at this bridge (20-0155R/L) is supported on driven concrete 

piles at Piers 4, 5 and 7. Available data for modified bents are summarized in the following table. 

Copies of pertinent as-built plans are included in Appendix E. 

Table 6.1: Pile Data Table for 1996 Earthquake Retrofit at U.S.101/116 SOH 

Location 

Pile Type 
Specified Pile Tip 

Elevation (feet) Bridge No. Abutment/Pier 

No. 

20-0155 R/L  Piers 4, 5 and 7 
Class 70C Modified 

Concrete Pile 
-42.0 

 

The 2003 replacement bridge (20-0284L) is supported on driven precast prestressed concrete 

(PCPS) piles at 2 abutments, 4 bents and 2 retaining walls.  Except for Abutment 1, which is 

supported on Class 900C (100-ton) piles, the remainder of the bridge is supported on Class 625C 

(70-ton) piles.  Retaining walls at abutments were supported on Class 400C (45-ton) piles.  

Design pile data for the abutments and bents are summarized in the following Table 6-2.  Copies 

of pertinent as-built plans are included in Appendix E. 

Table 6-2:  Pile Data Table for U.S. 101/SR116 SOH Left  

Location Pile 

Type 

Specified Pile Tip 

Elevation (feet) Bridge No. Abutment/Pier No. 

20-0284L Abutment. 1 PCPS -41.0 

20-0284L Bent 2 PCPS -40.0 

20-0284L Bent 3 PCPS -44.9 

20-0284L Bent 4 PCPS -55.8 

20-0284L Bent 5 PCPS -47.9 

20-0284L Abutment 6 PCPS -52.5 

20-0284L Abutment. 1 Retaining Wall PCPS -39.4 

20-0284L Abutment. 6 Retaining Wall PCPS -39.4 

It should be noted that as-built pile tip elevations were not available.



SECTIONSECTIONSECTIONSECTIONSEVEN Recommendations 

 X:\101_MSN_SCTA\450_GEOTECH\REPORTS\FOUNDATION REPORTS\116 REPLACE\101-116_REPLACE_20110516.DOC\18-MAY-11\\  7-1 

7. Section 7 SIX Reco mmend ation s 

7.1 DISCUSSION  

The proposed bridge is underlain predominantly by medium to very stiff lean and fat clay, loose 

to very dense sand and slightly to highly weathered bedrock (Franciscan Complex).  The 

principal geotechnical issues at the site are: 

• Selection of the type and depth of foundation that will be compatible with the underlying 

soils, and 

• Construction issues associated with the proximity of proposed new piles to existing piles. 

In addition, soils at the project site are considered corrosive.  We understand that the project 

Structural Engineer has elected to use driven PCPS concrete piles with minimum dimension of 

14 inches (Class 200, T=14 inch, Alternative “X”) to support the proposed structure. 

The following sections present the geotechnical design parameters for PCPS piles that are 

consistent with the Load and Resistant Factor Design (LRFD) design procedure adopted by 

Caltrans. 

7.2 PILE DESIGN CAPACITY AND TIP ELEVATION 

7.2.1 Axial Pile Capacity  

Based on of the subsurface conditions encountered in the current borings and 1952 and 2003 as-

built borings, it is recommended that the proposed structure be supported on driven PCPS 

concrete piles with a minimum dimension of 14 inches.  Current Caltrans practice is to design 

abutments in accordance with Working Stress Design (WSD) methodology and bents/piers in 

accordance with LRFD.  Table 7-1 on the following page presents a summary of the foundation 

design data for the proposed U.S. 101N/SR116 SOH (Replace). 
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Table 7-1:  Foundation Design Data for U.S. 101N/SR116 SOH (Replace) 

Location 
Design 

Method 
Pile Type 

Finished 

Grade 

Elevation (ft) 

Cut-off 

Elevation 

(ft) 

Pile Cap Size 

(ft) 

Permissible 

Settlement 

under 

Service 

Load (in) 

No. of 

Piles per 

Support 

Abutment 1 

Footing 1A 

 Footing 1B 

 Footing 1C 

WSD Class 200 

40 

39 

varies: 30-38 

30.75 

26.75 

22.75 

21* 

24 

49.1* 

10.5*  

10.5*  

10.5* 

1                    

1                    

1   

9              

9            

27 

Bent 2 

Footing 2A 

Footing 2B  

Footing 2C 

LRFD Class 200 

10 

10 

10 

1.25 

1.25 

-0.25 

13 

13 

13 

13       

13           

13 

1                    

1                    

1   

12              

12            

12 

Bent 3 

Footing 3A  

Footing 3B  

Footing 3C 

LRFD Class 200 

12 

12 

12 

2.25 

2.95 

4.45 

13 

13 

13 

13       

13           

13 

1                    

1                    

1   

12              

12            

12 

Bent 4 

Footing 4A  

Footing 4B  

Footing 4C  

Footing 4D 

LRFD Class 200 

13 

13 

13 

13 

4.45 

5.15 

5.85 

6.65 

13 

13 

13 

13 

13       

13           

13      

13 

1                    

1                    

1                    

1 

12              

12            

12           

12 

Abutment 5 Footing 5 WSD Class 200 varies:22-30 17.45 86.7* 10.5* 1 28 

Abutment 5 
Footing 5RW-1 

Footing 5RW-2 
WSD Class 140 

varies:30-37 

varies:37-40 

22.15 

26.35 

24.0 

15.21 

9.0 

7.25 

1 

1 

5 

4 

      *Pile Cap is not rectangular.  Size shown is approximate based on actual dimensions. 
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Loads from LRFD service-1 Limit State are used as design loads for WSD of abutments.  

Table 7-2 presents the design loads.  

Table 7-2:  Foundation Design Loads for U.S. 101N/SR116 SOH (Replace) 

Location 

Service Limit State (kips) 
Strength Limit State (Controlling 

Group, kips) 

Extreme Limit State (Controlling 

Group, kips) 

Total Load 

Per-

manent 

Loads 

Compression Tension Compression Tension 

Per 

Support 

Max 

per 

Pile 

Per 

Support 

Per 

Support 

Max 

per 

Pile 

Per 

Support 

Max 

per 

Pile 

Per 

Support 

Max 

per 

Pile 

Per 

Support 

Max 

per 

Pile 

Abutment 1 3942 191 3255 N/A N/A N/A N/A N/A N/A N/A N/A 

Bent 2 2534 N/A 2000 3287 253 0 0 3225 248 0 0 

Bent 3 2183 N/A 1655 2999 250 0 0 2362 197 0 0 

Bent 4 2029 N/A 1509 2786 232 0 0 2307 192 0 0 

Abutment 5 3979 168 3289 N/A N/A N/A N/A N/A N/A N/A N/A 

 

The specified tip elevations presented in the following pile data table (Table 7-3) are based on  

friction resistance developed in subgrade soils and end-bearing resistance developed in the 

bedrock stratum that underlie the site.  

Table 7-3:  Pile Data Table for U.S. 101N/SR116 SOH (Replace) 

Location Pile Type 

Nominal Resistance  

(kips) 
Design Tip 

Elevation   

(ft) 

Specified Tip 

Elevation  (ft) 

Nominal Driving 

Resistance   

(kips) Compression Tension 

Abutment 1 
Class 200 

Alt “X” 
390 0 

-47 (a) 

+2.5 (b) 
-47 390 

Bent 2 
Class 200 

Alt “X” 
370 0 

-47 (a) 

-16 (b) 
-47 370 

Bent 3 
Class 200 

Alt “X” 
360 0 

-56 (a) 

-17 (b) 
-56 360 

Bent 4 
Class 200 

Alt “X” 
340 0 

-68 (a) 

-11 (b) 
-68 340 

Abutment 5 
Class 200 

Alt “X” 
340 0 

-64(a) 

-5 (b) 
-64 340 

Abutment 5 

RW 

Class 140 

Alt “X” 
280 0 

-62 (a) 

+2(b) 
-62 280 

Abutment 5 

Median RW 

Class 140 

Alt “X” 
280 0 

-61 (a) 

-5 (b) 
-61 280 

Design tip elevation is controlled by the following demands: (a) compression, (b) lateral 
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The results of our axial pile capacity analysis, which forms the basis for the design and specified 

tip elevations provided above, are presented in Appendix F. 

No group reduction factor needs to be applied to single pile compression load capacities 

presented above, provided a center-to-center spacing of at least three pile diameters is used. 

7.2.2 Lateral Load Capacity 

Driven pile foundations are capable of resisting lateral loads, by bending of the pile and by pile-

soil interaction.  The magnitude of the lateral load resistance that can develop depends upon 

several factors such as the pile size, the physical properties of the surrounding soils, the 

structural design of the pile, and the direction of loading.  We used LPILE 4.0 (Reese et al., 

October 2000) to assist in estimating the lateral load resistance of 14-inch PCPS concrete piles.  

Output files for analysis of piles at the abutments and bents are presented in Appendix G.  Charts 

showing estimated load versus deflection for free and fixed head conditions at top of pile are 

included as Figures G-1 through G-10 in Appendix G. 

California Amendment to ASHTO LRFD Bridge Design Specifications, Section 10.7.2.4, 

recommends that a P-multiplier (Pm) be applied to the lateral capacity of individual piles to 

account for pile group efficiency.  Table 7-4 presents Caltrans recommended Pm for the 

corresponding rows of piles within a group. 

Table 7-4:  Pile P-Multiplier, Pm for Multiple Row Shading  

Pile Center-to-Center Spacing 

(in the direction of loading) 

Group Efficiency Factor (P-Multiplier, Pm) 

Row 1 Row 2 Row 3 and higher 

2 x Pile Width/Diameter (B) 0.60 0.35 0.25 

3 B 0.75 0.55 0.4 

5 B 1.0 0.85 0.7 

7 B 1.0 1.0 0.9 
  Note: Row 1 refers to the leading row of piles in the direction of loading. 

If additional lateral capacity is needed beyond the lateral load capacity of the piles, passive 

resistance against the abutment walls or pile cap can be utilized.  For abutments, Caltrans limits 

the soil resistance at the back of the wall to a 5.5 feet wall height and a maximum uniform soil 

pressure of 5,000 psf.  For wall heights less than 5.5 feet, the average unit pressure should be 

reduced linearly in proportion to the height.  The uniform soil pressure of 5,000 psf is an ultimate 

value, and should be used with appropriate load resistance factor for the service limit-state 

consistent with the LRFD approach.  For bents, passive resistance against the embedded pile cap 

can be utilized.  The mobilization of passive resistance depends on the amount of pile cap 

deflection/rotation.  The ultimate passive resistance of the soil should be estimated using an 

equivalent fluid pressure as shown on Figure G-11 (Appendix G).  Figure G-11 also presents 

plots of the percent of maximum equivalent fluid pressure versus pile cap movement.      

7.2.3 Lateral Pile Load-Deflection (P-Y)  

Lateral load-deflection (p-y) curves were generated to evaluate the behavior of piles supporting 

bents of the bridge structure.  LPILE plus 5.0 (Ensoft, Inc. 2008) was used to model the lateral 

pile behavior and to estimate the lateral load-deflection curve for 14-inch prestressed precast 

concrete piles.  Results of LPILE analysis are presented in Appendix H.   
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7.2.4 Axial Pile Load-Deflection 

Axial pile load-deflection curves are used by the Structural Engineer to develop vertical 

foundation stress-strain coefficients for use in the super structure analyses.  The computer 

program TZPILE 2.0 (Ensoft, Inc. 2005) was used to model the axial pile load behavior.  Axial 

load-deflection curves were developed for 14-inch prestressed precast concrete piles.  The results 

of the TZPILE analysis are presented in Appendix I.     

7.3 PILE INSTALLATION 

All piles should be installed under the direct observation of the Geotechnical Engineer and in 

accordance with Section 49 of the Caltrans Standard Specifications, “Piling.”  Specific additions 

and modifications to these requirements are discussed below. 

The Contractor should submit evidence of compatibility of the proposed pile hammer with the 

pile type and soil conditions at the site.  The Contractor’s hammer submittal should include, as a 

minimum, a dynamic analysis of the pile driving system that is based on wave equation analysis 

using computer programs such as WEAP.  Pile Driving Acceptance Criteria described in 

Caltrans Standard Specifications Section 49-1.08 should be followed, as well as Special 

Provisions 49-228, Redriving.  Driven piles reaching refusal within 10 feet of the specified tip 

elevation and meeting the acceptance criteria may be cut-off above the tip elevation required by 

the compression loads.  This assumes that the design lateral load and tension load tip elevations 

have been reached (see Pile Data Table).  Preliminarily, we recommend that the refusal criteria 

be two times the minimum required blowcount as determined by the nominal resistance formula 

outlined in Section 49-1.08 of the Standard Specifications.  However, refusal criteria should be 

defined later based on the pile driving system proposed by the Contractor and evaluated by 

WEAP analysis. 

We anticipate that piles may encounter “hard driving” conditions within granular deposits found 

at Abutment 1, Bent 4 and Abutment 5. The approximate elevations of the granular deposits and 

location are presented in Table 7-5. 

Table 7-5:  Location and Approximate Elevation of “Hard Driving” Layers 

at U.S. 101N/SR116 SOH (Replace)  

Location 

Approximate Elevation 

of “Hard Driving” 

Layers (feet) 

Abutment 1 
-12½ to -17½, 

 -22½ to -26 

Bent 4 -10.0 to -14.0 

Abutment 5 -9.0 to -18.0 

 

Where required, and as approved by the Geotechnical Engineer, predrilling should be used to 

assist in the installation of piles to the required tip elevations.  Predrilled holes should be no 

larger than the least dimension of the new pile, in conformance with the provisions of Section 

49-1.05 of the Standard Specifications, Driving Equipment.  The use of water in the predrilling 
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process or jetting should not be allowed, unless approved in advance by the Geotechnical 

Engineer. 

7.4 APPROACH EMBANKMENT SETTLEMENT 

It is planned to raise the existing south approach embankment by about 5 feet at the south 

abutment (Abutment 1).  The footprint of the north approach embankment will be enlarged to the 

southeast, requiring additional fill depths ranging from 5 feet to as much as 21 feet at Abutment 

5.  Settlement of the approach embankments due to placement of additional fill has been 

estimated for those changes in the roadway design profile and embankment widening.  Based on 

the analysis, it is estimated that long-term consolidation settlement on the order of ½ inch and 

from ½ inch to 4½ inches could occur at Abutment 1 and Abutment 5, respectively.  The 

settlement at the top edge of the existing embankment is estimated to be less than ½ inch.  Since 

the nearest existing abutment pile is about 5 feet away from the embankment edge, the settlement 

around the pile is estimated to be less than ½ inch; therefore settlement-induced downdrag force 

on existing abutment piles is unlikely. 

For the north approach embankment, we estimate that approximately 90% of this settlement  

should occur within 270 days of fill placement, assuming the final embankment width is 

constructed at one time.  The time to reach 90% consolidation, T90, could be reduced by adding 

surcharge fill for the width of the widened embankment.  For example, it is estimated that 5 feet 

of surcharge fill would be expected to reduce T90 to about 150 days, and that 10 feet of surcharge 

fill would further reduce it to about 100 days.  Appendix J presents the results of the settlement 

analysis. 

7.5 SLOPE STABILITY 

Consistent with Caltrans standards, the proposed slope inclination of new embankments at the 

north abutment is generally 2 to 1 (horizontal to vertical).  The embankment soils and underlying 

native soils are capable of supporting these typical slopes, provided that the embankments are 

constructed in accordance with the recommendations of this report and Caltrans Standard 

Specifications. 

7.6 APPROACH FILL EARTHWORK 

All earthwork should be completed in accordance with the applicable sections of the Caltrans 

Standard Specifications and Project Standard Specific Provisions.  The requirements of structural 

backfill and pervious backfill are set forth under Section 19-3.06 and 19-3.065, respectively, in 

the Standard Specifications (Caltrans 2006). 

7.7 ABUTMENT/BENT PILE CAP EXCAVATION 

Once footing/pile cap areas have been excavated to the required finish subgrade elevations, all 

loosened soil should be removed prior to concrete placement.  Based on available groundwater 

information, we recommend the type of excavation should be classified as a “Structure 

Excavation (Bridge)” at both abutments and at Bents 2, 3 and 4 as “Structure Excavation 

Type D” in accordance with Section 11 of Bridge Design Aids, March 2005.  However, based on 

a review of the contract documents for the bridge replacement in 2007, the excavation at Bent 4 

was classified as “Structural Excavation Type DR”.  However, no contamination was detected at 
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the same location and the details are provided in a separate report, titled “Site Investigation 

Report,” dated February 10, 2011. 
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8. Section 8 SEVEN  Constru ction Con sid eration s 

8.1 TEMPORARY CONSTRUCTION EXCAVATIONS 

We anticipate that excavations into the existing embankment fill for construction of the 

abutments could result in temporary near vertical unsupported soil faces as high as about 15 feet.  

Safety standards set by OSHA limit the height of unshored vertical excavations to 5 feet if 

construction personnel will be working in the excavations.  The set of guidelines published by 

OSHA (Department of Labor, Occupational Safety and Health Administration, 1989), classifies 

soils in detail as Type A, B or C.  In general, Type A soils are stronger and more cohesive, Type 

B soils are intermediate, and Type C soils are weaker or more granular.  Based on the soil type, 

depth, duration the excavation is open, and sequence of soils exposed in the excavation, OSHA 

recommends maximum allowable slopes.  For example, for excavations 20 feet or less in depth 

through homogeneous soils, they state that maximum allowable slopes (horizontal to vertical) 

should be ¾:1, 1:1, and 1½:1 for Type A, B, and C soils, respectively.  Based on the strengths of 

the soils encountered at the site, the existing fills and the native sand strata are considered to be 

OSHA Type C, whereas the native medium stiff to stiff clay soils are considered to be Type B. 

The guidelines provided by OSHA are for trench excavations; they state that there is uncertainty 

as to when and to what degree an employer must slope, shore, or otherwise protect employees in 

a “non-trench” excavation.  In consideration of these factors, we recommend that temporary cut 

slopes in the existing embankment fills not exceed 1½:1 during construction.   

For locations where excavation with sloping sides is not viable because of space limitations, or in 

areas where temporary slopes steeper than 1½:1 are planned, shoring will be required.  The 

Contractor should retain an experienced Registered Civil Engineer to design the shoring system.   

8.2 CONSTRUCTION DEWATERING 

The bottoms of pile caps at Bents 2, 3 and 4 are planned at Elevation -0.5, 2.0 and 4.2 feet, 

respectively, whereas Abutments 1 and 5 are planned at Elevation 22.5 and 17.2 feet, 

respectively.  Free groundwater was encountered in Boring R-09-014 at a depth of about 18 feet 

(Elevation -4.0 feet).  Groundwater levels also were measured somewhat shallower in borings 

from the previous studies (June 1952 and September 2002) at Elevations +1.7 to +5.2 feet.  

Based on these exploratory findings, it should be anticipated that groundwater could be 

encountered during pile cap excavation at the bents.   

8.3 EFFECTS OF CONSTRUCTION WORK ON ADJACENT STRUCTURES 

Efforts should be made to minimize effects of construction work on adjacent structures.  If new 

foundation excavations and overexcavations are located in close proximity to existing bridge 

foundations, shoring could be required to minimize exposure of existing pile foundations. 
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9. Section 9 EIGHT  Limit ations 

The recommendations presented in this Foundation Report are based on information obtained 

from new explorations made at widely separated locations, site reconnaissance, review of 

available historic data, and upon local experience and engineering judgment.  As-built drawings 

pertinent to the geotechnical investigation are included, for convenience of reference. 

The recommendations presented in this report are based on the assumption that the soil and 

geologic conditions do not deviate substantially from those encountered in the previous and new 

explorations.  If any variations are encountered during construction, URS should be contacted so 

that supplementary recommendations can be made. 

If the planned construction is changed from that presently conceived, URS should be retained to 

review the changes and make modifications to the original recommendations represented in this 

report in order to meet the project needs. 

The Geotechnical Engineer should review the final specifications and drawings to verify that 

these documents are consistent with the intent of the geotechnical recommendations.  

Geotechnical issues may arise which are not apparent at this time.  URS should be retained 

during construction to review the soil conditions encountered and the construction procedures.  

All earthwork and testing should be completed under the direct observation of a representative of 

our firm. 

Specific review and investigation for environmental issues and subsurface environmental 

contamination were beyond the scope of the geotechnical services. 

The elevations shown on the new LOTBs are based on interpolation from spot and contour 

elevations shown on available topographic maps. 

The opinions and recommendations presented in this Foundation Report were developed with the 

standard of care commonly used as state of the practice in the profession.  No other warranties 

are included, either express or implied, as to the professional advice provided in this report. 



SECTIONSECTIONSECTIONSECTIONTEN References 

 X:\101_MSN_SCTA\450_GEOTECH\REPORTS\FOUNDATION REPORTS\116 REPLACE\101-116_REPLACE_20110516.DOC\18-MAY-11\\ 10-1 

10. Section 10 NIN E Referen ces 

ABAG, 2007, Floodplain Maps, abag.ca.gov/bayarea/eqmaps/eqfloods/floods  

Armstrong, C.F. and Huffman, M.E., 1980, Geology for planning in Sonoma County, California 

Division of Mines and Geology Special Report 120, Plate 2b and 3B, scale 1:62,500.    

California Division of Mines and Geology, 1982, Alquist-Priolo Special Studies Zone revised 

official map of the Petaluma River quadrangle, scale 1: 24,000, January 1. 

California Division of Oil, Gas, and Geothermal Resources, 2001, Oil, Gas, & Geothermal Fields 

in California, scale 1: 1,500,000: ftp://ftp.consrv.ca.gov/pub/oil/maps/Map_S-1, accessed 

7-17-09 

California Geological Survey [Tianqing Cao and others], 2003, The revised 2002 California 

probabilistic seismic hazard maps, June 2003:  CGS online publication at 

www.consrv.ca.gov/cgs/rghm/psha/fault_parameters/pdf/2002_CA_Hazard_Maps.pdf 

California Department of Transportation: Caltrans ARS Online, 2009: Web-based tool calculates 

both deterministic and probabilistic acceleration response spectra: 

http://dap3.dot.ca.gov/shake_stable/ 

Campbell-Bozorgnia (2008) and Chiou-Youngs (2008) ground motion prediction equations: 

“Next Generation Attenuation” project: PEER-Lifelines program: 

http://peer.berkeley.edu/products/nga_project.html 

City of Petaluma, 2008, Final General Plan 2025, May, 

http://cityofpetaluma.net/genplan/finalgp2025.html, accessed 7-15-09 

Hart, E.W., 1975 (revised 1997), Fault-rupture hazard zones in California: California Division of 

Mines and Geology Special Publication 42.  

Jennings, C.W., 1994, Fault activity map of California and adjacent areas with locations and ages 

of recent volcanic eruptions: California Division of Mines and Geology Geologic Data 

Map No. 6, scale 1: 750,000.  

Merriam, M. and Shantz, T., 2007, Caltrans Deterministic PGA Map, California Department of 

Transportation. 

http://dap3.dot.ca.gov/shake_stable/references/Deterministic_PGA_Map_8-12-09.pdf 

Sonoma County Hazard Mitigation Plan, 2006 Landslide hazard areas, September 19, 

http://www.sonoma-county.org/PRMD/docs/hmp/fig_2-04.pdf, accessed 7-17-09. 

Wagner, D.L., Rice, S.R., Bezore, S., Randolph-Loar, C.E., Allen, J., and Witter, R.C., 2002, 

Geologic map of the Petaluma River 7 ½’ quadrangle, Marin and Sonoma counties, 

California, a digital database: California Geological Survey. 

Wentworth, C.M., 1997, Geologic materials of the San Francisco Bay Region, U. S. Geological 

Survey OFR 97-744, compiled from the work of Brabb (1989) , Ellen and Wentworth 

(1995) and Helley and Lajoie (1979) a digital database 

Witter, R.C., Knudsen, K.L., Sowers, J.M., Wentworth, C.M., Koehler, R.D., and Randolph, 

C.E., 2006, Maps of Quaternary deposits and liquefaction susceptibility in the central San 

Francisco Bay region, California, in cooperation with the California Geological Survey: A 

digital database, U.S. Geological Survey, Open-File Report 2006-1037. 

 



madhu_thummaluru
Typewritten Text
PROJECT VICINITY MAPFIGURE 1-1



madhu_thummaluru
Typewritten Text
FIGURE 2-1

madhu_thummaluru
Typewritten Text



madhu_thummaluru
Typewritten Text
FIGURE 2-2



snjuser1
Callout

snjuser1
Typewritten Text

snjuser1
Typewritten Text

snjuser1
Typewritten Text

snjuser1
Typewritten Text

snjuser1
Typewritten Text
Footing 1D

snjuser1
Typewritten Text

snjuser1
Callout

snjuser1
Typewritten Text
Footing 1A

snjuser1
Typewritten Text
Footing 1A

snjuser1
Callout

snjuser1
Typewritten Text
Footing 1B

snjuser1
Callout

snjuser1
Typewritten Text
Footing 1C

snjuser1
Callout

snjuser1
Typewritten Text
Footing 2A

snjuser1
Callout

snjuser1
Typewritten Text
Footing 2B

snjuser1
Callout

snjuser1
Typewritten Text
Footing 2C

snjuser1
Callout

snjuser1
Typewritten Text
Footing 3A

snjuser1
Callout

snjuser1
Typewritten Text
Footing 3B

snjuser1
Callout

snjuser1
Typewritten Text
Footing 3C

snjuser1
Callout

snjuser1
Typewritten Text
Footing 4A

snjuser1
Callout

snjuser1
Typewritten Text
Footing 4B

snjuser1
Callout

snjuser1
Typewritten Text
Footing 4C

snjuser1
Callout

snjuser1
Typewritten Text
Footing 4D

snjuser1
Callout

snjuser1
Typewritten Text
Footing 5D

snjuser1
Callout

snjuser1
Typewritten Text
Footing 5A

snjuser1
Callout

snjuser1
Typewritten Text
Footing 5B

snjuser1
Callout

snjuser1
Typewritten Text
Footing 5C

madhu_thummaluru
Typewritten Text
FIGURE 2-3

madhu_thummaluru
Typewritten Text



Qhf

Qhc

Qhf

Qhf

ac

Qhbm
Qhc

Qhbm
KJfsch

Qhc

Qhbm

Qhf

KJfsch

Qhf

alf

Qhbm

Tv

Qhbm

Qhbm

alf

Qf

Tv

Qls

af

Qhbm

alf
KJfsch

alf

Qha

Qhc

Qhbm
alf

afbm

Qhbm

Qa

af

Qhbm

alf

afbm

alf

Tv

KJfsch

Qhbm
afbm

Qhbm afbmaf

Qhbm

QhbmQhbm

afbm
afbm

afbm
Qhc

Qf

af

Qha

Qha

Tpm

Qls

Qls

Qls

Qhf

af

Tpu?

Tpu?

KJfm

KJfm

Tpm

Dado Fault

Tpm

Qha

Qha

Qha

Qls

Qls

Qhbm

Qhbm

Qhbm

Qhbm

Tpm

Tpm

Qhc

Qhc

62
43

40

18
35

16

30

30

70

55

40

60

0 0.5 mile0.1 0.2 0.3 0.4 Marin Sonoma Narrows
Project, Segment B4

Regional Geologic Map
Sonoma County, California

Figure 3-1

August 19, 2009Project Number: 28645045

Artificial Fill

Artificial Fill placed over Bay Mud

Artificial Levee Fill

Late Holocene to modern stream channel
deposits 

LEGEND

af

afbm

alf

Qhc

Source:
Wagner, D. L., Rice, S.R., Bezore S., Randolph-Loar, C.E., Allen J.,
and Witter R.C., 2002, Geologic map of the Petaluma River 7 1/2’
quadrangle, Marin and Sonoma counties, California, a digital
database: California Geological Survey.

Holocene Bay Mud deposits Qhbm

Holocene alluvial fan despositsQhf

LandslidesQls

Tertiary Volcanic RockTv

Franciscan Complex RockKJfsch

PROJECT
SITE

SR 116

U.S. 101



�

�

�

�

�

�

�

�

�

�

G

C. H
ayward

Petaluma
Bridge

SA
F N

orth C
oast

M
aacam

a

G
arberville

San G
regorio fault

N
. H

ayw
ard

Rodgers Creek fault

W
est N

apa fault
G

reen V
alley fault

C
ollayom

i 

C
G

S

C
oncord

P
itsburg-

K
irby H

ills fault

W
ragg C

anyon fault
C

ull C
anyon 

fault

H
unting 

C
reek-B

erryessa

C
ordelia fault zone

St. H
elena-D

ry 

C
reek fault

L
afayette-R

eliz 

V
alley F

aults

Verona

C
R

SB
 M

ysterious 

H
ills fault

Briones 
Source 

Zone

Mt. Diablo -
 South

C
R

SB
 Trout 

C
reek fault

Los M
edanos/

Roe Island

C
R

SB
 G

ordon V
alley fault

Potrero 
Hills

M
t. D

iablo -

N
orth

Las Trampas anticline

Dublin

Oakland

Hayward

Concord

Winters

Pittsburg

Fairfield

Pleasanton

Vacaville

Walnut Creek

122°50'0"W

122°50'0"W

38°20'0"N 38°20'0"N

Project No.  28645045

Marin Sonoma Narrows
Project, 101/116 Bridge,

 Segment B4

Figure

1

ACTIVE FAULTS IN THE
SAN FRANCISCO BAY REGION

0 9 18 27 364.5
Kilometers

7 0 73.5 Miles

Fault Source:  URS Seismic Source Model

SAF - San Andreas Fault
±

Faults with surface rupture

Blind faults and zones

Segment boundary

snjuser1
Rectangle

snjuser1
Typewritten Text
3-2

snjuser1
Rectangle

snjuser1
Typewritten Text
ProjectSite



PETALUMA

OVERHEAD

SIGN

ROUTE 101S/116

SOH (WIDEN)

Br. No. XX-XXX

"A2" 187+76.91

END RW (No. 179)

ROUTE 101N/116

SOH (REPLACE)

Br. No. TBD



.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

PETALUMA

ROUTE 101S/116

SOH (WIDEN)

Br. No. XX-XXX

ROUTE 101N/116

SOH (REPLACE)

Br. No. XX-XXX





FIGURE

3-6
August, 2009

Liquefaction 

Susceptibility Map

Project No: 28645045

100 W. San Fernando Street, 
Suite 200
San Jose, CA 95113
PHONE: (408) 297-9585
FAX: (408) 297-6962

Marin Sonoma Narrows-B4

U.S.101/SR 116 SOH

Petaluma, CA

U.S. 101



Date

August, 2009

FIGURE

5-1

Marin Sonoma Narrows-B4
U.S.101/SR 116 SOH

Petaluma, CA

Calculated Spectra

CALCULATED BY

Madhu Thummaluru

PROJECT No

28645045

100 W. San Fernando Street, 
Suite 200
San Jose, CA 95113
PHONE: (408) 297-9585
FAX: (408) 297-6962

Reference: Caltrans ARS Online (2009)



Date

August, 2009

FIGURE

5-2

Marin Sonoma Narrows-B4
U.S.101/SR 116 SOH

Petaluma, CA

Calculated Spectra

Design Curve

CALCULATED BY

Madhu Thummaluru

PROJECT No

28645045

100 W. San Fernando Street, 
Suite 200
San Jose, CA 95113
PHONE: (408) 297-9585
FAX: (408) 297-6962

Reference: Caltrans ARS Online (2009)



APPENDIXAPPENDIXAPPENDIXAPPENDIXA Log of Test Borings (LOTBs) 

AX:\101_MSN_SCTA\450_GEOTECH\REPORTS\FOUNDATION REPORTS\116 REPLACE\101-116_REPLACE_4-9-10.DOC A-1 

 



LOG OF TEST BORINGS 1 OF 8

ROUTE 101N/116 SOH (REPLACE)

SOIL LEGEND

C. RAMBO

MANOHARAN

20-0284R

3.57

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

1 to 2

2 to 4

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

< 0.25

0.25 to 0.50

0.50 to 1.0

> 4.0

1 to 2

2 to 4

< 0.25

0.25 to 0.50

0.50 to 1.0

> 4.0

< 0.12

0.12 to 0.25

0.25 to 0.50

> 2.0

0.50 to 1.0

1.0 to 2.0

Description

Unconfined

Compressive

Strength (tsf)

Pocket

Penetrometer

Measurement (tsf)

Torvane

Measurement (tsf)

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

A 1/8-inch thread cannot be rolled at any water content.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.

3"

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.

1"

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

along sleeve friction

element (34.88 in

area) divided by 

pressure measured

on tip element.

Pressure measured

(2.33 in  area)

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)

Hand driven (1-inch soil tube)

Hand Auger

Note: Size in inches.

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

Blows per 12"

(Using 28 lb hand 

hammer with a 12"

drop or as noted) Driving rate in

seconds per 12"

(using a Stanley

MB 156 percussion

hammer and a 2.2"

cone, or as noted)

Size of Sampler 

(inches)

04

D
A

T
E

 P
L

O
T

T
E

D
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>
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/
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7
/
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LOG OF TEST BORINGS 2 OF 8

ROUTE 101N/116 SOH (REPLACE)

SOIL LEGEND

C. RAMBO

MANOHARAN

20-0284R

3.57

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)

> 12"

No. 4 to 3/4"

SPT N   (Blows / 12 inches)

3/4" to 3"

3" to 12"
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LOG OF TEST BORINGS 3 OF 8

ROUTE 101N/116 SOH (REPLACE)

ROCK LEGEND

MANOHARAN

20-0284R

3.57

FRACTURE DENSITY

Observed Fracture Density

Unfractured

Very slightly fractured

Slightly fractured

Moderately fractured

Intensely fractured

Very intensely fractured

Lengths greater than 3 feet.

No fractures.

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

Description

Lengths from 1 to 3 feet with few lengths less than 1 foot or

greater than 3 feet.

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.

Term

Strong

Weak

Very Weak

Very Strong 

> 30,000

14,500 - 30,000

7,000 - 14,500

3,500 - 7,000

700 - 3,500

150 - 700

< 150

RELATIVE STRENGTH OF INTACT ROCK

Uniaxial Compressive Strength (PSI)

Extremely Strong

Medium Strong

Extremely Weak

Description Thickness / Spacing

Massive Greater than 10 ft

3 to 10 ft

1 to 3 ft

Moderately bedded

Very thinly bedded

Laminated 

Very thickly bedded

BEDDING SPACING

Thickly bedded

Thinly bedded

Lengths mostly in 4" to 1 foot range with most lengths about 8"

Length of intact core pieces   4"

Specimen can be grooved 1/6" deep with a pocket knife or sharp pick with moderate 

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

3-5/8" to 1 ft

1-1/4" to 3-5/8"

3/8" to 1-1/4"

Less than 3/8"

Lengths average from 1 to 4" with scattered fragmented

intervals with lengths less than 4"

Total length of core run (inches)

Total length of core run (inches)

Length of the recovered core pieces (inches)

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.

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."

IGNEOUS ROCK

LEGEND OF ROCK MATERIALS

SEDIMENTARY ROCK

METAMORPHIC ROCK

C. RAMBO

04

D
A

T
E

 P
L

O
T

T
E

D
 =

>
5
/
1
7
/
2
0
1
1

T
I
M

E
 P

L
O

T
T

E
D

 =
>

1
0
:0

9
:0

9
 A

M

        

DIST COUNTY ROUTE
SHEET TOTAL

PLANS APPROVAL DATE

NoTOTAL PROJECT SHEETS

POST MILES

DATEGEOTECHNICAL PROFESSIONAL

Son 101

No.

Exp.

S

T
A
TE OF CALIFORNI

A

EFOR
P

D

E
R

T
E

I
S

G
E

R

R
E

E
N

I
G

N
E

A
L

NOISS

G
EOTECHNI

CA
L

Stephen Huang

C 42289

03/31/12

URS CORPORATION

100 WEST SAN FERNANDO STREET, SUITE 200

SAN JOSE, CA  95113

2.5/4.1

SONOMA COUNTY TRANSPORTATION AUTHORITY

490 MENDOCINO AVENUE, SUITE 206

SANTA ROSA, CA 95401

DEPARTMENT OF TRANSPORTATION

ORIGINAL SCALE IN INCHES

FOR REDUCED PLANS
0 1 2 3

FILE => ...\20-0284R-z-ltb03.dgn

BRIDGE NO.

POST MILES

DISREGARD PRINTS BEARING

EARLIER REVISION DATES

REVISION DATES SHEET OF

U
S

E
R

N
A

M
E

 =
>

m
a
d

h
u

_
th

u
m

m
a
lu

r
u

                

UNIT:

PROJECT NUMBER & PHASE:

PREPARED FOR THE

STATE OF CALIFORNIA
PROJECT ENGINEER

DESIGN OVERSIGHT

SIGN OFF DATE

DRAWN BY

CHECKED BY

FIELD INVESTIGATION BY:

DATE:

GS GEOTECHNICAL LOG OF TEST BORINGS SHEET (ENGLISH) (REV. 7/16/10)

CONTRACT NO.:

    

    

A. CHEUNG S. HUANG

0714

040000077361 04-2640C4 11-28-109-21-104-15-10













APPENDIXAPPENDIXAPPENDIXAPPENDIXB Field Exploration and Laboratory Testing 

 X:\101_MSN_SCTA\450_GEOTECH\REPORTS\FOUNDATION REPORTS\116 REPLACE\101-116_REPLACE_4-9-10.DOC B-1 

 

 

 



APPENDIXAPPENDIXAPPENDIXAPPENDIXB Field Exploration and Laboratory Testing 

 X:\101_MSN_SCTA\450_GEOTECH\REPORTS\FOUNDATION REPORTS\116 REPLACE\101-116_REPLACE_4-9-10.DOC B-2 

FIELD EXPLORATION PROGRAM 

The geotechnical field investigation consisted of five borings extending to depths of 85 to 119½ 

feet below the existing ground surface.  The explorations were performed on June 10 to 29, 

2009, by WDC Exploration & Wells, Richmond, California. 

The borings locations were carefully selected to obtain supplemental subsurface information to 

provide geotechnical design recommendations for the proposed structure while avoiding 

underground utilities and subsurface obstructions.  Layout of the explorations was performed by 

representatives of URS, and exploration locations were checked for conflict with underground 

utilities by contacting Underground Service Alert (USA) Network.  USA, in turn, alerted the 

various municipalities and utility companies that a subsurface investigation was to be conducted 

near their utilities.  

After underground utility clearance, URS obtained permits from the County of Sonoma, Permit 

and Resource Management Department, Well and Permit Section, and coordinated with 

appropriate personnel to accommodate the required inspection during and following exploration 

at each location. 

Rotary Wash Boring (R-09-011 through R-09-015) 

The rotary wash borings were drilled to provide the necessary information to evaluate the 

subsurface stratigraphy and to allow acquisition of high-quality soil samples for laboratory 

testing.  The borings were drilled and sampled at the location indicated on the Site and Boring 

Location Plan, Figure 3-2.  The borings were advanced to depths of 85 to 119½  feet below 

existing ground surface using a truck-mounted drill rig and crawler drill rig (limited-low access) 

under the supervision of a URS engineer who maintained a record of all field activities, classified 

the soils encountered using the Unified Soil Classification System (USCS), and prepared a log of 

the boring. 

The drilling operation proceeded carefully, with particular attention to potential interference with 

utilities or other buried structures.  During drilling, both disturbed and undisturbed samples were 

obtained for identification and laboratory testing.  Soil samples were generally obtained at 5-foot 

intervals and at changes in strata.  Samples were obtained using an unlined split spoon sampler 

(SPT), having an outside diameter of 2 inches, and lined Modified California (MC) sampler, 

having an outside diameter of 2½ inches. A 140-pound hammer falling through a distance of 30 

inches was used to drive the samplers.  The blow count recorded on the boring logs adjacent to 

the sample depth is the number of blows required to drive the sampler for the final 1 foot of a 

maximum 18 inch drive. The Franciscan Complex bedrock in boring R-09-012 was drilled using 

HQ wireline coring methods below a depth of 60 feet, which provides an 2.4-inch diameter core 

sample. Due to the very poor rock recovery obtained in this boring and the poor quality of the 

shale and serpentinite rock samples that were recovered, and in order to provide more 

meaningful information for the foundation design, rotary wash drilling with SPT and MC drive 

samples were used on the remaining borings that penetrated the Franciscan Complex rocks. 

One of the objectives of the field investigation was to obtain high-quality undisturbed samples 

for laboratory testing.  Effort was made to minimize sample disturbance during sample handling 

and transportation.  After careful withdrawal from the ground, the sample was placed upright and 

the ends of the sample were cleaned of disturbed soil.  If possible, pocket penetrometer tests 



APPENDIXAPPENDIXAPPENDIXAPPENDIXB Field Exploration and Laboratory Testing 

 X:\101_MSN_SCTA\450_GEOTECH\REPORTS\FOUNDATION REPORTS\116 REPLACE\101-116_REPLACE_4-9-10.DOC B-3 

were performed on the bottom end of cohesive soil samples.  Both ends of the samples were 

covered with plastic caps, and carefully transported to URS’ laboratory in San Jose. Rock core 

samples obtained from boring R-09-012 was placed in wooded core boxes, photographed and 

transported to URS’ laboratory in San Jose. 

LABORATORY TESTING PROGRAM 

A laboratory testing program was carried out to determine the index and engineering properties 

of the major subsurface strata encountered at the site.  The laboratory testing program included 

conventional tests to confirm the existing information on the engineering characteristics of the 

major strata and to refine some of the engineering parameters.  These tests were performed at the 

URS’ laboratory. 

This appendix briefly describes the testing program and procedures for the different types of 

tests, and then presents detailed test results.  

Index Tests 

Index tests were performed on both cohesive and cohesionless soil samples to aid in soil 

classification and in correlation with other engineering parameters.  Index tests included 

Atterberg Limits, gradation analyses, moisture content and dry density determinations.  Atterberg 

Limits tests were performed in accordance with ASTM D 4318.  Particle analyses were 

performed in accordance with ASTM D 422.  The moisture content tests were performed in 

accordance with ASTM D 2216.  Dry density was determined in accordance with 

ASTM D 2937.  The locations of these tests are indicated on the Logs of Test Borings adjacent 

to the appropriate sample depths.  The results are summarized in Table B-1. 

A plasticity chart graphically presenting the results of the Atterberg Limits tests is included on 

Figure B-1.  Grain size distribution curves are presented graphically on Figure B-2 

Unconfined Compression Tests 

Unconfined compression tests were performed on select cohesive soil samples to assist in 

determining shear strength parameters.  These tests were performed in accordance with 

ASTM D 2166.  The locations of these tests are indicated on the Logs of Test Borings adjacent 

to the appropriate sample depths.  The results are summarized in Table B-1. 

Consolidation Tests 

Five consolidation tests were performed on selected samples of undisturbed clayey soil to 

evaluate the compressibility characteristics and past geologic history.  The consolidation test was 

performed in accordance with ASTM D 4186.  Consolidation test results are graphically 

presented on Figure B-3 through B-7. 

 

 

 



TABLE B-1

SUMMARY OF LABORATORY TEST RESULTS
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R-09-011 23-Jun-09 187+43 A Lt. 1 19 7.6 125

R-09-011 23-Jun-09 187+43 A Lt. 1 54.2 6,130      23.0 103

R-09-011 23-Jun-09 187+43 A Lt. 1 58.8 7,530      18.0 119

R-09-011 23-Jun-09 187+43 A Lt. 1 69 8,260      18.6 110

R-09-011 23-Jun-09 187+43 A Lt. 1 78 5,160      20.8 104

R-09-011 23-Jun-09 187+43 A Lt. 1 83 17.5 112

R-09-012 10-Jun-09 190+06 A Rt. 28 10 1,760      27.1 97

R-09-012 10-Jun-09 190+06 A Rt. 28 15 4,450      27.5 97

R-09-012 10-Jun-09 190+06 A Rt. 28 20 2,850      35.1 87 87 26 61

R-09-012 10-Jun-09 190+06 A Rt. 28 40 2,560      29.2 94

R-09-012 10-Jun-09 190+06 A Rt. 28 45 2,060      45.3 77 81 26 55

R-09-012 10-Jun-09 190+06 A Rt. 28 46.2 1,910      16.7 117

R-09-012 10-Jun-09 190+06 A Rt. 28 50 2,740      32.0 90

R-09-013 11-Jun-09 191+80 A Rt. 14 11 1,670      27.6 94

R-09-013 11-Jun-09 191+80 A Rt. 14 14 4,540      28.2 95 67 22 45

R-09-013 11-Jun-09 191+80 A Rt. 14 19 3,460      25.9 97

R-09-013 11-Jun-09 191+80 A Rt. 14 25 820         25.1 100

R-09-013 11-Jun-09 191+80 A Rt. 14 26 22.9 103 100 100 100 98 66 41

R-09-013 11-Jun-09 191+80 A Rt. 14 34 2,430      24.6 101

R-09-013 11-Jun-09 191+80 A Rt. 14 39 3,450      22.1 104

R-09-013 11-Jun-09 191+80 A Rt. 14 44 2,750      31.1 91

R-09-013 11-Jun-09 191+80 A Rt. 14 50.2 2,820      23.1 103

R-09-014 14-Jun-09 193+17 A Lt. 2 11.2 2,550      31.3 91 73 20 54

R-09-014 14-Jun-09 193+17 A Lt. 2 15 1,500      22.5 104 100 100 100 100 80 44

R-09-014 14-Jun-09 193+17 A Lt. 2 20 21.4 104

R-09-014 14-Jun-09 193+17 A Lt. 2 30 3,070      27.2 97

R-09-014 14-Jun-09 193+17 A Lt. 2 35 3,300      23.5 103

R-09-014 14-Jun-09 193+17 A Lt. 2 40 3,790      21.8 106

R-09-014 14-Jun-09 193+17 A Lt. 2 46 1,340      23.7 102

R-09-014 14-Jun-09 193+17 A Lt. 2 50 2,360      28.3 94

R-09-014 14-Jun-09 193+17 A Lt. 2 65 34.6 89 55 22 33

R-09-014 14-Jun-09 193+17 A Lt. 2 75 3,750      28.6 94

R-09-014 14-Jun-09 193+17 A Lt. 2 86 13.8 115

R-09-014 14-Jun-09 193+17 A Lt. 2 90 46.3 70

R-09-015 16-Jun-09 194+32 A Rt. 21 10 7.1 128

R-09-015 16-Jun-09 194+32 A Rt. 21 15 11.6 123

R-09-015 16-Jun-09 194+32 A Rt. 21 25 1,780      22.1 100

R-09-015 16-Jun-09 194+32 A Rt. 21 36.2 19.1 109

R-09-015 16-Jun-09 194+32 A Rt. 21 45 18.5 106

R-09-015 16-Jun-09 194+32 A Rt. 21 65 3,230      21.0 105

R-09-015 16-Jun-09 194+32 A Rt. 21 75 2,910      45.5 75 78 27 51

R-09-015 16-Jun-09 194+32 A Rt. 21 85 1,490      41.5 78

Sieve Analysis Results (Percent Passing) Atterberg LimitsIn-Place Conditions

X:\101_MSN_SCTA\450_Geotech\Lab\lab_summary_101-116_9-29-09.xls Page 1 of 1
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LIQUEFACTION ANALYSIS Note: Cells in Red must be input
Project 101 MSN Petaluma Hammer type : Type CE Code CE

Project No. 28645045 Donut 0.75 1 3

Boring No. R-09-012 Safety 1 2

Auto 1.16 3

Borehole Diameter: (inch) (mm) CB CB

PGA = 0.6 2.5-4.5 65-115 1 1 1

Mw = 7.0 6 150 1.05 2

GWT during EQ 6.0 ft 8 200 1.15 3

Sampler: Symbol Corr. Factor Rod Length: (feet) (m) CR

SPT S 1 Default 999

Mod.Cal M 0.8 Sampling Method: Type Cs

California C 0.7 Stand 1

Mag. Weighting Factor(CSRM/CSRM=7.5) 0.82 No liners 1.2

Note: F.S. greater than 2 is set to be equal to 2

EQ

σσσσo u σσσσ'o CSR K
σσσσ

(USCS) pcf ft m ft m psf psf psf % FC< 5% EQ  during EQ Critical Lower Upper Middle NCEER NCEER

1 CL/CH 120 29.0 8.84 14.5 4.42 1,740 530 1,210 0.970 0.544 0 0.0 1.32 1.16 1.00 0.85 1.00 0 1.19 1.26 1.22 1.000 N 2.00 N 1

2 SP-SM 125 36.0 10.97 32.5 9.91 3,918 1,654 2,264 0.907 0.612 16 S 16 12 18.1 0.97 1.16 1.00 0.95 1.20 23 0.254 1.19 1.26 1.22 0.989 N 0.50 Liquef 1

3 CL/CH 120 55.0 16.76 45.5 13.87 5,495 2,465 3,030 0.799 0.565 0 0.0 0.84 1.16 1.00 1.00 1.00 0 1.19 1.26 1.22 0.944 N 2.00 N 1

                        

                        

                        

                        

                        

                        

                         

Thickness σσσσo u σσσσ'o rd (N 1) 60-cs Liquefy ? ττττcyc CSRM=7.5 CSRM Volumetric Strain** Settl.

ft psf psf psf NCEER psf ττττcyc/σσσσ'o ττττcyc/σσσσ'o % in

1 29.0 29.0 1,740 530 1,210 0.970 0.0 N 658.0 0.544 0.44 0.00

2 36.0 7.0 3,918 1,654 2,264 0.907 23.1 Liquef 1385.4 0.612 0.50 1.1 0.92

3 55.0 19.0 5,495 2,465 3,030 0.799 0.0 N 1711.5 0.565 0.46 0.00

4             

5             

6             

7             

8             

9             

            

Total Settlement (inch)   = 0.9

*  Note: The equation used to obtain CRR7.5 is not valid for corrected (N1)60 higher than 30.  According to NCEER 1997, the soil layer with corrected (N1)60 higher than 30 blows per foot is unlikely to be susceptible to liquefaction.

** Note: These values were obtained from a chart for estimation of volumetric strain in saturated sands based on a cyclic stress ratio and standard penetration resistance (Tokimatsu and Seed, 1987). 

              See figure 9.53 from "Geotechnical Earthquake Engineering" by S. Kramer.
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LIQUEFACTION ANALYSIS Note: Cells in Red must be input
Project 101 MSN Petaluma Hammer type : Type CE Code CE

Project No. 28645045 Donut 0.75 1 3

Boring No. R-09-013 Safety 1 2

Auto 1.41 3

Borehole Diameter: (inch) (mm) CB CB

PGA = 0.6 2.5-4.5 65-115 1 1 1

Mw = 7.0 6 150 1.05 2

GWT during EQ 5.0 ft 8 200 1.15 3

Sampler: Symbol Corr. Factor Rod Length: (feet) (m) CR

SPT S 1 Default 999

Mod.Cal M 0.8 Sampling Method: Type Cs

California C 0.7 Stand 1

Mag. Weighting Factor(CSRM/CSRM=7.5) 0.82 No liners 1.2

Note: F.S. greater than 2 is set to be equal to 2

EQ

σσσσo u σσσσ'o CSR K
σσσσ

(USCS) pcf ft m ft m psf psf psf % FC< 5% EQ  during EQ Critical Lower Upper Middle NCEER NCEER

1 CL 120 20.5 6.25 10.25 3.12 1,230 328 902 0.979 0.520 0 0.0 1.53 1.41 1.00 0.75 1.00 0 1.19 1.26 1.22 1.000 N 2.00 N 1

2 SM 125 23.0 7.01 21.8 6.63 2,616 1,045 1,571 0.952 0.618 18 M 14.4 41 22.3 1.16 1.41 1.00 0.95 1.00 35 0.459 1.19 1.26 1.22 1.000 N 2.00 N 1

3 CL 125 26.0 7.92 24.5 7.47 2,960 1,217 1,743 0.944 0.625 0 0.0 1.10 1.41 1.00 0.95 1.00 0 1.19 1.26 1.22 1.000 N 2.00 N 1

4 SM 125 29.0 8.84 27.5 8.38 3,335 1,404 1,931 0.932 0.628 10 M 8 41 14.6 1.05 1.41 1.00 0.95 1.00 20 0.222 1.19 1.26 1.22 1.000 N 0.43 Liquef 1

5 CL 120 59.0 17.98 44.0 13.41 5,323 2,434 2,889 0.814 0.585 0.0 0.86 1.41 1.00 1.00 1.00 0 1.19 1.26 1.22 0.952 N 2.00 N 1

                        

                        

                        

                        

                         

Thickness σσσσo u σσσσ'o rd (N 1) 60-cs Liquefy ? ττττcyc CSRM=7.5 CSRM Volumetric Strain** Settl.

ft psf psf psf NCEER psf ττττcyc/σσσσ'o ττττcyc/σσσσ'o % in

1 20.5 20.5 1,230 328 902 0.979 0.0 N 469.4 0.520 0.42 0.00

2 23.0 2.5 2,616 1,045 1,571 0.952 34.6 N 971.5 0.618 0.51 0.00

3 26.0 3.0 2,960 1,217 1,743 0.944 0.0 N 1089.3 0.625 0.51 0.00

4 29.0 3.0 3,335 1,404 1,931 0.932 20.5 Liquef 1212.4 0.628 0.51 1.4 0.50

5 59.0 30.0 5,323 2,434 2,889 0.814 0.0 N 1688.8 0.585 0.48 0.00

6             

7             

8             

9             

            

Total Settlement (inch)   = 0.50

*  Note: The equation used to obtain CRR7.5 is not valid for corrected (N1)60 higher than 30.  According to NCEER 1997, the soil layer with corrected (N1)60 higher than 30 blows per foot is unlikely to be susceptible to liquefaction.

** Note: These values were obtained from a chart for estimation of volumetric strain in saturated sands based on a cyclic stress ratio and standard penetration resistance (Tokimatsu and Seed, 1987). 

              See figure 9.53 from "Geotechnical Earthquake Engineering" by S. Kramer.
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LIQUEFACTION ANALYSIS Note: Cells in Red must be input
Project 101 MSN Petaluma Hammer type : Type CE Code CE

Project No. 28645045 Donut 0.75 1 3

Boring No. R-09-014 Safety 1 2

Auto 1.41 3

Borehole Diameter: (inch) (mm) CB CB

PGA = 0.6 2.5-4.5 65-115 1 1 1

Mw = 7.0 6 150 1.05 2

GWT during EQ 9.0 ft 8 200 1.15 3

Sampler: Symbol Corr. Factor Rod Length: (feet) (m) CR

SPT S 1 Default 999

Mod.Cal M 0.8 Sampling Method: Type Cs

California C 0.7 Stand 1

Mag. Weighting Factor(CSRM/CSRM=7.5) 0.82 No liners 1.2

Note: F.S. greater than 2 is set to be equal to 2

EQ

σσσσo u σσσσ'o CSR K
σσσσ

(USCS) pcf ft m ft m psf psf psf % FC< 5% EQ  during EQ Critical Lower Upper Middle NCEER NCEER

1 SM 125 11.0 3.35 5.5 1.68 688 0 688 0.989 0.386 41 M 32.8 25 40.9 1.75 1.41 1.00 0.75 1.00 76 0.459 1.19 1.26 1.22 1.000 Y 2.00 N 1

2 CL 120 14.0 4.27 12.5 3.81 1,555 218 1,337 0.974 0.442 0.0 1.26 1.41 1.00 0.75 1.00 0 1.19 1.26 1.22 1.000 N 2.00 N 1

3 SM 125 20.0 6.10 17.0 5.18 2,110 499 1,611 0.964 0.493 18 M 14.4 44 22.3 1.15 1.41 1.00 0.85 1.00 31 0.459 1.19 1.26 1.22 1.000 N 2.00 N 1

4 SM 125 25.0 7.62 22.5 6.86 2,798 842 1,955 0.950 0.530 36 M 28.8 44 39.6 1.04 1.41 1.00 0.95 1.00 55 0.459 1.19 1.26 1.22 1.000 N 2.00 N 1

5 SM 130 28.0 8.53 26.5 8.08 3,305 1,092 2,213 0.936 0.545 59 M 47.2 44 61.6 0.98 1.41 1.00 0.95 1.00 81 0.459 1.19 1.26 1.22 0.992 N 2.00 N 1

6 CL 125 41.5 12.65 34.8 10.59 4,344 1,607 2,737 0.892 0.552 0 0.0 0.88 1.41 1.00 1.00 1.00 0 1.19 1.26 1.22 0.961 N 2.00 N 1

7 SP-SM 130 44.0 13.41 42.8 13.03 5,350 2,106 3,244 0.826 0.531 24 M 19.2 10 20.5 0.81 1.41 1.00 1.00 1.00 23 0.258 1.19 1.26 1.22 0.932 N 0.55 Liquef 1

8 CL 120 90.0 27.43 67.0 20.42 8,273 3,619 4,653 0.609 0.422 0 0.0 0.67 1.41 1.00 1.00 1.00 0 1.19 1.26 1.22 0.862 N 2.00 N 1

                         

                        

Thickness σσσσo u σσσσ'o rd (N 1) 60-cs Liquefy ? ττττcyc CSRM=7.5 CSRM Volumetric Strain** Settl.

ft psf psf psf NCEER psf ττττcyc/σσσσ'o ττττcyc/σσσσ'o % in

1 11.0 11.0 688 0 688 0.989 75.8 N 265.2 0.386 0.32 0.00

2 14.0 3.0 1,555 218 1,337 0.974 0.0 N 590.6 0.442 0.36 0.00

3 20.0 6.0 2,110 499 1,611 0.964 30.6 N 793.4 0.493 0.40 0.00

4 25.0 5.0 2,798 842 1,955 0.950 55.1 N 1036.4 0.530 0.43 0.00

5 28.0 3.0 3,305 1,092 2,213 0.936 80.7 N 1206.8 0.545 0.45 0.00

6 41.5 13.5 4,344 1,607 2,737 0.892 0.0 N 1511.7 0.552 0.45 0.00

7 44.0 2.5 5,350 2,106 3,244 0.826 23.3 Liquef 1722.8 0.531 0.43 1.2 0.36

8 90.0 46.0 8,273 3,619 4,653 0.609 0.0 N 1965.5 0.422 0.35 0.00

            

            

Total Settlement (inch)   = 0.4

*  Note: The equation used to obtain CRR7.5 is not valid for corrected (N1)60 higher than 30.  According to NCEER 1997, the soil layer with corrected (N1)60 higher than 30 blows per foot is unlikely to be susceptible to liquefaction.

** Note: These values were obtained from a chart for estimation of volumetric strain in saturated sands based on a cyclic stress ratio and standard penetration resistance (Tokimatsu and Seed, 1987). 

              See figure 9.53 from "Geotechnical Earthquake Engineering" by S. Kramer.
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LIQUEFACTION ANALYSIS Note: Cells in Red must be input
Project 101 MSN Petaluma Hammer type : Type CE Code CE

Project No. 28645045 Donut 0.75 1 3

Boring No. R-09-015 Safety 1 2

Auto 1.41 3

Borehole Diameter: (inch) (mm) CB CB

PGA = 0.6 2.5-4.5 65-115 1 1 1

Mw = 7.0 6 150 1.05 2

GWT during EQ 29.0 ft 8 200 1.15 3

Sampler: Symbol Corr. Factor Rod Length: (feet) (m) CR

SPT S 1 Default 999

Mod.Cal M 0.8 Sampling Method: Type Cs

California C 0.7 Stand 1

Mag. Weighting Factor(CSRM/CSRM=7.5) 0.82 No liners 1.2

Note: F.S. greater than 2 is set to be equal to 2

EQ

σσσσo u σσσσ'o CSR K
σσσσ

(USCS) pcf ft m ft m psf psf psf % FC< 5% EQ  during EQ Critical Lower Upper Middle NCEER NCEER

1 GM 135 5.0 1.52 2.5 0.76 338 0 338 0.996 0.388 43 M 34.4 45 46.3 2.00 1.41 1.00 0.75 1.00 98 0.459 1.19 1.26 1.22 1.000 Y 2.00 N 1

2 SM 135 15.0 4.57 10.0 3.05 1,350 0 1,350 0.979 0.382 17 M 13.6 25 19.5 1.25 1.41 1.00 0.75 1.00 26 0.295 1.19 1.26 1.22 1.000 Y 2.00 N 1

3 CL 120 35.0 10.67 25.0 7.62 3,225 0 3,225 0.942 0.367 0.0 0.81 1.41 1.00 0.95 1.00 0 1.19 1.26 1.22 0.933 Y 2.00 N 1

4 SP-SM 130 36.0 10.97 35.5 10.82 4,490 406 4,084 0.887 0.380 22 M 17.6 10 18.8 0.72 1.41 1.00 1.00 1.00 19 0.206 1.19 1.26 1.22 0.889 N 0.59 Liquef 1

5 CL 130 43.0 13.11 39.5 12.04 5,010 655 4,355 0.855 0.384 0.0 0.70 1.41 1.00 1.00 1.00 0 1.19 1.26 1.22 0.876 N 2.00 N 1

6 SP-SM 125 52.0 15.85 47.5 14.48 6,028 1,154 4,873 0.778 0.375 40 M 32 10 33.6 0.66 1.41 1.00 1.00 1.00 31 0.459 1.19 1.26 1.22 0.852 N 2.00 N 1

7 SC-SM 125 55.5 16.92 53.8 16.38 6,809 1,544 5,264 0.715 0.361 30 M 24 40 33.8 0.63 1.41 1.00 1.00 1.00 30 0.459 1.19 1.26 1.22 0.835 N 2.00 N 1

8 CL 125 66.5 20.27 61.0 18.59 7,715 1,997 5,718 0.651 0.343 0 0.0 0.61 1.41 1.00 1.00 1.00 0 1.19 1.26 1.22 0.817 N 2.00 N 1

9 SC-SM 125 72.0 21.95 69.3 21.11 8,746 2,512 6,235 0.596 0.326 35 M 28 40 38.6 0.58 1.41 1.00 1.00 1.00 32 0.459 1.19 1.26 1.22 0.797 N 2.00 N 1

10 CL 110 95.0 28.96 83.5 25.45 10,355 3,401 6,954 0.537 0.312 0.0 0.55 1.41 1.00 1.00 1.00 0 1.19 1.26 1.22 0.772 N 2.00 N 1

Thickness σσσσo u σσσσ'o rd (N 1) 60-cs Liquefy ? ττττcyc CSRM=7.5 CSRM Volumetric Strain** Settl.

ft psf psf psf NCEER psf ττττcyc/σσσσ'o ττττcyc/σσσσ'o % in

1 5.0 5.0 338 0 338 0.996 97.9 N 131.1 0.388 0.32 0.00

2 15.0 10.0 1,350 0 1,350 0.979 25.8 N 515.5 0.382 0.31 0.00

3 35.0 20.0 3,225 0 3,225 0.942 0.0 N 1184.6 0.367 0.30 0.00

4 36.0 1.0 4,490 406 4,084 0.887 19.1 Liquef 1553.4 0.380 0.31 1.2 0.14

5 43.0 7.0 5,010 655 4,355 0.855 0.0 N 1671.4 0.384 0.31 0.00

6 52.0 9.0 6,028 1,154 4,873 0.778 31.2 N 1829.5 0.375 0.31 0.00

7 55.5 3.5 6,809 1,544 5,264 0.715 30.2 N 1899.4 0.361 0.29 0.00

8 66.5 11.0 7,715 1,997 5,718 0.651 0.0 N 1959.5 0.343 0.28 0.00

9 72.0 5.5 8,746 2,512 6,235 0.596 31.7 N 2033.0 0.326 0.27 0.00

10 95.0 23.0 10,355 3,401 6,954 0.537 0.0 N 2167.9 0.312 0.25 0.00

Total Settlement (inch)   = 0.14

*  Note: The equation used to obtain CRR7.5 is not valid for corrected (N1)60 higher than 30.  According to NCEER 1997, the soil layer with corrected (N1)60 higher than 30 blows per foot is unlikely to be susceptible to liquefaction.

** Note: These values were obtained from a chart for estimation of volumetric strain in saturated sands based on a cyclic stress ratio and standard penetration resistance (Tokimatsu and Seed, 1987). 

              See figure 9.53 from "Geotechnical Earthquake Engineering" by S. Kramer.
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Results of Seismic Compaction Analysis  
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INTRODUCTION 

 
V&A was retained by URS Corporation to perform a corrosion survey on US 101, in and near Petaluma, 
CA, from 0.4 miles south of Petaluma Boulevard South overcrossing to 0.2 miles north of Caulfield Lane 
overcrossing. The objective of this investigation was to measure various soil parameters and evaluate the 
results with respect to possible levels of corrosion at the site.  The soil was tested at depths ranging from 
0 to 30.5 meters below existing grade. This report provides recommendations for corrosion control of 
structural foundation materials under consideration for the proposed Northbound US 101 / SR 116 
Separation (Figure 1) on US 101 in Petaluma, CA.  The materials being considered as part of this 
investigation include buried reinforced concrete, prestressed concrete piles and steel piles. 
 

The investigation was conducted in accordance with California Department of Transportation’s Division of 
Engineering Services, Materials Engineering and Testing Services Corrosion Technology Branch 
“Corrosion Guidelines” (Guidelines) dated September 2003.  These Guidelines consider representative 
soil or water samples to be corrosive to structural elements if one or more of the following conditions exist: 
 

1) The chloride concentration is 500 ppm or greater 

2) The sulfate concentration is 2,000 ppm or greater 

3) The pH is 5.5 or less. 
 

Evaluation of the soil environment was made in terms of potential corrosion damage to concrete and metal 
structures.  Soil resistivity measurements were conducted in the field during the initial stages of the work.  In 
addition, soil samples taken during the geotechnical investigation were provided to V&A for laboratory testing. 
 The soil sample was analyzed for minimum (saturated) resistivity, as well as for pH, chloride and sulfate ion 
concentrations.  All of these affect the corrosion rate of buried structures. 
 

The minimum (saturated) resistivity of soil sample selected from the Borings No. R-09-010, R-09-012 and R-
09-015 at the general vicinity of Northbound 101 / SR 116 measured 1,762, 268 and 388 ohm-cm, 
respectively. The soil pH measured 7.6, 8.0 and 6.8, while the water-soluble chloride concentrations 
measured 12, 2,225, and 38 mg/kg.  The water-soluble sulfate concentrations measured less than 5, 187, 
and 2,325 mg/kg.  The chloride and sulfate ion concentrations indicate the sampled soils are corrosive, as 
defined by the Guidelines.  
 

CONCLUSIONS 
 

� The soil boring chemical analysis gave pH values greater than 5.5, soluble chloride concentrations 
greater than 500 mg/kg and soluble sulfate concentrations greater than 2,000 mg/kg.  According to 
the Guidelines, the soil tested at Boring Locations R-09-012 and R-09-015 are considered corrosive, 
while the soil tested at Boring Location R-09-010 is considered non-corrosive, as defined by the 
Guidelines. 

� This structure is not within 300 meters (1,000 feet) of salt or brackish water. 
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RECOMMENDATIONS 

 
The test data and a review of the project requirements were used to make recommendations for each 
structural foundation material alternative listed below. 
 
Buried Reinforced Concrete Structures and Cast-in-Place Piles (Non-Corrosive Soil) 

Buried concrete structures should be constructed of durable concrete as described in ACI Standards 
201.2R and 222R. These recommendations include, but are not limited to, the following for installations in 
non-corrosive soil: 

� The water/cement ratio should not exceed 0.50. 
� A minimum concrete cover of 2 inches should be applied over all steel reinforcement. 
� Sand and water used in concrete mixtures should contain a maximum of 100 ppm of water-

soluble chloride ions and water-soluble sulfate ions.  They should also have a pH in the range of 
6.5 to 8.0. Potable water should be used in concrete mixtures. 

� Type I-P (MS) modified or Type II modified cement should be used. 
 

Buried Reinforced Concrete Structures (Corrosive Soil)  

Buried concrete structures should be constructed per the minimum concrete cover requirements 
established by CALTRANS. See Bridge Design Specifications (BDS) Section 8.22 and Table 8.22.1 for 
complete information regarding the minimum concrete cover for footing, columns, cast-in-place piles and 
precast piles. 
 

� The water/cement ratio should not exceed 0.40.1 
� Use pre-fabricated epoxy coated reinforcing bars.1 
� A minimum of 3 inches of concrete cover is required for the footing, columns and cast-in-place 

piles. For precast piles and pile extensions, use a minimum of 2 inches of concrete cover.1 
� For the precast piles and pile extensions mineral admixtures conforming to ASTM Designation 

C1240 and /or ASTM Designation C618 Type F and/or N, may be required.1 
� Concrete in a corrosive environment shall contain not less than 675 pounds of cementitious 

material per cubic yard. Reduction in the cementitious material content specified or ordered, in 
conformance with the provisions in Section 90-4.05, "Optional Use of Chemical Admixtures," of 
the Standard Specifications, is not permitted for concrete in a corrosive environment.2 

� For concrete in a corrosive environment, the amount of Portland cement shall be 75 percent by 
weight, and the amount of supplementary cementitious material shall be 25 percent by weight, of 
the total amount of cementitious material to be used in the concrete mix.2 

� Type II modified or Type V cement shall be used when the sulfate concentrations exceed 2, 000 
ppm.3 

 

 

 

 
1CALTRANS – Bridge Design Specs, Table 8.22.1 
2CALTRANS – Structure Reference Specification S8-C04 (90CORR) 
3CALTRANS – Bridge Design Specs, Table 8.22.2 
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Prestressed Concrete Piles 

Prestressed concrete piles should be constructed of durable concrete as described in ACI Standards 
201.2R and 222R. These recommendations include, but are not limited to, the following: 

� The water/cement ratio should not exceed 0.40. 
� A minimum concrete cover of 2 inches should be applied over all steel reinforcement. 
� Sand and water used in concrete mixtures should contain a maximum of 100 ppm of water-

soluble chloride ions and water-soluble sulfate ions.  They should also have a pH in the range of 
6.5 to 8.0.  Potable water should be used in concrete mixtures. 

� Type I-P (MS) modified or Type II modified cement should be used. 
 

Steel Piles 

According to the CALTRANS Guidelines the soil tested at this site is considered non-corrosive to 

corrosive, therefore corrosion mitigation is required. 
 

� Steel vertical support elements should be protected over their exposed height and a nominal 
distance below finished grade with an appropriate coating system4. 

� Steel facing elements and fasteners should be protected with an appropriate coating system4. 
� Extra metal thickness shall be added to all surfaces of the pile exposed to the corrosive soil5. 
� Corrosion rate of 0.100 mm/year shall be used per the Guidelines5. 

 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4CALTRANS – Bridge Design Specs – Retaining Walls - 5.7.10 – Corrosion Protection 
5CALTRANS – Corrosion Guidelines – September 2003 – Volume 1.0 – 10.1  
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TEST METHODS 

 
When predicting potential corrosion problems associated with a particular type of structure prior to 
installation, it is necessary to investigate the soil conditions the structure will encounter. Since corrosion is 
an electrochemical process accompanied by current flow, the electrochemical characteristics of a soil are 
of primary importance. Test methods utilized during this investigation reflect the most practical methods of 
evaluating corrosivity.  
 
Resistivity is a measure of the ability of a soil to conduct an electric current. The higher the resistivity the 
more difficult it is for the soil to conduct current. Resistivity is primarily dependent on the soluble chemical 
and moisture content of the soil. Soils with high dissolved ion contents generally have low resistivity. As 
moisture is added to a soil, its resistivity will decrease as more ions are taken into solution.  The soil 
resistivity decreases until the maximum solubility of the dissolved ions is reached. Increasing the moisture 
content beyond this point increases the soil resistivity by diluting the solution. Since corrosion rate 
depends on current flow through the soil, corrosivity normally increases as soil resistivity decreases. 
 
Soils can contain a wide variety of soluble salts.  Therefore, soils with similar resistivities can have 
significantly different corrosion characteristics, depending on the ions present.  In most soils, the principal 
agents of corrosion are the chloride and sulfate ions, as well as pH.  Chloride ions break down the protective 
surface films on metals and can corrode reinforcing steel in concrete structures.  Sulfates attack the Portland 
cement in concrete.  This is an expansive reaction that disrupts the concrete matrix and softens the surface.  
A high bicarbonate ion concentration lowers soil resistivity and facilitates other forms of corrosion; however, 
bicarbonate is not corrosive to metals.  Soil pH is another measure of corrosivity.  Acid (low pH) soils are 
corrosive to buried metallic and concrete structures.  Neutral (pH 7) and alkaline (pH greater than 7) soils are 
passive to metal surfaces; therefore, corrosion rates become negligible. 
 
Field Soil Resistivity 

Field (in-situ) soil resistivity was determined at four locations along the US 101 project at the SR 116 
Separation location.  Figure 2 shows the soil resistivity test locations. 
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Figure 1.  Project Site Map* for Northbound US 101 / SR 116 Separation Foundation Investigation,  

Petaluma, CA 

 

 

 

 

 

 

 

 

 
 
*Map courtesy of www.google.com 
 
 
 

Northbound 

 US 101 / SR 116 
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Figure 2.  In-Situ Soil Resistivity Test and Boring Locations* 

 

 

 

 

 

 

 

 

 
 
 
*Locations are approximate. Map courtesy of www.google.com 

 

 

US 101 / SR 116 

Boring # 

R-09-010 

Soil Resistivity Test 

Location - Typical 

1 

2 

Boring # 

R-09-012 

Boring # 

R-09-015 



 US 101 Marin Sonoma Narrow HOV Widening Project/Northbound US 101/SR 116 Separation                Foundation Investigation Report 

  

  Page 7 

In-situ soil resistivity measurements were conducted by the Wenner Electrode Method, using an AEMC 
Soil Resistance Meter, Model 4500. The Wenner Electrode Method uses four equally spaced metal pins, 
driven into the ground in a straight line, as electrodes (see Figure 3). 
 
 

 

P2 

C2 

P1 

C1 

Soil Resistance 
Meter 

 
 

Equally Spaced Electrodes in Straight 
Line 
 

A A A 

 

 

 

Figure 3.  Wenner Four Electrode Method for Soil Resistivity Measurement 

 
An alternating current from the soil resistance meter causes a current to flow through the soil between the 
outside electrodes, C1 and C2. Due to the resistance of the soil, the current creates a voltage gradient 
which is proportional to the average resistance of the soil mass to a depth equal to the distance between 
electrodes. The voltage drop is measured across electrodes P1 and P2. Resistivity of the soil is then 
computed from the instrument reading according to the following formula: 
 

  ρ = 2πAR 
  
  where:  ρ = soil resistivity in ohm-cm 
    A = the distance between probes in cm 
    R = soil resistance in ohms (instrument reading) 

  π = 3.1416 
         
Soil resistance is measured with electrodes spaced 0.8, 1.5, 2.3, 3, 4.6, 7.6, 15.2, 23.0 and 30.5 meters 
(2.5, 5, 7.5, 10, 15, 25, 50, 75 and 100 feet) apart. The resistivity values obtained represent the average 
resistivity of the soil to a depth equal to the electrode spacing. An additional method of calculating the soil 
resistivity using the data from the Wenner Method is the Barnes-Layer resistivity calculation. The Barnes 
Layer calculation is used to determine the resistivity of the soil for each soil layer. While the Wenner 
Method at 3 meters will consider all 3 meters of soil below the surface, the Barnes-Layer method will only 
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consider the resistivity of the layer of soil between 2.3 m and 3 m below the surface. This method 
assumes the soil layers are a uniform thickness and parallel to the surface, which may not always be true. 

The Barnes-Layer method uses the following parameters to calculate layer resistivities: 
 

abab KR −− =ρ  

and 

baab RRR

111 −=
−  

 
where: 

 
 
 
 
 
 
 
 
Laboratory Soil Analysis 

 
To supplement the field resistivity test data, three soil samples were obtained from Soil Borings R-09-010, 
R-09-012 and R-09-015 for laboratory soil resistivity analysis.  A soil box was used in accordance with 
California Test Method 643.  This apparatus is shown in Figure 4. 

ρb-a = Soil resistivity of layer depth b-a (ohm-cm) 
a = Soil depth to top of layer (cm) 
b = Soil depth to bottom of layer (cm) 
Ra = Soil resistance read at depth a (ohms) 
Rb = Soil resistance read at depth b (ohms) 
Rb-a = Resistance of soil layer from a to b (ohms) 
K = Layer constant (cm) 
 = 2 π (b-a) 
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Figure 4.  Soil Resistivity Measurement Using the Soil Box Method 

This apparatus consists of a small plastic box with metal end plates for passing current through a tightly 
packed soil sample.  Current is passed through the sample, causing a voltage drop across the sample. 
The soil resistivity is measured with a soil resistance meter, similar to the AEMC Model 4500. 
 

Soil resistivity is first measured in the "as-received" state. Distilled water is then added to the soil sample 
in 10-mL increments.  The resistivity is measured after each addition. As the soil sample becomes more 
saturated, the soil resistivity decreases until the minimum soil resistivity is reached.  
 

Soil boring samples from this study were forwarded to Cooper Testing Labs, Inc., in Palo Alto, CA, for 
minimum resistivity measurement, pH analysis and analysis of water soluble chloride and sulfate ion 
concentrations.  The analytical procedures followed California Test Methods 417, 422 and 643. 
 

TEST RESULTS 
 
Table 1 and Table 2 list the field soil resistivity measurements and the calculated Barnes-Layer 
resistivities. Table 3 lists the minimum resistivities and chemical analyses for the soil boring samples. 
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Table 1.  Field Soil Resistivity Data, Site 1 

Test 
Location 

No. 
Site Survey 

Station 
Depth 

(meters) 
Resistivity 
(ohm-cm) 

Layer 
(meters) 

Layer 
Resistivity 
(ohm-cm) 

0.8 4,079 0 - 0.8  
1.5 1,580 0.8 - 1.5 980 
2.3 539 1.5 - 2.3 232 
3.1 347 2.3 – 3.1 168 
4.6 396 3.1 - 4.6 556 
7.6 12,831 4.6 – 7.6 279 
15.2 14,660 7.6 – 15.2 17,097 
23.0 23,972 15.2 – 23.0 88,652 

1 

US 101 / SR 116 
Separation, North 
Bound, South Side 

of SR 116 

189+00 

30.5 34,261 23.0 – 30.5 119,130 
 

 

Table 2.  Field Soil Resistivity Data, Site 2 

Test 
Location 

No. 
Site Survey 

Station 
Depth 

(meters) 
Resistivity 
(ohm-cm) 

Layer 
(meters) 

Layer 
Resistivity 
(ohm-cm) 

0.8 2,672 0 - 0.8  
1.5 1,915 0.8 - 1.5 1,493 
2.3 1,132 1.5 - 2.3 623 
3.1 988 2.3 - 3 716 
4.6 939 3 - 4.6 855 
7.6 527 4.6 – 7.6 317 
15.2 182 7.6 – 15.2 110 
23.0 675 15.2 – 23.0 153 

2 

US 101 / SR 116 
Separation, North 
Bound, North Side 

of SR 116 

193+00 

30.5 326 23.0 – 30.5 128 
 

 
 

 

Table 3.  Laboratory Soil Resistivity and Chemical Data 

Chemical Data 

Item No. 
Boring 

No. Station 
Depth 

(meters) 

Minimum 
Soil 

Resistivity 
(ohm-cm) 

pH 
Sulfate 
(mg/kg) 

Chloride 
(mg/kg) 

1 R-09-010 186+35 3.1 1,762 7.6 <5 12 
2 R-09-012 190+06 16.8 268 8.0 187 2,225 
3 R-09-015 194+32 25.9 388 6.8 2,325 38 
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 Soil and Water Sample Minimum Resistivity and Chemical Analysis 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 US 101 Marin Sonoma Narrow HOV Widening Project/Northbound US 101/SR 116 Separation                Foundation Investigation Report 

  

  Appendix 1Page 2 

 



APPENDIXAPPENDIXAPPENDIXAPPENDIXE  Available Plans 

 X:\101_MSN_SCTA\450_GEOTECH\REPORTS\FOUNDATION REPORTS\116 REPLACE\101-116_REPLACE_4-25-11.DOC E-1

 

 



 

 

 

 

 

 

 

 

Earthquake Retrofit Project Plans for U.S. 101/116 SOH  

Bridge No. 20-0155 R/L 



























 

 

 

 

 

 

 

 

 

 

 

Pre As-Built Plans for RTE U.S. 101/116 SOH Left (Replace) 
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MSN B4 - U.S. 101/ SR116 SOH
10/6/2010

Pile Design Spreadsheet
NAVFAC Design Method For a Single Pile

Nominal axial compress. Capacity (ult.) 195 ton

Project Name: 101 MSN Petaluma Nominal axial compress. Capacity (ult.) 1736 kN

Project Number: 28645045 Pile Width 14 inch Pile Shape Square (Square, Circular or Octogonal)

Bridge Name: US 101/SR 116 SOH Pile Width 356 mm Pile Surface Area 1.42 sq. m/m Pile Tip Area 0.13 sq. m

Boring Surface El. (m) 9.5 Pile Width 1.17 ft Pile Surface Area 4.67 sq. ft/ft Pile Tip Area 1.36 sq. ft.

Boring Surface El. (ft) 31.0 Crit depth ratio 20 -

Design GWS El. (ft) 5.0 Crit depth 23.3 ft

Unit Weight of Water (pcf) 62.4 Crit. Depth. Elev 7.7 ft

Depth with no strength Crit. Depth. Elev 2.3 m

Convert. Factor 3.281 Crit. Eff. Vert. Str. 2913 psf

Bottom of Pile Cap El. (m) 6.86 Skin Resistance (Friction) of Pile in Granular Material:

Bottom of Pile Cap El. (ft) 22.50 Type (Steel=S,Concrete=C,Timber=T) C

Earth Press. Coefficient * (Comp.) 1.5

Earth Press. Coefficient * (Tens) 1.0

Minimum Adhesion 500 psf

* Note: Appropriate tension/compresion ratios for skin friction for granular soils applied is 0.65 and 1.0 for cohesive soil. Internal Design Nq z/B Nc Soil Bearing Include Elevation

Layer Lateral Adhesion Adhesion Layer Depth to Effective Effective (granular) (cohesive) Type Capacity B.C.? to

No. Resists? Ratio Thickness Layer Top Vert. StressVert. Stress Cohesive G= gran. (B.C.) midlayer

c c ca/c ca φ φ φ φ δ δ δ δ (Bot. Lay.) (Bot. Lay.) (comp) (tensile) C=cohes.

(-) (m) (feet) (m) (feet) (kPa) (psf) (psf) (deg) (deg) (feet) (feet) (psf) (psf) (ton) (ton) (ton) (-) (-) (-) (ton) (ft) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN)

9.45 31.0 0 0 0.0 6.25 g 0 n 31.0 0 0 0.0 0 195 1736 0 0 0 0

1 9.45 31.0 7.16 23.5 n 0 0 0.00 0 32 24 7.5 0.0 1793 1793 0.0 0.0 0.0 29 3.2 8.89 g 35 n 27.3 0.0 0 0.0 0 195 1736 0.0 0 0 0

2 7.16 23.5 5.18 17.0 n 38 800 1.00 0 0 0 6.5 7.5 2313 2313 0.0 0.0 0.0 0 9.2 9.00 c 5 n 20.3 0.0 0 0.0 0 195 1736 0.0 0 0 0

3 5.18 17.0 3.96 13.0 n 0 0 0.00 0 30 22.5 4.0 14.0 2313 2313 0.0 0.0 0.0 21 13.7 9.00 g 33 n 15.0 0.0 0 0.0 0 195 1736 0.0 0 0 0

4 3.96 13.0 1.83 6.0 n 38 800 1.00 0 0 0 7.0 18.0 3153 2913 0.0 0.0 0.0 0 18.4 9.00 c 5 n 9.5 0.0 0 0.0 0 195 1736 0.0 0 0 0

5 1.83 6.0 -0.91 -3.0 n 0 0 0.00 0 30 22.5 9.0 25.0 3823 2913 0.0 0.0 0.0 21 25.3 9.00 g 42 n 1.5 0.0 0 0.0 0 195 1736 0.0 0 0 0

6 -0.91 -3.0 -3.81 -12.5 n 96 2000 0.90 0 0 0 9.5 34.0 4432 2913 0.0 0.0 0.0 0 33.2 9.00 c 12 n -7.8 0.0 0 0.0 0 195 1736 0.0 0 0 0

7 -3.81 -12.5 -5.33 -17.5 n 0 0 0.00 0 32 24 5.0 43.5 4770 2913 0.0 0.0 0.0 29 39.4 9.00 g 57 n -15.0 0.0 0 0.0 0 195 1736 0.0 0 0 0

8 -5.33 -17.5 -6.86 -22.5 n 96 2000 0.90 0 0 0 5.0 48.5 5108 2913 0.0 0.0 0.0 0 43.7 9.00 c 12 n -20.0 0.0 0 0.0 0 195 1736 0.0 0 0 0

9 -6.86 -22.5 -7.92 -26.0 n 0 0 0.00 0 32 24 3.5 53.5 5378 2913 0.0 0.0 0.0 29 47.4 9.00 g 57 n -24.3 0.0 0 0.0 0 195 1736 0.0 0 0 0

10 -7.92 -26.0 -10.21 -33.5 Y 96 2000 0.90 1800 0 0 7.5 57.0 5816 2913 31.5 0.0 0.0 0 52.1 9.00 c 12 n -29.8 31.5 280 31.5 280 195 1736 31.5 280 0 0

11 -10.21 -33.5 -12.34 -40.5 Y 0 0 0.00 0 32 24 7.0 64.5 6287 2913 0.0 31.8 21.2 29 58.3 9.00 g 57 n -37.0 63.3 563 63.3 563 195 1736 52.7 469 0 0

12 -12.34 -40.5 -14.02 -46.0 Y 192 4000 0.55 2200 0 0 5.5 71.5 6665 2913 28.2 0.0 0.0 0 63.6 9.00 c 25 n -43.3 91.5 814 91.5 814 195 1736 80.9 720 0 0

13 -14.02 -46.0 -14.48 -47.5 Y 0 0 0.00 0 38 28.5 1.5 77.0 6738 2913 0.0 8.3 5.5 86 66.6 9.00 g 170 y -46.8 99.8 888 270.3 2405 195 1736 86.4 769 0 0

14 -14.48 -47.5 -21.03 -69.0 Y 0 0 0.00 0 41 30.75 21.5 78.5 8657 2913 0.0 130.4 86.9 145 76.5 9.00 g 287 y -58.3 230.2 2049 517.6 4607 195 1736 173.4 1542 0 0

Bottom -21.03 -69.0
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MSN B4 - US 101/SR116 SOH
10/6/2010

Pile Design Spreadsheet
NAVFAC Design Method For a Single Pile

Nominal axial compress. Capacity (ult.) 185 ton

Project Name: 101 MSN Petaluma Nominal axial compress. Capacity (ult.) 1647 kN

Project Number: 28645045 Pile Width 14 inch Pile Shape Square (Square, Circular or Octogonal)

Bridge Name: U.S. 101/SR116 SOH Pile Width 356 mm Pile Surface Area 1.42 sq. m/m Pile Tip Area 0.13 sq. m

Boring Surface El. (m) 3.4 Pile Width 1.17 ft Pile Surface Area 4.67 sq. ft/ft Pile Tip Area 1.36 sq. ft.

Boring Surface El. (ft) 11.0 Crit depth ratio 20 -

Design GWS El. (ft) 5.0 Crit depth 23.3 ft

Unit Weight of Water (pcf) 62.4 Crit. Depth. Elev -12.3 ft

Depth with no strength Crit. Depth. Elev -3.8 m

Convert. Factor 3.281 Crit. Eff. Vert. Str. 1699 psf

Bottom of Pile Cap El. (m) -0.15 Skin Resistance (Friction) of Pile in Granular Material:

Bottom of Pile Cap El. (ft) -0.50 Type (Steel=S,Concrete=C,Timber=T) C

Earth Press. Coefficient * (Comp.) 1.5

Earth Press. Coefficient * (Tens) 1.0

Minimum Adhesion 500 psf

* Note: Appropriate tension/compresion ratios for skin friction for granular soils applied is 0.65 and 1.0 for cohesive soil. Internal Design Nq z/B Nc Soil Bearing Include Elevation

Layer Lateral Adhesion Adhesion Layer Depth to Effective Effective (granular) (cohesive) Type Capacity B.C.? to

No. Resists? Ratio Thickness Layer Top Vert. StressVert. Stress Cohesive G= gran. (B.C.) midlayer

c c ca/c ca φ φ φ φ δ δ δ δ (Bot. Lay.) (Bot. Lay.) (comp) (tensile) C=cohes.

(-) (m) (feet) (m) (feet) (kPa) (psf) (psf) (deg) (deg) (feet) (feet) (psf) (psf) (ton) (ton) (ton) (-) (-) (-) (ton) (ft) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN)

3.35 11.0 0 0 0.0 6.25 c 0 N 11.0 0 0 0.0 0 185 1647 0 0 0 0

1 3.35 11.0 1.52 5.0 n 48 1000 1.00 0 0 0 6.0 0.0 1008 1008 0.0 0.0 0.0 0 2.6 8.63 c 6 N 8.0 0.0 0 0.0 0 185 1647 0.0 0 0 0

2 1.52 5.0 -0.15 -0.5 n 38 800 1.00 0 0 0 5.5 6.0 1066 1066 0.0 0.0 0.0 0 7.5 9.00 c 5 N 2.3 0.0 0 0.0 0 185 1647 0.0 0 0 0

3 -0.15 -0.5 -0.46 -1.5 Y 38 800 1.00 800 0 0 1.0 11.5 1066 1066 1.9 0.0 0.0 0 10.3 9.00 c 5 N -1.0 1.9 17 1.9 17 185 1647 1.9 17 0 0

4 -0.46 -1.5 -1.98 -6.5 Y 96 2000 0.90 1800 0 0 5.0 12.5 1354 1354 21.0 0.0 0.0 0 12.9 9.00 c 12 N -4.0 22.9 204 22.9 204 185 1647 22.9 203 0 0

5 -1.98 -6.5 -5.49 -18.0 Y 67 1400 1.00 1400 0 0 11.5 17.5 2045 1699 37.6 0.0 0.0 0 19.9 9.00 c 9 N -12.3 60.4 538 60.4 538 185 1647 60.4 538 0 0

6 -5.49 -18.0 -7.62 -25.0 Y 0 0 0.00 0 34 25.5 7.0 29.0 2518 1699 0.0 19.9 13.2 42 27.9 9.00 g 49 n -21.5 80.3 715 80.3 715 185 1647 73.7 655 0 0

7 -7.62 -25.0 -10.67 -35.0 y 48 1000 1.00 1000 0 0 10.0 36.0 3094 1699 23.3 0.0 0.0 0 35.1 9.00 c 6 n -30.0 103.6 922 103.6 922 185 1647 97.0 863 0 0

8 -10.67 -35.0 -13.41 -44.0 y 62 1300 1.00 1300 0 0 9.0 46.0 3612 1699 27.3 0.0 0.0 0 43.3 9.00 c 8 n -39.5 130.9 1165 130.9 1165 185 1647 124.3 1106 0 0

9 -13.41 -44.0 -22.55 -74.0 y 0 0 0.00 0 41 30.75 30.0 55.0 6090 1699 0.0 106.1 70.8 145 60.0 9.00 g 168 y -59.0 237.1 2110 404.7 3602 185 1647 195.1 1735 0 0

Bottom -22.55 -74.0

Bent 2_R-09-012

Capacity

Compression

Cumulative

Axial Res.

(skin) (Tot)

Nominal

Axial

Capacity

Tension

Friction

delta

Lat. Res. Axial Res.

(Skin)

Cumulative Nominal

Axial

Top

Cohesion Friction

Angle

Layer Elevation

Bot.

Pile Capacity

R-09-012

-80.0

-70.0

-60.0

-50.0

-40.0

-30.0

-20.0

-10.0

0.0

10.0

0 40 80 120 160 200 240 280 320 360 400 440 480 520 560

Capacity (ton)

E
le

v
a
ti

o
n

 (
ft

)

Nominal Compressive Capacity Nominal Tensile Capacity Ultimate Compression Ultimate Tension Ultimate Skin Friction (Compression)

14-inch Pile

Pile Capacity

 

R-09-012

-27

-22

-17

-12

-7

-2

3

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

Capacity (kN)

E
le

v
a
ti

o
n

 (
m

)

Nominal Compressive Capacity Nominal Tensile Capacity Ultimate Compression Ultimate Tension Ultimate Skin Friction (Compression)

356-mm Pile

Weathered Bed rock at Elev. -44 ft 

 14-inch PCPS Pile with 100 tons Allowable Bearing Capacity X:\101_MSN_SCTA\450_Geotech\Analysis\Pile\Axial\116 Replace\Bent2_R-09-012.xls



MSN B4 - US101/SR116 SOH
10/6/2010

Pile Design Spreadsheet
NAVFAC Design Method For a Single Pile

Nominal axial compress. Capacity (ult.) 180 ton

Project Name: 101 MSN Petaluma Nominal axial compress. Capacity (ult.) 1602 kN

Project Number: 28645045 Pile Width 14 inch Pile Shape Square (Square, Circular or Octogonal)

Bridge Name: US 101/SR116 SOH Pile Width 356 mm Pile Surface Area 1.42 sq. m/m Pile Tip Area 0.13 sq. m

Boring Surface El. (m) 3.1 Pile Width 1.17 ft Pile Surface Area 4.67 sq. ft/ft Pile Tip Area 1.36 sq. ft.

Boring Surface El. (ft) 10.0 Crit depth ratio 20 -

Design GWS El. (ft) 5.0 Crit depth 23.3 ft

Unit Weight of Water (pcf) 62.4 Crit. Depth. Elev -13.3 ft

Depth with no strength Crit. Depth. Elev -4.1 m

Convert. Factor 3.281 Crit. Eff. Vert. Str. 1704 psf

Bottom of Pile Cap El. (m) 0.61 Skin Resistance (Friction) of Pile in Granular Material:

Bottom of Pile Cap El. (ft) 2.00 Type (Steel=S,Concrete=C,Timber=T) C

Earth Press. Coefficient * (Comp.) 1.5

Earth Press. Coefficient * (Tens) 1.0

Minimum Adhesion 500 psf

* Note: Appropriate tension/compresion ratios for skin friction for granular soils applied is 0.65 and 1.0 for cohesive soil. Internal Design Nq z/B Nc Soil Bearing Include Elevation

Layer Lateral Adhesion Adhesion Layer Depth to Effective Effective (granular) (cohesive) Type Capacity B.C.? to

No. Resists? Ratio Thickness Layer Top Vert. StressVert. Stress Cohesive G= gran. (B.C.) midlayer

c c ca/c ca φ φ φ φ δ δ δ δ (Bot. Lay.) (Bot. Lay.) (comp) (tensile) C=cohes.

(-) (m) (feet) (m) (feet) (kPa) (psf) (psf) (deg) (deg) (feet) (feet) (psf) (psf) (ton) (ton) (ton) (-) (-) (-) (ton) (ft) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN)

3.05 10.0 0 0 0.0 6.25 g 0 n 10.0 0 0 0.0 0 180 1602 0 0 0 0

1 3.05 10.0 1.37 4.5 n 0 0 0.00 0 32 24 5.5 0.0 828 828 0.0 0.0 0.0 29 2.4 8.54 g 16 n 7.3 0.0 0 0.0 0 180 1602 0.0 0 0 0

2 1.37 4.5 0.61 2.0 n 38 800 1.00 0 0 0 2.5 5.5 1173 1173 0.0 0.0 0.0 0 5.8 9.00 c 5 n 3.3 0.0 0 0.0 0 180 1602 0.0 0 0 0

3 0.61 2.0 -1.22 -4.0 Y 38 800 1.00 800 0 0 6.0 8.0 1173 1173 11.2 0.0 0.0 0 9.4 9.00 c 5 n -1.0 11.2 100 11.2 100 180 1602 11.2 100 0 0

4 -1.22 -4.0 -3.2 -10.5 Y 81 1700 0.98 1658 0 0 6.5 14.0 1519 1519 25.1 0.0 0.0 0 14.8 9.00 c 10 n -7.3 36.3 323 36.3 323 180 1602 36.3 323 0 0

5 -3.2 -10.5 -3.96 -13.0 Y 0 0 0.00 0 34 25.5 2.5 20.5 1704 1704 0.0 6.7 4.5 42 18.6 9.00 g 49 n -11.8 43.1 383 43.1 383 180 1602 40.8 363 0 0

6 -3.96 -13.0 -4.88 -16.0 Y 19 400 1.00 400 0 0 3.0 23.0 1892 1704 2.8 0.0 0.0 0 21.0 9.00 c 2 n -14.5 45.9 408 45.9 408 180 1602 43.6 388 0 0

7 -4.88 -16.0 -5.79 -19.0 Y 0 0 0.00 0 34 25.5 3.0 26.0 2080 1704 0.0 8.5 5.7 42 23.6 9.00 g 49 n -17.5 54.4 484 54.4 484 180 1602 49.3 439 0 0

8 -5.79 -19.0 -7.31 -24.0 Y 38 800 1.00 800 0 0 5.0 29.0 2393 1704 9.3 0.0 0.0 0 27.0 9.00 c 5 n -21.5 63.7 567 63.7 567 180 1602 58.6 522 0 0

9 -7.31 -24.0 -8.84 -29.0 Y 57 1200 1.00 1200 0 0 5.0 34.0 2706 1704 14.0 0.0 0.0 0 31.3 9.00 c 7 n -26.5 77.7 692 77.7 692 180 1602 72.6 646 0 0

10 -8.84 -29.0 -10.36 -34.0 Y 81 1700 0.98 1658 0 0 5.0 39.0 3019 1704 19.3 0.0 0.0 0 35.6 9.00 c 10 n -31.5 97.1 864 97.1 864 180 1602 92.0 818 0 0

11 -10.36 -34.0 -11.58 -38.0 Y 67 1400 1.00 1400 0 0 4.0 44.0 3245 1704 13.1 0.0 0.0 0 39.4 9.00 c 9 n -36.0 110.1 980 110.1 980 180 1602 105.1 935 0 0

12 -11.58 -38.0 -14.93 -49.0 Y 67 1400 1.00 1400 0 0 11.0 48.0 3879 1704 35.9 0.0 0.0 0 45.9 9.00 c 9 n -43.5 146.1 1300 146.1 1300 180 1602 141.0 1254 0 0

13 -14.93 -49.0 -17.37 -57.0 Y 72 1500 1.00 1500 0 0 8.0 59.0 4460 1704 28.0 0.0 0.0 0 54.0 9.00 c 9 y -53.0 174.1 1549 183.3 1631 180 1602 169.0 1503 0 0

14 -17.37 -57.0 -22.86 -75.0 Y 0 0 0.00 0 41 30.75 18.0 67.0 5767 1704 0.0 63.9 42.6 145 65.1 9.00 g 168 y -66.0 238.0 2118 406.1 3615 180 1602 211.6 1882 0 0

Bottom -22.86 -75.0
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MSN B4 - U.S.101/SR116 SOH
10/6/2010

Pile Design Spreadsheet
NAVFAC Design Method For a Single Pile

Nominal axial compress. Capacity (ult.) 170 ton

Project Name: 101 MSN Petaluma Nominal axial compress. Capacity (ult.) 1513 kN

Project Number: 28645045 Pile Width 14 inch Pile Shape Square (Square, Circular or Octogonal)

Bridge Name: U.S.101/SR116 SOH Pile Width 356 mm Pile Surface Area 1.42 sq. m/m Pile Tip Area 0.13 sq. m

Boring Surface El. (m) 4.3 Pile Width 1.17 ft Pile Surface Area 4.67 sq. ft/ft Pile Tip Area 1.36 sq. ft.

Boring Surface El. (ft) 14.0 Crit depth ratio 20 -

Design GWS El. (ft) 5.0 Crit depth 23.3 ft

Unit Weight of Water (pcf) 62.4 Crit. Depth. Elev -9.3 ft

Depth with no strength Crit. Depth. Elev -2.8 m

Convert. Factor 3.281 Crit. Eff. Vert. Str. 2041 psf

Bottom of Pile Cap El. (m) 1.22 Skin Resistance (Friction) of Pile in Granular Material:

Bottom of Pile Cap El. (ft) 4.00 Type (Steel=S,Concrete=C,Timber=T) C

Earth Press. Coefficient * (Comp.) 1.5

Earth Press. Coefficient * (Tens) 1.0

Minimum Adhesion 500 psf

* Note: Appropriate tension/compresion ratios for skin friction for granular soils applied is 0.65 and 1.0 for cohesive soil. Internal Design Nq z/B Nc Soil Bearing Include Elevation

Layer Lateral Adhesion Adhesion Layer Depth to Effective Effective (granular) (cohesive) Type Capacity B.C.? to

No. Resists? Ratio Thickness Layer Top Vert. StressVert. Stress Cohesive G= gran. (B.C.) midlayer

c c ca/c ca φ φ φ φ δ δ δ δ (Bot. Lay.) (Bot. Lay.) (comp) (tensile) C=cohes.

(-) (m) (feet) (m) (feet) (kPa) (psf) (psf) (deg) (deg) (feet) (feet) (psf) (psf) (ton) (ton) (ton) (-) (-) (-) (ton) (ft) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN)

4.27 14.0 0 0 0.0 6.25 g 0 n 14.0 0 0 0.0 0 170 1513 0 0 0 0

1 4.27 14.0 0.91 3.0 n 0 0 0.00 0 32 24 11.0 0.0 1478 1478 0.0 0.0 0.0 29 4.7 9.00 g 29 n 8.5 0.0 0 0.0 0 170 1513 0.0 0 0 0

2 0.91 3.0 0 0.0 n 60 1250 1.00 0 0 0 3.0 11.0 2354 2041 0.0 0.0 0.0 0 10.7 9.00 c 8 n 1.5 0.0 0 0.0 0 170 1513 0.0 0 0 0

3 0 0.0 -4.27 -14.0 n 0 0 0.00 0 36 27 14.0 14.0 2354 2041 0.0 0.0 0.0 62 18.0 9.00 g 86 n -7.0 0.0 0 0.0 0 170 1513 0.0 0 0 0

4 -4.27 -14.0 -8.38 -27.5 Y 72 1500 1.00 1500 0 0 13.5 28.0 3168 2041 47.3 0.0 0.0 0 29.8 9.00 c 9 n -20.8 47.3 421 47.3 421 170 1513 47.3 420 0 0

5 -8.38 -27.5 -9.14 -30.0 Y 0 0 0.00 0 36 27 2.5 41.5 3369 2041 0.0 9.1 6.1 62 36.6 9.00 g 86 n -28.8 56.4 502 56.4 502 170 1513 53.3 474 0 0

6 -9.14 -30.0 -10.36 -34.0 Y 29 600 1.00 600 0 0 4.0 44.0 3619 2041 5.6 0.0 0.0 0 39.4 9.00 c 4 n -32.0 62.0 551 62.0 551 170 1513 58.9 524 0 0

7 -10.36 -34.0 -17.07 -56.0 Y 53 1100 1.00 1100 0 0 22.0 48.0 4886 2041 56.5 0.0 0.0 0 50.6 9.00 c 7 n -45.0 118.4 1054 118.4 1054 170 1513 115.4 1026 0 0

8 -17.07 -56.0 -21.64 -71.0 Y 86 1800 0.96 1728 0 0 15.0 70.0 5750 2041 60.5 0.0 0.0 0 66.4 9.00 c 11 n -63.5 178.9 1592 178.9 1592 170 1513 175.9 1564 0 0

9 -21.64 -71.0 -22.25 -73.0 Y 0 0 0.00 0 41 30.75 2.0 85.0 5885 2041 0.0 8.5 5.7 145 73.7 9.00 g 201 n -72.0 187.4 1668 187.4 1668 170 1513 181.5 1615 0 0

10 -22.25 -73.0 -23.47 -77.0 Y 120 2500 0.70 1750 0 0 4.0 87.0 6076 2041 16.3 0.0 0.0 0 76.3 9.00 c 15 n -75.0 203.7 1813 203.7 1813 170 1513 197.9 1760 0 0

11 -23.47 -77.0 -25.14 -82.5 Y 0 0 0.00 0 41 30.75 5.5 91.0 6364 2041 0.0 23.4 15.6 145 80.4 9.00 g 201 y -79.8 227.1 2021 428.6 3814 170 1513 213.5 1899 0 0

Bottom -25.14 -82.5
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MSN B4 - U.S.101/SR116 SOH
10/6/2010

Pile Design Spreadsheet
NAVFAC Design Method For a Single Pile

Nominal axial compress. Capacity (ult.) 170 ton

Project Name: 101 MSN Petaluma Nominal axial compress. Capacity (ult.) 1513 kN

Project Number: 28645045 Pile Width 14 inch Pile Shape Square (Square, Circular or Octogonal)

Bridge Name: U.S>101/SR116 SOH Pile Width 356 mm Pile Surface Area 1.42 sq. m/m Pile Tip Area 0.13 sq. m

Boring Surface El. (m) 6.7 Pile Width 1.17 ft Pile Surface Area 4.67 sq. ft/ft Pile Tip Area 1.36 sq. ft.

Boring Surface El. (ft) 22.0 (Varies 22-30) Crit depth ratio 20 -

Design GWS El. (ft) 5.0 Crit depth 23.3 ft

Unit Weight of Water (pcf) 62.4 Crit. Depth. Elev -1.3 ft

Depth with no strength Crit. Depth. Elev -0.4 m

Convert. Factor 3.281 Crit. Eff. Vert. Str. 2386 psf

Bottom of Pile Cap El. (m) 5.18 Skin Resistance (Friction) of Pile in Granular Material:

Bottom of Pile Cap El. (ft) 17.00 Type (Steel=S,Concrete=C,Timber=T) C

Earth Press. Coefficient * (Comp.) 1.5

Earth Press. Coefficient * (Tens) 1.0

Minimum Adhesion 500 psf

* Note: Appropriate tension/compresion ratios for skin friction for granular soils applied is 0.65 and 1.0 for cohesive soil. Internal Design Nq z/B Nc Soil Bearing Include Elevation

Layer Lateral Adhesion Adhesion Layer Depth to Effective Effective (granular) (cohesive) Type Capacity B.C.? to

No. Resists? Ratio Thickness Layer Top Vert. StressVert. Stress Cohesive G= gran. (B.C.) midlayer

c c ca/c ca φ φ φ φ δ δ δ δ (Bot. Lay.) (Bot. Lay.) (comp) (tensile) C=cohes.

(-) (m) (feet) (m) (feet) (kPa) (psf) (psf) (deg) (deg) (feet) (feet) (psf) (psf) (ton) (ton) (ton) (-) (-) (-) (ton) (ft) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN)

6.71 22.0 0 0 0.0 6.25 g 0 n 22.0 0 0 0.0 0 170 1513 0 0 0 0

1 6.71 22.0 5.79 19.0 n 0 0 0.00 0 32 24 3.0 0.0 1320 1320 0.0 0.0 0.0 29 1.3 7.92 g 26 n 20.5 0.0 0 0.0 0 170 1513 0.0 0 0 0

2 5.79 19.0 3.35 11.0 n 48 1000 1.00 0 0 0 8.0 3.0 2386 2386 0.0 0.0 0.0 0 6.0 9.00 c 6 n 15.0 0.0 0 0.0 0 170 1513 0.0 0 0 0

3 3.35 11.0 -0.3 -1.0 n 43 900 1.00 0 0 0 12.0 11.0 2386 2386 0.0 0.0 0.0 0 14.6 9.00 c 6 n 5.0 0.0 0 0.0 0 170 1513 0.0 0 0 0

4 -0.3 -1.0 -0.61 -2.0 n 0 0 0.00 0 32 24 1.0 23.0 2453 2386 0.0 0.0 0.0 29 20.1 9.00 g 47 n -1.5 0.0 0 0.0 0 170 1513 0.0 0 0 0

5 -0.61 -2.0 -2.74 -9.0 n 43 900 1.00 0 0 0 7.0 24.0 2926 2386 0.0 0.0 0.0 0 23.6 9.00 c 6 n -5.5 0.0 0 0.0 0 170 1513 0.0 0 0 0

6 -2.74 -9.0 -5.49 -18.0 n 0 0 0.00 0 32 24 9.0 31.0 3490 2386 0.0 0.0 0.0 29 30.4 9.00 g 47 n -13.5 0.0 0 0.0 0 170 1513 0.0 0 0 0

7 -5.49 -18.0 -6.55 -21.5 Y 0 0 0.00 0 32 24 3.5 40.0 3678 2386 0.0 13.0 8.7 29 35.8 9.00 g 47 n -19.8 13.0 116 13.0 116 170 1513 8.7 77 0 0

8 -6.55 -21.5 -9.91 -32.5 Y 67 1400 1.00 1400 0 0 11.0 43.5 4366 2386 35.9 0.0 0.0 0 42.0 9.00 c 9 n -27.0 48.9 436 48.9 436 170 1513 44.6 397 0 0

9 -9.91 -32.5 -11.58 -38.0 Y 0 0 0.00 0 32 24 5.5 54.5 4742 2386 0.0 20.4 13.6 29 49.1 9.00 g 47 n -35.3 69.4 618 69.4 618 170 1513 58.2 518 0 0

10 -11.58 -38.0 -14.93 -49.0 Y 67 1400 1.00 1400 0 0 11.0 60.0 5265 2386 35.9 0.0 0.0 0 56.1 9.00 c 9 n -43.5 105.3 937 105.3 937 170 1513 94.2 838 0 0

11 -14.93 -49.0 -15.85 -52.0 Y 29 600 1.00 600 0 0 3.0 71.0 5408 2386 4.2 0.0 0.0 0 62.1 9.00 c 4 n -50.5 109.5 975 109.5 975 170 1513 98.4 875 0 0

12 -15.85 -52.0 -18.59 -61.0 Y 43 900 1.00 900 0 0 9.0 74.0 5837 2386 18.9 0.0 0.0 0 67.3 9.00 c 6 n -56.5 128.4 1143 128.4 1143 170 1513 117.3 1043 0 0

13 -18.59 -61.0 -22.25 -73.0 Y 0 0 0.00 0 38 28.5 12.0 83.0 6588 2386 0.0 54.4 36.3 86 76.3 9.00 g 140 y -67.0 182.8 1627 322.4 2870 170 1513 153.5 1366 0 0
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MSN B4 - U.S.101/SR116 SOH
4/9/2010

Pile Design Spreadsheet
NAVFAC Design Method For a Single Pile

Nominal axial compress. Capacity (ult.) 140 ton

Project Name: 101 MSN Petaluma Nominal axial compress. Capacity (ult.) 1246 kN

Project Number: 28645045 Pile Width 14 inch Pile Shape Square (Square, Circular or Octogonal)

Bridge Name: U.S>101/SR116 SOH Pile Width 356 mm Pile Surface Area 1.42 sq. m/m Pile Tip Area 0.13 sq. m

Boring Surface El. (m) 9.1 Pile Width 1.17 ft Pile Surface Area 4.67 sq. ft/ft Pile Tip Area 1.36 sq. ft.

Boring Surface El. (ft) 30.0 (Varies 30-37) Crit depth ratio 20 -

Design GWS El. (ft) 5.0 Crit depth 23.3 ft

Unit Weight of Water (pcf) 62.4 Crit. Depth. Elev 6.7 ft

Depth with no strength Crit. Depth. Elev 2.0 m

Convert. Factor 3.281 Crit. Eff. Vert. Str. 2635 psf

Bottom of Pile Cap El. (m) 6.71 Skin Resistance (Friction) of Pile in Granular Material:

Bottom of Pile Cap El. (ft) 22.00 Type (Steel=S,Concrete=C,Timber=T) C

Earth Press. Coefficient * (Comp.) 1.5

Earth Press. Coefficient * (Tens) 1.0

Minimum Adhesion 500 psf

* Note: Appropriate tension/compresion ratios for skin friction for granular soils applied is 0.65 and 1.0 for cohesive soil. Internal Design Nq z/B Nc Soil Bearing Include Elevation

Layer Lateral Adhesion Adhesion Layer Depth to Effective Effective (granular) (cohesive) Type Capacity B.C.? to

No. Resists? Ratio Thickness Layer Top Vert. StressVert. Stress Cohesive G= gran. (B.C.) midlayer

c c ca/c ca φ φ φ φ δ δ δ δ (Bot. Lay.) (Bot. Lay.) (comp) (tensile) C=cohes.

(-) (m) (feet) (m) (feet) (kPa) (psf) (psf) (deg) (deg) (feet) (feet) (psf) (psf) (ton) (ton) (ton) (-) (-) (-) (ton) (ft) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN)

9.14 30.0 0 0 0.0 6.25 g 0 n 30.0 0 0 0.0 0 140 1246 0 0 70 623

1 9.14 30.0 5.79 19.0 n 0 0 0.00 0 32 24 11.0 0.0 2280 2280 0.0 0.0 0.0 29 4.7 9.00 g 45 n 24.5 0.0 0 0.0 0 140 1246 0.0 0 70 623

2 5.79 19.0 3.35 11.0 n 48 1000 1.00 0 0 0 8.0 11.0 3346 2635 0.0 0.0 0.0 0 12.9 9.00 c 6 n 15.0 0.0 0 0.0 0 140 1246 0.0 0 70 623

3 3.35 11.0 -0.3 -1.0 n 43 900 1.00 0 0 0 12.0 19.0 3346 2635 0.0 0.0 0.0 0 21.4 9.00 c 6 n 5.0 0.0 0 0.0 0 140 1246 0.0 0 70 623

4 -0.3 -1.0 -0.61 -2.0 n 0 0 0.00 0 32 24 1.0 31.0 3413 2635 0.0 0.0 0.0 29 27.0 9.00 g 52 n -1.5 0.0 0 0.0 0 140 1246 0.0 0 70 623

5 -0.61 -2.0 -2.74 -9.0 n 43 900 1.00 0 0 0 7.0 32.0 3886 2635 0.0 0.0 0.0 0 30.4 9.00 c 6 n -5.5 0.0 0 0.0 0 140 1246 0.0 0 70 623

6 -2.74 -9.0 -5.49 -18.0 n 0 0 0.00 0 32 24 9.0 39.0 4450 2635 0.0 0.0 0.0 29 37.3 9.00 g 52 n -13.5 0.0 0 0.0 0 140 1246 0.0 0 70 623

7 -5.49 -18.0 -6.55 -21.5 Y 0 0 0.00 0 32 24 3.5 48.0 4638 2635 0.0 14.4 9.6 29 42.6 9.00 g 52 n -19.8 14.4 128 14.4 128 140 1246 9.6 85 70 623

8 -6.55 -21.5 -9.91 -32.5 Y 67 1400 1.00 1400 0 0 11.0 51.5 5326 2635 35.9 0.0 0.0 0 48.9 9.00 c 9 n -27.0 50.3 448 50.3 448 140 1246 45.5 405 70 623

9 -9.91 -32.5 -11.58 -38.0 Y 0 0 0.00 0 32 24 5.5 62.5 5702 2635 0.0 22.6 15.1 29 55.9 9.00 g 52 n -35.3 72.9 649 72.9 649 140 1246 60.6 539 70 623

10 -11.58 -38.0 -14.93 -49.0 Y 67 1400 1.00 1400 0 0 11.0 68.0 6225 2635 35.9 0.0 0.0 0 63.0 9.00 c 9 n -43.5 108.8 969 108.8 969 140 1246 96.5 859 70 623

11 -14.93 -49.0 -15.85 -52.0 Y 29 600 1.00 600 0 0 3.0 79.0 6368 2635 4.2 0.0 0.0 0 69.0 9.00 c 4 n -50.5 113.0 1006 113.0 1006 140 1246 100.7 896 70 623

12 -15.85 -52.0 -18.59 -61.0 Y 43 900 1.00 900 0 0 9.0 82.0 6797 2635 18.9 0.0 0.0 0 74.1 9.00 c 6 n -56.5 131.9 1174 131.9 1174 140 1246 119.6 1064 70 623

13 -18.59 -61.0 -22.25 -73.0 Y 0 0 0.00 0 38 28.5 12.0 91.0 7548 2635 0.0 60.1 40.1 86 83.1 9.00 g 154 y -67.0 192.0 1709 346.3 3082 140 1246 159.7 1420 70 623
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MSN B4 - U.S.101/SR116 SOH
4/9/2010

Pile Design Spreadsheet
NAVFAC Design Method For a Single Pile

Nominal axial compress. Capacity (ult.) 140 ton

Project Name: 101 MSN Petaluma Nominal axial compress. Capacity (ult.) 1246 kN

Project Number: 28645045 Pile Width 14 inch Pile Shape Square (Square, Circular or Octogonal)

Bridge Name: U.S>101/SR116 SOH Pile Width 356 mm Pile Surface Area 1.42 sq. m/m Pile Tip Area 0.13 sq. m

Boring Surface El. (m) 11.3 Pile Width 1.17 ft Pile Surface Area 4.67 sq. ft/ft Pile Tip Area 1.36 sq. ft.

Boring Surface El. (ft) 37.0 (Varies 37-40) Crit depth ratio 20 -

Design GWS El. (ft) 5.0 Crit depth 23.3 ft

Unit Weight of Water (pcf) 62.4 Crit. Depth. Elev 13.7 ft

Depth with no strength Crit. Depth. Elev 4.2 m

Convert. Factor 3.281 Crit. Eff. Vert. Str. 2760 psf

Bottom of Pile Cap El. (m) 7.92 Skin Resistance (Friction) of Pile in Granular Material:

Bottom of Pile Cap El. (ft) 26.00 Type (Steel=S,Concrete=C,Timber=T) C

Earth Press. Coefficient * (Comp.) 1.5

Earth Press. Coefficient * (Tens) 1.0

Minimum Adhesion 500 psf

* Note: Appropriate tension/compresion ratios for skin friction for granular soils applied is 0.65 and 1.0 for cohesive soil. Internal Design Nq z/B Nc Soil Bearing Include Elevation

Layer Lateral Adhesion Adhesion Layer Depth to Effective Effective (granular) (cohesive) Type Capacity B.C.? to

No. Resists? Ratio Thickness Layer Top Vert. StressVert. Stress Cohesive G= gran. (B.C.) midlayer

c c ca/c ca φ φ φ φ δ δ δ δ (Bot. Lay.) (Bot. Lay.) (comp) (tensile) C=cohes.

(-) (m) (feet) (m) (feet) (kPa) (psf) (psf) (deg) (deg) (feet) (feet) (psf) (psf) (ton) (ton) (ton) (-) (-) (-) (ton) (ft) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN)

11.28 37.0 0 0 0.0 6.25 g 0 n 37.0 0 0 0.0 0 140 1246 0 0 70 623

1 11.28 37.0 5.79 19.0 n 0 0 0.00 0 32 24 18.0 0.0 3120 2760 0.0 0.0 0.0 29 7.7 9.00 g 54 n 28.0 0.0 0 0.0 0 140 1246 0.0 0 70 623

2 5.79 19.0 3.35 11.0 n 48 1000 1.00 0 0 0 8.0 18.0 4186 2760 0.0 0.0 0.0 0 18.9 9.00 c 6 n 15.0 0.0 0 0.0 0 140 1246 0.0 0 70 623

3 3.35 11.0 -0.3 -1.0 n 43 900 1.00 0 0 0 12.0 26.0 4186 2760 0.0 0.0 0.0 0 27.4 9.00 c 6 n 5.0 0.0 0 0.0 0 140 1246 0.0 0 70 623

4 -0.3 -1.0 -0.61 -2.0 n 0 0 0.00 0 32 24 1.0 38.0 4253 2760 0.0 0.0 0.0 29 33.0 9.00 g 54 n -1.5 0.0 0 0.0 0 140 1246 0.0 0 70 623

5 -0.61 -2.0 -2.74 -9.0 n 43 900 1.00 0 0 0 7.0 39.0 4726 2760 0.0 0.0 0.0 0 36.4 9.00 c 6 n -5.5 0.0 0 0.0 0 140 1246 0.0 0 70 623

6 -2.74 -9.0 -5.49 -18.0 n 0 0 0.00 0 32 24 9.0 46.0 5290 2760 0.0 0.0 0.0 29 43.3 9.00 g 54 n -13.5 0.0 0 0.0 0 140 1246 0.0 0 70 623

7 -5.49 -18.0 -6.55 -21.5 Y 0 0 0.00 0 32 24 3.5 55.0 5478 2760 0.0 15.1 10.0 29 48.6 9.00 g 54 n -19.8 15.1 134 15.1 134 140 1246 10.0 89 70 623

8 -6.55 -21.5 -9.91 -32.5 Y 67 1400 1.00 1400 0 0 11.0 58.5 6166 2760 35.9 0.0 0.0 0 54.9 9.00 c 9 n -27.0 51.0 454 51.0 454 140 1246 46.0 409 70 623

9 -9.91 -32.5 -11.58 -38.0 Y 0 0 0.00 0 32 24 5.5 69.5 6542 2760 0.0 23.7 15.8 29 61.9 9.00 g 54 n -35.3 74.6 664 74.6 664 140 1246 61.7 549 70 623

10 -11.58 -38.0 -14.93 -49.0 Y 67 1400 1.00 1400 0 0 11.0 75.0 7065 2760 35.9 0.0 0.0 0 69.0 9.00 c 9 n -43.5 110.6 984 110.6 984 140 1246 97.7 869 70 623

11 -14.93 -49.0 -15.85 -52.0 Y 29 600 1.00 600 0 0 3.0 86.0 7208 2760 4.2 0.0 0.0 0 75.0 9.00 c 4 n -50.5 114.8 1021 114.8 1021 140 1246 101.9 906 70 623

12 -15.85 -52.0 -18.59 -61.0 Y 43 900 1.00 900 0 0 9.0 89.0 7637 2760 18.9 0.0 0.0 0 80.1 9.00 c 6 n -56.5 133.7 1190 133.7 1190 140 1246 120.8 1074 70 623

13 -18.59 -61.0 -22.25 -73.0 Y 0 0 0.00 0 38 28.5 12.0 98.0 8388 2760 0.0 62.9 42.0 86 89.1 9.00 g 162 y -67.0 196.6 1750 358.2 3188 140 1246 162.7 1448 70 623
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MSN B4 - U.S.101/SR116 SOH
10/22/2010

Pile Design Spreadsheet
NAVFAC Design Method For a Single Pile

Nominal axial compress. Capacity (ult.) 140 ton

Project Name: 101 MSN Petaluma Nominal axial compress. Capacity (ult.) 1246 kN

Project Number: 28645045 Pile Width 14 inch Pile Shape Square (Square, Circular or Octogonal)

Bridge Name: U.S.101/SR116 SOH (Replace) Pile Width 356 mm Pile Surface Area 1.42 sq. m/m Pile Tip Area 0.13 sq. m

Boring Surface El. (m) 5.5 Pile Width 1.17 ft Pile Surface Area 4.67 sq. ft/ft Pile Tip Area 1.36 sq. ft.

Boring Surface El. (ft) 17.9 Crit depth ratio 20 -

Design GWS El. (ft) 5.0 Crit depth 23.3 ft

Unit Weight of Water (pcf) 62.4 Crit. Depth. Elev -5.4 ft

Depth with no strength Crit. Depth. Elev -1.7 m

Convert. Factor 3.281 Crit. Eff. Vert. Str. 2195 psf

Bottom of Pile Cap El. (m) 5.46 Skin Resistance (Friction) of Pile in Granular Material:

Bottom of Pile Cap El. (ft) 17.90 Type (Steel=S,Concrete=C,Timber=T) C

Earth Press. Coefficient * (Comp.) 1.5

Earth Press. Coefficient * (Tens) 1.0

Minimum Adhesion 500 psf

* Note: Appropriate tension/compresion ratios for skin friction for granular soils applied is 0.65 and 1.0 for cohesive soil. Internal Design Nq z/B Nc Soil Bearing Include Elevation

Layer Lateral Adhesion Adhesion Layer Depth to Effective Effective (granular) (cohesive) Type Capacity B.C.? to

No. Resists? Ratio Thickness Layer Top Vert. StressVert. Stress Cohesive G= gran. (B.C.) midlayer

c c ca/c ca φ φ φ φ δ δ δ δ (Bot. Lay.) (Bot. Lay.) (comp) (tensile) C=cohes.

(-) (m) (feet) (m) (feet) (kPa) (psf) (psf) (deg) (deg) (feet) (feet) (psf) (psf) (ton) (ton) (ton) (-) (-) (-) (ton) (ft) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN)

5.46 17.9 0 0 0.0 6.25 g 0 n 17.9 0 0 0.0 0 140 1246 0 0 70 623

1 5.46 17.9 4.08 13.4 n 48 1000 1.00 0 0 0 4.5 0.0 1705 1705 0.0 0.0 0.0 0 1.9 8.37 g 0 n 15.7 0.0 0 0.0 0 140 1246 0.0 0 70 623

2 4.08 13.4 0.43 1.4 n 43 900 1.00 0 0 0 12.0 4.5 1789 1789 0.0 0.0 0.0 0 9.0 9.00 c 6 n 7.4 0.0 0 0.0 0 140 1246 0.0 0 70 623

3 0.43 1.4 0.12 0.4 n 0 0 0.00 0 32 24 1.0 16.5 1789 1789 0.0 0.0 0.0 29 14.6 9.00 c 0 n 0.9 0.0 0 0.0 0 140 1246 0.0 0 70 623

4 0.12 0.4 -2.01 -6.6 n 43 900 1.00 0 0 0 7.0 17.5 2262 2195 0.0 0.0 0.0 0 18.0 9.00 g 0 n -3.1 0.0 0 0.0 0 140 1246 0.0 0 70 623

5 -2.01 -6.6 -4.75 -15.6 n 0 0 0.00 0 32 24 9.0 24.5 2828 2195 0.0 0.0 0.0 29 24.9 9.00 c 0 n -11.1 0.0 0 0.0 0 140 1246 0.0 0 70 623

6 -4.75 -15.6 -5.82 -19.1 Y 0 0 0.00 0 32 24 3.5 33.5 3079 2195 0.0 12.0 8.0 29 30.2 9.00 g 43 n -17.4 12.0 107 12.0 107 140 1246 8.0 71 70 623

7 -5.82 -19.1 -9.17 -30.1 Y 67 1400 1.00 1400 0 0 11.0 37.0 3767 2195 35.9 0.0 0.0 0 36.4 9.00 g 0 n -24.6 47.9 426 47.9 426 140 1246 43.9 391 70 623

8 -9.17 -30.1 -10.85 -35.6 Y 0 0 0.00 0 32 24 5.5 48.0 4080 2195 0.0 18.8 12.5 29 43.5 9.00 c 0 n -32.9 66.7 594 66.7 594 140 1246 56.5 502 70 623

9 -10.85 -35.6 -14.2 -46.6 Y 67 1400 1.00 1400 0 0 11.0 53.5 4611 2195 35.9 0.0 0.0 0 50.6 9.00 g 0 n -41.1 102.6 914 102.6 914 140 1246 92.4 822 70 623

10 -14.2 -46.6 -15.12 -49.6 Y 29 600 1.00 600 0 0 3.0 64.5 4754 2195 4.2 0.0 0.0 0 56.6 9.00 c 4 n -48.1 106.8 951 106.8 951 140 1246 96.6 859 70 623

11 -15.12 -49.6 -17.86 -58.6 Y 43 900 1.00 900 0 0 9.0 67.5 5183 2195 18.9 0.0 0.0 0 61.7 9.00 c 6 n -54.1 125.7 1119 125.7 1119 140 1246 115.5 1027 70 623

12 -17.86 -58.6 -21.52 -70.6 Y 0 0 0.00 0 38 28.5 12.0 76.5 5926 2195 0.0 50.0 33.4 86 70.7 9.00 g 128 y -64.6 175.8 1565 304.3 2708 140 1246 148.9 1324 70 623
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APPENDIXAPPENDIXAPPENDIXAPPENDIXG Laterally Loaded Pile Analysis, LPILE Output 
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============================================================================== 

 

                LPILE Plus for Windows, Version 5.0 (5.0.41) 

 

               Analysis of Individual Piles and Drilled Shafts  

              Subjected to Lateral Loading Using the p-y Method 

 

                        (c) 1985-2009 by Ensoft, Inc.           

                             All Rights Reserved                

 

============================================================================== 

 

 

This program is licensed to:  

 

Madhu Thummaluru 

URS Corporation 

 

Path to file locations:      

X:\101_MSN_SCTA\450_Geotech\Analysis\Pile\Lateral\101&116 SOH Replace\ 

Name of input data file:     101 & 116 SOH Replace_R-09-011_Abut 1_Footing-

1A_free.lpd 

Name of output file:         101 & 116 SOH Replace_R-09-011_Abut 1_Footing-

1A_free.lpo 

Name of plot output file:    101 & 116 SOH Replace_R-09-011_Abut 1_Footing-

1A_free.lpp 

Name of runtime file:        101 & 116 SOH Replace_R-09-011_Abut 1_Footing-

1A_free.lpr 

 

 

------------------------------------------------------------------------------ 

                          Time and Date of Analysis 

------------------------------------------------------------------------------ 

 

               Date:  October 14, 2010     Time:  14:50:53 

 

 

------------------------------------------------------------------------------ 

                                Problem Title 

------------------------------------------------------------------------------ 

 

US 101/SR116 SOH (Replace) Abutment 1_R-09-011 -Free_Footing 1A                  

 

 

------------------------------------------------------------------------------ 

                                Program Options 

------------------------------------------------------------------------------ 

 

Units Used in Computations - US Customary Units: Inches, Pounds 

 

Basic Program Options: 

 

Analysis Type 1:  

- Computation of Lateral Pile Response Using User-specified Constant EI 

 

Computation Options: 

- Only internally-generated p-y curves used in analysis 



- Analysis does not use p-y multipliers (individual pile or shaft action only) 

- Analysis assumes no shear resistance at pile tip 

- Analysis includes automatic computation of pile-top deflection vs. 

  pile embedment length 

- No computation of foundation stiffness matrix elements 

- Output pile response for full length of pile 

- Analysis assumes no soil movements acting on pile 

- No additional p-y curves to be computed at user-specified depths 

 

Solution Control Parameters: 

- Number of pile increments            =          160 

- Maximum number of iterations allowed =          100 

- Deflection tolerance for convergence =   1.0000E-05 in 

- Maximum allowable deflection         =   1.0000E+02 in 

 

Printing Options: 

- Values of pile-head deflection, bending moment, shear force, and  

  soil reaction are printed for full length of pile. 

- Printing Increment (spacing of output points) =  1 

 

 

------------------------------------------------------------------------------ 

                   Pile Structural Properties and Geometry 

------------------------------------------------------------------------------ 

 

Pile Length                               =     960.00 in 

 

Depth of ground surface below top of pile =    -114.00 in 

 

Slope angle of ground surface             =      21.80 deg. 

 

Structural properties of pile defined using  2 points 

 

Point    Depth         Pile      Moment of       Pile      Modulus of 

           X         Diameter     Inertia       Area      Elasticity 

           in           in         in**4        Sq.in      lbs/Sq.in 

-----  ---------   -----------   ----------   ----------   ----------- 

  1       0.0000   14.00000000    3201.3000     196.0000      3600000. 

  2     960.0000   14.00000000    3201.3000     196.0000      3600000. 

 

 

------------------------------------------------------------------------------ 

                      Soil and Rock Layering Information 

------------------------------------------------------------------------------ 

 

The soil profile is modelled using 13 layers 

 

Layer  1 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =     -114.000 in 

Distance from top of pile to bottom of layer =       78.000 in 

p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3 

 

Layer  2 is stiff clay without free water 

Distance from top of pile to top of layer    =       78.000 in 

Distance from top of pile to bottom of layer =      162.000 in 

 



Layer  3 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      162.000 in 

Distance from top of pile to bottom of layer =      210.000 in 

p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3 

 

Layer  4 is stiff clay without free water 

Distance from top of pile to top of layer    =      210.000 in 

Distance from top of pile to bottom of layer =      294.000 in 

 

Layer  5 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      294.000 in 

Distance from top of pile to bottom of layer =      402.000 in 

p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3 

 

Layer  6 is stiff clay without free water 

Distance from top of pile to top of layer    =      402.000 in 

Distance from top of pile to bottom of layer =      516.000 in 

 

Layer  7 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      516.000 in 

Distance from top of pile to bottom of layer =      576.000 in 

p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3 

 

Layer  8 is stiff clay without free water 

Distance from top of pile to top of layer    =      576.000 in 

Distance from top of pile to bottom of layer =      636.000 in 

 

Layer  9 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      636.000 in 

Distance from top of pile to bottom of layer =      678.000 in 

p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3 

 

Layer 10 is stiff clay without free water 

Distance from top of pile to top of layer    =      678.000 in 

Distance from top of pile to bottom of layer =      768.000 in 

 

Layer 11 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      768.000 in 

Distance from top of pile to bottom of layer =      852.000 in 

p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3 

 

Layer 12 is stiff clay without free water 

Distance from top of pile to top of layer    =      852.000 in 

Distance from top of pile to bottom of layer =      936.000 in 

 

Layer 13 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      936.000 in 

Distance from top of pile to bottom of layer =     1188.000 in 

p-y subgrade modulus k for top of soil layer =      150.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =      150.000 lbs/in**3 

 

 



(Depth of lowest layer extends  228.00 in below pile tip) 

 

 

------------------------------------------------------------------------------ 

                   Effective Unit Weight of Soil vs. Depth 

------------------------------------------------------------------------------ 

 

Effective unit weight of soil with depth defined using 26 points 

 

Point        Depth X    Eff. Unit Weight 

 No.           in          lbs/in**3 

-----      ----------   ---------------- 

  1          -114.00        0.07810 

  2            78.00        0.07810 

  3            78.00        0.06940 

  4           162.00        0.06940 

  5           162.00        0.07230 

  6           210.00        0.07230 

  7           210.00        0.06940 

  8           294.00        0.06940 

  9           294.00        0.03330 

 10           402.00        0.03330 

 11           402.00        0.03620 

 12           516.00        0.03620 

 13           516.00        0.03910 

 14           576.00        0.03910 

 15           576.00        0.03910 

 16           636.00        0.03910 

 17           636.00        0.04200 

 18           678.00        0.04200 

 19           678.00        0.03620 

 20           768.00        0.03620 

 21           768.00        0.04200 

 22           852.00        0.04200 

 23           852.00        0.03620 

 24           936.00        0.03620 

 25           936.00        0.04990 

 26          1188.00        0.04990 

 

 

 

------------------------------------------------------------------------------ 

                           Shear Strength of Soils 

------------------------------------------------------------------------------ 

 

Shear strength parameters with depth defined using 26 points 

 

Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD 

 No.       in         lbs/in**2            Deg.            k_rm        % 

-----   --------     ----------     ------------------    ------    ------ 

  1     -114.000        0.00000           36.00           ------    ------ 

  2       78.000        0.00000           36.00           ------    ------ 

  3       78.000        6.94000            0.00          0.00900       0.0 

  4      162.000        6.94000            0.00          0.00900       0.0 

  5      162.000        0.00000           32.00           ------    ------ 

  6      210.000        0.00000           32.00           ------    ------ 

  7      210.000        6.94000            0.00          0.00900       0.0 



  8      294.000        6.94000            0.00          0.00900       0.0 

  9      294.000        0.00000           32.00           ------    ------ 

 10      402.000        0.00000           32.00           ------    ------ 

 11      402.000       20.83000            0.00          0.00600       0.0 

 12      516.000       20.83000            0.00          0.00600       0.0 

 13      516.000        0.00000           36.00           ------    ------ 

 14      576.000        0.00000           36.00           ------    ------ 

 15      576.000       27.78000            0.00          0.00500       0.0 

 16      636.000       27.78000            0.00          0.00500       0.0 

 17      636.000        0.00000           36.00           ------    ------ 

 18      678.000        0.00000           36.00           ------    ------ 

 19      678.000       18.06000            0.00          0.00600       0.0 

 20      768.000       18.06000            0.00          0.00600       0.0 

 21      768.000        0.00000           36.00           ------    ------ 

 22      852.000        0.00000           36.00           ------    ------ 

 23      852.000       17.36000            0.00          0.00600       0.0 

 24      936.000       17.36000            0.00          0.00600       0.0 

 25      936.000        0.00000           41.00           ------    ------ 

 26     1188.000        0.00000           41.00           ------    ------ 

 

Notes: 

 

(1)  Cohesion = uniaxial compressive strength for rock materials. 

(2)  Values of E50 are reported for clay strata.  

(3)  Default values will be generated for E50 when input values are 0. 

(4)  RQD and k_rm are reported only for weak rock strata. 

 

------------------------------------------------------------------------------ 

                                 Loading Type 

------------------------------------------------------------------------------ 

 

Static loading criteria was used for computation of p-y curves. 

 

------------------------------------------------------------------------------ 

              Pile-head Loading and Pile-head Fixity Conditions 

------------------------------------------------------------------------------ 

 

Number of loads specified = 10 

 

Load Case Number  1 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           0.100 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      191000.000 lbs 

 

Load Case Number  2 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           0.250 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      191000.000 lbs 

 

Load Case Number  3 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           0.500 in 



Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      191000.000 lbs 

 

Load Case Number  4 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           0.750 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      191000.000 lbs 

 

Load Case Number  5 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           1.000 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      191000.000 lbs 

 

Load Case Number  6 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           1.500 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      191000.000 lbs 

 

Load Case Number  7 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           2.000 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      191000.000 lbs 

 

Load Case Number  8 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           3.000 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      191000.000 lbs 

 

Load Case Number  9 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           4.000 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      191000.000 lbs 

 

Load Case Number 10 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           5.000 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      191000.000 lbs 

 

 

 

 

 

 



------------------------------------------------------------------------------ 

                          Summary of Pile Response(s) 

------------------------------------------------------------------------------ 

 

Definition of Symbols for Pile-Head Loading Conditions: 

 

Type 1 = Shear and Moment,          y = pile-head displacment in 

Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in 

Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs 

Type 4 = Deflection and Moment,     S = Pile-head Slope, radians 

Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad 

 

Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum  

Type  Condition    Condition       Load     Deflection    Moment      Shear 

          1            2            lbs         in        in-lbs       lbs 

---- ------------ ------------ ----------- ----------- ----------- ----------- 

  4  y=  0.100000 M=     0.000     191000.   0.1000000     330532.  17383.0262 

  4  y=  0.250000 M=     0.000     191000.   0.2500000     763407.  35239.1794 

  4  y=  0.500000 M=     0.000     191000.   0.5000000    1385160.  59424.9792 

  4  y=  0.750000 M=     0.000     191000.   0.7500000    1952176.  78172.4024 

  4  y=  1.000000 M=     0.000     191000.   1.0000000    2466546.  90993.0318 

  4  y=     1.500 M=     0.000     191000.      1.5000    3381743.     109175. 

  4  y=     2.000 M=     0.000     191000.      2.0000    4131246.     122009. 

  4  y=     3.000 M=     0.000     191000.      3.0000    5224912.     138234. 

  4  y=     4.000 M=     0.000     191000.      4.0000    5803023.     145403. 

  4  y=     5.000 M=     0.000     191000.      5.0000    6257600.     150744. 

 

 

------------------------------------------------------------------------------ 

                     Pile-head Deflection vs. Pile Length 

------------------------------------------------------------------------------ 

 

Boundary Condition Type 4, Deflection and Moment 

 

Deflection =         0.10000  in 

Moment     =              0. in-lbs 

Axial Load =         191000. lbs 

 

 

 

   Pile       Pile Head       Maximum      Maximum 

  Length      Deflection      Moment        Shear  

    in           in           in-lbs         lbs 

-----------  ------------  ------------  ------------ 

   960.000    0.10000000  330532.43260   17383.02617 

   912.000    0.10000000  330389.36998   17378.98951 

   864.000    0.10000000  329343.38392   17384.46621 

   816.000    0.10000000  330267.56141   17389.95890 

   768.000    0.10000000  329640.52053   17379.48527 

   720.000    0.10000000  330315.35147   17379.04066 

   672.000    0.10000000  330221.58235   17390.29547 

   624.000    0.10000000  329945.43963   17380.03297 

   576.000    0.10000000  330493.90325   17385.31649 

   528.000    0.10000000  330487.40295   17385.22219 

 

 

This analysis ended normally.  



============================================================================== 
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This program is licensed to:  

 

Madhu Thummaluru 

URS Corporation 

 

Path to file locations:      

X:\101_MSN_SCTA\450_Geotech\Analysis\Pile\Lateral\101&116 SOH Replace\ 

Name of input data file:     101 & 116 SOH Replace_R-09-011_Abut 1_Footing-
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Name of output file:         101 & 116 SOH Replace_R-09-011_Abut 1_Footing-

1A_fixed.lpo 

Name of plot output file:    101 & 116 SOH Replace_R-09-011_Abut 1_Footing-
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------------------------------------------------------------------------------ 

                          Time and Date of Analysis 

------------------------------------------------------------------------------ 

 

               Date:  October 14, 2010     Time:  14:49:28 

 

 

------------------------------------------------------------------------------ 

                                Problem Title 

------------------------------------------------------------------------------ 

 

US 101/SR116 SOH (Replace) Abutment 1_R-09-011 -Free_Footing 1A                  

 

 

------------------------------------------------------------------------------ 

                                Program Options 

------------------------------------------------------------------------------ 

 

Units Used in Computations - US Customary Units: Inches, Pounds 

 

Basic Program Options: 

 

Analysis Type 1:  

- Computation of Lateral Pile Response Using User-specified Constant EI 

 

Computation Options: 

- Only internally-generated p-y curves used in analysis 



- Analysis does not use p-y multipliers (individual pile or shaft action only) 

- Analysis assumes no shear resistance at pile tip 

- Analysis includes automatic computation of pile-top deflection vs. 

  pile embedment length 

- No computation of foundation stiffness matrix elements 

- Output pile response for full length of pile 

- Analysis assumes no soil movements acting on pile 

- No additional p-y curves to be computed at user-specified depths 

 

Solution Control Parameters: 

- Number of pile increments            =          160 

- Maximum number of iterations allowed =          100 

- Deflection tolerance for convergence =   1.0000E-05 in 

- Maximum allowable deflection         =   1.0000E+02 in 

 

Printing Options: 

- Values of pile-head deflection, bending moment, shear force, and  

  soil reaction are printed for full length of pile. 

- Printing Increment (spacing of output points) =  1 

 

 

------------------------------------------------------------------------------ 

                   Pile Structural Properties and Geometry 

------------------------------------------------------------------------------ 

 

Pile Length                               =     960.00 in 

 

Depth of ground surface below top of pile =    -114.00 in 

 

Slope angle of ground surface             =      21.80 deg. 

 

Structural properties of pile defined using  2 points 

 

Point    Depth         Pile      Moment of       Pile      Modulus of 

           X         Diameter     Inertia       Area      Elasticity 

           in           in         in**4        Sq.in      lbs/Sq.in 

-----  ---------   -----------   ----------   ----------   ----------- 

  1       0.0000   14.00000000    3201.3000     196.0000      3600000. 

  2     960.0000   14.00000000    3201.3000     196.0000      3600000. 

 

 

------------------------------------------------------------------------------ 

                      Soil and Rock Layering Information 

------------------------------------------------------------------------------ 

 

The soil profile is modelled using 13 layers 

 

Layer  1 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =     -114.000 in 

Distance from top of pile to bottom of layer =       78.000 in 

p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3 

 

Layer  2 is stiff clay without free water 

Distance from top of pile to top of layer    =       78.000 in 

Distance from top of pile to bottom of layer =      162.000 in 

 



Layer  3 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      162.000 in 

Distance from top of pile to bottom of layer =      210.000 in 

p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3 

 

Layer  4 is stiff clay without free water 

Distance from top of pile to top of layer    =      210.000 in 

Distance from top of pile to bottom of layer =      294.000 in 

 

Layer  5 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      294.000 in 

Distance from top of pile to bottom of layer =      402.000 in 

p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3 

 

Layer  6 is stiff clay without free water 

Distance from top of pile to top of layer    =      402.000 in 

Distance from top of pile to bottom of layer =      516.000 in 

 

Layer  7 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      516.000 in 

Distance from top of pile to bottom of layer =      576.000 in 

p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3 

 

Layer  8 is stiff clay without free water 

Distance from top of pile to top of layer    =      576.000 in 

Distance from top of pile to bottom of layer =      636.000 in 

 

Layer  9 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      636.000 in 

Distance from top of pile to bottom of layer =      678.000 in 

p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3 

 

Layer 10 is stiff clay without free water 

Distance from top of pile to top of layer    =      678.000 in 

Distance from top of pile to bottom of layer =      768.000 in 

 

Layer 11 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      768.000 in 

Distance from top of pile to bottom of layer =      852.000 in 

p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3 

 

Layer 12 is stiff clay without free water 

Distance from top of pile to top of layer    =      852.000 in 

Distance from top of pile to bottom of layer =      936.000 in 

 

Layer 13 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      936.000 in 

Distance from top of pile to bottom of layer =     1188.000 in 

p-y subgrade modulus k for top of soil layer =      150.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =      150.000 lbs/in**3 

 

 



(Depth of lowest layer extends  228.00 in below pile tip) 

 

 

------------------------------------------------------------------------------ 

                   Effective Unit Weight of Soil vs. Depth 

------------------------------------------------------------------------------ 

 

Effective unit weight of soil with depth defined using 26 points 

 

Point        Depth X    Eff. Unit Weight 

 No.           in          lbs/in**3 

-----      ----------   ---------------- 

  1          -114.00        0.07810 

  2            78.00        0.07810 

  3            78.00        0.06940 

  4           162.00        0.06940 

  5           162.00        0.07230 

  6           210.00        0.07230 

  7           210.00        0.06940 

  8           294.00        0.06940 

  9           294.00        0.03330 

 10           402.00        0.03330 

 11           402.00        0.03620 

 12           516.00        0.03620 

 13           516.00        0.03910 

 14           576.00        0.03910 

 15           576.00        0.03910 

 16           636.00        0.03910 

 17           636.00        0.04200 

 18           678.00        0.04200 

 19           678.00        0.03620 

 20           768.00        0.03620 

 21           768.00        0.04200 

 22           852.00        0.04200 

 23           852.00        0.03620 

 24           936.00        0.03620 

 25           936.00        0.04990 

 26          1188.00        0.04990 

------------------------------------------------------------------------------ 

                           Shear Strength of Soils 

------------------------------------------------------------------------------ 

 

Shear strength parameters with depth defined using 26 points 

 

Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD 

 No.       in         lbs/in**2            Deg.            k_rm        % 

-----   --------     ----------     ------------------    ------    ------ 

  1     -114.000        0.00000           36.00           ------    ------ 

  2       78.000        0.00000           36.00           ------    ------ 

  3       78.000        6.94000            0.00          0.00900       0.0 

  4      162.000        6.94000            0.00          0.00900       0.0 

  5      162.000        0.00000           32.00           ------    ------ 

  6      210.000        0.00000           32.00           ------    ------ 

  7      210.000        6.94000            0.00          0.00900       0.0 

  8      294.000        6.94000            0.00          0.00900       0.0 

  9      294.000        0.00000           32.00           ------    ------ 

 10      402.000        0.00000           32.00           ------    ------ 



 11      402.000       20.83000            0.00          0.00600       0.0 

 12      516.000       20.83000            0.00          0.00600       0.0 

 13      516.000        0.00000           36.00           ------    ------ 

 14      576.000        0.00000           36.00           ------    ------ 

 15      576.000       27.78000            0.00          0.00500       0.0 

 16      636.000       27.78000            0.00          0.00500       0.0 

 17      636.000        0.00000           36.00           ------    ------ 

 18      678.000        0.00000           36.00           ------    ------ 

 19      678.000       18.06000            0.00          0.00600       0.0 

 20      768.000       18.06000            0.00          0.00600       0.0 

 21      768.000        0.00000           36.00           ------    ------ 

 22      852.000        0.00000           36.00           ------    ------ 

 23      852.000       17.36000            0.00          0.00600       0.0 

 24      936.000       17.36000            0.00          0.00600       0.0 

 25      936.000        0.00000           41.00           ------    ------ 

 26     1188.000        0.00000           41.00           ------    ------ 

 

Notes: 

 

(1)  Cohesion = uniaxial compressive strength for rock materials. 

(2)  Values of E50 are reported for clay strata.  

(3)  Default values will be generated for E50 when input values are 0. 

(4)  RQD and k_rm are reported only for weak rock strata. 

------------------------------------------------------------------------------ 

                                 Loading Type 

------------------------------------------------------------------------------ 

 

Static loading criteria was used for computation of p-y curves. 

 

------------------------------------------------------------------------------ 

              Pile-head Loading and Pile-head Fixity Conditions 

------------------------------------------------------------------------------ 

 

Number of loads specified = 10 

 

Load Case Number  1 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           0.100 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      191000.000 lbs 

 

Load Case Number  2 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           0.250 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      191000.000 lbs 

 

Load Case Number  3 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           0.500 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      191000.000 lbs 

 

Load Case Number  4 



 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           0.750 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      191000.000 lbs 

 

Load Case Number  5 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           1.000 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      191000.000 lbs 

 

Load Case Number  6 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           1.500 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      191000.000 lbs 

 

Load Case Number  7 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           2.000 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      191000.000 lbs 

 

Load Case Number  8 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           3.000 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      191000.000 lbs 

 

Load Case Number  9 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           4.000 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      191000.000 lbs 

 

Load Case Number 10 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           5.000 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      191000.000 lbs 

 

------------------------------------------------------------------------------ 

                          Summary of Pile Response(s) 

------------------------------------------------------------------------------ 

 

Definition of Symbols for Pile-Head Loading Conditions: 

 

Type 1 = Shear and Moment,          y = pile-head displacment in 

Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in 

Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs 



Type 4 = Deflection and Moment,     S = Pile-head Slope, radians 

Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad 

 

Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum  

Type  Condition    Condition       Load     Deflection    Moment      Shear 

          1            2            lbs         in        in-lbs       lbs 

---- ------------ ------------ ----------- ----------- ----------- ----------- 

  5  y=  0.100000 S=     0.000     191000.   0.1000000    -989966.  36656.3260 

  5  y=  0.250000 S=     0.000     191000.   0.2500000   -2193205.  74378.8308 

  5  y=  0.500000 S=     0.000     191000.   0.5000000   -3885201.     125374. 

  5  y=  0.750000 S=     0.000     191000.   0.7500000   -5289392.     159759. 

  5  y=  1.000000 S=     0.000     191000.   1.0000000   -6361296.     179881. 

  5  y=     1.500 S=     0.000     191000.      1.5000   -7672850.     197997. 

  5  y=     2.000 S=     0.000     191000.      2.0000   -8600305.     207638. 

  5  y=     3.000 S=     0.000     191000.      3.0000 -1.0309E+07     224472. 

  5  y=     4.000 S=     0.000     191000.      4.0000 -1.1911E+07     239628. 

  5  y=     5.000 S=     0.000     191000.      5.0000 -1.3462E+07     253990. 

 

 

------------------------------------------------------------------------------ 

                     Pile-head Deflection vs. Pile Length 

------------------------------------------------------------------------------ 

 

 Boundary Condition Type 5, Deflection and Slope 

 

Deflection =         0.10000  in 

Slope      =         0.00000 

Axial Load =         191000. lbs 

 

 

 

   Pile       Pile Head       Maximum      Maximum 

  Length      Deflection      Moment        Shear  

    in           in           in-lbs         lbs 

-----------  ------------  ------------  ------------ 

   960.000    0.10000000 -989966.03215   36656.32602 

   912.000    0.10000000 -990559.47285   36657.67652 

   864.000    0.10000000 -991367.21445   36672.46720 

   816.000    0.10000000 -991417.34312   36658.15998 

   768.000    0.10000000 -991893.87043   36656.75661 

   720.000    0.10000000 -992574.68680   36670.91112 

   672.000    0.10000000 -993149.43534   36671.29611 

   624.000    0.10000000 -993229.08395   36668.92264 

   576.000    0.10000000 -994076.44590   36678.66540 

   528.000    0.10000000 -994574.72965   36684.08845 

 

 

This analysis ended normally.  
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1B_fixed.lpr 

 

 

------------------------------------------------------------------------------ 

                          Time and Date of Analysis 

------------------------------------------------------------------------------ 

 

               Date:  October 14, 2010     Time:  14:52:09 

 

 

------------------------------------------------------------------------------ 

                                Problem Title 

------------------------------------------------------------------------------ 

 

US 101/SR116 SOH (Replace) Abutment 1_R-09-011 -Free_Footing 1B                  

 

 

------------------------------------------------------------------------------ 

                                Program Options 

------------------------------------------------------------------------------ 

 

Units Used in Computations - US Customary Units: Inches, Pounds 

 

Basic Program Options: 

 

Analysis Type 1:  

- Computation of Lateral Pile Response Using User-specified Constant EI 

 

Computation Options: 

- Only internally-generated p-y curves used in analysis 



- Analysis does not use p-y multipliers (individual pile or shaft action only) 

- Analysis assumes no shear resistance at pile tip 

- Analysis includes automatic computation of pile-top deflection vs. 

  pile embedment length 

- No computation of foundation stiffness matrix elements 

- Output pile response for full length of pile 

- Analysis assumes no soil movements acting on pile 

- No additional p-y curves to be computed at user-specified depths 

 

Solution Control Parameters: 

- Number of pile increments            =          150 

- Maximum number of iterations allowed =          100 

- Deflection tolerance for convergence =   1.0000E-05 in 

- Maximum allowable deflection         =   1.0000E+02 in 

 

Printing Options: 

- Values of pile-head deflection, bending moment, shear force, and  

  soil reaction are printed for full length of pile. 

- Printing Increment (spacing of output points) =  1 

 

 

------------------------------------------------------------------------------ 

                   Pile Structural Properties and Geometry 

------------------------------------------------------------------------------ 

 

Pile Length                               =     900.00 in 

 

Depth of ground surface below top of pile =    -102.00 in 

 

Slope angle of ground surface             =      21.80 deg. 

 

Structural properties of pile defined using  2 points 

 

Point    Depth         Pile      Moment of       Pile      Modulus of 

           X         Diameter     Inertia       Area      Elasticity 

           in           in         in**4        Sq.in      lbs/Sq.in 

-----  ---------   -----------   ----------   ----------   ----------- 

  1       0.0000   14.00000000    3201.3000     196.0000      3600000. 

  2     900.0000   14.00000000    3201.3000     196.0000      3600000. 

 

 

------------------------------------------------------------------------------ 

                      Soil and Rock Layering Information 

------------------------------------------------------------------------------ 

 

The soil profile is modelled using 13 layers 

 

Layer  1 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =     -102.000 in 

Distance from top of pile to bottom of layer =       30.000 in 

p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3 

 

Layer  2 is stiff clay without free water 

Distance from top of pile to top of layer    =       30.000 in 

Distance from top of pile to bottom of layer =      114.000 in 

 



Layer  3 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      114.000 in 

Distance from top of pile to bottom of layer =      162.000 in 

p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3 

 

Layer  4 is stiff clay without free water 

Distance from top of pile to top of layer    =      162.000 in 

Distance from top of pile to bottom of layer =      246.000 in 

 

Layer  5 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      246.000 in 

Distance from top of pile to bottom of layer =      354.000 in 

p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3 

 

Layer  6 is stiff clay without free water 

Distance from top of pile to top of layer    =      354.000 in 

Distance from top of pile to bottom of layer =      468.000 in 

 

Layer  7 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      468.000 in 

Distance from top of pile to bottom of layer =      528.000 in 

p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3 

 

Layer  8 is stiff clay without free water 

Distance from top of pile to top of layer    =      528.000 in 

Distance from top of pile to bottom of layer =      588.000 in 

 

Layer  9 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      588.000 in 

Distance from top of pile to bottom of layer =      630.000 in 

p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3 

 

Layer 10 is stiff clay without free water 

Distance from top of pile to top of layer    =      630.000 in 

Distance from top of pile to bottom of layer =      720.000 in 

 

Layer 11 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      720.000 in 

Distance from top of pile to bottom of layer =      804.000 in 

p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3 

 

Layer 12 is stiff clay without free water 

Distance from top of pile to top of layer    =      804.000 in 

Distance from top of pile to bottom of layer =      888.000 in 

 

Layer 13 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      888.000 in 

Distance from top of pile to bottom of layer =     1140.000 in 

p-y subgrade modulus k for top of soil layer =      150.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =      150.000 lbs/in**3 

 

 



(Depth of lowest layer extends  240.00 in below pile tip) 

------------------------------------------------------------------------------ 

                   Effective Unit Weight of Soil vs. Depth 

------------------------------------------------------------------------------ 

 

Effective unit weight of soil with depth defined using 26 points 

 

Point        Depth X    Eff. Unit Weight 

 No.           in          lbs/in**3 

-----      ----------   ---------------- 

  1          -102.00        0.07810 

  2            30.00        0.07810 

  3            30.00        0.06940 

  4           114.00        0.06940 

  5           114.00        0.07230 

  6           162.00        0.07230 

  7           162.00        0.06940 

  8           246.00        0.06940 

  9           246.00        0.03330 

 10           354.00        0.03330 

 11           354.00        0.03620 

 12           468.00        0.03620 

 13           468.00        0.03910 

 14           528.00        0.03910 

 15           528.00        0.03910 

 16           588.00        0.03910 

 17           588.00        0.04200 

 18           630.00        0.04200 

 19           630.00        0.03620 

 20           720.00        0.03620 

 21           720.00        0.04200 

 22           804.00        0.04200 

 23           804.00        0.03620 

 24           888.00        0.03620 

 25           888.00        0.04990 

 26          1140.00        0.04990 

 

------------------------------------------------------------------------------ 

                           Shear Strength of Soils 

------------------------------------------------------------------------------ 

 

Shear strength parameters with depth defined using 26 points 

 

Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD 

 No.       in         lbs/in**2            Deg.            k_rm        % 

-----   --------     ----------     ------------------    ------    ------ 

  1     -102.000        0.00000           36.00           ------    ------ 

  2       30.000        0.00000           36.00           ------    ------ 

  3       30.000        6.94000            0.00          0.00900       0.0 

  4      114.000        6.94000            0.00          0.00900       0.0 

  5      114.000        0.00000           32.00           ------    ------ 

  6      162.000        0.00000           32.00           ------    ------ 

  7      162.000        6.94000            0.00          0.00900       0.0 

  8      246.000        6.94000            0.00          0.00900       0.0 

  9      246.000        0.00000           32.00           ------    ------ 

 10      354.000        0.00000           32.00           ------    ------ 

 11      354.000       20.83000            0.00          0.00600       0.0 



 12      468.000       20.83000            0.00          0.00600       0.0 

 13      468.000        0.00000           36.00           ------    ------ 

 14      528.000        0.00000           36.00           ------    ------ 

 15      528.000       27.78000            0.00          0.00500       0.0 

 16      588.000       27.78000            0.00          0.00500       0.0 

 17      588.000        0.00000           36.00           ------    ------ 

 18      630.000        0.00000           36.00           ------    ------ 

 19      630.000       18.06000            0.00          0.00600       0.0 

 20      720.000       18.06000            0.00          0.00600       0.0 

 21      720.000        0.00000           36.00           ------    ------ 

 22      804.000        0.00000           36.00           ------    ------ 

 23      804.000       17.36000            0.00          0.00600       0.0 

 24      888.000       17.36000            0.00          0.00600       0.0 

 25      888.000        0.00000           41.00           ------    ------ 

 26     1140.000        0.00000           41.00           ------    ------ 

 

Notes: 

 

(1)  Cohesion = uniaxial compressive strength for rock materials. 

(2)  Values of E50 are reported for clay strata.  

(3)  Default values will be generated for E50 when input values are 0. 

(4)  RQD and k_rm are reported only for weak rock strata. 

 

------------------------------------------------------------------------------ 

                                 Loading Type 

------------------------------------------------------------------------------ 

 

Static loading criteria was used for computation of p-y curves. 

 

------------------------------------------------------------------------------ 

              Pile-head Loading and Pile-head Fixity Conditions 

------------------------------------------------------------------------------ 

 

Number of loads specified = 10 

 

Load Case Number  1 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           0.100 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      191000.000 lbs 

 

Load Case Number  2 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           0.250 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      191000.000 lbs 

 

Load Case Number  3 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           0.500 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      191000.000 lbs 

 

Load Case Number  4 



 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           0.750 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      191000.000 lbs 

 

Load Case Number  5 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           1.000 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      191000.000 lbs 

 

Load Case Number  6 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           1.500 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      191000.000 lbs 

 

Load Case Number  7 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           2.000 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      191000.000 lbs 

 

Load Case Number  8 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           3.000 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      191000.000 lbs 

 

Load Case Number  9 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           4.000 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      191000.000 lbs 

 

Load Case Number 10 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           5.000 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      191000.000 lbs 

 

------------------------------------------------------------------------------ 

                          Summary of Pile Response(s) 

------------------------------------------------------------------------------ 

 

Definition of Symbols for Pile-Head Loading Conditions: 

 

Type 1 = Shear and Moment,          y = pile-head displacment in 

Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in 

Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs 



Type 4 = Deflection and Moment,     S = Pile-head Slope, radians 

Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad 

 

Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum  

Type  Condition    Condition       Load     Deflection    Moment      Shear 

          1            2            lbs         in        in-lbs       lbs 

---- ------------ ------------ ----------- ----------- ----------- ----------- 

  5  y=  0.100000 S=     0.000     191000.   0.1000000    -810022.  27937.0305 

  5  y=  0.250000 S=     0.000     191000.   0.2500000   -1474522.  46920.2036 

  5  y=  0.500000 S=     0.000     191000.   0.5000000   -2399563.  72195.1989 

  5  y=  0.750000 S=     0.000     191000.   0.7500000   -3122912.  84400.0446 

  5  y=  1.000000 S=     0.000     191000.   1.0000000   -3762681.  92839.7779 

  5  y=     1.500 S=     0.000     191000.      1.5000   -4968602.     108096. 

  5  y=     2.000 S=     0.000     191000.      2.0000   -6117618.     122174. 

  5  y=     3.000 S=     0.000     191000.      3.0000   -8168478.     145911. 

  5  y=     4.000 S=     0.000     191000.      4.0000   -9894682.     164298. 

  5  y=     5.000 S=     0.000     191000.      5.0000 -1.1292E+07     177886. 

 

 

------------------------------------------------------------------------------ 

                     Pile-head Deflection vs. Pile Length 

------------------------------------------------------------------------------ 

 

 Boundary Condition Type 5, Deflection and Slope 

 

Deflection =         0.10000  in 

Slope      =         0.00000 

Axial Load =         191000. lbs 

 

 

 

   Pile       Pile Head       Maximum      Maximum 

  Length      Deflection      Moment        Shear  

    in           in           in-lbs         lbs 

-----------  ------------  ------------  ------------ 

   900.000    0.10000000 -810022.32375   27937.03052 

   855.000    0.10000000 -834822.04803   29091.04777 

   810.000    0.10000000 -826399.51469   28668.04897 

   765.000    0.10000000 -818918.59496   28256.18594 

   720.000    0.10000000 -837501.90858   29094.45144 

   675.000    0.10000000 -826495.72313   28584.98812 

   630.000    0.10000000 -838651.95647   29150.89301 

   585.000    0.10000000 -826918.06104   28581.29562 

   540.000    0.10000000 -835688.38590   28951.18386 

   495.000    0.10000000 -839555.77786   29127.24644 

 

 

This analysis ended normally.  
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This program is licensed to:  

 

Madhu Thummaluru 

URS Corporation 

 

Path to file locations:      

X:\101_MSN_SCTA\450_Geotech\Analysis\Pile\Lateral\101&116 SOH Replace\ 

Name of input data file:     101 & 116 SOH Replace_R-09-011_Abut 1_Footing-
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Name of output file:         101 & 116 SOH Replace_R-09-011_Abut 1_Footing-

1B_free.lpo 

Name of plot output file:    101 & 116 SOH Replace_R-09-011_Abut 1_Footing-

1B_free.lpp 

Name of runtime file:        101 & 116 SOH Replace_R-09-011_Abut 1_Footing-
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------------------------------------------------------------------------------ 

                          Time and Date of Analysis 

------------------------------------------------------------------------------ 

 

               Date:  October 14, 2010     Time:  14:53:20 

 

 

------------------------------------------------------------------------------ 

                                Problem Title 

------------------------------------------------------------------------------ 

 

US 101/SR116 SOH (Replace) Abutment 1_R-09-011 -Free_Footing 1B                  

 

 

------------------------------------------------------------------------------ 

                                Program Options 

------------------------------------------------------------------------------ 

 

Units Used in Computations - US Customary Units: Inches, Pounds 

 

Basic Program Options: 

 

Analysis Type 1:  

- Computation of Lateral Pile Response Using User-specified Constant EI 

 

Computation Options: 

- Only internally-generated p-y curves used in analysis 



- Analysis does not use p-y multipliers (individual pile or shaft action only) 

- Analysis assumes no shear resistance at pile tip 

- Analysis includes automatic computation of pile-top deflection vs. 

  pile embedment length 

- No computation of foundation stiffness matrix elements 

- Output pile response for full length of pile 

- Analysis assumes no soil movements acting on pile 

- No additional p-y curves to be computed at user-specified depths 

 

Solution Control Parameters: 

- Number of pile increments            =          150 

- Maximum number of iterations allowed =          100 

- Deflection tolerance for convergence =   1.0000E-05 in 

- Maximum allowable deflection         =   1.0000E+02 in 

 

Printing Options: 

- Values of pile-head deflection, bending moment, shear force, and  

  soil reaction are printed for full length of pile. 

- Printing Increment (spacing of output points) =  1 

 

 

------------------------------------------------------------------------------ 

                   Pile Structural Properties and Geometry 

------------------------------------------------------------------------------ 

 

Pile Length                               =     900.00 in 

 

Depth of ground surface below top of pile =    -102.00 in 

 

Slope angle of ground surface             =      21.80 deg. 

 

Structural properties of pile defined using  2 points 

 

Point    Depth         Pile      Moment of       Pile      Modulus of 

           X         Diameter     Inertia       Area      Elasticity 

           in           in         in**4        Sq.in      lbs/Sq.in 

-----  ---------   -----------   ----------   ----------   ----------- 

  1       0.0000   14.00000000    3201.3000     196.0000      3600000. 

  2     900.0000   14.00000000    3201.3000     196.0000      3600000. 

 

 

------------------------------------------------------------------------------ 

                      Soil and Rock Layering Information 

------------------------------------------------------------------------------ 

 

The soil profile is modelled using 13 layers 

 

Layer  1 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =     -102.000 in 

Distance from top of pile to bottom of layer =       30.000 in 

p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3 

 

Layer  2 is stiff clay without free water 

Distance from top of pile to top of layer    =       30.000 in 

Distance from top of pile to bottom of layer =      114.000 in 

 



Layer  3 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      114.000 in 

Distance from top of pile to bottom of layer =      162.000 in 

p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3 

 

Layer  4 is stiff clay without free water 

Distance from top of pile to top of layer    =      162.000 in 

Distance from top of pile to bottom of layer =      246.000 in 

 

Layer  5 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      246.000 in 

Distance from top of pile to bottom of layer =      354.000 in 

p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3 

 

Layer  6 is stiff clay without free water 

Distance from top of pile to top of layer    =      354.000 in 

Distance from top of pile to bottom of layer =      468.000 in 

 

Layer  7 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      468.000 in 

Distance from top of pile to bottom of layer =      528.000 in 

p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3 

 

Layer  8 is stiff clay without free water 

Distance from top of pile to top of layer    =      528.000 in 

Distance from top of pile to bottom of layer =      588.000 in 

 

Layer  9 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      588.000 in 

Distance from top of pile to bottom of layer =      630.000 in 

p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3 

 

Layer 10 is stiff clay without free water 

Distance from top of pile to top of layer    =      630.000 in 

Distance from top of pile to bottom of layer =      720.000 in 

 

Layer 11 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      720.000 in 

Distance from top of pile to bottom of layer =      804.000 in 

p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3 

 

Layer 12 is stiff clay without free water 

Distance from top of pile to top of layer    =      804.000 in 

Distance from top of pile to bottom of layer =      888.000 in 

 

Layer 13 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      888.000 in 

Distance from top of pile to bottom of layer =     1140.000 in 

p-y subgrade modulus k for top of soil layer =      150.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =      150.000 lbs/in**3 

 

 



(Depth of lowest layer extends  240.00 in below pile tip) 

 

------------------------------------------------------------------------------ 

                   Effective Unit Weight of Soil vs. Depth 

------------------------------------------------------------------------------ 

 

Effective unit weight of soil with depth defined using 26 points 

 

Point        Depth X    Eff. Unit Weight 

 No.           in          lbs/in**3 

-----      ----------   ---------------- 

  1          -102.00        0.07810 

  2            30.00        0.07810 

  3            30.00        0.06940 

  4           114.00        0.06940 

  5           114.00        0.07230 

  6           162.00        0.07230 

  7           162.00        0.06940 

  8           246.00        0.06940 

  9           246.00        0.03330 

 10           354.00        0.03330 

 11           354.00        0.03620 

 12           468.00        0.03620 

 13           468.00        0.03910 

 14           528.00        0.03910 

 15           528.00        0.03910 

 16           588.00        0.03910 

 17           588.00        0.04200 

 18           630.00        0.04200 

 19           630.00        0.03620 

 20           720.00        0.03620 

 21           720.00        0.04200 

 22           804.00        0.04200 

 23           804.00        0.03620 

 24           888.00        0.03620 

 25           888.00        0.04990 

 26          1140.00        0.04990 

 

------------------------------------------------------------------------------ 

                           Shear Strength of Soils 

------------------------------------------------------------------------------ 

 

Shear strength parameters with depth defined using 26 points 

 

Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD 

 No.       in         lbs/in**2            Deg.            k_rm        % 

-----   --------     ----------     ------------------    ------    ------ 

  1     -102.000        0.00000           36.00           ------    ------ 

  2       30.000        0.00000           36.00           ------    ------ 

  3       30.000        6.94000            0.00          0.00900       0.0 

  4      114.000        6.94000            0.00          0.00900       0.0 

  5      114.000        0.00000           32.00           ------    ------ 

  6      162.000        0.00000           32.00           ------    ------ 

  7      162.000        6.94000            0.00          0.00900       0.0 

  8      246.000        6.94000            0.00          0.00900       0.0 

  9      246.000        0.00000           32.00           ------    ------ 

 10      354.000        0.00000           32.00           ------    ------ 



 11      354.000       20.83000            0.00          0.00600       0.0 

 12      468.000       20.83000            0.00          0.00600       0.0 

 13      468.000        0.00000           36.00           ------    ------ 

 14      528.000        0.00000           36.00           ------    ------ 

 15      528.000       27.78000            0.00          0.00500       0.0 

 16      588.000       27.78000            0.00          0.00500       0.0 

 17      588.000        0.00000           36.00           ------    ------ 

 18      630.000        0.00000           36.00           ------    ------ 

 19      630.000       18.06000            0.00          0.00600       0.0 

 20      720.000       18.06000            0.00          0.00600       0.0 

 21      720.000        0.00000           36.00           ------    ------ 

 22      804.000        0.00000           36.00           ------    ------ 

 23      804.000       17.36000            0.00          0.00600       0.0 

 24      888.000       17.36000            0.00          0.00600       0.0 

 25      888.000        0.00000           41.00           ------    ------ 

 26     1140.000        0.00000           41.00           ------    ------ 

 

Notes: 

 

(1)  Cohesion = uniaxial compressive strength for rock materials. 

(2)  Values of E50 are reported for clay strata.  

(3)  Default values will be generated for E50 when input values are 0. 

(4)  RQD and k_rm are reported only for weak rock strata. 

 

------------------------------------------------------------------------------ 

                                 Loading Type 

------------------------------------------------------------------------------ 

 

Static loading criteria was used for computation of p-y curves. 

 

------------------------------------------------------------------------------ 

              Pile-head Loading and Pile-head Fixity Conditions 

------------------------------------------------------------------------------ 

 

Number of loads specified = 10 

 

Load Case Number  1 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           0.100 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      191000.000 lbs 

 

Load Case Number  2 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           0.250 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      191000.000 lbs 

 

Load Case Number  3 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           0.500 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      191000.000 lbs 

 



Load Case Number  4 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           0.750 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      191000.000 lbs 

 

Load Case Number  5 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           1.000 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      191000.000 lbs 

 

Load Case Number  6 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           1.500 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      191000.000 lbs 

 

Load Case Number  7 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           2.000 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      191000.000 lbs 

 

Load Case Number  8 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           3.000 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      191000.000 lbs 

 

Load Case Number  9 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           4.000 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      191000.000 lbs 

 

Load Case Number 10 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           5.000 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      191000.000 lbs 

 

------------------------------------------------------------------------------ 

                          Summary of Pile Response(s) 

------------------------------------------------------------------------------ 

 

Definition of Symbols for Pile-Head Loading Conditions: 

 

Type 1 = Shear and Moment,          y = pile-head displacment in 

Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in 



Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs 

Type 4 = Deflection and Moment,     S = Pile-head Slope, radians 

Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad 

 

Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum  

Type  Condition    Condition       Load     Deflection    Moment      Shear 

          1            2            lbs         in        in-lbs       lbs 

---- ------------ ------------ ----------- ----------- ----------- ----------- 

  4  y=  0.100000 M=     0.000     191000.   0.1000000     309217.  15090.4839 

  4  y=  0.250000 M=     0.000     191000.   0.2500000     576712.  26784.2691 

  4  y=  0.500000 M=     0.000     191000.   0.5000000     924676.  42020.5140 

  4  y=  0.750000 M=     0.000     191000.   0.7500000    1211131.  51938.8480 

  4  y=  1.000000 M=     0.000     191000.   1.0000000    1425566.  55476.6715 

  4  y=     1.500 M=     0.000     191000.      1.5000    1814785.  60893.5655 

  4  y=     2.000 M=     0.000     191000.      2.0000    2182335.  65517.1618 

  4  y=     3.000 M=     0.000     191000.      3.0000    2896808.  73571.8789 

  4  y=     4.000 M=     0.000     191000.      4.0000    3604755.  80763.1619 

  4  y=     5.000 M=     0.000     191000.      5.0000    4330458.  87474.7950 

 

 

------------------------------------------------------------------------------ 

                     Pile-head Deflection vs. Pile Length 

------------------------------------------------------------------------------ 

 

Boundary Condition Type 4, Deflection and Moment 

 

Deflection =         0.10000  in 

Moment     =              0. in-lbs 

Axial Load =         191000. lbs 

 

 

 

   Pile       Pile Head       Maximum      Maximum 

  Length      Deflection      Moment        Shear  

    in           in           in-lbs         lbs 

-----------  ------------  ------------  ------------ 

   900.000    0.10000000  309216.80548   15090.48392 

   855.000    0.10000000  318855.99599   15470.48936 

   810.000    0.10000000  315167.06009   15348.29655 

   765.000    0.10000000  312795.45717   15220.86739 

   720.000    0.10000000  317281.73808   15444.12391 

   675.000    0.10000000  315219.67712   15320.55271 

   630.000    0.10000000  319094.69953   15490.66364 

   585.000    0.10000000  314917.31866   15321.30003 

   540.000    0.10000000  317333.49443   15427.78215 

   495.000    0.10000000  318452.09995   15467.67901 

 

 

This analysis ended normally.  
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------------------------------------------------------------------------------ 

                          Time and Date of Analysis 

------------------------------------------------------------------------------ 

 

               Date:  September 21, 2010     Time:  16:48:48 

 

 

------------------------------------------------------------------------------ 

                                Problem Title 

------------------------------------------------------------------------------ 

 

US 101/SR116 SOH (Replace) Abutment 1_R-09-011 -Free_Footing 1C                  

 

 

------------------------------------------------------------------------------ 

                                Program Options 

------------------------------------------------------------------------------ 

 

Units Used in Computations - US Customary Units: Inches, Pounds 

 

Basic Program Options: 

 

Analysis Type 1:  

- Computation of Lateral Pile Response Using User-specified Constant EI 

 

Computation Options: 

- Only internally-generated p-y curves used in analysis 



- Analysis does not use p-y multipliers (individual pile or shaft action only) 

- Analysis assumes no shear resistance at pile tip 

- Analysis includes automatic computation of pile-top deflection vs. 

  pile embedment length 

- No computation of foundation stiffness matrix elements 

- Output pile response for full length of pile 

- Analysis assumes no soil movements acting on pile 

- No additional p-y curves to be computed at user-specified depths 

 

Solution Control Parameters: 

- Number of pile increments            =          120 

- Maximum number of iterations allowed =          100 

- Deflection tolerance for convergence =   1.0000E-05 in 

- Maximum allowable deflection         =   1.0000E+02 in 

 

Printing Options: 

- Values of pile-head deflection, bending moment, shear force, and  

  soil reaction are printed for full length of pile. 

- Printing Increment (spacing of output points) =  1 

 

 

------------------------------------------------------------------------------ 

                   Pile Structural Properties and Geometry 

------------------------------------------------------------------------------ 

 

Pile Length                               =     840.00 in 

 

Depth of ground surface below top of pile =     -90.00 in 

 

Slope angle of ground surface             =      21.80 deg. 

 

Structural properties of pile defined using  2 points 

 

Point    Depth         Pile      Moment of       Pile      Modulus of 

           X         Diameter     Inertia       Area      Elasticity 

           in           in         in**4        Sq.in      lbs/Sq.in 

-----  ---------   -----------   ----------   ----------   ----------- 

  1       0.0000   14.00000000    3201.3000     196.0000      3600000. 

  2     840.0000   14.00000000    3201.3000     196.0000      3600000. 

 

 

------------------------------------------------------------------------------ 

                      Soil and Rock Layering Information 

------------------------------------------------------------------------------ 

 

The soil profile is modelled using 12 layers 

 

Layer  1 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      -90.000 in 

Distance from top of pile to bottom of layer =        0.001 in 

p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3 

 

Layer  2 is stiff clay without free water 

Distance from top of pile to top of layer    =        0.001 in 

Distance from top of pile to bottom of layer =       66.000 in 

 



Layer  3 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =       66.000 in 

Distance from top of pile to bottom of layer =      114.000 in 

p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3 

 

Layer  4 is stiff clay without free water 

Distance from top of pile to top of layer    =      114.000 in 

Distance from top of pile to bottom of layer =      198.000 in 

 

Layer  5 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      198.000 in 

Distance from top of pile to bottom of layer =      306.000 in 

p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3 

 

Layer  6 is stiff clay without free water 

Distance from top of pile to top of layer    =      306.000 in 

Distance from top of pile to bottom of layer =      420.000 in 

 

Layer  7 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      420.000 in 

Distance from top of pile to bottom of layer =      480.000 in 

p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3 

 

Layer  8 is stiff clay without free water 

Distance from top of pile to top of layer    =      480.000 in 

Distance from top of pile to bottom of layer =      540.000 in 

 

Layer  9 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      540.000 in 

Distance from top of pile to bottom of layer =      582.000 in 

p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3 

 

Layer 10 is stiff clay without free water 

Distance from top of pile to top of layer    =      582.000 in 

Distance from top of pile to bottom of layer =      672.000 in 

 

Layer 11 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      672.000 in 

Distance from top of pile to bottom of layer =      756.000 in 

p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3 

 

Layer 12 is stiff clay without free water 

Distance from top of pile to top of layer    =      756.000 in 

Distance from top of pile to bottom of layer =      840.000 in 

 

 

(Depth of lowest layer extends    0.00 in below pile tip) 

 

------------------------------------------------------------------------------ 

                   Effective Unit Weight of Soil vs. Depth 

------------------------------------------------------------------------------ 

 



Effective unit weight of soil with depth defined using 24 points 

 

Point        Depth X    Eff. Unit Weight 

 No.           in          lbs/in**3 

-----      ----------   ---------------- 

  1           -90.00        0.07810 

  2             0.00        0.07810 

  3             0.00        0.06940 

  4            66.00        0.06940 

  5            66.00        0.07230 

  6           114.00        0.07230 

  7           114.00        0.06940 

  8           198.00        0.06940 

  9           198.00        0.03330 

 10           306.00        0.03330 

 11           306.00        0.03620 

 12           420.00        0.03620 

 13           420.00        0.03910 

 14           480.00        0.03910 

 15           480.00        0.03910 

 16           540.00        0.03910 

 17           540.00        0.04200 

 18           582.00        0.04200 

 19           582.00        0.03620 

 20           672.00        0.03620 

 21           672.00        0.04200 

 22           756.00        0.04200 

 23           756.00        0.03620 

 24           840.00        0.03620 

 

------------------------------------------------------------------------------ 

                           Shear Strength of Soils 

------------------------------------------------------------------------------ 

 

Shear strength parameters with depth defined using 24 points 

 

Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD 

 No.       in         lbs/in**2            Deg.            k_rm        % 

-----   --------     ----------     ------------------    ------    ------ 

  1      -90.000        0.00000           36.00           ------    ------ 

  2        0.001        0.00000           36.00           ------    ------ 

  3        0.001        6.94000            0.00          0.00900       0.0 

  4       66.000        6.94000            0.00          0.00900       0.0 

  5       66.000        0.00000           32.00           ------    ------ 

  6      114.000        0.00000           32.00           ------    ------ 

  7      114.000        6.94000            0.00          0.00900       0.0 

  8      198.000        6.94000            0.00          0.00900       0.0 

  9      198.000        0.00000           32.00           ------    ------ 

 10      306.000        0.00000           32.00           ------    ------ 

 11      306.000       20.83000            0.00          0.00600       0.0 

 12      420.000       20.83000            0.00          0.00600       0.0 

 13      420.000        0.00000           36.00           ------    ------ 

 14      480.000        0.00000           36.00           ------    ------ 

 15      480.000       27.78000            0.00          0.00500       0.0 

 16      540.000       27.78000            0.00          0.00500       0.0 

 17      540.000        0.00000           36.00           ------    ------ 

 18      582.000        0.00000           36.00           ------    ------ 



 19      582.000       18.06000            0.00          0.00600       0.0 

 20      672.000       18.06000            0.00          0.00600       0.0 

 21      672.000        0.00000           36.00           ------    ------ 

 22      756.000        0.00000           36.00           ------    ------ 

 23      756.000       17.36000            0.00          0.00600       0.0 

 24      840.000       17.36000            0.00          0.00600       0.0 

 

Notes: 

 

(1)  Cohesion = uniaxial compressive strength for rock materials. 

(2)  Values of E50 are reported for clay strata.  

(3)  Default values will be generated for E50 when input values are 0. 

(4)  RQD and k_rm are reported only for weak rock strata. 

------------------------------------------------------------------------------ 

                                 Loading Type 

------------------------------------------------------------------------------ 

 

Static loading criteria was used for computation of p-y curves. 

 

------------------------------------------------------------------------------ 

              Pile-head Loading and Pile-head Fixity Conditions 

------------------------------------------------------------------------------ 

 

Number of loads specified = 10 

 

Load Case Number  1 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           0.100 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      191000.000 lbs 

 

Load Case Number  2 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           0.250 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      191000.000 lbs 

 

Load Case Number  3 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           0.500 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      191000.000 lbs 

 

Load Case Number  4 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           0.750 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      191000.000 lbs 

 

Load Case Number  5 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           1.000 in 



Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      191000.000 lbs 

 

Load Case Number  6 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           1.500 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      191000.000 lbs 

 

Load Case Number  7 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           2.000 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      191000.000 lbs 

 

Load Case Number  8 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           3.000 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      191000.000 lbs 

 

Load Case Number  9 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           4.000 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      191000.000 lbs 

 

Load Case Number 10 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           5.000 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      191000.000 lbs 

------------------------------------------------------------------------------ 

                          Summary of Pile Response(s) 

------------------------------------------------------------------------------ 

 

Definition of Symbols for Pile-Head Loading Conditions: 

 

Type 1 = Shear and Moment,          y = pile-head displacment in 

Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in 

Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs 

Type 4 = Deflection and Moment,     S = Pile-head Slope, radians 

Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad 

 

Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum  

Type  Condition    Condition       Load     Deflection    Moment      Shear 

          1            2            lbs         in        in-lbs       lbs 

---- ------------ ------------ ----------- ----------- ----------- ----------- 

  5  y=  0.100000 S=     0.000     191000.   0.1000000    -639686.  17964.2764 

  5  y=  0.250000 S=     0.000     191000.   0.2500000   -1257521.  29515.7669 

  5  y=  0.500000 S=     0.000     191000.   0.5000000   -2128674.  44124.2772 

  5  y=  0.750000 S=     0.000     191000.   0.7500000   -2917020.  56591.9527 



  5  y=  1.000000 S=     0.000     191000.   1.0000000   -3668569.  68164.1974 

  5  y=     1.500 S=     0.000     191000.      1.5000   -4943689.  85976.3415 

  5  y=     2.000 S=     0.000     191000.      2.0000   -5918722.  97832.5040 

  5  y=     3.000 S=     0.000     191000.      3.0000   -7339471.     112470. 

  5  y=     4.000 S=     0.000     191000.      4.0000   -8610012.     124664. 

  5  y=     5.000 S=     0.000     191000.      5.0000   -9802374.     135578. 

 

 

------------------------------------------------------------------------------ 

                     Pile-head Deflection vs. Pile Length 

------------------------------------------------------------------------------ 

 

 Boundary Condition Type 5, Deflection and Slope 

 

Deflection =         0.10000  in 

Slope      =         0.00000 

Axial Load =         191000. lbs 

 

 

 

   Pile       Pile Head       Maximum      Maximum 

  Length      Deflection      Moment        Shear  

    in           in           in-lbs         lbs 

-----------  ------------  ------------  ------------ 

   840.000    0.10000000 -639686.07185   17964.27645 

   798.000    0.10000000 -637693.35450   17903.64739 

   756.000    0.10000000 -639712.21652   17956.92892 

   714.000    0.10000000 -641575.30146   18001.40222 

   672.000    0.10000000 -640309.98089   17952.59015 

   630.000    0.10000000 -642294.67210   17994.96950 

   588.000    0.10000000 -641794.34498   17986.43938 

   546.000    0.10000000 -641611.80844   17980.65324 

   504.000    0.10000000 -641703.94820   17975.18018 

   462.000    0.10000000 -644135.12440   18031.74182 

 

 

This analysis ended normally.  

 



============================================================================== 

 

                LPILE Plus for Windows, Version 5.0 (5.0.41) 

 

               Analysis of Individual Piles and Drilled Shafts  

              Subjected to Lateral Loading Using the p-y Method 

 

                        (c) 1985-2009 by Ensoft, Inc.           

                             All Rights Reserved                

 

============================================================================== 

 

 

This program is licensed to:  

 

Madhu Thummaluru 

URS Corporation 

 

Path to file locations:      

X:\101_MSN_SCTA\450_Geotech\Analysis\Pile\Lateral\101&116 SOH Replace\ 

Name of input data file:     101 & 116 SOH Replace_R-09-011_Abut 1_Footing-

1C_free.lpd 

Name of output file:         101 & 116 SOH Replace_R-09-011_Abut 1_Footing-

1C_free.lpo 

Name of plot output file:    101 & 116 SOH Replace_R-09-011_Abut 1_Footing-

1C_free.lpp 

Name of runtime file:        101 & 116 SOH Replace_R-09-011_Abut 1_Footing-

1C_free.lpr 

 

 

------------------------------------------------------------------------------ 

                          Time and Date of Analysis 

------------------------------------------------------------------------------ 

 

               Date:  September 21, 2010     Time:  16:49:19 

 

 

------------------------------------------------------------------------------ 

                                Problem Title 

------------------------------------------------------------------------------ 

 

US 101/SR116 SOH (Replace) Abutment 1_R-09-011 -Free_Footing 1C                  

 

 

------------------------------------------------------------------------------ 

                                Program Options 

------------------------------------------------------------------------------ 

 

Units Used in Computations - US Customary Units: Inches, Pounds 

 

Basic Program Options: 

 

Analysis Type 1:  

- Computation of Lateral Pile Response Using User-specified Constant EI 

 

Computation Options: 

- Only internally-generated p-y curves used in analysis 



- Analysis does not use p-y multipliers (individual pile or shaft action only) 

- Analysis assumes no shear resistance at pile tip 

- Analysis includes automatic computation of pile-top deflection vs. 

  pile embedment length 

- No computation of foundation stiffness matrix elements 

- Output pile response for full length of pile 

- Analysis assumes no soil movements acting on pile 

- No additional p-y curves to be computed at user-specified depths 

 

Solution Control Parameters: 

- Number of pile increments            =          120 

- Maximum number of iterations allowed =          100 

- Deflection tolerance for convergence =   1.0000E-05 in 

- Maximum allowable deflection         =   1.0000E+02 in 

 

Printing Options: 

- Values of pile-head deflection, bending moment, shear force, and  

  soil reaction are printed for full length of pile. 

- Printing Increment (spacing of output points) =  1 

 

 

------------------------------------------------------------------------------ 

                   Pile Structural Properties and Geometry 

------------------------------------------------------------------------------ 

 

Pile Length                               =     840.00 in 

 

Depth of ground surface below top of pile =     -90.00 in 

 

Slope angle of ground surface             =      21.80 deg. 

 

Structural properties of pile defined using  2 points 

 

Point    Depth         Pile      Moment of       Pile      Modulus of 

           X         Diameter     Inertia       Area      Elasticity 

           in           in         in**4        Sq.in      lbs/Sq.in 

-----  ---------   -----------   ----------   ----------   ----------- 

  1       0.0000   14.00000000    3201.3000     196.0000      3600000. 

  2     840.0000   14.00000000    3201.3000     196.0000      3600000. 

 

 

------------------------------------------------------------------------------ 

                      Soil and Rock Layering Information 

------------------------------------------------------------------------------ 

 

The soil profile is modelled using 12 layers 

 

Layer  1 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      -90.000 in 

Distance from top of pile to bottom of layer =        0.001 in 

p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3 

 

Layer  2 is stiff clay without free water 

Distance from top of pile to top of layer    =        0.001 in 

Distance from top of pile to bottom of layer =       66.000 in 

 



Layer  3 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =       66.000 in 

Distance from top of pile to bottom of layer =      114.000 in 

p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3 

 

Layer  4 is stiff clay without free water 

Distance from top of pile to top of layer    =      114.000 in 

Distance from top of pile to bottom of layer =      198.000 in 

 

Layer  5 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      198.000 in 

Distance from top of pile to bottom of layer =      306.000 in 

p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3 

 

Layer  6 is stiff clay without free water 

Distance from top of pile to top of layer    =      306.000 in 

Distance from top of pile to bottom of layer =      420.000 in 

 

Layer  7 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      420.000 in 

Distance from top of pile to bottom of layer =      480.000 in 

p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3 

 

Layer  8 is stiff clay without free water 

Distance from top of pile to top of layer    =      480.000 in 

Distance from top of pile to bottom of layer =      540.000 in 

 

Layer  9 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      540.000 in 

Distance from top of pile to bottom of layer =      582.000 in 

p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3 

 

Layer 10 is stiff clay without free water 

Distance from top of pile to top of layer    =      582.000 in 

Distance from top of pile to bottom of layer =      672.000 in 

 

Layer 11 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      672.000 in 

Distance from top of pile to bottom of layer =      756.000 in 

p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3 

 

Layer 12 is stiff clay without free water 

Distance from top of pile to top of layer    =      756.000 in 

Distance from top of pile to bottom of layer =      840.000 in 

 

 

(Depth of lowest layer extends    0.00 in below pile tip) 

 

 

------------------------------------------------------------------------------ 

                   Effective Unit Weight of Soil vs. Depth 

------------------------------------------------------------------------------ 



 

Effective unit weight of soil with depth defined using 24 points 

 

Point        Depth X    Eff. Unit Weight 

 No.           in          lbs/in**3 

-----      ----------   ---------------- 

  1           -90.00        0.07810 

  2             0.00        0.07810 

  3             0.00        0.06940 

  4            66.00        0.06940 

  5            66.00        0.07230 

  6           114.00        0.07230 

  7           114.00        0.06940 

  8           198.00        0.06940 

  9           198.00        0.03330 

 10           306.00        0.03330 

 11           306.00        0.03620 

 12           420.00        0.03620 

 13           420.00        0.03910 

 14           480.00        0.03910 

 15           480.00        0.03910 

 16           540.00        0.03910 

 17           540.00        0.04200 

 18           582.00        0.04200 

 19           582.00        0.03620 

 20           672.00        0.03620 

 21           672.00        0.04200 

 22           756.00        0.04200 

 23           756.00        0.03620 

 24           840.00        0.03620 

------------------------------------------------------------------------------ 

                           Shear Strength of Soils 

------------------------------------------------------------------------------ 

 

Shear strength parameters with depth defined using 24 points 

 

Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD 

 No.       in         lbs/in**2            Deg.            k_rm        % 

-----   --------     ----------     ------------------    ------    ------ 

  1      -90.000        0.00000           36.00           ------    ------ 

  2        0.001        0.00000           36.00           ------    ------ 

  3        0.001        6.94000            0.00          0.00900       0.0 

  4       66.000        6.94000            0.00          0.00900       0.0 

  5       66.000        0.00000           32.00           ------    ------ 

  6      114.000        0.00000           32.00           ------    ------ 

  7      114.000        6.94000            0.00          0.00900       0.0 

  8      198.000        6.94000            0.00          0.00900       0.0 

  9      198.000        0.00000           32.00           ------    ------ 

 10      306.000        0.00000           32.00           ------    ------ 

 11      306.000       20.83000            0.00          0.00600       0.0 

 12      420.000       20.83000            0.00          0.00600       0.0 

 13      420.000        0.00000           36.00           ------    ------ 

 14      480.000        0.00000           36.00           ------    ------ 

 15      480.000       27.78000            0.00          0.00500       0.0 

 16      540.000       27.78000            0.00          0.00500       0.0 

 17      540.000        0.00000           36.00           ------    ------ 

 18      582.000        0.00000           36.00           ------    ------ 



 19      582.000       18.06000            0.00          0.00600       0.0 

 20      672.000       18.06000            0.00          0.00600       0.0 

 21      672.000        0.00000           36.00           ------    ------ 

 22      756.000        0.00000           36.00           ------    ------ 

 23      756.000       17.36000            0.00          0.00600       0.0 

 24      840.000       17.36000            0.00          0.00600       0.0 

 

Notes: 

 

(1)  Cohesion = uniaxial compressive strength for rock materials. 

(2)  Values of E50 are reported for clay strata.  

(3)  Default values will be generated for E50 when input values are 0. 

(4)  RQD and k_rm are reported only for weak rock strata. 

 

------------------------------------------------------------------------------ 

                                 Loading Type 

------------------------------------------------------------------------------ 

 

Static loading criteria was used for computation of p-y curves. 

 

------------------------------------------------------------------------------ 

              Pile-head Loading and Pile-head Fixity Conditions 

------------------------------------------------------------------------------ 

 

Number of loads specified = 10 

 

Load Case Number  1 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           0.100 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      191000.000 lbs 

 

Load Case Number  2 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           0.250 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      191000.000 lbs 

 

Load Case Number  3 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           0.500 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      191000.000 lbs 

 

Load Case Number  4 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           0.750 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      191000.000 lbs 

 

Load Case Number  5 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 



Deflection at pile head     =           1.000 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      191000.000 lbs 

 

Load Case Number  6 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           1.500 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      191000.000 lbs 

 

Load Case Number  7 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           2.000 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      191000.000 lbs 

 

Load Case Number  8 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           3.000 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      191000.000 lbs 

 

Load Case Number  9 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           4.000 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      191000.000 lbs 

 

Load Case Number 10 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           5.000 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      191000.000 lbs 

------------------------------------------------------------------------------ 

                          Summary of Pile Response(s) 

------------------------------------------------------------------------------ 

 

Definition of Symbols for Pile-Head Loading Conditions: 

 

Type 1 = Shear and Moment,          y = pile-head displacment in 

Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in 

Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs 

Type 4 = Deflection and Moment,     S = Pile-head Slope, radians 

Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad 

 

Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum  

Type  Condition    Condition       Load     Deflection    Moment      Shear 

          1            2            lbs         in        in-lbs       lbs 

---- ------------ ------------ ----------- ----------- ----------- ----------- 

  4  y=  0.100000 M=     0.000     191000.   0.1000000     249127.   9785.1692 

  4  y=  0.250000 M=     0.000     191000.   0.2500000     464006.  15310.4087 

  4  y=  0.500000 M=     0.000     191000.   0.5000000     780240.  22137.9851 



  4  y=  0.750000 M=     0.000     191000.   0.7500000    1073230.  26830.3080 

  4  y=  1.000000 M=     0.000     191000.   1.0000000    1352198.  30908.0017 

  4  y=     1.500 M=     0.000     191000.      1.5000    1886071.  38216.3038 

  4  y=     2.000 M=     0.000     191000.      2.0000    2400751.  44872.6616 

  4  y=     3.000 M=     0.000     191000.      3.0000    3301229.  55346.4717 

  4  y=     4.000 M=     0.000     191000.      4.0000    4026681.  63144.7838 

  4  y=     5.000 M=     0.000     191000.      5.0000    4590054.  68782.4136 

 

 

------------------------------------------------------------------------------ 

                     Pile-head Deflection vs. Pile Length 

------------------------------------------------------------------------------ 

 

Boundary Condition Type 4, Deflection and Moment 

 

Deflection =         0.10000  in 

Moment     =              0. in-lbs 

Axial Load =         191000. lbs 

 

 

 

   Pile       Pile Head       Maximum      Maximum 

  Length      Deflection      Moment        Shear  

    in           in           in-lbs         lbs 

-----------  ------------  ------------  ------------ 

   840.000    0.10000000  249126.58089    9785.16916 

   798.000    0.10000000  246669.86287    9708.48981 

   756.000    0.10000000  249430.14949    9734.57307 

   714.000    0.10000000  251589.58855    9748.93587 

   672.000    0.10000000  247768.20312    9659.46470 

   630.000    0.10000000  248869.32512    9654.87639 

   588.000    0.10000000  249217.35051    9642.74491 

   546.000    0.10000000  249126.32001    9617.54967 

   504.000    0.10000000  248430.82580    9580.39044 

   462.000    0.10000000  250277.47538    9593.04751 

 

 

This analysis ended normally.  
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------------------------------------------------------------------------------ 

                          Time and Date of Analysis 

------------------------------------------------------------------------------ 

 

               Date:  September 22, 2010     Time:  17:39:48 

 

 

------------------------------------------------------------------------------ 

                                Problem Title 

------------------------------------------------------------------------------ 

 

US 101/SR116 SOH (Replace) Bent 2_R-09-012 - Free                                

 

 

------------------------------------------------------------------------------ 

                                Program Options 

------------------------------------------------------------------------------ 

 

Units Used in Computations - US Customary Units: Inches, Pounds 

 

Basic Program Options: 

 

Analysis Type 1:  

- Computation of Lateral Pile Response Using User-specified Constant EI 

 

Computation Options: 

- Only internally-generated p-y curves used in analysis 

- Analysis does not use p-y multipliers (individual pile or shaft action only) 

- Analysis assumes no shear resistance at pile tip 

- Analysis includes automatic computation of pile-top deflection vs. 

  pile embedment length 



- No computation of foundation stiffness matrix elements 

- Output pile response for full length of pile 

- Analysis assumes no soil movements acting on pile 

- No additional p-y curves to be computed at user-specified depths 

 

Solution Control Parameters: 

- Number of pile increments            =           95 

- Maximum number of iterations allowed =          100 

- Deflection tolerance for convergence =   1.0000E-05 in 

- Maximum allowable deflection         =   1.0000E+02 in 

 

Printing Options: 

- Values of pile-head deflection, bending moment, shear force, and  

  soil reaction are printed for full length of pile. 

- Printing Increment (spacing of output points) =  1 

 

 

------------------------------------------------------------------------------ 

                   Pile Structural Properties and Geometry 

------------------------------------------------------------------------------ 

 

Pile Length                               =     570.00 in 

 

Depth of ground surface below top of pile =    -120.00 in 

 

Slope angle of ground surface             =       0.00 deg. 

 

Structural properties of pile defined using  2 points 

 

Point    Depth         Pile      Moment of       Pile      Modulus of 

           X         Diameter     Inertia       Area      Elasticity 

           in           in         in**4        Sq.in      lbs/Sq.in 

-----  ---------   -----------   ----------   ----------   ----------- 

  1       0.0000   14.00000000    3201.3000     196.0000      3600000. 

  2     570.0000   14.00000000    3201.3000     196.0000      3600000. 

 

 

------------------------------------------------------------------------------ 

                      Soil and Rock Layering Information 

------------------------------------------------------------------------------ 

 

The soil profile is modelled using  8 layers 

 

Layer  1 is stiff clay without free water 

Distance from top of pile to top of layer    =     -120.000 in 

Distance from top of pile to bottom of layer =        0.001 in 

 

Layer  2 is stiff clay without free water 

Distance from top of pile to top of layer    =        0.001 in 

Distance from top of pile to bottom of layer =       30.000 in 

 

Layer  3 is stiff clay without free water 

Distance from top of pile to top of layer    =       30.000 in 

Distance from top of pile to bottom of layer =       90.000 in 

 

Layer  4 is stiff clay without free water 

Distance from top of pile to top of layer    =       90.000 in 



Distance from top of pile to bottom of layer =      228.000 in 

 

Layer  5 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      228.000 in 

Distance from top of pile to bottom of layer =      312.000 in 

p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3 

 

Layer  6 is stiff clay without free water 

Distance from top of pile to top of layer    =      312.000 in 

Distance from top of pile to bottom of layer =      432.000 in 

 

Layer  7 is stiff clay without free water 

Distance from top of pile to top of layer    =      432.000 in 

Distance from top of pile to bottom of layer =      540.000 in 

 

Layer  8 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      540.000 in 

Distance from top of pile to bottom of layer =      900.000 in 

p-y subgrade modulus k for top of soil layer =      150.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =      150.000 lbs/in**3 

 

 

(Depth of lowest layer extends  330.00 in below pile tip) 

------------------------------------------------------------------------------ 

                   Effective Unit Weight of Soil vs. Depth 

------------------------------------------------------------------------------ 

 

Effective unit weight of soil with depth defined using 16 points 

 

Point        Depth X    Eff. Unit Weight 

 No.           in          lbs/in**3 

-----      ----------   ---------------- 

  1          -120.00        0.06940 

  2             0.00        0.06940 

  3             0.00        0.03330 

  4            30.00        0.03330 

  5            30.00        0.03330 

  6            90.00        0.03330 

  7            90.00        0.03040 

  8           228.00        0.03040 

  9           228.00        0.03620 

 10           312.00        0.03620 

 11           312.00        0.03040 

 12           432.00        0.03040 

 13           432.00        0.03330 

 14           540.00        0.03330 

 15           540.00        0.04490 

 16           900.00        0.04490 

 

------------------------------------------------------------------------------ 

                           Shear Strength of Soils 

------------------------------------------------------------------------------ 

 

Shear strength parameters with depth defined using 16 points 

 

Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD 



 No.       in         lbs/in**2            Deg.            k_rm        % 

-----   --------     ----------     ------------------    ------    ------ 

  1     -120.000        6.94000            0.00          0.00900       0.0 

  2        0.001        6.94000            0.00          0.00900       0.0 

  3        0.001        6.11000            0.00          0.01000       0.0 

  4       30.000        6.11000            0.00          0.01000       0.0 

  5       30.000       15.28000            0.00          0.00500       0.0 

  6       90.000       15.28000            0.00          0.00500       0.0 

  7       90.000        9.72000            0.00          0.00800       0.0 

  8      228.000        9.72000            0.00          0.00800       0.0 

  9      228.000        0.00000           35.00           ------    ------ 

 10      312.000        0.00000           35.00           ------    ------ 

 11      312.000        7.99000            0.00          0.00900       0.0 

 12      432.000        7.99000            0.00          0.00900       0.0 

 13      432.000        9.58000            0.00          0.00800       0.0 

 14      540.000        9.58000            0.00          0.00800       0.0 

 15      540.000        0.00000           41.00           ------    ------ 

 16      900.000        0.00000           41.00           ------    ------ 

 

Notes: 

 

(1)  Cohesion = uniaxial compressive strength for rock materials. 

(2)  Values of E50 are reported for clay strata.  

(3)  Default values will be generated for E50 when input values are 0. 

(4)  RQD and k_rm are reported only for weak rock strata. 

 

------------------------------------------------------------------------------ 

                                 Loading Type 

------------------------------------------------------------------------------ 

 

Static loading criteria was used for computation of p-y curves. 

 

------------------------------------------------------------------------------ 

              Pile-head Loading and Pile-head Fixity Conditions 

------------------------------------------------------------------------------ 

 

Number of loads specified = 10 

 

Load Case Number  1 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           0.100 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      248000.000 lbs 

 

Load Case Number  2 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           0.250 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      248000.000 lbs 

 

Load Case Number  3 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           0.500 in 

Slope at pile head          =           0.000 in/in 



Axial load at pile head     =      248000.000 lbs 

 

Load Case Number  4 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           0.750 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      248000.000 lbs 

 

Load Case Number  5 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           1.000 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      248000.000 lbs 

 

Load Case Number  6 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           1.500 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      248000.000 lbs 

 

Load Case Number  7 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           2.000 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      248000.000 lbs 

 

Load Case Number  8 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           3.000 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      248000.000 lbs 

 

Load Case Number  9 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           4.000 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      248000.000 lbs 

 

Load Case Number 10 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           5.000 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      248000.000 lbs 

 

 

 

 

 

 

 



------------------------------------------------------------------------------ 

                          Summary of Pile Response(s) 

------------------------------------------------------------------------------ 

 

Definition of Symbols for Pile-Head Loading Conditions: 

 

Type 1 = Shear and Moment,          y = pile-head displacment in 

Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in 

Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs 

Type 4 = Deflection and Moment,     S = Pile-head Slope, radians 

Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad 

 

Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum  

Type  Condition    Condition       Load     Deflection    Moment      Shear 

          1            2            lbs         in        in-lbs       lbs 

---- ------------ ------------ ----------- ----------- ----------- ----------- 

  5  y=  0.100000 S=     0.000     248000.   0.1000000   -1034227.  32657.6026 

  5  y=  0.250000 S=     0.000     248000.   0.2500000   -1878781.  50969.1019 

  5  y=  0.500000 S=     0.000     248000.   0.5000000   -2920764.  70583.8342 

  5  y=  0.750000 S=     0.000     248000.   0.7500000   -3764005.  84969.6416 

  5  y=  1.000000 S=     0.000     248000.   1.0000000   -4496659.  96694.3000 

  5  y=     1.500 S=     0.000     248000.      1.5000   -5770400.     115779. 

  5  y=     2.000 S=     0.000     248000.      2.0000   -6885967.     131431. 

  5  y=     3.000 S=     0.000     248000.      3.0000   -8823226.     156836. 

  5  y=     4.000 S=     0.000     248000.      4.0000 -1.0460E+07     175952. 

  5  y=     5.000 S=     0.000     248000.      5.0000 -1.1833E+07     189540. 

 

 

------------------------------------------------------------------------------ 

                     Pile-head Deflection vs. Pile Length 

------------------------------------------------------------------------------ 

 

 Boundary Condition Type 5, Deflection and Slope 

 

Deflection =         0.10000  in 

Slope      =         0.00000 

Axial Load =         248000. lbs 

 

 

 

   Pile       Pile Head       Maximum      Maximum 

  Length      Deflection      Moment        Shear  

    in           in           in-lbs         lbs 

-----------  ------------  ------------  ------------ 

   570.000    0.10000000     -1034227.   32657.60256 

   541.500    0.10000000 -986491.51803   30828.07400 

   513.000    0.10000000 -995535.19212   31245.38681 

   484.500    0.10000000     -1003652.   31651.44752 

   456.000    0.10000000 -990145.98971   30938.10452 

   427.500    0.10000000     -1000924.   31434.66200 

   399.000    0.10000000 -991136.95885   30931.97316 

   370.500    0.10000000     -1002915.   31492.11166 

   342.000    0.10000000 -995208.17953   31143.68572 

   313.500    0.10000000 -994291.70598   31032.76557 

 

 

This analysis ended normally.  
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------------------------------------------------------------------------------ 

                          Time and Date of Analysis 

------------------------------------------------------------------------------ 

 

               Date:  September 22, 2010     Time:  17:45:23 

 

 

------------------------------------------------------------------------------ 

                                Problem Title 

------------------------------------------------------------------------------ 

 

US 101/SR116 SOH (Replace) Bent 2_R-09-012 - Free                                

 

 

------------------------------------------------------------------------------ 

                                Program Options 

------------------------------------------------------------------------------ 

 

Units Used in Computations - US Customary Units: Inches, Pounds 

 

Basic Program Options: 

 

Analysis Type 1:  

- Computation of Lateral Pile Response Using User-specified Constant EI 

 

Computation Options: 

- Only internally-generated p-y curves used in analysis 

- Analysis does not use p-y multipliers (individual pile or shaft action only) 

- Analysis assumes no shear resistance at pile tip 

- Analysis includes automatic computation of pile-top deflection vs. 

  pile embedment length 



- No computation of foundation stiffness matrix elements 

- Output pile response for full length of pile 

- Analysis assumes no soil movements acting on pile 

- No additional p-y curves to be computed at user-specified depths 

 

Solution Control Parameters: 

- Number of pile increments            =           95 

- Maximum number of iterations allowed =          100 

- Deflection tolerance for convergence =   1.0000E-05 in 

- Maximum allowable deflection         =   1.0000E+02 in 

 

Printing Options: 

- Values of pile-head deflection, bending moment, shear force, and  

  soil reaction are printed for full length of pile. 

- Printing Increment (spacing of output points) =  1 

 

 

------------------------------------------------------------------------------ 

                   Pile Structural Properties and Geometry 

------------------------------------------------------------------------------ 

 

Pile Length                               =     570.00 in 

 

Depth of ground surface below top of pile =    -120.00 in 

 

Slope angle of ground surface             =       0.00 deg. 

 

Structural properties of pile defined using  2 points 

 

Point    Depth         Pile      Moment of       Pile      Modulus of 

           X         Diameter     Inertia       Area      Elasticity 

           in           in         in**4        Sq.in      lbs/Sq.in 

-----  ---------   -----------   ----------   ----------   ----------- 

  1       0.0000   14.00000000    3201.3000     196.0000      3600000. 

  2     570.0000   14.00000000    3201.3000     196.0000      3600000. 

 

 

------------------------------------------------------------------------------ 

                      Soil and Rock Layering Information 

------------------------------------------------------------------------------ 

 

The soil profile is modelled using  8 layers 

 

Layer  1 is stiff clay without free water 

Distance from top of pile to top of layer    =     -120.000 in 

Distance from top of pile to bottom of layer =        0.000 in 

 

Layer  2 is stiff clay without free water 

Distance from top of pile to top of layer    =        0.000 in 

Distance from top of pile to bottom of layer =       30.000 in 

 

Layer  3 is stiff clay without free water 

Distance from top of pile to top of layer    =       30.000 in 

Distance from top of pile to bottom of layer =       90.000 in 

 

Layer  4 is stiff clay without free water 

Distance from top of pile to top of layer    =       90.000 in 



Distance from top of pile to bottom of layer =      228.000 in 

 

Layer  5 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      228.000 in 

Distance from top of pile to bottom of layer =      312.000 in 

p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3 

 

Layer  6 is stiff clay without free water 

Distance from top of pile to top of layer    =      312.000 in 

Distance from top of pile to bottom of layer =      432.000 in 

 

Layer  7 is stiff clay without free water 

Distance from top of pile to top of layer    =      432.000 in 

Distance from top of pile to bottom of layer =      540.000 in 

 

Layer  8 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      540.000 in 

Distance from top of pile to bottom of layer =      900.000 in 

p-y subgrade modulus k for top of soil layer =      150.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =      150.000 lbs/in**3 

 

 

(Depth of lowest layer extends  330.00 in below pile tip) 

------------------------------------------------------------------------------ 

                   Effective Unit Weight of Soil vs. Depth 

------------------------------------------------------------------------------ 

 

Effective unit weight of soil with depth defined using 16 points 

 

Point        Depth X    Eff. Unit Weight 

 No.           in          lbs/in**3 

-----      ----------   ---------------- 

  1          -120.00        0.06940 

  2             0.00        0.06940 

  3             0.00        0.03330 

  4            30.00        0.03330 

  5            30.00        0.03330 

  6            90.00        0.03330 

  7            90.00        0.03040 

  8           228.00        0.03040 

  9           228.00        0.03620 

 10           312.00        0.03620 

 11           312.00        0.03040 

 12           432.00        0.03040 

 13           432.00        0.03330 

 14           540.00        0.03330 

 15           540.00        0.04490 

 16           900.00        0.04490 

 

------------------------------------------------------------------------------ 

                           Shear Strength of Soils 

------------------------------------------------------------------------------ 

 

Shear strength parameters with depth defined using 16 points 

 

Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD 



 No.       in         lbs/in**2            Deg.            k_rm        % 

-----   --------     ----------     ------------------    ------    ------ 

  1     -120.000        6.94000            0.00          0.00900       0.0 

  2        0.000        6.94000            0.00          0.00900       0.0 

  3        0.000        6.11000            0.00          0.01000       0.0 

  4       30.000        6.11000            0.00          0.01000       0.0 

  5       30.000       15.28000            0.00          0.00500       0.0 

  6       90.000       15.28000            0.00          0.00500       0.0 

  7       90.000        9.72000            0.00          0.00800       0.0 

  8      228.000        9.72000            0.00          0.00800       0.0 

  9      228.000        0.00000           35.00           ------    ------ 

 10      312.000        0.00000           35.00           ------    ------ 

 11      312.000        7.99000            0.00          0.00900       0.0 

 12      432.000        7.99000            0.00          0.00900       0.0 

 13      432.000        9.58000            0.00          0.00800       0.0 

 14      540.000        9.58000            0.00          0.00800       0.0 

 15      540.000        0.00000           41.00           ------    ------ 

 16      900.000        0.00000           41.00           ------    ------ 

 

Notes: 

 

(1)  Cohesion = uniaxial compressive strength for rock materials. 

(2)  Values of E50 are reported for clay strata.  

(3)  Default values will be generated for E50 when input values are 0. 

(4)  RQD and k_rm are reported only for weak rock strata. 

 

------------------------------------------------------------------------------ 

                                 Loading Type 

------------------------------------------------------------------------------ 

 

Static loading criteria was used for computation of p-y curves. 

 

------------------------------------------------------------------------------ 

              Pile-head Loading and Pile-head Fixity Conditions 

------------------------------------------------------------------------------ 

 

Number of loads specified = 10 

 

Load Case Number  1 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           0.100 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      248000.000 lbs 

 

Load Case Number  2 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           0.250 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      248000.000 lbs 

 

Load Case Number  3 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           0.500 in 

Bending moment at pile head =           0.000 in-lbs 



Axial load at pile head     =      248000.000 lbs 

 

Load Case Number  4 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           0.750 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      248000.000 lbs 

 

Load Case Number  5 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           1.000 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      248000.000 lbs 

 

Load Case Number  6 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           1.500 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      248000.000 lbs 

 

Load Case Number  7 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           2.000 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      248000.000 lbs 

 

Load Case Number  8 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           3.000 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      248000.000 lbs 

 

Load Case Number  9 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           4.000 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      248000.000 lbs 

 

Load Case Number 10 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           5.000 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      248000.000 lbs 

 

 

 

 

 

 

 



------------------------------------------------------------------------------ 

                          Summary of Pile Response(s) 

------------------------------------------------------------------------------ 

 

Definition of Symbols for Pile-Head Loading Conditions: 

 

Type 1 = Shear and Moment,          y = pile-head displacment in 

Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in 

Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs 

Type 4 = Deflection and Moment,     S = Pile-head Slope, radians 

Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad 

 

Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum  

Type  Condition    Condition       Load     Deflection    Moment      Shear 

          1            2            lbs         in        in-lbs       lbs 

---- ------------ ------------ ----------- ----------- ----------- ----------- 

  4  y=  0.100000 M=     0.000     248000.   0.1000000     413694.  15312.6994 

  4  y=  0.250000 M=     0.000     248000.   0.2500000     762223.  23971.5776 

  4  y=  0.500000 M=     0.000     248000.   0.5000000    1211969.  33662.0076 

  4  y=  0.750000 M=     0.000     248000.   0.7500000    1576830.  40829.8825 

  4  y=  1.000000 M=     0.000     248000.   1.0000000    1897866.  46762.6591 

  4  y=     1.500 M=     0.000     248000.      1.5000    2457083.  56449.5698 

  4  y=     2.000 M=     0.000     248000.      2.0000    2945106.  64333.3409 

  4  y=     3.000 M=     0.000     248000.      3.0000    3776626.  77053.5676 

  4  y=     4.000 M=     0.000     248000.      4.0000    4531491.  87581.0255 

  4  y=     5.000 M=     0.000     248000.      5.0000    5192837.  96386.3069 

 

 

------------------------------------------------------------------------------ 

                     Pile-head Deflection vs. Pile Length 

------------------------------------------------------------------------------ 

 

Boundary Condition Type 4, Deflection and Moment 

 

Deflection =         0.10000  in 

Moment     =              0. in-lbs 

Axial Load =         248000. lbs 

 

 

 

   Pile       Pile Head       Maximum      Maximum 

  Length      Deflection      Moment        Shear  

    in           in           in-lbs         lbs 

-----------  ------------  ------------  ------------ 

   570.000    0.10000000  413693.83386   15312.69941 

   541.500    0.10000000  395373.54647   14661.16730 

   513.000    0.10000000  396378.77450   14847.10312 

   484.500    0.10000000  400627.44356   15054.36671 

   456.000    0.10000000  394615.50960   14663.12799 

   427.500    0.10000000  398893.32395   14907.65442 

   399.000    0.10000000  395290.87238   14636.83754 

   370.500    0.10000000  399920.64926   14924.29650 

   342.000    0.10000000  396876.42014   14739.65073 

   313.500    0.10000000  395932.87856   14655.60283 

 

 

This analysis ended normally.  
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------------------------------------------------------------------------------ 

                          Time and Date of Analysis 

------------------------------------------------------------------------------ 

 

               Date:  September 22, 2010     Time:  10:24:01 

 

 

------------------------------------------------------------------------------ 

                                Problem Title 

------------------------------------------------------------------------------ 

 

US 101/SR116 SOH (Replace) Bent 3_R-09-013 - Free                                

 

 

------------------------------------------------------------------------------ 

                                Program Options 

------------------------------------------------------------------------------ 

 

Units Used in Computations - US Customary Units: Inches, Pounds 

 

Basic Program Options: 

 

Analysis Type 1:  

- Computation of Lateral Pile Response Using User-specified Constant EI 

 

Computation Options: 

- Only internally-generated p-y curves used in analysis 

- Analysis does not use p-y multipliers (individual pile or shaft action only) 

- Analysis assumes no shear resistance at pile tip 

- Analysis includes automatic computation of pile-top deflection vs. 

  pile embedment length 



- No computation of foundation stiffness matrix elements 

- Output pile response for full length of pile 

- Analysis assumes no soil movements acting on pile 

- No additional p-y curves to be computed at user-specified depths 

 

Solution Control Parameters: 

- Number of pile increments            =          118 

- Maximum number of iterations allowed =          100 

- Deflection tolerance for convergence =   1.0000E-05 in 

- Maximum allowable deflection         =   1.0000E+02 in 

 

Printing Options: 

- Values of pile-head deflection, bending moment, shear force, and  

  soil reaction are printed for full length of pile. 

- Printing Increment (spacing of output points) =  1 

 

 

------------------------------------------------------------------------------ 

                   Pile Structural Properties and Geometry 

------------------------------------------------------------------------------ 

 

Pile Length                               =     708.00 in 

 

Depth of ground surface below top of pile =     -84.00 in 

 

Slope angle of ground surface             =       0.00 deg. 

 

Structural properties of pile defined using  2 points 

 

Point    Depth         Pile      Moment of       Pile      Modulus of 

           X         Diameter     Inertia       Area      Elasticity 

           in           in         in**4        Sq.in      lbs/Sq.in 

-----  ---------   -----------   ----------   ----------   ----------- 

  1       0.0000   14.00000000    3201.3000     196.0000      3600000. 

  2     708.0000   14.00000000    3201.3000     196.0000      3600000. 

 

 

------------------------------------------------------------------------------ 

                      Soil and Rock Layering Information 

------------------------------------------------------------------------------ 

 

The soil profile is modelled using 12 layers 

 

Layer  1 is stiff clay without free water 

Distance from top of pile to top of layer    =      -84.000 in 

Distance from top of pile to bottom of layer =       84.000 in 

 

Layer  2 is stiff clay without free water 

Distance from top of pile to top of layer    =       84.000 in 

Distance from top of pile to bottom of layer =      162.000 in 

 

Layer  3 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      162.000 in 

Distance from top of pile to bottom of layer =      192.000 in 

p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3 

 



Layer  4 is soft clay, p-y criteria by Matlock, 1970 

Distance from top of pile to top of layer    =      192.000 in 

Distance from top of pile to bottom of layer =      228.000 in 

 

Layer  5 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      228.000 in 

Distance from top of pile to bottom of layer =      264.000 in 

p-y subgrade modulus k for top of soil layer =       20.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       20.000 lbs/in**3 

 

Layer  6 is stiff clay without free water 

Distance from top of pile to top of layer    =      264.000 in 

Distance from top of pile to bottom of layer =      324.000 in 

 

Layer  7 is stiff clay without free water 

Distance from top of pile to top of layer    =      324.000 in 

Distance from top of pile to bottom of layer =      384.000 in 

 

Layer  8 is stiff clay without free water 

Distance from top of pile to top of layer    =      384.000 in 

Distance from top of pile to bottom of layer =      444.000 in 

 

Layer  9 is stiff clay without free water 

Distance from top of pile to top of layer    =      444.000 in 

Distance from top of pile to bottom of layer =      492.000 in 

 

Layer 10 is stiff clay without free water 

Distance from top of pile to top of layer    =      492.000 in 

Distance from top of pile to bottom of layer =      624.000 in 

 

Layer 11 is stiff clay without free water 

Distance from top of pile to top of layer    =      624.000 in 

Distance from top of pile to bottom of layer =      720.000 in 

 

Layer 12 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      720.000 in 

Distance from top of pile to bottom of layer =      954.000 in 

p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3 

 

 

(Depth of lowest layer extends  246.00 in below pile tip) 

 

 

------------------------------------------------------------------------------ 

                   Effective Unit Weight of Soil vs. Depth 

------------------------------------------------------------------------------ 

 

Effective unit weight of soil with depth defined using 24 points 

 

Point        Depth X    Eff. Unit Weight 

 No.           in          lbs/in**3 

-----      ----------   ---------------- 

  1           -84.00        0.03330 

  2            84.00        0.03330 

  3            84.00        0.03330 

  4           162.00        0.03330 



  5           162.00        0.03910 

  6           192.00        0.03910 

  7           192.00        0.03620 

  8           228.00        0.03620 

  9           228.00        0.03620 

 10           264.00        0.03620 

 11           264.00        0.03620 

 12           324.00        0.03620 

 13           324.00        0.03620 

 14           384.00        0.03620 

 15           384.00        0.03620 

 16           444.00        0.03620 

 17           444.00        0.03620 

 18           492.00        0.03620 

 19           492.00        0.03620 

 20           624.00        0.03620 

 21           624.00        0.04200 

 22           720.00        0.04200 

 23           720.00        0.04200 

 24           954.00        0.04200 

 

------------------------------------------------------------------------------ 

                           Shear Strength of Soils 

------------------------------------------------------------------------------ 

 

Shear strength parameters with depth defined using 24 points 

 

Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD 

 No.       in         lbs/in**2            Deg.            k_rm        % 

-----   --------     ----------     ------------------    ------    ------ 

  1      -84.000        5.83000            0.00          0.01000       0.0 

  2       84.000        5.83000            0.00          0.01000       0.0 

  3       84.000       13.89000            0.00          0.00700       0.0 

  4      162.000       13.89000            0.00          0.00700       0.0 

  5      162.000        0.00000           34.00           ------    ------ 

  6      192.000        0.00000           34.00           ------    ------ 

  7      192.000        2.78000            0.00          0.02000       0.0 

  8      228.000        2.78000            0.00          0.02000       0.0 

  9      228.000        0.00000           34.00           ------    ------ 

 10      264.000        0.00000           34.00           ------    ------ 

 11      264.000        5.56000            0.00          0.01000       0.0 

 12      324.000        5.56000            0.00          0.01000       0.0 

 13      324.000        8.33000            0.00          0.00800       0.0 

 14      384.000        8.33000            0.00          0.00800       0.0 

 15      384.000       11.81000            0.00          0.00700       0.0 

 16      444.000       11.81000            0.00          0.00700       0.0 

 17      444.000        9.72000            0.00          0.00800       0.0 

 18      492.000        9.72000            0.00          0.00800       0.0 

 19      492.000        9.72000            0.00          0.00800       0.0 

 20      624.000        9.72000            0.00          0.00800       0.0 

 21      624.000       10.42000            0.00          0.00700       0.0 

 22      720.000       10.42000            0.00          0.00700       0.0 

 23      720.000        0.00000           41.00           ------    ------ 

 24      954.000        0.00000           41.00           ------    ------ 

 

Notes: 

 



(1)  Cohesion = uniaxial compressive strength for rock materials. 

(2)  Values of E50 are reported for clay strata.  

(3)  Default values will be generated for E50 when input values are 0. 

(4)  RQD and k_rm are reported only for weak rock strata. 

 

------------------------------------------------------------------------------ 

                                 Loading Type 

------------------------------------------------------------------------------ 

 

Static loading criteria was used for computation of p-y curves. 

------------------------------------------------------------------------------ 

              Pile-head Loading and Pile-head Fixity Conditions 

------------------------------------------------------------------------------ 

 

Number of loads specified = 10 

 

Load Case Number  1 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           0.100 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      197000.000 lbs 

 

Load Case Number  2 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           0.250 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      197000.000 lbs 

 

Load Case Number  3 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           0.500 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      197000.000 lbs 

 

Load Case Number  4 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           0.750 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      197000.000 lbs 

 

Load Case Number  5 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           1.000 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      197000.000 lbs 

 

Load Case Number  6 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           1.500 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      197000.000 lbs 



 

Load Case Number  7 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           2.000 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      197000.000 lbs 

 

Load Case Number  8 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           3.000 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      197000.000 lbs 

 

Load Case Number  9 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           4.000 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      197000.000 lbs 

 

Load Case Number 10 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           5.000 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      197000.000 lbs 

------------------------------------------------------------------------------ 

                          Summary of Pile Response(s) 

------------------------------------------------------------------------------ 

 

Definition of Symbols for Pile-Head Loading Conditions: 

 

Type 1 = Shear and Moment,          y = pile-head displacment in 

Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in 

Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs 

Type 4 = Deflection and Moment,     S = Pile-head Slope, radians 

Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad 

 

Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum  

Type  Condition    Condition       Load     Deflection    Moment      Shear 

          1            2            lbs         in        in-lbs       lbs 

---- ------------ ------------ ----------- ----------- ----------- ----------- 

  5  y=  0.100000 S=     0.000     197000.   0.1000000    -715754.  20059.5164 

  5  y=  0.250000 S=     0.000     197000.   0.2500000   -1336530.  31483.5087 

  5  y=  0.500000 S=     0.000     197000.   0.5000000   -2155864.  44624.8768 

  5  y=  0.750000 S=     0.000     197000.   0.7500000   -2862601.  54965.7602 

  5  y=  1.000000 S=     0.000     197000.   1.0000000   -3499210.  63752.5618 

  5  y=     1.500 S=     0.000     197000.      1.5000   -4622059.  78376.3883 

  5  y=     2.000 S=     0.000     197000.      2.0000   -5650505.  91006.0294 

  5  y=     3.000 S=     0.000     197000.      3.0000   -7560501.     113179. 

  5  y=     4.000 S=     0.000     197000.      4.0000   -9337774.     132776. 

  5  y=     5.000 S=     0.000     197000.      5.0000 -1.1035E+07     150851. 

 

 

------------------------------------------------------------------------------ 



                     Pile-head Deflection vs. Pile Length 

------------------------------------------------------------------------------ 

 

 Boundary Condition Type 5, Deflection and Slope 

 

Deflection =         0.10000  in 

Slope      =         0.00000 

Axial Load =         197000. lbs 

 

 

 

   Pile       Pile Head       Maximum      Maximum 

  Length      Deflection      Moment        Shear  

    in           in           in-lbs         lbs 

-----------  ------------  ------------  ------------ 

   708.000    0.10000000 -715753.66906   20059.51638 

   672.600    0.10000000 -712504.65658   19980.17200 

   637.200    0.10000000 -711197.81902   19942.61022 

   601.800    0.10000000 -710301.29554   19916.60496 

   566.400    0.10000000 -710847.32262   19926.20980 

   531.000    0.10000000 -712018.29237   19953.42197 

   495.600    0.10000000 -708114.75117   19850.27562 

   460.200    0.10000000 -711767.15867   19940.67644 

   424.800    0.10000000 -710645.29443   19908.46923 

   389.400    0.10000000 -711822.50420   19936.09205 

 

 

This analysis ended normally.  
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------------------------------------------------------------------------------ 

                          Time and Date of Analysis 

------------------------------------------------------------------------------ 

 

               Date:  September 22, 2010     Time:  10:26:15 

 

 

------------------------------------------------------------------------------ 

                                Problem Title 

------------------------------------------------------------------------------ 

 

US 101/SR116 SOH (Replace) Bent 3_R-09-013 - Free                                

 

 

------------------------------------------------------------------------------ 

                                Program Options 

------------------------------------------------------------------------------ 

 

Units Used in Computations - US Customary Units: Inches, Pounds 

 

Basic Program Options: 

 

Analysis Type 1:  

- Computation of Lateral Pile Response Using User-specified Constant EI 

 

Computation Options: 

- Only internally-generated p-y curves used in analysis 

- Analysis does not use p-y multipliers (individual pile or shaft action only) 

- Analysis assumes no shear resistance at pile tip 

- Analysis includes automatic computation of pile-top deflection vs. 

  pile embedment length 



- No computation of foundation stiffness matrix elements 

- Output pile response for full length of pile 

- Analysis assumes no soil movements acting on pile 

- No additional p-y curves to be computed at user-specified depths 

 

Solution Control Parameters: 

- Number of pile increments            =          118 

- Maximum number of iterations allowed =          100 

- Deflection tolerance for convergence =   1.0000E-05 in 

- Maximum allowable deflection         =   1.0000E+02 in 

 

Printing Options: 

- Values of pile-head deflection, bending moment, shear force, and  

  soil reaction are printed for full length of pile. 

- Printing Increment (spacing of output points) =  1 

 

 

------------------------------------------------------------------------------ 

                   Pile Structural Properties and Geometry 

------------------------------------------------------------------------------ 

 

Pile Length                               =     708.00 in 

 

Depth of ground surface below top of pile =     -84.00 in 

 

Slope angle of ground surface             =       0.00 deg. 

 

Structural properties of pile defined using  2 points 

 

Point    Depth         Pile      Moment of       Pile      Modulus of 

           X         Diameter     Inertia       Area      Elasticity 

           in           in         in**4        Sq.in      lbs/Sq.in 

-----  ---------   -----------   ----------   ----------   ----------- 

  1       0.0000   14.00000000    3201.3000     196.0000      3600000. 

  2     708.0000   14.00000000    3201.3000     196.0000      3600000. 

 

 

------------------------------------------------------------------------------ 

                      Soil and Rock Layering Information 

------------------------------------------------------------------------------ 

 

The soil profile is modelled using 12 layers 

 

Layer  1 is stiff clay without free water 

Distance from top of pile to top of layer    =      -84.000 in 

Distance from top of pile to bottom of layer =       84.000 in 

 

Layer  2 is stiff clay without free water 

Distance from top of pile to top of layer    =       84.000 in 

Distance from top of pile to bottom of layer =      162.000 in 

 

Layer  3 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      162.000 in 

Distance from top of pile to bottom of layer =      192.000 in 

p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3 

 



Layer  4 is soft clay, p-y criteria by Matlock, 1970 

Distance from top of pile to top of layer    =      192.000 in 

Distance from top of pile to bottom of layer =      228.000 in 

 

Layer  5 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      228.000 in 

Distance from top of pile to bottom of layer =      264.000 in 

p-y subgrade modulus k for top of soil layer =       20.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       20.000 lbs/in**3 

 

Layer  6 is stiff clay without free water 

Distance from top of pile to top of layer    =      264.000 in 

Distance from top of pile to bottom of layer =      324.000 in 

 

Layer  7 is stiff clay without free water 

Distance from top of pile to top of layer    =      324.000 in 

Distance from top of pile to bottom of layer =      384.000 in 

 

Layer  8 is stiff clay without free water 

Distance from top of pile to top of layer    =      384.000 in 

Distance from top of pile to bottom of layer =      444.000 in 

 

Layer  9 is stiff clay without free water 

Distance from top of pile to top of layer    =      444.000 in 

Distance from top of pile to bottom of layer =      492.000 in 

 

Layer 10 is stiff clay without free water 

Distance from top of pile to top of layer    =      492.000 in 

Distance from top of pile to bottom of layer =      624.000 in 

 

Layer 11 is stiff clay without free water 

Distance from top of pile to top of layer    =      624.000 in 

Distance from top of pile to bottom of layer =      720.000 in 

 

Layer 12 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      720.000 in 

Distance from top of pile to bottom of layer =      954.000 in 

p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3 

 

 

(Depth of lowest layer extends  246.00 in below pile tip) 

------------------------------------------------------------------------------ 

                   Effective Unit Weight of Soil vs. Depth 

------------------------------------------------------------------------------ 

 

Effective unit weight of soil with depth defined using 24 points 

 

Point        Depth X    Eff. Unit Weight 

 No.           in          lbs/in**3 

-----      ----------   ---------------- 

  1           -84.00        0.03330 

  2            84.00        0.03330 

  3            84.00        0.03330 

  4           162.00        0.03330 

  5           162.00        0.03910 

  6           192.00        0.03910 



  7           192.00        0.03620 

  8           228.00        0.03620 

  9           228.00        0.03620 

 10           264.00        0.03620 

 11           264.00        0.03620 

 12           324.00        0.03620 

 13           324.00        0.03620 

 14           384.00        0.03620 

 15           384.00        0.03620 

 16           444.00        0.03620 

 17           444.00        0.03620 

 18           492.00        0.03620 

 19           492.00        0.03620 

 20           624.00        0.03620 

 21           624.00        0.04200 

 22           720.00        0.04200 

 23           720.00        0.04200 

 24           954.00        0.04200 

------------------------------------------------------------------------------ 

                           Shear Strength of Soils 

------------------------------------------------------------------------------ 

 

Shear strength parameters with depth defined using 24 points 

 

Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD 

 No.       in         lbs/in**2            Deg.            k_rm        % 

-----   --------     ----------     ------------------    ------    ------ 

  1      -84.000        5.83000            0.00          0.01000       0.0 

  2       84.000        5.83000            0.00          0.01000       0.0 

  3       84.000       13.89000            0.00          0.00700       0.0 

  4      162.000       13.89000            0.00          0.00700       0.0 

  5      162.000        0.00000           34.00           ------    ------ 

  6      192.000        0.00000           34.00           ------    ------ 

  7      192.000        2.78000            0.00          0.02000       0.0 

  8      228.000        2.78000            0.00          0.02000       0.0 

  9      228.000        0.00000           34.00           ------    ------ 

 10      264.000        0.00000           34.00           ------    ------ 

 11      264.000        5.56000            0.00          0.01000       0.0 

 12      324.000        5.56000            0.00          0.01000       0.0 

 13      324.000        8.33000            0.00          0.00800       0.0 

 14      384.000        8.33000            0.00          0.00800       0.0 

 15      384.000       11.81000            0.00          0.00700       0.0 

 16      444.000       11.81000            0.00          0.00700       0.0 

 17      444.000        9.72000            0.00          0.00800       0.0 

 18      492.000        9.72000            0.00          0.00800       0.0 

 19      492.000        9.72000            0.00          0.00800       0.0 

 20      624.000        9.72000            0.00          0.00800       0.0 

 21      624.000       10.42000            0.00          0.00700       0.0 

 22      720.000       10.42000            0.00          0.00700       0.0 

 23      720.000        0.00000           41.00           ------    ------ 

 24      954.000        0.00000           41.00           ------    ------ 

 

Notes: 

 

(1)  Cohesion = uniaxial compressive strength for rock materials. 

(2)  Values of E50 are reported for clay strata.  

(3)  Default values will be generated for E50 when input values are 0. 



(4)  RQD and k_rm are reported only for weak rock strata. 

 

------------------------------------------------------------------------------ 

                                 Loading Type 

------------------------------------------------------------------------------ 

 

Static loading criteria was used for computation of p-y curves. 

 

------------------------------------------------------------------------------ 

              Pile-head Loading and Pile-head Fixity Conditions 

------------------------------------------------------------------------------ 

 

Number of loads specified = 10 

 

Load Case Number  1 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           0.100 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      197000.000 lbs 

 

Load Case Number  2 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           0.250 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      197000.000 lbs 

 

Load Case Number  3 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           0.500 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      197000.000 lbs 

 

Load Case Number  4 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           0.750 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      197000.000 lbs 

 

Load Case Number  5 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           1.000 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      197000.000 lbs 

 

Load Case Number  6 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           1.500 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      197000.000 lbs 

 

Load Case Number  7 



 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           2.000 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      197000.000 lbs 

 

Load Case Number  8 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           3.000 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      197000.000 lbs 

 

Load Case Number  9 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           4.000 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      197000.000 lbs 

 

Load Case Number 10 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           5.000 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      197000.000 lbs 

------------------------------------------------------------------------------ 

                          Summary of Pile Response(s) 

------------------------------------------------------------------------------ 

 

Definition of Symbols for Pile-Head Loading Conditions: 

 

Type 1 = Shear and Moment,          y = pile-head displacment in 

Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in 

Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs 

Type 4 = Deflection and Moment,     S = Pile-head Slope, radians 

Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad 

 

Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum  

Type  Condition    Condition       Load     Deflection    Moment      Shear 

          1            2            lbs         in        in-lbs       lbs 

---- ------------ ------------ ----------- ----------- ----------- ----------- 

  4  y=  0.100000 M=     0.000     197000.   0.1000000     275115.  10037.0235 

  4  y=  0.250000 M=     0.000     197000.   0.2500000     512419.  15304.4455 

  4  y=  0.500000 M=     0.000     197000.   0.5000000     822586.  21037.3832 

  4  y=  0.750000 M=     0.000     197000.   0.7500000    1093864.  25412.9613 

  4  y=  1.000000 M=     0.000     197000.   1.0000000    1348440.  29128.0896 

  4  y=     1.500 M=     0.000     197000.      1.5000    1805349.  35312.8755 

  4  y=     2.000 M=     0.000     197000.      2.0000    2218681.  40533.9228 

  4  y=     3.000 M=     0.000     197000.      3.0000    2959441.  49167.9109 

  4  y=     4.000 M=     0.000     197000.      4.0000    3629751.  56424.3993 

  4  y=     5.000 M=     0.000     197000.      5.0000    4257973.  62823.8991 

 

 

 

 

 



------------------------------------------------------------------------------ 

                     Pile-head Deflection vs. Pile Length 

------------------------------------------------------------------------------ 

 

Boundary Condition Type 4, Deflection and Moment 

 

Deflection =         0.10000  in 

Moment     =              0. in-lbs 

Axial Load =         197000. lbs 

 

 

 

   Pile       Pile Head       Maximum      Maximum 

  Length      Deflection      Moment        Shear  

    in           in           in-lbs         lbs 

-----------  ------------  ------------  ------------ 

   708.000    0.10000000  275114.51293   10037.02352 

   672.600    0.10000000  274424.71675   10032.04517 

   637.200    0.10000000  274506.74649   10026.48730 

   601.800    0.10000000  273883.81146   10024.92629 

   566.400    0.10000000  274416.20276   10025.44973 

   531.000    0.10000000  274713.35492   10030.23902 

   495.600    0.10000000  273713.68706   10015.36316 

   460.200    0.10000000  274522.75923   10028.57682 

   424.800    0.10000000  274363.55951   10024.56331 

   389.400    0.10000000  274389.28964   10025.30682 

 

 

This analysis ended normally.  
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------------------------------------------------------------------------------ 

                          Time and Date of Analysis 

------------------------------------------------------------------------------ 

 

               Date:  September 22, 2010     Time:  10:34:46 

 

 

------------------------------------------------------------------------------ 

                                Problem Title 

------------------------------------------------------------------------------ 

 

US 101/SR116 SOH (Replace) Bent 4_R-09-014 - Free                                

 

 

------------------------------------------------------------------------------ 

                                Program Options 

------------------------------------------------------------------------------ 

 

Units Used in Computations - US Customary Units: Inches, Pounds 

 

Basic Program Options: 

 

Analysis Type 1:  

- Computation of Lateral Pile Response Using User-specified Constant EI 

 

Computation Options: 

- Only internally-generated p-y curves used in analysis 

- Analysis does not use p-y multipliers (individual pile or shaft action only) 

- Analysis assumes no shear resistance at pile tip 

- Analysis includes automatic computation of pile-top deflection vs. 

  pile embedment length 



- No computation of foundation stiffness matrix elements 

- Output pile response for full length of pile 

- Analysis assumes no soil movements acting on pile 

- No additional p-y curves to be computed at user-specified depths 

 

Solution Control Parameters: 

- Number of pile increments            =          150 

- Maximum number of iterations allowed =          100 

- Deflection tolerance for convergence =   1.0000E-05 in 

- Maximum allowable deflection         =   1.0000E+02 in 

 

Printing Options: 

- Values of pile-head deflection, bending moment, shear force, and  

  soil reaction are printed for full length of pile. 

- Printing Increment (spacing of output points) =  1 

 

 

------------------------------------------------------------------------------ 

                   Pile Structural Properties and Geometry 

------------------------------------------------------------------------------ 

 

Pile Length                               =     882.00 in 

 

Depth of ground surface below top of pile =    -102.00 in 

 

Slope angle of ground surface             =       0.00 deg. 

 

Structural properties of pile defined using  2 points 

 

Point    Depth         Pile      Moment of       Pile      Modulus of 

           X         Diameter     Inertia       Area      Elasticity 

           in           in         in**4        Sq.in      lbs/Sq.in 

-----  ---------   -----------   ----------   ----------   ----------- 

  1       0.0000   14.00000000    3201.3000     196.0000      3600000. 

  2     882.0000   14.00000000    3201.3000     196.0000      3600000. 

 

 

------------------------------------------------------------------------------ 

                      Soil and Rock Layering Information 

------------------------------------------------------------------------------ 

 

The soil profile is modelled using 13 layers 

 

Layer  1 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =     -102.000 in 

Distance from top of pile to bottom of layer =        0.001 in 

p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3 

 

Layer  2 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =        0.001 in 

Distance from top of pile to bottom of layer =        6.000 in 

p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3 

 

Layer  3 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =        6.000 in 



Distance from top of pile to bottom of layer =       30.000 in 

p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3 

 

Layer  4 is stiff clay without free water 

Distance from top of pile to top of layer    =       30.000 in 

Distance from top of pile to bottom of layer =       66.000 in 

 

Layer  5 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =       66.000 in 

Distance from top of pile to bottom of layer =      234.000 in 

p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3 

 

Layer  6 is stiff clay without free water 

Distance from top of pile to top of layer    =      234.000 in 

Distance from top of pile to bottom of layer =      396.000 in 

 

Layer  7 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      396.000 in 

Distance from top of pile to bottom of layer =      426.000 in 

p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3 

 

Layer  8 is stiff clay without free water 

Distance from top of pile to top of layer    =      426.000 in 

Distance from top of pile to bottom of layer =      474.000 in 

 

Layer  9 is stiff clay without free water 

Distance from top of pile to top of layer    =      474.000 in 

Distance from top of pile to bottom of layer =      738.000 in 

 

Layer 10 is stiff clay without free water 

Distance from top of pile to top of layer    =      738.000 in 

Distance from top of pile to bottom of layer =      918.000 in 

 

Layer 11 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      918.000 in 

Distance from top of pile to bottom of layer =      942.000 in 

p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3 

 

Layer 12 is stiff clay without free water 

Distance from top of pile to top of layer    =      942.000 in 

Distance from top of pile to bottom of layer =      996.000 in 

 

Layer 13 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      996.000 in 

Distance from top of pile to bottom of layer =     1056.000 in 

p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3 

 

 

(Depth of lowest layer extends  174.00 in below pile tip) 

 

 

------------------------------------------------------------------------------ 



                   Effective Unit Weight of Soil vs. Depth 

------------------------------------------------------------------------------ 

 

Effective unit weight of soil with depth defined using 26 points 

 

Point        Depth X    Eff. Unit Weight 

 No.           in          lbs/in**3 

-----      ----------   ---------------- 

  1          -102.00        0.07230 

  2             0.00        0.07230 

  3             0.00        0.07230 

  4             6.00        0.07230 

  5             6.00        0.03620 

  6            30.00        0.03620 

  7            30.00        0.03040 

  8            66.00        0.03040 

  9            66.00        0.03620 

 10           234.00        0.03620 

 11           234.00        0.03620 

 12           396.00        0.03620 

 13           396.00        0.03910 

 14           426.00        0.03910 

 15           426.00        0.03620 

 16           474.00        0.03620 

 17           474.00        0.03330 

 18           738.00        0.03330 

 19           738.00        0.03330 

 20           918.00        0.03330 

 21           918.00        0.03910 

 22           942.00        0.03910 

 23           942.00        0.02180 

 24           996.00        0.02180 

 25           996.00        0.04200 

 26          1056.00        0.04200 

 

------------------------------------------------------------------------------ 

                           Shear Strength of Soils 

------------------------------------------------------------------------------ 

 

Shear strength parameters with depth defined using 26 points 

 

Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD 

 No.       in         lbs/in**2            Deg.            k_rm        % 

-----   --------     ----------     ------------------    ------    ------ 

  1     -102.000        0.00000           34.00           ------    ------ 

  2        0.001        0.00000           34.00           ------    ------ 

  3        0.001        0.00000           34.00           ------    ------ 

  4        6.000        0.00000           34.00           ------    ------ 

  5        6.000        0.00000           34.00           ------    ------ 

  6       30.000        0.00000           34.00           ------    ------ 

  7       30.000        8.68000            0.00          0.00800       0.0 

  8       66.000        8.68000            0.00          0.00800       0.0 

  9       66.000        0.00000           36.00           ------    ------ 

 10      234.000        0.00000           36.00           ------    ------ 

 11      234.000       11.46000            0.00          0.00700       0.0 

 12      396.000       11.46000            0.00          0.00700       0.0 

 13      396.000        0.00000           36.00           ------    ------ 



 14      426.000        0.00000           36.00           ------    ------ 

 15      426.000        4.17000            0.00          0.01300       0.0 

 16      474.000        4.17000            0.00          0.01300       0.0 

 17      474.000        7.64000            0.00          0.00900       0.0 

 18      738.000        7.64000            0.00          0.00900       0.0 

 19      738.000       12.50000            0.00          0.00700       0.0 

 20      918.000       12.50000            0.00          0.00700       0.0 

 21      918.000        0.00000           41.00           ------    ------ 

 22      942.000        0.00000           41.00           ------    ------ 

 23      942.000       17.36000            0.00          0.00500       0.0 

 24      996.000       17.36000            0.00          0.00500       0.0 

 25      996.000        0.00000           41.00           ------    ------ 

 26     1056.000        0.00000           41.00           ------    ------ 

 

Notes: 

 

(1)  Cohesion = uniaxial compressive strength for rock materials. 

(2)  Values of E50 are reported for clay strata.  

(3)  Default values will be generated for E50 when input values are 0. 

(4)  RQD and k_rm are reported only for weak rock strata. 

 

------------------------------------------------------------------------------ 

                                 Loading Type 

------------------------------------------------------------------------------ 

 

Static loading criteria was used for computation of p-y curves. 

 

------------------------------------------------------------------------------ 

              Pile-head Loading and Pile-head Fixity Conditions 

------------------------------------------------------------------------------ 

 

Number of loads specified = 10 

 

Load Case Number  1 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           0.100 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      192000.000 lbs 

 

Load Case Number  2 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           0.250 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      192000.000 lbs 

 

Load Case Number  3 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           0.500 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      192000.000 lbs 

 

Load Case Number  4 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 



Deflection at pile head     =           0.750 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      192000.000 lbs 

 

Load Case Number  5 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           1.000 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      192000.000 lbs 

 

Load Case Number  6 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           1.500 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      192000.000 lbs 

 

Load Case Number  7 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           2.000 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      192000.000 lbs 

 

Load Case Number  8 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           3.000 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      192000.000 lbs 

 

Load Case Number  9 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           4.000 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      192000.000 lbs 

 

Load Case Number 10 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           5.000 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      192000.000 lbs 

 

------------------------------------------------------------------------------ 

                          Summary of Pile Response(s) 

------------------------------------------------------------------------------ 

 

Definition of Symbols for Pile-Head Loading Conditions: 

 

Type 1 = Shear and Moment,          y = pile-head displacment in 

Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in 

Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs 

Type 4 = Deflection and Moment,     S = Pile-head Slope, radians 

Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad 



 

Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum  

Type  Condition    Condition       Load     Deflection    Moment      Shear 

          1            2            lbs         in        in-lbs       lbs 

---- ------------ ------------ ----------- ----------- ----------- ----------- 

  5  y=  0.100000 S=     0.000     192000.   0.1000000    -932051.  38526.2759 

  5  y=  0.250000 S=     0.000     192000.   0.2500000   -2034307.  79917.4694 

  5  y=  0.500000 S=     0.000     192000.   0.5000000   -3622672.     133087. 

  5  y=  0.750000 S=     0.000     192000.   0.7500000   -4953991.     163258. 

  5  y=  1.000000 S=     0.000     192000.   1.0000000   -6123010.     183660. 

  5  y=     1.500 S=     0.000     192000.      1.5000   -8347861.     221351. 

  5  y=     2.000 S=     0.000     192000.      2.0000 -1.0308E+07     252107. 

  5  y=     3.000 S=     0.000     192000.      3.0000 -1.3686E+07     300703. 

  5  y=     4.000 S=     0.000     192000.      4.0000 -1.6617E+07     339548. 

  5  y=     5.000 S=     0.000     192000.      5.0000 -1.9244E+07     372281. 

 

 

------------------------------------------------------------------------------ 

                     Pile-head Deflection vs. Pile Length 

------------------------------------------------------------------------------ 

 

 Boundary Condition Type 5, Deflection and Slope 

 

Deflection =         0.10000  in 

Slope      =         0.00000 

Axial Load =         192000. lbs 

 

 

 

   Pile       Pile Head       Maximum      Maximum 

  Length      Deflection      Moment        Shear  

    in           in           in-lbs         lbs 

-----------  ------------  ------------  ------------ 

   882.000    0.10000000 -932050.72444   38526.27595 

   837.900    0.10000000 -923484.72842   38042.97680 

   793.800    0.10000000 -918353.53990   37639.28866 

   749.700    0.10000000 -931536.06574   38131.06054 

   705.600    0.10000000 -924819.95692   37677.99621 

   661.500    0.10000000 -914733.72009   37115.67459 

   617.400    0.10000000 -925159.65881   37454.73067 

   573.300    0.10000000 -915972.08437   36895.34649 

   529.200    0.10000000 -919731.74191   36985.10860 

   485.100    0.10000000 -922829.73310   37002.89618 

 

 

This analysis ended normally.  
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------------------------------------------------------------------------------ 

                          Time and Date of Analysis 

------------------------------------------------------------------------------ 

 

               Date:  September 22, 2010     Time:  10:40:32 

 

 

------------------------------------------------------------------------------ 

                                Problem Title 

------------------------------------------------------------------------------ 

 

US 101/SR116 SOH (Replace) Bent 4_R-09-014 - Free                                

 

 

------------------------------------------------------------------------------ 

                                Program Options 

------------------------------------------------------------------------------ 

 

Units Used in Computations - US Customary Units: Inches, Pounds 

 

Basic Program Options: 

 

Analysis Type 1:  

- Computation of Lateral Pile Response Using User-specified Constant EI 

 

Computation Options: 

- Only internally-generated p-y curves used in analysis 

- Analysis does not use p-y multipliers (individual pile or shaft action only) 

- Analysis assumes no shear resistance at pile tip 

- Analysis includes automatic computation of pile-top deflection vs. 

  pile embedment length 



- No computation of foundation stiffness matrix elements 

- Output pile response for full length of pile 

- Analysis assumes no soil movements acting on pile 

- No additional p-y curves to be computed at user-specified depths 

 

Solution Control Parameters: 

- Number of pile increments            =          150 

- Maximum number of iterations allowed =          100 

- Deflection tolerance for convergence =   1.0000E-05 in 

- Maximum allowable deflection         =   1.0000E+02 in 

 

Printing Options: 

- Values of pile-head deflection, bending moment, shear force, and  

  soil reaction are printed for full length of pile. 

- Printing Increment (spacing of output points) =  1 

 

 

------------------------------------------------------------------------------ 

                   Pile Structural Properties and Geometry 

------------------------------------------------------------------------------ 

 

Pile Length                               =     882.00 in 

 

Depth of ground surface below top of pile =    -102.00 in 

 

Slope angle of ground surface             =       0.00 deg. 

 

Structural properties of pile defined using  2 points 

 

Point    Depth         Pile      Moment of       Pile      Modulus of 

           X         Diameter     Inertia       Area      Elasticity 

           in           in         in**4        Sq.in      lbs/Sq.in 

-----  ---------   -----------   ----------   ----------   ----------- 

  1       0.0000   14.00000000    3201.3000     196.0000      3600000. 

  2     882.0000   14.00000000    3201.3000     196.0000      3600000. 

 

 

------------------------------------------------------------------------------ 

                      Soil and Rock Layering Information 

------------------------------------------------------------------------------ 

 

The soil profile is modelled using 13 layers 

 

Layer  1 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =     -102.000 in 

Distance from top of pile to bottom of layer =        0.001 in 

p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3 

 

Layer  2 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =        0.001 in 

Distance from top of pile to bottom of layer =        6.000 in 

p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3 

 

Layer  3 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =        6.000 in 



Distance from top of pile to bottom of layer =       30.000 in 

p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3 

 

Layer  4 is stiff clay without free water 

Distance from top of pile to top of layer    =       30.000 in 

Distance from top of pile to bottom of layer =       66.000 in 

 

Layer  5 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =       66.000 in 

Distance from top of pile to bottom of layer =      234.000 in 

p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3 

 

Layer  6 is stiff clay without free water 

Distance from top of pile to top of layer    =      234.000 in 

Distance from top of pile to bottom of layer =      396.000 in 

 

Layer  7 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      396.000 in 

Distance from top of pile to bottom of layer =      426.000 in 

p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3 

 

Layer  8 is stiff clay without free water 

Distance from top of pile to top of layer    =      426.000 in 

Distance from top of pile to bottom of layer =      474.000 in 

 

Layer  9 is stiff clay without free water 

Distance from top of pile to top of layer    =      474.000 in 

Distance from top of pile to bottom of layer =      738.000 in 

 

Layer 10 is stiff clay without free water 

Distance from top of pile to top of layer    =      738.000 in 

Distance from top of pile to bottom of layer =      918.000 in 

 

Layer 11 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      918.000 in 

Distance from top of pile to bottom of layer =      942.000 in 

p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3 

 

Layer 12 is stiff clay without free water 

Distance from top of pile to top of layer    =      942.000 in 

Distance from top of pile to bottom of layer =      996.000 in 

 

Layer 13 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      996.000 in 

Distance from top of pile to bottom of layer =     1056.000 in 

p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3 

 

 

(Depth of lowest layer extends  174.00 in below pile tip) 

 

 

 



------------------------------------------------------------------------------ 

                   Effective Unit Weight of Soil vs. Depth 

------------------------------------------------------------------------------ 

 

Effective unit weight of soil with depth defined using 26 points 

 

Point        Depth X    Eff. Unit Weight 

 No.           in          lbs/in**3 

-----      ----------   ---------------- 

  1          -102.00        0.07230 

  2             0.00        0.07230 

  3             0.00        0.07230 

  4             6.00        0.07230 

  5             6.00        0.03620 

  6            30.00        0.03620 

  7            30.00        0.03040 

  8            66.00        0.03040 

  9            66.00        0.03620 

 10           234.00        0.03620 

 11           234.00        0.03620 

 12           396.00        0.03620 

 13           396.00        0.03910 

 14           426.00        0.03910 

 15           426.00        0.03620 

 16           474.00        0.03620 

 17           474.00        0.03330 

 18           738.00        0.03330 

 19           738.00        0.03330 

 20           918.00        0.03330 

 21           918.00        0.03910 

 22           942.00        0.03910 

 23           942.00        0.02180 

 24           996.00        0.02180 

 25           996.00        0.04200 

 26          1056.00        0.04200 

 

------------------------------------------------------------------------------ 

                           Shear Strength of Soils 

------------------------------------------------------------------------------ 

 

Shear strength parameters with depth defined using 26 points 

 

Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD 

 No.       in         lbs/in**2            Deg.            k_rm        % 

-----   --------     ----------     ------------------    ------    ------ 

  1     -102.000        0.00000           34.00           ------    ------ 

  2        0.001        0.00000           34.00           ------    ------ 

  3        0.001        0.00000           34.00           ------    ------ 

  4        6.000        0.00000           34.00           ------    ------ 

  5        6.000        0.00000           34.00           ------    ------ 

  6       30.000        0.00000           34.00           ------    ------ 

  7       30.000        8.68000            0.00          0.00800       0.0 

  8       66.000        8.68000            0.00          0.00800       0.0 

  9       66.000        0.00000           36.00           ------    ------ 

 10      234.000        0.00000           36.00           ------    ------ 

 11      234.000       11.46000            0.00          0.00700       0.0 

 12      396.000       11.46000            0.00          0.00700       0.0 



 13      396.000        0.00000           36.00           ------    ------ 

 14      426.000        0.00000           36.00           ------    ------ 

 15      426.000        4.17000            0.00          0.01300       0.0 

 16      474.000        4.17000            0.00          0.01300       0.0 

 17      474.000        7.64000            0.00          0.00900       0.0 

 18      738.000        7.64000            0.00          0.00900       0.0 

 19      738.000       12.50000            0.00          0.00700       0.0 

 20      918.000       12.50000            0.00          0.00700       0.0 

 21      918.000        0.00000           41.00           ------    ------ 

 22      942.000        0.00000           41.00           ------    ------ 

 23      942.000       17.36000            0.00          0.00500       0.0 

 24      996.000       17.36000            0.00          0.00500       0.0 

 25      996.000        0.00000           41.00           ------    ------ 

 26     1056.000        0.00000           41.00           ------    ------ 

 

Notes: 

 

(1)  Cohesion = uniaxial compressive strength for rock materials. 

(2)  Values of E50 are reported for clay strata.  

(3)  Default values will be generated for E50 when input values are 0. 

(4)  RQD and k_rm are reported only for weak rock strata. 

 

------------------------------------------------------------------------------ 

                                 Loading Type 

------------------------------------------------------------------------------ 

 

Static loading criteria was used for computation of p-y curves. 

 

------------------------------------------------------------------------------ 

              Pile-head Loading and Pile-head Fixity Conditions 

------------------------------------------------------------------------------ 

 

Number of loads specified = 10 

 

Load Case Number  1 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           0.100 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      192000.000 lbs 

 

Load Case Number  2 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           0.250 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      192000.000 lbs 

 

Load Case Number  3 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           0.500 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      192000.000 lbs 

 

Load Case Number  4 

 



Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           0.750 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      192000.000 lbs 

 

Load Case Number  5 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           1.000 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      192000.000 lbs 

 

Load Case Number  6 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           1.500 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      192000.000 lbs 

 

Load Case Number  7 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           2.000 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      192000.000 lbs 

 

Load Case Number  8 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           3.000 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      192000.000 lbs 

 

Load Case Number  9 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           4.000 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      192000.000 lbs 

 

Load Case Number 10 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           5.000 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      192000.000 lbs 

 

 

------------------------------------------------------------------------------ 

                          Summary of Pile Response(s) 

------------------------------------------------------------------------------ 

 

Definition of Symbols for Pile-Head Loading Conditions: 

 

Type 1 = Shear and Moment,          y = pile-head displacment in 

Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in 

Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs 



Type 4 = Deflection and Moment,     S = Pile-head Slope, radians 

Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad 

 

Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum  

Type  Condition    Condition       Load     Deflection    Moment      Shear 

          1            2            lbs         in        in-lbs       lbs 

---- ------------ ------------ ----------- ----------- ----------- ----------- 

  4  y=  0.100000 M=     0.000     192000.   0.1000000     356022.  20500.6384 

  4  y=  0.250000 M=     0.000     192000.   0.2500000     733204.  43097.9040 

  4  y=  0.500000 M=     0.000     192000.   0.5000000    1260188.  72892.8626 

  4  y=  0.750000 M=     0.000     192000.   0.7500000    1702431.  92863.0163 

  4  y=  1.000000 M=     0.000     192000.   1.0000000    2063465.     102528. 

  4  y=     1.500 M=     0.000     192000.      1.5000    2762618.     113800. 

  4  y=     2.000 M=     0.000     192000.      2.0000    3560772.     124657. 

  4  y=     3.000 M=     0.000     192000.      3.0000    5088782.     144769. 

  4  y=     4.000 M=     0.000     192000.      4.0000    6448100.     161396. 

  4  y=     5.000 M=     0.000     192000.      5.0000    7656861.     175441. 

 

 

------------------------------------------------------------------------------ 

                     Pile-head Deflection vs. Pile Length 

------------------------------------------------------------------------------ 

 

Boundary Condition Type 4, Deflection and Moment 

 

Deflection =         0.10000  in 

Moment     =              0. in-lbs 

Axial Load =         192000. lbs 

 

 

 

   Pile       Pile Head       Maximum      Maximum 

  Length      Deflection      Moment        Shear  

    in           in           in-lbs         lbs 

-----------  ------------  ------------  ------------ 

   882.000    0.10000000  356021.60411   20500.63838 

   837.900    0.10000000  352224.26327   20370.22147 

   793.800    0.10000000  354664.19245   20301.76129 

   749.700    0.10000000  354314.28117   20208.71736 

   705.600    0.10000000  355518.39230   20130.47862 

   661.500    0.10000000  351013.59151   19977.64689 

   617.400    0.10000000  354430.91898   19935.57706 

   573.300    0.10000000  353759.22674   19829.74304 

   529.200    0.10000000  352191.78962   19715.51244 

   485.100    0.10000000  352838.01802   19633.23436 

 

 

This analysis ended normally.  
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------------------------------------------------------------------------------ 

                          Time and Date of Analysis 

------------------------------------------------------------------------------ 

 

               Date:  September 21, 2010     Time:  16:53:53 

 

 

------------------------------------------------------------------------------ 

                                Problem Title 

------------------------------------------------------------------------------ 

 

US 101/SR116 SOH (Replace) Abutment 5_R-09-105 - Free                            

 

 

------------------------------------------------------------------------------ 

                                Program Options 

------------------------------------------------------------------------------ 

 

Units Used in Computations - US Customary Units: Inches, Pounds 

 

Basic Program Options: 

 

Analysis Type 1:  

- Computation of Lateral Pile Response Using User-specified Constant EI 

 

Computation Options: 

- Only internally-generated p-y curves used in analysis 

- Analysis does not use p-y multipliers (individual pile or shaft action only) 

- Analysis assumes no shear resistance at pile tip 

- Analysis includes automatic computation of pile-top deflection vs. 

  pile embedment length 



- No computation of foundation stiffness matrix elements 

- Output pile response for full length of pile 

- Analysis assumes no soil movements acting on pile 

- No additional p-y curves to be computed at user-specified depths 

 

Solution Control Parameters: 

- Number of pile increments            =          162 

- Maximum number of iterations allowed =          100 

- Deflection tolerance for convergence =   1.0000E-05 in 

- Maximum allowable deflection         =   1.0000E+02 in 

 

Printing Options: 

- Values of pile-head deflection, bending moment, shear force, and  

  soil reaction are printed for full length of pile. 

- Printing Increment (spacing of output points) =  1 

 

 

------------------------------------------------------------------------------ 

                   Pile Structural Properties and Geometry 

------------------------------------------------------------------------------ 

 

Pile Length                               =     972.00 in 

 

Depth of ground surface below top of pile =     -60.00 in 

 

Slope angle of ground surface             =      26.56 deg. 

 

Structural properties of pile defined using  2 points 

 

Point    Depth         Pile      Moment of       Pile      Modulus of 

           X         Diameter     Inertia       Area      Elasticity 

           in           in         in**4        Sq.in      lbs/Sq.in 

-----  ---------   -----------   ----------   ----------   ----------- 

  1       0.0000   14.00000000    3201.3000     196.0000      3600000. 

  2     972.0000   14.00000000    3201.3000     196.0000      3600000. 

 

 

------------------------------------------------------------------------------ 

                      Soil and Rock Layering Information 

------------------------------------------------------------------------------ 

 

The soil profile is modelled using 14 layers 

 

Layer  1 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      -60.000 in 

Distance from top of pile to bottom of layer =        0.001 in 

p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3 

 

Layer  2 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =        0.001 in 

Distance from top of pile to bottom of layer =       48.000 in 

p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3 

 

Layer  3 is stiff clay without free water 

Distance from top of pile to top of layer    =       48.000 in 



Distance from top of pile to bottom of layer =       72.000 in 

 

Layer  4 is stiff clay without free water 

Distance from top of pile to top of layer    =       72.000 in 

Distance from top of pile to bottom of layer =      144.000 in 

 

Layer  5 is stiff clay without free water 

Distance from top of pile to top of layer    =      144.000 in 

Distance from top of pile to bottom of layer =      216.000 in 

 

Layer  6 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      216.000 in 

Distance from top of pile to bottom of layer =      228.000 in 

p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3 

 

Layer  7 is stiff clay without free water 

Distance from top of pile to top of layer    =      228.000 in 

Distance from top of pile to bottom of layer =      312.000 in 

 

Layer  8 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      312.000 in 

Distance from top of pile to bottom of layer =      462.000 in 

p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3 

 

Layer  9 is stiff clay without free water 

Distance from top of pile to top of layer    =      462.000 in 

Distance from top of pile to bottom of layer =      594.000 in 

 

Layer 10 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      594.000 in 

Distance from top of pile to bottom of layer =      660.000 in 

p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3 

 

Layer 11 is stiff clay without free water 

Distance from top of pile to top of layer    =      660.000 in 

Distance from top of pile to bottom of layer =      792.000 in 

 

Layer 12 is stiff clay without free water 

Distance from top of pile to top of layer    =      792.000 in 

Distance from top of pile to bottom of layer =      828.000 in 

 

Layer 13 is stiff clay without free water 

Distance from top of pile to top of layer    =      828.000 in 

Distance from top of pile to bottom of layer =      936.000 in 

 

Layer 14 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      936.000 in 

Distance from top of pile to bottom of layer =     1080.000 in 

p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3 

 

 

(Depth of lowest layer extends  108.00 in below pile tip) 

 



------------------------------------------------------------------------------ 

                   Effective Unit Weight of Soil vs. Depth 

------------------------------------------------------------------------------ 

 

Effective unit weight of soil with depth defined using 28 points 

 

Point        Depth X    Eff. Unit Weight 

 No.           in          lbs/in**3 

-----      ----------   ---------------- 

  1           -60.00        0.07230 

  2             0.00        0.07230 

  3             0.00        0.07230 

  4            48.00        0.07230 

  5            48.00        0.06940 

  6            72.00        0.06940 

  7            72.00        0.06940 

  8           144.00        0.06940 

  9           144.00        0.03330 

 10           216.00        0.03330 

 11           216.00        0.03620 

 12           228.00        0.03620 

 13           228.00        0.03910 

 14           312.00        0.03910 

 15           312.00        0.03620 

 16           462.00        0.03620 

 17           462.00        0.03620 

 18           594.00        0.03620 

 19           594.00        0.03910 

 20           660.00        0.03910 

 21           660.00        0.02750 

 22           792.00        0.02750 

 23           792.00        0.02750 

 24           828.00        0.02750 

 25           828.00        0.03620 

 26           936.00        0.03620 

 27           936.00        0.04200 

 28          1080.00        0.04200 

 

------------------------------------------------------------------------------ 

                           Shear Strength of Soils 

------------------------------------------------------------------------------ 

 

Shear strength parameters with depth defined using 28 points 

 

Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD 

 No.       in         lbs/in**2            Deg.            k_rm        % 

-----   --------     ----------     ------------------    ------    ------ 

  1      -60.000        0.00000           32.00           ------    ------ 

  2        0.001        0.00000           32.00           ------    ------ 

  3        0.001        0.00000           32.00           ------    ------ 

  4       48.000        0.00000           32.00           ------    ------ 

  5       48.000        6.94000            0.00          0.01000       0.0 

  6       72.000        6.94000            0.00          0.01000       0.0 

  7       72.000        6.25000            0.00          0.01000       0.0 

  8      144.000        6.25000            0.00          0.01000       0.0 

  9      144.000        6.25000            0.00          0.01000       0.0 

 10      216.000        6.25000            0.00          0.01000       0.0 



 11      216.000        0.00000           32.00           ------    ------ 

 12      228.000        0.00000           32.00           ------    ------ 

 13      228.000        6.25000            0.00          0.01000       0.0 

 14      312.000        6.25000            0.00          0.01000       0.0 

 15      312.000        0.00000           38.00           ------    ------ 

 16      462.000        0.00000           38.00           ------    ------ 

 17      462.000       11.11000            0.00          0.00700       0.0 

 18      594.000       11.11000            0.00          0.00700       0.0 

 19      594.000        0.00000           38.00           ------    ------ 

 20      660.000        0.00000           38.00           ------    ------ 

 21      660.000       10.07000            0.00          0.00700       0.0 

 22      792.000       10.07000            0.00          0.00700       0.0 

 23      792.000        4.86000            0.00          0.01500       0.0 

 24      828.000        4.86000            0.00          0.01500       0.0 

 25      828.000        6.25000            0.00          0.01000       0.0 

 26      936.000        6.25000            0.00          0.01000       0.0 

 27      936.000        0.00000           38.00           ------    ------ 

 28     1080.000        0.00000           38.00           ------    ------ 

 

Notes: 

 

(1)  Cohesion = uniaxial compressive strength for rock materials. 

(2)  Values of E50 are reported for clay strata.  

(3)  Default values will be generated for E50 when input values are 0. 

(4)  RQD and k_rm are reported only for weak rock strata. 

 

------------------------------------------------------------------------------ 

                                 Loading Type 

------------------------------------------------------------------------------ 

 

Static loading criteria was used for computation of p-y curves. 

 

------------------------------------------------------------------------------ 

              Pile-head Loading and Pile-head Fixity Conditions 

------------------------------------------------------------------------------ 

 

Number of loads specified = 10 

 

Load Case Number  1 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           0.100 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      168000.000 lbs 

 

Load Case Number  2 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           0.250 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      168000.000 lbs 

 

Load Case Number  3 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           0.500 in 

Slope at pile head          =           0.000 in/in 



Axial load at pile head     =      168000.000 lbs 

 

Load Case Number  4 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           0.750 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      168000.000 lbs 

 

Load Case Number  5 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           1.000 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      168000.000 lbs 

 

Load Case Number  6 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           1.500 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      168000.000 lbs 

 

Load Case Number  7 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           2.000 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      168000.000 lbs 

 

Load Case Number  8 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           3.000 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      168000.000 lbs 

 

Load Case Number  9 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           4.000 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      168000.000 lbs 

 

Load Case Number 10 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           5.000 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      168000.000 lbs 

 

------------------------------------------------------------------------------ 

                          Summary of Pile Response(s) 

------------------------------------------------------------------------------ 

 

Definition of Symbols for Pile-Head Loading Conditions: 

 



Type 1 = Shear and Moment,          y = pile-head displacment in 

Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in 

Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs 

Type 4 = Deflection and Moment,     S = Pile-head Slope, radians 

Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad 

 

Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum  

Type  Condition    Condition       Load     Deflection    Moment      Shear 

          1            2            lbs         in        in-lbs       lbs 

---- ------------ ------------ ----------- ----------- ----------- ----------- 

  5  y=  0.100000 S=     0.000     168000.   0.1000000    -504440.  11853.1103 

  5  y=  0.250000 S=     0.000     168000.   0.2500000    -955762.  20110.0238 

  5  y=  0.500000 S=     0.000     168000.   0.5000000   -1552943.  30427.1146 

  5  y=  0.750000 S=     0.000     168000.   0.7500000   -2017444.  36410.3844 

  5  y=  1.000000 S=     0.000     168000.   1.0000000   -2401158.  40309.6540 

  5  y=     1.500 S=     0.000     168000.      1.5000   -3079862.  46795.5229 

  5  y=     2.000 S=     0.000     168000.      2.0000   -3695148.  52341.5376 

  5  y=     3.000 S=     0.000     168000.      3.0000   -4803555.  61780.0987 

  5  y=     4.000 S=     0.000     168000.      4.0000   -5811433.  69904.3163 

  5  y=     5.000 S=     0.000     168000.      5.0000   -6757282.  77236.4301 

 

 

------------------------------------------------------------------------------ 

                     Pile-head Deflection vs. Pile Length 

------------------------------------------------------------------------------ 

 

 Boundary Condition Type 5, Deflection and Slope 

 

Deflection =         0.10000  in 

Slope      =         0.00000 

Axial Load =         168000. lbs 

 

 

 

   Pile       Pile Head       Maximum      Maximum 

  Length      Deflection      Moment        Shear  

    in           in           in-lbs         lbs 

-----------  ------------  ------------  ------------ 

   972.000    0.10000000 -504440.15959   11853.11027 

   923.400    0.10000000 -507309.28280   11935.75075 

   874.800    0.10000000 -507383.65699   11919.26979 

   826.200    0.10000000 -508720.97727   11967.25439 

   777.600    0.10000000 -507012.56128   11908.01629 

   729.000    0.10000000 -506683.08219   11910.33163 

   680.400    0.10000000 -509371.74821   11973.81551 

   631.800    0.10000000 -509344.50723   11975.41381 

   583.200    0.10000000 -508995.36991   11964.30867 

   534.600    0.10000000 -509256.97947   11962.02932 

 

 

This analysis ended normally.  

 



============================================================================== 

 

                LPILE Plus for Windows, Version 5.0 (5.0.41) 

 

               Analysis of Individual Piles and Drilled Shafts  

              Subjected to Lateral Loading Using the p-y Method 

 

                        (c) 1985-2009 by Ensoft, Inc.           

                             All Rights Reserved                

 

============================================================================== 

 

 

This program is licensed to:  

 

Madhu Thummaluru 

URS Corporation 

 

Path to file locations:      

X:\101_MSN_SCTA\450_Geotech\Analysis\Pile\Lateral\101&116 SOH Replace\ 

Name of input data file:     101 & 116 SOH Replace_R-09-015_Abut 5_free.lpd 

Name of output file:         101 & 116 SOH Replace_R-09-015_Abut 5_free.lpo 

Name of plot output file:    101 & 116 SOH Replace_R-09-015_Abut 5_free.lpp 

Name of runtime file:        101 & 116 SOH Replace_R-09-015_Abut 5_free.lpr 

 

 

------------------------------------------------------------------------------ 

                          Time and Date of Analysis 

------------------------------------------------------------------------------ 

 

               Date:  September 21, 2010     Time:  16:53:26 

 

 

------------------------------------------------------------------------------ 

                                Problem Title 

------------------------------------------------------------------------------ 

 

US 101/SR116 SOH (Replace) Abutment 5_R-09-105 - Free                            

 

 

------------------------------------------------------------------------------ 

                                Program Options 

------------------------------------------------------------------------------ 

 

Units Used in Computations - US Customary Units: Inches, Pounds 

 

Basic Program Options: 

 

Analysis Type 1:  

- Computation of Lateral Pile Response Using User-specified Constant EI 

 

Computation Options: 

- Only internally-generated p-y curves used in analysis 

- Analysis does not use p-y multipliers (individual pile or shaft action only) 

- Analysis assumes no shear resistance at pile tip 

- Analysis includes automatic computation of pile-top deflection vs. 

  pile embedment length 



- No computation of foundation stiffness matrix elements 

- Output pile response for full length of pile 

- Analysis assumes no soil movements acting on pile 

- No additional p-y curves to be computed at user-specified depths 

 

Solution Control Parameters: 

- Number of pile increments            =          162 

- Maximum number of iterations allowed =          100 

- Deflection tolerance for convergence =   1.0000E-05 in 

- Maximum allowable deflection         =   1.0000E+02 in 

 

Printing Options: 

- Values of pile-head deflection, bending moment, shear force, and  

  soil reaction are printed for full length of pile. 

- Printing Increment (spacing of output points) =  1 

 

 

------------------------------------------------------------------------------ 

                   Pile Structural Properties and Geometry 

------------------------------------------------------------------------------ 

 

Pile Length                               =     972.00 in 

 

Depth of ground surface below top of pile =     -60.00 in 

 

Slope angle of ground surface             =      26.56 deg. 

 

Structural properties of pile defined using  2 points 

 

Point    Depth         Pile      Moment of       Pile      Modulus of 

           X         Diameter     Inertia       Area      Elasticity 

           in           in         in**4        Sq.in      lbs/Sq.in 

-----  ---------   -----------   ----------   ----------   ----------- 

  1       0.0000   14.00000000    3201.3000     196.0000      3600000. 

  2     972.0000   14.00000000    3201.3000     196.0000      3600000. 

 

 

------------------------------------------------------------------------------ 

                      Soil and Rock Layering Information 

------------------------------------------------------------------------------ 

 

The soil profile is modelled using 14 layers 

 

Layer  1 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      -60.000 in 

Distance from top of pile to bottom of layer =        0.001 in 

p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3 

 

Layer  2 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =        0.001 in 

Distance from top of pile to bottom of layer =       48.000 in 

p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3 

 

Layer  3 is stiff clay without free water 

Distance from top of pile to top of layer    =       48.000 in 



Distance from top of pile to bottom of layer =       72.000 in 

 

Layer  4 is stiff clay without free water 

Distance from top of pile to top of layer    =       72.000 in 

Distance from top of pile to bottom of layer =      144.000 in 

 

Layer  5 is stiff clay without free water 

Distance from top of pile to top of layer    =      144.000 in 

Distance from top of pile to bottom of layer =      216.000 in 

 

Layer  6 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      216.000 in 

Distance from top of pile to bottom of layer =      228.000 in 

p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3 

 

Layer  7 is stiff clay without free water 

Distance from top of pile to top of layer    =      228.000 in 

Distance from top of pile to bottom of layer =      312.000 in 

 

Layer  8 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      312.000 in 

Distance from top of pile to bottom of layer =      462.000 in 

p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3 

 

Layer  9 is stiff clay without free water 

Distance from top of pile to top of layer    =      462.000 in 

Distance from top of pile to bottom of layer =      594.000 in 

 

Layer 10 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      594.000 in 

Distance from top of pile to bottom of layer =      660.000 in 

p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3 

 

Layer 11 is stiff clay without free water 

Distance from top of pile to top of layer    =      660.000 in 

Distance from top of pile to bottom of layer =      792.000 in 

 

Layer 12 is stiff clay without free water 

Distance from top of pile to top of layer    =      792.000 in 

Distance from top of pile to bottom of layer =      828.000 in 

 

Layer 13 is stiff clay without free water 

Distance from top of pile to top of layer    =      828.000 in 

Distance from top of pile to bottom of layer =      936.000 in 

 

Layer 14 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      936.000 in 

Distance from top of pile to bottom of layer =     1080.000 in 

p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3 

 

 

(Depth of lowest layer extends  108.00 in below pile tip) 

 



 

------------------------------------------------------------------------------ 

                   Effective Unit Weight of Soil vs. Depth 

------------------------------------------------------------------------------ 

 

Effective unit weight of soil with depth defined using 28 points 

 

Point        Depth X    Eff. Unit Weight 

 No.           in          lbs/in**3 

-----      ----------   ---------------- 

  1           -60.00        0.07230 

  2             0.00        0.07230 

  3             0.00        0.07230 

  4            48.00        0.07230 

  5            48.00        0.06940 

  6            72.00        0.06940 

  7            72.00        0.06940 

  8           144.00        0.06940 

  9           144.00        0.03330 

 10           216.00        0.03330 

 11           216.00        0.03620 

 12           228.00        0.03620 

 13           228.00        0.03910 

 14           312.00        0.03910 

 15           312.00        0.03620 

 16           462.00        0.03620 

 17           462.00        0.03620 

 18           594.00        0.03620 

 19           594.00        0.03910 

 20           660.00        0.03910 

 21           660.00        0.02750 

 22           792.00        0.02750 

 23           792.00        0.02750 

 24           828.00        0.02750 

 25           828.00        0.03620 

 26           936.00        0.03620 

 27           936.00        0.04200 

 28          1080.00        0.04200 

 

------------------------------------------------------------------------------ 

                           Shear Strength of Soils 

------------------------------------------------------------------------------ 

 

Shear strength parameters with depth defined using 28 points 

 

Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD 

 No.       in         lbs/in**2            Deg.            k_rm        % 

-----   --------     ----------     ------------------    ------    ------ 

  1      -60.000        0.00000           32.00           ------    ------ 

  2        0.001        0.00000           32.00           ------    ------ 

  3        0.001        0.00000           32.00           ------    ------ 

  4       48.000        0.00000           32.00           ------    ------ 

  5       48.000        6.94000            0.00          0.01000       0.0 

  6       72.000        6.94000            0.00          0.01000       0.0 

  7       72.000        6.25000            0.00          0.01000       0.0 

  8      144.000        6.25000            0.00          0.01000       0.0 

  9      144.000        6.25000            0.00          0.01000       0.0 



 10      216.000        6.25000            0.00          0.01000       0.0 

 11      216.000        0.00000           32.00           ------    ------ 

 12      228.000        0.00000           32.00           ------    ------ 

 13      228.000        6.25000            0.00          0.01000       0.0 

 14      312.000        6.25000            0.00          0.01000       0.0 

 15      312.000        0.00000           38.00           ------    ------ 

 16      462.000        0.00000           38.00           ------    ------ 

 17      462.000       11.11000            0.00          0.00700       0.0 

 18      594.000       11.11000            0.00          0.00700       0.0 

 19      594.000        0.00000           38.00           ------    ------ 

 20      660.000        0.00000           38.00           ------    ------ 

 21      660.000       10.07000            0.00          0.00700       0.0 

 22      792.000       10.07000            0.00          0.00700       0.0 

 23      792.000        4.86000            0.00          0.01500       0.0 

 24      828.000        4.86000            0.00          0.01500       0.0 

 25      828.000        6.25000            0.00          0.01000       0.0 

 26      936.000        6.25000            0.00          0.01000       0.0 

 27      936.000        0.00000           38.00           ------    ------ 

 28     1080.000        0.00000           38.00           ------    ------ 

 

Notes: 

 

(1)  Cohesion = uniaxial compressive strength for rock materials. 

(2)  Values of E50 are reported for clay strata.  

(3)  Default values will be generated for E50 when input values are 0. 

(4)  RQD and k_rm are reported only for weak rock strata. 

 

------------------------------------------------------------------------------ 

                                 Loading Type 

------------------------------------------------------------------------------ 

 

Static loading criteria was used for computation of p-y curves. 

 

------------------------------------------------------------------------------ 

              Pile-head Loading and Pile-head Fixity Conditions 

------------------------------------------------------------------------------ 

 

Number of loads specified = 10 

 

Load Case Number  1 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           0.100 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      168000.000 lbs 

 

Load Case Number  2 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           0.250 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      168000.000 lbs 

 

Load Case Number  3 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           0.500 in 



Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      168000.000 lbs 

 

Load Case Number  4 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           0.750 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      168000.000 lbs 

 

Load Case Number  5 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           1.000 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      168000.000 lbs 

 

Load Case Number  6 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           1.500 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      168000.000 lbs 

 

Load Case Number  7 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           2.000 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      168000.000 lbs 

 

Load Case Number  8 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           3.000 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      168000.000 lbs 

 

Load Case Number  9 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           4.000 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      168000.000 lbs 

 

Load Case Number 10 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           5.000 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      168000.000 lbs 

 

------------------------------------------------------------------------------ 

                          Summary of Pile Response(s) 

------------------------------------------------------------------------------ 

 

Definition of Symbols for Pile-Head Loading Conditions: 



 

Type 1 = Shear and Moment,          y = pile-head displacment in 

Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in 

Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs 

Type 4 = Deflection and Moment,     S = Pile-head Slope, radians 

Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad 

 

Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum  

Type  Condition    Condition       Load     Deflection    Moment      Shear 

          1            2            lbs         in        in-lbs       lbs 

---- ------------ ------------ ----------- ----------- ----------- ----------- 

  4  y=  0.100000 M=     0.000     168000.   0.1000000     197729.   5715.3860 

  4  y=  0.250000 M=     0.000     168000.   0.2500000     374090.  10019.3972 

  4  y=  0.500000 M=     0.000     168000.   0.5000000     603807.  15444.7071 

  4  y=  0.750000 M=     0.000     168000.   0.7500000     800075.  19467.3268 

  4  y=  1.000000 M=     0.000     168000.   1.0000000     963046.  21662.0615 

  4  y=     1.500 M=     0.000     168000.      1.5000    1242217.  24379.0951 

  4  y=     2.000 M=     0.000     168000.      2.0000    1494695.  26631.4226 

  4  y=     3.000 M=     0.000     168000.      3.0000    1944046.  30300.5822 

  4  y=     4.000 M=     0.000     168000.      4.0000    2346334.  33293.8615 

  4  y=     5.000 M=     0.000     168000.      5.0000    2725102.  35920.2448 

 

 

------------------------------------------------------------------------------ 

                     Pile-head Deflection vs. Pile Length 

------------------------------------------------------------------------------ 

 

Boundary Condition Type 4, Deflection and Moment 

 

Deflection =         0.10000  in 

Moment     =              0. in-lbs 

Axial Load =         168000. lbs 

 

 

 

   Pile       Pile Head       Maximum      Maximum 

  Length      Deflection      Moment        Shear  

    in           in           in-lbs         lbs 

-----------  ------------  ------------  ------------ 

   972.000    0.10000000  197729.06541    5715.38604 

   923.400    0.10000000  198061.20963    5711.11084 

   874.800    0.10000000  198722.72987    5718.82981 

   826.200    0.10000000  198420.58490    5716.04683 

   777.600    0.10000000  198321.38601    5715.48327 

   729.000    0.10000000  198050.62020    5706.15289 

   680.400    0.10000000  198784.81159    5710.47643 

   631.800    0.10000000  198489.16705    5706.63899 

   583.200    0.10000000  198347.05494    5702.22161 

   534.600    0.10000000  198580.39942    5701.65434 

 

 

This analysis ended normally.  

 



============================================================================== 

 

                LPILE Plus for Windows, Version 5.0 (5.0.41) 

 

               Analysis of Individual Piles and Drilled Shafts  

              Subjected to Lateral Loading Using the p-y Method 

 

                        (c) 1985-2009 by Ensoft, Inc.           

                             All Rights Reserved                

 

============================================================================== 

 

 

This program is licensed to:  

 

Madhu Thummaluru 

URS Corporation 

 

Path to file locations:      

X:\101_MSN_SCTA\450_Geotech\Analysis\Pile\Lateral\101&116 SOH Replace\ 

Name of input data file:     101 & 116 SOH Replace_R-09-015_Abut 5-RW1_fixed.lpd 

Name of output file:         101 & 116 SOH Replace_R-09-015_Abut 5-RW1_fixed.lpo 

Name of plot output file:    101 & 116 SOH Replace_R-09-015_Abut 5-RW1_fixed.lpp 

Name of runtime file:        101 & 116 SOH Replace_R-09-015_Abut 5-RW1_fixed.lpr 

 

 

------------------------------------------------------------------------------ 

                          Time and Date of Analysis 

------------------------------------------------------------------------------ 

 

               Date:  August 27, 2010     Time:  15:27:52 

 

 

------------------------------------------------------------------------------ 

                                Problem Title 

------------------------------------------------------------------------------ 

 

US 101/SR116 SOH (Replace) Abutment 5-RW1_R-09-105 - Free                        

 

 

------------------------------------------------------------------------------ 

                                Program Options 

------------------------------------------------------------------------------ 

 

Units Used in Computations - US Customary Units: Inches, Pounds 

 

Basic Program Options: 

 

Analysis Type 1:  

- Computation of Lateral Pile Response Using User-specified Constant EI 

 

Computation Options: 

- Only internally-generated p-y curves used in analysis 

- Analysis does not use p-y multipliers (individual pile or shaft action only) 

- Analysis assumes no shear resistance at pile tip 

- Analysis includes automatic computation of pile-top deflection vs. 

  pile embedment length 



- No computation of foundation stiffness matrix elements 

- Output pile response for full length of pile 

- Analysis assumes no soil movements acting on pile 

- No additional p-y curves to be computed at user-specified depths 

 

Solution Control Parameters: 

- Number of pile increments            =          170 

- Maximum number of iterations allowed =          100 

- Deflection tolerance for convergence =   1.0000E-05 in 

- Maximum allowable deflection         =   1.0000E+02 in 

 

Printing Options: 

- Values of pile-head deflection, bending moment, shear force, and  

  soil reaction are printed for full length of pile. 

- Printing Increment (spacing of output points) =  1 

 

 

------------------------------------------------------------------------------ 

                   Pile Structural Properties and Geometry 

------------------------------------------------------------------------------ 

 

Pile Length                               =    1020.00 in 

 

Depth of ground surface below top of pile =     -96.00 in 

 

Slope angle of ground surface             =      26.56 deg. 

 

Structural properties of pile defined using  2 points 

 

Point    Depth         Pile      Moment of       Pile      Modulus of 

           X         Diameter     Inertia       Area      Elasticity 

           in           in         in**4        Sq.in      lbs/Sq.in 

-----  ---------   -----------   ----------   ----------   ----------- 

  1       0.0000   14.00000000    3201.3000     196.0000      3600000. 

  2    1020.0000   14.00000000    3201.3000     196.0000      3600000. 

 

 

------------------------------------------------------------------------------ 

                      Soil and Rock Layering Information 

------------------------------------------------------------------------------ 

 

The soil profile is modelled using 14 layers 

 

Layer  1 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      -96.000 in 

Distance from top of pile to bottom of layer =        0.001 in 

p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3 

 

Layer  2 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =        0.001 in 

Distance from top of pile to bottom of layer =      108.000 in 

p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3 

 

Layer  3 is stiff clay without free water 

Distance from top of pile to top of layer    =      108.000 in 



Distance from top of pile to bottom of layer =      132.000 in 

 

Layer  4 is stiff clay without free water 

Distance from top of pile to top of layer    =      132.000 in 

Distance from top of pile to bottom of layer =      204.000 in 

 

Layer  5 is stiff clay without free water 

Distance from top of pile to top of layer    =      204.000 in 

Distance from top of pile to bottom of layer =      276.000 in 

 

Layer  6 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      276.000 in 

Distance from top of pile to bottom of layer =      288.000 in 

p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3 

 

Layer  7 is stiff clay without free water 

Distance from top of pile to top of layer    =      288.000 in 

Distance from top of pile to bottom of layer =      372.000 in 

 

Layer  8 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      372.000 in 

Distance from top of pile to bottom of layer =      522.000 in 

p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3 

 

Layer  9 is stiff clay without free water 

Distance from top of pile to top of layer    =      522.000 in 

Distance from top of pile to bottom of layer =      654.000 in 

 

Layer 10 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      654.000 in 

Distance from top of pile to bottom of layer =      720.000 in 

p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3 

 

Layer 11 is stiff clay without free water 

Distance from top of pile to top of layer    =      720.000 in 

Distance from top of pile to bottom of layer =      852.000 in 

 

Layer 12 is stiff clay without free water 

Distance from top of pile to top of layer    =      852.000 in 

Distance from top of pile to bottom of layer =      888.000 in 

 

Layer 13 is stiff clay without free water 

Distance from top of pile to top of layer    =      888.000 in 

Distance from top of pile to bottom of layer =      996.000 in 

 

Layer 14 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      996.000 in 

Distance from top of pile to bottom of layer =     1140.000 in 

p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3 

 

 

(Depth of lowest layer extends  120.00 in below pile tip) 

 



------------------------------------------------------------------------------ 

                   Effective Unit Weight of Soil vs. Depth 

------------------------------------------------------------------------------ 

 

Effective unit weight of soil with depth defined using 28 points 

 

Point        Depth X    Eff. Unit Weight 

 No.           in          lbs/in**3 

-----      ----------   ---------------- 

  1           -96.00        0.07230 

  2             0.00        0.07230 

  3             0.00        0.07230 

  4           108.00        0.07230 

  5           108.00        0.06940 

  6           132.00        0.06940 

  7           132.00        0.06940 

  8           204.00        0.06940 

  9           204.00        0.03330 

 10           276.00        0.03330 

 11           276.00        0.03620 

 12           288.00        0.03620 

 13           288.00        0.03910 

 14           372.00        0.03910 

 15           372.00        0.03620 

 16           522.00        0.03620 

 17           522.00        0.03620 

 18           654.00        0.03620 

 19           654.00        0.03910 

 20           720.00        0.03910 

 21           720.00        0.02750 

 22           852.00        0.02750 

 23           852.00        0.02750 

 24           888.00        0.02750 

 25           888.00        0.03620 

 26           996.00        0.03620 

 27           996.00        0.04200 

 28          1140.00        0.04200 

 

------------------------------------------------------------------------------ 

                           Shear Strength of Soils 

------------------------------------------------------------------------------ 

 

Shear strength parameters with depth defined using 28 points 

 

Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD 

 No.       in         lbs/in**2            Deg.            k_rm        % 

-----   --------     ----------     ------------------    ------    ------ 

  1      -96.000        0.00000           32.00           ------    ------ 

  2        0.001        0.00000           32.00           ------    ------ 

  3        0.001        0.00000           32.00           ------    ------ 

  4      108.000        0.00000           32.00           ------    ------ 

  5      108.000        6.94000            0.00          0.01000       0.0 

  6      132.000        6.94000            0.00          0.01000       0.0 

  7      132.000        6.25000            0.00          0.01000       0.0 

  8      204.000        6.25000            0.00          0.01000       0.0 

  9      204.000        6.25000            0.00          0.01000       0.0 

 10      276.000        6.25000            0.00          0.01000       0.0 



 11      276.000        0.00000           32.00           ------    ------ 

 12      288.000        0.00000           32.00           ------    ------ 

 13      288.000        6.25000            0.00          0.01000       0.0 

 14      372.000        6.25000            0.00          0.01000       0.0 

 15      372.000        0.00000           38.00           ------    ------ 

 16      522.000        0.00000           38.00           ------    ------ 

 17      522.000       11.11000            0.00          0.00700       0.0 

 18      654.000       11.11000            0.00          0.00700       0.0 

 19      654.000        0.00000           38.00           ------    ------ 

 20      720.000        0.00000           38.00           ------    ------ 

 21      720.000       10.07000            0.00          0.00700       0.0 

 22      852.000       10.07000            0.00          0.00700       0.0 

 23      852.000        4.86000            0.00          0.01500       0.0 

 24      888.000        4.86000            0.00          0.01500       0.0 

 25      888.000        6.25000            0.00          0.01000       0.0 

 26      996.000        6.25000            0.00          0.01000       0.0 

 27      996.000        0.00000           38.00           ------    ------ 

 28     1140.000        0.00000           38.00           ------    ------ 

 

Notes: 

 

(1)  Cohesion = uniaxial compressive strength for rock materials. 

(2)  Values of E50 are reported for clay strata.  

(3)  Default values will be generated for E50 when input values are 0. 

(4)  RQD and k_rm are reported only for weak rock strata. 

 

------------------------------------------------------------------------------ 

                                 Loading Type 

------------------------------------------------------------------------------ 

 

Static loading criteria was used for computation of p-y curves. 

------------------------------------------------------------------------------ 

              Pile-head Loading and Pile-head Fixity Conditions 

------------------------------------------------------------------------------ 

 

Number of loads specified = 10 

 

Load Case Number  1 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           0.100 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      140000.000 lbs 

 

Load Case Number  2 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           0.250 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      140000.000 lbs 

 

Load Case Number  3 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           0.500 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      140000.000 lbs 



 

Load Case Number  4 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           0.750 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      140000.000 lbs 

 

Load Case Number  5 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           1.000 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      140000.000 lbs 

 

Load Case Number  6 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           1.500 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      140000.000 lbs 

 

Load Case Number  7 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           2.000 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      140000.000 lbs 

 

Load Case Number  8 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           3.000 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      140000.000 lbs 

 

Load Case Number  9 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           4.000 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      140000.000 lbs 

 

Load Case Number 10 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           5.000 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      140000.000 lbs 

------------------------------------------------------------------------------ 

                          Summary of Pile Response(s) 

------------------------------------------------------------------------------ 

 

Definition of Symbols for Pile-Head Loading Conditions: 

 

Type 1 = Shear and Moment,          y = pile-head displacment in 

Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in 



Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs 

Type 4 = Deflection and Moment,     S = Pile-head Slope, radians 

Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad 

 

Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum  

Type  Condition    Condition       Load     Deflection    Moment      Shear 

          1            2            lbs         in        in-lbs       lbs 

---- ------------ ------------ ----------- ----------- ----------- ----------- 

  5  y=  0.100000 S=     0.000     140000.   0.1000000    -693206.  19133.6655 

  5  y=  0.250000 S=     0.000     140000.   0.2500000   -1482480.  37662.7148 

  5  y=  0.500000 S=     0.000     140000.   0.5000000   -2635269.  63659.5466 

  5  y=  0.750000 S=     0.000     140000.   0.7500000   -3648657.  83040.9328 

  5  y=  1.000000 S=     0.000     140000.   1.0000000   -4487427.  96236.3622 

  5  y=     1.500 S=     0.000     140000.      1.5000   -5810366.     114046. 

  5  y=     2.000 S=     0.000     140000.      2.0000   -6711821.     123627. 

  5  y=     3.000 S=     0.000     140000.      3.0000   -8080372.     135754. 

  5  y=     4.000 S=     0.000     140000.      4.0000   -9244298.     145307. 

  5  y=     5.000 S=     0.000     140000.      5.0000 -1.0288E+07     153419. 

 

 

------------------------------------------------------------------------------ 

                     Pile-head Deflection vs. Pile Length 

------------------------------------------------------------------------------ 

 

 Boundary Condition Type 5, Deflection and Slope 

 

Deflection =         0.10000  in 

Slope      =         0.00000 

Axial Load =         140000. lbs 

 

 

 

   Pile       Pile Head       Maximum      Maximum 

  Length      Deflection      Moment        Shear  

    in           in           in-lbs         lbs 

-----------  ------------  ------------  ------------ 

  1020.000    0.10000000 -693206.43010   19133.66553 

   969.000    0.10000000 -693326.91782   19130.83365 

   918.000    0.10000000 -692099.06452   19104.75082 

   867.000    0.10000000 -692657.18923   19110.15237 

   816.000    0.10000000 -693475.97755   19120.84166 

   765.000    0.10000000 -694186.02206   19130.72187 

   714.000    0.10000000 -694033.04427   19124.34816 

   663.000    0.10000000 -694226.17184   19124.13202 

   612.000    0.10000000 -694645.11724   19129.35312 

   561.000    0.10000000 -694547.70498   19124.93897 

 

 

This analysis ended normally.  
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------------------------------------------------------------------------------ 

                          Time and Date of Analysis 

------------------------------------------------------------------------------ 

 

               Date:  August 27, 2010     Time:  15:28:25 

 

 

------------------------------------------------------------------------------ 

                                Problem Title 

------------------------------------------------------------------------------ 

 

US 101/SR116 SOH (Replace) Abutment 5-RW1_R-09-105 - Free                        

 

 

------------------------------------------------------------------------------ 

                                Program Options 

------------------------------------------------------------------------------ 

 

Units Used in Computations - US Customary Units: Inches, Pounds 

 

Basic Program Options: 

 

Analysis Type 1:  

- Computation of Lateral Pile Response Using User-specified Constant EI 

 

Computation Options: 

- Only internally-generated p-y curves used in analysis 

- Analysis does not use p-y multipliers (individual pile or shaft action only) 

- Analysis assumes no shear resistance at pile tip 

- Analysis includes automatic computation of pile-top deflection vs. 

  pile embedment length 



- No computation of foundation stiffness matrix elements 

- Output pile response for full length of pile 

- Analysis assumes no soil movements acting on pile 

- No additional p-y curves to be computed at user-specified depths 

 

Solution Control Parameters: 

- Number of pile increments            =          170 

- Maximum number of iterations allowed =          100 

- Deflection tolerance for convergence =   1.0000E-05 in 

- Maximum allowable deflection         =   1.0000E+02 in 

 

Printing Options: 

- Values of pile-head deflection, bending moment, shear force, and  

  soil reaction are printed for full length of pile. 

- Printing Increment (spacing of output points) =  1 

 

 

------------------------------------------------------------------------------ 

                   Pile Structural Properties and Geometry 

------------------------------------------------------------------------------ 

 

Pile Length                               =    1020.00 in 

 

Depth of ground surface below top of pile =     -96.00 in 

 

Slope angle of ground surface             =      26.56 deg. 

 

Structural properties of pile defined using  2 points 

 

Point    Depth         Pile      Moment of       Pile      Modulus of 

           X         Diameter     Inertia       Area      Elasticity 

           in           in         in**4        Sq.in      lbs/Sq.in 

-----  ---------   -----------   ----------   ----------   ----------- 

  1       0.0000   14.00000000    3201.3000     196.0000      3600000. 

  2    1020.0000   14.00000000    3201.3000     196.0000      3600000. 

 

 

------------------------------------------------------------------------------ 

                      Soil and Rock Layering Information 

------------------------------------------------------------------------------ 

 

The soil profile is modelled using 14 layers 

 

Layer  1 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      -96.000 in 

Distance from top of pile to bottom of layer =        0.001 in 

p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3 

 

Layer  2 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =        0.001 in 

Distance from top of pile to bottom of layer =      108.000 in 

p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3 

 

Layer  3 is stiff clay without free water 

Distance from top of pile to top of layer    =      108.000 in 



Distance from top of pile to bottom of layer =      132.000 in 

 

Layer  4 is stiff clay without free water 

Distance from top of pile to top of layer    =      132.000 in 

Distance from top of pile to bottom of layer =      204.000 in 

 

Layer  5 is stiff clay without free water 

Distance from top of pile to top of layer    =      204.000 in 

Distance from top of pile to bottom of layer =      276.000 in 

 

Layer  6 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      276.000 in 

Distance from top of pile to bottom of layer =      288.000 in 

p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3 

 

Layer  7 is stiff clay without free water 

Distance from top of pile to top of layer    =      288.000 in 

Distance from top of pile to bottom of layer =      372.000 in 

 

Layer  8 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      372.000 in 

Distance from top of pile to bottom of layer =      522.000 in 

p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3 

 

Layer  9 is stiff clay without free water 

Distance from top of pile to top of layer    =      522.000 in 

Distance from top of pile to bottom of layer =      654.000 in 

 

Layer 10 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      654.000 in 

Distance from top of pile to bottom of layer =      720.000 in 

p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3 

 

Layer 11 is stiff clay without free water 

Distance from top of pile to top of layer    =      720.000 in 

Distance from top of pile to bottom of layer =      852.000 in 

 

Layer 12 is stiff clay without free water 

Distance from top of pile to top of layer    =      852.000 in 

Distance from top of pile to bottom of layer =      888.000 in 

 

Layer 13 is stiff clay without free water 

Distance from top of pile to top of layer    =      888.000 in 

Distance from top of pile to bottom of layer =      996.000 in 

 

Layer 14 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      996.000 in 

Distance from top of pile to bottom of layer =     1140.000 in 

p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3 

 

 

(Depth of lowest layer extends  120.00 in below pile tip) 

 



 

------------------------------------------------------------------------------ 

                   Effective Unit Weight of Soil vs. Depth 

------------------------------------------------------------------------------ 

 

Effective unit weight of soil with depth defined using 28 points 

 

Point        Depth X    Eff. Unit Weight 

 No.           in          lbs/in**3 

-----      ----------   ---------------- 

  1           -96.00        0.07230 

  2             0.00        0.07230 

  3             0.00        0.07230 

  4           108.00        0.07230 

  5           108.00        0.06940 

  6           132.00        0.06940 

  7           132.00        0.06940 

  8           204.00        0.06940 

  9           204.00        0.03330 

 10           276.00        0.03330 

 11           276.00        0.03620 

 12           288.00        0.03620 

 13           288.00        0.03910 

 14           372.00        0.03910 

 15           372.00        0.03620 

 16           522.00        0.03620 

 17           522.00        0.03620 

 18           654.00        0.03620 

 19           654.00        0.03910 

 20           720.00        0.03910 

 21           720.00        0.02750 

 22           852.00        0.02750 

 23           852.00        0.02750 

 24           888.00        0.02750 

 25           888.00        0.03620 

 26           996.00        0.03620 

 27           996.00        0.04200 

 28          1140.00        0.04200 

 

------------------------------------------------------------------------------ 

                           Shear Strength of Soils 

------------------------------------------------------------------------------ 

 

Shear strength parameters with depth defined using 28 points 

 

Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD 

 No.       in         lbs/in**2            Deg.            k_rm        % 

-----   --------     ----------     ------------------    ------    ------ 

  1      -96.000        0.00000           32.00           ------    ------ 

  2        0.001        0.00000           32.00           ------    ------ 

  3        0.001        0.00000           32.00           ------    ------ 

  4      108.000        0.00000           32.00           ------    ------ 

  5      108.000        6.94000            0.00          0.01000       0.0 

  6      132.000        6.94000            0.00          0.01000       0.0 

  7      132.000        6.25000            0.00          0.01000       0.0 

  8      204.000        6.25000            0.00          0.01000       0.0 

  9      204.000        6.25000            0.00          0.01000       0.0 



 10      276.000        6.25000            0.00          0.01000       0.0 

 11      276.000        0.00000           32.00           ------    ------ 

 12      288.000        0.00000           32.00           ------    ------ 

 13      288.000        6.25000            0.00          0.01000       0.0 

 14      372.000        6.25000            0.00          0.01000       0.0 

 15      372.000        0.00000           38.00           ------    ------ 

 16      522.000        0.00000           38.00           ------    ------ 

 17      522.000       11.11000            0.00          0.00700       0.0 

 18      654.000       11.11000            0.00          0.00700       0.0 

 19      654.000        0.00000           38.00           ------    ------ 

 20      720.000        0.00000           38.00           ------    ------ 

 21      720.000       10.07000            0.00          0.00700       0.0 

 22      852.000       10.07000            0.00          0.00700       0.0 

 23      852.000        4.86000            0.00          0.01500       0.0 

 24      888.000        4.86000            0.00          0.01500       0.0 

 25      888.000        6.25000            0.00          0.01000       0.0 

 26      996.000        6.25000            0.00          0.01000       0.0 

 27      996.000        0.00000           38.00           ------    ------ 

 28     1140.000        0.00000           38.00           ------    ------ 

 

Notes: 

 

(1)  Cohesion = uniaxial compressive strength for rock materials. 

(2)  Values of E50 are reported for clay strata.  

(3)  Default values will be generated for E50 when input values are 0. 

(4)  RQD and k_rm are reported only for weak rock strata. 

 

------------------------------------------------------------------------------ 

                                 Loading Type 

------------------------------------------------------------------------------ 

 

Static loading criteria was used for computation of p-y curves. 

 

------------------------------------------------------------------------------ 

              Pile-head Loading and Pile-head Fixity Conditions 

------------------------------------------------------------------------------ 

 

Number of loads specified = 10 

 

Load Case Number  1 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           0.100 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      140000.000 lbs 

 

Load Case Number  2 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           0.250 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      140000.000 lbs 

 

Load Case Number  3 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           0.500 in 



Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      140000.000 lbs 

 

Load Case Number  4 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           0.750 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      140000.000 lbs 

 

Load Case Number  5 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           1.000 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      140000.000 lbs 

 

Load Case Number  6 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           1.500 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      140000.000 lbs 

 

Load Case Number  7 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           2.000 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      140000.000 lbs 

 

Load Case Number  8 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           3.000 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      140000.000 lbs 

 

Load Case Number  9 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           4.000 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      140000.000 lbs 

 

Load Case Number 10 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           5.000 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      140000.000 lbs 

------------------------------------------------------------------------------ 

                          Summary of Pile Response(s) 

------------------------------------------------------------------------------ 

 

Definition of Symbols for Pile-Head Loading Conditions: 

 



Type 1 = Shear and Moment,          y = pile-head displacment in 

Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in 

Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs 

Type 4 = Deflection and Moment,     S = Pile-head Slope, radians 

Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad 

 

Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum  

Type  Condition    Condition       Load     Deflection    Moment      Shear 

          1            2            lbs         in        in-lbs       lbs 

---- ------------ ------------ ----------- ----------- ----------- ----------- 

  4  y=  0.100000 M=     0.000     140000.   0.1000000     244129.   8811.5911 

  4  y=  0.250000 M=     0.000     140000.   0.2500000     524432.  17172.8219 

  4  y=  0.500000 M=     0.000     140000.   0.5000000     932671.  28786.4876 

  4  y=  0.750000 M=     0.000     140000.   0.7500000    1307779.  37934.1303 

  4  y=  1.000000 M=     0.000     140000.   1.0000000    1654303.  44531.9264 

  4  y=     1.500 M=     0.000     140000.      1.5000    2271085.  54141.0810 

  4  y=     2.000 M=     0.000     140000.      2.0000    2815609.  61312.2440 

  4  y=     3.000 M=     0.000     140000.      3.0000    3721441.  71849.1335 

  4  y=     4.000 M=     0.000     140000.      4.0000    4450676.  79394.5969 

  4  y=     5.000 M=     0.000     140000.      5.0000    4977605.  84347.4338 

 

 

------------------------------------------------------------------------------ 

                     Pile-head Deflection vs. Pile Length 

------------------------------------------------------------------------------ 

 

Boundary Condition Type 4, Deflection and Moment 

 

Deflection =         0.10000  in 

Moment     =              0. in-lbs 

Axial Load =         140000. lbs 

 

 

 

   Pile       Pile Head       Maximum      Maximum 

  Length      Deflection      Moment        Shear  

    in           in           in-lbs         lbs 

-----------  ------------  ------------  ------------ 

  1020.000    0.10000000  244128.90299    8811.59112 

   969.000    0.10000000  243549.56590    8800.65297 

   918.000    0.10000000  244334.27885    8788.59628 

   867.000    0.10000000  243995.60969    8776.47935 

   816.000    0.10000000  244101.20479    8765.51904 

   765.000    0.10000000  244203.91005    8754.14305 

   714.000    0.10000000  244256.20614    8742.68841 

   663.000    0.10000000  244209.97136    8730.03115 

   612.000    0.10000000  244225.80288    8718.74881 

   561.000    0.10000000  244117.93786    8707.06073 

 

 

This analysis ended normally.  
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------------------------------------------------------------------------------ 

                          Time and Date of Analysis 

------------------------------------------------------------------------------ 

 

               Date:  August 26, 2010     Time:  16:22:55 

 

 

------------------------------------------------------------------------------ 

                                Problem Title 

------------------------------------------------------------------------------ 

 

US 101/SR116 SOH (Replace) Abutment 5-RW2_R-09-105 - Free                        

 

 

------------------------------------------------------------------------------ 

                                Program Options 

------------------------------------------------------------------------------ 

 

Units Used in Computations - US Customary Units: Inches, Pounds 

 

Basic Program Options: 

 

Analysis Type 1:  

- Computation of Lateral Pile Response Using User-specified Constant EI 

 

Computation Options: 

- Only internally-generated p-y curves used in analysis 

- Analysis does not use p-y multipliers (individual pile or shaft action only) 

- Analysis assumes no shear resistance at pile tip 

- Analysis includes automatic computation of pile-top deflection vs. 

  pile embedment length 



- No computation of foundation stiffness matrix elements 

- Output pile response for full length of pile 

- Analysis assumes no soil movements acting on pile 

- No additional p-y curves to be computed at user-specified depths 

 

Solution Control Parameters: 

- Number of pile increments            =          170 

- Maximum number of iterations allowed =          100 

- Deflection tolerance for convergence =   1.0000E-05 in 

- Maximum allowable deflection         =   1.0000E+02 in 

 

Printing Options: 

- Values of pile-head deflection, bending moment, shear force, and  

  soil reaction are printed for full length of pile. 

- Printing Increment (spacing of output points) =  1 

 

 

------------------------------------------------------------------------------ 

                   Pile Structural Properties and Geometry 

------------------------------------------------------------------------------ 

 

Pile Length                               =    1080.00 in 

 

Depth of ground surface below top of pile =    -132.00 in 

 

Slope angle of ground surface             =      26.56 deg. 

 

Structural properties of pile defined using  2 points 

 

Point    Depth         Pile      Moment of       Pile      Modulus of 

           X         Diameter     Inertia       Area      Elasticity 

           in           in         in**4        Sq.in      lbs/Sq.in 

-----  ---------   -----------   ----------   ----------   ----------- 

  1       0.0000   14.00000000    3201.3000     196.0000      3600000. 

  2    1080.0000   14.00000000    3201.3000     196.0000      3600000. 

 

------------------------------------------------------------------------------ 

                      Soil and Rock Layering Information 

------------------------------------------------------------------------------ 

 

The soil profile is modelled using 14 layers 

 

Layer  1 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =     -132.000 in 

Distance from top of pile to bottom of layer =        0.001 in 

p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3 

 

Layer  2 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =        0.001 in 

Distance from top of pile to bottom of layer =      156.000 in 

p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3 

 

Layer  3 is stiff clay without free water 

Distance from top of pile to top of layer    =      156.000 in 

Distance from top of pile to bottom of layer =      180.000 in 



 

Layer  4 is stiff clay without free water 

Distance from top of pile to top of layer    =      180.000 in 

Distance from top of pile to bottom of layer =      252.000 in 

 

Layer  5 is stiff clay without free water 

Distance from top of pile to top of layer    =      252.000 in 

Distance from top of pile to bottom of layer =      324.000 in 

 

Layer  6 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      324.000 in 

Distance from top of pile to bottom of layer =      336.000 in 

p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3 

 

Layer  7 is stiff clay without free water 

Distance from top of pile to top of layer    =      336.000 in 

Distance from top of pile to bottom of layer =      420.000 in 

 

Layer  8 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      420.000 in 

Distance from top of pile to bottom of layer =      570.000 in 

p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3 

 

Layer  9 is stiff clay without free water 

Distance from top of pile to top of layer    =      570.000 in 

Distance from top of pile to bottom of layer =      702.000 in 

 

Layer 10 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      702.000 in 

Distance from top of pile to bottom of layer =      768.000 in 

p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3 

 

Layer 11 is stiff clay without free water 

Distance from top of pile to top of layer    =      768.000 in 

Distance from top of pile to bottom of layer =      900.000 in 

 

Layer 12 is stiff clay without free water 

Distance from top of pile to top of layer    =      900.000 in 

Distance from top of pile to bottom of layer =      936.000 in 

 

Layer 13 is stiff clay without free water 

Distance from top of pile to top of layer    =      936.000 in 

Distance from top of pile to bottom of layer =     1044.000 in 

 

Layer 14 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =     1044.000 in 

Distance from top of pile to bottom of layer =     1188.000 in 

p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3 

 

 

(Depth of lowest layer extends  108.00 in below pile tip) 

 

 



------------------------------------------------------------------------------ 

                   Effective Unit Weight of Soil vs. Depth 

------------------------------------------------------------------------------ 

 

Effective unit weight of soil with depth defined using 28 points 

 

Point        Depth X    Eff. Unit Weight 

 No.           in          lbs/in**3 

-----      ----------   ---------------- 

  1          -132.00        0.07230 

  2             0.00        0.07230 

  3             0.00        0.07230 

  4           156.00        0.07230 

  5           156.00        0.06940 

  6           180.00        0.06940 

  7           180.00        0.06940 

  8           252.00        0.06940 

  9           252.00        0.03330 

 10           324.00        0.03330 

 11           324.00        0.03620 

 12           336.00        0.03620 

 13           336.00        0.03910 

 14           420.00        0.03910 

 15           420.00        0.03620 

 16           570.00        0.03620 

 17           570.00        0.03620 

 18           702.00        0.03620 

 19           702.00        0.03910 

 20           768.00        0.03910 

 21           768.00        0.02750 

 22           900.00        0.02750 

 23           900.00        0.02750 

 24           936.00        0.02750 

 25           936.00        0.03620 

 26          1044.00        0.03620 

 27          1044.00        0.04200 

 28          1188.00        0.04200 

 

------------------------------------------------------------------------------ 

                           Shear Strength of Soils 

------------------------------------------------------------------------------ 

 

Shear strength parameters with depth defined using 28 points 

 

Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD 

 No.       in         lbs/in**2            Deg.            k_rm        % 

-----   --------     ----------     ------------------    ------    ------ 

  1     -132.000        0.00000           32.00           ------    ------ 

  2        0.001        0.00000           32.00           ------    ------ 

  3        0.001        0.00000           32.00           ------    ------ 

  4      156.000        0.00000           32.00           ------    ------ 

  5      156.000        6.94000            0.00          0.01000       0.0 

  6      180.000        6.94000            0.00          0.01000       0.0 

  7      180.000        6.25000            0.00          0.01000       0.0 

  8      252.000        6.25000            0.00          0.01000       0.0 

  9      252.000        6.25000            0.00          0.01000       0.0 

 10      324.000        6.25000            0.00          0.01000       0.0 



 11      324.000        0.00000           32.00           ------    ------ 

 12      336.000        0.00000           32.00           ------    ------ 

 13      336.000        6.25000            0.00          0.01000       0.0 

 14      420.000        6.25000            0.00          0.01000       0.0 

 15      420.000        0.00000           38.00           ------    ------ 

 16      570.000        0.00000           38.00           ------    ------ 

 17      570.000       11.11000            0.00          0.00700       0.0 

 18      702.000       11.11000            0.00          0.00700       0.0 

 19      702.000        0.00000           38.00           ------    ------ 

 20      768.000        0.00000           38.00           ------    ------ 

 21      768.000       10.07000            0.00          0.00700       0.0 

 22      900.000       10.07000            0.00          0.00700       0.0 

 23      900.000        4.86000            0.00          0.01500       0.0 

 24      936.000        4.86000            0.00          0.01500       0.0 

 25      936.000        6.25000            0.00          0.01000       0.0 

 26     1044.000        6.25000            0.00          0.01000       0.0 

 27     1044.000        0.00000           38.00           ------    ------ 

 28     1188.000        0.00000           38.00           ------    ------ 

 

Notes: 

 

(1)  Cohesion = uniaxial compressive strength for rock materials. 

(2)  Values of E50 are reported for clay strata.  

(3)  Default values will be generated for E50 when input values are 0. 

(4)  RQD and k_rm are reported only for weak rock strata. 

 

------------------------------------------------------------------------------ 

                                 Loading Type 

------------------------------------------------------------------------------ 

 

Static loading criteria was used for computation of p-y curves. 

 

------------------------------------------------------------------------------ 

              Pile-head Loading and Pile-head Fixity Conditions 

------------------------------------------------------------------------------ 

 

Number of loads specified = 10 

 

Load Case Number  1 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           0.100 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      140000.000 lbs 

 

Load Case Number  2 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           0.250 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      140000.000 lbs 

 

Load Case Number  3 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           0.500 in 

Slope at pile head          =           0.000 in/in 



Axial load at pile head     =      140000.000 lbs 

 

Load Case Number  4 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           0.750 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      140000.000 lbs 

 

Load Case Number  5 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           1.000 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      140000.000 lbs 

 

Load Case Number  6 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           1.500 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      140000.000 lbs 

 

Load Case Number  7 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           2.000 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      140000.000 lbs 

 

Load Case Number  8 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           3.000 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      140000.000 lbs 

 

Load Case Number  9 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           4.000 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      140000.000 lbs 

 

Load Case Number 10 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           5.000 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      140000.000 lbs 

------------------------------------------------------------------------------ 

                          Summary of Pile Response(s) 

------------------------------------------------------------------------------ 

 

Definition of Symbols for Pile-Head Loading Conditions: 

 

Type 1 = Shear and Moment,          y = pile-head displacment in 



Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in 

Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs 

Type 4 = Deflection and Moment,     S = Pile-head Slope, radians 

Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad 

 

Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum  

Type  Condition    Condition       Load     Deflection    Moment      Shear 

          1            2            lbs         in        in-lbs       lbs 

---- ------------ ------------ ----------- ----------- ----------- ----------- 

  5  y=  0.100000 S=     0.000     140000.   0.1000000    -833388.  26407.0032 

  5  y=  0.250000 S=     0.000     140000.   0.2500000   -1788297.  51884.0960 

  5  y=  0.500000 S=     0.000     140000.   0.5000000   -3201388.  87997.8553 

  5  y=  0.750000 S=     0.000     140000.   0.7500000   -4453757.     114453. 

  5  y=  1.000000 S=     0.000     140000.   1.0000000   -5506696.     132569. 

  5  y=     1.500 S=     0.000     140000.      1.5000   -7275117.     159137. 

  5  y=     2.000 S=     0.000     140000.      2.0000   -8782548.     179358. 

  5  y=     3.000 S=     0.000     140000.      3.0000 -1.1368E+07     210658. 

  5  y=     4.000 S=     0.000     140000.      4.0000 -1.3615E+07     235540. 

  5  y=     5.000 S=     0.000     140000.      5.0000 -1.5622E+07     256519. 

 

 

------------------------------------------------------------------------------ 

                     Pile-head Deflection vs. Pile Length 

------------------------------------------------------------------------------ 

 

 Boundary Condition Type 5, Deflection and Slope 

 

Deflection =         0.10000  in 

Slope      =         0.00000 

Axial Load =         140000. lbs 

 

 

 

   Pile       Pile Head       Maximum      Maximum 

  Length      Deflection      Moment        Shear  

    in           in           in-lbs         lbs 

-----------  ------------  ------------  ------------ 

  1080.000    0.10000000 -833387.79345   26407.00316 

  1026.000    0.10000000 -833994.82758   26414.40405 

   972.000    0.10000000 -834227.45931   26408.46066 

   918.000    0.10000000 -834696.49016   26415.33034 

   864.000    0.10000000 -835069.99785   26415.58033 

   810.000    0.10000000 -835458.18216   26417.89849 

   756.000    0.10000000 -835817.74233   26416.71364 

   702.000    0.10000000 -836129.64270   26421.16519 

   648.000    0.10000000 -836496.92610   26424.61840 

   594.000    0.10000000 -836737.69910   26423.83045 

 

 

This analysis ended normally.  
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------------------------------------------------------------------------------ 

                          Time and Date of Analysis 

------------------------------------------------------------------------------ 

 

               Date:  August 26, 2010     Time:  16:24:20 

 

 

------------------------------------------------------------------------------ 

                                Problem Title 

------------------------------------------------------------------------------ 

 

US 101/SR116 SOH (Replace) Abutment 5-RW2_R-09-105 - Free                        

 

 

------------------------------------------------------------------------------ 

                                Program Options 

------------------------------------------------------------------------------ 

 

Units Used in Computations - US Customary Units: Inches, Pounds 

 

Basic Program Options: 

 

Analysis Type 1:  

- Computation of Lateral Pile Response Using User-specified Constant EI 

 

Computation Options: 

- Only internally-generated p-y curves used in analysis 

- Analysis does not use p-y multipliers (individual pile or shaft action only) 

- Analysis assumes no shear resistance at pile tip 

- Analysis includes automatic computation of pile-top deflection vs. 

  pile embedment length 



- No computation of foundation stiffness matrix elements 

- Output pile response for full length of pile 

- Analysis assumes no soil movements acting on pile 

- No additional p-y curves to be computed at user-specified depths 

 

Solution Control Parameters: 

- Number of pile increments            =          170 

- Maximum number of iterations allowed =          100 

- Deflection tolerance for convergence =   1.0000E-05 in 

- Maximum allowable deflection         =   1.0000E+02 in 

 

Printing Options: 

- Values of pile-head deflection, bending moment, shear force, and  

  soil reaction are printed for full length of pile. 

- Printing Increment (spacing of output points) =  1 

 

 

------------------------------------------------------------------------------ 

                   Pile Structural Properties and Geometry 

------------------------------------------------------------------------------ 

 

Pile Length                               =    1080.00 in 

 

Depth of ground surface below top of pile =    -132.00 in 

 

Slope angle of ground surface             =      26.56 deg. 

 

Structural properties of pile defined using  2 points 

 

Point    Depth         Pile      Moment of       Pile      Modulus of 

           X         Diameter     Inertia       Area      Elasticity 

           in           in         in**4        Sq.in      lbs/Sq.in 

-----  ---------   -----------   ----------   ----------   ----------- 

  1       0.0000   14.00000000    3201.3000     196.0000      3600000. 

  2    1080.0000   14.00000000    3201.3000     196.0000      3600000. 

 

 

------------------------------------------------------------------------------ 

                      Soil and Rock Layering Information 

------------------------------------------------------------------------------ 

 

The soil profile is modelled using 14 layers 

 

Layer  1 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =     -132.000 in 

Distance from top of pile to bottom of layer =        0.001 in 

p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3 

 

Layer  2 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =        0.001 in 

Distance from top of pile to bottom of layer =      156.000 in 

p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3 

 

Layer  3 is stiff clay without free water 

Distance from top of pile to top of layer    =      156.000 in 



Distance from top of pile to bottom of layer =      180.000 in 

 

Layer  4 is stiff clay without free water 

Distance from top of pile to top of layer    =      180.000 in 

Distance from top of pile to bottom of layer =      252.000 in 

 

Layer  5 is stiff clay without free water 

Distance from top of pile to top of layer    =      252.000 in 

Distance from top of pile to bottom of layer =      324.000 in 

 

Layer  6 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      324.000 in 

Distance from top of pile to bottom of layer =      336.000 in 

p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3 

 

Layer  7 is stiff clay without free water 

Distance from top of pile to top of layer    =      336.000 in 

Distance from top of pile to bottom of layer =      420.000 in 

 

Layer  8 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      420.000 in 

Distance from top of pile to bottom of layer =      570.000 in 

p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3 

 

Layer  9 is stiff clay without free water 

Distance from top of pile to top of layer    =      570.000 in 

Distance from top of pile to bottom of layer =      702.000 in 

 

Layer 10 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      702.000 in 

Distance from top of pile to bottom of layer =      768.000 in 

p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3 

 

Layer 11 is stiff clay without free water 

Distance from top of pile to top of layer    =      768.000 in 

Distance from top of pile to bottom of layer =      900.000 in 

 

Layer 12 is stiff clay without free water 

Distance from top of pile to top of layer    =      900.000 in 

Distance from top of pile to bottom of layer =      936.000 in 

 

Layer 13 is stiff clay without free water 

Distance from top of pile to top of layer    =      936.000 in 

Distance from top of pile to bottom of layer =     1044.000 in 

 

Layer 14 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =     1044.000 in 

Distance from top of pile to bottom of layer =     1188.000 in 

p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3 

 

 

(Depth of lowest layer extends  108.00 in below pile tip) 

 



 

------------------------------------------------------------------------------ 

                   Effective Unit Weight of Soil vs. Depth 

------------------------------------------------------------------------------ 

 

Effective unit weight of soil with depth defined using 28 points 

 

Point        Depth X    Eff. Unit Weight 

 No.           in          lbs/in**3 

-----      ----------   ---------------- 

  1          -132.00        0.07230 

  2             0.00        0.07230 

  3             0.00        0.07230 

  4           156.00        0.07230 

  5           156.00        0.06940 

  6           180.00        0.06940 

  7           180.00        0.06940 

  8           252.00        0.06940 

  9           252.00        0.03330 

 10           324.00        0.03330 

 11           324.00        0.03620 

 12           336.00        0.03620 

 13           336.00        0.03910 

 14           420.00        0.03910 

 15           420.00        0.03620 

 16           570.00        0.03620 

 17           570.00        0.03620 

 18           702.00        0.03620 

 19           702.00        0.03910 

 20           768.00        0.03910 

 21           768.00        0.02750 

 22           900.00        0.02750 

 23           900.00        0.02750 

 24           936.00        0.02750 

 25           936.00        0.03620 

 26          1044.00        0.03620 

 27          1044.00        0.04200 

 28          1188.00        0.04200 

 

------------------------------------------------------------------------------ 

                           Shear Strength of Soils 

------------------------------------------------------------------------------ 

 

Shear strength parameters with depth defined using 28 points 

 

Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD 

 No.       in         lbs/in**2            Deg.            k_rm        % 

-----   --------     ----------     ------------------    ------    ------ 

  1     -132.000        0.00000           32.00           ------    ------ 

  2        0.001        0.00000           32.00           ------    ------ 

  3        0.001        0.00000           32.00           ------    ------ 

  4      156.000        0.00000           32.00           ------    ------ 

  5      156.000        6.94000            0.00          0.01000       0.0 

  6      180.000        6.94000            0.00          0.01000       0.0 

  7      180.000        6.25000            0.00          0.01000       0.0 

  8      252.000        6.25000            0.00          0.01000       0.0 

  9      252.000        6.25000            0.00          0.01000       0.0 



 10      324.000        6.25000            0.00          0.01000       0.0 

 11      324.000        0.00000           32.00           ------    ------ 

 12      336.000        0.00000           32.00           ------    ------ 

 13      336.000        6.25000            0.00          0.01000       0.0 

 14      420.000        6.25000            0.00          0.01000       0.0 

 15      420.000        0.00000           38.00           ------    ------ 

 16      570.000        0.00000           38.00           ------    ------ 

 17      570.000       11.11000            0.00          0.00700       0.0 

 18      702.000       11.11000            0.00          0.00700       0.0 

 19      702.000        0.00000           38.00           ------    ------ 

 20      768.000        0.00000           38.00           ------    ------ 

 21      768.000       10.07000            0.00          0.00700       0.0 

 22      900.000       10.07000            0.00          0.00700       0.0 

 23      900.000        4.86000            0.00          0.01500       0.0 

 24      936.000        4.86000            0.00          0.01500       0.0 

 25      936.000        6.25000            0.00          0.01000       0.0 

 26     1044.000        6.25000            0.00          0.01000       0.0 

 27     1044.000        0.00000           38.00           ------    ------ 

 28     1188.000        0.00000           38.00           ------    ------ 

 

Notes: 

 

(1)  Cohesion = uniaxial compressive strength for rock materials. 

(2)  Values of E50 are reported for clay strata.  

(3)  Default values will be generated for E50 when input values are 0. 

(4)  RQD and k_rm are reported only for weak rock strata. 

 

------------------------------------------------------------------------------ 

                                 Loading Type 

------------------------------------------------------------------------------ 

 

Static loading criteria was used for computation of p-y curves. 

 

------------------------------------------------------------------------------ 

              Pile-head Loading and Pile-head Fixity Conditions 

------------------------------------------------------------------------------ 

 

Number of loads specified = 10 

 

Load Case Number  1 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           0.100 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      140000.000 lbs 

 

Load Case Number  2 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           0.250 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      140000.000 lbs 

 

Load Case Number  3 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           0.500 in 



Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      140000.000 lbs 

 

Load Case Number  4 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           0.750 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      140000.000 lbs 

 

Load Case Number  5 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           1.000 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      140000.000 lbs 

 

Load Case Number  6 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           1.500 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      140000.000 lbs 

 

Load Case Number  7 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           2.000 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      140000.000 lbs 

 

Load Case Number  8 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           3.000 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      140000.000 lbs 

 

Load Case Number  9 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           4.000 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      140000.000 lbs 

 

Load Case Number 10 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           5.000 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      140000.000 lbs 

 

------------------------------------------------------------------------------ 

                          Summary of Pile Response(s) 

------------------------------------------------------------------------------ 

 

Definition of Symbols for Pile-Head Loading Conditions: 



 

Type 1 = Shear and Moment,          y = pile-head displacment in 

Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in 

Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs 

Type 4 = Deflection and Moment,     S = Pile-head Slope, radians 

Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad 

 

Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum  

Type  Condition    Condition       Load     Deflection    Moment      Shear 

          1            2            lbs         in        in-lbs       lbs 

---- ------------ ------------ ----------- ----------- ----------- ----------- 

  4  y=  0.100000 M=     0.000     140000.   0.1000000     290542.  12712.7294 

  4  y=  0.250000 M=     0.000     140000.   0.2500000     628818.  24723.1593 

  4  y=  0.500000 M=     0.000     140000.   0.5000000    1121899.  41480.5792 

  4  y=  0.750000 M=     0.000     140000.   0.7500000    1577577.  54450.8986 

  4  y=  1.000000 M=     0.000     140000.   1.0000000    1994178.  63438.0976 

  4  y=     1.500 M=     0.000     140000.      1.5000    2740214.  76357.9424 

  4  y=     2.000 M=     0.000     140000.      2.0000    3381486.  85911.0639 

  4  y=     3.000 M=     0.000     140000.      3.0000    4484839.     100179. 

  4  y=     4.000 M=     0.000     140000.      4.0000    5399737.     110861. 

  4  y=     5.000 M=     0.000     140000.      5.0000    6210526.     119464. 

 

 

------------------------------------------------------------------------------ 

                     Pile-head Deflection vs. Pile Length 

------------------------------------------------------------------------------ 

 

Boundary Condition Type 4, Deflection and Moment 

 

Deflection =         0.10000  in 

Moment     =              0. in-lbs 

Axial Load =         140000. lbs 

 

 

 

   Pile       Pile Head       Maximum      Maximum 

  Length      Deflection      Moment        Shear  

    in           in           in-lbs         lbs 

-----------  ------------  ------------  ------------ 

  1080.000    0.10000000  290541.76833   12712.72935 

  1026.000    0.10000000  291568.27537   12693.17513 

   972.000    0.10000000  291237.17703   12671.68886 

   918.000    0.10000000  291512.00897   12652.51319 

   864.000    0.10000000  291248.10125   12631.41479 

   810.000    0.10000000  291669.46757   12612.05151 

   756.000    0.10000000  291325.10731   12588.91380 

   702.000    0.10000000  291219.60888   12571.10820 

   648.000    0.10000000  291299.79730   12550.56181 

   594.000    0.10000000  291453.17597   12529.81855 

 

 

This analysis ended normally.  
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------------------------------------------------------------------------------ 

                          Time and Date of Analysis 

------------------------------------------------------------------------------ 

 

               Date:  August 27, 2010     Time:  11:28:43 

 

 

------------------------------------------------------------------------------ 

                                Problem Title 

------------------------------------------------------------------------------ 

 

US 101/SR116 SOH (Widen) Abut6 RW_R-09-015 - Free                                

 

 

------------------------------------------------------------------------------ 

                                Program Options 

------------------------------------------------------------------------------ 

 

Units Used in Computations - US Customary Units: Inches, Pounds 

 

Basic Program Options: 

 

Analysis Type 1:  

- Computation of Lateral Pile Response Using User-specified Constant EI 

 

Computation Options: 

- Only internally-generated p-y curves used in analysis 

- Analysis does not use p-y multipliers (individual pile or shaft action only) 

- Analysis assumes no shear resistance at pile tip 

- Analysis includes automatic computation of pile-top deflection vs. 

  pile embedment length 



- No computation of foundation stiffness matrix elements 

- Output pile response for full length of pile 

- Analysis assumes no soil movements acting on pile 

- No additional p-y curves to be computed at user-specified depths 

 

Solution Control Parameters: 

- Number of pile increments            =          100 

- Maximum number of iterations allowed =          100 

- Deflection tolerance for convergence =   1.0000E-05 in 

- Maximum allowable deflection         =   1.0000E+02 in 

 

Printing Options: 

- Values of pile-head deflection, bending moment, shear force, and  

  soil reaction are printed for full length of pile. 

- Printing Increment (spacing of output points) =  1 

 

 

------------------------------------------------------------------------------ 

                   Pile Structural Properties and Geometry 

------------------------------------------------------------------------------ 

 

Pile Length                               =     930.00 in 

 

Depth of ground surface below top of pile =     -48.00 in 

 

Slope angle of ground surface             =      26.56 deg. 

 

Structural properties of pile defined using  2 points 

 

Point    Depth         Pile      Moment of       Pile      Modulus of 

           X         Diameter     Inertia       Area      Elasticity 

           in           in         in**4        Sq.in      lbs/Sq.in 

-----  ---------   -----------   ----------   ----------   ----------- 

  1       0.0000   14.00000000    3201.3000     196.0000      3600000. 

  2     930.0000   14.00000000    3201.3000     196.0000      3600000. 

 

 

------------------------------------------------------------------------------ 

                      Soil and Rock Layering Information 

------------------------------------------------------------------------------ 

 

The soil profile is modelled using 12 layers 

 

Layer  1 is stiff clay without free water 

Distance from top of pile to top of layer    =      -48.000 in 

Distance from top of pile to bottom of layer =       66.000 in 

 

Layer  2 is stiff clay without free water 

Distance from top of pile to top of layer    =       66.000 in 

Distance from top of pile to bottom of layer =      138.000 in 

 

Layer  3 is stiff clay without free water 

Distance from top of pile to top of layer    =      138.000 in 

Distance from top of pile to bottom of layer =      210.000 in 

 

Layer  4 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      210.000 in 



Distance from top of pile to bottom of layer =      222.000 in 

p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3 

 

Layer  5 is stiff clay without free water 

Distance from top of pile to top of layer    =      222.000 in 

Distance from top of pile to bottom of layer =      306.000 in 

 

Layer  6 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      306.000 in 

Distance from top of pile to bottom of layer =      456.000 in 

p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3 

 

Layer  7 is stiff clay without free water 

Distance from top of pile to top of layer    =      456.000 in 

Distance from top of pile to bottom of layer =      588.000 in 

 

Layer  8 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      588.000 in 

Distance from top of pile to bottom of layer =      654.000 in 

p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3 

 

Layer  9 is stiff clay without free water 

Distance from top of pile to top of layer    =      654.000 in 

Distance from top of pile to bottom of layer =      786.000 in 

 

Layer 10 is stiff clay without free water 

Distance from top of pile to top of layer    =      786.000 in 

Distance from top of pile to bottom of layer =      822.000 in 

 

Layer 11 is stiff clay without free water 

Distance from top of pile to top of layer    =      822.000 in 

Distance from top of pile to bottom of layer =      930.000 in 

 

Layer 12 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      930.000 in 

Distance from top of pile to bottom of layer =     1074.000 in 

p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3 

 

 

(Depth of lowest layer extends  144.00 in below pile tip) 

 

------------------------------------------------------------------------------ 

                   Effective Unit Weight of Soil vs. Depth 

------------------------------------------------------------------------------ 

 

Effective unit weight of soil with depth defined using 24 points 

 

Point        Depth X    Eff. Unit Weight 

 No.           in          lbs/in**3 

-----      ----------   ---------------- 

  1           -48.00        0.06940 

  2            66.00        0.06940 

  3            66.00        0.06940 



  4           138.00        0.06940 

  5           138.00        0.03330 

  6           210.00        0.03330 

  7           210.00        0.03620 

  8           222.00        0.03620 

  9           222.00        0.03910 

 10           306.00        0.03910 

 11           306.00        0.03620 

 12           456.00        0.03620 

 13           456.00        0.03620 

 14           588.00        0.03620 

 15           588.00        0.03910 

 16           654.00        0.03910 

 17           654.00        0.02750 

 18           786.00        0.02750 

 19           786.00        0.02750 

 20           822.00        0.02750 

 21           822.00        0.03620 

 22           930.00        0.03620 

 23           930.00        0.04200 

 24          1074.00        0.04200 

 

------------------------------------------------------------------------------ 

                           Shear Strength of Soils 

------------------------------------------------------------------------------ 

 

Shear strength parameters with depth defined using 24 points 

 

Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD 

 No.       in         lbs/in**2            Deg.            k_rm        % 

-----   --------     ----------     ------------------    ------    ------ 

  1      -48.000        6.94000            0.00          0.01000       0.0 

  2       66.000        6.94000            0.00          0.01000       0.0 

  3       66.000        6.25000            0.00          0.01000       0.0 

  4      138.000        6.25000            0.00          0.01000       0.0 

  5      138.000        6.25000            0.00          0.01000       0.0 

  6      210.000        6.25000            0.00          0.01000       0.0 

  7      210.000        0.00000           32.00           ------    ------ 

  8      222.000        0.00000           32.00           ------    ------ 

  9      222.000        6.25000            0.00          0.01000       0.0 

 10      306.000        6.25000            0.00          0.01000       0.0 

 11      306.000        0.00000           38.00           ------    ------ 

 12      456.000        0.00000           38.00           ------    ------ 

 13      456.000       11.11000            0.00          0.00700       0.0 

 14      588.000       11.11000            0.00          0.00700       0.0 

 15      588.000        0.00000           38.00           ------    ------ 

 16      654.000        0.00000           38.00           ------    ------ 

 17      654.000       10.07000            0.00          0.00700       0.0 

 18      786.000       10.07000            0.00          0.00700       0.0 

 19      786.000        4.86000            0.00          0.01500       0.0 

 20      822.000        4.86000            0.00          0.01500       0.0 

 21      822.000        6.25000            0.00          0.01000       0.0 

 22      930.000        6.25000            0.00          0.01000       0.0 

 23      930.000        0.00000           38.00           ------    ------ 

 24     1074.000        0.00000           38.00           ------    ------ 

 

Notes: 



 

(1)  Cohesion = uniaxial compressive strength for rock materials. 

(2)  Values of E50 are reported for clay strata.  

(3)  Default values will be generated for E50 when input values are 0. 

(4)  RQD and k_rm are reported only for weak rock strata. 

 

------------------------------------------------------------------------------ 

                                 Loading Type 

------------------------------------------------------------------------------ 

 

Static loading criteria was used for computation of p-y curves. 

 

------------------------------------------------------------------------------ 

              Pile-head Loading and Pile-head Fixity Conditions 

------------------------------------------------------------------------------ 

 

Number of loads specified = 10 

 

Load Case Number  1 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           0.100 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      140000.000 lbs 

 

Load Case Number  2 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           0.250 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      140000.000 lbs 

 

Load Case Number  3 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           0.500 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      140000.000 lbs 

 

Load Case Number  4 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           0.750 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      140000.000 lbs 

 

Load Case Number  5 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           1.000 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      140000.000 lbs 

 

Load Case Number  6 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           1.500 in 



Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      140000.000 lbs 

 

Load Case Number  7 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           2.000 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      140000.000 lbs 

 

Load Case Number  8 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           3.000 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      140000.000 lbs 

 

Load Case Number  9 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           4.000 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      140000.000 lbs 

 

Load Case Number 10 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           5.000 in 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =      140000.000 lbs 

------------------------------------------------------------------------------ 

                          Summary of Pile Response(s) 

------------------------------------------------------------------------------ 

 

Definition of Symbols for Pile-Head Loading Conditions: 

 

Type 1 = Shear and Moment,          y = pile-head displacment in 

Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in 

Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs 

Type 4 = Deflection and Moment,     S = Pile-head Slope, radians 

Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad 

 

Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum  

Type  Condition    Condition       Load     Deflection    Moment      Shear 

          1            2            lbs         in        in-lbs       lbs 

---- ------------ ------------ ----------- ----------- ----------- ----------- 

  5  y=  0.100000 S=     0.000     140000.   0.1000000    -562424.  14440.2956 

  5  y=  0.250000 S=     0.000     140000.   0.2500000   -1014994.  21968.8737 

  5  y=  0.500000 S=     0.000     140000.   0.5000000   -1590110.  30214.7490 

  5  y=  0.750000 S=     0.000     140000.   0.7500000   -2068548.  36418.2786 

  5  y=  1.000000 S=     0.000     140000.   1.0000000   -2493497.  41580.8196 

  5  y=     1.500 S=     0.000     140000.      1.5000   -3239611.  50061.2449 

  5  y=     2.000 S=     0.000     140000.      2.0000   -3909182.  57184.2267 

  5  y=     3.000 S=     0.000     140000.      3.0000   -5108183.  69128.6111 

  5  y=     4.000 S=     0.000     140000.      4.0000   -6190839.  79247.3833 

  5  y=     5.000 S=     0.000     140000.      5.0000   -7195849.  88220.4158 

 



 

------------------------------------------------------------------------------ 

                     Pile-head Deflection vs. Pile Length 

------------------------------------------------------------------------------ 

 

 Boundary Condition Type 5, Deflection and Slope 

 

Deflection =         0.10000  in 

Slope      =         0.00000 

Axial Load =         140000. lbs 

 

 

 

   Pile       Pile Head       Maximum      Maximum 

  Length      Deflection      Moment        Shear  

    in           in           in-lbs         lbs 

-----------  ------------  ------------  ------------ 

   930.000    0.10000000 -562424.35045   14440.29563 

   883.500    0.10000000 -560497.96350   14382.73690 

   837.000    0.10000000 -558484.68747   14320.34958 

   790.500    0.10000000 -561839.84546   14402.87469 

   744.000    0.10000000 -559560.84131   14334.04479 

   697.500    0.10000000 -561928.68718   14391.42227 

   651.000    0.10000000 -563576.33919   14428.19129 

   604.500    0.10000000 -560625.63664   14343.69838 

   558.000    0.10000000 -561426.31127   14359.16370 

   511.500    0.10000000 -561476.26718   14355.67885 

 

 

This analysis ended normally.  
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------------------------------------------------------------------------------ 

                          Time and Date of Analysis 

------------------------------------------------------------------------------ 

 

               Date:  August 27, 2010     Time:  11:29:23 

 

 

------------------------------------------------------------------------------ 

                                Problem Title 

------------------------------------------------------------------------------ 

 

US 101/SR116 SOH (Widen) Abut6 RW_R-09-015 - Free                                

 

 

------------------------------------------------------------------------------ 

                                Program Options 

------------------------------------------------------------------------------ 

 

Units Used in Computations - US Customary Units: Inches, Pounds 

 

Basic Program Options: 

 

Analysis Type 1:  

- Computation of Lateral Pile Response Using User-specified Constant EI 

 

Computation Options: 

- Only internally-generated p-y curves used in analysis 

- Analysis does not use p-y multipliers (individual pile or shaft action only) 

- Analysis assumes no shear resistance at pile tip 

- Analysis includes automatic computation of pile-top deflection vs. 

  pile embedment length 



- No computation of foundation stiffness matrix elements 

- Output pile response for full length of pile 

- Analysis assumes no soil movements acting on pile 

- No additional p-y curves to be computed at user-specified depths 

 

Solution Control Parameters: 

- Number of pile increments            =          100 

- Maximum number of iterations allowed =          100 

- Deflection tolerance for convergence =   1.0000E-05 in 

- Maximum allowable deflection         =   1.0000E+02 in 

 

Printing Options: 

- Values of pile-head deflection, bending moment, shear force, and  

  soil reaction are printed for full length of pile. 

- Printing Increment (spacing of output points) =  1 

 

 

------------------------------------------------------------------------------ 

                   Pile Structural Properties and Geometry 

------------------------------------------------------------------------------ 

 

Pile Length                               =     930.00 in 

 

Depth of ground surface below top of pile =     -48.00 in 

 

Slope angle of ground surface             =      26.56 deg. 

 

Structural properties of pile defined using  2 points 

 

Point    Depth         Pile      Moment of       Pile      Modulus of 

           X         Diameter     Inertia       Area      Elasticity 

           in           in         in**4        Sq.in      lbs/Sq.in 

-----  ---------   -----------   ----------   ----------   ----------- 

  1       0.0000   14.00000000    3201.3000     196.0000      3600000. 

  2     930.0000   14.00000000    3201.3000     196.0000      3600000. 

 

 

------------------------------------------------------------------------------ 

                      Soil and Rock Layering Information 

------------------------------------------------------------------------------ 

 

The soil profile is modelled using 12 layers 

 

Layer  1 is stiff clay without free water 

Distance from top of pile to top of layer    =      -48.000 in 

Distance from top of pile to bottom of layer =       66.000 in 

 

Layer  2 is stiff clay without free water 

Distance from top of pile to top of layer    =       66.000 in 

Distance from top of pile to bottom of layer =      138.000 in 

 

Layer  3 is stiff clay without free water 

Distance from top of pile to top of layer    =      138.000 in 

Distance from top of pile to bottom of layer =      210.000 in 

 

Layer  4 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      210.000 in 



Distance from top of pile to bottom of layer =      222.000 in 

p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3 

 

Layer  5 is stiff clay without free water 

Distance from top of pile to top of layer    =      222.000 in 

Distance from top of pile to bottom of layer =      306.000 in 

 

Layer  6 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      306.000 in 

Distance from top of pile to bottom of layer =      456.000 in 

p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3 

 

Layer  7 is stiff clay without free water 

Distance from top of pile to top of layer    =      456.000 in 

Distance from top of pile to bottom of layer =      588.000 in 

 

Layer  8 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      588.000 in 

Distance from top of pile to bottom of layer =      654.000 in 

p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3 

 

Layer  9 is stiff clay without free water 

Distance from top of pile to top of layer    =      654.000 in 

Distance from top of pile to bottom of layer =      786.000 in 

 

Layer 10 is stiff clay without free water 

Distance from top of pile to top of layer    =      786.000 in 

Distance from top of pile to bottom of layer =      822.000 in 

 

Layer 11 is stiff clay without free water 

Distance from top of pile to top of layer    =      822.000 in 

Distance from top of pile to bottom of layer =      930.000 in 

 

Layer 12 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      930.000 in 

Distance from top of pile to bottom of layer =     1074.000 in 

p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3 

 

 

(Depth of lowest layer extends  144.00 in below pile tip) 

 

 

------------------------------------------------------------------------------ 

                   Effective Unit Weight of Soil vs. Depth 

------------------------------------------------------------------------------ 

 

Effective unit weight of soil with depth defined using 24 points 

 

Point        Depth X    Eff. Unit Weight 

 No.           in          lbs/in**3 

-----      ----------   ---------------- 

  1           -48.00        0.06940 

  2            66.00        0.06940 



  3            66.00        0.06940 

  4           138.00        0.06940 

  5           138.00        0.03330 

  6           210.00        0.03330 

  7           210.00        0.03620 

  8           222.00        0.03620 

  9           222.00        0.03910 

 10           306.00        0.03910 

 11           306.00        0.03620 

 12           456.00        0.03620 

 13           456.00        0.03620 

 14           588.00        0.03620 

 15           588.00        0.03910 

 16           654.00        0.03910 

 17           654.00        0.02750 

 18           786.00        0.02750 

 19           786.00        0.02750 

 20           822.00        0.02750 

 21           822.00        0.03620 

 22           930.00        0.03620 

 23           930.00        0.04200 

 24          1074.00        0.04200 

 

------------------------------------------------------------------------------ 

                           Shear Strength of Soils 

------------------------------------------------------------------------------ 

 

Shear strength parameters with depth defined using 24 points 

 

Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD 

 No.       in         lbs/in**2            Deg.            k_rm        % 

-----   --------     ----------     ------------------    ------    ------ 

  1      -48.000        6.94000            0.00          0.01000       0.0 

  2       66.000        6.94000            0.00          0.01000       0.0 

  3       66.000        6.25000            0.00          0.01000       0.0 

  4      138.000        6.25000            0.00          0.01000       0.0 

  5      138.000        6.25000            0.00          0.01000       0.0 

  6      210.000        6.25000            0.00          0.01000       0.0 

  7      210.000        0.00000           32.00           ------    ------ 

  8      222.000        0.00000           32.00           ------    ------ 

  9      222.000        6.25000            0.00          0.01000       0.0 

 10      306.000        6.25000            0.00          0.01000       0.0 

 11      306.000        0.00000           38.00           ------    ------ 

 12      456.000        0.00000           38.00           ------    ------ 

 13      456.000       11.11000            0.00          0.00700       0.0 

 14      588.000       11.11000            0.00          0.00700       0.0 

 15      588.000        0.00000           38.00           ------    ------ 

 16      654.000        0.00000           38.00           ------    ------ 

 17      654.000       10.07000            0.00          0.00700       0.0 

 18      786.000       10.07000            0.00          0.00700       0.0 

 19      786.000        4.86000            0.00          0.01500       0.0 

 20      822.000        4.86000            0.00          0.01500       0.0 

 21      822.000        6.25000            0.00          0.01000       0.0 

 22      930.000        6.25000            0.00          0.01000       0.0 

 23      930.000        0.00000           38.00           ------    ------ 

 24     1074.000        0.00000           38.00           ------    ------ 

 



Notes: 

 

(1)  Cohesion = uniaxial compressive strength for rock materials. 

(2)  Values of E50 are reported for clay strata.  

(3)  Default values will be generated for E50 when input values are 0. 

(4)  RQD and k_rm are reported only for weak rock strata. 

 

------------------------------------------------------------------------------ 

                                 Loading Type 

------------------------------------------------------------------------------ 

 

Static loading criteria was used for computation of p-y curves. 

 

------------------------------------------------------------------------------ 

              Pile-head Loading and Pile-head Fixity Conditions 

------------------------------------------------------------------------------ 

 

Number of loads specified = 10 

 

Load Case Number  1 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           0.100 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      140000.000 lbs 

 

Load Case Number  2 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           0.250 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      140000.000 lbs 

 

Load Case Number  3 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           0.500 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      140000.000 lbs 

 

Load Case Number  4 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           0.750 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      140000.000 lbs 

 

Load Case Number  5 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           1.000 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      140000.000 lbs 

 

Load Case Number  6 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 



Deflection at pile head     =           1.500 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      140000.000 lbs 

 

Load Case Number  7 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           2.000 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      140000.000 lbs 

 

Load Case Number  8 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           3.000 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      140000.000 lbs 

 

Load Case Number  9 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           4.000 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      140000.000 lbs 

 

Load Case Number 10 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           5.000 in 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =      140000.000 lbs 

------------------------------------------------------------------------------ 

                          Summary of Pile Response(s) 

------------------------------------------------------------------------------ 

 

Definition of Symbols for Pile-Head Loading Conditions: 

 

Type 1 = Shear and Moment,          y = pile-head displacment in 

Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in 

Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs 

Type 4 = Deflection and Moment,     S = Pile-head Slope, radians 

Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad 

 

Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum  

Type  Condition    Condition       Load     Deflection    Moment      Shear 

          1            2            lbs         in        in-lbs       lbs 

---- ------------ ------------ ----------- ----------- ----------- ----------- 

  4  y=  0.100000 M=     0.000     140000.   0.1000000     225959.   7463.9880 

  4  y=  0.250000 M=     0.000     140000.   0.2500000     407133.  11259.4393 

  4  y=  0.500000 M=     0.000     140000.   0.5000000     634831.  15324.3832 

  4  y=  0.750000 M=     0.000     140000.   0.7500000     827377.  18351.8814 

  4  y=  1.000000 M=     0.000     140000.   1.0000000     995676.  20845.9511 

  4  y=     1.500 M=     0.000     140000.      1.5000    1301935.  24940.3844 

  4  y=     2.000 M=     0.000     140000.      2.0000    1573231.  28307.9435 

  4  y=     3.000 M=     0.000     140000.      3.0000    2057528.  33827.3060 

  4  y=     4.000 M=     0.000     140000.      4.0000    2490451.  38318.4462 

  4  y=     5.000 M=     0.000     140000.      5.0000    2881412.  42174.4843 



 

 

------------------------------------------------------------------------------ 

                     Pile-head Deflection vs. Pile Length 

------------------------------------------------------------------------------ 

 

Boundary Condition Type 4, Deflection and Moment 

 

Deflection =         0.10000  in 

Moment     =              0. in-lbs 

Axial Load =         140000. lbs 

 

 

 

   Pile       Pile Head       Maximum      Maximum 

  Length      Deflection      Moment        Shear  

    in           in           in-lbs         lbs 

-----------  ------------  ------------  ------------ 

   930.000    0.10000000  225958.73012    7463.98798 

   883.500    0.10000000  223992.23210    7441.82577 

   837.000    0.10000000  223589.56027    7421.82552 

   790.500    0.10000000  225010.89608    7452.53248 

   744.000    0.10000000  223908.07118    7429.53771 

   697.500    0.10000000  224695.42388    7445.73411 

   651.000    0.10000000  225671.20325    7456.54023 

   604.500    0.10000000  223609.47853    7430.29277 

   558.000    0.10000000  223989.53796    7435.09720 

   511.500    0.10000000  224027.54808    7434.18775 

 

 

This analysis ended normally.  
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            =======================================================
            CONSOL - 1d Consolidation Analysis Program
                     Version 3.0
                     Virginia Tech, Department of Civil Engineering
            =======================================================

       Date: 11/19/2009
       Input file : X:\101_MSN_SCTA\450_Geotech\Analysis\settlement
\Roadway\Sta194_116NAbutment\Consol3\101 @ sta 194-20_OC_change_32lay_
11-19.cns                                                               
       Output file: X:\101_MSN_SCTA\450_Geotech\Analysis\settlement
\Roadway\Sta194_116NAbutment\Consol3\101 @ sta 194-20_OC_change_32lay_
11-19.out                                                               
       Plot file  : X:\101_MSN_SCTA\450_Geotech\Analysis\settlement
\Roadway\Sta194_116NAbutment\Consol3\101 @ sta 194-20_OC_change_32lay_
11-19.dat                                                               

       Title     : US101 MSN B4_101/116_NC                              

       ****  C O N T R O L    D A T A  ****

       Number of compressible units  ..............................     
5
       Number of soil layers  .....................................     
32
       Number of different soils  .................................     
4
       Elevation of the ground surface  ...........................     
16.00
       Elevation of the top of the compressible soil mass .........     
16.00
       Ground water elevation  ....................................     
5.00
       Unit weight of water  ......................................     
62.40
       Moist unit wt. of soil btwn grn. surf. & comp. soil mass ...    
125.00
       Satur. unit wt. of soil btwn grn. surf. & comp. soil mass ..    
130.00

       ****  U N I T   B O U N D A R Y   D A T A  ****

        Unit         Top         Bottom       Drainage
       Number      Boundary     Boundary     Condition

          1           1           13              2
          2          13           14              2
          3          14           21              2
          4          21           22              2
          5          22           33              2

       ****  S O I L   P R O P E R T Y   D A T A  ****

       Soil      Unit       Void



       Type     Weight     Ratio        Cc       Ccs      Cv        Cvs

         1      125.00      0.67      0.24      0.03     40.00    130.00
         2      125.00      0.59      0.00      0.00    100.00    200.00
         3      125.00      0.67      0.28      0.04     40.00    130.00
         4      125.00      0.69      0.31      0.05     16.00     43.00

       ****  S U B L A Y E R   D A T A  ****

                Center   Bottom             Overbn     Precons    Soil
       Layer     Elev     Elev     Thick   Pressure   Pressure    Type

         1       15.50    15.00     1.00      62.50    5000.00      1
         2       14.50    14.00     1.00     187.50    5000.00      1
         3       13.00    12.00     2.00     375.00    5000.00      1
         4       10.50     9.00     3.00     687.50    5000.00      1
         5        7.50     6.00     3.00    1062.50    5000.00      1
         6        4.50     3.00     3.00    1406.30    5000.00      1
         7        1.50     0.00     3.00    1594.10    5000.00      1
         8       -1.50    -3.00     3.00    1781.90    5000.00      1
         9       -4.50    -6.00     3.00    1969.70    5000.00      1
        10       -6.50    -7.00     1.00    2094.90    5000.00      1
        11       -7.50    -8.00     1.00    2157.50    5000.00      1
        12       -8.50    -9.00     1.00    2220.10    5000.00      1
        13      -15.25   -21.50    12.50    2642.65    8000.00      2
        14      -22.00   -22.50     1.00    3065.20    9300.00      3
        15      -23.00   -23.50     1.00    3127.80    9300.00      3
        16      -24.00   -24.50     1.00    3190.40    9300.00      3
        17      -26.00   -27.50     3.00    3315.60    9300.00      3
        18      -29.00   -30.50     3.00    3503.40    9300.00      3
        19      -31.00   -31.50     1.00    3628.60    9300.00      3
        20      -32.00   -32.50     1.00    3691.20    9300.00      3
        21      -35.25   -38.00     5.50    3894.65   10000.00      2
        22      -38.50   -39.00     1.00    4098.10   11000.00      4
        23      -39.50   -40.00     1.00    4160.70   11000.00      4
        24      -40.50   -41.00     1.00    4223.30   11000.00      4
        25      -42.50   -44.00     3.00    4348.50   11000.00      4
        26      -45.50   -47.00     3.00    4536.30   11000.00      4
        27      -48.50   -50.00     3.00    4724.10   11000.00      4
        28      -51.50   -53.00     3.00    4911.90   11000.00      4
        29      -54.50   -56.00     3.00    5099.70   11000.00      4
        30      -57.50   -59.00     3.00    5287.50   11000.00      4
        31      -59.50   -60.00     1.00    5412.70   11000.00      4
        32      -60.50   -61.00     1.00    5475.30   11000.00      4

       ****  Number of Loadcases to be Analysed:     1

       ****  L O A D C A S E :      1  ****
       ****  S p e c i f i e d   C h a n g e   i n   S t r e s s  ****

       Time intervals:     0.08    0.25    0.50    0.75    1.00    2.00
              4.00    8.00   15.00   20.00   30.00

                Overbn    Stress   Precons     Final
       Layer   Pressure   Change   Pressure   Pressure



          1     62.50   2638.00   5000.00   2700.50
          2    187.50   2612.00   5000.00   2799.50
          3    375.00   2525.00   5000.00   2900.00
          4    687.50   2448.00   5000.00   3135.50
          5   1062.50   2350.00   5000.00   3412.50
          6   1406.30   2250.00   5000.00   3656.30
          7   1594.10   2250.00   5000.00   3844.10
          8   1781.90   2050.00   5000.00   3831.90
          9   1969.70   2050.00   5000.00   4019.70
         10   2094.90   2000.00   5000.00   4094.90
         11   2157.50   2000.00   5000.00   4157.50
         12   2220.10   1950.00   5000.00   4170.10
         13   2642.65   1790.00   8000.00   4432.65
         14   3065.20   1650.00   9300.00   4715.20
         15   3127.80   1600.00   9300.00   4727.80
         16   3190.40   1600.00   9300.00   4790.40
         17   3315.60   1550.00   9300.00   4865.60
         18   3503.40   1500.00   9300.00   5003.40
         19   3628.60   1450.00   9300.00   5078.60
         20   3691.20   1450.00   9300.00   5141.20
         21   3894.65   1364.00  10000.00   5258.65
         22   4098.10   1330.00  11000.00   5428.10
         23   4160.70   1310.00  11000.00   5470.70
         24   4223.30   1250.00  11000.00   5473.30
         25   4348.50   1250.00  11000.00   5598.50
         26   4536.30   1020.00  11000.00   5556.30
         27   4724.10   1142.00  11000.00   5866.10
         28   4911.90   1110.00  11000.00   6021.90
         29   5099.70   1080.00  11000.00   6179.70
         30   5287.50   1030.00  11000.00   6317.50
         31   5412.70    970.00  11000.00   6382.70
         32   5475.30    950.00  11000.00   6425.30

                             Void   Initial   Precons.   Final        
Ult.
       Layer       Thick.   Ratio  Pressure  Pressure  Pressure      
Settl.

          1        1.00      0.67     62.50   5000.00   2700.50     
0.032
          2        1.00      0.67    187.50   5000.00   2799.50     
0.023
          3        2.00      0.67    375.00   5000.00   2900.00     
0.035
          4        3.00      0.67    687.50   5000.00   3135.50     
0.039
          5        3.00      0.67   1062.50   5000.00   3412.50     
0.030
          6        3.00      0.67   1406.30   5000.00   3656.30     
0.025
          7        3.00      0.67   1594.10   5000.00   3844.10     
0.023
          8        3.00      0.67   1781.90   5000.00   3831.90     
0.020
          9        3.00      0.67   1969.70   5000.00   4019.70     
0.018
         10        1.00      0.67   2094.90   5000.00   4094.90     
0.006
         11        1.00      0.67   2157.50   5000.00   4157.50     
0.006



         12        1.00      0.67   2220.10   5000.00   4170.10     
0.005
         13       12.50      0.59   2642.65   8000.00   4432.65     
0.000
         14        1.00      0.67   3065.20   9300.00   4715.20     
0.005
         15        1.00      0.67   3127.80   9300.00   4727.80     
0.005
         16        1.00      0.67   3190.40   9300.00   4790.40     
0.005
         17        3.00      0.67   3315.60   9300.00   4865.60     
0.013
         18        3.00      0.67   3503.40   9300.00   5003.40     
0.012
         19        1.00      0.67   3628.60   9300.00   5078.60     
0.004
         20        1.00      0.67   3691.20   9300.00   5141.20     
0.004
         21        5.50      0.59   3894.65  10000.00   5258.65     
0.000
         22        1.00      0.69   4098.10  11000.00   5428.10     
0.004
         23        1.00      0.69   4160.70  11000.00   5470.70     
0.004
         24        1.00      0.69   4223.30  11000.00   5473.30     
0.004
         25        3.00      0.69   4348.50  11000.00   5598.50     
0.010
         26        3.00      0.69   4536.30  11000.00   5556.30     
0.008
         27        3.00      0.69   4724.10  11000.00   5866.10     
0.009
         28        3.00      0.69   4911.90  11000.00   6021.90     
0.008
         29        3.00      0.69   5099.70  11000.00   6179.70     
0.008
         30        3.00      0.69   5287.50  11000.00   6317.50     
0.007
         31        1.00      0.69   5412.70  11000.00   6382.70     
0.002
         32        1.00      0.69   5475.30  11000.00   6425.30     
0.002

       Ultimate settlement without correction for buoyancy :         
0.375

       ****  Time  since  load  was  applied:     0.08  ****

                              Effective         Pore 
                Elevation       Stress        Pressure

                  15.32        2672.69          27.81
                  14.35        2657.63         133.87
                  12.87        2427.04         486.56
                  10.40        1930.77        1203.33
                   7.42        1547.86        1864.14
                   4.43        1556.08        2125.22
                   1.43        1679.64        2114.46
                  -1.57        1976.27        1905.63



                  -4.56        2590.08        1410.87
                  -6.56        3190.46         910.69
                  -7.55        3575.94         569.06
                  -8.55        3982.51         194.16
                 -15.30        4441.91           0.00
                 -22.04        4598.04         109.84
                 -23.04        4418.39         321.91
                 -24.04        4274.64         509.51
                 -26.03        4167.82         704.03
                 -29.02        4373.18         623.97
                 -31.02        4753.00         331.85
                 -32.02        5020.12         114.47
                 -35.26        5280.65           0.00
                 -38.51        5241.65         184.06
                 -39.51        4931.15         529.55
                 -40.51        4675.82         812.48
                 -42.51        4517.38        1023.62
                 -45.51        4535.54        1108.76
                 -48.51        4721.45        1106.15
                 -51.51        4927.69        1094.71
                 -54.50        5141.58        1033.12
                 -57.50        5514.15         793.35
                 -59.50        5922.21         462.99
                 -60.50        6263.23         162.07

       ****  Time  since  load  was  applied:     0.25  ****

                              Effective         Pore 
                Elevation       Stress        Pressure

                  15.24        2691.92           8.58
                  14.27        2749.12          42.38
                  12.80        2749.49         164.11
                  10.33        2649.22         484.88
                   7.36        2476.57         935.43
                   4.38        2379.12        1302.18
                   1.39        2349.32        1444.78
                  -1.60        2571.83        1310.07
                  -4.59        3083.80         917.15
                  -6.58        3543.60         557.55
                  -7.58        3801.79         343.21
                  -8.57        4060.48         116.19
                 -15.32        4441.91           0.00
                 -22.07        4690.85          17.03
                 -23.06        4690.28          50.02
                 -24.06        4704.68          79.48
                 -26.05        4760.21         111.64
                 -29.04        4897.29          99.86
                 -31.03        5031.89          52.97
                 -32.03        5116.33          18.26
                 -35.27        5280.65           0.00
                 -38.52        5327.45          98.26
                 -39.52        5169.98         290.72
                 -40.52        5018.18         470.13
                 -42.51        4805.39         735.62
                 -45.51        4660.94         983.36
                 -48.51        4769.31        1058.29
                 -51.51        4992.81        1029.58
                 -54.51        5286.68         888.02
                 -57.51        5736.27         571.22



                 -59.50        6112.78         272.42
                 -60.50        6332.79          92.51

       ****  Time  since  load  was  applied:     0.50  ****

                              Effective         Pore 
                Elevation       Stress        Pressure

                  15.20        2697.03           3.47
                  14.23        2774.30          17.20
                  12.76        2846.42          67.18
                  10.29        2930.69         203.41
                   7.32        3003.77         408.23
                   4.35        3084.77         596.53
                   1.37        3101.61         692.49
                  -1.62        3231.75         650.15
                  -4.60        3535.71         465.24
                  -6.59        3815.19         285.96
                  -7.59        3968.55         176.45
                  -8.58        4116.87          59.81
                 -15.33        4441.91           0.00
                 -22.08        4706.85           1.04
                 -23.07        4737.25           3.05
                 -24.07        4779.30           4.85
                 -26.06        4865.04           6.81
                 -29.05        4991.06           6.09
                 -31.04        5081.62           3.23
                 -32.03        5133.47           1.11
                 -35.28        5280.65           0.00
                 -38.53        5361.13          64.58
                 -39.53        5267.78         192.92
                 -40.52        5170.49         317.81
                 -42.52        5003.68         537.32
                 -45.52        4856.23         788.07
                 -48.51        4925.00         902.60
                 -51.51        5143.14         879.26
                 -54.51        5453.65         721.05
                 -57.51        5871.67         435.83
                 -59.50        6186.59         198.61
                 -60.50        6358.35          66.95

       ****  Time  since  load  was  applied:     0.75  ****

                              Effective         Pore 
                Elevation       Stress        Pressure

                  15.18        2698.91           1.59
                  14.21        2783.61           7.89
                  12.74        2882.73          30.87
                  10.27        3040.32          93.78
                   7.31        3222.71         189.29
                   4.33        3402.62         278.68
                   1.35        3468.10         326.00
                  -1.63        3573.78         308.12
                  -4.61        3779.40         221.55
                  -6.60        3964.61         136.54
                  -7.59        4060.69          84.31
                  -8.59        4148.09          28.59
                 -15.34        4441.91           0.00



                 -22.08        4707.82           0.06
                 -23.08        4740.12           0.19
                 -24.07        4783.86           0.30
                 -26.07        4871.44           0.42
                 -29.05        4996.78           0.37
                 -31.04        5084.65           0.20
                 -32.04        5134.52           0.07
                 -35.29        5280.65           0.00
                 -38.54        5376.00          49.71
                 -39.53        5311.88         148.82
                 -40.53        5242.11         246.19
                 -42.53        5117.54         423.46
                 -45.52        5008.26         636.04
                 -48.52        5084.21         743.39
                 -51.51        5293.63         728.77
                 -54.51        5581.37         593.33
                 -57.51        5952.79         354.71
                 -59.50        6224.74         160.46
                 -60.50        6371.28          54.02

       ****  Time  since  load  was  applied:     1.00  ****

                              Effective         Pore 
                Elevation       Stress        Pressure

                  15.17        2699.76           0.74
                  14.20        2787.81           3.69
                  12.73        2899.16          14.44
                  10.26        3090.22          43.88
                   7.30        3323.35          88.65
                   4.32        3550.63         130.67
                   1.35        3641.05         153.05
                  -1.63        3737.08         144.82
                  -4.62        3896.73         104.22
                  -6.60        4036.89          64.26
                  -7.60        4105.32          39.68
                  -8.59        4163.22          13.46
                 -15.34        4441.91           0.00
                 -22.09        4707.88           0.00
                 -23.08        4740.29           0.01
                 -24.08        4784.13           0.02
                 -26.07        4871.83           0.03
                 -29.06        4997.13           0.02
                 -31.05        5084.84           0.01
                 -32.05        5134.58           0.00
                 -35.29        5280.65           0.00
                 -38.54        5385.93          39.79
                 -39.54        5341.52         119.18
                 -40.54        5290.90         197.40
                 -42.53        5199.78         341.22
                 -45.52        5127.98         516.32
                 -48.52        5219.65         607.96
                 -51.52        5423.68         598.72
                 -54.51        5686.71         487.99
                 -57.51        6015.97         291.53
                 -59.50        6253.43         131.77
                 -60.50        6380.94          44.36

       ****  Time  since  load  was  applied:     2.00  ****



                              Effective         Pore 
                Elevation       Stress        Pressure

                  15.15        2700.47           0.03
                  14.18        2791.34           0.16
                  12.71        2912.96           0.64
                  10.25        3132.16           1.94
                   7.28        3408.09           3.91
                   4.31        3675.53           5.77
                   1.33        3787.34           6.76
                  -1.65        3875.50           6.40
                  -4.63        3996.34           4.61
                  -6.62        4098.31           2.84
                  -7.61        4143.25           1.75
                  -8.61        4176.08           0.59
                 -15.35        4441.91           0.00
                 -22.10        4707.88           0.00
                 -23.10        4740.30           0.00
                 -24.09        4784.15           0.00
                 -26.08        4871.85           0.00
                 -29.07        4997.15           0.00
                 -31.06        5084.85           0.00
                 -32.06        5134.59           0.00
                 -35.31        5280.65           0.00
                 -38.56        5408.30          17.42
                 -39.55        5408.51          52.19
                 -40.55        5401.79          86.51
                 -42.54        5391.01         149.99
                 -45.53        5416.19         228.11
                 -48.53        5557.33         270.26
                 -51.52        5754.71         267.68
                 -54.51        5955.59         219.11
                 -57.51        6176.29         131.21
                 -59.50        6325.83          59.37
                 -60.50        6405.31          19.99

       ****  Time  since  load  was  applied:     4.00  ****

                              Effective         Pore 
                Elevation       Stress        Pressure

                  15.14        2700.50           0.00
                  14.17        2791.50           0.00
                  12.70        2913.60           0.00
                  10.24        3134.10           0.00
                   7.27        3412.00           0.00
                   4.30        3681.30           0.01
                   1.32        3794.09           0.01
                  -1.66        3881.89           0.01
                  -4.64        4000.95           0.00
                  -6.62        4101.15           0.00
                  -7.62        4145.00           0.00
                  -8.61        4176.67           0.00
                 -15.36        4441.91           0.00
                 -22.11        4707.88           0.00
                 -23.10        4740.30           0.00
                 -24.10        4784.15           0.00
                 -26.09        4871.85           0.00
                 -29.08        4997.15           0.00



                 -31.07        5084.85           0.00
                 -32.07        5134.59           0.00
                 -35.31        5280.65           0.00
                 -38.56        5422.31           3.40
                 -39.56        5450.50          10.20
                 -40.56        5471.40          16.90
                 -42.55        5511.69          29.31
                 -45.54        5599.70          44.60
                 -48.53        5774.74          52.86
                 -51.52        5970.01          52.39
                 -54.52        6131.79          42.90
                 -57.51        6281.80          25.70
                 -59.50        6373.57          11.63
                 -60.50        6421.38           3.92

       ****  Time  since  load  was  applied:     8.00  ****

                              Effective         Pore 
                Elevation       Stress        Pressure

                  15.14        2700.50           0.00
                  14.17        2791.50           0.00
                  12.70        2913.60           0.00
                  10.24        3134.10           0.00
                   7.27        3412.00           0.00
                   4.30        3681.30           0.00
                   1.32        3794.10           0.00
                  -1.66        3881.90           0.00
                  -4.64        4000.95           0.00
                  -6.63        4101.15           0.00
                  -7.62        4145.00           0.00
                  -8.62        4176.67           0.00
                 -15.36        4441.91           0.00
                 -22.11        4707.88           0.00
                 -23.11        4740.30           0.00
                 -24.10        4784.15           0.00
                 -26.09        4871.85           0.00
                 -29.08        4997.15           0.00
                 -31.07        5084.85           0.00
                 -32.07        5134.59           0.00
                 -35.32        5280.65           0.00
                 -38.56        5425.60           0.12
                 -39.56        5460.35           0.36
                 -40.56        5487.71           0.59
                 -42.55        5539.98           1.02
                 -45.54        5642.75           1.55
                 -48.53        5825.76           1.84
                 -51.52        6020.57           1.83
                 -54.52        6173.20           1.50
                 -57.51        6306.60           0.90
                 -59.50        6384.79           0.41
                 -60.50        6425.16           0.14

       ****  Time  since  load  was  applied:    15.00  ****

                              Effective         Pore 
                Elevation       Stress        Pressure

                  15.14        2700.50           0.00



                  14.17        2791.50           0.00
                  12.70        2913.60           0.00
                  10.24        3134.10           0.00
                   7.27        3412.00           0.00
                   4.30        3681.30           0.00
                   1.32        3794.10           0.00
                  -1.66        3881.90           0.00
                  -4.64        4000.95           0.00
                  -6.63        4101.15           0.00
                  -7.62        4145.00           0.00
                  -8.62        4176.67           0.00
                 -15.36        4441.91           0.00
                 -22.11        4707.88           0.00
                 -23.11        4740.30           0.00
                 -24.10        4784.15           0.00
                 -26.09        4871.85           0.00
                 -29.08        4997.15           0.00
                 -31.07        5084.85           0.00
                 -32.07        5134.59           0.00
                 -35.32        5280.65           0.00
                 -38.56        5425.72           0.00
                 -39.56        5460.70           0.00
                 -40.56        5488.30           0.00
                 -42.55        5541.00           0.00
                 -45.54        5644.30           0.00
                 -48.53        5827.60           0.00
                 -51.52        6022.40           0.00
                 -54.52        6174.70           0.00
                 -57.51        6307.50           0.00
                 -59.50        6385.20           0.00
                 -60.50        6425.30           0.00

       ****  Time  since  load  was  applied:    20.00  ****

                              Effective         Pore 
                Elevation       Stress        Pressure

                  15.14        2700.50           0.00
                  14.17        2791.50           0.00
                  12.70        2913.60           0.00
                  10.24        3134.10           0.00
                   7.27        3412.00           0.00
                   4.30        3681.30           0.00
                   1.32        3794.10           0.00
                  -1.66        3881.90           0.00
                  -4.64        4000.95           0.00
                  -6.63        4101.15           0.00
                  -7.62        4145.00           0.00
                  -8.62        4176.67           0.00
                 -15.36        4441.91           0.00
                 -22.11        4707.88           0.00
                 -23.11        4740.30           0.00
                 -24.10        4784.15           0.00
                 -26.09        4871.85           0.00
                 -29.08        4997.15           0.00
                 -31.07        5084.85           0.00
                 -32.07        5134.59           0.00
                 -35.32        5280.65           0.00
                 -38.56        5425.72           0.00
                 -39.56        5460.70           0.00



                 -40.56        5488.30           0.00
                 -42.55        5541.00           0.00
                 -45.54        5644.30           0.00
                 -48.53        5827.60           0.00
                 -51.52        6022.40           0.00
                 -54.52        6174.70           0.00
                 -57.51        6307.50           0.00
                 -59.50        6385.20           0.00
                 -60.50        6425.30           0.00

       ****  Time  since  load  was  applied:    30.00  ****

                              Effective         Pore 
                Elevation       Stress        Pressure

                  15.14        2700.50           0.00
                  14.17        2791.50           0.00
                  12.70        2913.60           0.00
                  10.24        3134.10           0.00
                   7.27        3412.00           0.00
                   4.30        3681.30           0.00
                   1.32        3794.10           0.00
                  -1.66        3881.90           0.00
                  -4.64        4000.95           0.00
                  -6.63        4101.15           0.00
                  -7.62        4145.00           0.00
                  -8.62        4176.67           0.00
                 -15.36        4441.91           0.00
                 -22.11        4707.88           0.00
                 -23.11        4740.30           0.00
                 -24.10        4784.15           0.00
                 -26.09        4871.85           0.00
                 -29.08        4997.15           0.00
                 -31.07        5084.85           0.00
                 -32.07        5134.59           0.00
                 -35.32        5280.65           0.00
                 -38.56        5425.72           0.00
                 -39.56        5460.70           0.00
                 -40.56        5488.30           0.00
                 -42.55        5541.00           0.00
                 -45.54        5644.30           0.00
                 -48.53        5827.60           0.00
                 -51.52        6022.40           0.00
                 -54.52        6174.70           0.00
                 -57.51        6307.50           0.00
                 -59.50        6385.20           0.00
                 -60.50        6425.30           0.00

           For this load case   |      Accumulated      |   Surface 
          Time      Settlement  |  Time     Settlement  |  elevation
          ----------------------+-----------------------+-----------
           0.08       0.197     |   0.08       0.197    |     15.80
           0.25       0.273     |   0.25       0.273    |     15.73
           0.50       0.317     |   0.50       0.317    |     15.68
           0.75       0.337     |   0.75       0.337    |     15.66
           1.00       0.348     |   1.00       0.348    |     15.65
           2.00       0.365     |   2.00       0.365    |     15.63
           4.00       0.373     |   4.00       0.373    |     15.63
           8.00       0.375     |   8.00       0.375    |     15.62



          15.00       0.375     |  15.00       0.375    |     15.62
          20.00       0.375     |  20.00       0.375    |     15.62
          30.00       0.375     |  30.00       0.375    |     15.62

       ****  C o m p l e t e   T i m e   S e t t l e m e n t   R e c o r
d  ****

             Time     Settlement

             0.08       0.197
             0.25       0.273
             0.50       0.317
             0.75       0.337
             1.00       0.348
             2.00       0.365
             4.00       0.373
             8.00       0.375
            15.00       0.375
            20.00       0.375
            30.00       0.375
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OSFP Review Comment & Response Form 
 

.General Project Information Review Phase Reviewer Information 

Dist: 04      EA: 2640C1. 
 

Project  Name: MSN B4 
 

OSFP Liaison:  Tracy Bertram 

   Phone: 916-227-8379 

   e-mail: tracy.bertram@dot.ca.gov  

 PSR/PDS (Review No.  ) 

 APS/PSR (Review No.  ) 

 APS/PR (Review No.  ) 

Type Selection 

 65% PS&E Unchecked Details  

 PS&E (Review No. 1)  

 Construction Support 

 Other:FR 

Reviewer Name:M.Zabolzadeh/R.Nashed   
Functional Unit:GDW-GS. 

 

     Phone Number: ((510)2864831     

     e-mail: Mohammadzabolzadeh@dot.ca.gov    

 

Date of Review: 12/2/2010     

Structure Information 
(Use when necessary to document comments by individual structure) 

Structure Name: 101N/116 SOH (Replace) 

Br No: 20-0284R 

Consultant Information (to be filled in by Consultant) 
Consultant Structure Lead (First and Last Name) 

     . 
Structure Consultant Firm 

      

Phone Number 

      

e-mail 

      

Response Date 

      

 

# 
Doc. 

(See Note 1) 

Page, Section, or 

SSP Review Comments Consultant Responses  
1 FR           N/A FR prepared by URS Corporation dated 

9/10/2010. 

No comment.  

2 FR General All our comments dated May 27, 2010 

have been addressed except for comment 

#13, which is repeated here. 

 No comment.   

3 FR Page 7-4 The input and output of Lpile computer 

program corresponding to the design pile 

tip elevations (shown on Table 7-3) due 

to the lateral loads should be included in 

Appendix G.  

Will include LPILE output files in Appendix G.    

4 FR Appendix E  All the attached plan sheets are for the 

left side widening.  Please attach the 

plans corresponding to right widening. 

No widening was done for the right side bridge since 

its construction in 1952. The original as-built plans 

were not available during a search of BIRIS. 

However, the 1996 Earthquake Retrofit project as-

built plans are available and will be included in 

Appendix E as reference.   

  

5 FR Appendix F The pile design spreadsheet shows the 

boring (R-09-011) surface elevation to be 

31’ for Abutment 1.  The boring R-09-

 Ground surface elevation at boring location R-09-011 

is 51 feet as shown in Appendix A. The proposed 

slope inclination of new embankment at the Abutment 
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011 surface elevation shown in appendix 

A is 51’.  Check discrepancy. 

1 is 1.5 to 1 (horizontal to vertical). As shown in 

Table 7-1, the finished grade elevation at Footing 1C 

varies from 30 to 38 Elevation 31 was conservatively 

selected for the pile design.  

6 FR N/A C3- Not approved.  Resubmitted to GS is 

required. 

Will comply and resubmit.   
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OSFP Review Comment & Response Form 
 

.General Project Information Review Phase Reviewer Information 

 PSR/PDS (Review No.  ) 

 APS/PSR (Review No.  ) 

 APS/PR (Review No.  ) 

Type Selection 

 65% PS&E Unchecked Details  

 PS&E (Review No.  )  

 Construction Support 

 Other:FR 

Structure Information 
(Use when necessary to document comments by individual structure) 

Dist: 04      EA: 2640C1. 
 

Project  Name: Petaluma River 

Bridge 
 

OSFP Liaison:  Tracy Bertram 

   Phone: 916-227-8379 

   e-mail: 

TracyBertram/HQ/Caltrans/CAGov  

Structure Name: U.S. 101/SR116 SOH (Replace 

Br No: 20-0284R 

Reviewer Name:M.Zabolzadeh/R.Nashed   
Functional Unit:GDW-GS. 

 

     Phone Number: ((510)2864831     

     e-mail: Mohammadzabolzadeh@dot.ca.gov    

 

Date of Review: 5/27/2010     

Consultant Information (to be filled in by Consultant) 
Consultant Structure Lead (First and Last Name) 

     . 
Structure Consultant Firm 

      

Phone Number 

      

e-mail 

      

Response Date 

      

 

# 
Doc. 

(See Note 1) 

Page, Section, or 

SSP Review Comments Consultant Responses  
1 FR           N/A FR prepared by URS Corporation dated 

4/19/2010. 

  

2 FR Section 3.1.1 The second paragraph “ The north 

abutment of the Petaluma………….the 

south abutment of the Petaluma River 

Bridge” should be moved under  “Local 

Geology” section. 

Will modify  

3 FR Section 3.1.1  The statement “the southern abutment 

(abutment 1)” should replace “The north 

abutment of the Petaluma River Bridge” 

statement. This to be more specific to the 

job under study. 

Will revise.  

4 FR Section 3.1.1 Add the following statement: “The 

northern abutment (abutment 5) is 

underlain by Holocene Bay Mud 

deposits”. 

 

Will add statement.  

5 FR Section 3.1.3 The borings list should be omitted from Will modify.  
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this sector, since it is repeated properly 

under “Field Exploration” section. 

6 FR Section 3.2.4 As–built Boreholes (drilled in 1952) No. 

B1, B4, B5, B6 and B9 should be taken 

into consideration and used in the 

description of subsurface conditions. 

As-built boring information has been incorporated in 

the evaluation of the subsurface conditions.  Will add 

reference to 1952 boring data in updated report. 

 

7 FR  Section 7.4 The 90% settlement time is estimated to 

about 270 days.  Surcharge program 

should be provided in the report to reduce 

the time if needed during construction. 

Will elaborate.  

8 FR Section 7.4 The 90% settlement is estimated to be 

between 0.5” and 4.5” for approach 

embankment at Abutments 1 and 5.  Do 

the piles in the close vicinity (in line of 

stress path) of the approach embankment 

subject to downdrag force?  If so, this 

should be applied to the pile design at 

these locations. 

The settlement due to new approach fill in the vicinity 

of existing piles is estimated to be less than 0.5 inch.  

Therefore, piles supporting existing abutments are not 

anticipated to experience downdrag forces. 

 

9 FR Figure 2-2 Figure 2-2 shows the use of SDC version 

1.4.  This is an old version.  Use the new 

version 1.5.   

Will update.  

10 FR Figure 2-3 Pile data table should be filled out. Will revise.  

11 FR Table 7-3 The specified tip elevation is shown to be 

–47.  Based on Appendix F the design tip 

elevation is shown to be –49.  Check 

discrepancy. 

It is estimated that the top of weathered bedrock for 

Bent 2 to be about Elevation -44 feet.  Assuming 

approximately 3 feet pile penetration would be 

required to achieve resistance criteria; thus the tip 

elevation is specified to be Elevation -47. 

 

12 FR Table 7-3 Include the design tip elevation in Table 

7-3 based on the lateral load demand. 

Will revise.  

13 FR Appendix E All the attached plan sheets are for the 

left portion of the widening.  Please 

remove. 

Will update with structure specific plan sheets.  

14 FR N/A C3- Not approved.  Resubmitted to GS is 

required. 

  

15      

16      
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May 20, 2011 File No.04-SON-101-PM 3.65 

Project 28645045 EA 2640C1 CU 04  

 

Mr. Guy Preston 

Project Manager 

Sonoma County Transportation Authority (SCTA) 

490 Mendocino Avenue, Suite 240 

Santa Rosa, CA  95401 

 

Subject: Foundation Report 

U.S. 101S/SR116 SOH (Widen), Bridge No. 20-0284L 

U.S. 101 Marin Sonoma Narrows-Contract 4 (MSN B4)  

Petaluma, California 

 

Dear Mr. Preston: 

URS has completed the accompanying Foundation Report for the U.S. 101S/SR116 SOH 

(widen) in the City of Petaluma, California.  The report was prepared in accordance with 

Caltrans Guidelines for Foundation Investigation Reports, Version 2.0, updated December 2009.  

The Foundation Report presents our engineering opinions and recommendations regarding the 

geotechnical factors influencing the design and construction of the proposed bridge widening.  

The opinions and recommendations have been based upon the results of our field investigation, 

laboratory testing, engineering judgment and local experience.  Mr. Mark Schmoll, C.E.G, 

prepared the site geology and geologic hazards portion of this report.    

 

If any questions should arise, or if we can be of further service, please contact the undersigned at 

(408) 297-9585. 

Sincerely, 

 

 

 

 

Jose Landazuri, G.E. 501 

Geotechnical Task Leader 
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1. Section 1 ONE Introduction  

1.1 GENERAL 

The Marin Sonoma Narrows (MSN) HOV Widening project proposes to add high occupancy 

vehicle (HOV) facilities to U.S. 101 from the junction of SR 37 in the City of Novato to just 

north of the Corona Road Overcrossing in the City of Petaluma, a distance of approximately 16 

miles.  The project has been divided into three main segments.  Segments A and C consist of the 

existing freeway in the cities of Novato and Petaluma, respectively.  Segment B is the existing 

expressway between the two cities.  The focus of this report is Segment B4, which is a part of 

Segment B. 

The planned improvements in Segment B4 include the following structures: 

• U.S. 101/SR116 SOH Left (Widen) – recently constructed (completed in 2007) five span 

structure will be widened by 24 feet along the eastern edge of the deck 

• U.S. 101/SR116 SOH Right (Replace) – existing four span structure (constructed in 

1955) will be replaced  

• Petaluma River Bridge (Replace) – existing nine span twin-structure (constructed in 

1955) will be replaced 

• Retaining Wall along NB 101 – the new retaining wall along the eastern edge of NB 101 

(RW 152) 

• Retaining Wall along NB 101 – the new retaining wall along the eastern edge of NB 101 

will connect to the new Petaluma River Bridge (RW168) 

• Retaining Wall along SB 101 – the new retaining wall along the western edge of SB 101 

will span from the new Petaluma River Bridge to the end of existing retaining wall 

(RW180) 

• Retaining Wall along NB 101 – the new retaining wall along the eastern edge of NB 101 

will connect the new Petaluma River Bridge with the new U.S. 101/SR 116 SOH Right 

structure (RW 179) 

• Retaining wall along northbound on-ramp to U.S. 101 from SR 116 (RW 293) 

• Sound Wall along NB on-ramp – the new sound wall along northbound on-ramp to U.S. 

101N from SR116 (SW297) 

• Sound Wall along NB 101 – the new sound wall along the eastern edge of NB 101 (SW 

211). 

The subject of this foundation report (FR) is the widening of the U.S. 101S/SR116 SOH (Bridge 

No. 20-0284L), located in Petaluma, California.  Figure 1-1 shows the location of the project site 

relative to the U.S. 101 MSN-B4 Project alignment.  Please note that figure numbers used in the 

report correspond to the specific sections.  

1.2 SCOPE OF INVESTIGATION 

The geotechnical services performed for the U.S. 101S/SR116 SOH (widen) were as follows: 

•      Reviewed existing plans 
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• Site geologic reconnaissance 

• Geotechnical field investigation including five rotary wash borings R-09-011 through R-09-

015 

• Laboratory testing to estimate pertinent engineering properties 

• Design recommendations and opinions were developed for the following topics: 

− Precast prestressed (PCPS) concrete pile design recommendations 

− Resistance to lateral loads 

− Approach fill settlement, if any 

− Abutment grading and approach fill construction 

− Earthquake information consistent with Caltrans Response Spectra Design Techniques 

− Assessment of the potential for earthquake induced liquefaction, settlement, and lateral 

spreading 

− Corrosion testing and analysis 

− Consideration of  construction issues, including: 

▪ Earthwork for abutments and new bridge approaches 

▪ Construction dewatering 

 

A review related to environmental and hazardous waste issues and the results of evaluations are 

presented in a separate report, titled “Site Investigation Report,” dated February 10, 2011. 

1.3 CALTRANS REVIEW COMMENTS 

We reviewed the comments prepared by Caltrans for the 101/116 SOH Widen, dated May 28, 

2010.  The review comments and our responses are presented in Appendix J. 
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2. Section 2 TW O Project  Description  

The proposed improvements of Segment B4 of the U.S. 101 Marin Sonoma Narrows (MSN) 

HOV widening project, in the City of Petaluma, will include adding high occupancy vehicle 

(HOV) lanes to U.S. 101.  As part of the proposed highway widening, the recently constructed 

the U.S. 101S/SR116 SOH will be widened by 24 feet along the eastern edge of the deck.  The 

bridge carries southbound U.S.101 traffic over the existing SMART railroad tracks as well as SR 

116, at approximately a 39 degree skew.  The bridge will have an overall length of 

approximately 562 feet with a width of 83 feet.  The existing structure is a five-span structure 

consisting of a cast-in-place prestressed concrete box girder supported on two-column bents and 

seat type abutments. PCPS concrete piles (14-inch x 14-inch, Class 200) are currently proposed 

to support the bridge widening foundation elements.  Typical sections of the planned 

improvements are presented in Figures 2-1 and 2-2.  Figure 2-3 shows the foundation plan.   

The bridge begins at ‘A’ Line, Station 188+54.7, and ends at ‘A’ Line, Station 194+16.8, with 

the bridge deck positioned at Elevation 49.6 feet and at Elevation 35.3 feet, respectively.  Pile 

caps are planned as follows: 

Location 

Bottom of Pile 

Cap Elevation 

(ft) 

Abutment 1 24.6 

Bent 2 13.5 

Bent 3 1.4 

Bent 4 1.4 

Bent 5 4.3 

Abutment 6 15.5 

As noted on Figure 2-3, Bench Mark JK121 and JK122 are located nearby. The horizontal 

survey control is based on the California Coordinate System, Zone 3, U.S. survey feet, North 

American Datum of 1983 (NAD83), Epoch 2007.00.  Vertical control is the National Geodetic 

Vertical Datum of 1988 (NGVD88).
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3. Section 3 TW O Site Geolog y and Sub surf ace Cond ition s 

3.1 GEOLOGIC SETTING 

3.1.1 Regional Geology 

The project is located along the western margins of the Petaluma Valley within the central 

portion of the Coast Ranges geomorphic province of California.  Northwest-southeast-trending 

valleys and ridges characterize the regional morphology of the Coast Ranges province.  These 

topographic features are controlled by folds and faults that resulted from the collision of the 

Farallon and North American plates and subsequent predominantly strike-slip faulting along the 

San Andreas fault system between the Pacific and North American plates.  Regional geologic 

mapping shows the project alignment to be underlain by manmade fill, Holocene Bay Mud 

deposits, Holocene alluvial fan deposits, Tertiary age volcanic rocks, and Jurassic-Cretaceous 

age Franciscan Complex rocks (Wagner et al, 2000; Armstrong, 1980).  The regional geologic 

map (Figure 3-1) shows the approximate areal extent of these various geologic units.  

3.1.2 Regional Tectonic Setting and Seismicity 

The project alignment lies between known active and potentially active geologic faults. In 

general, earthquakes occur as a result of movement along active faults.  For the purpose of 

activity classification, faults are generally grouped into the following categories by the California 

Division of Mines and Geology (renamed the California Geological Survey, CGS) (Jennings, 

1994):  

• Holocene: displacement has occurred within the last 10,000 to 11,000 years.  

• Late Quaternary: displacement has occurred within the last 700,000 years, but evidence of 

Holocene activity is lacking.  

• Quaternary: evidence of displacement within the last 1.6 million years, but evidence of 

Holocene activity is lacking.  

• Pre-quaternary: no recognized evidence of displacement in the last 1.6 million years.  

Generally, faults with Holocene movement are considered to be “active” while faults with late 

Quaternary to Quaternary movement are considered to be “potentially active”. 

The closest active faults to the project alignment are the Rodgers Creek-Healdsburg fault, San 

Andreas (north) fault, the northern end of the Hayward fault and the Maacama-Garberville fault 

(referred to as the Maacama-Brush fault on the Caltrans Seismic map by Mualchin, 1996).  The 

nearest potentially active fault is the Late Quaternary Tolay fault located 2.3 miles (3.7 km) 

northeast of the site.  The California Geological Survey (2000) has produced maps showing 

Alquist-Priolo Earthquake Fault Zones along faults with known Holocene activity that pose a 

potential surface faulting hazard.  With the exception of the Tolay fault, all of these faults are 

included as Alquist-Priolo (A-P) zoned faults.  The Rodgers Creek-Healdsburg fault is located 

about 4.6 miles (7.4 km) northeast of the site and the San Andreas (north) fault is located about 

15.8 miles (25.4 km) southwest of the project alignment.  More distant active faults include the 

north end of Hayward fault located about 18 miles (30 km) southeast of the site, and the 

Maacama-Garberville fault located about 21.5 miles (34.6 km) northeast of the site.  Figure 3-2 

shows active faults within the site region relative to the project.  The project alignment does not 

cross any mapped A-P zoned faults. 
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The site is within an area of high seismic activity.  The major active faults extending through the 

region have the potential of generating damaging earthquakes.  There is a potential that the site 

will be subject to moderate to strong seismic ground shaking one or more times during the life of 

the project.  The nearest significant earthquake epicenter to the site was the 1969 Santa Rosa 

earthquake series on the Rodgers Creek-Healdsburg fault.  Other large magnitude historic 

earthquakes have occurred on the San Andreas fault and the Hayward fault. 

3.1.3 Local Geology 

The southern abutment (Abutment 1) of the planned U.S. 101/SR 116 (Widen) structure is 

composed of man-made fill constructed on the underlying Bay Mud and alluvial fan deposits.  

Man-made fill also underlies the Northwestern Pacific railroad tracks and SR 116, including the 

on-ramps and off-ramps to U.S. 101.  Holocene Bay Mud deposits underlie the south margins of 

the Petaluma River below about Elevation 10 feet and extend to just north of SR 116.  Holocene 

alluvial fan deposits underlie portions of the Bay Mud deposits and occur at the ground surface 

in the area generally north of SR 116.  The “bedrock” that underlies the alluvial fan deposits and 

portions of the Bay Mud is the Jurassic-Cretaceous age Franciscan Complex.  This unit is 

mapped by Wagner, et al. (2000) as schist and phyllite; however, based on a review of the 2009 

URS borings, the existing Caltrans Log of Test Borings (LOTBs) and site geologic mapping, this 

unit appears to be composed mainly of mélange consisting of tectonic mixtures of sheared shale, 

greenstone, greywacke and serpentinite with scattered blocks of blueschist.  A geologic map of 

the site by Wentworth (1997) shows this area as mélange.  The only surface outcrops of the 

Franciscan Complex rocks occur near the south abutment of the Petaluma River Bridge.  The 

northern abutment (Abutment 6) is underlain by Holocene Bay Mud deposits. 

Borings R-09-011 through R-09-015 completed for U.S. 101S/SR116 SOH in 2009 and the 

available LOTBs were reviewed to characterize the subsurface conditions along the project 

alignment.  The soil profile for the U.S. 101S/SR116 bridge consists of fill soils, Bay Mud, 

alluvial fan deposits (alluvium) and Franciscan Complex bedrock.  With the exception of the 

bridge approach embankment fills, the fill soil ranges from 0 to about 6 feet in thickness and 

consists of sandy clay with gravel. Bay Mud was encountered in all of the borings completed in 

1952, but was absent in two of the three borings completed in 2002 and all borings completed in 

2009.  It appears the Bay Mud was excavated and mostly removed during preparation for 

construction of the fill embankments for the existing bridge.  The northern limits of Bay Mud, as 

mapped by Wagner, et al. (2000) and Armstrong (1980), only extend to about SR 116.  Alluvial 

fan deposits underlie the Bay Mud and locally occur at the ground surface.  These deposits range 

from medium stiff to hard lean clay to sandy lean clay and fat clay and loose to dense silty to 

clayey sand, poorly graded sand and well-graded sand with gravel.  The alluvial fan deposits are 

about 35 to 90 feet thick and extend down to about Elevation –45 to -80 feet.  The Franciscan 

Complex bedrock underlies the alluvial fan deposits.  The depth to Franciscan Complex bedrock 

ranged from Elevation -45 feet to - 100 feet.  The Franciscan Complex was completely to highly 

weathered in the upper 10 to 25 feet, becoming moderately to slightly weathered below this 

depth.  The depth to moderately to slightly weathered bedrock ranged from about Elevation –50 

feet to – 100 feet. 
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3.2 SITE AND SUBSURFACE CONDITIONS 

3.2.1 Site Topography 

The existing SR 116 Bridge consists of separate northbound and southbound structures.  The 

south abutments of both bridges share the same man-made approach fill that the north side of the 

Petaluma Bridge lands on, with the surface at about Elevation 50 feet.  The north approach 

embankment is also a man-made fill extending to about Elevation 30 feet at road grade.  These 

bridges cross over two sets of Northwestern Pacific railroad tracks at about Elevation 10 feet and 

the Lakeville Highway (SR 116) at about Elevation 14 feet.  

Development along the project alignment is mixed, including an abandoned quarry west of U.S. 

101 and south of Petaluma Boulevard, a park and marina (Hollen Berger Park) located east of 

U.S. 101 between the Petaluma River and SR 116, and scattered commercial and industrial 

development both east and west of U.S. 101 and north of SR 116.  Open space and farmland 

occupy the area west of U.S. 101 between the Petaluma River and SR 116. 

3.2.2 Field Exploration 

The following subsurface explorations were previously performed for the existing bridge and 

near structure. 

• Borings B-1 through B-9 completed for the U.S. 101/116 northbound and southbound 

bridges (Bridge No. 20-284L and 20-155R), dated 1952, completed by Caltrans;  

• Borings 02-B-1 through 02-B-3 completed for the U.S. 101/116 northbound and 

southbound bridges (Bridge No. 20-284L and 20-155R), dated 2002, completed by 

Parikh Consultants, Inc. for Caltrans; 

• Boring B-2, B-5 and B-6 completed for the retaining wall located along the west side of 

southbound U.S. 101 completed by Caltrans in 2001; and 

• Boring BH-1 and cone penetration test CPT-1 completed for the Mechanically Stabilized 

Embankment at the south embankment of U.S. 101/116 southbound bridge, dated 2002, 

completed by Caltrans. 

The above explorations included both penetration borings without sampling and rotary wash 

borings with split spoon drive samples.  Boring 02-B-2 also included Pitcher barrel sampling and 

wireline coring in the Franciscan Complex bedrock.  Boring locations for U.S. 101/SR116 

bridges are shown on Figure 3-3 and 3-4.  Copies of the LOTBs are included in Appendix A. 

To supplement available data, URS performed five rotary wash Borings, R-09-011 through 

R-09-015, to terminal depths ranging from 85 to 119½ feet.  HQ wireline diamond coring of the 

Franciscan Complex bedrock was used in Boring R-9-012 below a depth of 60 feet.  However, 

due to the limited rock recovery with this drilling method and the sheared and highly weathered 

nature of the shale and serpentinite rock rotary wash drilling with SPT and MC drive samples 

was used on the remaining borings that penetrated the Franciscan Complex rocks, to obtain 

meaningful information for the foundation design. 

The field explorations were performed on June 10 to 25, 2009.  The locations of the borings are 

shown on the Site and Boring Location Plan, Figure 3-3 and 3-4, as well as on the LOTBs, 

Appendix A.  The LOTBs present descriptions of the soils encountered, along with the results of 

laboratory tests.  
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A representative of URS supervised the drilling operations and soil and rock sampling.  Visual 

classifications of the materials encountered were made from cuttings and samples.  The soil 

samples collected from the boring were labeled and sealed immediately to preserve their natural 

moisture content.  The recovered rock core samples were placed in wooded core boxes.  At 

completion of the exploration, samples were delivered to the laboratory for further examination 

and testing.  The borings were backfilled with mixture of cement and bentonite in accordance 

with the requirements of the Sonoma County Health Department.  A detailed discussion of the 

field exploration program is presented in Appendix B. 

The Unified Soil Classification System and the guidelines summarizing soil consistency and 

relative density are presented on the LOTB legend, Appendix A – LOTB 1 of 7 and 2 of 7.  

Descriptions of the soils encountered in the borings are presented on LOTB 3 of 7 and 4 of 7.  

The logging method used in preparing the LOTB is consistent with Caltrans Soil and Rock 

Logging, Classification and Presentation Manual, dated June 2007.  These logs also illustrate the 

notation used for the size of samplers and the methods of advancing them. 

3.2.3 Laboratory Testing 

The water content, dry density, Plasticity Index (PI), grain size distribution (PA), consolidation, 

and Unconfined Compressive Strength (UC) were determined for selected samples to estimate 

the strength and compressibility of the underlying soils.  The locations of these tests, together 

with the resistance to penetration of the samplers, are shown at the corresponding locations on 

the LOTBs.  The laboratory test results are provided in tabular form and/or graphically in 

Appendix B. 

3.2.4 Soil Conditions 

3.2.4.1 Fill 

Borings R-09-011 and R-09-015 were located at the top of the existing embankment near the 

south and north bridge abutments, respectively.  Fill soil was encountered to depths of 54 feet 

(Elevation -3.0) and 23 feet (Elevation +11.0) in Borings R-09-011 and R-09-015, respectively.  

The fill consists primarily of granular soils (silty sand, silty sand with gravel, clayey sand with 

gravel, clayey sand, silty gravel, poorly graded gravel and clayey gravel) with cohesive interbeds 

(lean clay, sandy lean clay, and gravelly lean clay).  The granular soils are medium dense to 

dense in relative density, whereas the cohesive layers are judged to be medium stiff to stiff in 

consistency.  The fill from about Elevation +5 to -3 feet appears to be placed after removal of the 

“soft, gray silty clay” revealed in nearby Boring B-1 (1952). 

Borings R-09-012 and R-09-013 were drilled on the south and north sides of the railroad tracks, 

respectively, between the bridge approach fill embankments.  These two borings encountered 2½ 

feet and 5 feet of sandy to clayey gravel, respectively overlying the alluvium. Boring R-09-014 

was drilled in the Route 116 pavement median.  An 8-inch asphalt concrete pavement was 

encountered overlying 6 inches of aggregate base underlain by silty sand with gravel fill 

extending to a depth of 11 feet.  The bottom of the fill layer (Elevation +3 feet) appears to be 

consistent with the fill thickness revealed in nearby Boring B-4 (1952). 
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3.2.4.2 Native 

Occurring below the fill in Borings R-09-011 through R-09-015 are native alluvial fan deposits 

(alluvium) consisting of complexly interbedded layers of cohesive and granular soils.  The 

cohesive deposits (lean clay, fat clay and sandy lean clay) are generally medium stiff to very 

stiff; at a few locations (Borings R-09-012 at 45 feet and R-09-015 at 76 and 85 feet) the dry 

density is relatively low (75 to 78 pcf) and the moisture content is high (41 to 46 percent).  Fat 

clay was encountered in all borings except in R-09-011.  Fat clay layers 22 and 33 feet thick 

were encountered below Elevation +5 feet and -41 feet in Borings R-09-012 and R-09-014, 

respectively.  The granular interbeds include medium dense to very dense silty sand, silty sand 

with gravel, clayey sand, poorly graded sand, clayey sand with gravel, clayey gravel, silty gravel 

with sand and silty gravel.  However, the silty sand layer is loose in Boring R-09-013, at a depth 

of 26 feet.  Boring R-09-015 terminated in sandy lean clay alluvium at a depth of 108.5 feet.  The 

granular layer between Elevation -10 to -25 feet is consistent with the “fine to medium silty and 

clayey sand” recorded in Borings B-1, B-2 and B-4 (1952). 

Four of the five borings terminated in bedrock, as summarized in the following table. 

 

Boring 

Depth to Top 

of Bedrock 

(feet) 

Elevation of 

Top of Bedrock 

(feet) 

Length of 

Sampled Bedrock 

(feet) 

R-09-011 98.5 -47.5 21.0 

R-09-012 55.0 -44.0 30.0 

R-09-013 59.0 -49.0 27.5 

R-09-014 91.5 -77.5 5.0 

The condition revealed in Boring B-4 (1952), which terminated at approximately Elevation -60 

feet without reaching bedrock, is consistent with the bedrock interpolation between R-09-13 and 

R-09-14.  Franciscan Complex bedrock was encountered and was completely to highly 

weathered in the upper 10 to 25 feet, becoming moderately to slightly weathered below this 

depth.  The Franciscan Complex consists of mélange, a tectonic mixture of highly sheared 

metamorphic rock consisting of black shale and serpentinite with greenstone, greywacke, talc 

and scattered blocks of blueschist.  Where encountered, the depth to moderately to slightly 

weathered bedrock ranged from about Elevation -50 feet to -80 feet.  A generalized soil profile is 

presented in Figure 3-5, based on the conditions encountered in Borings R-09-011 through R-09-

015. 

3.2.5 Groundwater 

All of the previous borings were completed using rotary wash drilling or wireline coring 

methods.  Groundwater levels were measured in a few of the borings from Elevation +1.7 to +5.2 

feet.  These water levels were measured in June 1952 and September 2002.  (1952 Elevations 

have been converted as follows: Elevation 0 NGVD29 = Elevation + 2.28 NAVD88.) 

All of the 2009 borings were started with hollow-stem auger and then completed using either the 

rotary wash drilling or wireline coring methods.  Borings R-09-011, R-09-012, R-09-013 and R-

09-015 were dry to depths of 19 feet (Elevation +32), 21 feet (Elevation -10), 19 feet (Elevation -

9) and 22 feet (Elevation +12), respectively.  Groundwater was encountered in Boring R-09-014 

at a depth of 18 feet (Elevation -4). 
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Considering the previous measurements, we believe a design groundwater level at Elevation 5 

feet would be reasonable for the site. 

3.3 GEOLOGIC HAZARDS 

3.3.1 Surface Fault Displacement and Ground Shaking 

The project alignment does not cross any Alquist-Priolo Earthquake Fault Zones (Hart, 1975).  

Therefore, surface rupture due to faulting along the alignment is not expected to occur.  

However, the short distance to nearby active faults including the Rodgers Creek-Healdsburg 

fault, San Andreas (north) fault, and the northern end of the Hayward fault does create a high 

risk for ground shaking from fault movement.  The intensity of the ground shaking is dependent 

upon the size of the earthquake, the distance of the epicenter from the site, the direction that the 

earthquake propagates along the fault, and the site geologic conditions. 

3.3.2 Landslide and Slope Failure 

With the exception of the man-made bridge approach embankments fills, the project alignment is 

on relatively flat ground and is not subject to landsliding.  Regional geologic maps by Wagner et 

al (2000) and Wentworth (1997), as well as the landslide hazard area maps in the Sonoma 

County Hazard Mitigation Plan (2006), do not show any mapped landslides on the hills at or near 

the project.  Furthermore, no evidence of landslide scarps or slumping of the man-made fill 

embankments was observed during site reconnaissance. 

3.3.3 Scour 

No creeks or active channels cross the alignment at the proposed U.S. 101/116 SOH (Widen).  

Therefore, scour is not a potential hazard at the site 

3.3.4 Flooding 

The Petaluma River channel is within a floodplain.  Federal Emergency Management Agency 

(FEMA) defines the area as Zone AE.  Zone AE is defined as an area with a 1% annual chance 

of flooding.  With the exception of the active channel of the Petaluma River and the low lying 

area south of SR 116 below about Elevation +9 feet, the project alignment is located outside of 

Zone AE. 

3.3.5 Subsidence and Seismic Compaction 

Subsidence typically occurs as a result of subsurface fluid extraction (e.g. groundwater or 

petroleum) or compression of soft, geologically young sediments.  Groundwater extraction for 

high volume municipal and agricultural use has the potential to cause future ground subsidence 

in the region.  However, we are unaware of subsidence in the area.  No active petroleum wells 

are present within many miles of the site (California Division of Oil, Gas, and Geothermal 

Resources, 2001).  

Elastic and consolidation settlement can occur when soil is loaded by a structure or by the 

placement of fill on top of soil.  Typically consolidation settlement occurs gradually when soil 

pore pressures, increased by vertical loading, dissipate over time.  Bay Mud is very susceptible to 

consolidation settlement. 
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Compaction settlement, or seismic densification, occurs when loose granular soils above the 

water table densify as a result of earthquake shaking.  The soil densification can result in 

differential settlement because of variations in soil composition, thickness, and initial density.  

As previously mentioned, localized layers of medium dense granular soils were encountered in a 

few of the borings.  At the location of Boring R-09-012, the soils above the groundwater table 

were found to consist primarily sandy lean to fat clay.  Therefore, post-earthquake settlement due 

to seismic compaction is not expected.  We estimated the potential post-earthquake settlement at 

Borings R-09-011 and R-09-013 through R-09-015 using the computer program LIQUEFY PRO.  

In our analyses we used a peak ground acceleration (PGA) of 0.6g and a design earthquake 

moment magnitude (M) of 7.0.  The design PGA and earthquake moment magnitude are 

discussed in Section 5.2.  Based on the results of these analyses, the magnitude of seismic 

compaction settlement at Borings R-09-013 through R-09-015 probably will range from 

negligible to ¼ inch.  Seismic compaction settlement on the order of about ½ inch is estimated 

for the soils encountered in Boring R-09-011.  Copies of these calculations are included in 

Appendix C. 

3.3.6 Liquefaction Potential 

Liquefaction is a phenomenon whereby sediments temporarily lose shear strength and collapse.  

This condition is caused by cyclic loading during earthquake shaking that generates high pore 

water pressures within the sediments.  The soil type most susceptible to liquefaction is loose, 

cohesionless, granular soil below the water table and within about 50 feet of the ground surface.  

Liquefaction can result in loss of foundation support and settlement of overlying structures, 

ground subsidence and translation due to lateral spreading, lurch cracking, and differential 

settlement of affected deposits.  Lateral spreading occurs when a layer liquefies at depth and 

causes horizontal movement or displacement of the overburden mass toward a free face such as a 

stream bank or excavation, or toward an open body of water. 

In a regional study of the nine-county San Francisco Bay region for the U.S. Geological Survey, 

Witter et al. (2006) mapped the liquefaction susceptibility of the site soils along the project 

alignment.  The alluvial fan and Bay Mud deposits found from the south bank of the Petaluma 

River and extending north past SR 116 have been mapped as having a “moderate” liquefaction 

susceptibility (see Figure 3-6).  The thin fill embankments that underlie the railroad tracks are 

mapped as having a "very high" liquefaction susceptibility.   The Sonoma County Hazard 

Mitigation Plan (2006) maps these deposits as having a “high” liquefaction hazard.  The 

Franciscan Complex bedrock mapped south of the river is not subject to liquefaction.  

Potentially liquefiable sand layers were encountered in few of the borings completed for this 

study.  Post-liquefaction settlement of the medium dense sand layers encountered in Borings R-

09-012 through R-09-015 was analyzed for a peak ground acceleration (PGA) of 0.6g and design 

earthquake moment magnitude, M 7.0.  The measured driving resistance (blow counts) recorded 

in the field were adjusted to account for hammer type, sampler size, overburden pressure, rod 

length, and fines content.  The magnitude of settlement at these boring locations is estimated to 

range from 0.1 inch to 0.9 inch.  Copies of these calculations are included in Appendix C.   

3.3.7 Naturally Occurring Asbestos 

Asbestos is a term used for several types of naturally-occurring fibrous minerals generally found 

in ultramafic rocks.  The most common type of asbestos is chrysotile. Serpentinite often contains 
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chrysotile asbestos.  Serpentinite is a common rock type occurring in the Fransican Complex and 

was found in several of the borings completed by Caltrans in 1952 and in the 2009 URS borings. 

Serpentinite is typically grayish-green to bluish-black in color and may have a shiny appearance. 

The amount of asbestos that is typically present in these rocks ranges from less than 1% up to 

about 25%, and sometimes more.  Asbestos is released from serpentinite rock when it is broken 

or crushed.  This can happen when land is graded for building purposes, or at quarrying 

operations.  It is also released naturally through weathering and erosion. Once released from the 

rock, asbestos can become airborne and may stay in the air for long periods of time.  The 

potential for asbestos to be encountered during construction is low since driven piles will be used 

for support of the new bridges and excavations into the Franciscan complex rocks will not be 

made. 

3.4 GEOLOGICAL PROFILES AND ENGINEERING PARAMETERS 

Figure 3-5 presents a generalized soil profile for the project site; it illustrates the layering of the 

various soil strata encountered in the explorations and the approximate depth to Franciscan 

Complex bedrock.  A table summarizing geotechnical parameters for each of the 5 soil layers 

also is presented.  The soil parameters tabulated on Figure 3-5 were selected based on laboratory 

test results as well as engineering judgment and local experience. 

The undrained shear strength, relative density, dry unit weight and moisture content are the 

primary geotechnical parameters used in our foundation design and analysis.  Atterberg limits 

tests and particle analyses were performed for classification of soils.  In general, unconfined 

compression tests were performed on cohesive soil samples to estimate the undrained shear 

strength.  Some disturbance occurs while sampling cohesive soils; therefore unconfined 

compressive strengths can be somewhat lower than the insitu field conditions.  Consequently, 

engineering judgment and local experience were applied in our interpretation of the laboratory 

test results.  The relative density of cohesionless soils was estimated from vertical effective stress 

and Standard Penetration Resistance, N blows per 1 foot based on correlations developed by 

Gibbs and Holtz (DM7.1 – 87, 1986).  Where non-standard sampler sizes were used, such as the 

modified California sampler (2½ inch outside diameter), a correction factor was applied to the 

recorded blows per foot to approximate the equivalent Standard Penetration Resistance. 
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4. Section 4 THR EE Corrosion Evalu ation  

4.1 CORROSION EVALUATION 

An assessment of the potential for corrosion of various buried foundation and pipe structures was 

performed by V&A Consulting Engineers (V&A).  The results of their investigation are 

presented in Appendix D, and summarized below.    

4.2 SUMMARY 

V&A was retained by URS Corporation to perform a corrosion survey along U.S. 101, in and 

near Petaluma, California from 0.4 mile south of Petaluma Boulevard South over crossing to 0.2 

mile north of Caulfield Lane overcrossing.  The objective was to measure various soil parameters 

and evaluate the results with respect to possible levels of corrosion at the proposed bridge site.  

Corrosivity was evaluated for materials within a depth range of 0 to 100 feet below grade.   

The California Department of Transportation, Division of Engineering Services, Materials 

Engineering and Testing Services, Corrosion Technology Branch has published “Corrosion 

Guidelines” (Guidelines) to define what constitutes corrosive soil.  The Guidelines consider soil 

to be corrosive to structural elements (steel reinforced concrete) if one or more of the following 

conditions exist for water or soil samples: 

1) The chloride concentration is 500 ppm (mg/kg) or greater, 

2) The sulfate concentration is 2,000 mg/kg or greater, or 

3) The pH is 5.5 or less. 

Also, a minimum resistivity value of less than 1,000 ohm-cm indicates the presence of high 

quantities of soluble salts and a higher propensity for corrosion.  A wide variety of soluble salts 

are typically found in soils.  Two soils having the same resistivity may have significantly 

different corrosion characteristics, depending on the specific ions available.  The major 

constituents that accelerate corrosion are chlorides, sulfates and the acidity (pH) of the soil.  

Chloride ions tend to break down otherwise protective surface deposits, and can result in 

corrosion of reinforcing steel in concrete structures.  Sulfates in soil can be highly aggressive to 

Portland cement concrete by combining chemically with certain constituents of the concrete, 

principally tricalcium aluminate.  The reaction is accompanied by expansion and eventual 

disruption of the concrete matrix.  High concentrations of bicarbonates tend to decrease soil 

resistivities.  Although bicarbonates are not aggressive to concrete, lower resistivity 

environments can promote corrosion activity.  

Acidity, as indicated by the pH value, is another measure of corrosivity.  The lower the pH (the 

more acidic the environment), the higher will be the corrosivity with respect to buried metallic 

and concrete structures.  As pH increases above 7 (the neutral value), conditions become 

increasingly more alkaline and passive to buried structures.  

Evaluation of the in-situ soil environment was made in terms of potential damage to structures 

due to corrosion.  Soil resistivity measurements were conducted in the field during the initial 

stages of the work.  In addition, soil samples collected by URS during the geotechnical 

investigation were forwarded to Cooper Testing Laboratory in Palo Alto, California for chemical 

analysis.  The soil samples were analyzed for minimum resistivity, pH, water soluble chloride 

ion concentration, and water soluble sulfate ion concentration in accordance with the Guidelines.   
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Soil samples were selected from the Borings R-09-011 and R-09-015 in the general vicinity of 

Southbound 101 / SR 116.  The results are summarized in the following table.  

Table 4-1:  Soil Corrosion Test Results Summary 

Sample ID 

Minimum 

Resistivity 

(ohm-cm) 

pH 

Chloride 

Content 

(mg/kg)* 

Sulfate 

Content 

(mg/kg)* 

R-09-011 116 8.3 4,813 825 

R-09-015 388 6.8 38 2,325 

 

4.3 CONCLUSIONS 

Minimum soil resistivity less than 1,000 ohm-cm measured in samples from Borings R-09-012 

and R-09-015 suggests that soils are corrosive, whereas the pH, measured for all 3 samples, 

ranges from a minimum of 6.8 to a maximum value of 8.0; this suggests a relatively neutral to 

alkaline environment.  The project site is not located within 1,000 feet of salt or brackish water, 

indicating the proposed structure will not be exposed to marine atmosphere.  However, the 

soluble chloride concentrations exceed 500 mg/kg and the soluble sulfate concentrations exceed 

2,000 mg/kg, indicating that the soils are corrosive.  Therefore, according to the Guidelines, the 

soils at the project site are considered corrosive. 
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5. Section 5 FOUR  Seismic Dat a and Evaluation  

5.1 SEISMIC DESIGN METHODOLOGY AND RESOURCES 

The seismic design methodology adopted for this project is based on the following current 

Caltrans standards: 

1. Development of the 2007 Caltrans Deterministic PGA Map and Caltrans ARS Online, 

July 2009 

2. Seismic Design Criteria (SDC), v 1.5, August 2009 

3. Guidelines for Foundation Investigations and Reports, v 2.0, dated March 2006 

 

5.2 PEAK BEDROCK ACCELERATION 

The closest active faults to the project alignment are the Rodgers Creek-Healdsburg fault, San 

Andreas (north) fault, the northern end of the Hayward fault and the Maacama-Garberville fault 

(referred to as the Maacama-Brush fault on the Caltrans Seismic map by Mualchin, 1996).  The 

nearest potentially active fault is the Late Quaternary Tolay fault located 2.3 miles (3.7 km) 

northeast of the site.  The California Geological Survey (2000) has produced maps showing 

Alquist-Priolo Earthquake Fault Zones along faults with known Holocene activity that pose a 

potential surface faulting hazard.  With the exception of the Tolay fault, all of these faults are 

included as Alquist-Priolo (A-P) zoned faults.  The Rodgers Creek-Healdsburg fault is located 

about 4.6 miles (7.4 km) northeast of the site with a corresponding PGA [Vs =2,500 feet per 

second (fps)] contour of 0.6g based on the 2007 Caltrans Deterministic PGA map.  San Andreas 

(north) fault is located about 15.8 miles (25.4 km) southwest of the project alignment.  More 

distant active faults include the north end of Hayward fault located about 18.6 miles (30.0 km) 

southeast of the site, and the Maacama-Garberville fault located about 21.5 miles (34.6 km) 

northeast of the site.  Figure 3-2 shows active faults within the site region relative to the project.  

The project alignment does not cross any mapped A-P zoned faults. 

Table 5-1: Seismic Source Parameters  

 

Fault 

 

Type 

 

MMax  

Distance 

(miles) 

Near Field 

Effects ? 

Rodgers Creek-

Healdsburg 
strike-slip 7.1 4.6 Yes 

San Andreas 

(north) 
strike-slip 7.9 15.8 No 

Hayward strike-slip 7.3 18.6 No 

                             Note: The distances are based on Caltrans ARS Online (2009) 

5.3 FAULT TYPE, NEAR-FIELD, AND SPECTRAL ACCELERATION INCREASES 

The technical report that accompanies the 2007 Caltrans Deterministic PGA Map (Merriam and 

Shantz, 2007) indicates that the controlling active fault (Rodgers Creek-Healdsburg) has strike-

slip displacement.  Therefore, in accordance with Caltrans design procedures referenced above, 

no increase in design spectral accelerations is required for fault type.  However, since the project 
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site is located less than 9.3 miles (15.0 km) from the nearest active fault, the design spectral 

accelerations should be modified to account for near-field effects as follows: 

Table 5-2: Spectral Acceleration Increase for Near-Field Effects  

Period (sec) Increase in Spectral Acceleration (%) 

< 0.5 0 

0.5 – 1.0 0 – 20 (determined by linear interpolation) 

>1 20 

At the time of this study, no bridge structures with a fundamental period of vibration greater than 

1.5 seconds were anticipated; therefore no adjustments are required for long period effects. 

5.4 SOIL PROFILE TYPE 

The logs of 2009 Borings R-09-011 through R-09-015 reveal that the soils at the site consist of 

fine and coarse-grained alluvium soils that becomes denser and stiffer with depth, terminating 

mostly in bedrock; the weighted average of the recorded standard penetration test (SPT) blow 

counts in soil in these five borings was used to determine the average SPT resistance value (N) 

of 29, 15, 15, 26 and 24, respectively.  In addition, the undrained shear strength of clay deposits 

in these borings ranges from about 650 to 3,700 pounds per square foot (psf).  These two 

parameters are indicative of soil profile Type D based on the guidelines given in SDC Figure 

B.12.  Furthermore, the shear wave velocity (Vs) is estimated to be about 1,000 feet per second 

(fps) or 305 meters per second (mps), which falls within the soil profile Type D Vs range of 600 

to 1,200 fps.  Therefore, Soil Profile Type D should be used for design.   

5.5 DESIGN ACCELERATION RESPONSE SPECTRA 

The design response spectrum for the site is estimated with spectral acceleration values 

generated using Caltrans ARS Online (2009).  This method was developed by Caltrans Geo 

Research Group in partnership with United States Geological Survey (USGS), Pacific 

Earthquake Engineering Research (PEER) and California Department of Conservation.  This 

web-based tool calculates both deterministic and probabilistic acceleration response spectra for 

any location in California based on criteria provided in Appendix B of Caltrans SDC. 

The deterministic spectrum is determined as the average of median response spectra calculated 

using the Campbell-Bozorgnia (2008) and Chiou-Youngs (2008) ground motion prediction 

equations developed under the “Next Generation Attenuation” project coordinated through the 

PEER-Lifelines program.  These equations are applied to all faults considered to be active in the 

last 750,000 years (late-Quaternary age) that are capable of producing a moment magnitude 

earthquake of 6.0 or greater.  The probabilistic spectrum is obtained from the USGS (2008) 

National Hazard Map for 5% probability of exceedance in 50 years.  Caltrans design spectrum is 

based on the larger of the deterministic and probabilistic spectral values.  Both the deterministic 

and probabilistic spectra account for soil effects through incorporation of the parameter Vs30, 

the average shear wave velocity in the upper 30 meters (100 feet) of the soil profile. 

The input values selected for use in Caltrans ARS Online included: 

• Vs30 of 1,000 fps (305 mps) 

• Maximum Moment (MMax) Magnitude 7.1 (Rodgers Creek-Healdsburg fault) 

• No ARS increase for fault-type or long period structure 
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• ARS increase for near-field effects 

The calculated spectra for both deterministic and probabilistic methods are presented graphically 

in Figure 5-1.  Since the maximum spectral acceleration curve is the USGS 5% in 50 years 

hazard, this curve is presented in Figure 5-2 as a design curve.  Spectral values (from Figure 5-2) 

are provided below in Table 5-3. 

Table 5-3: Spectral Acceleration Values  

(Vs= 305 mps, Lat. = 38.23298053, Long. = -122.61780739) 

Period 

(seconds) 
Sa (g) Sa* (g) 

0.010 0.611 0.611 

0.020 0.711 0.711 

0.030 0.777 0.777 

0.050 0.870 0.870 

0.075 0.951 0.951 

0.100 1.013 1.013 

0.120 1.066 1.066 

0.150 1.136 1.136 

0.170 1.177 1.177 

0.200 1.232 1.232 

0.240 1.263 1.263 

0.300 1.303 1.303 

0.400 1.273 1.273 

0.500 1.249 1.249 

0.750 1.077 1.184 

1.000 0.883 1.060 

1.500 0.636 0.764 

2.000 0.504 0.605 

3.000 0.328 0.394 

4.000 0.236 0.283 

5.000 0.190 0.228 
                                        *Modified with near-fault factors outlined in Section 5.3.  
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6. Section 6 F IVE Available Plans 

Three sets of previous as-built plans from Caltrans were reviewed including: 

1. Bridge No. 20-0155L (Contract Number unknown) date unknown; apparently constructed 

in about 1952 at location of proposed widening.  Only LOTB sheet was provided. 

2. Bridge No. 20-0155R/L (Contract No: 04-147204) dated October 24, 1996 was 

Earthquake Retrofit Project No. 693. Pile caps of Piers 4, 5 and 7 of both bridges were 

increased in width and length and supported on Class 70 Modified (70-ton service load) 

concrete piles.  

3. Bridge No. 20-0284L (Contract Number unknown) dated March 3, 2003.  Original 1952 

bridge was replaced with a new bridge, U.S. 101/116 SOH Left (Replace).  

 

The 1952 LOTB indicates the original bridge is supported on a total of 455 Raymond step-taper 

piles (32-ton design capacity) at the abutments and bents.  The pile diameter increases from 10 

inches at the tip to a maximum of 15½ inches at the butt.  At Bents 7R and 8R, steel H piles (10 

BP 42) were driven to reach specified tip.  Average pile tips range from about Elevation -38 to -

57 feet.  

The 1996 earthquake retrofit project at this bridge (20-0155R/L) is supported on driven concrete 

piles at Piers 4, 5 and 7. Available data for modified bents are summarized in the following table.  

Table 6.1: Pile Data Table for 1996 Earthquake Retrofit at U.S.101/116 SOH 

Location 

Pile Type 

Specified Pile 

Tip Elevation 

(feet) 
Bridge No. Abutment/Pier No. 

20-0155 R/L  Piers 4, 5 and 7 
Class 70C Modified 

Concrete Pile 
-42.0 

The 2003 replacement bridge (20-0284L) is supported on driven precast prestressed concrete 

(PCPS) piles at 2 abutments, 4 bents and 2 retaining walls.  Except for Abutment 1, which is 

supported on Class 900C (100-ton) piles, the remainder of the bridge is supported on Class 625C 

(70-ton) piles.  Retaining walls at abutments were supported on Class 400C (45-ton) piles.  

Design pile data for the abutments and bents are summarized in the following Table 6-2.  Copies 

of pertinent as-built plans are included in Appendix E.   

Table 6-2:  Pile Data Table for U.S. 101/SR116 SOH Left 

Location 
Pile Type 

Specified Pile Tip 

Elevation (feet) Bridge No. Abutment/Pier No. 

20-0284L Abutment 1 PCPS -41.0 

20-0284L Bent 2 PCPS -40.0 

20-0284L Bent 3 PCPS -44.9 

20-0284L Bent 4 PCPS -55.8 

20-0284L Bent 5 PCPS -47.9 

20-0284L Abut 6 PCPS -52.5 

20-0284L 
Abutment 1 

Retaining Wall 
PCPS -39.4 

20-0284L 
Abutment 6 

Retaining Wall 
PCPS -39.4 
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It should be noted that as-built pile tip elevations were not available. 



SECTIONSECTIONSECTIONSECTIONSEVEN Recommendations 

 X:\101_MSN_SCTA\450_GEOTECH\REPORTS\FOUNDATION REPORTS\116 WIDEN\101-116_WIDEN_FR_5-2-11.DOC\18-MAY-11\\  7-3 

7. Section 7 SIX Reco mmend ation s 

7.1 DISCUSSION  

The proposed bridge is underlain predominantly by medium to very stiff lean and fat clay, loose 

to very dense sand and slightly to highly weathered bedrock (Franciscan Complex).  The 

principal geotechnical issues at the site are: 

• Selection of the type and depth of foundation that will be compatible with the underlying 

soils, and 

• Construction issues associated with the proximity of proposed new piles to existing piles. 

In addition, as discussed in Section 4.3, soils at the project site are considered corrosive.  We 

understand that the project Structural Engineer has elected to use driven PCPS concrete piles 

with minimum dimension of 14 inches (Class 200, T=14 inch, Alternative “X”) to support the 

proposed structure.  Abutment 1 median RW is planned to be a Caltrans standard Type I wall.  

Because of excessive settlement and bearing capacity issues with spread footing foundations the 

Abutment 6 median RW is considered to be a non-standard plan wall, and will be supported on 

PCPS concrete piles with minimum dimension of 14 inches (Class 140, T=14 inch, Alt. “X”).   

The following sections present the geotechnical design parameters for PCPS piles that are 

consistent with the Load and Resistant Factor Design (LRFD) design procedure adopted by 

Caltrans. 

7.2 PILE DESIGN CAPACITY AND TIP ELEVATION 

7.2.1 Axial Pile Capacity  

Based on the subsurface conditions encountered in the current borings and 1952 and 2003 as-

built borings, it is recommended that the proposed structure be supported on driven PCPS 

concrete piles with a minimum dimension of 14 inches.  Current Caltrans practice is to design 

abutments in accordance with Working Stress Design (WSD) methodology and bents/piers in 

accordance with LRFD.  Table 7-1 in the following page presents a summary of the foundation 

design data for the proposed U.S. 101S/SR116 SOH (Widen).  
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Table 7-1:  Foundation Design Data for U.S. 101S/SR116 SOH (Widen) 

Location 
Design 

Method 
Pile Type 

Finished 

Grade 

Elevation 

(ft) 

Cut-off 

Elevation 

(ft) 

Pile Cap Size 

(ft) 
Permissible 

Settlement 

under Service 

Load (in) 

No. of 

Piles 

per 

Support B L 

Abutment 

1 
WSD Class 200 39.5 24.85 26.75* 11* 1 9 

Bent 2 LRFD Class 200 22.5 13.75 22 22 1 25 

Bent 3 LRFD Class 200 12.4 1.65 17 17 1 20 

Bent 4 LRFD Class 200 12.4 1.65 17 17 1 20 

Bent 5 LRFD Class 200 12.3 4.55 17 17 1 25 

Abutment 

6 
WSD Class 200 20.0 15.75 26.75* 9* 1 9 

 *Pile Cap is not rectangular.  Size shown is approximate based on actual dimensions.  

Loads from LRFD service-1 Limit State are used as design loads for WSD of abutments.  Table 

7-2 presents the design loads.  

Table 7-2:  Foundation Design Loads for U.S. 101S/SR116 SOH (Widen) 

Location 

Service Limit State (kips) 
Strength Limit State 

(Controlling Group, kips) 

Extreme Limit State 

(Controlling Group, kips) 

Total Load 
Permanent 

Load 
Compression Tension Compression Tension 

Per 

Support 

Max 

per 

Pile 

Per 

Support 

Per 

Support 

Max 

per 

Pile 

Per 

Support 

Max 

per 

Pile 

Per 

Support 

Max 

per 

Pile 

Per 

Support 

Max 

per 

Pile 

Abutment 1 1367 160 1177 N/A N/A N/A N/A N/A N/A N/A N/A 

Bent 2 2149 N/A 1722 2173 204 N/A -3 1719 247 N/A -109 

Bent 3 1922 N/A 1665 2782 191 N/A 0 1646 298 N/A -133 

Bent 4 1805 N/A 1546 2635 186 N/A 0 1524 296 N/A -143 

Bent 5 1702 N/A 1447 2113 224 N/A -55 1445 305 N/A -190 

Abutment 6 1048 177 858 N/A N/A N/A N/A N/A N/A N/A N/A 

The specified tip elevations presented in the following pile data table (Table 7-3) are based on 

friction resistance developed in subgrade soils and end-bearing resistance developed in the 

bedrock that underlie the site.   
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Table 7-3:  Pile Data Table for U.S. 101S/SR116 SOH (Widen)  

Location Pile Type 

Nominal Resistance  

(kips) Design Tip 

Elevation (ft) 

Specified 

Tip 

Elevation 

(ft) 

Nominal 

Driving 

Resistance 

(kips) Compression Tension 

Abutment 1 
Class 200 

Alt “X” 
320 0 -47 (a), +2.5 (c) -47 320 

Bent 2 
Class 200 

Alt “X” 
300 110 

-40 (a), -8 (b) 

-16 (c) 
-40 300 

Bent 3 
Class 200 

Alt “X” 
300 140 

-46 (a), -20 (b) 

-16 (c) 
-46 300 

Bent 4 
Class 200 

Alt “X” 
300 150 

-50 (a), -28 (b) 

-17 (c) 
-50 300 

Bent 5 
Class 200 

Alt “X” 
320 190 

-66 (a), -48 (b) 

-11 (c) 
-66 320 

Abutment 6 
Class 200              

Alt “X” 
360 0 -65 (a), -5 (c) -65 360 

Design tip elevation is controlled by the following demands: 

(a) Compression, (b) Tension, and (c) lateral 

 

The results of our axial pile capacity analysis, which forms the basis for the design and specified 

tip elevations provided above, are presented in Appendix F. 

No group reduction factor needs to be applied to single pile compression load capacities 

presented above, provided a center-to-center spacing of at least three pile diameters is used. 

7.2.2 Lateral Load Capacity 

Driven pile foundations are capable of resisting lateral loads, by bending of the pile and by pile-

soil interaction.  The magnitude of the lateral load resistance that can develop depends upon 

several factors such as the pile size, the physical properties of the surrounding soils, the 

structural design of the pile, and the direction of loading.  We used LPILE 4.0 (Reese et al., 

October 2000) to assist in estimating the lateral load resistance of 14-inch PCPS concrete piles.  

Output files for analysis of piles at the abutments and bents are presented in Appendix G.  Charts 

showing estimated load versus deflection for free and fixed head conditions at top of pile are 

included as Figures G-1 through G-6 in Appendix G. 

California Amendment to ASHTO LRFD Bridge Design Specifications, Section 10.7.2.4, 

recommends that a P-multiplier (Pm) be applied to the lateral capacity of individual piles to 

account for pile group efficiency.  Table 7-4 presents Caltrans recommended Pm for the 

corresponding rows of piles within a group. 
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Table 7-4:  Pile P-Multiplier, Pm for Multiple Row Shading  

Pile Center-to-Center Spacing 

(in the direction of loading) 

Group Efficiency Factor (P-Multiplier, Pm) 

Row 1 Row 2 Row 3 and higher 

2 x Pile Width/Diameter (B) 0.60 0.35 0.25 

3 B 0.75 0.55 0.4 

5 B 1.0 0.85 0.7 

7 B 1.0 1.0 0.9 
    Note: Row 1 refers to the leading row of piles in the direction of loading. 

If additional lateral capacity is needed beyond the lateral load capacity of the piles, passive 

resistance against the abutment walls or pile cap can be utilized.  For abutments, Caltrans limits 

the soil resistance at the back of the wall to a 5.5 feet wall height and a maximum uniform soil 

pressure of 5,000 psf.  For wall heights less than 5.5 feet, the average unit pressure should be 

reduced linearly in proportion to the height.  The uniform soil pressure of 5,000 psf is an ultimate 

value, and should be used with appropriate load resistance factor for the service limit-state 

consistent with the LRFD approach.  For bents, passive resistance against the embedded pile cap 

can be utilized.  The mobilization of passive resistance depends on the amount of pile cap 

deflection/rotation.  The ultimate passive resistance of the soil should be estimated using an 

equivalent fluid pressure as shown on Figure G-7 (Appendix G).  Figure G-7 also presents plots 

of the percent of maximum equivalent fluid pressure versus pile cap movement.      

7.2.3 Lateral Pile Load-Deflection (P-Y)  

Lateral load-deflection (p-y) curves were generated to evaluate the behavior of piles supporting 

bents of the bridge structure.  LPILE plus 5.0 (Ensoft, Inc. 2008) was used to model the lateral 

pile behavior and to estimate the lateral load-deflection curve for 14-inch prestressed precast 

concrete piles.  Results of LPILE analysis are presented in Appendix H.   

7.2.4 Axial Pile Load-Deflection 

Axial pile load-deflection curves are used by the Structural Engineer to develop vertical 

foundation stress-strain coefficients for use in the super structure analyses.  The computer 

program TZPILE 2.0 (Ensoft, Inc. 2005) was used to model the axial pile load behavior.  Axial 

load-deflection curves were developed for 14-inch prestressed precast concrete piles.  The results 

of the TZPILE analysis are presented in Appendix I.     

7.3 PILE INSTALLATION 

All piles should be installed under the direct observation of the Geotechnical Engineer and in 

accordance with Section 49 of the Caltrans Standard Specifications, “Piling.”  Specific additions 

and modifications to these requirements are discussed below. 

The Contractor should submit evidence of compatibility of the proposed pile hammer with the 

pile type and soil conditions at the site.  The Contractor’s hammer submittal should include, as a 

minimum, a dynamic analysis of the pile driving system that is based on wave equation analysis 

using computer programs such as WEAP.  Pile Driving Acceptance Criteria, described in 

Caltrans Standard Specifications Section 49-1.08, should be followed, as well as Special 

Provisions 49-228, Redriving.  Driven piles reaching refusal within 10 feet of the specified tip 

elevation and meeting the acceptance criteria may be cut-off above the tip elevation required by 
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the compression loads.  This assumes that the design lateral load and tension load tip elevations 

have been reached (see Pile Data Table).  Preliminarily, we recommend that the refusal criteria 

be two times the minimum required blow count as determined by the nominal resistance formula 

outlined in Section 49-1.08 of the Standard Specifications.  However, refusal criteria should be 

defined later based on the pile driving system proposed by the Contractor and evaluated by 

WEAP analysis. 

We anticipate that piles may encounter “hard driving” conditions within granular deposits found 

at Abutment 1, Bent 5 and Abutment 6.  The approximate elevations of the granular deposits and 

locations are presented in Table 7-5. 

Table 7-5:  Location and Approximate Elevation of “Hard Driving” Layers 

at U.S. 101N/SR116 SOH (Replace)  

Location 

Approximate Elevation 

of “Hard Driving” 

Layers (feet) 

Abutment 1 
-12½ to -17½, 

 -22½ to -26 

Bent 5 -10.0 to -14.0 

Abutment 6 -9.0 to -18.0 

Where required, and as approved by the Geotechnical Engineer, predrilling should be used to 

assist in the installation of piles to the required tip elevations.  Predrilled holes should be no 

larger than the least dimension of the new pile, in conformance with the provisions of Section 

49-1.05 of the Standard Specifications, Driving Equipment.  The use of water in the predrilling 

process or jetting should not be allowed, unless approved in advance by the Geotechnical 

Engineer. 

7.4 APPROACH EMBANKMENT SETTLEMENT 

It is planned to raise the existing median by about 5 feet at both north and south approach 

embankments.  The settlement of the approach embankments due to placement of additional fill 

has been estimated for these changes in the roadway design profile.  Based on the analysis, it is 

estimated that long-term consolidation settlement less than ½ inch could occur at both 

abutments.  

7.5 SLOPE STABILITY 

Consistent with Caltrans standards, the proposed slope inclination of new embankments at the 

north abutment is generally 2 to 1 (horizontal to vertical).  The embankment soils and underlying 

native are capable of supporting these typical slopes, provided that the embankments are 

constructed in accordance with the recommendations of this report and Caltrans Standard 

Specifications.         
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7.6 APPROACH FILL EARTHWORK 

All earthwork should be completed in accordance with the applicable sections of the Caltrans 

Standard Specifications and Project Standard Specific Provisions.  The requirements of structural 

backfill and pervious backfill are set forth under Section 19-3.06 and 19-3.065, respectively, in 

the Standard Specifications (Caltrans 2006). 

7.7 ABUTMENT/BENT PILE CAP EXCAVATION 

Once footing/pile cap areas have been excavated to the required finish subgrade elevations, all 

loosened soil should be removed prior to concrete placement.  Based on available groundwater 

information, the type of excavation should be classified as a “Structure Excavation (Bridge)” at 

both abutments and at Bents 2, 3, 4 and 5 as “Structure Excavation Type D” in accordance with 

Section 11 of Bridge Design Aids, March 2005.  However, based on a review of the contract 

documents for the bridge replacement in 2007, the excavation at Bent 5 was classified as 

“Structural Excavation Type DR”.  However, no contamination was detected at the same 

location and the details are provided in a separate report, titled “Site Investigation Report,” dated 

February 10, 2011. 
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8. Section 8 SEVEN  Constru ction Con sid eration s 

8.1 TEMPORARY CONSTRUCTION EXCAVATIONS 

We anticipate that excavations into the existing embankment fills for construction of the 

abutments could result in temporary near vertical unsupported soil faces as high as about 15 feet.  

Safety standards set by OSHA limit the height of unshored vertical excavations to 5 feet if 

construction personnel will be working in the excavations.  The set of guidelines published by 

OSHA (Department of Labor, Occupational Safety and Health Administration, 1989), classifies 

soils in detail as Type A, B or C.  In general, Type A soils are stronger and more cohesive, Type 

B soils are intermediate, and Type C soils are weaker or more granular.  Based on the soil type, 

depth, duration the excavation is open, and sequence of soils exposed in the excavation, OSHA 

recommends maximum allowable slopes.  For example, for excavations 20 feet or less in depth 

through homogeneous soils, they state that maximum allowable slopes (horizontal to vertical) 

should be ¾:1, 1:1, and 1½:1 for Type A, B, and C soils, respectively.  Based on the strengths of 

the soils encountered at the project site, the existing fills and the native sand strata are considered 

to be OSHA Type C, whereas the native medium stiff to stiff clay soils are considered to be Type 

B. 

The guidelines provided by OSHA are for trench excavations; they state that there is uncertainty 

as to when and to what degree an employer must slope, shore, or otherwise protect employees in 

a “non-trench” excavation.  In consideration of these factors, we recommend that temporary cut 

slopes in the existing embankment fills not exceed 1½:1 during construction.   

For locations where excavation with sloping sides is not viable because of space limitations, or in 

areas where temporary slopes steeper than 1½:1 are planned, shoring will be required.  The 

Contractor should retain an experienced Registered Civil Engineer to design the shoring system.   

8.2 CONSTRUCTION DEWATERING 

The bottoms of pile caps at Bents 2, 3, 4 and 5 are planned at Elevation 13.5, 1.4, 1.4 and 4.3 

feet, respectively, whereas Abutments 1 and 6 are planned at Elevation 24.6 and 15.5 feet, 

respectively.  Free groundwater was encountered in Boring R-09-014 at a depth of about 18 feet 

(Elevation -4.0 feet).  Groundwater levels also were measured somewhat shallower in borings 

from the previous studies (June 1952 and September 2002) at Elevations +1.7 to +5.2 feet.  

Based on these exploratory findings, it should be anticipated that groundwater could be 

encountered during pile cap excavation at the bents.   

8.3 EFFECTS OF CONSTRUCTION WORK ON ADJACENT STRUCTURES 

Efforts should be made to minimize effects of construction work on adjacent structures.  If new 

foundation excavations and overexcavations are located in close proximity to existing bridge 

foundations, shoring could be required to minimize exposure of existing pile foundations. 
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9. Section 9 EIGHT  Limit ations 

The recommendations presented in this Foundation Report are based on information obtained 

from new explorations made at widely separated locations, site reconnaissance, review of 

available historic data, and upon local experience and engineering judgment.  As-built drawings 

pertinent to the geotechnical investigation are included, for convenience of reference. 

The recommendations presented in this report are based on the assumption that the soil and 

geologic conditions do not deviate substantially from those encountered in the previous and new 

explorations.  If any variations are encountered during construction, URS should be contacted so 

that supplementary recommendations can be made. 

If the planned construction is changed from that presently conceived, URS should be retained to 

review the changes and make modifications to the original recommendations represented in this 

report in order to meet the project needs. 

The Geotechnical Engineer should review the final specifications and drawings to verify that 

these documents are consistent with the intent of the geotechnical recommendations.  

Geotechnical issues may arise which are not apparent at this time.  URS should be retained 

during construction to review the soil conditions encountered and the construction procedures.  

All earthwork and testing should be completed under the direct observation of a representative of 

our firm. 

Specific review and investigation for environmental issues and subsurface environmental 

contamination were beyond the scope of the geotechnical services. 

The elevations shown on the new LOTBs are based on interpolation from spot and contour 

elevations shown on available topographic maps. 

The opinions and recommendations presented in this Foundation Report were developed with the 

standard of care commonly used as state of the practice in the profession.  No other warranties 

are included, either express or implied, as to the professional advice provided in this report. 
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PLASTICITY OF FINE-GRAINED SOILS

A 1/8-inch thread cannot be rolled at any water content.Nonplastic
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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.

3"

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.

1"

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

along sleeve friction

element (34.88 in

area) divided by 

pressure measured

on tip element.

Pressure measured

(2.33 in  area)

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)

Hand driven (1-inch soil tube)

Hand Auger

Note: Size in inches.

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

Blows per 12"

(Using 28 lb hand 

hammer with a 12"

drop or as noted) Driving rate in

seconds per 12"

(using a Stanley

MB 156 percussion

hammer and a 2.2"

cone, or as noted)

Size of Sampler 

(inches)
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SOIL LEGEND

ROUTE 101S/116 SOH (WIDEN)

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

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)

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

> 12"

No. 4 to 3/4"

SPT N   (Blows / 12 inches)

3/4" to 3"

3" to 12"
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ROCK LEGEND

ROUTE 101S/116 SOH (WIDEN)

FRACTURE DENSITY

Observed Fracture Density

Unfractured

Very slightly fractured

Slightly fractured

Moderately fractured

Intensely fractured

Very intensely fractured

Lengths greater than 3 feet.

No fractures.

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

Description

Lengths from 1 to 3 feet with few lengths less than 1 foot or

greater than 3 feet.

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.

Term

Strong

Weak

Very Weak

Very Strong 

> 30,000

14,500 - 30,000

7,000 - 14,500

3,500 - 7,000

700 - 3,500

150 - 700

< 150

RELATIVE STRENGTH OF INTACT ROCK

Uniaxial Compressive Strength (PSI)

Extremely Strong

Medium Strong

Extremely Weak

Description Thickness / Spacing

Massive Greater than 10 ft

3 to 10 ft

1 to 3 ft

Moderately bedded

Very thinly bedded

Laminated 

Very thickly bedded

BEDDING SPACING

Thickly bedded

Thinly bedded

Lengths mostly in 4" to 1 foot range with most lengths about 8"

Length of intact core pieces   4"

Specimen can be grooved 1/6" deep with a pocket knife or sharp pick with moderate 

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

3-5/8" to 1 ft

1-1/4" to 3-5/8"

3/8" to 1-1/4"

Less than 3/8"

Lengths average from 1 to 4" with scattered fragmented

intervals with lengths less than 4"

Total length of core run (inches)

Total length of core run (inches)

Length of the recovered core pieces (inches)

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.

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."
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FIELD EXPLORATION PROGRAM 

The geotechnical field investigation consisted of five borings extending to depths of 85 to 119½ 

feet below the existing ground surface.  The explorations were performed on June 10 to 29, 

2009, by WDC Exploration & Wells, Richmond, California. 

The borings locations were carefully selected to obtain supplemental subsurface information to 

provide geotechnical design recommendations for the proposed structure while avoiding 

underground utilities and subsurface obstructions.  Layout of the explorations was performed by 

representatives of URS, and exploration locations were checked for conflict with underground 

utilities by contacting Underground Service Alert (USA) Network.  USA, in turn, alerted the 

various municipalities and utility companies that a subsurface investigation was to be conducted 

near their utilities.  

After underground utility clearance, URS obtained permits from the County of Sonoma, Permit 

and Resource Management Department, Well and Permit Section, and coordinated with 

appropriate personnel to accommodate the required inspection during and following exploration 

at each location. 

Rotary Wash Boring (R-09-011 through R-09-015) 

The rotary wash borings were drilled to provide the necessary information to evaluate the 

subsurface stratigraphy and to allow acquisition of high-quality soil samples for laboratory 

testing.  The borings were drilled and sampled at the location indicated on the Site and Boring 

Location Plan, Figure 3-2.  The borings were advanced to depths of 85 to 119½  feet below 

existing ground surface using a truck-mounted drill rig and crawler drill rig (limited-low access) 

under the supervision of a URS engineer who maintained a record of all field activities, classified 

the soils encountered using the Unified Soil Classification System (USCS), and prepared a log of 

the boring. 

The drilling operation proceeded carefully, with particular attention to potential interference with 

utilities or other buried structures.  During drilling, both disturbed and undisturbed samples were 

obtained for identification and laboratory testing.  Soil samples were generally obtained at 5-foot 

intervals and at changes in strata.  Samples were obtained using an unlined split spoon sampler 

(SPT), having an outside diameter of 2 inches, and lined Modified California (MC) sampler, 

having an outside diameter of 2½ inches. A 140-pound hammer falling through a distance of 30 

inches was used to drive the samplers.  The blow count recorded on the boring logs adjacent to 

the sample depth is the number of blows required to drive the sampler for the final 1 foot of a 

maximum 18 inch drive. The Franciscan Complex bedrock in boring R-09-012 was drilled using 

HQ wireline coring methods below a depth of 60 feet, which provides an 2.4-inch diameter core 

sample. Due to the very poor rock recovery obtained in this boring and the poor quality of the 

shale and serpentinite rock samples that were recovered, and in order to provide more 

meaningful information for the foundation design, rotary wash drilling with SPT and MC drive 

samples were used on the remaining borings that penetrated the Franciscan Complex rocks. 

One of the objectives of the field investigation was to obtain high-quality undisturbed samples 

for laboratory testing.  Effort was made to minimize sample disturbance during sample handling 

and transportation.  After careful withdrawal from the ground, the sample was placed upright and 

the ends of the sample were cleaned of disturbed soil.  If possible, pocket penetrometer tests 
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were performed on the bottom end of cohesive soil samples.  Both ends of the samples were 

covered with plastic caps, and carefully transported to URS’ laboratory in San Jose. Rock core 

samples obtained from boring R-09-012 was placed in wooded core boxes, photographed and 

transported to URS’ laboratory in San Jose. 

LABORATORY TESTING PROGRAM 

A laboratory testing program was carried out to determine the index and engineering properties 

of the major subsurface strata encountered at the site.  The laboratory testing program included 

conventional tests to confirm the existing information on the engineering characteristics of the 

major strata and to refine some of the engineering parameters.  These tests were performed at the 

URS’ laboratory. 

This appendix briefly describes the testing program and procedures for the different types of 

tests, and then presents detailed test results.  

Index Tests 

Index tests were performed on both cohesive and cohesionless soil samples to aid in soil 

classification and in correlation with other engineering parameters.  Index tests included 

Atterberg Limits, gradation analyses, moisture content and dry density determinations.  Atterberg 

Limits tests were performed in accordance with ASTM D 4318.  Particle analyses were 

performed in accordance with ASTM D 422.  The moisture content tests were performed in 

accordance with ASTM D 2216.  Dry density was determined in accordance with 

ASTM D 2937.  The locations of these tests are indicated on the Logs of Test Borings adjacent 

to the appropriate sample depths.  The results are summarized in Table B-1. 

A plasticity chart graphically presenting the results of the Atterberg Limits tests is included on 

Figure B-1.  Grain size distribution curves are presented graphically on Figure B-2 

Unconfined Compression Tests 

Unconfined compression tests were performed on select cohesive soil samples to assist in 

determining shear strength parameters.  These tests were performed in accordance with 

ASTM D 2166.  The locations of these tests are indicated on the Logs of Test Borings adjacent 

to the appropriate sample depths.  The results are summarized in Table B-1. 

Consolidation Tests 

Five consolidation tests were performed on selected samples of undisturbed clayey soil to 

evaluate the compressibility characteristics and past geologic history.  The consolidation test was 

performed in accordance with ASTM D 4186.  Consolidation test results are graphically 

presented on Figure B-3 through B-7. 
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TABLE B-1

SUMMARY OF LABORATORY TEST RESULTS

B
o

ri
n

g
 o

r 
S

a
m

p
le

 N
o

.

D
a

te
 S

a
m

p
le

d

S
ta

ti
o

n

L
in

e

D
is

ta
n

c
e

 f
ro

m
 L

in
e

 (
fe

e
t)

D
e

p
th

 (
fe

e
t)

U
n

c
o

n
fi
n

e
d

 C
o

m
p

re
s
s
iv

e
 

S
tr

e
n

g
th

 (
p

s
f)

W
a

te
r 

C
o

n
te

n
t 

(%
)

 D
ry

 U
n

it
 W

e
ig

h
t 

(p
c
f)

%
<

#
4

%
<

#
8

%
<

#
1

6

%
<

#
3

0

%
<

#
5

0

%
<

#
1

0
0

%
<

#
2

0
0

R
-v

a
lu

e

L
iq

u
id

 L
im

it

P
la

s
ti
c
 L

im
it

P
la

s
ti
c
it
y
 I

n
d

e
x

R-09-011 23-Jun-09 187+43 A Lt. 1 19 7.6 125

R-09-011 23-Jun-09 187+43 A Lt. 1 54.2 6,130      23.0 103

R-09-011 23-Jun-09 187+43 A Lt. 1 58.8 7,530      18.0 119

R-09-011 23-Jun-09 187+43 A Lt. 1 69 8,260      18.6 110

R-09-011 23-Jun-09 187+43 A Lt. 1 78 5,160      20.8 104

R-09-011 23-Jun-09 187+43 A Lt. 1 83 17.5 112

R-09-012 10-Jun-09 190+06 A Rt. 28 10 1,760      27.1 97

R-09-012 10-Jun-09 190+06 A Rt. 28 15 4,450      27.5 97

R-09-012 10-Jun-09 190+06 A Rt. 28 20 2,850      35.1 87 87 26 61

R-09-012 10-Jun-09 190+06 A Rt. 28 40 2,560      29.2 94

R-09-012 10-Jun-09 190+06 A Rt. 28 45 2,060      45.3 77 81 26 55

R-09-012 10-Jun-09 190+06 A Rt. 28 46.2 1,910      16.7 117

R-09-012 10-Jun-09 190+06 A Rt. 28 50 2,740      32.0 90

R-09-013 11-Jun-09 191+80 A Rt. 14 11 1,670      27.6 94

R-09-013 11-Jun-09 191+80 A Rt. 14 14 4,540      28.2 95 67 22 45

R-09-013 11-Jun-09 191+80 A Rt. 14 19 3,460      25.9 97

R-09-013 11-Jun-09 191+80 A Rt. 14 25 820         25.1 100

R-09-013 11-Jun-09 191+80 A Rt. 14 26 22.9 103 100 100 100 98 66 41

R-09-013 11-Jun-09 191+80 A Rt. 14 34 2,430      24.6 101

R-09-013 11-Jun-09 191+80 A Rt. 14 39 3,450      22.1 104

R-09-013 11-Jun-09 191+80 A Rt. 14 44 2,750      31.1 91

R-09-013 11-Jun-09 191+80 A Rt. 14 50.2 2,820      23.1 103

R-09-014 14-Jun-09 193+17 A Lt. 2 11.2 2,550      31.3 91 73 20 54

R-09-014 14-Jun-09 193+17 A Lt. 2 15 1,500      22.5 104 100 100 100 100 80 44

R-09-014 14-Jun-09 193+17 A Lt. 2 20 21.4 104

R-09-014 14-Jun-09 193+17 A Lt. 2 30 3,070      27.2 97

R-09-014 14-Jun-09 193+17 A Lt. 2 35 3,300      23.5 103

R-09-014 14-Jun-09 193+17 A Lt. 2 40 3,790      21.8 106

R-09-014 14-Jun-09 193+17 A Lt. 2 46 1,340      23.7 102

R-09-014 14-Jun-09 193+17 A Lt. 2 50 2,360      28.3 94

R-09-014 14-Jun-09 193+17 A Lt. 2 65 34.6 89 55 22 33

R-09-014 14-Jun-09 193+17 A Lt. 2 75 3,750      28.6 94

R-09-014 14-Jun-09 193+17 A Lt. 2 86 13.8 115

R-09-014 14-Jun-09 193+17 A Lt. 2 90 46.3 70

R-09-015 16-Jun-09 194+32 A Rt. 21 10 7.1 128

R-09-015 16-Jun-09 194+32 A Rt. 21 15 11.6 123

R-09-015 16-Jun-09 194+32 A Rt. 21 25 1,780      22.1 100

R-09-015 16-Jun-09 194+32 A Rt. 21 36.2 19.1 109

R-09-015 16-Jun-09 194+32 A Rt. 21 45 18.5 106

R-09-015 16-Jun-09 194+32 A Rt. 21 65 3,230      21.0 105

R-09-015 16-Jun-09 194+32 A Rt. 21 75 2,910      45.5 75 78 27 51

R-09-015 16-Jun-09 194+32 A Rt. 21 85 1,490      41.5 78

Sieve Analysis Results (Percent Passing) Atterberg LimitsIn-Place Conditions

X:\101_MSN_SCTA\450_Geotech\Lab\lab_summary_101-116_9-29-09.xls Page 1 of 1
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LIQUEFACTION ANALYSIS Note: Cells in Red must be input
Project 101 MSN Petaluma Hammer type : Type CE Code CE

Project No. 28645045 Donut 0.75 1 3

Boring No. R-09-012 Safety 1 2

Auto 1.16 3

Borehole Diameter: (inch) (mm) CB CB

PGA = 0.6 2.5-4.5 65-115 1 1 1

Mw = 7.0 6 150 1.05 2

GWT during EQ 6.0 ft 8 200 1.15 3

Sampler: Symbol Corr. Factor Rod Length: (feet) (m) CR

SPT S 1 Default 999

Mod.Cal M 0.8 Sampling Method: Type Cs

California C 0.7 Stand 1

Mag. Weighting Factor(CSRM/CSRM=7.5) 0.82 No liners 1.2

Note: F.S. greater than 2 is set to be equal to 2

EQ

σσσσo u σσσσ'o CSR K
σσσσ

(USCS) pcf ft m ft m psf psf psf % FC< 5% EQ  during EQ Critical Lower Upper Middle NCEER NCEER

1 CL/CH 120 29.0 8.84 14.5 4.42 1,740 530 1,210 0.970 0.544 0 0.0 1.32 1.16 1.00 0.85 1.00 0 1.19 1.26 1.22 1.000 N 2.00 N 1

2 SP-SM 125 36.0 10.97 32.5 9.91 3,918 1,654 2,264 0.907 0.612 16 S 16 12 18.1 0.97 1.16 1.00 0.95 1.20 23 0.254 1.19 1.26 1.22 0.989 N 0.50 Liquef 1

3 CL/CH 120 55.0 16.76 45.5 13.87 5,495 2,465 3,030 0.799 0.565 0 0.0 0.84 1.16 1.00 1.00 1.00 0 1.19 1.26 1.22 0.944 N 2.00 N 1

                        

                        

                        

                        

                        

                        

                         

Thickness σσσσo u σσσσ'o rd (N 1) 60-cs Liquefy ? ττττcyc CSRM=7.5 CSRM Volumetric Strain** Settl.

ft psf psf psf NCEER psf ττττcyc/σσσσ'o ττττcyc/σσσσ'o % in

1 29.0 29.0 1,740 530 1,210 0.970 0.0 N 658.0 0.544 0.44 0.00

2 36.0 7.0 3,918 1,654 2,264 0.907 23.1 Liquef 1385.4 0.612 0.50 1.1 0.92

3 55.0 19.0 5,495 2,465 3,030 0.799 0.0 N 1711.5 0.565 0.46 0.00

4             

5             

6             

7             

8             

9             

            

Total Settlement (inch)   = 0.9

*  Note: The equation used to obtain CRR7.5 is not valid for corrected (N1)60 higher than 30.  According to NCEER 1997, the soil layer with corrected (N1)60 higher than 30 blows per foot is unlikely to be susceptible to liquefaction.

** Note: These values were obtained from a chart for estimation of volumetric strain in saturated sands based on a cyclic stress ratio and standard penetration resistance (Tokimatsu and Seed, 1987). 

              See figure 9.53 from "Geotechnical Earthquake Engineering" by S. Kramer.
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LIQUEFACTION ANALYSIS Note: Cells in Red must be input
Project 101 MSN Petaluma Hammer type : Type CE Code CE

Project No. 28645045 Donut 0.75 1 3

Boring No. R-09-013 Safety 1 2

Auto 1.41 3

Borehole Diameter: (inch) (mm) CB CB

PGA = 0.6 2.5-4.5 65-115 1 1 1

Mw = 7.0 6 150 1.05 2

GWT during EQ 5.0 ft 8 200 1.15 3

Sampler: Symbol Corr. Factor Rod Length: (feet) (m) CR

SPT S 1 Default 999

Mod.Cal M 0.8 Sampling Method: Type Cs

California C 0.7 Stand 1

Mag. Weighting Factor(CSRM/CSRM=7.5) 0.82 No liners 1.2

Note: F.S. greater than 2 is set to be equal to 2

EQ

σσσσo u σσσσ'o CSR K
σσσσ

(USCS) pcf ft m ft m psf psf psf % FC< 5% EQ  during EQ Critical Lower Upper Middle NCEER NCEER

1 CL 120 20.5 6.25 10.25 3.12 1,230 328 902 0.979 0.520 0 0.0 1.53 1.41 1.00 0.75 1.00 0 1.19 1.26 1.22 1.000 N 2.00 N 1

2 SM 125 23.0 7.01 21.8 6.63 2,616 1,045 1,571 0.952 0.618 18 M 14.4 41 22.3 1.16 1.41 1.00 0.95 1.00 35 0.459 1.19 1.26 1.22 1.000 N 2.00 N 1

3 CL 125 26.0 7.92 24.5 7.47 2,960 1,217 1,743 0.944 0.625 0 0.0 1.10 1.41 1.00 0.95 1.00 0 1.19 1.26 1.22 1.000 N 2.00 N 1

4 SM 125 29.0 8.84 27.5 8.38 3,335 1,404 1,931 0.932 0.628 10 M 8 41 14.6 1.05 1.41 1.00 0.95 1.00 20 0.222 1.19 1.26 1.22 1.000 N 0.43 Liquef 1

5 CL 120 59.0 17.98 44.0 13.41 5,323 2,434 2,889 0.814 0.585 0.0 0.86 1.41 1.00 1.00 1.00 0 1.19 1.26 1.22 0.952 N 2.00 N 1

                        

                        

                        

                        

                         

Thickness σσσσo u σσσσ'o rd (N 1) 60-cs Liquefy ? ττττcyc CSRM=7.5 CSRM Volumetric Strain** Settl.

ft psf psf psf NCEER psf ττττcyc/σσσσ'o ττττcyc/σσσσ'o % in

1 20.5 20.5 1,230 328 902 0.979 0.0 N 469.4 0.520 0.42 0.00

2 23.0 2.5 2,616 1,045 1,571 0.952 34.6 N 971.5 0.618 0.51 0.00

3 26.0 3.0 2,960 1,217 1,743 0.944 0.0 N 1089.3 0.625 0.51 0.00

4 29.0 3.0 3,335 1,404 1,931 0.932 20.5 Liquef 1212.4 0.628 0.51 1.4 0.50

5 59.0 30.0 5,323 2,434 2,889 0.814 0.0 N 1688.8 0.585 0.48 0.00

6             

7             

8             

9             

            

Total Settlement (inch)   = 0.50

*  Note: The equation used to obtain CRR7.5 is not valid for corrected (N1)60 higher than 30.  According to NCEER 1997, the soil layer with corrected (N1)60 higher than 30 blows per foot is unlikely to be susceptible to liquefaction.

** Note: These values were obtained from a chart for estimation of volumetric strain in saturated sands based on a cyclic stress ratio and standard penetration resistance (Tokimatsu and Seed, 1987). 

              See figure 9.53 from "Geotechnical Earthquake Engineering" by S. Kramer.
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LIQUEFACTION ANALYSIS Note: Cells in Red must be input
Project 101 MSN Petaluma Hammer type : Type CE Code CE

Project No. 28645045 Donut 0.75 1 3

Boring No. R-09-014 Safety 1 2

Auto 1.41 3

Borehole Diameter: (inch) (mm) CB CB

PGA = 0.6 2.5-4.5 65-115 1 1 1

Mw = 7.0 6 150 1.05 2

GWT during EQ 9.0 ft 8 200 1.15 3

Sampler: Symbol Corr. Factor Rod Length: (feet) (m) CR

SPT S 1 Default 999

Mod.Cal M 0.8 Sampling Method: Type Cs

California C 0.7 Stand 1

Mag. Weighting Factor(CSRM/CSRM=7.5) 0.82 No liners 1.2

Note: F.S. greater than 2 is set to be equal to 2

EQ

σσσσo u σσσσ'o CSR K
σσσσ

(USCS) pcf ft m ft m psf psf psf % FC< 5% EQ  during EQ Critical Lower Upper Middle NCEER NCEER

1 SM 125 11.0 3.35 5.5 1.68 688 0 688 0.989 0.386 41 M 32.8 25 40.9 1.75 1.41 1.00 0.75 1.00 76 0.459 1.19 1.26 1.22 1.000 Y 2.00 N 1

2 CL 120 14.0 4.27 12.5 3.81 1,555 218 1,337 0.974 0.442 0.0 1.26 1.41 1.00 0.75 1.00 0 1.19 1.26 1.22 1.000 N 2.00 N 1

3 SM 125 20.0 6.10 17.0 5.18 2,110 499 1,611 0.964 0.493 18 M 14.4 44 22.3 1.15 1.41 1.00 0.85 1.00 31 0.459 1.19 1.26 1.22 1.000 N 2.00 N 1

4 SM 125 25.0 7.62 22.5 6.86 2,798 842 1,955 0.950 0.530 36 M 28.8 44 39.6 1.04 1.41 1.00 0.95 1.00 55 0.459 1.19 1.26 1.22 1.000 N 2.00 N 1

5 SM 130 28.0 8.53 26.5 8.08 3,305 1,092 2,213 0.936 0.545 59 M 47.2 44 61.6 0.98 1.41 1.00 0.95 1.00 81 0.459 1.19 1.26 1.22 0.992 N 2.00 N 1

6 CL 125 41.5 12.65 34.8 10.59 4,344 1,607 2,737 0.892 0.552 0 0.0 0.88 1.41 1.00 1.00 1.00 0 1.19 1.26 1.22 0.961 N 2.00 N 1

7 SP-SM 130 44.0 13.41 42.8 13.03 5,350 2,106 3,244 0.826 0.531 24 M 19.2 10 20.5 0.81 1.41 1.00 1.00 1.00 23 0.258 1.19 1.26 1.22 0.932 N 0.55 Liquef 1

8 CL 120 90.0 27.43 67.0 20.42 8,273 3,619 4,653 0.609 0.422 0 0.0 0.67 1.41 1.00 1.00 1.00 0 1.19 1.26 1.22 0.862 N 2.00 N 1

                         

                        

Thickness σσσσo u σσσσ'o rd (N 1) 60-cs Liquefy ? ττττcyc CSRM=7.5 CSRM Volumetric Strain** Settl.

ft psf psf psf NCEER psf ττττcyc/σσσσ'o ττττcyc/σσσσ'o % in

1 11.0 11.0 688 0 688 0.989 75.8 N 265.2 0.386 0.32 0.00

2 14.0 3.0 1,555 218 1,337 0.974 0.0 N 590.6 0.442 0.36 0.00

3 20.0 6.0 2,110 499 1,611 0.964 30.6 N 793.4 0.493 0.40 0.00

4 25.0 5.0 2,798 842 1,955 0.950 55.1 N 1036.4 0.530 0.43 0.00

5 28.0 3.0 3,305 1,092 2,213 0.936 80.7 N 1206.8 0.545 0.45 0.00

6 41.5 13.5 4,344 1,607 2,737 0.892 0.0 N 1511.7 0.552 0.45 0.00

7 44.0 2.5 5,350 2,106 3,244 0.826 23.3 Liquef 1722.8 0.531 0.43 1.2 0.36

8 90.0 46.0 8,273 3,619 4,653 0.609 0.0 N 1965.5 0.422 0.35 0.00

            

            

Total Settlement (inch)   = 0.4

*  Note: The equation used to obtain CRR7.5 is not valid for corrected (N1)60 higher than 30.  According to NCEER 1997, the soil layer with corrected (N1)60 higher than 30 blows per foot is unlikely to be susceptible to liquefaction.

** Note: These values were obtained from a chart for estimation of volumetric strain in saturated sands based on a cyclic stress ratio and standard penetration resistance (Tokimatsu and Seed, 1987). 

              See figure 9.53 from "Geotechnical Earthquake Engineering" by S. Kramer.
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LIQUEFACTION ANALYSIS Note: Cells in Red must be input
Project 101 MSN Petaluma Hammer type : Type CE Code CE

Project No. 28645045 Donut 0.75 1 3

Boring No. R-09-015 Safety 1 2

Auto 1.41 3

Borehole Diameter: (inch) (mm) CB CB

PGA = 0.6 2.5-4.5 65-115 1 1 1

Mw = 7.0 6 150 1.05 2

GWT during EQ 29.0 ft 8 200 1.15 3

Sampler: Symbol Corr. Factor Rod Length: (feet) (m) CR

SPT S 1 Default 999

Mod.Cal M 0.8 Sampling Method: Type Cs

California C 0.7 Stand 1

Mag. Weighting Factor(CSRM/CSRM=7.5) 0.82 No liners 1.2

Note: F.S. greater than 2 is set to be equal to 2

EQ

σσσσo u σσσσ'o CSR K
σσσσ

(USCS) pcf ft m ft m psf psf psf % FC< 5% EQ  during EQ Critical Lower Upper Middle NCEER NCEER

1 GM 135 5.0 1.52 2.5 0.76 338 0 338 0.996 0.388 43 M 34.4 45 46.3 2.00 1.41 1.00 0.75 1.00 98 0.459 1.19 1.26 1.22 1.000 Y 2.00 N 1

2 SM 135 15.0 4.57 10.0 3.05 1,350 0 1,350 0.979 0.382 17 M 13.6 25 19.5 1.25 1.41 1.00 0.75 1.00 26 0.295 1.19 1.26 1.22 1.000 Y 2.00 N 1

3 CL 120 35.0 10.67 25.0 7.62 3,225 0 3,225 0.942 0.367 0.0 0.81 1.41 1.00 0.95 1.00 0 1.19 1.26 1.22 0.933 Y 2.00 N 1

4 SP-SM 130 36.0 10.97 35.5 10.82 4,490 406 4,084 0.887 0.380 22 M 17.6 10 18.8 0.72 1.41 1.00 1.00 1.00 19 0.206 1.19 1.26 1.22 0.889 N 0.59 Liquef 1

5 CL 130 43.0 13.11 39.5 12.04 5,010 655 4,355 0.855 0.384 0.0 0.70 1.41 1.00 1.00 1.00 0 1.19 1.26 1.22 0.876 N 2.00 N 1

6 SP-SM 125 52.0 15.85 47.5 14.48 6,028 1,154 4,873 0.778 0.375 40 M 32 10 33.6 0.66 1.41 1.00 1.00 1.00 31 0.459 1.19 1.26 1.22 0.852 N 2.00 N 1

7 SC-SM 125 55.5 16.92 53.8 16.38 6,809 1,544 5,264 0.715 0.361 30 M 24 40 33.8 0.63 1.41 1.00 1.00 1.00 30 0.459 1.19 1.26 1.22 0.835 N 2.00 N 1

8 CL 125 66.5 20.27 61.0 18.59 7,715 1,997 5,718 0.651 0.343 0 0.0 0.61 1.41 1.00 1.00 1.00 0 1.19 1.26 1.22 0.817 N 2.00 N 1

9 SC-SM 125 72.0 21.95 69.3 21.11 8,746 2,512 6,235 0.596 0.326 35 M 28 40 38.6 0.58 1.41 1.00 1.00 1.00 32 0.459 1.19 1.26 1.22 0.797 N 2.00 N 1

10 CL 110 95.0 28.96 83.5 25.45 10,355 3,401 6,954 0.537 0.312 0.0 0.55 1.41 1.00 1.00 1.00 0 1.19 1.26 1.22 0.772 N 2.00 N 1

Thickness σσσσo u σσσσ'o rd (N 1) 60-cs Liquefy ? ττττcyc CSRM=7.5 CSRM Volumetric Strain** Settl.

ft psf psf psf NCEER psf ττττcyc/σσσσ'o ττττcyc/σσσσ'o % in

1 5.0 5.0 338 0 338 0.996 97.9 N 131.1 0.388 0.32 0.00

2 15.0 10.0 1,350 0 1,350 0.979 25.8 N 515.5 0.382 0.31 0.00

3 35.0 20.0 3,225 0 3,225 0.942 0.0 N 1184.6 0.367 0.30 0.00

4 36.0 1.0 4,490 406 4,084 0.887 19.1 Liquef 1553.4 0.380 0.31 1.2 0.14

5 43.0 7.0 5,010 655 4,355 0.855 0.0 N 1671.4 0.384 0.31 0.00

6 52.0 9.0 6,028 1,154 4,873 0.778 31.2 N 1829.5 0.375 0.31 0.00

7 55.5 3.5 6,809 1,544 5,264 0.715 30.2 N 1899.4 0.361 0.29 0.00

8 66.5 11.0 7,715 1,997 5,718 0.651 0.0 N 1959.5 0.343 0.28 0.00

9 72.0 5.5 8,746 2,512 6,235 0.596 31.7 N 2033.0 0.326 0.27 0.00

10 95.0 23.0 10,355 3,401 6,954 0.537 0.0 N 2167.9 0.312 0.25 0.00

Total Settlement (inch)   = 0.14

*  Note: The equation used to obtain CRR7.5 is not valid for corrected (N1)60 higher than 30.  According to NCEER 1997, the soil layer with corrected (N1)60 higher than 30 blows per foot is unlikely to be susceptible to liquefaction.

** Note: These values were obtained from a chart for estimation of volumetric strain in saturated sands based on a cyclic stress ratio and standard penetration resistance (Tokimatsu and Seed, 1987). 

              See figure 9.53 from "Geotechnical Earthquake Engineering" by S. Kramer.
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Results of Seismic Compaction Analysis  
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LIQUEFACTION ANALYSIS
101 MSN-B4 Petaluma

US101/116 FigureC-1

Hole No.=R-09-011    Water Depth=56 ft    Surface Elev.=51 Magnitude=7
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LIQUEFACTION ANALYSIS
101 MSN-B4 Petaluma

US101/116 Figure C-2

Hole No.=R-09-013    Water Depth=15 ft    Surface Elev.=10 Magnitude=7

Acceleration=0.6g
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LIQUEFACTION ANALYSIS
101 MSN-B4 Petaluma

US101/116 Figure C-3

Hole No.=R-09-014    Water Depth=19 ft    Surface Elev.=14 Magnitude=7

Acceleration=0.6g

(ft)
0

10

20

30

40

50

60

70

Shear Stress Ratio

CRR              CSR  fs1

Shaded Zone has Liquefaction Potential

0 2
Soil Description Factor of Safety

0 51
Settlement

Saturated

Unsaturat.

S = 0.20 in.

0 (in.) 1

fs1=1.00

fs2=1

fs2



D
R
A
FT

Silty Gravel

Silty Sand

Sandy Lean Clay

Lean Clay

Sand
Lean Clay

Sand

L
iq

u
e
fy

P
ro

  
  

  
C

iv
ilT

e
c
h
 S

o
ft

w
a
re

  
U

S
A

  
  

w
w

w
.c

iv
ilt

e
c
h
.c

o
m

LIQUEFACTION ANALYSIS
101 MSN-B4 Petaluma

US101/116 Figure C-4

Hole No.=R-09-015    Water Depth=39 ft    Surface Elev.=34 Magnitude=7

Acceleration=0.6g
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INTRODUCTION 

 
V&A was retained by URS Corporation to perform a corrosion survey on US 101, in and near Petaluma, 
CA, from 0.4 miles south of Petaluma Boulevard South overcrossing to 0.2 miles north of Caulfield Lane 
overcrossing. The objective of this investigation was to measure various soil parameters and evaluate the 
results with respect to possible levels of corrosion at the site.  The soil was tested at depths ranging from 
0 to 30.5 meters below existing grade. This report provides recommendations for corrosion control of 
structural foundation materials under consideration for the proposed Southbound US 101 / SR 116 
Separation (Figure 1) on US 101 in Petaluma, CA.  The materials being considered as part of this 
investigation include buried reinforced concrete, prestressed concrete piles and steel piles. 
 

The investigation was conducted in accordance with California Department of Transportation’s Division of 
Engineering Services, Materials Engineering and Testing Services Corrosion Technology Branch 
“Corrosion Guidelines” (Guidelines) dated September 2003.  These Guidelines consider representative 
soil or water samples to be corrosive to structural elements if one or more of the following conditions exist: 
 

1) The chloride concentration is 500 ppm or greater 

2) The sulfate concentration is 2,000 ppm or greater 

3) The pH is 5.5 or less. 
 

Evaluation of the soil environment was made in terms of potential corrosion damage to concrete and metal 
structures.  Soil resistivity measurements were conducted in the field during the initial stages of the work.  In 
addition, two soil samples taken during the geotechnical investigation were provided to V&A for laboratory 
testing.  The soil samples were analyzed for minimum (saturated) resistivity, as well as for pH, chloride and 
sulfate ion concentrations.  All of these affect the corrosion rate of buried structures. 
 

The minimum (saturated) resistivity of soil samples selected from the Borings R-09-011 and R-09-015 
measured 116 and 388 ohm-cm, respectively. The soil pH measured 8.3 and 6.8 and the water-soluble 
chloride concentrations measured 4,813 and 83 mg/kg.  The water-soluble sulfate concentrations measured 
825 and 2,325 mg/kg.  The chloride and sulfate ion concentrations indicate the sampled soils are corrosive, 
as defined by the Guidelines.  
 

CONCLUSIONS 
 

� The soil boring chemical analyses gave pH values higher than 5.5, soluble chloride concentrations 
greater than 500 mg/kg and soluble sulfate concentrations greater than 2,000 mg/kg.  According to 
the Guidelines, the soil and water are considered corrosive. 

� This structure is not within 300 meters (1,000 feet) of salt or brackish water. 
 
RECOMMENDATIONS 

 
The test data and a review of the project requirements were used to make recommendations for each 
structural foundation material alternative listed below. 
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Buried Reinforced Concrete Structures, Pre-Cast and Cast-in-Place Piles (Corrosive Soil) 

Buried concrete structures should be constructed per the minimum concrete cover requirements 
established by CALTRANS. See Bridge Design Specs (BDS) Section 8.22 and Table 8.22.1 for complete 
information regarding the minimum concrete cover for footing, columns, cast-in-place piles, precast piles 
and concrete surfaces. 
 

� The water/cement ratio should not exceed 0.40.1 
� Use pre-fabricated epoxy coated reinforcing bars.1 
� A minimum of 3 inches of concrete cover is required for the footing, columns and cast-in-place 

piles. For precast piles and pile extensions use a minimum of 2 inches of concrete cover.1 
� For the precast piles and pile extensions, mineral admixtures conforming to ASTM Designation 

C1240 and /or ASTM Designation C618 Type F and/or N, may be required.1 
� Concrete in a corrosive environment shall contain not less than 675 pounds of cementitious 

material per cubic yard. Reduction in the cementitious material content specified or ordered, in 
conformance with the provisions in Section 90-4.05, "Optional Use of Chemical Admixtures," of 
the Standard Specifications, is not permitted for concrete in a corrosive environment.2 

� For concrete in a corrosive environment, the amount of Portland cement shall be 75 percent by 
weight, and the amount of supplementary cementitious material shall be 25 percent by weight of 
the total amount of cementitious material to be used in the concrete mix.2 

� Type II modified or Type V cement shall be used when the sulfate concentrations exceed 2, 000 
ppm.3 

 
 
Steel Piles 

According to the CALTRANS Guidelines the soil tested at this site is considered corrosive therefore 
corrosion mitigation is required. 
 

� Steel vertical support elements should be protected over their exposed height and a nominal 
distance below finished grade with an appropriate coating system4. 

� Steel facing elements and fasteners should be protected with an appropriate coating system4. 
� Extra metal thickness shall be added to all surfaces of the pile exposed to the corrosive soil5. 
� Corrosion rate of 0.100 mm/year shall be used per the Guidelines5. 

 

 

 

 

 

 

 
1CALTRANS – Bridge Design Specs, Table 8.22.1 
2CALTRANS – Structure Reference Specification S8-C04 (90CORR) 
1CALTRANS – Bridge Design Specs, Table 8.22.2 
4CALTRANS – Bridge Design Specs – Retaining Walls - 5.7.10 – Corrosion Protection 
5CALTRANS – Corrosion Guidelines – September 2003 – Volume 1.0 – 10.1  
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TEST METHODS 

 
When predicting potential corrosion problems associated with a particular type of structure prior to 
installation, it is necessary to investigate the soil conditions the structure will encounter. Since corrosion is 
an electrochemical process accompanied by current flow, the electrochemical characteristics of a soil are 
of primary importance. Test methods utilized during this investigation reflect the most practical methods of 
evaluating corrosivity.  
 
Resistivity is a measure of the ability of a soil to conduct an electric current. The higher the resistivity the 
more difficult it is for the soil to conduct current. Resistivity is primarily dependent on the soluble chemical 
and moisture content of the soil. Soils with high dissolved ion contents generally have low resistivity. As 
moisture is added to a soil, its resistivity will decrease as more ions are taken into solution.  The soil 
resistivity decreases until the maximum solubility of the dissolved ions is reached. Increasing the moisture 
content beyond this point increases the soil resistivity by diluting the solution. Since corrosion rate 
depends on current flow through the soil, corrosivity normally increases as soil resistivity decreases. 
 
Soils can contain a wide variety of soluble salts.  Therefore, soils with similar resistivities can have 
significantly different corrosion characteristics, depending on the ions present.  In most soils, the principal 
agents of corrosion are the chloride and sulfate ions, as well as pH.  Chloride ions break down the protective 
surface films on metals and can corrode reinforcing steel in concrete structures.  Sulfates attack the Portland 
cement in concrete.  This is an expansive reaction that disrupts the concrete matrix and softens the surface.  
A high bicarbonate ion concentration lowers soil resistivity and facilitates other forms of corrosion; however, 
bicarbonate is not corrosive to metals.  Soil pH is another measure of corrosivity.  Acid (low pH) soils are 
corrosive to buried metallic and concrete structures.  Neutral (pH 7) and alkaline (pH greater than 7) soils are 
passive to metal surfaces; therefore, corrosion rates become negligible. 
 
Field Soil Resistivity 

Field (in-situ) soil resistivity was measured at two locations along the US 101 project site.  At US 101 / RS 
116 one resistivity station was set up at each side of RS 116. Figure 2 shows the soil resistivity test 
locations and the soil boring locations. 
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Figure 1.  Project Site Map* for Southbound US 101 / SR 116 Separation Foundation Investigation,  

Petaluma, CA 

 

 

 

 

 

 

 

 

 

 

 

*Map courtesy of www.google.com 
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 US 101 / SR 116 
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Figure 2.  In-Situ Soil Resistivity Test and Boring Locations* 

 

 

 

 

 

 

 

 

 

 
*Locations are approximate. Map courtesy of www.google.com 
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In-situ soil resistivity measurements were conducted by the Wenner Electrode Method, using an AEMC 
Soil Resistance Meter, Model 4500. The Wenner Electrode Method uses four equally spaced metal pins, 
driven into the ground in a straight line, as electrodes (see Figure 3). 
 
 

 

P2 

C2 

P1 

C1 

Soil Resistance 
Meter 

 
 

Equally Spaced Electrodes in Straight 
Line 
 

A A A 

 

 

 

Figure 3.  Wenner Four Electrode Method for Soil Resistivity Measurement 

 
An alternating current from the soil resistance meter causes a current to flow through the soil between the 
outside electrodes, C1 and C2. Due to the resistance of the soil, the current creates a voltage gradient, 
which is proportional to the average resistance of the soil mass to a depth equal to the distance between 
electrodes. The voltage drop is measured across electrodes P1 and P2. Resistivity of the soil is then 
computed from the instrument reading according to the following formula: 
 

  ρ = 2πAR 
  
  where:  ρ = soil resistivity in ohm-cm 
    A = the distance between probes in cm 
    R = soil resistance in ohms (instrument reading) 

  π = 3.1416 
         
Soil resistance is measured with electrodes spaced 0.8, 1.5, 2.3, 3, 4.6, 7.6, 15.2, 23.0 and 30.5 meters 
(2.5, 5, 7.5, 10, 15, 25, 50, 75 and 100 feet) apart. The resistivity values obtained represent the average 
resistivity of the soil to a depth equal to the electrode spacing. An additional method of calculating the soil 
resistivity using the data from the Wenner Method is the Barnes-Layer resistivity calculation. The Barnes 
Layer calculation is used to determine the resistivity of the soil for each soil layer. While the Wenner 
Method at 3 meters will consider all 3 meters of soil below the surface, the Barnes-Layer method will only 
consider the resistivity of the layer of soil between 2.3 meters and 3 meters below the surface. This 
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method assumes the soil layers are of uniform thickness and parallel to the surface, which may not always 
be true. 

The Barnes-Layer method uses the following parameters to calculate layer resistivities: 
 

abab KR −− =ρ  

and 

baab RRR

111 −=
−  

 
where: 

 
 
 
 
 
 
 
 
Laboratory Soil Analysis 

 
To supplement the field resistivity test data, two soil samples were obtained from Soil Borings R-09-011 
and R-09-015 for laboratory soil resistivity analysis.  A soil box was used in accordance with California 
Test Method 643.  This apparatus is shown in Figure 4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ρb-a = Soil resistivity of layer depth b-a (ohm-cm) 
a = Soil depth to top of layer (cm) 
b = Soil depth to bottom of layer (cm) 
Ra = Soil resistance read at depth a (ohms) 
Rb = Soil resistance read at depth b (ohms) 
Rb-a = Resistance of soil layer from a to b (ohms) 
K = Layer constant (cm) 
 = 2 π (b-a) 
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Figure 4.  Soil Resistivity Measurement Using the Soil Box Method 

 

This apparatus consists of a small plastic box with metal end plates for passing current through a tightly 
packed soil sample.  Current is passed through the sample, causing a voltage drop across the sample. 
The soil resistivity is measured with a soil resistance meter, similar to the AEMC Model 4500. 
 

Soil resistivity is first measured in the "as-received" state. Distilled water is then added to the soil sample 
in 10-mL increments.  The resistivity is measured after each addition. As the soil sample becomes more 
saturated, the soil resistivity decreases until the minimum soil resistivity is reached.  
 

Soil boring samples from this study were forwarded to Cooper Testing Labs, Inc., in Palo Alto, CA, for 
minimum resistivity measurement, pH analysis and analysis of water soluble chloride and sulfate ion 
concentrations.  The analytical procedures followed California Test Methods 417, 422 and 643. 
 

TEST RESULTS 
 
Table 1 and Table 2 list the field soil resistivity measurements and the calculated Barnes-Layer 
resistivities. Table 3 lists the minimum resistivities and chemical analyses for the soil boring samples. 
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Table 1.  Field Soil Resistivity Data, Site 1 

Test 
Location 

No. 
Site Survey 

Station 
Depth 

(meters) 
Resistivity 
(ohm-cm) 

Layer 
(meters) 

Layer 
Resistivity 
(ohm-cm) 

0.8 2,868 0 - 0.8  
1.5 2,087 0.8 - 1.5 1,641 
2.3 945 1.5 - 2.3 451 
3.1 695 2.3 - 3 388 
4.6 511 3 - 4.6 334 
7.6 139 4.6 – 7.6 66 
15.2 354 7.6 – 15.2 642 
23.0 546 15.2 – 23.0 6,732 

1 

US 101 / SR 116 
Separation, South 

Bound, South of SR 
116 

190+00 

30.5 1,724 23.0 – 30.5 315 
 

 
 

Table 2.  Field Soil Resistivity Data, Site 2 

Test 
Location 

No. 
Site Survey 

Station 
Depth 

(meters) 
Resistivity 
(ohm-cm) 

Layer 
(meters) 

Layer 
Resistivity 
(ohm-cm) 

0.8 13,310 0 - 0.8  
1.5 8,953 0.8 - 1.5 6,745 
2.3 4,007 1.5 - 2.3 1,904 
3.1 2,312 2.3 - 3 1,019 
4.6 1,514 3 - 4.6 896 
7.6 11,443 4.6 – 7.6 1,295 
15.2 13,837 7.6 – 15.2 17,497 
23.0 15,900 15.2 – 23.0 22,659 

2 

US 101 / SR 116 
Separation, South 

Bound, North of SR 
116 

194+00 

30.5 24,724 23.0 – 30.5 37,187 
 

 
 

Table 3.  Laboratory Soil Resistivity and Chemical Data 

Chemical Data 

Item No. 
Boring 

No. Station 
Depth 

(meters) 

Minimum 
Soil 

Resistivity 
(ohm-cm) 

pH 
Sulfate 
(mg/kg) 

Chloride 
(mg/kg) 

1 R-09-011 186+35 3.1 116 8.3 825 4,813 
2 R-09-015 194+32 25.9 388 6.8 2,325 38 
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Appendix 1  

Soil and Water Sample Minimum Resistivity and Chemical Analysis 
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 X:\101_MSN_SCTA\450_GEOTECH\REPORTS\FOUNDATION REPORTS\116 WIDEN\101-116_WIDEN_FR_4-12-10.DOC E-1 
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X:\101_MSN_SCTA\450_GEOTECH\REPORTS\FOUNDATION REPORTS\116 WIDEN\101-116_WIDEN_FR_4-12-10.DOC F-1 
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MSN B4 - U.S. 101/ SR116 SOH
10/6/2010

Pile Design Spreadsheet
NAVFAC Design Method For a Single Pile

Nominal axial compress. Capacity (ult.) 160 ton

Project Name: 101 MSN Petaluma Nominal axial compress. Capacity (ult.) 1424 kN

Project Number: 28645045 Pile Width 14 inch Pile Shape Square (Square, Circular or Octogonal)

Bridge Name: US 101/SR 116 SOH (Widen) Pile Width 356 mm Pile Surface Area 1.42 sq. m/m Pile Tip Area 0.13 sq. m

Boring Surface El. (m) 9.5 Pile Width 1.17 ft Pile Surface Area 4.67 sq. ft/ft Pile Tip Area 1.36 sq. ft.

Boring Surface El. (ft) 31.0 Crit depth ratio 20 -

Design GWS El. (ft) 5.0 Crit depth 23.3 ft

Unit Weight of Water (pcf) 62.4 Crit. Depth. Elev 7.7 ft

Depth with no strength Crit. Depth. Elev 2.3 m

Convert. Factor 3.281 Crit. Eff. Vert. Str. 2913 psf

Bottom of Pile Cap El. (m) 7.50 Skin Resistance (Friction) of Pile in Granular Material:

Bottom of Pile Cap El. (ft) 24.60 Type (Steel=S,Concrete=C,Timber=T) C

Earth Press. Coefficient * (Comp.) 1.5

Earth Press. Coefficient * (Tens) 1.0

Minimum Adhesion 500 psf

* Note: Appropriate tension/compresion ratios for skin friction for granular soils applied is 0.65 and 1.0 for cohesive soil. Internal Design Nq z/B Nc Soil Bearing Include Elevation

Layer Lateral Adhesion Adhesion Layer Depth to Effective Effective (granular) (cohesive) Type Capacity B.C.? to

No. Resists? Ratio Thickness Layer Top Vert. StressVert. Stress Cohesive G= gran. (B.C.) midlayer

c c ca/c ca φ φ φ φ δ δ δ δ (Bot. Lay.) (Bot. Lay.) (comp) (tensile) C=cohes.

(-) (m) (feet) (m) (feet) (kPa) (psf) (psf) (deg) (deg) (feet) (feet) (psf) (psf) (ton) (ton) (ton) (-) (-) (-) (ton) (ft) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN)

9.45 31.0 0 0 0.0 6.25 g 0 n 31.0 0 0 0.0 0 160 1424 0 0 70 712

1 9.45 31.0 7.16 23.5 n 0 0 0.00 0 32 24 7.5 0.0 1793 1793 0.0 0.0 0.0 29 3.2 8.89 g 35 n 27.3 0.0 0 0.0 0 160 1424 0.0 0 70 712

2 7.16 23.5 5.18 17.0 n 38 800 1.00 0 0 0 6.5 7.5 2313 2313 0.0 0.0 0.0 0 9.2 9.00 c 5 n 20.3 0.0 0 0.0 0 160 1424 0.0 0 70 712

3 5.18 17.0 3.96 13.0 n 0 0 0.00 0 30 22.5 4.0 14.0 2313 2313 0.0 0.0 0.0 21 13.7 9.00 g 33 n 15.0 0.0 0 0.0 0 160 1424 0.0 0 70 712

4 3.96 13.0 1.83 6.0 n 38 800 1.00 0 0 0 7.0 18.0 3153 2913 0.0 0.0 0.0 0 18.4 9.00 c 5 n 9.5 0.0 0 0.0 0 160 1424 0.0 0 70 712

5 1.83 6.0 -0.91 -3.0 n 0 0 0.00 0 30 22.5 9.0 25.0 3823 2913 0.0 0.0 0.0 21 25.3 9.00 g 42 n 1.5 0.0 0 0.0 0 160 1424 0.0 0 70 712

6 -0.91 -3.0 -3.81 -12.5 n 96 2000 0.90 0 0 0 9.5 34.0 4432 2913 0.0 0.0 0.0 0 33.2 9.00 c 12 n -7.8 0.0 0 0.0 0 160 1424 0.0 0 70 712

7 -3.81 -12.5 -5.33 -17.5 n 0 0 0.00 0 32 24 5.0 43.5 4770 2913 0.0 0.0 0.0 29 39.4 9.00 g 57 n -15.0 0.0 0 0.0 0 160 1424 0.0 0 70 712

8 -5.33 -17.5 -6.86 -22.5 n 96 2000 0.90 0 0 0 5.0 48.5 5108 2913 0.0 0.0 0.0 0 43.7 9.00 c 12 n -20.0 0.0 0 0.0 0 160 1424 0.0 0 70 712

9 -6.86 -22.5 -7.92 -26.0 n 0 0 0.00 0 32 24 3.5 53.5 5378 2913 0.0 0.0 0.0 29 47.4 9.00 g 57 n -24.3 0.0 0 0.0 0 160 1424 0.0 0 70 712

10 -7.92 -26.0 -10.21 -33.5 Y 96 2000 0.90 1800 0 0 7.5 57.0 5816 2913 31.5 0.0 0.0 0 52.1 9.00 c 12 n -29.8 31.5 280 31.5 280 160 1424 31.5 280 70 712

11 -10.21 -33.5 -12.34 -40.5 Y 0 0 0.00 0 32 24 7.0 64.5 6287 2913 0.0 31.8 21.2 29 58.3 9.00 g 57 n -37.0 63.3 563 63.3 563 160 1424 52.7 469 70 712

12 -12.34 -40.5 -14.02 -46.0 Y 192 4000 0.55 2200 0 0 5.5 71.5 6665 2913 28.2 0.0 0.0 0 63.6 9.00 c 25 n -43.3 91.5 814 91.5 814 160 1424 80.9 720 70 712

13 -14.02 -46.0 -14.48 -47.5 Y 0 0 0.00 0 38 28.5 1.5 77.0 6738 2913 0.0 8.3 5.5 86 66.6 9.00 g 170 y -46.8 99.8 888 270.3 2405 160 1424 86.4 769 70 712

14 -14.48 -47.5 -21.03 -69.0 Y 0 0 0.00 0 41 30.75 21.5 78.5 8657 2913 0.0 130.4 86.9 145 76.5 9.00 g 287 y -58.3 230.2 2049 517.6 4607 160 1424 173.4 1542 70 712

Bottom -21.03 -69.0

Abut - 1 (R-09-011)
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Pre-drilling up to Elevation -26.0 feet

Pile Cap Elevation = 24.6 feet

 14-inch Class 200 Pile X:\101_MSN_SCTA\450_Geotech\Analysis\Pile\Axial\116 Widen\Abut1_R-09-011_predrilling.xls
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MSN B4 - US 101/SR116 SOH
10/6/2010

Pile Design Spreadsheet
NAVFAC Design Method For a Single Pile

Nominal axial compress. Capacity (ult.) 150 ton

Project Name: 101 MSN Petaluma Nominal axial compress. Capacity (ult.) 1335 kN

Project Number: 28645045 Pile Width 14 inch Pile Shape Square (Square, Circular or Octogonal)

Bridge Name: U.S. 101/SR116 SOH (Widen) Pile Width 356 mm Pile Surface Area 1.42 sq. m/m Pile Tip Area 0.13 sq. m

Ground Surface El. (m) 4.1 Pile Width 1.17 ft Pile Surface Area 4.67 sq. ft/ft Pile Tip Area 1.36 sq. ft.

Ground Surface El. (ft) 13.5 Crit depth ratio 20 -

Design GWS El. (ft) 5.0 Crit depth 23.3 ft

Unit Weight of Water (pcf) 62.4 Crit. Depth. Elev -9.8 ft

Depth with no strength Crit. Depth. Elev -3.0 m

Convert. Factor 3.281 Crit. Eff. Vert. Str. 1855 psf

Bottom of Pile Cap El. (m) 4.11 Skin Resistance (Friction) of Pile in Granular Material:

Bottom of Pile Cap El. (ft) 13.50 Type (Steel=S,Concrete=C,Timber=T) C

Earth Press. Coefficient * (Comp.) 1.5

Earth Press. Coefficient * (Tens) 1.0

Minimum Adhesion 500 psf

* Note: Appropriate tension/compresion ratios for skin friction for granular soils applied is 0.65 and 1.0 for cohesive soil. Internal Design Nq z/B Nc Soil Bearing Include Elevation

Layer Lateral Adhesion Adhesion Layer Depth to Effective Effective (granular) (cohesive) Type Capacity B.C.? to

No. Resists? Ratio Thickness Layer Top Vert. StressVert. Stress Cohesive G= gran. (B.C.) midlayer

c c ca/c ca φ φ φ φ δ δ δ δ (Bot. Lay.) (Bot. Lay.) (comp) (tensile) C=cohes.

(-) (m) (feet) (m) (feet) (kPa) (psf) (psf) (deg) (deg) (feet) (feet) (psf) (psf) (ton) (ton) (ton) (-) (-) (-) (ton) (ft) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN)

4.11 13.5 0 0 0.0 6.25 c 0 N 13.5 0 0 0.0 0 150 1335 0 0 55 668

1 4.11 13.5 1.22 4.0 Y 48 1000 1.00 1000 0 0 9.5 0.0 1222 1222 22.2 0.0 0.0 0 4.1 9.00 c 6 N 8.8 22.2 197 22.2 197 150 1335 22.2 197 55 668

2 1.22 4.0 0.3 1.0 Y 38 800 1.00 800 0 0 3.0 9.5 1452 1452 5.6 0.0 0.0 0 9.4 9.00 c 5 N 2.5 27.8 247 27.8 247 150 1335 27.8 247 55 668

3 0.3 1.0 -0.76 -2.5 Y 38 800 1.00 800 0 0 3.5 12.5 1452 1452 6.5 0.0 0.0 0 12.2 9.00 c 5 N -0.8 34.3 305 34.3 305 150 1335 34.3 305 55 668

4 -0.76 -2.5 -2.29 -7.5 Y 96 2000 0.90 1800 0 0 5.0 16.0 1740 1740 21.0 0.0 0.0 0 15.9 9.00 c 12 N -5.0 55.3 492 55.3 492 150 1335 55.3 492 55 668

5 -2.29 -7.5 -5.79 -19.0 Y 67 1400 1.00 1400 0 0 11.5 21.0 2374 1855 37.6 0.0 0.0 0 22.9 9.00 c 9 N -13.3 92.9 827 92.9 827 150 1335 92.9 826 55 668

6 -5.79 -19.0 -7.92 -26.0 Y 0 0 0.00 0 34 25.5 7.0 32.5 2842 1855 0.0 21.7 14.5 42 30.9 9.00 g 53 n -22.5 114.5 1019 114.5 1019 150 1335 107.3 955 55 668

7 -7.92 -26.0 -10.97 -36.0 Y 48 1000 1.00 1000 0 0 10.0 39.5 3423 1855 23.3 0.0 0.0 0 38.1 9.00 c 6 n -31.0 137.9 1227 137.9 1227 150 1335 130.7 1162 55 668

8 -10.97 -36.0 -13.72 -45.0 Y 62 1300 1.00 1300 0 0 9.0 49.5 3941 1855 27.3 0.0 0.0 0 46.3 9.00 c 8 n -40.5 165.2 1470 165.2 1470 150 1335 158.0 1405 55 668

9 -13.72 -45.0 -22.86 -75.0 Y 0 0 0.00 0 41 30.75 30.0 58.5 6407 1855 0.0 115.9 77.3 145 63.0 9.00 g 183 y -60.0 281.1 2502 464.1 4131 150 1335 235.2 2092 55 668

Bottom -22.86 -75.0
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10/6/2010

Pile Design Spreadsheet
NAVFAC Design Method For a Single Pile

Nominal axial compress. Capacity (ult.) 150 ton

Project Name: 101 MSN Petaluma Nominal axial compress. Capacity (ult.) 1335 kN

Project Number: 28645045 Pile Width 14 inch Pile Shape Square (Square, Circular or Octogonal)

Bridge Name: U.S. 101/SR116 SOH (Widen) Pile Width 356 mm Pile Surface Area 1.42 sq. m/m Pile Tip Area 0.13 sq. m

Boring Surface El. (m) 3.4 Pile Width 1.17 ft Pile Surface Area 4.67 sq. ft/ft Pile Tip Area 1.36 sq. ft.

Boring Surface El. (ft) 11.0 Crit depth ratio 20 -

Design GWS El. (ft) 5.0 Crit depth 23.3 ft

Unit Weight of Water (pcf) 62.4 Crit. Depth. Elev -12.3 ft

Depth with no strength Crit. Depth. Elev -3.8 m

Convert. Factor 3.281 Crit. Eff. Vert. Str. 1699 psf

Bottom of Pile Cap El. (m) 0.43 Skin Resistance (Friction) of Pile in Granular Material:

Bottom of Pile Cap El. (ft) 1.40 Type (Steel=S,Concrete=C,Timber=T) C

Earth Press. Coefficient * (Comp.) 1.5

Earth Press. Coefficient * (Tens) 1.0

Minimum Adhesion 500 psf

* Note: Appropriate tension/compresion ratios for skin friction for granular soils applied is 0.65 and 1.0 for cohesive soil. Internal Design Nq z/B Nc Soil Bearing Include Elevation

Layer Lateral Adhesion Adhesion Layer Depth to Effective Effective (granular) (cohesive) Type Capacity B.C.? to

No. Resists? Ratio Thickness Layer Top Vert. StressVert. Stress Cohesive G= gran. (B.C.) midlayer

c c ca/c ca φ φ φ φ δ δ δ δ (Bot. Lay.) (Bot. Lay.) (comp) (tensile) C=cohes.

(-) (m) (feet) (m) (feet) (kPa) (psf) (psf) (deg) (deg) (feet) (feet) (psf) (psf) (ton) (ton) (ton) (-) (-) (-) (ton) (ft) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN)

3.35 11.0 0 0 0.0 6.25 c 0 N 11.0 0 0 0.0 0 150 1335 0 0 70 668

1 3.35 11.0 1.52 5.0 N 48 1000 1.00 0 0 0 6.0 0.0 893 893 0.0 0.0 0.0 0 2.6 8.63 c 6 N 8.0 0.0 0 0.0 0 150 1335 0.0 0 70 668

2 1.52 5.0 0.43 1.4 N 38 800 1.00 0 0 0 3.6 6.0 1066 1066 0.0 0.0 0.0 0 6.7 9.00 c 5 N 3.2 0.0 0 0.0 0 150 1335 0.0 0 70 668

3 0.43 1.4 -0.46 -1.5 Y 38 800 1.00 800 0 0 2.9 9.6 1066 1066 5.4 0.0 0.0 0 9.5 9.00 c 5 N 0.0 5.4 48 5.4 48 150 1335 5.4 48 70 668

4 -0.46 -1.5 -1.98 -6.5 Y 96 2000 0.90 1800 0 0 5.0 12.5 1354 1354 21.0 0.0 0.0 0 12.9 9.00 c 12 N -4.0 26.4 235 26.4 235 150 1335 26.4 235 70 668

5 -1.98 -6.5 -5.49 -18.0 Y 67 1400 1.00 1400 0 0 11.5 17.5 2045 1699 37.6 0.0 0.0 0 19.9 9.00 c 9 N -12.3 64.0 569 64.0 569 150 1335 64.0 569 70 668

6 -5.49 -18.0 -7.62 -25.0 Y 0 0 0.00 0 34 25.5 7.0 29.0 2518 1699 0.0 19.9 13.2 42 27.9 9.00 g 49 n -21.5 83.8 746 83.8 746 150 1335 77.2 687 70 668

7 -7.62 -25.0 -10.67 -35.0 Y 48 1000 1.00 1000 0 0 10.0 36.0 3094 1699 23.3 0.0 0.0 0 35.1 9.00 c 6 n -30.0 107.2 954 107.2 954 150 1335 100.6 895 70 668

8 -10.67 -35.0 -13.41 -44.0 Y 62 1300 1.00 1300 0 0 9.0 46.0 3612 1699 27.3 0.0 0.0 0 43.3 9.00 c 8 n -39.5 134.5 1197 134.5 1197 150 1335 127.9 1137 70 668

9 -13.41 -44.0 -22.55 -74.0 Y 0 0 0.00 0 41 30.75 30.0 55.0 6090 1699 0.0 106.1 70.8 145 60.0 9.00 g 168 y -59.0 240.6 2141 408.3 3634 150 1335 198.6 1767 70 668
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MSN B4 - US101/SR116 SOH
10/6/2010

Pile Design Spreadsheet
NAVFAC Design Method For a Single Pile

Nominal axial compress. Capacity (ult.) 150 ton

Project Name: 101 MSN Petaluma Nominal axial compress. Capacity (ult.) 1335 kN

Project Number: 28645045 Pile Width 14 inch Pile Shape Square (Square, Circular or Octogonal)

Bridge Name: US 101/SR116 SOH (Widen) Pile Width 356 mm Pile Surface Area 1.42 sq. m/m Pile Tip Area 0.13 sq. m

Boring Surface El. (m) 3.1 Pile Width 1.17 ft Pile Surface Area 4.67 sq. ft/ft Pile Tip Area 1.36 sq. ft.

Boring Surface El. (ft) 10.0 Crit depth ratio 20 -

Design GWS El. (ft) 5.0 Crit depth 23.3 ft

Unit Weight of Water (pcf) 62.4 Crit. Depth. Elev -13.3 ft

Depth with no strength Crit. Depth. Elev -4.1 m

Convert. Factor 3.281 Crit. Eff. Vert. Str. 1704 psf

Bottom of Pile Cap El. (m) 0.43 Skin Resistance (Friction) of Pile in Granular Material:

Bottom of Pile Cap El. (ft) 1.40 Type (Steel=S,Concrete=C,Timber=T) C

Earth Press. Coefficient * (Comp.) 1.5

Earth Press. Coefficient * (Tens) 1.0

Minimum Adhesion 500 psf

* Note: Appropriate tension/compresion ratios for skin friction for granular soils applied is 0.65 and 1.0 for cohesive soil. Internal Design Nq z/B Nc Soil Bearing Include Elevation

Layer Lateral Adhesion Adhesion Layer Depth to Effective Effective (granular) (cohesive) Type Capacity B.C.? to

No. Resists? Ratio Thickness Layer Top Vert. StressVert. Stress Cohesive G= gran. (B.C.) midlayer

c c ca/c ca φ φ φ φ δ δ δ δ (Bot. Lay.) (Bot. Lay.) (comp) (tensile) C=cohes.

(-) (m) (feet) (m) (feet) (kPa) (psf) (psf) (deg) (deg) (feet) (feet) (psf) (psf) (ton) (ton) (ton) (-) (-) (-) (ton) (ft) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN)

3.05 10.0 0 0 0.0 6.25 g 0 n 10.0 0 0 0.0 0 150 1335 0 0 75 668

1 3.05 10.0 1.37 4.5 n 0 0 0.00 0 32 24 5.5 0.0 828 828 0.0 0.0 0.0 29 2.4 8.54 g 16 n 7.3 0.0 0 0.0 0 150 1335 0.0 0 75 668

2 1.37 4.5 0.43 1.4 n 38 800 1.00 0 0 0 3.1 5.5 1173 1173 0.0 0.0 0.0 0 6.0 9.00 c 5 n 3.0 0.0 0 0.0 0 150 1335 0.0 0 75 668

3 0.43 1.4 -1.22 -4.0 Y 38 800 1.00 800 0 0 5.4 8.6 1173 1173 10.1 0.0 0.0 0 9.7 9.00 c 5 n -1.3 10.1 90 10.1 90 150 1335 10.1 90 75 668

4 -1.22 -4.0 -3.2 -10.5 Y 81 1700 0.98 1658 0 0 6.5 14.0 1519 1519 25.1 0.0 0.0 0 14.8 9.00 c 10 n -7.3 35.2 313 35.2 313 150 1335 35.2 313 75 668

5 -3.2 -10.5 -3.96 -13.0 Y 0 0 0.00 0 34 25.5 2.5 20.5 1704 1704 0.0 6.7 4.5 42 18.6 9.00 g 49 n -11.8 41.9 373 41.9 373 150 1335 39.7 353 75 668

6 -3.96 -13.0 -4.88 -16.0 Y 19 400 1.00 400 0 0 3.0 23.0 1892 1704 2.8 0.0 0.0 0 21.0 9.00 c 2 n -14.5 44.7 398 44.7 398 150 1335 42.5 378 75 668

7 -4.88 -16.0 -5.79 -19.0 Y 0 0 0.00 0 34 25.5 3.0 26.0 2080 1704 0.0 8.5 5.7 42 23.6 9.00 g 49 n -17.5 53.3 474 53.3 474 150 1335 48.2 429 75 668

8 -5.79 -19.0 -7.31 -24.0 Y 38 800 1.00 800 0 0 5.0 29.0 2393 1704 9.3 0.0 0.0 0 27.0 9.00 c 5 n -21.5 62.6 557 62.6 557 150 1335 57.5 512 75 668

9 -7.31 -24.0 -8.84 -29.0 Y 57 1200 1.00 1200 0 0 5.0 34.0 2706 1704 14.0 0.0 0.0 0 31.3 9.00 c 7 n -26.5 76.6 682 76.6 682 150 1335 71.5 636 75 668

10 -8.84 -29.0 -10.36 -34.0 Y 81 1700 0.98 1658 0 0 5.0 39.0 3019 1704 19.3 0.0 0.0 0 35.6 9.00 c 10 n -31.5 96.0 854 96.0 854 150 1335 90.9 808 75 668

11 -10.36 -34.0 -11.58 -38.0 Y 67 1400 1.00 1400 0 0 4.0 44.0 3245 1704 13.1 0.0 0.0 0 39.4 9.00 c 9 n -36.0 109.0 970 109.0 970 150 1335 103.9 925 75 668

12 -11.58 -38.0 -14.93 -49.0 Y 67 1400 1.00 1400 0 0 11.0 48.0 3879 1704 35.9 0.0 0.0 0 45.9 9.00 c 9 n -43.5 145.0 1290 145.0 1290 150 1335 139.9 1244 75 668

13 -14.93 -49.0 -17.37 -57.0 Y 72 1500 1.00 1500 0 0 8.0 59.0 4460 1704 28.0 0.0 0.0 0 54.0 9.00 c 9 y -53.0 173.0 1539 182.1 1621 150 1335 167.9 1493 75 668

14 -17.37 -57.0 -22.86 -75.0 Y 0 0 0.00 0 41 30.75 18.0 67.0 5767 1704 0.0 63.9 42.6 145 65.1 9.00 g 168 y -66.0 236.8 2108 405.0 3605 150 1335 210.5 1872 75 668
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MSN B4 - U.S.101/SR116 SOH
10/6/2010

Pile Design Spreadsheet
NAVFAC Design Method For a Single Pile

Nominal axial compress. Capacity (ult.) 160 ton

Project Name: 101 MSN Petaluma Nominal axial compress. Capacity (ult.) 1424 kN

Project Number: 28645045 Pile Width 14 inch Pile Shape Square (Square, Circular or Octogonal)

Bridge Name: U.S.101/SR116 SOH (Widen) Pile Width 356 mm Pile Surface Area 1.42 sq. m/m Pile Tip Area 0.13 sq. m

Boring Surface El. (m) 4.3 Pile Width 1.17 ft Pile Surface Area 4.67 sq. ft/ft Pile Tip Area 1.36 sq. ft.

Boring Surface El. (ft) 14.0 Crit depth ratio 20 -

Design GWS El. (ft) 5.0 Crit depth 23.3 ft

Unit Weight of Water (pcf) 62.4 Crit. Depth. Elev -9.3 ft

Depth with no strength Crit. Depth. Elev -2.8 m

Convert. Factor 3.281 Crit. Eff. Vert. Str. 2041 psf

Bottom of Pile Cap El. (m) 1.31 Skin Resistance (Friction) of Pile in Granular Material:

Bottom of Pile Cap El. (ft) 4.30 Type (Steel=S,Concrete=C,Timber=T) C

Earth Press. Coefficient * (Comp.) 1.5

Earth Press. Coefficient * (Tens) 1.0

Minimum Adhesion 500 psf

* Note: Appropriate tension/compresion ratios for skin friction for granular soils applied is 0.65 and 1.0 for cohesive soil. Internal Design Nq z/B Nc Soil Bearing Include Elevation

Layer Lateral Adhesion Adhesion Layer Depth to Effective Effective (granular) (cohesive) Type Capacity B.C.? to

No. Resists? Ratio Thickness Layer Top Vert. StressVert. Stress Cohesive G= gran. (B.C.) midlayer

c c ca/c ca φ φ φ φ δ δ δ δ (Bot. Lay.) (Bot. Lay.) (comp) (tensile) C=cohes.

(-) (m) (feet) (m) (feet) (kPa) (psf) (psf) (deg) (deg) (feet) (feet) (psf) (psf) (ton) (ton) (ton) (-) (-) (-) (ton) (ft) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN)

4.27 14.0 0 0 0.0 6.25 g 0 n 14.0 0 0 0.0 0 160 1424 0 0 95 712

1 4.27 14.0 0.91 3.0 N 0 0 0.00 0 32 24 11.0 0.0 1478 1478 0.0 0.0 0.0 29 4.7 9.00 g 29 n 8.5 0.0 0 0.0 0 160 1424 0.0 0 95 712

2 0.91 3.0 0 0.0 N 60 1250 1.00 0 0 0 3.0 11.0 2354 2041 0.0 0.0 0.0 0 10.7 9.00 c 8 n 1.5 0.0 0 0.0 0 160 1424 0.0 0 95 712

3 0 0.0 -4.27 -14.0 N 0 0 0.00 0 36 27 14.0 14.0 2354 2041 0.0 0.0 0.0 62 18.0 9.00 g 86 n -7.0 0.0 0 0.0 0 160 1424 0.0 0 95 712

4 -4.27 -14.0 -8.38 -27.5 Y 72 1500 1.00 1500 0 0 13.5 28.0 3168 2041 47.3 0.0 0.0 0 29.8 9.00 c 9 n -20.8 47.3 421 47.3 421 160 1424 47.3 420 95 712

5 -8.38 -27.5 -9.14 -30.0 Y 0 0 0.00 0 36 27 2.5 41.5 3369 2041 0.0 9.1 6.1 62 36.6 9.00 g 86 n -28.8 56.4 502 56.4 502 160 1424 53.3 474 95 712

6 -9.14 -30.0 -10.36 -34.0 Y 29 600 1.00 600 0 0 4.0 44.0 3619 2041 5.6 0.0 0.0 0 39.4 9.00 c 4 n -32.0 62.0 551 62.0 551 160 1424 58.9 524 95 712

7 -10.36 -34.0 -17.07 -56.0 Y 53 1100 1.00 1100 0 0 22.0 48.0 4886 2041 56.5 0.0 0.0 0 50.6 9.00 c 7 n -45.0 118.4 1054 118.4 1054 160 1424 115.4 1026 95 712

8 -17.07 -56.0 -21.64 -71.0 Y 86 1800 0.96 1728 0 0 15.0 70.0 5750 2041 60.5 0.0 0.0 0 66.4 9.00 c 11 n -63.5 178.9 1592 178.9 1592 160 1424 175.9 1564 95 712

9 -21.64 -71.0 -22.25 -73.0 Y 0 0 0.00 0 41 30.75 2.0 85.0 5885 2041 0.0 8.5 5.7 145 73.7 9.00 g 201 n -72.0 187.4 1668 187.4 1668 160 1424 181.5 1615 95 712

10 -22.25 -73.0 -23.47 -77.0 Y 120 2500 0.70 1750 0 0 4.0 87.0 6076 2041 16.3 0.0 0.0 0 76.3 9.00 c 15 n -75.0 203.7 1813 203.7 1813 160 1424 197.9 1760 95 712

11 -23.47 -77.0 -25.14 -82.5 Y 0 0 0.00 0 41 30.75 5.5 91.0 6364 2041 0.0 23.4 15.6 145 80.4 9.00 g 201 y -79.8 227.1 2021 428.6 3814 160 1424 213.5 1899 95 712
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MSN B4 - U.S.101/SR116 SOH
10/6/2010

Pile Design Spreadsheet
NAVFAC Design Method For a Single Pile

Nominal axial compress. Capacity (ult.) 180 ton

Project Name: 101 MSN Petaluma Nominal axial compress. Capacity (ult.) 1602 kN

Project Number: 28645045 Pile Width 14 inch Pile Shape Square (Square, Circular or Octogonal)

Bridge Name: U.S.101/SR116 SOH (Widen) Pile Width 356 mm Pile Surface Area 1.42 sq. m/m Pile Tip Area 0.13 sq. m

Boring Surface El. (m) 4.7 Pile Width 1.17 ft Pile Surface Area 4.67 sq. ft/ft Pile Tip Area 1.36 sq. ft.

Boring Surface El. (ft) 15.5 Crit depth ratio 20 -

Design GWS El. (ft) 5.0 Crit depth 23.3 ft

Unit Weight of Water (pcf) 62.4 Crit. Depth. Elev -7.8 ft

Depth with no strength Crit. Depth. Elev -2.4 m

Convert. Factor 3.281 Crit. Eff. Vert. Str. 2045 psf

Bottom of Pile Cap El. (m) 4.72 Skin Resistance (Friction) of Pile in Granular Material:

Bottom of Pile Cap El. (ft) 15.50 Type (Steel=S,Concrete=C,Timber=T) C

Earth Press. Coefficient * (Comp.) 1.5

Earth Press. Coefficient * (Tens) 1.0

Minimum Adhesion 500 psf

* Note: Appropriate tension/compresion ratios for skin friction for granular soils applied is 0.65 and 1.0 for cohesive soil. Internal Design Nq z/B Nc Soil Bearing Include Elevation

Layer Lateral Adhesion Adhesion Layer Depth to Effective Effective (granular) (cohesive) Type Capacity B.C.? to

No. Resists? Ratio Thickness Layer Top Vert. StressVert. Stress Cohesive G= gran. (B.C.) midlayer

c c ca/c ca φ φ φ φ δ δ δ δ (Bot. Lay.) (Bot. Lay.) (comp) (tensile) C=cohes.

(-) (m) (feet) (m) (feet) (kPa) (psf) (psf) (deg) (deg) (feet) (feet) (psf) (psf) (ton) (ton) (ton) (-) (-) (-) (ton) (ft) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN)

4.72 15.5 0 0 0.0 6.25 g 0 n 15.5 0 0 0.0 0 180 1602 0 0 70 801

1 4.72 15.5 3.35 11.0 n 48 1000 1.00 0 0 0 4.5 0.0 1561 1561 0.0 0.0 0.0 0 1.9 8.37 g 0 n 13.3 0.0 0 0.0 0 180 1602 0.0 0 70 801

2 3.35 11.0 -0.3 -1.0 n 43 900 1.00 0 0 0 12.0 4.5 1639 1639 0.0 0.0 0.0 0 9.0 9.00 c 6 n 5.0 0.0 0 0.0 0 180 1602 0.0 0 70 801

3 -0.3 -1.0 -0.61 -2.0 n 0 0 0.00 0 32 24 1.0 16.5 1639 1639 0.0 0.0 0.0 29 14.6 9.00 c 0 n -1.5 0.0 0 0.0 0 180 1602 0.0 0 70 801

4 -0.61 -2.0 -2.74 -9.0 n 43 900 1.00 0 0 0 7.0 17.5 2113 2045 0.0 0.0 0.0 0 18.0 9.00 g 0 n -5.5 0.0 0 0.0 0 180 1602 0.0 0 70 801

5 -2.74 -9.0 -5.49 -18.0 n 0 0 0.00 0 32 24 9.0 24.5 2679 2045 0.0 0.0 0.0 29 24.9 9.00 c 0 n -13.5 0.0 0 0.0 0 180 1602 0.0 0 70 801

6 -5.49 -18.0 -6.55 -21.5 Y 0 0 0.00 0 32 24 3.5 33.5 2929 2045 0.0 11.2 7.4 29 30.2 9.00 g 40 n -19.8 11.2 99 11.2 99 180 1602 7.4 66 70 801

7 -6.55 -21.5 -9.91 -32.5 Y 67 1400 1.00 1400 0 0 11.0 37.0 3618 2045 35.9 0.0 0.0 0 36.4 9.00 g 0 n -27.0 47.1 419 47.1 419 180 1602 43.4 386 70 801

8 -9.91 -32.5 -11.58 -38.0 Y 0 0 0.00 0 32 24 5.5 48.0 3931 2045 0.0 17.5 11.7 29 43.5 9.00 c 0 n -35.3 64.6 575 64.6 575 180 1602 55.1 490 70 801

9 -11.58 -38.0 -14.93 -49.0 Y 67 1400 1.00 1400 0 0 11.0 53.5 4462 2045 35.9 0.0 0.0 0 50.6 9.00 g 0 n -43.5 100.5 895 100.5 895 180 1602 91.0 809 70 801

10 -14.93 -49.0 -15.85 -52.0 Y 29 600 1.00 600 0 0 3.0 64.5 4604 2045 4.2 0.0 0.0 0 56.6 9.00 c 4 n -50.5 104.7 932 104.7 932 180 1602 95.2 847 70 801

11 -15.85 -52.0 -18.59 -61.0 Y 43 900 1.00 900 0 0 9.0 67.5 5033 2045 18.9 0.0 0.0 0 61.7 9.00 c 6 n -56.5 123.6 1100 123.6 1100 180 1602 114.1 1015 70 801

12 -18.59 -61.0 -22.25 -73.0 Y 0 0 0.00 0 38 28.5 12.0 76.5 5777 2045 0.0 46.6 31.1 86 70.7 9.00 g 120 y -67.0 170.3 1516 290.0 2581 180 1602 145.2 1291 70 801
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Project No.
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MSN B4
Petaluma, California Figure

G-1

X:/101_MSN_SCTA/450_Geotech/Analysis/Pile/Lateral/101&116 SOH Widen/116Widen_abutment1.grf

U.S. 101S/SR116 SOH (Widen)
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Project No.
28645045

MSN B4
Petaluma, California Figure

G-2
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Project No.
28645045

MSN B4
Petaluma, California Figure

G-3
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U.S. 101S/SR116 SOH (Widen)
Bent 3 Pile Lateral Resistance 
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Project No.
28645045

MSN B4
Petaluma, California Figure

G-4
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OSFP Review Comment & Response Form 
 

.General Project Information Review Phase Reviewer Information 

Dist: 04      EA: 2640C1. 
 

Project  Name: MSN B4 
 

OSFP Liaison:  Tracy Bertram 

   Phone: 916-227-8379 

   e-mail: tracy.bertram@dot.ca.gov  

 PSR/PDS (Review No.  ) 

 APS/PSR (Review No.  ) 

 APS/PR (Review No.  ) 

Type Selection 

 65% PS&E Unchecked Details  

 PS&E (Review No. 1)  

 Construction Support 

 Other:FR 

Reviewer Name:M.Zabolzadeh/R.Nashed   
Functional Unit:GDW-GS. 

 

     Phone Number: ((510)2864831     

     e-mail: Mohammadzabolzadeh@dot.ca.gov    

 

Date of Review: 12/2/2010     

Structure Information 
(Use when necessary to document comments by individual structure) 

Structure Name: 101S/116 SOH (Widen) 

Br No: 20-0284L 

Consultant Information (to be filled in by Consultant) 
Consultant Structure Lead (First and Last Name) 

     . 
Structure Consultant Firm 

      

Phone Number 

      

e-mail 

      

Response Date 

      

 

# 
Doc. 

(See Note 1) 

Page, Section, or 

SSP Review Comments Consultant Responses  
1 FR           N/A FR prepared by URS Corporation dated 

9/2/2010. 

No comment.  

2 FR Section 3.1.1 All our comments dated May 28, 2010 

have been addressed. 

No comment.   

3 FR N/A C1- Approved as submitted. No comment.    
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OSFP Review Comment & Response Form 
 

.General Project Information Review Phase Reviewer Information 
 PSR/PDS (Review No.  ) 
 APS/PSR (Review No.  ) 
 APS/PR (Review No.  ) 
Type Selection 

 65% PS&E Unchecked Details  
 PS&E (Review No.  )  
 Construction Support 
 Other:FR 

Structure Information 
(Use when necessary to document comments by individual structure) 

Dist: 04      EA: 2640C1. 
 

Project  Name: Petaluma River 
Bridge 
 
OSFP Liaison:  Tracy Bertram 
   Phone: 916-227-8379 
   e-mail: 
TracyBertram/HQ/Caltrans/CAGov  

Structure Name: U.S. 101/SR116 SOH (Replace 
Br No: 20-0284L 

Reviewer Name:M.Zabolzadeh/R.Nashed   
Functional Unit:GDW-GS. 
 
     Phone Number: ((510)2864831     
     e-mail: Mohammadzabolzadeh@dot.ca.gov    
 
Date of Review: 5/28/2010     

Consultant Information (to be filled in by Consultant) 
Consultant Structure Lead (First and Last Name) 

     . 
Structure Consultant Firm 

      
Phone Number 

      
e-mail 
      

Response Date 
      

 

# 
Doc. 

(See Note 1) 

Page, Section, or 
SSP Review Comments Consultant Responses  

1 FR           N/A FR prepared by URS Corporation dated 
4/19/2010. 

  

2 FR Section 3.1.1 The second and the third paragraphs “ 
The north abutment of the 
Petaluma………….the south abutment of 
the Petaluma River Bridge” should be 
moved under  “Local Geology” section. 

Will modify.   

3 FR Section 3.1.1  The statement “the southern abutment 
(abutment 1)” should replace “The north 
abutment of the Petaluma River 
Bridge”statement. This to be more 
specific to the job under study. 

Will revise.   

4 FR Section 3.1.1 Add the following statement: “The 
northern abutment (abutment 6) is 
underlain by Holocene Bay Mud 
deposits. 
 

Will add statement.   

5 FR Section 3.1.3 It should be noted that this report Will modify.  
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dedicated to widening part of 101/SR 116 
SOH, not to replace part of the project. 
All discussion should be about widening 
part. 

6 FR Section 3.1.3 The borings list should be omitted from 
this sector, since it is repeated properly 
under “Field Exploration” section. 

Will revise.  

7 FR  Section 3.2.4 As–built Boreholes (drilled in 1952) No. 
B2, B3, B7 and B8 should be taken into 
consideration and described in subsurface 
conditions. 

As-built boring information has been incorporated in 
the evaluation of the subsurface conditions.  Will add 
reference to 1952 boring data in updated report. 

 

8 FR Appendix E Why are Rte. 101/116 SOH LEFT 
(Replace) sheets included in this report, 
which are specified in the widening 
portion? 

Will replace with appropriately labeled structure 
sheets. 

 

9 FR Figure 2-2 Figure 2-2 shows the use of SDC version 
1.4.  This is an old version.  Use the new 
version 1.5.   

Will update.  

10 FR N/A C3- Not approved.  Resubmitted to GS is 
required. 

  

11      
12      
13      
14      
15      
16      
17      
18      
19      
20      
21      
22      
23      
24      
25      
26      
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OSFP Review Comment & Response Form 
 

.General Project Information Review Phase Reviewer Information 

 PSR/PDS (Review No.  ) 

 APS/PSR (Review No.  ) 

 APS/PR (Review No.  ) 

Type Selection 

 65% PS&E Unchecked Details  

 PS&E (Review No.  )  

 Construction Support 

 Other:Borings Work Plan 

Structure Information 
(Use when necessary to document comments by individual structure) 

Dist: 04      EA: 2640C1. 
 

Project  Name: 101/116 Separation 

& OH (Widen) 
 

OSFP Liaison:        

   Phone:       

   e-mail:       

Structure Name:       

Br No: 20-0284L 

Reviewer Name:M.Zabolzadeh/ R. Nashed   
Functional Unit:GS-GDW. 

 

     Phone Number: ((510)2864831     

     e-mail: Mohammad.abolzadeh@dot.ca.gov     

 

Date of Review: 11/2/09     

Consultant Information (to be filled in by Consultant) 
Consultant Structure Lead (First and Last Name) 

     . 
Structure Consultant Firm 

      

Phone Number 

      

e-mail 

      

Response Date 

      

 

# 
Doc. 

(See Note 1) 

Page, Section, or 

SSP Review Comments Consultant Responses  
1 TS General Geotechnical Report  including the 

geologic setting, rock units covering the 

project area, the subsurface conditions 

and the boreholes logs should be attached 

as an Appendix to the Type Selection 

Report. 

Will be included in geotechnical foundation report.  

2 TS Pag. 15  

4.0 Geology and 

Geotechnical 

Recommendations 

Insufficient – the subsurface conditions, 

foundation materials and groundwater 

elevation should be discussed 

More details will be included in geotechnical 

foundation report. 

  

3  Page 9 Section 3.2.5 Recommends driven precast prestressed 

concrete piles.  Explain your Reasoning 

for this recommendation.  Also, other 

types of piles considered for this project 

should be discussed. 

Recommendation for driven precast prestressed 

concrete pile and other types of piles considered are 

provided in the Preliminary Foundation Report, dated 

August 2009. 

  

4       
5       

6      

7       
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May 20, 2011 File No.04-SON-101-PM 2.5/4.1 

Project 28645045 EA 2640C4 CU 04  

 

Mr. Guy Preston 

Project Manager 

Sonoma County Transportation Authority (SCTA) 

490 Mendocino Avenue, Suite 240 

Santa Rosa, CA  95401 

 

Subject: Foundation Report 

Retaining Wall No. 293 

U.S. 101 Marin Sonoma Narrows-Contract 4 (MSN B4)  

Petaluma, California  

 

Dear Mr. Preston: 

URS has completed the accompanying Foundation Report for the proposed retaining wall in the 

City of Petaluma, California.  The report was prepared in accordance with Caltrans Guidelines for 

Foundation Investigation Reports, Version 2.0, updated December 2009.   

The Foundation Report presents our engineering opinions and recommendations regarding the 

geotechnical factors influencing the design and construction of the proposed retaining wall.  The 

opinions and recommendations have been based upon the results of our field investigation, 

laboratory testing, engineering judgment and local experience. Mr. Madhu Thummaluru, P.E., 

performed the engineering analysis and assisted with the preparation of this report.  Mr. Mark 

Schmoll, C.E.G, prepared the site geology and geologic hazards portion of this report.   

If any questions should arise, or if we can be of further service, please contact the undersigned at 

(408) 297-9585. 

Sincerely, 

 

 

 

 

 

Jose I. Landazuri,G.E. 501 

Geotechnical Task Leader 
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1. Section 1 ONE Introduction  

1.1 GENERAL 

The Marin Sonoma Narrows (MSN) HOV Widening project proposes to add high occupancy 

vehicle (HOV) facilities to U.S. 101 from the junction of State Route 37 (SR 37) in the City of 

Novato to just north of the Corona Road Overcrossing in the City of Petaluma, a distance of 

approximately 16 miles. The project has been divided into three main segments.  Segments A and C 

consist of the existing freeway in the cities of Novato and Petaluma, respectively.  Segment B is the 

existing expressway between the two cities.  Retaining Wall No. 293 will be located in segment B4, 

which is part of Segment B. 

The planned improvements in Segment B4 include the following structures: 

• U.S. 101/SR 116 SOH Left (Widen) – the recently constructed (completed in 2007) five 

span structure will be widened by 24 feet along the eastern edge of the deck 

• U.S. 101/SR 116 SOH Right (Replace) – the existing four span structure (constructed in 

1955) will be replaced  

• Petaluma River Bridge (Replace) – the existing nine span twin-structure (constructed in 

1955) will be replaced 

• Retaining Wall (RW152) along NB 101 – the new retaining wall along the eastern edge 

of NB 101  

• Retaining Wall (RW168) along NB 101 – the new retaining wall along the eastern edge 

of NB 101 will connect to the new Petaluma River Bridge  

• Retaining Wall (RW180) along SB 101 – the new retaining wall along the western edge 

of SB 101 will span from the new Petaluma River Bridge to the end of existing retaining 

wall  

• Retaining Wall (RW179) along NB 101 – the new retaining wall along the eastern edge 

of NB 101 will connect the new Petaluma River Bridge with the new U.S. 101/SR 116 

SOH Right structure  

• Retaining Wall (RW293) along northbound on-ramp to U.S. 101 from SR 116 

• Sound Wall (SW297) along NB on-ramp – the new sound wall along northbound on-

ramp to U.S. 101 from SR116 

• Sound Wall (SW211) along NB 101 – the new sound wall along the eastern edge of NB 

101. 

The subject of this foundation report (FR) is the construction of the proposed Retaining Wall 

(RW293), located in Petaluma, California.  Figure 1-1 shows the location of the project site 

relative to the U.S. 101 MSN-B4 Project alignment and the approximate location of RW293.  

Please note that figure numbers used in the report corresponds to the specific sections.   

1.2 SCOPE OF INVESTIGATION 

The geotechnical services performed for the RW 293 were as follows: 
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• Reviewed construction plans for existing bridge and available subsurface data 

• Site geologic reconnaissance 

• Geotechnical field investigation including auger boring A-09-101 and CPT-09-102  

• Conducted laboratory testing to estimate pertinent engineering properties 

• Design recommendations and opinions were developed for the following topics: 

− Class 90 concrete piles 

− Resistance to lateral loads 

− Retaining wall backfill settlement 

− Earthquake information consistent with Caltrans Response Spectra Design Techniques 

− Assessment of the potential for earthquake induced liquefaction, settlement, and lateral 

spreading 

− Corrosion testing and analysis 

− Construction Considerations 

 

1.3 CALTRANS REVIEW COMMENTS 

We reviewed the comments prepared by Caltrans for the RW 293 dated May 25, 2010 and 

December 2, 2010.  The review comments and our responses are presented in Appendix J. 
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2. Section 2 Available Informat ion  

2.1 RETAINING WALL NO. 293 (RW 293) 

Five retaining walls and two sound walls are planned in addition to the bridge structures.  All 

retaining walls are planned to be standard Caltrans Type I walls on spread footing foundations 

except RW 293 which will be supported on piles.  The approximate locations of the proposed 

structures are shown on the Project Vicinity Map, Figure 1-1.   

RW 293 will retain new fill constructed to raise and widen the northbound U.S. 101 on-ramp 

from SR 116. The wall will be located along the eastern side of the on-ramp between ‘R6’ line 

Stations 293+30 and 297+13.07 for a total length of approximately 408 feet. The retaining wall 

will range from 8 to 14 feet in height, and will be located approximately 300 feet east of the 

U.S.101/SR116 bridge north abutment.  A 12-foot high sound wall is planned on top of 

Retaining Wall 293.  Bottom of footings are anticipated to range from about Elevation 5.0 to 

12.0 feet.  The profile, elevation, typical section, and pile layout drawings for RW 293 are shown 

in Figures 2-1, 2-2 and 2-3. 
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3. Section 3 TW O Site Geology and Subsurf ace Cond itions 

3.1 GEOLOGIC SETTING 

3.1.1 Regional Geology 

The project is located along the western margins of the Petaluma Valley within the central 

portion of the Coast Ranges geomorphic province of California.  Northwest-southeast-trending 

valleys and ridges characterize the regional morphology of the Coast Ranges province.  These 

topographic features are controlled by folds and faults that resulted from the collision of the 

Farallon and North American plates and subsequent predominantly strike-slip faulting along the 

San Andreas fault system between the Pacific and North American plates.  Regional geologic 

mapping shows the project alignment to be underlain by manmade fill, Holocene Bay Mud 

deposits, Holocene alluvial fan deposits, Tertiary age volcanic rocks, and Jurassic-Cretaceous 

age Franciscan Complex rocks (Wagner et al, 2000; Armstrong, 1980).  The Regional Geologic 

Map (Figure 3-1) shows the approximate areal extent of these various geologic units.  

3.1.2 Regional Tectonic Setting and Seismicity 

The project alignment lies between known active and potentially active geologic faults. In 

general, earthquakes occur as a result of movement along active faults.  For the purpose of 

activity classification, faults are generally grouped into the following categories by the California 

Division of Mines and Geology (renamed the California Geological Survey, CGS) (Jennings, 

1994):  

• Holocene: displacement has occurred within the last 10,000 to 11,000 years.  

• Late Quaternary: displacement has occurred within the last 700,000 years, but evidence of 

Holocene activity is lacking.  

• Quaternary: evidence of displacement within the last 1.6 million years, but evidence of 

Holocene activity is lacking.  

• Pre-quaternary: no recognized evidence of displacement in the last 1.6 million years.  

Generally, faults with Holocene movement are considered to be “active” while faults with late 

Quaternary to Quaternary movement are considered to be “potentially active”.  

The closest active faults to the project alignment are the Rodgers Creek-Healdsburg fault, San 

Andreas (north) fault, the northern end of the Hayward fault and the Maacama-Brush fault 

(Merriam and Shantz, 2007).  The nearest potentially active fault is the Late Quaternary Tolay 

fault located 2.3 miles northeast of the site.  The California Geological Survey (2000) has 

produced maps showing Alquist-Priolo Earthquake Fault Zones along faults with known 

Holocene activity that pose a potential surface faulting hazard.  With the exception of the Tolay 

fault, all of these faults are included as Alquist-Priolo (A-P) zoned faults.  The Rodgers Creek-

Healdsburg fault is located about 4.6 miles northeast of the site and the San Andreas (north) fault 

is located about 15.8 miles southwest of the project alignment. More distant active faults include 

the north end of Hayward fault located about 18.6 miles southeast of the site, and the Maacama-

Garberville fault (referred to as the Maacama-Brush fault on the Caltrans Seismic map by 

Mualchin, 1996) located about 21.5 miles northeast of the site.  Figure 3-2 shows active faults 

within the site region relative to the project.  The project alignment does not cross any mapped 

A-P zoned faults. 
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The site is within an area of high seismic activity.  The major active faults extending through the 

region have the potential of generating damaging earthquakes.  There is a potential that the site 

will be subject to moderate to strong seismic ground shaking one or more times during the life of 

the project.  The nearest significant earthquake epicenter to the site was the 1969 Santa Rosa 

earthquake series on the Rodgers Creek-Healdsburg fault.  Other large magnitude historic 

earthquakes have occurred on the San Andreas fault and the Hayward fault.   

3.1.3 Local Geology 

The north abutment of the SR 116 bridges are made of man-made fill constructed on the 

underlying Bay Mud and alluvial fan deposits.  Man-made fill also underlies the Northwestern 

Pacific railroad tracks and SR 116 including the on-ramps and off-ramps to U.S. 101.  Holocene 

alluvial fan deposits underlie portions of the Bay Mud deposits, south of the alignment of 

Retaining Wall (RW) 293.  The “bedrock” that underlies the alluvial fan deposits and portions of 

the Bay Mud is the Jurassic-Cretaceous age Franciscan Complex.  This unit is mapped by 

Wagner, et al. (2000) as schist and phyllite; however, based on review of the 2009 URS borings, 

the existing Caltrans LOTBs and site geologic mapping, this unit appears to be composed mainly 

of mélange consisting of tectonic mixtures of sheared shale, greenstone, greywacke and 

serpentinite with scattered blocks of blueschist.  A geologic map of the site by Wentworth (1997) 

shows this area as mélange.  The only surface outcrops of the Franciscan Complex rocks occur 

near the south abutment of the Petaluma River Bridge, about half a mile north of RW 293. 

The exploration completed for RW 293, U.S. 101N/SR116 SOH (Replace/Widen) and available 

LOTBs were reviewed to characterize the subsurface conditions along the project alignment.  

The soil profile for RW293 consists of alluvial fan deposits and Franciscan Complex bedrock. 

Bay mud was encountered in all of the borings completed in 1952, but were absent in two of the 

three borings completed in 2002 and all borings completed in 2009.  The northern limits of Bay 

Mud as mapped by Wagner, et al. (2000) and Armstrong (1980), only extend to about SR 116.  

Alluvial fan deposits range from medium stiff to very stiff lean clay to fat clay and gravelly lean 

clay and loose to dense silty to clayey sand and poorly graded sand. The alluvial fan deposits 

extend deeper than Elevation -80 feet.  The Franciscan Complex bedrock underlies the alluvial 

fan deposits.  The 1952 borings were terminated a few feet into the bedrock; however, the 2002 

borings and 2009 exploration completed for U.S. 101/SR116 SOH (Replace/Widen) were drilled 

as much as 40 feet into the Franciscan Complex bedrock.  The Franciscan Complex was 

classified as completely to highly weathered in the upper 10 to 25 feet, becoming moderately to 

slightly weathered below this depth.  The top of the moderately to slightly weathered bedrock 

ranged from about Elevation –50 feet to –80 feet.  Bedrock was not encountered in either Boring 

A-09-101 or CPT-09-102 that were drilled/advanced in 2009 in close proximity to the RW 293 

alignment and extended to maximum depth of 80 feet (Elevation -66 feet). 

3.2 SITE AND SUBSURFACE CONDITIONS 

3.2.1 Site Topography 

The proposed RW 293 will be located along the east side of the U.S. 101 on-ramp from State 

Route 116.  The site is located approximately 300 feet east of the U.S. 101/SR 116 bridge north 

abutment.  Existing grade around the retaining wall site near the on-ramp varies from Elevation 
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+4 feet to +16 feet.  An existing drainage facility/ditch, located along the east side of the on-

ramp drains into the Petaluma River and runs parallel to the proposed RW 293. Fill soils up to 

about 5 feet in thickness, appear to be present along the northern section of the wall alignment 

where ground elevations are greater than about +11 feet.      

Development along the project is mixed, including an abandoned quarry west of U.S. 101 and 

south of Petaluma Boulevard, a park and marina (Hollen Berger Park) located east of U.S. 101 

between the Petaluma River and SR 116, and scattered commercial and industrial development 

both east and west of U.S. 101 and north of SR 116.  Open space and farm land are located in the 

area west of U.S. 101 between the Petaluma River and SR 116.  

3.2.2 Field Exploration 

A review of the following existing LOTBs was completed to characterize the subsurface 

conditions along the project alignment. 

• Borings B-3 and B-9 completed for the U.S. 101/SR 116 northbound and southbound 

bridges (Bridge No. 20-284L and 20-155R), dated 1952, completed by Caltrans;  

• Borings 01-B-2, 01-B-5 and 01-B-6 completed for the retaining wall located along the 

west side of southbound U.S. 101 completed by Caltrans in 2001; and 

The above explorations included both penetration borings without sampling and rotary wash 

borings with split spoon drive samples.  Borings performed in 1952 were extended to maximum 

termination depth of 60 feet (Elevation -55 feet).  Borings performed in 2001 were extended to 

maximum termination depth of 111 feet (Elevation -97 feet).  Copies of the LOTBs are included 

in Appendix C. 

To supplement available data, URS performed one exploratory Boring, A-09-101, and one cone 

penetration test, CPT-09-102, to terminal depths of approximately 51½ and 80 feet, respectively.  

The field exploration was performed on June 8 and 22, 2009.  The locations of the borings and 

CPT are shown on the Site and Boring Location Plan, Figure 3-3, as well as on the LOTB, 

Appendix A.  The LOTBs present descriptions of the soils encountered along with the results of 

laboratory tests.   

A representative of URS supervised the drilling operations and soil sampling.  Visual 

classifications of the soils encountered were made from cuttings and soil samples.  The soil 

samples collected from the boring were labeled and sealed immediately to preserve their natural 

moisture content.  At completion of the exploration, samples were delivered to the laboratory for 

further examination and testing.  The boring was backfilled with a mixture of cement and 

bentonite in accordance with the requirements of the Sonoma County Health Department.  A 

detailed discussion of the field exploration program is presented in Appendix B. 

The Unified Soil Classification System and the guidelines summarizing soil consistency and 

relative density are presented on the Log of Test Borings (LOTBs) legend in Appendix A – 

LOTB 1 of 3 and 2 of 3.  Descriptions of the soils encountered in the boring and CPT are 

presented in LOTB 3 of 3.  The logging method used in preparing the LOTBs is consistent with 

Caltrans Soil and Rock Logging, Classification and Presentation Manual, dated June 2007.  

These logs also illustrate the notation used for the size of samplers and the methods of advancing 

them. 
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3.2.3 Laboratory Testing 

The water content, dry density, grain size distribution and Unconfined Compressive Strength  

were determined for selected samples to estimate the strength and compressibility of the 

underlying soils.  The locations of these tests, together with the resistance to penetration of the 

samplers, are shown at the corresponding locations on the LOTBs.  The laboratory test results 

are provided in tabular form in Appendix B. 

3.2.4 Soil Conditions 

The subsurface alluvial soil profile at the retaining wall site consists primarily of stiff to very 

stiff fat clay to a depth of about 15 feet underlain by very loose to medium dense clayey sand and 

silty and clayey sand to a depth of about 30 feet; the fat clay is consistent with alluvial fan 

deposits encountered in borings performed in 1952. Fill soils up to about 5 feet in thickness may 

be present along the northern section of the wall alignment. The sand was underlain by medium 

to very stiff lean clay and gravelly lean clay to a depth of about 66 feet, underlain by medium 

dense to dense sand deposits to a depth of about 80 feet, the maximum depth of CPT.  The 

Franciscan Complex bedrock underlies the alluvial fan deposits at a depth greater than 100 feet.  

Bedrock was not encountered in either Boring A-09-101 or CPT-09-102 that were 

drilled/advanced in 2009 in close proximity to the RW 293 alignment and extended to a 

maximum depth of 80 feet (Elevation -66 feet).  Based on Boring A-09-101 and CPT CPT-09-

102, a generalized soil profile along the alignment is presented in Figure 3-4. 

3.2.5 Groundwater 

All of the borings from previous studies were completed using rotary wash drilling or wireline 

coring methods.  Groundwater levels were measured in few of the borings from Elevation +1.7 

to +9.5 feet.  These water level measurements were made in June 1952, December 2001, and 

September 2002.  (The 1952 plan elevations have been converted as follows: NAVD 88 

Elevation = NGVD29 Elevation + 2.28)    

All of the borings performed in 2009 for the U.S. 101/SR 116 bridge investigations were initially 

drilled with hollow stem auger and then switched to rotary wash drilling method, thereby 

precluding a reliable groundwater measurement.  Borings R-09-011, R-09-012, R-09-013, and R-

09-015 were dry to depths of 19 feet (Elevation +32), 21 feet (Elevation -10), 19 feet (Elevation -

9), and 22 feet (Elevation +12), respectively.  However, groundwater was encountered in Boring 

R-09-014 at a depth of 18 feet (Elevation -4).   

Groundwater was encountered at depth of 10 feet (Elevation -3 feet) in Boring A-09-101.  

During the field exploration of the above mentioned 2009 borings, our field personnel observed 

6 to 8 inches of standing water in the drainage facility/ditch located to the east of the on-ramp.      

Considering the previous measurements, we believe a design groundwater level at Elevation +5 

feet would be reasonable for the site. 
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3.3 GEOLOGIC HAZARDS 

3.3.1 Surface Fault Displacement and Ground Shaking 

The project alignment does not cross any Alquist-Priolo Earthquake Fault Zones (Hart, 1975).  

Therefore, surface rupture due to faulting along the alignment is not expected to occur.  

However, the short distance to nearby active faults including the Rodgers Creek-Healdsburg 

fault, San Andreas (north) fault, and the northern end of the Hayward fault does create a high 

risk for ground shaking from fault movement.  The intensity of the ground shaking is dependent 

upon the size of the earthquake, the distance of the epicenter from the site, the direction that the 

earthquake propagates along the fault, and the site geologic conditions. 

3.3.2 Landslide and Slope Failure 

The project alignment is on relatively flat ground and is not subject to landsliding.  Regional 

geologic maps by Wagner et al (2000) and Wentworth (1997), as well as the landslide hazard 

area maps in the Sonoma County Hazard Mitigation Plan (2006), do not show any mapped 

landslides near the project site.   

3.3.3 Scour 

No creeks or active channels cross the proposed retaining wall alignment.  Therefore, scour is 

not a potential hazard at the site. 

3.3.4 Flooding 

The Petaluma River Channel is within a floodplain. Federal Emergency Management Agency 

(FEMA) defines the area as Zone AE.  Zone AE is defined as an area with a 1% annual chance 

of flooding.  With the exception of the active channel of the Petaluma River and the low lying 

area south of SR 116 below about Elevation +9 feet, the retaining wall alignment is located 

outside of Zone AE.   

3.3.5 Subsidence, Consolidation Settlement and Seismic Compaction 

Subsidence typically occurs as a result of subsurface fluid extraction (e.g. groundwater or 

petroleum) or compression of soft, geologically young sediments.  Groundwater extraction for 

high volume municipal and agricultural use has the potential to cause future ground subsidence 

in the region.  However, we are not aware of subsidence in the area. No active petroleum wells 

are present within many miles of the site (California Division of Oil, Gas, and Geothermal 

Resources, 2001).  

Settlement can occur when soil is loaded by a structure or by the placement of fill on top of soil.  

It can occur quickly (elastic deformation) and/or gradually (consolidation) when soil pore 

pressures, increased by vertical loading, gradually dissipate over time.  The Fat and Lean Clay 

found at the site range from stiff to very stiff and are subject to settlement.  The retaining wall fill 

height will range from 6 to 12 feet.  These fills will result in elastic and consolidation settlement 

of the native clays.  We estimate that this settlement will be on the order of 2 to 4 inches, and 
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that approximately 90 percent of the settlement would occur within 3 months of fill placement 

assuming the full embankment width is constructed at one time.       

Compaction settlement, or seismic densification, occurs when loose granular soils above the 

water table densify as a result of earthquake shaking.  The soil densification can result in 

differential settlement because of variations in soil composition, thickness, and initial density.   

At Boring A-09-101 and CPT-09-102, the soils above the groundwater table are primarily 

cohesive fine soil; therefore, seismic compaction is not expected. 

3.3.6 Liquefaction Potential 

Liquefaction is a phenomenon whereby sediments temporarily lose shear strength and collapse.  

This condition is caused by cyclic loading during earthquake shaking that generates high pore 

water pressures within the sediments.  The soil type most susceptible to liquefaction is loose, 

cohesionless, granular soil below the water table and within about 50 feet of the ground surface.  

Liquefaction can result in loss of foundation support and settlement of overlying structures, 

ground subsidence and translation due to lateral spreading, lurch cracking, and differential 

settlement of affected deposits.  Lateral spreading occurs when a layer liquefies at depth and 

causes horizontal movement or displacement of the overburden mass toward a free face such as a 

stream bank or excavation, or toward an open body of water. 

In a regional study of the nine-county San Francisco Bay region for the U.S. Geological Survey, 

Witter et al. (2006) mapped the liquefaction susceptibility of the site soils along the project 

alignment.  The alluvial fan and Bay Mud deposits found from the south bank of the Petaluma 

River and extending north past SR 116 have been mapped as having a “moderate” liquefaction 

susceptibility (see Figure 3-5).  The Sonoma County Hazard Mitigation Plan (2006) shows these 

deposits as having a “high” liquefaction hazard.   

Based on a review of the boring and CPT completed for this study, potentially liquefiable sands 

were encountered at depths of approximately 8.5, and 15 feet.  We estimated the post-

liquefaction settlement at CPT-09-102 using the computer program LIQUEFY PRO for a peak 

ground acceleration (PGA) of 0.6g and design earthquake moment magnitude, M 7.0.  Based on 

that analysis, we estimate that total post-liquefaction settlement on the order of 1½ inches could 

occur.  In addition, we analyzed post-liquefaction settlement of the medium dense sand layers 

encountered in Boring A-09-101 for the same PGA and design earthquake, adjusting the 

measured driving resistance (blow counts) in the field for hammer type, sampler size, overburden 

pressure, rod length, and fines content; the magnitude of settlement at this boring location is 

estimated to be 2½ inches.  Copies of these calculations are included in Appendix D.  Since 

ground surface settlement at CPT-09-002 and Boring A-09-101 could exceed ½ inch, downdrag 

on the Class 90 concrete pile is a design consideration at this location. 

3.4 GEOLOGICAL PROFILES AND ENGINEERING PARAMETERS 

A generalized soil profile is presented as Figure 3-4 illustrating the layering of various soil strata 

and summarizing the corresponding geotechnical parameters.  It should be noted that this profile 

was developed based on extrapolation of available data from the borings drilled for this 

investigation and, therefore may differ from actual conditions.  Engineering soil parameters 
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presented on the profile were selected from laboratory test results as well as engineering 

judgment and local experience.  

The undrained shear strength, relative density, dry unit weight and moisture content are the 

engineering soil parameters used in our foundation design and analysis.  Particle size analyses 

were performed for classification of soils.  In general, unconfined compression tests were 

performed on cohesive soil samples to estimate the undrained shear strength.  Some disturbance 

may occur while sampling cohesive soils; therefore unconfined compressive strengths in 

localized areas can be less than the insitu conditions.  Consequently, engineering judgment and 

local experience were applied in out interpretation of the laboratory test results.  The relative 

density of cohesionless soils was estimated from vertical effective stress and Standard 

Penetration Resistance, N blows per 1 foot based on correlations developed by Gibbs and Holtz 

(DM 7.1 – 87, 1986).  Where non-standard sampler sizes were used, such as the modified 

California sampler (2½ inch outside diameter), a correction factor was applied to the observed 

blows per  foot to estimate the Standard Penetration Resistance, N values. 
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4. Section 4 THR EE Corrosion and Scour Evaluation  

4.1 CORROSION EVALUATION 

An assessment of the potential for corrosion of various buried foundation and pipe structures was 

performed by V&A Consulting Engineers (V&A).  The results of their investigation are 

presented in Appendix E, and summarized below.     

4.2 SUMMARY 

V&A was retained by URS Corporation to perform a corrosion survey along U.S. 101 and 

associated ramps, in and near Petaluma, California from 0.4 mile south of Petaluma Boulevard 

South over crossing to 0.2 mile north of Caulfield Lane overcrossing.  The objective was to 

measure various soil parameters and evaluate the results with respect to possible levels of 

corrosion at the proposed Retaining Wall site.  Corrosivity was evaluated for materials within a 

depth range of 0 to 30 feet below grade.   

The California Department of Transportation, Division of Engineering Services, Materials 

Engineering and Testing Services, Corrosion Technology Branch has published “Corrosion 

Guidelines” (Guidelines) to define what constitutes corrosive soil.  The Guidelines consider soil 

to be corrosive to structural elements (steel reinforced concrete) if one or more of the following 

conditions exist for water or soil samples: 

1) The chloride concentration is 500 ppm (mg/kg) or greater, 

2) The sulfate concentration is 2,000 mg/kg or greater, or 

3) The pH is 5.5 or less. 

Also, a minimum resistivity value of less than 1,000 ohm-cm indicates the presence of high 

quantities of soluble salts and a higher propensity for corrosion.  A wide variety of soluble salts 

are typically found in soils.  Two soils having the same resistivity may have significantly 

different corrosion characteristics, depending on the specific ions available.  The major 

constituents that accelerate corrosion are chlorides, sulfates and the acidity (pH) of the soil.  

Chloride ions tend to break down otherwise protective surface deposits, and can result in 

corrosion of reinforcing steel in concrete structures.  Sulfates in soil can be highly aggressive to 

Portland cement concrete by combining chemically with certain constituents of the concrete, 

principally tricalcium aluminate.  The reaction is accompanied by expansion and eventual 

disruption of the concrete matrix.  High concentrations of bicarbonates tend to decrease soil 

resistivities.  Although bicarbonates are not aggressive to concrete, lower resistivity 

environments can promote corrosion activity.  

Acidity, as indicated by the pH value, is another measure of corrosivity.  The lower the pH (the 

more acidic the environment), the higher will be the corrosivity with respect to buried metallic 

and concrete structures.  As pH increases above 7 (the neutral value), conditions become 

increasingly more alkaline and passive to buried structures.  

Evaluation of the in-situ soil environment was made in terms of potential damage to structures 

due to corrosion.  Soil resistivity measurements were conducted in the field during the initial 

stages of the work.  In addition, soil samples collected by URS during the geotechnical 

investigation were forwarded to Cooper Testing Laboratory in Palo Alto, California for chemical 

analysis.  The soil samples were analyzed for minimum resistivity, pH, water soluble chloride 

ion concentration, and water soluble sulfate ion concentration in accordance with the Guidelines.   
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A soil sample was selected from boring A-09-101.  The pH of the soil sample analyzed was 7.4 

with water soluble chloride and sulfate ion concentrations of 183 mg/kg and 91 mg/kg.  The 

minimum resistivity of the soil sample was 1523 ohm-cm. 

4.3 CONCLUSIONS 

Soil boring chemical analyses resulted in the pH value higher than 5.5, soluble chloride 

concentrations less than 500 mg/kg, soluble sulfate concentrations less than 2,000 mg/kg, and 

minimum soil resistivity greater than 1,000 ohm-cm.  Therefore, according to the Guidelines, the 

soil at the site is considered non-corrosive.  
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5. Section 5 FOUR  Seismic Dat a and Evaluation  

5.1 SEISMIC DESIGN METHODOLOGY AND RESOURCES 

The seismic design methodology adopted for this project is based on the following current 

Caltrans standards: 

1. Development of the 2007 Caltrans Deterministic PGA Map and  Caltrans ARS Online, 

July 2009 

2. Seismic Design Criteria (SDC), v 1.5, August 2009 

3. Guidelines for Foundation Investigations and Reports, v 2.0, dated March 2006  

 

5.2 PEAK BEDROCK ACCELERATION 

The closest active faults to the project alignment are the Rodgers Creek-Healdsburg fault, San 

Andreas (north) fault, the northern end of the Hayward fault and the Maacama-Garberville fault.  

The nearest potentially active fault is the Late Quaternary Tolay fault located 2.3 miles northeast 

of the site.  The California Geological Survey (2000) has produced maps showing Alquist-Priolo 

Earthquake Fault Zones along faults with known Holocene activity that pose a potential surface 

faulting hazard.  With the exception of the Tolay fault, all of these faults are included as Alquist-

Priolo (A-P) zoned faults.  The Rodgers Creek-Healdsburg fault is located about 4.5 miles (7.2 

km) northeast of the site with a corresponding PGA [Vs=2,500 feet per second (fps)] contour of 

0.6g based on the 2007 Caltrans Deterministic PGA map.  San Andreas (north) fault is located 

about 15.8 miles (25.4 km) southwest of the project alignment.  More distant active faults 

include the north end of Hayward fault located about 18.6 miles (30.0 km) southeast of the site, 

and the Maacama-Garberville fault located about 21.5 miles (34.6 km) northeast of the site.  

Figure 3-2 shows active faults within the site region relative to the project.  The project 

alignment does not cross any mapped A-P zoned faults. 

Table 5-1: Seismic Source Parameters  

 

Fault 

 

Type 

 

MMax  

Distance 

(miles) 

Near Field 

Effects ? 

Rodgers Creek-

Healdsburg 
strike-slip 7.1 4.5 Yes 

San Andreas 

(north) 
strike-slip 7.9 15.8 No 

Hayward strike-slip 7.3 18.6 No 

                              Note: The distances are based on Caltrans ARS Online (2009). 

5.3 FAULT TYPE, NEAR-FIELD, AND SPECTRAL ACCELERATION INCREASES 

The technical report that accompanies the 2007 Caltrans Deterministic PGA Map (Merriam and 

Shantz, 2007) indicates that the controlling fault (Rodgers Creek-Healdsburg) has strike-slip 

displacement.  Therefore, in accordance with Caltrans design procedures referenced above, an 

increase in design spectral accelerations is not required for fault type.  However, since the project 
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site is less than 9.3 miles (15 km) from the nearest active fault, design spectral accelerations 

should be modified to account for near-fault effects as follows: 

Table 5-2: Spectral Acceleration Increase for Near Field Effects 

Period (sec) Increase in Spectral Acceleration (%) 

< 0.5 0 

0.5 – 1.0 0 – 20 (determined by linear interpolation) 

>1 20 

At the time of this study, no bridge structures with a fundamental period of vibration greater than 

1.5 seconds were anticipated; therefore no adjustments are required for long period effects.     

5.4 SITE SOIL PROFILE  

The logs of 2009 Borings A-09-101, A-09-103, and R-09-011 through R-09-015 reveal that the 

soils at the general site area consist of fine and coarse-grained alluvium that becomes denser and 

stiffer with depth terminating mostly in bedrock; the weighted average of the recorded standard 

penetration test (SPT) blow counts in soil in these seven borings was used to determine the 

average SPT resistance value (N) of 15, 17, 29, 15, 15, 26, and 24.  In addition, the undrained 

shear strength of clay deposits in these borings ranges from about 400 to 4,100 pounds per 

square foot (psf).  These two parameters are indicative of soil profile Type D based on the 

guidelines given in SDC Figure B.12.  Furthermore, the shear wave velocity (Vs) is estimated to 

be about 1,000 fps or 305 meters per second (mps), which falls within the soil profile Type D Vs 

range of 600 to 1,200 fps.  Therefore, Soil Profile Type D should be used for design. 

5.5 DESIGN ACCELERATION RESPONSE SPECTRA 

The design response spectrum for the site is estimated with spectral acceleration values 

generated using Caltrans ARS Online (2009).  This method was developed by Caltrans Geo 

Research Group in partnership with United States Geological Survey (USGS), Pacific 

Earthquake Engineering Research (PEER) and California Department of Conservation.  This 

web-based tool calculates both deterministic and probabilistic acceleration response spectra for 

any location in California based on criteria provided in Appendix B of Caltrans SDC. 

The deterministic spectrum is determined as the average of median response spectra calculated 

using the Campbell-Bozorgnia (2008) and Chiou-Youngs (2008) ground motion prediction 

equations developed under the “Next Generation Attenuation” project coordinated through the 

PEER-Lifelines program.  These equations are applied to all faults considered to be active in the 

last 750,000 years (late-Quaternary age) that are capable of producing a moment magnitude 

earthquake of 6.0 or greater.  The probabilistic spectrum is obtained from the USGS (2008) 

National Hazard Map for 5% probability of exceedance in 50 years.  Caltrans design spectrum is 

based on the larger of the deterministic and probabilistic spectral values.  Both the deterministic 

and probabilistic spectra account for soil effects through incorporation of the parameter Vs30, 

the average shear wave velocity in the upper 30 meters (100 feet) of the soil profile. 

The input values selected for use in Caltrans ARS Online included: 

• Vs30 of 1,000 fps (305 mps) 

• Maximum Moment (MMax) Magnitude 7.1 (Rodgers Creek-Healdsburg fault) 
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• No ARS increase for fault-type or long period structure 

• ARS increase for near-field effects 

The calculated spectra for both deterministic and probabilistic methods are presented graphically 

in Figure 5-1.  Since the maximum spectral acceleration curve is the USGS 5% in 50 years 

hazard, this curve is presented in Figure 5-2 as the design curve.  Spectral values (from Figure 5-

2) are provided below in Table 5-3. 

Table 5-3: Spectral Acceleration Values 

(Vs= 305 mps, Lat. = 38.233832, Long. = -122.61696) 

Period 

(seconds) 
Sa (g) Sa* (g) 

0.010 0.613 0.613 

0.020 0.714 0.714 

0.030 0.781 0.781 

0.050 0.873 0.873 

0.075 0.954 0.954 

0.100 1.017 1.017 

0.120 1.070 1.070 

0.150 1.140 1.140 

0.170 1.181 1.181 

0.200 1.236 1.236 

0.240 1.269 1.269 

0.300 1.309 1.309 

0.400 1.279 1.279 

0.500 1.256 1.256 

0.750 1.083 1.191 

1.000 0.888 1.066 

1.500 0.640 0.768 

2.000 0.507 0.609 

3.000 0.330 0.396 

4.000 0.237 0.284 

5.000 0.191 0.229 
                                         *Modified with near-fault factors outlined in Section 3.4. 

 

 

 



SECTIONSECTIONSECTIONSECTIONSIX Available Plans 

 X:\101_MSN_SCTA\450_GEOTECH\REPORTS\FOUNDATION REPORTS\RETAINING WALL 293\RW 293_FR_5-18-11.DOC 6-1 

6. Section 6 F IVE Available Plans 

U.S.101/SR116 northbound and southbound bridges are located approximately 300 feet 

southwest of the proposed RW293 and previous as-built plans from Caltrans were reviewed 

including: 

1. Bridge No. 20-0155L (Contract Number unknown) date unknown; apparently constructed 

in about 1952 at location of proposed widening.  Only LOTB sheet was provided. 

2. Bridge No. 20-0155R/L (Contract No: 04-147204) dated October 24, 1996 was 

Earthquake Retrofit Project No. 693. The pile caps of Piers 4, 5 and 7 of both bridges 

were increased in width and length and supported on Class 70 Modified (70-ton service 

load) concrete piles.  

3. Bridge No. 20-0284L (Contract Number unknown) dated March 3, 2003.  Original 1952 

bridge was replaced with a new bridge, U.S. 101/116 SOH Left (Replace).  

 

The 1952 LOTB indicates that the original bridge is supported on a total of 455 Raymond step-

taper piles (32-ton design capacity) at the abutments and bents.  The pile diameter increases from 

10 inches at the tip to a maximum of 15½ inches at the butt.  At Bents 7R and 8R, steel H piles 

(10 BP 42) were driven to reach specified tip.  Average pile tips range from about Elevation -38 

to -57 feet.  

The 1996 earthquake retrofit project at this bridge (20-0155R/L) is supported on driven concrete 

piles at Piers 4, 5 and 7. Available data for modified bents are summarized in the following table.  

Table 6.1: Pile Data Table for 1996 Earthquake Retrofit at U.S. 101/116 SOH 

Location 
Pile Type 

Specified Pile Tip 

Elevation (feet) Bridge No. Abut/Pier No. 

20-0155 R/L  Piers 4, 5 and 7 
Class 70C Modified 

Concrete Pile 
-42.0 

 

The 2003 replacement bridge (20-0284L) is supported on driven precast prestressed concrete 

(PCPS) piles at 2 abutments, 4 bents and 2 retaining walls.  Except for Abutment 1, which is 

supported on Class 900C (100-ton) piles, the remainder of the bridge is supported on Class 625C 

(70-ton) piles.  Retaining walls at abutments were supported on Class 400C (45-ton) piles.  

Design pile data for the abutments and bents are summarized in the following Table 6-2.   

Table 6-2:  Pile Data Table for U.S. 101/SR116 SOH Left  

Location 
Pile Type 

Specified Pile 

Tip Elevation 

(feet) 
Bridge No. Abut/Pier No. 

20-0284L Abut 1 PCPS -41.0 

20-0284L Bent 2 PCPS -40.0 

20-0284L Bent 3 PCPS -44.9 

20-0284L Bent 4 PCPS -55.8 

20-0284L Bent 5 PCPS -47.9 

20-0284L Abut 6 PCPS -52.5 

20-0284L Abut 1 Retaining Wall PCPS -39.4 

20-0284L Abut 6 Retaining Wall PCPS -39.4 
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It should be noted that as-built pile tip elevations were not available. 



SECTIONSECTIONSECTIONSECTIONSEVEN Recommendations 

 X:\101_MSN_SCTA\450_GEOTECH\REPORTS\FOUNDATION REPORTS\RETAINING WALL 293\RW 293_FR_5-18-11.DOC 7-1 

7. Section 7 SIX Discussion  and R ecommendations 

7.1 DISCUSSION  

New embankment fills are planned as part of the proposed improvements to the on-ramp.  The 

Caltrans Type 1SWBP retaining wall at RW 293 will be used to retain new proposed fill with a 

proposed maximum differential soil height of about 12 feet at ‘R6’ Line Station 296+00.  The 

principal geotechnical issues at the site are: 

• Selection of the type of foundation that will be compatible with the underlying soils,  

• Consolidation settlement of underlying cohesive soils, and 

• Post-liquefaction settlement of potentially liquefiable soils encountered at the retaining wall 

site. 

We understand that 12-inch square, Class 90 driven precast prestressed concrete piles will be 

used to support RW 293.  

Fill heights ranging from 6 to 12 feet are planned for the on-ramp and will be retained by RW 

293.  These fills will result in elastic and consolidation settlements of the native clays.  We 

estimate that the settlement will be on the order of 2 to 4 inches, and that approximately 90% of 

the settlement would occur within 3 months of fill placement, assuming the full embankment 

width is constructed at one time.  No downdrag force is anticipated from the consolidation 

settlement assuming the piles are driven after 90% of consolidation settlement is completed.   

Because of potentially liquefiable soils were encountered in the explorations, we have included 

the estimated average downdrag force down to approximately Elevation -17.0 feet associated 

with post-liquefaction settlement in the design pile tip elevations presented in Section 7.2.1.  The 

inclusion of potential downdrag force to the pile design capacity is consistent with Caltrans’ 

Guidelines for Structure Foundation Reports, dated March 2006.  The maximum downdrag force 

is estimated to be approximately 45 tons. 

The following sections present the geotechnical design parameters for the design of the retaining 

wall consistent with Caltrans design procedures. 

7.2 PILE DESIGN CAPACITY AND TIP ELEVATION  

7.2.1 Axial Pile Capacity Analysis 

The specified tip elevations presented in the following “Pile Data Table” (Table 7-1) are based 

on frictional resistance developed in the subgrade soils that underlie the site.  The corresponding 

design loading conditions and nominal resistance are developed in accordance with Caltrans 

design procedures.  
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Table 7-1:  Pile Data Table 

Location Pile Type 

Nominal Resistance  

(kips) 

Design 

Tip 

Elevation 

(ft) 

Specified 

Tip 

Elevation 

(ft) 

Nominal 

Driving 

Resistance 

(kips) 
Compression Tension 

Station 

193+30 

to 

197+38 

 

Class 90 180 90 

-62.0 (a) 

-36.0 (b) 

-15.0 (c) 

-62.0 270 

Design tip elevation is controlled by the following demands: 

(a) Compression (b) Tension and (c) Lateral  

 

Downdrag was considered to act to approximately Elevation -17.0 feet along the entire length of 

the wall due to liquefaction settlement. The estimated magnitude of downdrag loads on the piles 

is about 90 kips.  The results of our axial capacity analysis, which form the basis for the design 

tip elevation provided above, are presented in Appendix F. 

No group reduction factor needs to be applied to single pile compression load capacities 

presented above, provided a center-to-center spacing of at least three pile diameters is used. 

7.2.2 Earthquake Loading 

Walls will also experience increased loads during earthquake shaking.  The additional force to 

simulate earthquake loads is dependent upon the magnitude of ground surface acceleration and 

the height of the wall.  To estimate the seismically induced force, we recommend that the 

magnitude of the dynamic lateral force developed during seismic loading be computed using the 

following equation: 

∆Pae = 12H
2 

The units of the dynamic lateral force (∆Pae) are pounds per linear foot of wall.  H is the wall 

height in units of feet.  The dynamic lateral force should be assumed to act at 0.6H from the 

bottom of the wall and represent the resultant of a triangular pressure distribution. 

7.2.3 Lateral Load Capacity Analysis 

The driven piles are capable of resisting lateral loads.  Resistance to lateral loads can be 

developed by bending of the pile and by pile-soil interaction.  The magnitude of the lateral load 

resistance that can develop depends upon several factors such as the pile size, the physical 

properties of the surrounding soils, the structural design of the pile, and the direction of loading.  

We used LPILE 5.0 (Reese et al., July 2004) to assist in estimating the lateral load resistance of 

12-inch Class 90 piles.  Output files for analysis of piles at retaining wall are presented in 

Appendix G and include bending moment versus depth, and shear versus depth.  The estimated 

load versus deflection for free and fixed head conditions at top of pile are shown in figure G-1, 

included in Appendix G. 
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We recommend that a group efficiency factor of 0.6 be applied to the lateral capacity of 

individual piles in trailing rows for a minimum center-to-center spacing of at least three times the 

pile diameter in the loaded direction. 

7.2.4 Batter Piles 

Batter piles are currently proposed to resists lateral loads.  Post-construction settlements could 

result in additional loads on the batter piles.  The increased shear forces and bending stresses 

along the batter pile shafts should be determined using the component of overburden soil weight 

acting normal to the pile shaft to the depth of downdrag (Elevation -17 feet).  The radius of 

influence of downdrag should be considered as three times the pile diameter.  If batter piles 

cannot accommodate the additional bending stresses and shear forces and shear forces associated 

with post-construction settlement, then only vertical piles should be used to provide the required 

lateral resistance for the retaining wall. 

7.3 PILE INSTALLATION  

All piles should be installed under the direct observation of the Geotechnical Engineer and in 

accordance with Section 49 (Piling) of the Caltrans Standard Specifications.  Specific additions 

and modifications to these requirements are discussed below. 

The Contractor should submit evidence of compatibility of the proposed pile hammer with the 

pile type and soil conditions at the site.  The Contractor’s hammer submittal should include, as a 

minimum, a dynamic analysis of the pile driving system that is based on wave equation analysis 

using computer programs such as WEAP.  Acceptance criteria for driven piles should follow 

Caltrans Standard Specifications Section 49-1.08, Pile Driving Acceptance Criteria. Driven piles 

reaching refusal within 10 feet of the specified tip elevation and meeting the acceptance criteria 

may be cut-off above the tip elevation required by the controlling loads.  Preliminarily, we 

recommend that the refusal criteria be two times the minimum required blowcount as determined 

using the pile nominal resistance formula outlined in Section 49-1.08 of the Standard 

Specifications.  Refusal criteria should be defined later based on the pile driving system 

proposed by the Contractor and evaluated by WEAP analysis. 

7.4 GLOBAL STABILITY  

The global stability of RW 293 was evaluated using a limit equilibrium method based on 

Spencer’s procedure of slices as coded in the program SLOPE/W (Version 4).  In Spencer’s 

procedure, all forces are assumed to have the same inclination, an all requirements for static 

equilibrium are satisfied.  URS performed the analyses using the maximum wall height, which in 

our opinion, represents the critical section.  On this basis the cross sections were selected at 

Station ‘R6’ 296+60.  A design groundwater at Elevation 5.0 feet was used for the analysis.   

Caltrans requires a minimum factor of safety of 1.3 for retaining walls under static loading 

conditions (Bridge Design Specifications, Section 5.2.2.3, August 2004).  The results of our 

analyses are summarized in the following paragraphs and include the following cases: (1) Static 

and (2) pseudo-static condition.  A copy of our global slope stability calculations are presented in 

Appendix H. 
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7.4.1 Static Conditions 

The static condition represents the condition immediately following construction when excess 

pore pressures have been induced by the placement of fill loads, and insufficient time has passed 

for dissipation to occur.  For this reason, undrained conditions were assumed for impervious clay 

soils, whereas drained strengths were used for granular soils.  Soil strength parameters from 

laboratory unconfined compressive strength tests were used for fine grained soils and the 

estimated friction angle was used for the granular soils.  The factor of safety for long term 

(drained) condition is generally higher than for the undrained condition in cohesive soils.  

Therefore, no stability analysis was performed for the long term condition.       

Based on our analysis, the computed minimum (critical) factor of safety for the static condition is 

4.2, which exceeds the minimum required value of 1.3. 

7.4.2 Pseudo-Static Condition 

For the earthquake (or pseudo-static) loading, drained shear strengths for pervious materials and 

reduced undrained shear strengths for impervious materials were selected to evaluate the stability 

of the embankments during the potential earthquake.  Undrained strengths for impervious 

materials were used because no significant dissipation of pore pressures is expected during the 

rapid earthquake loading.  A reduction of undrained shear strengths on the order of 20 percent of 

the static undrained shear strengths was used to account for the strength loss of cohesive soils 

during cyclical loading.  This reduction in strength is recommended in the report, “A Simplified 

Procedure for Estimation Earthquake Induced Deformations in Dams and Embankments” by 

Makdisi and Seed (1978).  This is a conservative approach as soil strengths typically increase 

over time with pore pressure dissipation.  To compute the factor of safety of the slope during 

earthquake loading, we applied a pseudo-static seismic coefficient of 0.2g to the center of the 

slice for the slip surfacehaving the minimum computed static factor of safety.  This pseudo-static 

seismic coefficient is equal to approximately one-third of the peak horizontal ground 

acceleration, 0.6g, anticipated at the site.  The seismic stability screening approach is consistent 

with Section 3.10 of the March 2006 Guidelines for Structure Foundation Reports.   

Based on out analysis, the computed minimum (critical) factor of safety for the pseudo-static 

condition is 1.3, which exceeds the minimum required value of 1.0. 

7.5 EARTHWORK  

7.5.1 General 

All earthwork should be performed according to the current Standard Specifications of the State 

of California, Department of Transportation (Caltrans).  Specifically, Section 16 “Clearing and 

Grubbing” and Section 19 “Earthwork” of these Specifications should be followed.  Specific 

additions and modifications to these specification requirements are discussed in the following 

sections.   
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7.5.2 Site Preparation 

Site preparation essentially consists of clearing and grubbing the site prior to construction of the 

retaining wall; these recommendations should be used in conjunction with the requirements 

presented in Section 16 of the Caltrans Standard Specifications.  

All unsuitable material within the retaining wall area should be removed prior to grading 

operations.  Areas to be filled should be cleared of existing structures.  Also, tree stumps and 

roots over 1-inch in diameter should be excavated along with underground utilities.  The 

resulting holes should be cleared of all loosened soils and backfilled with engineered fill. Before, 

placing fill, the area should be stripped to a sufficient depth to remove all surface vegetation, 

organic laden topsoil, and debris.  We estimate that stripping depths could vary between 

approximately 3 to 4 inches and the actual stripping depth should be determined in the field at 

the time of construction.  Any stripped organic material should not be used as engineered fill.  

After the site has been properly stripped, the exposed surfaces in all areas to be filled should be 

scarified to a minimum depth of 6 inches and recompacted to the requirements for engineered 

fill.   

7.5.3 Fill Material 

In general, materials intended for use as fill should be a soil or soil/rock mixture that is free of 

organic matter and other deleterious substances, in accordance with the requirements of Section 

19 of the Caltrans Standard Specifications.  In addition, no rock fragments greater than 6 incehs 

in largest dimension or soil having a PI of more than 15 should be allowed in the fill.  All import 

material should meet these requirements and should be approved by the Geotechnical Engineer 

prior to construction.   

7.5.4 Placement and Compaction of Fills 

Subgrade preparation should consist of moisture conditioning the exposed subgrade and 

compacting to a minimum relative compaction of 95 percent in accordance with the provisions of 

Section 19-5 of the Standard Specifications.  All embankment fill should be placed in thin lifts 

and compacted to a minimum relative compaction of 95 percent (Caltrans 216 using the dry 

weight basis) in accordance with Sections 19-3, 19-5 and 19-6 of the Standard Specifications.  

We recommend that the relative compaction be measured on the basis of dry density.   

7.5.5 Keying and Benching 

Where fills are placed on slopes steeper than 6:1 (horizontal to vertical), the fill should be keyed 

and benched into the slope.  All keying and benching should be performed in accordance with 

Section 19 of Caltrans Standard Specifications.  In addition, the keyway at the toe of the 

embankment should extend at least 3 feet below the grubbing depth and should be at least 10 feet 

wide (typical equipment width).  As the embankment is brought up in layers, horizontal benches 

should be cut into the existing slope a minimum of 1 feet wide and at least 1 feet below the 

grubbing depth.   
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8. Section 8 SEVEN  Construction Considerations 

8.1 TEMPORARY CONSTRUCTION EXCAVATIONS 

We anticipate that excavations into the native soils for construction of the retaining wall could 

result in temporary near vertical unsupported soil faces as high as about 5 feet.  Safety standards 

set by OSHA limit the height of unshored vertical excavations to 5 feet if construction personnel 

will be working in the excavations.  The set of guidelines published by OSHA (Department of 

Labor, Occupational Safety and Health Administration, 1989), classifies soils in detail as Type 

A, B or C.  In general, Type A soils are stronger and more cohesive, Type B soils are 

intermediate, and Type C soils are weaker or more granular.  Based on the soil type, depth, 

duration the excavation is open, and sequence of soils exposed in the excavation, OSHA 

recommends maximum allowable slopes.  For example, for excavations 20 feet or less in depth 

through homogeneous soils, they state that maximum allowable slopes (horizontal to vertical) 

should be ¾:1, 1:1, and 1½:1 for Type A, B, and C soils, respectively.  Based on the strengths of 

the soils encountered in our boring, the native alluvial soils are generally considered to be OSHA 

Type B.  On this basis, we recommend that temporary slopes in these soils be cut at no steeper 

than 1:1 (horizontal:vertical).   

We anticipate that groundwater will be encountered in the footing excavations; therefore, we 

recommend footing excavations be classified as “Structure Excavation Type A” in accordance 

with Section 11 of Bridge Design Aids, March 2005.  

8.2 CONSTRUCTION DEWATERING 

Bottom of footings are planned between approximately Elevation +5.0 to Elevation +12.0 feet.  

Free groundwater was encountered in the Boring A-09-101 at a depth of about 10 feet (Elevation 

-3.0 feet); however, groundwater levels were measured in few of the borings from previous 

studies (June 1952, December 2001 and September 2002) at Elevations ranging from +1.7 to 

+9.5 feet.  Therefore, depending on the time of year, groundwater could be encountered during 

footing excavation for the retaining wall. 
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9. Section 9 EIGHT  Limit ations 

The opinions, conclusions, and recommendations presented herein are based on available 

subsurface information developed by others and a supplementary new boring and CPT.  The 

recommendations presented in this report are based on the assumption that the soil and geologic 

conditions do not deviate substantially from those anticipated by the information contained in the 

logs of test borings.  If any variations are encountered during construction, URS should be 

contacted so that supplementary recommendations can be made. 

If the planned construction is changed from that presently conceived, URS should be retained to 

review the changes and make modifications to the original recommendations represented in this 

report in order to meet the project needs. 

The Geotechnical Engineer should review the final specifications and drawings to verify that 

these documents are consistent with the intent of the geotechnical recommendations.  

Geotechnical issues may arise which are not apparent at this time.  URS should be retained 

during construction to review the soil conditions encountered and the construction procedures.  

All retaining wall excavations should be completed under the direct observation of a 

representative of our firm. 

Specific review and investigation for environmental issues and subsurface environmental 

contamination were beyond the scope of the geotechnical services. 

The elevations shown on the new LOTBs are based on interpolation from spot and contour 

elevations shown on available topographic maps. 

The opinions and recommendations presented in this Foundation Report were developed with the 

standard of care commonly used as state of the practice in the profession.  No other warranties 

are included, either express or implied, as to the professional advice provided in this report. 
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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

1 to 2

2 to 4

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

< 0.25

0.25 to 0.50

0.50 to 1.0

> 4.0

1 to 2

2 to 4

< 0.25

0.25 to 0.50

0.50 to 1.0

> 4.0

< 0.12

0.12 to 0.25

0.25 to 0.50

> 2.0

0.50 to 1.0

1.0 to 2.0

Description

Unconfined

Compressive

Strength (tsf)

Pocket

Penetrometer

Measurement (tsf)

Torvane

Measurement (tsf)

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

A 1/8-inch thread cannot be rolled at any water content.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.

3"

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.

1"

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

along sleeve friction

element (34.88 in

area) divided by 

pressure measured

on tip element.

Pressure measured

(2.33 in  area)

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)

Hand driven (1-inch soil tube)

Hand Auger

Note: Size in inches.

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

Blows per 12"

(Using 28 lb hand 

hammer with a 12"

drop or as noted) Driving rate in

seconds per 12"

(using a Stanley

MB 156 percussion

hammer and a 2.2"

cone, or as noted)

Size of Sampler 

(inches)

C. RAMBO
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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)

> 12"

No. 4 to 3/4"

SPT N   (Blows / 12 inches)

3/4" to 3"

3" to 12"

C. RAMBO
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PROFILE
Ver. 1" = 10’
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,
 
f
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-60

-70

-60

-70

199+00

"A" LINE

205+00

Fat CLAY (CH); stiff; dark brown; moist.

  At EL. 2.5 ft, becomes brown; trace fine GRAVEL.

Fat CLAY (CH); stiff; light brown; moist.

CLAYEY SAND (SC); loose; dark grayish brown; wet.

SILTY, CLAYEY SAND (SC-SM); dense; gray; moist.

Lean CLAY (CL); very stiff; bluish gray; moist.

stiff; gray.

GRAVELLY lean CLAY (CL); medium stiff; gray; moist to wet.

Lean CLAY (CL); very stiff; dark bluish gray mottled with brown;
moist.

2.06

2.01
2.011

2.019

10 2.0

2.03

39 2.0

2.0

1.415
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1.417
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UCUWM
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8-"

ROUTE 101

B.M: JK122
B. M Elev.: 52.65 US Survey Feet 

Northing: 2277835.878

Easting: 5953598.199

Vertical Datum: NAVD88

Horizontal Datum: CCS83/Zone 3

1" Iron pipe with a plastic plug and 

tack along the northbound median
of Stat Route 101; 50 feet northerly 

of a "Petaluma Blvd South-3/4 mile" 

sign; 16 feet westerly of the edge of 

pavement and witnessed by a carsonite

witness post.

B.M: JK121
B. M Elev.: 81.98 US Survey Feet 

Northing: 2276227.207

Easting: 5954272.578

Vertical Datum: NAVD88

Horizontal Datum: CCS83/Zone 3

1" Iron pipe with a plastic plug and 
tack along the northbound shoulder 
of Stat Route 101 across from a 

"Sonoma-Napa-Right Lane" sign; 10.7 

feet easterly of a metal beam guard rail
and at top slope.

BENCH MARK:

1. This LOTB sheet was prepared in accordance 

with the Caltrans Soil and Rock Logging, Classification,

and Presentation Manual (June 2007).

2. Design groundwater level at El. 5 feet.

NOTE:

PLAN

1" = 100’

193+00

At EL. -15.0 ft, contains thin Lean Clay (CL) seams; medium

At EL. -13.0 ft, becomes very loose.

At EL. -43.0 ft, becomes medium stiff; brown.
At EL. -43.5 ft, becomes stiff; dark bluish gray.

Poorly graded SAND with SILT (SP-SM); medium dense; grayish brown; wet.EL. -3.0 ft.GWS
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2
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’
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t 
 S

ta
  
2
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7
0

CPT-09-102

EL. 16’

Tip Bearing (tsf)

5004003002001000246810

Friction Ratio (%)

Terminated at EL. -63.8’

06-22-09
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APPENDIXAPPENDIXAPPENDIXAPPENDIXB Field Exploration and Laboratory Testing 

AX:\101_MSN_SCTA\450_GEOTECH\REPORTS\FOUNDATION REPORTS\RETAINING WALL 293\RETAINING WALL 293_REVJL_4-2-10.DOC B-1 

FIELD EXPLORATION PROGRAM 

The geotechnical field investigation consisted of one boring and one cone penetration test (CPT), 

extending to depths of 51.5 and 80 feet below the existing ground surface, respectively.  The 

explorations were performed on June 8 and June 22, 2009, by WDC Exploration & Wells, 

Richmond, California (Hollow Stem Auger boring), and Lankelma Inc., Richmond, California 

(CPT). 

The boring and CPT locations were selected to obtain supplemental subsurface information to 

provide geotechnical design recommendations for the proposed retaining wall while avoiding 

underground utilities and subsurface obstructions.  The exploration locations were checked to 

avoid underground utilities by contacting Underground Service Alert (USA) Network and a 

private utility locator.  USA, in turn, alerted the various municipalities and utility companies that 

a subsurface investigation was to be conducted near their utilities.  

After underground utility clearance, URS obtained permits from the County of Sonoma, Permit 

and Resource Management Department, Well and Permit Section, and coordinated with 

appropriate personnel to accommodate the required inspection during and following exploration. 

Hollow Stem Auger Boring (A-09-101) 

The hollow stem auger boring was drilled to provide the necessary information to evaluate the 

subsurface stratigraphy and to enable retrieval of soil samples for laboratory testing.  The boring 

was drilled and sampled at the location indicated on the Site and Boring Location Plan, Figure 3-

3.  The boring was advanced to a depth of 51½  feet below existing ground surface using a 

crawler drill rig (limited-low access) under the supervision of a URS engineer who maintained a 

record of all field activities, classified the soils encountered using the Unified Soil Classification 

System (USCS), and prepared a log of the boring. 

The drilling operation proceeded carefully, with particular attention to potential interference with 

utilities or other buried structures.  During drilling, samples were obtained for identification and 

laboratory testing.  Soil samples were generally obtained at 5-foot intervals and at changes in 

strata.  Samples were obtained using a lined Modified California (MC) sampler, having an 

outside diameter of 2½ inches. A 140-pound hammer falling through a distance of 30 inches was 

used to drive the samplers.  The blow count recorded on the boring logs adjacent to the sample 

depth is the number of blows required to drive the sampler for the final 1 foot of a maximum 

18 inch drive.  

One of the objectives of the field investigation was to obtain undisturbed samples for laboratory 

testing.  Effort was made to minimize sample disturbance during sample handling and 

transportation.  After careful withdrawal from the ground, the sample was placed upright and the 

ends of the sample were cleaned of disturbed soil.  Both ends of the samples were covered with 

plastic caps, and carefully transported to URS’ laboratory in San Jose. 

Cone Penetration Test (CPT-09-102) 

A CPT was advanced to a depth of 100 feet below existing ground surface by Lankelma Inc at 

the location shown on the Site and Boring Location Plan, Figure 3-3.     
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The Cone Penetration Test (CPT) consists of pushing a cone-tipped probe into the soil while 

simultaneously recording the cone tip resistance and side friction resistance to penetration.  The 

CPT was conducted in general accordance with ASTM specifications (ASTM D3441-79) using 

an electric cone penetrometer.  The CPT equipment consists of a cone assembly mounted at the 

end of a series of hollow rods.  A set of hydraulic rams is used to push the cone and rods into the 

soil while a continuous record of come and friction resistance versus depth is obtained in both 

analog and digital form at the ground surface.  A specially designed all-wheel drive truck is used 

to transport and house the test equipment and to provide a 178 kN reaction to the thrust of the 

hydraulic rams. 

The cone penetrometer assembly consists of a conical tip and a cylindrical friction sleeve.  The 

conical tip has a 60-degree apex angle and a projected cross-sectional area of 15 cm
2
.
 
The 

cylindrical friction sleeve has a surface area of 225 cm
2
.  Both the conical tip and the cylindrical 

friction sleeve have outer diameters of 4.37 centimeters.  The interior of the cone penetrometer is 

instrumented with strain gauges that allow simultaneous measurement of cone tip and friction 

sleeve resistance during penetration.  Continuous electric signals from the strain gauges are 

transmitted by a cable in the sounding rods to analog and digital data recorders in the CPT truck. 

Data obtained during a CPT consists of continuous stratigraphic information with close vertical 

resolution.  Stratigraphic interpretation is based on relationships between cone tip resistance and 

friction resistance.  The calculated friction ratio (CPT friction sleeve resistance divided by cone 

tip resistance) is used as an indicator of soil type.  Granular soils typically have low friction 

ratios and high cone resistance, while cohesive or organic soils have high friction ratios and low 

cone resistance.  These stratigraphic material categories form the basis for all subsequent 

calculations that utilize the CPT data. Soil interpretation presented on the CPT logs from this 

investigation was based on recent correlations developed by Robertson, 1986, presented on 

Figure B-1. 

LABORATORY TESTING PROGRAM 

A laboratory testing program was carried out to determine the index and engineering properties 

of the major subsurface strata encountered at the site.  The laboratory testing program included 

tests to confirm the existing information on the engineering characteristics of the major strata and 

to estimate some of the engineering parameters.  These tests were performed at the URS’ 

laboratory. 

Index Tests 

Index tests were performed on cohesive soil samples to aid in soil classification and in 

correlation with other engineering parameters.  Index tests included moisture content and dry 

density determinations.  The moisture content tests were performed in accordance with ASTM D 

2216.  Dry density was determined in accordance with ASTM D 2937.  The locations of these 

tests are indicated on the Logs of Test Borings adjacent to the appropriate sample depths.  The 

results are summarized in Table B-1.  Grain size distribution is presented graphically on Figure 

B-2. 
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Unconfined Compression Tests 

Unconfined compression tests were performed on select cohesive soil samples to assist in 

determining shear strength parameters.  These tests were performed in accordance with 

ASTM D 2166.  The locations of these tests are indicated on the Logs of Test Borings adjacent 

to the appropriate sample depths.  The results are summarized in Table B-1. 
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FIGURE B-1
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LIQUEFACTION ANALYSIS Note: Cells in Red must be input
Project 101 MSN Petaluma Hammer type : Type CE Code CE

Project No. 28645045 Donut 0.75 1 3

Boring No. A-09-101 Safety 1 2

Auto 1.16 3

Borehole Diameter: (inch) (mm) CB CB

PGA = 0.6 2.5-4.5 65-115 1 1 1

Mw = 7.0 6 150 1.05 2

GWT during EQ 0.0 ft 8 200 1.15 3

Sampler: Symbol Corr. Factor Rod Length: (feet) (m) CR

SPT S 1 Default 999

Mod.Cal M 0.8 Sampling Method: Type Cs

California C 0.7 Stand 1

Mag. Weighting Factor(CSRM/CSRM=7.5) 0.82 No liners 1.2

Note: F.S. greater than 2 is set to be equal to 2

EQ

σσσσo u σσσσ'o CSR K
σσσσ

(USCS) pcf ft m ft m psf psf psf % FC< 5% EQ  during EQ Critical Lower Upper Middle NCEER NCEER

1 CL 115 8.5 2.59 4.25 1.30 489 265 224 0.992 0.846 0 0.0 2.00 1.16 1.00 0.75 1.00 0 1.19 1.26 1.22 1.000 N 2.00 N 1

2 SP-SM 120 9.5 2.90 9.0 2.74 1,038 562 476 0.981 0.834 22 m 17.6 10 18.8 2.00 1.16 1.00 0.75 1.00 33 0.459 1.19 1.26 1.22 1.000 N 2.00 N 1

3 CL 115 15.0 4.57 12.3 3.73 1,414 764 649 0.974 0.827 0.0 1.81 1.16 1.00 0.75 1.00 0 1.19 1.26 1.22 1.000 N 2.00 N 1

4 SC 125 20.0 6.10 17.5 5.33 2,043 1,092 951 0.963 0.807 10 m 8 17 11.5 1.49 1.16 1.00 0.85 1.00 17 0.182 1.19 1.26 1.22 1.000 N 0.28 Liquef 1

5 SC 125 24.0 7.32 22.0 6.71 2,605 1,373 1,232 0.951 0.784 3 m 2.4 17 5.6 1.31 1.16 1.00 0.95 1.00 8 0.089 1.19 1.26 1.22 1.000 N 0.14 Liquef 1

6 SC-SM 130 30.5 9.30 27.3 8.31 3,278 1,700 1,577 0.933 0.756 39 m 31.2 17 36.1 1.16 1.16 1.00 0.95 1.00 46 0.459 1.19 1.26 1.22 1.000 N 2.00 N 1

7 CL 125 51.5 15.70 41.0 12.50 5,013 2,558 2,454 0.842 0.671 0.0 0.93 1.16 1.00 1.00 1.00 0 1.19 1.26 1.22 0.977 N 2.00 N 1

                        

                        

                         

Thickness σσσσo u σσσσ'o rd (N 1) 60-cs Liquefy ? ττττcyc CSRM=7.5 CSRM Volumetric Strain** Settl.

ft psf psf psf NCEER psf ττττcyc/σσσσ'o ττττcyc/σσσσ'o % in

1 8.5 8.5 489 265 224 0.992 0.0 N 189.1 0.846 0.69 0.00

2 9.5 1.0 1,038 562 476 0.981 32.8 N 397.1 0.834 0.68 0.00

3 15.0 5.5 1,414 764 649 0.974 0.0 N 537.2 0.827 0.68 0.00

4 20.0 5.0 2,043 1,092 951 0.963 16.9 Liquef 767.1 0.807 0.66 1.8 1.08

5 24.0 4.0 2,605 1,373 1,232 0.951 8.0 Liquef 966.6 0.784 0.64 2.9 1.39

6 30.5 6.5 3,278 1,700 1,577 0.933 46.1 N 1192.8 0.756 0.62 0.00

7 51.5 21.0 5,013 2,558 2,454 0.842 0.0 N 1646.1 0.671 0.55 0.00

8             

9             

            

Total Settlement (inch)   = 2.5

*  Note: The equation used to obtain CRR7.5 is not valid for corrected (N1)60 higher than 30.  According to NCEER 1997, the soil layer with corrected (N1)60 higher than 30 blows per foot is unlikely to be susceptible to liquefaction.

** Note: These values were obtained from a chart for estimation of volumetric strain in saturated sands based on a cyclic stress ratio and standard penetration resistance (Tokimatsu and Seed, 1987). 

              See figure 9.53 from "Geotechnical Earthquake Engineering" by S. Kramer.
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INTRODUCTION 

 

V&A was retained by URS Corporation to perform a corrosion survey on US 101, in and near Petaluma, 

CA, from 0.4 mile south of Petaluma Boulevard South overcrossing to 0.2 mile north of Caulfield Lane 

overcrossing. The objective of this investigation was to measure various soil parameters and evaluate the 

results with respect to possible levels of corrosion at the site.  The soil was tested at depths ranging from 

0 to 30.5 meters (0 to 100 feet) below existing grade. This report provides recommendations for corrosion 

control of structural foundation materials under consideration for the proposed Retaining Walls No. 152, 

168, 179, 180 and 293 (Figure 1) on US 101 in Petaluma.  The materials being considered as part of this 

investigation include buried reinforced concrete, prestressed concrete piles and steel piles. 
 

The investigation was conducted in accordance with California Department of Transportation’s Division of 

Engineering Services, Materials Engineering and Testing Services Corrosion Technology Branch 

“Corrosion Guidelines” (Guidelines) dated September 2003.  These Guidelines consider representative 

soil or water samples to be corrosive to structural elements if one or more of the following conditions exist: 
 

1) The chloride concentration is 500 ppm or greater 

2) The sulfate concentration is 2,000 ppm or greater 

3) The pH is 5.5 or less. 
 

Evaluation of the soil environment was made in terms of potential corrosion damage to concrete and metal 

structures.  Soil resistivity measurements were conducted in the field during the initial stages of the work.  In 

addition, soil samples taken during a geotechnical investigation were provided to V&A for laboratory testing.  

The soil samples were analyzed for minimum (saturated) resistivity, as well as for pH, chloride and sulfate ion 

concentrations.  All of these affect the corrosion rate of buried structures. 
 

The minimum (saturated) resistivity of the soil samples selected from borings at Stations 154+55, 179+54, 

186+50 and 195+50 (Retaining Walls) was measured at 2,542, 173, 1,762 and 1,523 ohm-cm respectively.  

The soil pH was measured to be 8.1, 9.0, 7.6 and 7.4. A water-soluble chloride concentration less than 2, 

2,259, 12 and 183 mg/kg and a water-soluble sulfate concentration of less than 5, 495, less than 5 and 91 

mg/kg were also recorded during the chemical analysis.  The minimum soil resistivity, pH, chloride and 

sulfate ion concentrations indicate the sampled soil at Station 179+54 (Retaining Walls No. 179 and 180) is 

corrosive, as defined by the Guidelines. The minimum soil resistivity, pH, chloride and sulfate ion 

concentrations indicate the sampled soils at Stations 154+55, 186+50 and 195+50 are non-corrosive as 

defined by the Guidelines. 
 

CONCLUSIONS 
 

� Retaining Wall No. 152 - The soil boring chemical analysis gave pH values higher than 5.5, soluble 

chloride concentrations less than 500 mg/kg and soluble sulfate concentrations less than 2,000 

mg/kg.  According to the CALTRANS Guidelines, the soil is considered non-corrosive. 

� Retaining Wall No. 168 - The soil boring chemical analysis gave pH values higher than 5.5, soluble 

chloride concentrations less than 500 mg/kg and soluble sulfate concentrations less than 2,000 

mg/kg.  According to the CALTRANS Guidelines, the soil is considered non-corrosive. 
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� Retaining Wall No. 179 - The soil boring chemical analysis of two samples gave pH values higher than 

5.5, soluble chloride concentrations ranged from 12 to 2,259 mg/kg and soluble sulfate concentrations 

less than 2,000 mg/kg.  According to the CALTRANS Guidelines, the soil is considered corrosive. 

� Retaining Wall No. 180 - The soil boring chemical analysis gave pH values higher than 5.5, soluble 

chloride concentrations of 2,259 mg/kg and soluble sulfate concentrations less than 2,000 mg/kg.  

According to the CALTRANS Guidelines, the soil is considered corrosive. 

� The minimum resistivity of 173 ohm-cm at Retaining Walls No. 179 and 180 indicates the presence of 

corrosive soil according to the CALTRANS Guidelines. 

� Corrosion mitigation is required by the Guidelines for corrosive soil conditions at the proposed Retaining 

Wall No. 179 and 180. 

� These structures are not within 300 meters (1,000 feet) of salt or brackish water. 

 

RECOMMENDATIONS 

 

The test data and a review of the project requirements were used to make recommendations for each 

structural foundation material alternative listed below. 

 

Buried Reinforced Concrete Structures (Non-Corrossive Soil) 

Buried concrete structures should be constructed of durable concrete as described in ACI Standards 

201.2R and 222R. These recommendations include, but are not limited to, the following for installations in 

non-corrosive soil: 

� The water/cement ratio should not exceed 0.50. 

� A minimum concrete cover of 5.1 centimeters should be applied over all steel reinforcement. 

� Sand and water used in concrete mixtures should contain a maximum of 100 ppm of water-

soluble chloride ions and water-soluble sulfate ions.  They should also have a pH in the range of 

6.5 to 8.0. Potable water should be used in concrete mixtures. 

� Type I-P (MS) modified or Type II modified cement should be used. 

 

Buried Reinforced Concrete Structures (Corrosive Soil)  

Buried concrete structures should be constructed per the minimum concrete cover requirements 

established by CALTRANS. See Bridge Design Specs (BDS) Section 8.22 and Table 8.22.1 for complete 

information regarding the minimum concrete cover for footings, columns, cast-in-place piles, precast piles 

and concrete surfaces pertaining to the construction of retaining walls. 

 

� The water/cement ratio should not exceed 0.40.1 

� Use pre-fabricated epoxy coated reinforcing bars.1 

� A minimum of 3 inches of concrete cover is required for the footing, columns and cast-in-place 

piles. For Precast piles and pile extensions use a minimum of 2 inches of concrete cover.1 

� For the precast piles and pile extensions mineral admixtures conforming to ASTM Designation 

C1240 and /or ASTM Designation C618 Type F and/or N, may be required.1 

� Concrete in a corrosive environment shall contain not less than 675 pounds of cementitious 

material per cubic yard. Reduction in the cementitious material content specified or ordered, in 

conformance with the provisions in Section 90-4.05, "Optional Use of Chemical Admixtures," of 
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the Standard Specifications, is not permitted for concrete in a corrosive environment.2 

� For concrete in a corrosive environment the amount of portland cement shall be 75 percent by 

weight, and the amount of supplementary cementitious material shall be 25 percent by weight, of 

the total amount of cementitious material to be used in the concrete mix.2 

 

Prestressed Concrete Piles  

Prestressed concrete piles should be constructed of durable concrete as described in ACI Standards 

201.2R and 222R. These recommendations include, but are not limited to, the following: 

� The water/cement ratio should not exceed 0.40. 

� A minimum concrete cover of 5.1 centimeters should be applied over all steel reinforcement. 

� The Corrosion Guidelines allow the use of mineral admixtures (such as flyash, silica fume, 

metakaolin, etc.), reduced water content, and increased cementitious material content resulting in 

high density and durable concrete3. 

� Sand and water used in concrete mixtures should contain a maximum of 100 ppm of water-

soluble chloride ions and water-soluble sulfate ions.  They should also have a pH in the range of 

6.5 to 8.0.  Potable water should be used in concrete mixtures. 

� Type I-P (MS) modified or Type II modified cement should be used. 

 

Steel Piles 

According to the CALTRANS Guidelines the soils tested at these sites are considered to be corrosive to 

non-corrosive therefore corrosion mitigation is required for Retaining Walls No. 179 and 180. 

 

� Steel vertical support elements should be protected over their exposed height and a nominal 

distance below finished grade with an appropriate coating system3. 

� Steel facing elements and fasteners should be protected with an appropriate coating system3. 

� Extra metal thickness shall be added to all surfaces of the pile exposed to the corrosive soil4. 

� Corrosion rate of 0.100 mm shall be used per the Guidelines4. 

 

Corrosion Mitigation for Tie Rods 

 
Tie rods should be protected from corrosion by complete full-length encapsulation and electrical isolation 
from the wall and structural anchor at the connections to these members5. 
 

Corrosion Mitigation for Ground Anchors 

 

Ground anchors should be protected from corrosion by complete full-length encapsulation. Encapsulation 

continuity shall be maintained at transitions in type of encapsulation including at the wall anchorage6. 

 
1CALTRANS – Bridge Design Specs, Table 8.22.1 
2CALTRANS – Structure Reference Specification S8-C04 (90CORR) 
3CALTRANS – Bridge Design Specs – Retaining Walls - 5.7.10 – Corrosion Protection 
4CALTRANS – Corrosion Guidelines – September 2003 – Volume 1.0 – 10.1  
5CALTRANS – Bridge Design Specs – Retaining Walls - 5.8.10.1 – Corrosion Protection 
6CALTRANS – Bridge Design Specs – Retaining Walls - 5.8.10.2 – Corrosion Protection 
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TEST METHODS 

 

When predicting potential corrosion problems associated with a particular type of structure prior to 

installation, it is necessary to investigate the soil conditions the structure will encounter. Since corrosion is 

an electrochemical process accompanied by current flow, the electrochemical characteristics of a soil are 

of primary importance. Test methods utilized during this investigation reflect the most practical methods of 

evaluating corrosivity.  

 

Resistivity is a measure of the ability of a soil to conduct an electric current. The higher the resistivity the 
more difficult it is for the soil to conduct current. Resistivity is primarily dependent on the soluble chemical 
and moisture content of the soil. Soils with high dissolved ion contents generally have low resistivity. As 
moisture is added to a soil, its resistivity will decrease as more ions are taken into solution.  The soil 
resistivity decreases until the maximum solubility of the dissolved ions is reached. Increasing the moisture 
content beyond this point increases the soil resistivity by diluting the solution. Since corrosion rate 
depends on current flow through the soil, corrosivity normally increases as soil resistivity decreases. 
 

Soils can contain a wide variety of soluble salts.  Therefore, soils with similar resistivities can have 

significantly different corrosion characteristics, depending on the ions present.  In most soils, the principal 

agents of corrosion are the chloride and sulfate ions, as well as pH.  Chloride ions break down the protective 

surface films on metals and can corrode reinforcing steel in concrete structures.  Sulfates attack the Portland 

cement in concrete.  This is an expansive reaction that disrupts the concrete matrix and softens the surface.  

A high bicarbonate ion concentration lowers soil resistivity and facilitates other forms of corrosion; however, 

bicarbonate is not corrosive to metals.  Soil pH is another measure of corrosivity.  Acid (low pH) soils are 

corrosive to buried metallic and concrete structures.  Neutral (pH 7) and alkaline (pH greater than 7) soils are 

passive to metal surfaces; therefore, corrosion rates become negligible. 

 

Field Soil Resistivity 

Field (in-situ) soil resistivity was measured at Locations No. 1 through 5 along the US 101 Marin Sonoma 

Narrows project at the proposed retaining wall location. Figure 2 shows the soil resistivity test sites and the 

soil boring locations. 
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Figure 1.  Project Site Map* for the Proposed Retaining Wall** Foundation Investigation,  

Petaluma, CA 

 

 

 

 

 

 

 
*www.google.com 

**Wall locations are approximate 
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                       Number  

 

                           Proposed Retaining Wall 
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168 

293 

152 

179 
180 
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Figure 2.  In-Situ Soil Resistivity Test and Boring Locations* 

 

 

 

 

 

 

 
 

. 

*Locations are approximate, map courtesy of www.google.com 
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In-situ soil resistivity measurements were conducted by the Wenner Electrode Method, using an AEMC 

Soil Resistance Meter, Model 4500. The Wenner Electrode Method uses four equally spaced metal pins, 

driven into the ground in a straight line, as electrodes (see Figure 3). 

 
 

 

P2 

C2 

P1 

C1 

Soil Resistance 
Meter 

 
 

Equally Spaced Electrodes in Straight 
Line 
 

A A A 

 

 

 

Figure 3.  Wenner Four Electrode Method for Soil Resistivity Measurement 

 

An alternating current from the soil resistance meter causes a current to flow through the soil between the 

outside electrodes, C1 and C2. Due to the resistance of the soil, the current creates a voltage gradient, 

which is proportional to the average resistance of the soil mass to a depth equal to the distance between 

electrodes. The voltage drop is then measured across electrodes P1 and P2. Resistivity of the soil is then 

computed from the instrument reading according to the following formula: 

 

  ρ = 2πAR 

  

  where:  ρ = soil resistivity in ohm-cm 

    A = the distance between probes in cm 

    R = soil resistance in ohms (instrument reading) 

  π = 3.1416 

         

Soil resistance is measured with electrodes spaced 0.8, 1.5, 2.3, 3, 4.6, 7.6, 15.2, 23.0 and 30.5 meters 
(2.5, 5, 7.5, 10, 15, 25, 50, 75 and 100 feet) apart. Resistivity values obtained represent the average 
resistivity of the soil to a depth equal to the electrode spacing. An additional method of calculating the soil 
resistivity using the data from the Wenner Method is the Barnes-Layer resistivity calculation. The Barnes 
Layer calculation is used to determine the resistivity of the soil for each soil layer. While the Wenner 
Method at 3 meters will consider all 3 meters of soil below the surface, the Barnes-Layer method will only 
consider the resistivity of only the layer of soil between 2.3 meters and 3 meters below the surface. This 
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method assumes the soil layers are of a uniform thickness and parallel to the surface, which may not 
always be true. 

The Barnes-Layer method uses the following parameters to calculate layer resistivities: 

 

abab KR −− =ρ  

and 

baab RRR

111 −=
−  

 
where: 

 
 

 

 

 

 

 

Soil resistance measured at the proposed retaining wall location and Barnes-Layer resistivities calculated 

from this data are listed in Table 1. 

 

Laboratory Soil Analysis 

 

To supplement the field resistivity test data, four soil samples were obtained from Soil Borings A-09-106, 

R-09-008, R-09-010 and R-09-101 for laboratory soil resistivity analysis (Appendix 1).  A soil box was used 

in accordance with California Test Method 643.  This apparatus is shown in Figure 4. 

 

 

 

 

ρb-a = Soil resistivity of layer depth b-a (ohm-cm) 

a = Soil depth to top of layer (cm) 

b = Soil depth to bottom of layer (cm) 

Ra = Soil resistance read at depth a (ohms) 

Rb = Soil resistance read at depth b (ohms) 

Rb-a = Resistance of soil layer from a to b (ohms) 

K = Layer constant (cm) 

 = 2 π (b-a) 
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Figure 4.  Soil Resistivity Measurement Using the Soil Box Method 

 

This apparatus consists of a small plastic box with metal end plates for passing current through a tightly 

packed soil sample.  Current is passed through the sample, causing a voltage drop across the sample. 

The soil resistivity is measured with a soil resistance meter, similar to the AEMC Model 4500. 
 

Soil resistivity is first measured in the "as-received" state. Distilled water is then added to the soil sample 

in 10-mL increments.  The resistivity is measured after each addition. As the soil sample becomes more 

saturated, the soil resistivity decreases until the minimum soil resistivity is reached.  
 

Soil boring samples from this study were forwarded to Cooper Testing Labs, Inc., in Palo Alto, CA, for 

minimum resistivity measurement, pH analysis and analysis of water soluble chloride and sulfate ion 

concentrations.  The analytical procedures followed California Test Methods 417, 422 and 643. 
 

TEST RESULTS 
 
Table 1 lists the field soil resistivity measurements from the proposed retaining wall site and the calculated 
Barnes-Layer resistivities. Table 2 lists the minimum resistivity and chemical analysis for the soil boring 
samples. 
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Table 1.  Field Soil Resistivity Data 

Site 
No.* 

Station**No. Depth 
(meters) 

Resistivity 
(ohm-cm) 

Layer (meters) Layer Resistivity 
(ohm-cm) 

0.8 1,858 0 - 0.8  
1.5 1,036 0.8 - 1.5 718 
2.3 756 1.5 - 2.3 490 
3.1 718 2.3 – 3.1 625 

1 155+00 

4.6 888 3.1 - 4.6 1,681 

0.8 3,797 0 - 0.8  

1.5 2,212 0.8 - 1.5 1,561 

2.3 1,541 1.5 - 2.3 959 

3.1 1,563 2.3 – 3.1 1,631 

2 168+00 

4.6 2,086 3.1 - 4.6 6,303 

0.8 1,963 0 - 0.8  

1.5 1,111 0.8 - 1.5 775 

2.3 575 1.5 - 2.3 292 

3.1 454 2.3 – 3.1 278 

3 184+00 

4.6 399 3.1 - 4.6 322 

0.8 4,079 0 - 0.8  
1.5 1,580 0.8 - 1.5 980 
2.3 539 1.5 - 2.3 232 
3.1 347 2.3 – 3.1 168 
4.6 396 3.1 - 4.6 556 
7.6 12,831 4.6 – 7.6 279 
15.2 14,660 7.6 – 15.2 17,097 
23.0 23,972 15.2 – 23.0 88,652 

4 189+00 

30.5 34,261 23.0 – 30.5 119,130 

0.8 1,858 0 - 0.8  

1.5 1,036 0.8 - 1.5 718 

2.3 756 1.5 - 2.3 490 

3.1 718 2.3 – 3.1 625 

+5 197+00 

4.6 888 3.1 - 4.6 1,681 
 

 

 

 

 

 

 

 

 

*See Figure 2 

**Stationing numbers are approximate. 
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Table 2.  Laboratory Soil Resistivity and Chemical Data 

Chemical Data 

Item No. 
Boring 

No.* 

Boring 
Station** 

No. 

Depth 
(meters) 

Minimum 
Soil 

Resistivity 
(ohm-cm) 

pH 
Sulfate 
(mg/kg) 

Chloride 
(mg/kg) 

1 A-09-106 154+55 28.5 2,542 8.1 <5 <2 
2 R-09-008 179+54 88.5 173 9.0 495 2,259 
3 R-09-010 186+50 10 1,762 7.6 <5 12 
4 R-09-101 195+50 8.5 1,523 7.4 91 183 

 
 

Based on the Guidelines, the analyzed soil samples are considered non-corrosive to corrosive to buried 

metallic objects and reinforced concrete structures in regards to chloride and sulfate contents, pH and 

minimum soil resistivity. 

 
*See Figure 2 

**Stationing numbers are approximate. 
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Appendix 1 Soil and Water Sample Minimum Resistivity and Chemical Analysis 
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APPENDIXAPPENDIXAPPENDIXAPPENDIXF                Axial Pile Capacity Analysis 

X:\101_MSN_SCTA\450_GEOTECH\REPORTS\FOUNDATION REPORTS\RETAINING WALL 293\RETAINING WALL 293_REVJL_4-2-10.DOC F-1 

 

 



US 101 MSN B4 - Retaining Wall 293
4/7/2010

Pile Design Spreadsheet
NAVFAC Design Method For a Single Pile

Nominal axial compress. Capacity (ult.) 180 ton  (including downdrag)

Project Name: 101 MSN Petaluma Nominal axial compress. Capacity (ult.) 1602 kN

Project Number: 28645045 Pile Width 12 inch Pile Shape Square (Square, Circular or Octogonal)

Bridge Name: N/A Pile Width 305 mm Pile Surface Area 1.22 sq. m/m Pile Tip Area 0.09 sq. m

Boring Surface El. (m) 2.1 Pile Width 1.00 ft Pile Surface Area 4.00 sq. ft/ft Pile Tip Area 1.00 sq. ft.

Boring Surface El. (ft) 7.0 Crit depth ratio 20 -

Design GWS El. (ft) 5.0 Crit depth 20.0 ft

Unit Weight of Water (pcf) 62.4 Crit. Depth. Elev -13.0 ft

Depth with no strength Crit. Depth. Elev -4.0 m

Convert. Factor 3.281 Crit. Eff. Vert. Str. 1697 psf

Bottom of Pile Cap El. (m) 0.91 Skin Resistance (Friction) of Pile in Granular Material:

Bottom of Pile Cap El. (ft) 3.00 Type (Steel=S,Concrete=C,Timber=T) C

Earth Press. Coefficient * (Comp.) 1.5

Earth Press. Coefficient * (Tens) 1.0

Minimum Adhesion 500 psf

* Note: Appropriate tension/compresion ratios for skin friction for granular soils applied is 0.65 and 1.0 for cohesive soil. Internal Design Nq z/B Nc Soil Bearing Include Elevation

Layer Lateral Adhesion Adhesion Layer Depth to Effective Effective (granular) (cohesive) Type Capacity B.C.? to

No. Resists? Ratio Thickness Layer Top Vert. StressVert. Stress Cohesive G= gran. (B.C.) midlayer

c c ca/c ca φ φ φ φ δ δ δ δ (Bot. Lay.) (Bot. Lay.) (comp) (tensile) C=cohes.

(-) (m) (feet) (m) (feet) (kPa) (psf) (psf) (deg) (deg) (feet) (feet) (psf) (psf) (ton) (ton) (ton) (-) (-) (-) (ton) (ft) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN)

2.13 7.0 0 0 0.0 6.25 c 0 n 7.0 0 0 0.0 0 180 1602 0 0 23 801

1 2.13 7.0 0.91 3.0 N 60 1250 1.00 0 0 0 4.0 0.0 954 954 0.0 0.0 0.0 0 2.0 8.40 c 5 n 5.0 0.0 0 0.0 0 180 1602 0.0 0 23 801

2 0.91 3.0 -0.46 -1.5 Y 60 1250 1.00 1250 0 0 4.5 4.0 1063 1063 11.3 0.0 0.0 0 6.3 9.00 c 6 n 0.8 11.3 100 11.3 100 180 1602 11.3 100 23 801

3 -0.46 -1.5 -0.76 -2.5 Y 0 0 0.00 0 32 24 1.0 8.5 1063 1063 0.0 1.4 0.9 29 9.0 9.00 g 15 n -2.0 12.7 113 12.7 113 180 1602 12.2 109 23 801

4 -0.76 -2.5 -2.44 -8.0 Y 60 1250 1.00 1250 0 0 5.5 9.5 1384 1384 13.8 0.0 0.0 0 12.3 9.00 c 6 n -5.3 26.4 235 26.4 235 180 1602 25.9 231 23 801

5 -2.44 -8.0 -5.18 -17.0 Y 0 0 0.00 0 32 24 9.0 15.0 1947 1697 0.0 18.5 12.3 29 19.5 9.00 g 25 n -12.5 44.9 400 44.9 400 180 1602 38.3 341 23 801

6 -5.18 -17.0 -7.16 -23.5 Y 0 0 0.00 0 36 27 6.5 24.0 2323 1697 0.0 16.9 11.2 62 27.3 9.00 g 53 n -20.3 61.8 550 61.8 550 180 1602 49.5 441 23 801

7 -7.16 -23.5 -10.67 -35.0 Y 144 3000 0.55 1650 0 0 11.5 30.5 3074 1697 38.0 0.0 0.0 0 36.3 9.00 c 14 n -29.3 99.7 888 99.7 888 180 1602 87.5 778 23 801

8 -10.67 -35.0 -11.58 -38.0 Y 72 1500 1.00 1500 0 0 3.0 42.0 3292 1697 9.0 0.0 0.0 0 43.5 9.00 c 7 n -36.5 108.7 968 108.7 968 180 1602 96.5 858 23 801

9 -11.58 -38.0 -13.56 -44.5 Y 91 1900 0.94 1777 0 0 6.5 45.0 3667 1697 23.1 0.0 0.0 0 48.3 9.00 c 9 n -41.3 131.8 1173 131.8 1173 180 1602 119.6 1064 23 801

10 -13.56 -44.5 -15.24 -50.0 y 91 1900 0.94 1777 0 0 5.5 51.5 4043 1697 19.5 0.0 0.0 0 54.3 9.00 c 9 n -47.3 151.4 1347 151.4 1347 180 1602 139.1 1238 23 801

11 -15.24 -50.0 -19.51 -64.0 y 0 0 0.00 0 36 27 14.0 57.0 4479 1697 0.0 36.3 24.2 62 64.0 9.00 g 53 n -57.0 187.7 1670 187.7 1670 180 1602 163.3 1453 23 801

Bottom -19.51 -64.0
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12-inch Class 90 Pile

Design Load on Pile: 180 kips  = 90 tons

Downdrag on Pile to Elevation -17 feet: 45 tons = 90 kips 

Total Load = 90+ 45x2=180 ton

Downdrag force up to 

Elevation -17 feet

Class 90 Pile with 45 tons Allowable Bearing Capacity X:\101_MSN_SCTA\450_Geotech\Analysis\Pile\Axial\Retaining Wall\RW293_A-09-101.xls



APPENDIXAPPENDIXAPPENDIXAPPENDIXG Laterally Loaded Pile Analysis, LPILE Output 
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============================================================================== 

 

                LPILE Plus for Windows, Version 5.0 (5.0.41) 

 

               Analysis of Individual Piles and Drilled Shafts  

              Subjected to Lateral Loading Using the p-y Method 

 

                        (c) 1985-2009 by Ensoft, Inc.           

                             All Rights Reserved                

 

============================================================================== 

 

 

This program is licensed to:  

 

Madhu Thummaluru 

URS Corporation 

 

Path to file locations:      

X:\101_MSN_SCTA\450_Geotech\Analysis\Pile\Lateral\RW 293\ 

Name of input data file:     RW293_A-09-101_fixed.lpd 

Name of output file:         RW293_A-09-101_fixed.lpo 

Name of plot output file:    RW293_A-09-101_fixed.lpp 

Name of runtime file:        RW293_A-09-101_fixed.lpr 

 

 

------------------------------------------------------------------------------ 

                          Time and Date of Analysis 

------------------------------------------------------------------------------ 

 

               Date:  April  6, 2010     Time:  15:34:20 

 

 

------------------------------------------------------------------------------ 

                                Problem Title 

------------------------------------------------------------------------------ 

 

RW293_MSN B4_Petaluma_Fixed                                                      

 

 

------------------------------------------------------------------------------ 

                                Program Options 

------------------------------------------------------------------------------ 

 

Units Used in Computations - US Customary Units: Inches, Pounds 

 

Basic Program Options: 

 

Analysis Type 1:  

- Computation of Lateral Pile Response Using User-specified Constant EI 

 

Computation Options: 

- Only internally-generated p-y curves used in analysis 

- Analysis does not use p-y multipliers (individual pile or shaft action only) 

- Analysis assumes no shear resistance at pile tip 

- Analysis includes automatic computation of pile-top deflection vs. 

  pile embedment length 



- No computation of foundation stiffness matrix elements 

- Output pile response for full length of pile 

- Analysis assumes no soil movements acting on pile 

- No additional p-y curves to be computed at user-specified depths 

 

Solution Control Parameters: 

- Number of pile increments            =          100 

- Maximum number of iterations allowed =          100 

- Deflection tolerance for convergence =   1.0000E-05 in 

- Maximum allowable deflection         =   1.0000E+02 in 

 

Printing Options: 

- Values of pile-head deflection, bending moment, shear force, and  

  soil reaction are printed for full length of pile. 

- Printing Increment (spacing of output points) =  1 

 

 

------------------------------------------------------------------------------ 

                   Pile Structural Properties and Geometry 

------------------------------------------------------------------------------ 

 

Pile Length                               =     720.00 in 

 

Depth of ground surface below top of pile =     -48.00 in 

 

Slope angle of ground surface             =       0.00 deg. 

 

Structural properties of pile defined using  2 points 

 

Point    Depth         Pile      Moment of       Pile      Modulus of 

           X         Diameter     Inertia       Area      Elasticity 

           in           in         in**4        Sq.in      lbs/Sq.in 

-----  ---------   -----------   ----------   ----------   ----------- 

  1       0.0000   12.00000000    1728.0000     144.0000      3600000. 

  2     720.0000   12.00000000    1728.0000     144.0000      3600000. 

 

 

------------------------------------------------------------------------------ 

                      Soil and Rock Layering Information 

------------------------------------------------------------------------------ 

 

The soil profile is modelled using  8 layers 

 

Layer  1 is stiff clay without free water 

Distance from top of pile to top of layer    =      -48.000 in 

Distance from top of pile to bottom of layer =       54.000 in 

 

Layer  2 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =       54.000 in 

Distance from top of pile to bottom of layer =       66.000 in 

p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3 

 

Layer  3 is stiff clay without free water 

Distance from top of pile to top of layer    =       66.000 in 

Distance from top of pile to bottom of layer =      132.000 in 

 



Layer  4 is soft clay, p-y criteria by Matlock, 1970 

Distance from top of pile to top of layer    =      132.000 in 

Distance from top of pile to bottom of layer =      240.000 in 

 

Layer  5 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      240.000 in 

Distance from top of pile to bottom of layer =      318.000 in 

p-y subgrade modulus k for top of soil layer =      100.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =      100.000 lbs/in**3 

 

Layer  6 is stiff clay without free water 

Distance from top of pile to top of layer    =      318.000 in 

Distance from top of pile to bottom of layer =      456.000 in 

 

Layer  7 is stiff clay without free water 

Distance from top of pile to top of layer    =      456.000 in 

Distance from top of pile to bottom of layer =      492.000 in 

 

Layer  8 is stiff clay without free water 

Distance from top of pile to top of layer    =      492.000 in 

Distance from top of pile to bottom of layer =      720.000 in 

 

 

(Depth of lowest layer extends    0.00 in below pile tip) 

 

 

------------------------------------------------------------------------------ 

                   Effective Unit Weight of Soil vs. Depth 

------------------------------------------------------------------------------ 

 

Effective unit weight of soil with depth defined using 16 points 

 

Point        Depth X    Eff. Unit Weight 

 No.           in          lbs/in**3 

-----      ----------   ---------------- 

  1           -48.00        0.03040 

  2            54.00        0.03040 

  3            54.00        0.03620 

  4            66.00        0.03620 

  5            66.00        0.03040 

  6           132.00        0.03040 

  7           132.00        0.03620 

  8           240.00        0.03620 

  9           240.00        0.03910 

 10           318.00        0.03910 

 11           318.00        0.03620 

 12           456.00        0.03620 

 13           456.00        0.03620 

 14           492.00        0.03620 

 15           492.00        0.03620 

 16           720.00        0.03620 

 

 

 

------------------------------------------------------------------------------ 

                           Shear Strength of Soils 

------------------------------------------------------------------------------ 



 

Shear strength parameters with depth defined using 16 points 

 

Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD 

 No.       in         lbs/in**2            Deg.            k_rm        % 

-----   --------     ----------     ------------------    ------    ------ 

  1      -48.000        8.68000            0.00          0.00700       0.0 

  2       54.000        8.68000            0.00          0.00700       0.0 

  3       54.000        0.00000           32.00           ------    ------ 

  4       66.000        0.00000           32.00           ------    ------ 

  5       66.000        8.68000            0.00          0.00700       0.0 

  6      132.000        8.68000            0.00          0.00700       0.0 

  7      132.000        2.08000            0.00          0.02000       0.0 

  8      240.000        2.08000            0.00          0.02000       0.0 

  9      240.000        0.00000           36.00           ------    ------ 

 10      318.000        0.00000           36.00           ------    ------ 

 11      318.000       20.83000            0.00          0.00500       0.0 

 12      456.000       20.83000            0.00          0.00500       0.0 

 13      456.000        8.68000            0.00          0.00700       0.0 

 14      492.000        8.68000            0.00          0.00700       0.0 

 15      492.000       13.19000            0.00          0.00600       0.0 

 16      720.000       13.19000            0.00          0.00600       0.0 

 

Notes: 

 

(1)  Cohesion = uniaxial compressive strength for rock materials. 

(2)  Values of E50 are reported for clay strata.  

(3)  Default values will be generated for E50 when input values are 0. 

(4)  RQD and k_rm are reported only for weak rock strata. 

 

 

 

 

------------------------------------------------------------------------------ 

                                 Loading Type 

------------------------------------------------------------------------------ 

 

Static loading criteria was used for computation of p-y curves. 

 

 

 

------------------------------------------------------------------------------ 

              Pile-head Loading and Pile-head Fixity Conditions 

------------------------------------------------------------------------------ 

 

Number of loads specified = 10 

 

Load Case Number  1 

 

Pile-head boundary conditions are Shear and Slope (BC Type 2) 

Shear force at pile head    =        5000.000 lbs 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =       90000.000 lbs 

 

(Zero slope for this load indicates fixed-head condition) 

 

Load Case Number  2 



 

Pile-head boundary conditions are Shear and Slope (BC Type 2) 

Shear force at pile head    =       10000.000 lbs 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =       90000.000 lbs 

 

(Zero slope for this load indicates fixed-head condition) 

 

Load Case Number  3 

 

Pile-head boundary conditions are Shear and Slope (BC Type 2) 

Shear force at pile head    =       15000.000 lbs 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =       90000.000 lbs 

 

(Zero slope for this load indicates fixed-head condition) 

 

Load Case Number  4 

 

Pile-head boundary conditions are Shear and Slope (BC Type 2) 

Shear force at pile head    =       20000.000 lbs 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =       90000.000 lbs 

 

(Zero slope for this load indicates fixed-head condition) 

 

Load Case Number  5 

 

Pile-head boundary conditions are Shear and Slope (BC Type 2) 

Shear force at pile head    =       25000.000 lbs 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =       90000.000 lbs 

 

(Zero slope for this load indicates fixed-head condition) 

 

Load Case Number  6 

 

Pile-head boundary conditions are Shear and Slope (BC Type 2) 

Shear force at pile head    =       30000.000 lbs 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =       90000.000 lbs 

 

(Zero slope for this load indicates fixed-head condition) 

 

Load Case Number  7 

 

Pile-head boundary conditions are Shear and Slope (BC Type 2) 

Shear force at pile head    =       35000.000 lbs 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =       90000.000 lbs 

 

(Zero slope for this load indicates fixed-head condition) 

 

Load Case Number  8 

 

Pile-head boundary conditions are Shear and Slope (BC Type 2) 

Shear force at pile head    =       40000.000 lbs 



Slope at pile head          =           0.000 in/in 

Axial load at pile head     =       90000.000 lbs 

 

(Zero slope for this load indicates fixed-head condition) 

 

Load Case Number  9 

 

Pile-head boundary conditions are Shear and Slope (BC Type 2) 

Shear force at pile head    =       50000.000 lbs 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =       90000.000 lbs 

 

(Zero slope for this load indicates fixed-head condition) 

 

Load Case Number 10 

 

Pile-head boundary conditions are Shear and Slope (BC Type 2) 

Shear force at pile head    =       60000.000 lbs 

Slope at pile head          =           0.000 in/in 

Axial load at pile head     =       90000.000 lbs 

 

(Zero slope for this load indicates fixed-head condition) 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  1 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Shear and Slope (BC Type 2) 

Specified shear force at pile head  =        5000.000 lbs 

Specified slope at pile head        =       0.000E+00 in/in 

Specified axial load at pile head   =       90000.000 lbs 

 

(Zero slope for this load indicates fixed-head conditions) 

 

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     

Es*h    

    X        y          M           V           S        Stress          p          

F/L    

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      

lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- -

---------- 

   0.000  0.005760 -84818.1233   5000.0000      0.0000    919.5074   -109.6363  

68523.6202 

   7.200  0.005407 -51628.0891   4192.3509 -7.8962E-05    804.2642   -114.7107     

152763. 

  14.400  0.004623 -24345.9350   3358.7280  -0.0001229    709.5345   -116.8512     

181993. 

  21.600  0.003636  -3103.0902   2519.6726  -0.0001388    635.7746   -116.2197     

230116. 

  28.800  0.002624  12117.2520   1695.1213  -0.0001336    667.0738   -112.8223     

309578. 

  36.000  0.001713  21479.7973    905.3396  -0.0001142    699.5826   -106.5615     

448012. 



  43.200  0.000980  25302.0863    171.7465 -8.7081E-05    712.8545    -97.2144     

714125. 

  50.400  0.000459  24065.8036   -481.5053 -5.8512E-05    708.5618    -84.2444    

1322682. 

  57.600  0.000138  18444.2419   -788.7853 -3.3911E-05    689.0425     -1.1112  

58154.3278 

  64.800 -2.97E-05  12751.2437   -791.8747 -1.5858E-05    669.2752   0.2530199  

61264.7278 

  72.000 -9.08E-05   7061.7987   -680.9030 -4.3922E-06    649.5201     30.5724    

2424687. 

  79.200 -9.30E-05   2951.9329   -453.7712  1.4028E-06    635.2498     32.5197    

2518112. 

  86.400 -7.06E-05    525.6748   -245.4562  3.4153E-06    626.8253     25.3456    

2585430. 

  93.600 -4.38E-05   -587.0631    -97.5876  3.3798E-06    627.0384     15.7290    

2585430. 

 100.800 -2.19E-05   -883.9670    -12.6338  2.5285E-06    628.0693      7.8692    

2585430. 

 108.000 -7.39E-06   -772.2663     25.2521  1.5700E-06    627.6815      2.6546    

2585430. 

 115.200  6.94E-07   -522.3710     33.9121  8.2080E-07    626.8138  -0.2490782    

2585430. 

 122.400  4.43E-06   -284.9961     27.2927  3.5358E-07    625.9896     -1.5896    

2585430. 

 129.600  5.79E-06   -129.8142     14.0915  1.1352E-07    625.4507     -2.0774    

2585430. 

 136.800  6.06E-06    -82.2257      5.8605 -9.1843E-09    625.2855  -0.2090200     

248274. 

 144.000  5.65E-06    -45.4113      4.4063 -8.3048E-08    625.1577  -0.1949258     

248274. 

 151.200  4.87E-06    -18.6677      3.1005 -1.2013E-07    625.0648  -0.1677825     

248274. 

 158.400  3.92E-06  -0.6079292      2.0095 -1.3129E-07    625.0021  -0.1352749     

248274. 

 165.600  2.98E-06     10.4396      1.1532 -1.2560E-07    625.0362  -0.1025926     

248274. 

 172.800  2.11E-06     16.1609   0.5213909 -1.1020E-07    625.0561  -0.0729102     

248274. 

 180.000  1.39E-06     18.0905   0.0865757 -9.0381E-08    625.0628  -0.0478718     

248274. 

 187.200  8.13E-07     17.5248  -0.1866766 -6.9770E-08    625.0608  -0.0280317     

248274. 

 194.400  3.84E-07     15.4928  -0.3352091 -5.0663E-08    625.0538  -0.0132274     

248274. 

 201.600  8.34E-08     12.7634  -0.3931777 -3.4311E-08    625.0443  -0.0028750     

248274. 

 208.800 -1.10E-07      9.8755  -0.3898127 -2.1210E-08    625.0343   0.0038097     

248274. 

 216.000 -2.22E-07      7.1776  -0.3485335 -1.1341E-08    625.0249   0.0076567     

248274. 

 223.200 -2.74E-07      4.8713  -0.2869810 -4.3685E-09    625.0169   0.0094412     

248274. 

 230.400 -2.85E-07      3.0507  -0.2176196  2.1603E-10    625.0106   0.0098259     

248274. 

 237.600 -2.71E-07      1.7373  -0.1486443  2.9869E-09    625.0060   0.0093339     

248274. 



 244.800 -2.42E-07   0.9063826  -0.1006740  4.5168E-09    625.0031   0.0039912     

118775. 

 252.000 -2.06E-07   0.2817147  -0.0735600  5.2043E-09    625.0010   0.0035405     

123959. 

 259.200 -1.67E-07  -0.1596264  -0.0500309  5.2750E-09    625.0006   0.0029954     

129143. 

 266.400 -1.30E-07  -0.4455673  -0.0305375  4.9247E-09    625.0015   0.0024195     

134327. 

 273.600 -9.61E-08  -0.6057491  -0.0151252  4.3163E-09    625.0021   0.0018618     

139511. 

 280.800 -6.75E-08  -0.6689634  -0.0035373  3.5787E-09    625.0023   0.0013571     

144695. 

 288.000 -4.46E-08  -0.6613238   0.0046869  2.8088E-09    625.0023   0.0009274     

149879. 

 295.200 -2.71E-08  -0.6051126   0.0101252  2.0759E-09    625.0021   0.0005833     

155063. 

 302.400 -1.47E-08  -0.5182113   0.0133993  1.4259E-09    625.0018   0.0003262     

160247. 

 309.600 -6.55E-09  -0.4140102   0.0151155  8.8637E-10    625.0014   0.0001505     

165431. 

 316.800 -1.89E-09  -0.3016967   0.0158188  4.7219E-10    625.0010  4.4867E-05     

170615. 

 324.000  2.49E-10  -0.1868311   0.0151391  1.8948E-10    625.0006  -0.0002337    

6748920. 

 331.200  8.35E-10  -0.0839389   0.0114801  3.2780E-11    625.0003  -0.0007827    

6748920. 

 338.400  7.21E-10  -0.0215607   0.0062281 -2.8273E-11    625.0001  -0.0006761    

6748920. 

 345.600  4.28E-10   0.0057831   0.0023501 -3.7404E-11    625.0000  -0.0004011    

6748920. 

 352.800  1.83E-10   0.0123291   0.0002896 -2.6922E-11    625.0000  -0.0001713    

6748920. 

 360.000  4.02E-11   0.0099879  -0.0004627 -1.4007E-11    625.0000 -3.7717E-05    

6748920. 

 367.200 -1.90E-11   0.0056838  -0.0005344 -4.9379E-12    625.0000  1.7807E-05    

6748920. 

 374.400 -3.09E-11   0.0022987  -0.0003661 -3.1845E-13    625.0000  2.8934E-05    

6748920. 

 381.600 -2.36E-11   0.0004117  -0.0001824  1.2501E-12    625.0000  2.2106E-05    

6748920. 

 388.800 -1.29E-11  -0.0003295 -5.9399E-05  1.2976E-12    625.0000  1.2061E-05    

6748920. 

 396.000 -4.90E-12  -0.0004453  5.4927E-07  8.4922E-13    625.0000  4.5909E-06    

6748920. 

 403.200 -6.39E-13  -0.0003227  1.9232E-05  4.0476E-13    625.0000  5.9872E-07    

6748920. 

 410.400  9.31E-13  -0.0001689  1.8246E-05  1.2026E-13    625.0000 -8.7252E-07    

6748920. 

 417.600  1.09E-12 -6.0140E-05  1.1417E-05 -1.2273E-14    625.0000 -1.0246E-06    

6748920. 

 424.800  7.54E-13 -4.4680E-06  5.1833E-06 -4.9662E-14    625.0000 -7.0687E-07    

6748920. 

 432.000  3.78E-13  1.4564E-05  1.3633E-06 -4.3819E-14    625.0000 -3.5426E-07    

6748920. 

 439.200  1.23E-13  1.5220E-05 -3.2750E-07 -2.6583E-14    625.0000 -1.1540E-07    

6748920. 



 446.400 -4.86E-15  9.8823E-06 -7.2654E-07 -1.2056E-14    625.0000  4.5586E-09    

6748920. 

 453.600 -5.05E-14  4.7734E-06 -5.3975E-07 -3.5749E-15    625.0000  4.7329E-08    

6748920. 

 460.800 -5.63E-14  2.1145E-06 -2.9653E-07  4.1116E-16    625.0000  2.0232E-08    

2585430. 

 468.000 -4.46E-14  5.0286E-07 -1.6608E-07  1.9259E-15    625.0000  1.6005E-08    

2585430. 

 475.200 -2.86E-14 -2.7949E-07 -7.1476E-08  2.0551E-15    625.0000  1.0274E-08    

2585430. 

 482.400 -1.50E-14 -5.2905E-07 -1.5129E-08  1.5872E-15    625.0000  5.3783E-09    

2585430. 

 489.600 -5.75E-15 -4.9941E-07  1.1671E-08  9.9204E-16    625.0000  2.0662E-09    

2585430. 

 496.800 -6.92E-16 -3.6228E-07  2.0523E-08  4.9338E-16    625.0000  3.9262E-10    

4083142. 

 504.000  1.35E-15 -2.0452E-07  1.9179E-08  1.6537E-16    625.0000 -7.6588E-10    

4083142. 

 511.200  1.69E-15 -8.6310E-08  1.2974E-08 -2.9322E-18    625.0000 -9.5785E-10    

4083142. 

 518.400  1.31E-15 -1.7692E-08  6.8546E-09 -6.3119E-17    625.0000 -7.4193E-10    

4083142. 

 525.600  7.80E-16  1.2477E-08  2.5909E-09 -6.6137E-17    625.0000 -4.4241E-10    

4083142. 

 532.800  3.56E-16  1.9703E-08  2.7164E-10 -4.7514E-17    625.0000 -2.0184E-10    

4083142. 

 540.000  9.59E-17  1.6450E-08 -6.5078E-10 -2.6593E-17    625.0000 -5.4389E-11    

4083142. 

 547.200 -2.70E-17  1.0366E-08 -7.9142E-10 -1.1074E-17    625.0000  1.5322E-11    

4083142. 

 554.400 -6.36E-17  5.0681E-09 -6.0650E-10 -2.1424E-18    625.0000  3.6045E-11    

4083142. 

 561.600 -5.79E-17  1.6351E-09 -3.5859E-10  1.7368E-18    625.0000  3.2818E-11    

4083142. 

 568.800 -3.86E-17 -9.7891E-11 -1.6174E-10  2.6263E-18    625.0000  2.1863E-11    

4083142. 

 576.000 -2.00E-17 -6.9743E-10 -4.2106E-11  2.1661E-18    625.0000  1.1370E-11    

4083142. 

 583.200 -7.36E-18 -7.0702E-10  1.3852E-11  1.3533E-18    625.0000  4.1737E-12    

4083142. 

 590.400 -5.62E-19 -4.9971E-10  3.0024E-11  6.5499E-19    625.0000  3.1849E-13    

4083142. 

 597.600  2.07E-18 -2.7552E-10  2.6940E-11  2.0636E-19    625.0000 -1.1751E-12    

4083142. 

 604.800  2.41E-18 -1.1204E-10  1.7790E-11 -1.7929E-20    625.0000 -1.3667E-12    

4083142. 

 612.000  1.81E-18 -1.9329E-11  9.1661E-12 -9.3955E-20    625.0000 -1.0287E-12    

4083142. 

 619.200  1.06E-18  2.0070E-11  3.3048E-12 -9.3526E-20    625.0000 -5.9942E-13    

4083142. 

 626.400  4.67E-19  2.8381E-11  1.9304E-13 -6.5488E-20    625.0000 -2.6496E-13    

4083142. 

 633.600  1.14E-19  2.2935E-11 -9.9345E-13 -3.5792E-20    625.0000 -6.4623E-14    

4083142. 

 640.800 -4.82E-20  1.4121E-11 -1.1277E-12 -1.4347E-20    625.0000  2.7326E-14    

4083142. 



 648.000 -9.26E-20  6.7140E-12 -8.4021E-13 -2.2897E-21    625.0000  5.2539E-14    

4083142. 

 655.200 -8.12E-20  2.0252E-12 -4.8538E-13  2.7677E-21    625.0000  4.6024E-14    

4083142. 

 662.400 -5.28E-20 -2.7915E-13 -2.1192E-13  3.7782E-21    625.0000  2.9937E-14    

4083142. 

 669.600 -2.67E-20 -1.0314E-12 -4.9539E-14  3.0198E-21    625.0000  1.5170E-14    

4083142. 

 676.800 -9.30E-21 -9.9643E-13  2.4068E-14  1.8463E-21    625.0000  5.2767E-15    

4083142. 

 684.000 -1.63E-22 -6.8719E-13  4.3398E-14  8.7196E-22    625.0000  9.2602E-17    

4083142. 

 691.200  3.25E-21 -3.7263E-13  3.7093E-14  2.5864E-22    625.0000 -1.8440E-15    

4083142. 

 698.400  3.56E-21 -1.5339E-13  2.3185E-14 -4.5771E-23    625.0000 -2.0195E-15    

4083142. 

 705.600  2.59E-21 -3.8717E-14  1.0622E-14 -1.5694E-22    625.0000 -1.4702E-15    

4083142. 

 712.800  1.30E-21 -2.3261E-16  2.6725E-15 -1.7948E-22    625.0000 -7.3788E-16    

4083142. 

 720.000  7.91E-24      0.0000      0.0000 -1.7962E-22    625.0000 -4.4835E-18    

2041571. 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  1: 

 

Pile-head deflection             =     0.00575992 in 

Computed slope at pile head      =        0.00000 

Maximum bending moment           =   -84818.12328 lbs-in 

Maximum shear force              =     5000.00000 lbs 

Depth of maximum bending moment  =        0.00000 in 

Depth of maximum shear force     =        0.00000 in 

Number of iterations             =             13 

Number of zero deflection points =             13 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  2 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Shear and Slope (BC Type 2) 

Specified shear force at pile head  =       10000.000 lbs 

Specified slope at pile head        =       0.000E+00 in/in 

Specified axial load at pile head   =       90000.000 lbs 

 

(Zero slope for this load indicates fixed-head conditions) 

 

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     

Es*h    



    X        y          M           V           S        Stress          p          

F/L    

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      

lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- -

---------- 

   0.000  0.027910    -226785.  10000.0000  9.6374E-19   1412.4467   -162.5545  

20967.6014 

   7.200  0.026965    -158913.   8798.1120  -0.0002232   1176.7813   -171.3033  

45740.8363 

  14.400  0.024695 -99802.5691   7542.4081  -0.0003729    971.5367   -177.5034  

51751.5197 

  21.600  0.021594 -49819.0372   6250.9105  -0.0004595    797.9828   -181.2460  

60430.7190 

  28.800  0.018078  -9193.9314   4941.2363  -0.0004937    656.9234   -182.5524  

72704.1541 

  36.000  0.014486  21974.5517   3630.9847  -0.0004863    701.3005   -181.4063  

90166.1621 

  43.200  0.011076  43722.4487   2337.9724  -0.0004482    776.8141   -177.7637     

115554. 

  50.400  0.008031  56222.2822   1080.4796  -0.0003904    820.2163   -171.5398     

153790. 

  57.600  0.005454  59787.3241    304.3397  -0.0003233    832.5949    -44.0546  

58154.3278 

  64.800  0.003376  61023.7359     42.3320  -0.0002534    836.8880    -28.7253  

61264.7278 

  72.000  0.001806  60725.2591   -543.4226  -0.0001829    835.8516   -133.9843     

534169. 

  79.200  0.000742  53435.4925  -1427.0083  -0.0001168    810.5399   -111.4562    

1081398. 

  86.400  0.000123  40327.7607  -1987.8997 -6.2576E-05    765.0269    -44.3470    

2585430. 

  93.600 -0.000159  24890.8358  -1941.9841 -2.4834E-05    711.4265     57.1013    

2585430. 

 100.800 -0.000234  12395.3752  -1433.7803 -3.2564E-06    668.0395     84.0664    

2585430. 

 108.000 -0.000206   4248.6194   -864.9588  6.3756E-06    639.7522     73.9396    

2585430. 

 115.200 -0.000142    -68.2944   -414.8190  8.7947E-06    625.2371     51.0992    

2585430. 

 122.400 -7.93E-05  -1736.1721   -128.3940  7.7505E-06    631.0284     28.4633    

2585430. 

 129.600 -3.07E-05  -1927.2121     13.7551  5.6305E-06    631.6917     11.0226    

2585430. 

 136.800  1.81E-06  -1545.3953     53.2114  3.6209E-06    630.3660  -0.0625231     

248274. 

 144.000  2.14E-05  -1165.6606     50.3243  2.0520E-06    629.0474  -0.7394505     

248274. 

 151.200  3.14E-05   -823.3849     43.7692  9.0089E-07    627.8590     -1.0814     

248274. 

 158.400  3.44E-05   -536.5523     35.6036  1.1389E-07    626.8630     -1.1868     

248274. 

 165.600  3.30E-05   -310.8404     27.2345 -3.7650E-07    626.0793     -1.1380     

248274. 

 172.800  2.90E-05   -143.8879     19.5384 -6.3965E-07    625.4996  -0.9998361     

248274. 



 180.000  2.38E-05    -28.6589     12.9857 -7.3951E-07    625.0995  -0.8203534     

248274. 

 187.200  1.83E-05     44.0645      7.7549 -7.3059E-07    625.1530  -0.6326355     

248274. 

 194.400  1.33E-05     83.9590      3.8302 -6.5650E-07    625.2915  -0.4575797     

248274. 

 201.600  8.89E-06    100.0696      1.0789 -5.5001E-07    625.3475  -0.3066499     

248274. 

 208.800  5.35E-06    100.2084  -0.6891220 -4.3410E-07    625.3479  -0.1844755     

248274. 

 216.000  2.64E-06     90.7088     -1.6812 -3.2362E-07    625.3150  -0.0910964     

248274. 

 223.200  6.90E-07     76.4188     -2.0947 -2.2690E-07    625.2653  -0.0237830     

248274. 

 230.400 -6.26E-07     60.8385     -2.1027 -1.4747E-07    625.2112   0.0215712     

248274. 

 237.600 -1.43E-06     46.3309     -1.8471 -8.5451E-08    625.1609   0.0494432     

248274. 

 244.800 -1.86E-06     34.3516     -1.5588 -3.8760E-08    625.1193   0.0306186     

118775. 

 252.000 -1.99E-06     23.9339     -1.3251 -5.0297E-09    625.0831   0.0342953     

123959. 

 259.200 -1.93E-06     15.2761     -1.0772  1.7661E-08    625.0530   0.0345904     

129143. 

 266.400 -1.74E-06      8.4000  -0.8359220  3.1363E-08    625.0292   0.0324190     

134327. 

 273.600 -1.48E-06      3.1981  -0.6161939  3.8075E-08    625.0111   0.0286166     

139511. 

 280.800 -1.19E-06  -0.5225770  -0.4271238  3.9623E-08    625.0018   0.0239029     

144695. 

 288.000 -9.06E-07     -3.0038  -0.2731557  3.7582E-08    625.0104   0.0188660     

149879. 

 295.200 -6.48E-07     -4.5047  -0.1549804  3.3237E-08    625.0156   0.0139605     

155063. 

 302.400 -4.28E-07     -5.2786  -0.0704549  2.7575E-08    625.0183   0.0095188     

160247. 

 309.600 -2.51E-07     -5.5550  -0.0154140  2.1306E-08    625.0193   0.0057703     

165431. 

 316.800 -1.21E-07     -5.5282   0.0156712  1.4892E-08    625.0192   0.0028645     

170615. 

 324.000 -3.67E-08     -5.3486   0.1498058  8.5976E-09    625.0186   0.0343951    

6748920. 

 331.200  2.92E-09     -3.3821   0.2637659  3.5451E-09    625.0117  -0.0027395    

6748920. 

 338.400  1.44E-08     -1.5550   0.2054626  6.8796E-10    625.0054  -0.0134558    

6748920. 

 345.600  1.28E-08  -0.4243216   0.1137298 -4.5749E-10    625.0015  -0.0120255    

6748920. 

 352.800  7.77E-09   0.0832879   0.0442275 -6.5485E-10    625.0003  -0.0072807    

6748920. 

 360.000  3.40E-09   0.2134037   0.0065457 -4.8315E-10    625.0007  -0.0031865    

6748920. 

 367.200  8.10E-10   0.1781728  -0.0076587 -2.5654E-10    625.0006  -0.0007592    

6748920. 

 374.400 -2.95E-10   0.1034514  -0.0093970 -9.3567E-11    625.0004   0.0002763    

6748920. 



 381.600 -5.37E-10   0.0429769  -0.0065888 -8.8285E-12    625.0001   0.0005038    

6748920. 

 388.800 -4.22E-10   0.0085849  -0.0033515  2.1010E-11    625.0000   0.0003955    

6748920. 

 396.000 -2.35E-10  -0.0053116  -0.0011352  2.2905E-11    625.0000   0.0002202    

6748920. 

 403.200 -9.21E-11  -0.0077910 -3.1815E-05  1.5322E-11    625.0000  8.6323E-05    

6748920. 

 410.400 -1.42E-11  -0.0057896   0.0003270  7.4631E-12    625.0000  1.3343E-05    

6748920. 

 417.600  1.54E-11  -0.0030921   0.0003231  2.3232E-12    625.0000 -1.4412E-05    

6748920. 

 424.800  1.92E-11  -0.0011395   0.0002064 -1.2570E-13    625.0000 -1.8015E-05    

6748920. 

 432.000  1.36E-11  -0.0001199  9.5765E-05 -8.5452E-13    625.0000 -1.2716E-05    

6748920. 

 439.200  6.91E-12   0.0002406  2.6658E-05 -7.8466E-13    625.0000 -6.4804E-06    

6748920. 

 446.400  2.27E-12   0.0002650 -4.3200E-06 -4.9206E-13    625.0000 -2.1246E-06    

6748920. 

 453.600 -1.72E-13   0.0001790 -1.1388E-05 -2.3509E-13    625.0000  1.6130E-07    

6748920. 

 460.800 -1.12E-12   0.0001013 -9.3610E-06 -7.2843E-14    625.0000  4.0171E-07    

2585430. 

 468.000 -1.22E-12  4.4341E-05 -6.3364E-06  1.1451E-14    625.0000  4.3845E-07    

2585430. 

 475.200 -9.54E-13  1.0060E-05 -3.5249E-06  4.2934E-14    625.0000  3.4250E-07    

2585430. 

 482.400 -6.03E-13 -6.4734E-06 -1.5127E-06  4.5010E-14    625.0000  2.1645E-07    

2585430. 

 489.600 -3.06E-13 -1.1782E-05 -3.3839E-07  3.4445E-14    625.0000  1.0976E-07    

2585430. 

 496.800 -1.07E-13 -1.1391E-05  2.7470E-07  2.1035E-14    625.0000  6.0540E-08    

4083142. 

 504.000 -2.76E-15 -7.8531E-06  4.9828E-07  9.8990E-15    625.0000  1.5649E-09    

4083142. 

 511.200  3.58E-14 -4.2283E-06  4.3084E-07  2.9075E-15    625.0000 -2.0298E-08    

4083142. 

 518.400  3.91E-14 -1.6527E-06  2.7793E-07 -4.9587E-16    625.0000 -2.2178E-08    

4083142. 

 525.600  2.87E-14 -2.2551E-07  1.3959E-07 -1.5828E-15    625.0000 -1.6249E-08    

4083142. 

 532.800  1.63E-14  3.5950E-07  4.7786E-08 -1.5052E-15    625.0000 -9.2530E-09    

4083142. 

 540.000  6.98E-15  4.6456E-07  2.3239E-10 -1.0283E-15    625.0000 -3.9564E-09    

4083142. 

 547.200  1.51E-15  3.6418E-07 -1.7089E-08 -5.4875E-16    625.0000 -8.5525E-10    

4083142. 

 554.400 -9.25E-16  2.1919E-07 -1.8279E-08 -2.1115E-16    625.0000  5.2483E-10    

4083142. 

 561.600 -1.53E-15  1.0124E-07 -1.3261E-08 -2.5718E-17    625.0000  8.6905E-10    

4083142. 

 568.800 -1.30E-15  2.8263E-08 -7.4869E-09  4.9224E-17    625.0000  7.3485E-10    

4083142. 

 576.000 -8.24E-16 -6.6387E-09 -3.1600E-09  6.1738E-17    625.0000  4.6708E-10    

4083142. 



 583.200 -4.07E-16 -1.7322E-08 -6.4810E-10  4.7872E-17    625.0000  2.3068E-10    

4083142. 

 590.400 -1.34E-16 -1.6033E-08  4.5645E-10  2.8569E-17    625.0000  7.6140E-11    

4083142. 

 597.600  4.63E-18 -1.0786E-08  7.2110E-10  1.3049E-17    625.0000 -2.6262E-12    

4083142. 

 604.800  5.36E-17 -5.6665E-09  6.0213E-10  3.5277E-18    625.0000 -3.0420E-11    

4083142. 

 612.000  5.54E-17 -2.1198E-09  3.7946E-10 -9.7829E-19    625.0000 -3.1434E-11    

4083142. 

 619.200  3.96E-17 -2.0109E-10  1.8554E-10 -2.3214E-18    625.0000 -2.2431E-11    

4083142. 

 626.400  2.20E-17  5.5498E-10  5.9873E-11 -2.1166E-18    625.0000 -1.2477E-11    

4083142. 

 633.600  9.07E-18  6.6383E-10 -3.5696E-12 -1.4113E-18    625.0000 -5.1460E-12    

4083142. 

 640.800  1.68E-18  5.0541E-10 -2.5522E-11 -7.3465E-19    625.0000 -9.5205E-13    

4083142. 

 648.000 -1.50E-18  2.9725E-10 -2.5878E-11 -2.7014E-19    625.0000  8.5337E-13    

4083142. 

 655.200 -2.21E-18  1.3312E-10 -1.8291E-11 -2.1085E-20    625.0000  1.2540E-12    

4083142. 

 662.400 -1.81E-18  3.3888E-11 -1.0085E-11  7.5562E-20    625.0000  1.0256E-12    

4083142. 

 669.600 -1.12E-18 -1.2202E-11 -4.0998E-12  8.8112E-20    625.0000  6.3694E-13    

4083142. 

 676.800 -5.40E-19 -2.5264E-11 -7.0522E-13  6.6430E-20    625.0000  3.0600E-13    

4083142. 

 684.000 -1.67E-19 -2.2443E-11  7.3644E-13  3.8822E-20    625.0000  9.4458E-14    

4083142. 

 691.200  1.94E-20 -1.4709E-11  1.0368E-12  1.7321E-20    625.0000 -1.1025E-14    

4083142. 

 698.400  8.29E-20 -7.5359E-12  8.2793E-13  4.4479E-21    625.0000 -4.6993E-14    

4083142. 

 705.600  8.35E-20 -2.7929E-12  4.8831E-13 -1.5294E-21    625.0000 -4.7348E-14    

4083142. 

 712.800  6.08E-20 -5.0230E-13  1.9364E-13 -3.4363E-21    625.0000 -3.4504E-14    

4083142. 

 720.000  3.40E-20      0.0000      0.0000 -3.7270E-21    625.0000 -1.9286E-14    

2041571. 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  2: 

 

Pile-head deflection             =     0.02790954 in 

Computed slope at pile head      =   9.637353E-19 

Maximum bending moment           =  -226784.65549 lbs-in 

Maximum shear force              =    10000.00000 lbs 

Depth of maximum bending moment  =        0.00000 in 

Depth of maximum shear force     =        0.00000 in 

Number of iterations             =             17 

Number of zero deflection points =             12 

 



 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  3 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Shear and Slope (BC Type 2) 

Specified shear force at pile head  =       15000.000 lbs 

Specified slope at pile head        =       0.000E+00 in/in 

Specified axial load at pile head   =       90000.000 lbs 

 

(Zero slope for this load indicates fixed-head conditions) 

 

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     

Es*h    

    X        y          M           V           S        Stress          p          

F/L    

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      

lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- -

---------- 

   0.000  0.065237    -401265.  15000.0000  7.7099E-18   2018.2828   -200.9581  

11089.5403 

   7.200  0.063565    -298324.  13512.5504  -0.0004049   1660.8466   -212.2223  

24038.3386 

  14.400  0.059407    -206160.  11952.8876  -0.0006968   1340.8334   -221.0173  

26786.7443 

  21.600  0.053531    -125299.  10338.6790  -0.0008886   1060.0666   -227.3739  

30582.0194 

  28.800  0.046611 -56131.4041   8687.5676  -0.0009936    819.9007   -231.2681  

35723.9197 

  36.000  0.039223   1089.5238   7017.4961  -0.0010255    628.7831   -232.6406  

42704.6578 

  43.200  0.031844  46249.5438   5346.9382  -0.0009981    785.5887   -231.4032  

52320.1805 

  50.400  0.024851  79378.9337   3695.1292  -0.0009254    900.6213   -227.4326  

65893.3998 

  57.600  0.018519     100659.   2337.8901  -0.0008212    974.5093   -149.5783  

58154.3278 

  64.800  0.013026     114109.   1400.3920  -0.0006969   1021.2111   -110.8379  

61264.7278 

  72.000  0.008484     121728.    291.7489  -0.0005604   1047.6649   -197.1185     

167290. 

  79.200  0.004956     119036.  -1062.2174  -0.0004211   1038.3204   -178.9832     

260024. 

  86.400  0.002420     106977.  -2259.6613  -0.0002903    996.4489   -153.6401     

457075. 

  93.600  0.000776  86873.3728  -3229.1016  -0.0001781    926.6437   -115.6489    

1073233. 

 100.800 -0.000145  60709.0575  -3458.5890 -9.2700E-05    835.7953     51.9024    

2585430. 

 108.000 -0.000559  37189.8300  -2888.4155 -3.6045E-05    754.1314    106.4791    

1371407. 

 115.200 -0.000664  19162.5885  -2104.8521 -3.4341E-06    691.5368    111.1774    

1206276. 



 122.400 -0.000608   6884.4109  -1312.8523  1.1639E-05    648.9042    108.8225    

1287683. 

 129.600 -0.000496    242.4305   -548.7363  1.5764E-05    625.8418    103.4319    

1501475. 

 136.800 -0.000381  -1037.8219   -141.5717  1.5303E-05    628.6035      9.6694     

182500. 

 144.000 -0.000276  -1816.0355    -75.5166  1.3652E-05    631.3057      8.6793     

226732. 

 151.200 -0.000185  -2142.9538    -21.3197  1.1361E-05    632.4408      6.3754     

248274. 

 158.400 -0.000112  -2137.7632     15.5375  8.8836E-06    632.4228      3.8627     

248274. 

 165.600 -5.70E-05  -1930.7266     36.5147  6.5291E-06    631.7039      1.9643     

248274. 

 172.800 -1.80E-05  -1620.4135     45.8205  4.4741E-06    630.6264   0.6206697     

248274. 

 180.000  7.46E-06  -1276.7095     47.1286  2.7975E-06    629.4330  -0.2573132     

248274. 

 187.200  2.23E-05   -945.3871     43.4359  1.5116E-06    628.2826  -0.7684279     

248274. 

 194.400  2.92E-05   -653.1909     37.0412  5.8647E-07    627.2680     -1.0079     

248274. 

 201.600  3.07E-05   -412.7534     29.5982 -3.0398E-08    626.4332     -1.0596     

248274. 

 208.800  2.88E-05   -226.9380     22.2094 -4.0059E-07    625.7880  -0.9927871     

248274. 

 216.000  2.50E-05    -92.4184     15.5368 -5.8540E-07    625.3209  -0.8607250     

248274. 

 223.200  2.04E-05     -2.4495      9.9106 -6.4030E-07    625.0085  -0.7021060     

248274. 

 230.400  1.57E-05     51.1240      5.4290 -6.1214E-07    625.1775  -0.5427832     

248274. 

 237.600  1.15E-05     76.5213      2.0416 -5.3827E-07    625.2657  -0.3981511     

248274. 

 244.800  7.99E-06     81.2211   0.1337973 -4.4698E-07    625.2820  -0.1318032     

118775. 

 252.000  5.11E-06     79.0273  -0.6574050 -3.5424E-07    625.2744  -0.0879752     

123959. 

 259.200  2.89E-06     72.2136     -1.1606 -2.6672E-07    625.2507  -0.0518124     

129143. 

 266.400  1.27E-06     62.6597     -1.4324 -1.8867E-07    625.2176  -0.0236781     

134327. 

 273.600  1.72E-07     51.8314     -1.5296 -1.2241E-07    625.1800  -0.0033295     

139511. 

 280.800 -4.94E-07     40.7917     -1.5059 -6.8811E-08    625.1416   0.0099191     

144695. 

 288.000 -8.19E-07     30.2355     -1.4088 -2.7707E-08    625.1050   0.0170497     

149879. 

 295.200 -8.93E-07     20.5405     -1.2782  1.6770E-09    625.0713   0.0192226     

155063. 

 302.400 -7.95E-07     11.8266     -1.1454  2.0408E-08    625.0411   0.0176916     

160247. 

 309.600 -5.99E-07      4.0210     -1.0321  2.9579E-08    625.0140   0.0137556     

165431. 

 316.800 -3.69E-07     -3.0746  -0.9511468  3.0127E-08    625.0107   0.0087430     

170615. 



 324.000 -1.65E-07     -9.7146  -0.3633705  2.2726E-08    625.0337   0.1545282    

6748920. 

 331.200 -4.17E-08     -8.3365   0.3336751  1.2279E-08    625.0289   0.0390956    

6748920. 

 338.400  1.20E-08     -4.9256   0.4340345  4.6046E-09    625.0171  -0.0112180    

6748920. 

 345.600  2.46E-08     -2.0924   0.3106443  5.4331E-10    625.0073  -0.0230570    

6748920. 

 352.800  1.98E-08  -0.4529790   0.1608532 -9.2971E-10    625.0016  -0.0185516    

6748920. 

 360.000  1.12E-08   0.2250788   0.0562390 -1.0616E-09    625.0008  -0.0105079    

6748920. 

 367.200  4.50E-09   0.3582387   0.0032103 -7.2403E-10    625.0012  -0.0042223    

6748920. 

 374.400  7.84E-10   0.2722452  -0.0146361 -3.5917E-10    625.0009  -0.0007350    

6748920. 

 381.600 -6.68E-10   0.1479438  -0.0150298 -1.1600E-10    625.0005   0.0006257    

6748920. 

 388.800 -8.86E-10   0.0559670  -0.0097865  2.0004E-12    625.0002   0.0008308    

6748920. 

 396.000 -6.39E-10   0.0070154  -0.0046405  3.8448E-11    625.0000   0.0005987    

6748920. 

 403.200 -3.33E-10  -0.0109057  -0.0013627  3.6197E-11    625.0000   0.0003118    

6748920. 

 410.400 -1.17E-10  -0.0126548   0.0001561  2.2563E-11    625.0000   0.0001101    

6748920. 

 417.600 -7.74E-12  -0.0086868   0.0005786  1.0212E-11    625.0000  7.2528E-06    

6748920. 

 424.800  2.96E-11  -0.0043363   0.0005048  2.6757E-12    625.0000 -2.7741E-05    

6748920. 

 432.000  3.08E-11  -0.0014206   0.0003011 -6.5589E-13    625.0000 -2.8863E-05    

6748920. 

 439.200  2.02E-11 -1.5705E-07   0.0001292 -1.4781E-12    625.0000 -1.8888E-05    

6748920. 

 446.400  9.51E-12   0.0004412  2.9080E-05 -1.2229E-12    625.0000 -8.9118E-06    

6748920. 

 453.600  2.54E-12   0.0004202 -1.1577E-05 -7.2443E-13    625.0000 -2.3816E-06    

6748920. 

 460.800 -9.24E-13   0.0002754 -1.8955E-05 -3.2189E-13    625.0000  3.3192E-07    

2585430. 

 468.000 -2.09E-12   0.0001476 -1.5053E-05 -7.7080E-14    625.0000  7.5210E-07    

2585430. 

 475.200 -2.03E-12  5.8742E-05 -9.7156E-06  4.2351E-14    625.0000  7.3049E-07    

2585430. 

 482.400 -1.48E-12  7.6750E-06 -5.1666E-06  8.0787E-14    625.0000  5.3311E-07    

2585430. 

 489.600 -8.71E-13 -1.5761E-05 -2.1215E-06  7.6107E-14    625.0000  3.1276E-07    

2585430. 

 496.800 -3.89E-13 -2.2973E-05 -2.0202E-07  5.3691E-14    625.0000  2.2042E-07    

4083142. 

 504.000 -9.78E-14 -1.8740E-05  7.9122E-07  2.9552E-14    625.0000  5.5477E-08    

4083142. 

 511.200  3.69E-14 -1.1618E-05  9.1568E-07  1.1984E-14    625.0000 -2.0905E-08    

4083142. 

 518.400  7.47E-14 -5.5699E-06  6.8784E-07  2.0372E-15    625.0000 -4.2384E-08    

4083142. 



 525.600  6.62E-14 -1.7152E-06  4.0012E-07 -2.1788E-15    625.0000 -3.7541E-08    

4083142. 

 532.800  4.34E-14  1.9461E-07  1.7644E-07 -3.0587E-15    625.0000 -2.4591E-08    

4083142. 

 540.000  2.22E-14  8.2949E-07  4.2688E-08 -2.4661E-15    625.0000 -1.2562E-08    

4083142. 

 547.200  7.85E-15  8.1252E-07 -1.8564E-08 -1.5159E-15    625.0000 -4.4526E-09    

4083142. 

 554.400  3.23E-16  5.6413E-07 -3.5252E-08 -7.1919E-16    625.0000 -1.8299E-10    

4083142. 

 561.600 -2.50E-15  3.0583E-07 -3.0797E-08 -2.1574E-16    625.0000  1.4206E-09    

4083142. 

 568.800 -2.78E-15  1.2094E-07 -1.9999E-08  3.1229E-17    625.0000  1.5788E-09    

4083142. 

 576.000 -2.06E-15  1.7805E-08 -1.0119E-08  1.1152E-16    625.0000  1.1655E-09    

4083142. 

 583.200 -1.18E-15 -2.4920E-08 -3.5179E-09  1.0740E-16    625.0000  6.6812E-10    

4083142. 

 590.400 -5.09E-16 -3.2992E-08 -7.4163E-11  7.3888E-17    625.0000  2.8847E-10    

4083142. 

 597.600 -1.14E-16 -2.6084E-08  1.1973E-09  3.9701E-17    625.0000  6.4727E-11    

4083142. 

 604.800  6.30E-17 -1.5802E-08  1.3017E-09  1.5462E-17    625.0000 -3.5744E-11    

4083142. 

 612.000  1.09E-16 -7.3601E-09  9.5146E-10  2.0580E-18    625.0000 -6.1538E-11    

4083142. 

 619.200  9.27E-17 -2.1032E-09  5.4074E-10 -3.4184E-18    625.0000 -5.2550E-11    

4083142. 

 626.400  5.93E-17  4.3100E-10  2.3052E-10 -4.3861E-18    625.0000 -3.3622E-11    

4083142. 

 633.600  2.95E-17  1.2219E-09  4.9245E-11 -3.4296E-18    625.0000 -1.6731E-11    

4083142. 

 640.800  9.90E-18  1.1446E-09 -3.1203E-11 -2.0601E-18    625.0000 -5.6153E-12    

4083142. 

 648.000 -1.62E-19  7.7526E-10 -5.1088E-11 -9.4908E-19    625.0000  9.1838E-14    

4083142. 

 655.200 -3.77E-18  4.1014E-10 -4.3071E-11 -2.6308E-19    625.0000  2.1352E-12    

4083142. 

 662.400 -3.95E-18  1.5539E-10 -2.7319E-11  6.4192E-20    625.0000  2.2402E-12    

4083142. 

 669.600 -2.84E-18  1.6657E-11 -1.3455E-11  1.6375E-19    625.0000  1.6109E-12    

4083142. 

 676.800 -1.59E-18 -3.8576E-11 -4.4049E-12  1.5107E-19    625.0000  9.0296E-13    

4083142. 

 684.000 -6.65E-19 -4.6970E-11  2.0387E-13  1.0156E-19    625.0000  3.7727E-13    

4083142. 

 691.200 -1.30E-19 -3.5772E-11  1.8268E-12  5.3681E-20    625.0000  7.3556E-14    

4083142. 

 698.400  1.08E-19 -2.0733E-11  1.8717E-12  2.0981E-20    625.0000 -6.1103E-14    

4083142. 

 705.600  1.72E-19 -8.8470E-12  1.2997E-12  3.8626E-21    625.0000 -9.7780E-14    

4083142. 

 712.800  1.63E-19 -2.0229E-12  6.1416E-13 -2.4279E-21    625.0000 -9.2646E-14    

4083142. 

 720.000  1.37E-19      0.0000      0.0000 -3.5985E-21    625.0000 -7.7953E-14    

2041571. 

 



Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  3: 

 

Pile-head deflection             =     0.06523709 in 

Computed slope at pile head      =   7.709882E-18 

Maximum bending moment           =  -401265.44792 lbs-in 

Maximum shear force              =    15000.00000 lbs 

Depth of maximum bending moment  =        0.00000 in 

Depth of maximum shear force     =        0.00000 in 

Number of iterations             =             19 

Number of zero deflection points =             12 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  4 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Shear and Slope (BC Type 2) 

Specified shear force at pile head  =       20000.000 lbs 

Specified slope at pile head        =       0.000E+00 in/in 

Specified axial load at pile head   =       90000.000 lbs 

 

(Zero slope for this load indicates fixed-head conditions) 

 

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     

Es*h    

    X        y          M           V           S        Stress          p          

F/L    

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      

lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- -

---------- 

   0.000  0.115778    -597240.  20000.0000 -2.8912E-18   2698.7508   -231.9400   

7211.9160 

   7.200  0.113290    -459028.  18282.2956  -0.0006113   2218.8478   -245.2001  

15583.3916 

  14.400  0.106976    -333183.  16477.9020  -0.0010697   1781.8853   -256.0204  

17231.3783 

  21.600  0.097886    -220360.  14604.4041  -0.0013901   1390.1389   -264.3957  

19447.6379 

  28.800  0.086959    -121078.  12679.5862  -0.0015877   1045.4099   -270.2759  

22378.1275 

  36.000  0.075024 -35716.3680  10721.7066  -0.0016784    749.0152   -273.5796  

26255.3357 

  43.200  0.062791  35489.7262   8749.6980  -0.0016785    748.2282   -274.2006  

31441.7633 

  50.400  0.050853  92454.6445   6783.3515  -0.0016045    946.0231   -272.0068  

38511.9284 

  57.600  0.039686     135249.   4854.2666  -0.0014727   1094.6159   -263.8502  

47868.7662 



  64.800  0.029646     164265.   3034.4940  -0.0012994   1195.3636   -241.6422  

58686.4366 

  72.000  0.020975     180630.   1274.7708  -0.0010998   1252.1878   -247.1698  

84844.7860 

  79.200  0.013809     184047.   -447.5184  -0.0008887   1264.0511   -231.2439     

120568. 

  86.400  0.008177     175338.  -2029.9137  -0.0006808   1233.8112   -208.3104     

183418. 

  93.600  0.004006     155698.  -3407.4967  -0.0004892   1165.6189   -174.3516     

313347. 

 100.800  0.001133     126904.  -4493.7751  -0.0003257   1065.6378   -127.3924     

809734. 

 108.000 -0.000683  91409.9235  -4551.1329  -0.0001993    942.3956    111.4597    

1174677. 

 115.200 -0.001737  61625.6774  -3641.7499  -0.0001108    838.9780    141.1467     

584947. 

 122.400 -0.002278  39112.2575  -2589.6131 -5.2453E-05    760.8064    151.1135     

477625. 

 129.600 -0.002493  24403.2270  -1489.0892 -1.5696E-05    709.7334    154.5876     

446522. 

 136.800 -0.002504  17689.7150   -867.5124  8.6634E-06    686.4226     18.0726  

51966.0594 

 144.000 -0.002368  11899.8207   -738.5856  2.5787E-05    666.3188     17.7404  

53942.3097 

 151.200 -0.002133   7020.6632   -613.0408  3.6736E-05    649.3773     17.1332  

57842.4846 

 158.400 -0.001839   3024.4228   -492.6528  4.2549E-05    635.5015     16.3080  

63851.5402 

 165.600 -0.001520   -128.6808   -378.8457  4.4225E-05    625.4468     15.3051  

72500.0273 

 172.800 -0.001202  -2488.2713   -272.7928  4.2711E-05    633.6398     14.1540  

84778.0889 

 180.000 -0.000905  -4112.2497   -175.4841  3.8891E-05    639.2786     12.8761     

102449. 

 187.200 -0.000642  -5065.6457    -87.7857  3.3580E-05    642.5890     11.4846     

128791. 

 194.400 -0.000421  -5419.8833    -10.5106  2.7512E-05    643.8190      9.9808     

170542. 

 201.600 -0.000246  -5252.6531     55.4467  2.1335E-05    643.2384      8.3407     

244246. 

 208.800 -0.000114  -4649.1022     99.6423  1.5605E-05    641.1427      3.9359     

248274. 

 216.000 -2.12E-05  -3838.0283    116.4376  1.0694E-05    638.3265   0.7294627     

248274. 

 223.200  3.98E-05  -2986.2605    114.1169  6.7445E-06    635.3690     -1.3741     

248274. 

 230.400  7.60E-05  -2203.4855     99.7400  3.7412E-06    632.6510     -2.6195     

248274. 

 237.600  9.37E-05  -1554.8534     78.6754  1.5662E-06    630.3988     -3.2318     

248274. 

 244.800  9.85E-05  -1072.5897     61.1902  4.5707E-08    628.7243     -1.6252     

118775. 

 252.000  9.44E-05   -673.7737     49.4898 -9.6492E-07    627.3395     -1.6249     

123959. 

 259.200  8.46E-05   -358.6866     38.1758 -1.5624E-06    626.2454     -1.5179     

129143. 



 266.400  7.19E-05   -122.0172     27.8837 -1.8406E-06    625.4237     -1.3411     

134327. 

 273.600  5.81E-05     45.2237     19.0017 -1.8850E-06    625.1570     -1.1262     

139511. 

 280.800  4.47E-05    154.0499     11.7109 -1.7697E-06    625.5349  -0.8990502     

144695. 

 288.000  3.26E-05    216.1538      6.0285 -1.5555E-06    625.7505  -0.6793797     

149879. 

 295.200  2.23E-05    242.8766      1.8509 -1.2898E-06    625.8433  -0.4810783     

155063. 

 302.400  1.41E-05    244.4781     -1.0078 -1.0078E-06    625.8489  -0.3129932     

160247. 

 309.600  7.83E-06    229.6707     -2.7818 -7.3341E-07    625.7975  -0.1798028     

165431. 

 316.800  3.50E-06    205.3701     -3.7279 -4.8165E-07    625.7131  -0.0829837     

170615. 

 324.000  8.90E-07    176.6135     -7.0292 -2.6059E-07    625.6132  -0.8340398    

6748920. 

 331.200 -2.51E-07    104.4879     -9.1861 -9.7918E-08    625.3628   0.2348922    

6748920. 

 338.400 -5.20E-07     44.4607     -6.5850 -1.1721E-08    625.1544   0.4876433    

6748920. 

 345.600 -4.19E-07      9.6796     -3.4143  1.9610E-08    625.0336   0.3931009    

6748920. 

 352.800 -2.38E-07     -4.7305     -1.1965  2.2474E-08    625.0164   0.2229491    

6748920. 

 360.000 -9.57E-08     -7.5792  -0.0707961  1.5351E-08    625.0263   0.0897481    

6748920. 

 367.200 -1.68E-08     -5.7698   0.3089984  7.6254E-09    625.0200   0.0157504    

6748920. 

 374.400  1.41E-08     -3.1396   0.3182599  2.4695E-09    625.0109  -0.0131778    

6748920. 

 381.600  1.88E-08     -1.1901   0.2075243 -3.6100E-11    625.0041  -0.0175821    

6748920. 

 388.800  1.35E-08  -0.1511570   0.0985429 -8.1228E-10    625.0005  -0.0126905    

6748920. 

 396.000  7.06E-09   0.2299974   0.0290318 -7.6665E-10    625.0008  -0.0066181    

6748920. 

 403.200  2.50E-09   0.2678946  -0.0032261 -4.7852E-10    625.0009  -0.0023424    

6748920. 

 410.400  1.70E-10   0.1841623  -0.0122317 -2.1691E-10    625.0006  -0.0001592    

6748920. 

 417.600 -6.25E-10   0.0920397  -0.0106971 -5.7072E-11    625.0003   0.0005855    

6748920. 

 424.800 -6.52E-10   0.0301983  -0.0063892  1.3668E-11    625.0001   0.0006112    

6748920. 

 432.000 -4.28E-10  1.6921E-05  -0.0027455  3.1153E-11    625.0000   0.0004010    

6748920. 

 439.200 -2.03E-10  -0.0093779  -0.0006157  2.5736E-11    625.0000   0.0001907    

6748920. 

 446.400 -5.72E-11  -0.0088819   0.0002637  1.5169E-11    625.0000  5.3595E-05    

6748920. 

 453.600  1.50E-11  -0.0056008   0.0004059  6.7879E-12    625.0000 -1.4091E-05    

6748920. 

 460.800  4.06E-11  -0.0030461   0.0003027  1.7839E-12    625.0000 -1.4568E-05    

2585430. 



 468.000  4.07E-11  -0.0012443   0.0001976 -6.9890E-13    625.0000 -1.4623E-05    

2585430. 

 475.200  3.05E-11  -0.0001996   0.0001055 -1.5344E-12    625.0000 -1.0954E-05    

2585430. 

 482.400  1.86E-11   0.0002774  4.2023E-05 -1.4894E-12    625.0000 -6.6883E-06    

2585430. 

 489.600  9.06E-12   0.0004075  6.2352E-06 -1.0930E-12    625.0000 -3.2527E-06    

2585430. 

 496.800  2.89E-12   0.0003686 -1.1368E-05 -6.4385E-13    625.0000 -1.6370E-06    

4083142. 

 504.000 -2.13E-13   0.0002446 -1.6826E-05 -2.8894E-13    625.0000  1.2082E-07    

4083142. 

 511.200 -1.27E-12   0.0001267 -1.3790E-05 -7.4039E-14    625.0000  7.2255E-07    

4083142. 

 518.400 -1.28E-12  4.6155E-05 -8.5774E-06  2.6001E-14    625.0000  7.2545E-07    

4083142. 

 525.600 -9.00E-13  3.1674E-06 -4.1290E-06  5.4545E-14    625.0000  5.1022E-07    

4083142. 

 532.800 -4.94E-13 -1.3373E-05 -1.2841E-06  4.8639E-14    625.0000  2.8002E-07    

4083142. 

 540.000 -1.99E-13 -1.5387E-05  1.3084E-07  3.1995E-14    625.0000  1.1302E-07    

4083142. 

 547.200 -3.30E-14 -1.1530E-05  6.0518E-07  1.6418E-14    625.0000  1.8739E-08    

4083142. 

 554.400  3.71E-14 -6.6935E-06  5.9685E-07  5.8720E-15    625.0000 -2.1054E-08    

4083142. 

 561.600  5.15E-14 -2.9432E-06  4.1589E-07  2.9525E-16    625.0000 -2.9214E-08    

4083142. 

 568.800  4.14E-14 -7.0512E-07  2.2624E-07 -1.8160E-15    625.0000 -2.3465E-08    

4083142. 

 576.000  2.54E-14  3.1708E-07  8.9991E-08 -2.0406E-15    625.0000 -1.4383E-08    

4083142. 

 583.200  1.20E-14  5.9340E-07  1.3729E-08 -1.5137E-15    625.0000 -6.8005E-09    

4083142. 

 590.400  3.57E-15  5.1674E-07 -1.8032E-08 -8.7127E-16    625.0000 -2.0220E-09    

4083142. 

 597.600 -5.55E-16  3.3487E-07 -2.4179E-08 -3.7843E-16    625.0000  3.1447E-10    

4083142. 

 604.800 -1.88E-15  1.6905E-07 -1.9201E-08 -8.6811E-17    625.0000  1.0684E-09    

4083142. 

 612.000 -1.80E-15  5.8494E-08 -1.1670E-08  4.4871E-17    625.0000  1.0234E-09    

4083142. 

 619.200 -1.24E-15  9.4418E-10 -5.4589E-09  7.9268E-17    625.0000  7.0197E-10    

4083142. 

 626.400 -6.63E-16 -2.0217E-08 -1.5779E-09  6.8115E-17    625.0000  3.7607E-10    

4083142. 

 633.600 -2.57E-16 -2.1866E-08  3.0050E-10  4.3762E-17    625.0000  1.4572E-10    

4083142. 

 640.800 -3.30E-17 -1.5946E-08  8.9241E-10  2.1880E-17    625.0000  1.8701E-11    

4083142. 

 648.000  5.81E-17 -9.0440E-09  8.4110E-10  7.4178E-18    625.0000 -3.2957E-11    

4083142. 

 655.200  7.38E-17 -3.8438E-09  5.7170E-10 -4.0451E-20    625.0000 -4.1874E-11    

4083142. 

 662.400  5.75E-17 -8.1146E-10  3.0350E-10 -2.7345E-18    625.0000 -3.2627E-11    

4083142. 



 669.600  3.45E-17  5.3013E-10  1.1569E-10 -2.8973E-18    625.0000 -1.9544E-11    

4083142. 

 676.800  1.58E-17  8.5817E-10  1.3048E-11 -2.0939E-18    625.0000 -8.9666E-12    

4083142. 

 684.000  4.31E-18  7.2074E-10 -2.8033E-11 -1.1801E-18    625.0000 -2.4449E-12    

4083142. 

 691.200 -1.18E-18  4.5603E-10 -3.4420E-11 -4.9913E-19    625.0000  6.7073E-13    

4083142. 

 698.400 -2.88E-18  2.2574E-10 -2.6133E-11 -1.0459E-19    625.0000  1.6312E-12    

4083142. 

 705.600 -2.69E-18  7.9852E-11 -1.4771E-11  7.2263E-20    625.0000  1.5248E-12    

4083142. 

 712.800 -1.84E-18  1.2946E-11 -5.5340E-12  1.2597E-19    625.0000  1.0411E-12    

4083142. 

 720.000 -8.75E-19      0.0000      0.0000  1.3346E-19    625.0000  4.9614E-13    

2041571. 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  4: 

 

Pile-head deflection             =     0.11577839 in 

Computed slope at pile head      =  -2.891206E-18 

Maximum bending moment           =  -597240.23403 lbs-in 

Maximum shear force              =    20000.00000 lbs 

Depth of maximum bending moment  =        0.00000 in 

Depth of maximum shear force     =        0.00000 in 

Number of iterations             =             22 

Number of zero deflection points =             12 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  5 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Shear and Slope (BC Type 2) 

Specified shear force at pile head  =       25000.000 lbs 

Specified slope at pile head        =       0.000E+00 in/in 

Specified axial load at pile head   =       90000.000 lbs 

 

(Zero slope for this load indicates fixed-head conditions) 

 

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     

Es*h    

    X        y          M           V           S        Stress          p          

F/L    

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      

lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- -

---------- 



   0.000  0.180991    -812253.  25000.0000  1.9275E-18   3445.3228   -259.3436   

5158.4837 

   7.200  0.177606    -638671.  23078.6466  -0.0008397   2842.6061   -274.3657  

11122.5483 

  14.400  0.168900    -478832.  21057.8019  -0.0014864   2287.6120   -286.9800  

12233.6425 

  21.600  0.156203    -333512.  18954.9053  -0.0019565   1783.0274   -297.1579  

13697.1910 

  28.800  0.140726    -203346.  16787.7395  -0.0022671   1331.0626   -304.8326  

15596.1783 

  36.000  0.123556 -88830.2114  14574.6636  -0.0024362    933.4382   -309.9107  

18059.5233 

  43.200  0.105645   9686.4692  12334.7870  -0.0024820    658.6336   -312.2772  

21282.6156 

  50.400  0.087814  92007.4327  10088.1234  -0.0024232    944.4703   -311.7960  

25564.4774 

  57.600  0.070751     158096.   7615.7310  -0.0022784   1173.9441   -374.9797  

38159.9690 

  64.800  0.055005     204627.   4999.1397  -0.0020685   1335.5098   -351.8513  

46056.4442 

  72.000  0.040964     232764.   2680.7253  -0.0018154   1433.2094   -292.1527  

51349.9107 

  79.200  0.028863     245582.    628.2385  -0.0015386   1477.7154   -277.9825  

69344.1715 

  86.400  0.018808     243805.  -1295.6750  -0.0012554   1471.5450   -256.4379  

98167.0380 

  93.600  0.010785     228551.  -3022.2153  -0.0009820   1418.5809   -223.1566     

148973. 

 100.800  0.004667     201558.  -4477.1658  -0.0007331   1324.8534   -180.9963     

279229. 

 108.000  0.000228     165030.  -5423.9822  -0.0005210   1198.0217    -82.0082    

2585430. 

 115.200 -0.002835     124128.  -5143.9599  -0.0003536   1055.9987    159.7922     

405816. 

 122.400 -0.004864  91415.5419  -3910.3256  -0.0002289    942.4151    182.8840     

270713. 

 129.600 -0.006131  68115.6007  -2554.3132  -0.0001366    861.5125    193.7861     

227564. 

 136.800 -0.006831  54810.4460  -1765.7036 -6.5447E-05    815.3140     25.2721  

26637.7125 

 144.000 -0.007074  42774.2882  -1582.6772 -8.9743E-06    773.5218     25.5686  

26025.0221 

 151.200 -0.006960  32031.5243  -1399.0770  3.4316E-05    736.2206     25.4315  

26308.0318 

 158.400 -0.006580  22583.1053  -1217.6680  6.5922E-05    703.4136     24.9599  

27313.5485 

 165.600 -0.006011  14411.6706  -1040.6216  8.7331E-05    675.0405     24.2196  

29011.1905 

 172.800 -0.005322   7484.9736   -869.7040   0.0001000    650.9895     23.2575  

31464.4231 

 180.000 -0.004571   1758.3299   -706.3878   0.0001054    631.1053     22.1081  

34825.1052 

 187.200 -0.003805  -2823.5472   -551.9252   0.0001047    634.8040     20.7982  

39355.8636 

 194.400 -0.003063  -6325.1304   -407.3998  9.9441E-05    646.9623     19.3478  

45485.4448 



 201.600 -0.002373  -8818.9793   -273.7690  9.0677E-05    655.6215     17.7718  

53922.3407 

 208.800 -0.001757 -10384.9214   -151.9064  7.9563E-05    661.0588     16.0789  

65894.6647 

 216.000 -0.001227 -11109.5454    -42.6551  6.7125E-05    663.5748     14.2687  

83709.2541 

 223.200 -0.000790 -11086.1486     53.0787  5.4280E-05    663.4936     12.3240     

112282. 

 230.400 -0.000446 -10415.5593    134.1138  4.1837E-05    661.1651     10.1857     

164563. 

 237.600 -0.000188  -9209.1300    194.0981  3.0480E-05    656.9761      6.4766     

248274. 

 244.800 -6.74E-06  -7660.0479    217.8140  2.0718E-05    651.5974   0.1111628     

118775. 

 252.000  0.000111  -6099.4580    211.3648  1.2755E-05    646.1787     -1.9026     

123959. 

 259.200  0.000177  -4632.9251    193.0906  6.5440E-06    641.0865     -3.1735     

129143. 

 266.400  0.000205  -3327.4339    167.9145  1.9373E-06    636.5536     -3.8198     

134327. 

 273.600  0.000205  -2217.4669    139.8752 -1.2715E-06    632.6995     -3.9689     

139511. 

 280.800  0.000186  -1311.5837    112.0991 -3.3138E-06    629.5541     -3.7467     

144695. 

 288.000  0.000157   -598.9457     86.8371 -4.4194E-06    627.0797     -3.2705     

149879. 

 295.200  0.000123    -55.4016     65.5428 -4.7981E-06    625.1924     -2.6446     

155063. 

 302.400  8.80E-05    351.0884     48.9699 -4.6270E-06    626.2191     -1.9590     

160247. 

 309.600  5.62E-05    655.7611     37.2716 -4.0443E-06    627.2769     -1.2905     

165431. 

 316.800  2.98E-05    893.0407     30.0852 -3.1480E-06    628.1008  -0.7057008     

170615. 

 324.000  1.08E-05   1093.0671     -9.0215 -1.9986E-06    628.7954    -10.1573    

6748920. 

 331.200  1.00E-06    765.7208    -48.9635 -9.2295E-07    627.6588  -0.9377131    

6748920. 

 338.400 -2.45E-06    389.1891    -44.0571 -2.5460E-07    626.3514      2.3006    

6748920. 

 345.600 -2.67E-06    131.6290    -26.7789  4.6797E-08    625.4570      2.4989    

6748920. 

 352.800 -1.78E-06      3.5119    -11.7748  1.2500E-07    625.0122      1.6690    

6748920. 

 360.000 -8.66E-07    -38.0894     -2.8448  1.0499E-07    625.1323   0.8116003    

6748920. 

 367.200 -2.69E-07    -37.5887   0.9833857  6.1198E-08    625.1305   0.2517731    

6748920. 

 374.400  1.54E-08    -24.0079      1.8378  2.5552E-08    625.0834  -0.0144392    

6748920. 

 381.600  9.93E-08    -11.1577      1.4506  5.2012E-09    625.0387  -0.0931196    

6748920. 

 388.800  9.03E-08     -3.1264   0.8106250 -3.0650E-09    625.0109  -0.0846445    

6748920. 

 396.000  5.52E-08   0.5192881   0.3196103 -4.5738E-09    625.0018  -0.0517485    

6748920. 



 403.200  2.44E-08      1.4819   0.0508446 -3.4156E-09    625.0051  -0.0229087    

6748920. 

 410.400  6.02E-09      1.2559  -0.0519474 -1.8313E-09    625.0044  -0.0056446    

6748920. 

 417.600 -1.93E-09   0.7362620  -0.0657542 -6.7841E-10    625.0026   0.0018094    

6748920. 

 424.800 -3.75E-09   0.3098952  -0.0465958 -7.2990E-11    625.0011   0.0035124    

6748920. 

 432.000 -2.98E-09   0.0653766  -0.0238907  1.4418E-10    625.0002   0.0027946    

6748920. 

 439.200 -1.67E-09  -0.0343172  -0.0081916  1.6215E-10    625.0001   0.0015662    

6748920. 

 446.400 -6.46E-10  -0.0527919  -0.0003719  1.1174E-10    625.0002   0.0006059    

6748920. 

 453.600 -6.18E-11  -0.0398177   0.0020178  5.8151E-11    625.0001  5.7920E-05    

6748920. 

 460.800  1.91E-10  -0.0238111   0.0019794  2.1329E-11    625.0001 -6.8582E-05    

2585430. 

 468.000  2.45E-10  -0.0113418   0.0014154  9.8574E-13    625.0000 -8.8100E-05    

2585430. 

 475.200  2.05E-10  -0.0034311   0.0008330 -7.5634E-12    625.0000 -7.3679E-05    

2585430. 

 482.400  1.36E-10   0.0006626   0.0003913 -9.1656E-12    625.0000 -4.8990E-05    

2585430. 

 489.600  7.32E-11   0.0022162   0.0001204 -7.4996E-12    625.0000 -2.6285E-05    

2585430. 

 496.800  2.84E-11   0.0024055 -3.2320E-05 -4.8251E-12    625.0000 -1.6126E-05    

4083142. 

 504.000  3.72E-12   0.0017570 -9.7964E-05 -2.4162E-12    625.0000 -2.1084E-06    

4083142. 

 511.200 -6.36E-12   0.0009979 -9.2573E-05 -8.2195E-13    625.0000  3.6058E-06    

4083142. 

 518.400 -8.12E-12   0.0004250 -6.3019E-05  1.5097E-15    625.0000  4.6039E-06    

4083142. 

 525.600 -6.34E-12  9.0452E-05 -3.3508E-05  2.9981E-13    625.0000  3.5934E-06    

4083142. 

 532.800 -3.80E-12 -5.7894E-05 -1.2812E-05  3.1865E-13    625.0000  2.1555E-06    

4083142. 

 540.000 -1.75E-12 -9.4454E-05 -1.4837E-06  2.3049E-13    625.0000  9.9122E-07    

4083142. 

 547.200 -4.82E-13 -7.9559E-05  3.0685E-06  1.2979E-13    625.0000  2.7330E-07    

4083142. 

 554.400  1.21E-13 -5.0436E-05  3.8053E-06  5.4558E-14    625.0000 -6.8646E-08    

4083142. 

 561.600  3.04E-13 -2.4833E-05  2.9381E-06  1.1000E-14    625.0000 -1.7224E-07    

4083142. 

 568.800  2.79E-13 -8.1411E-06  1.7475E-06 -8.0828E-15    625.0000 -1.5847E-07    

4083142. 

 576.000  1.87E-13  3.4196E-07  7.9461E-07 -1.2596E-14    625.0000 -1.0623E-07    

4083142. 

 583.200  9.81E-14  3.3177E-06  2.1199E-07 -1.0478E-14    625.0000 -5.5608E-08    

4083142. 

 590.400  3.64E-14  3.4082E-06 -6.2590E-08 -6.5860E-15    625.0000 -2.0663E-08    

4083142. 

 597.600  3.22E-15  2.4249E-06 -1.4355E-07 -3.2104E-15    625.0000 -1.8248E-09    

4083142. 



 604.800 -9.79E-15  1.3452E-06 -1.3012E-07 -1.0286E-15    625.0000  5.5538E-09    

4083142. 

 612.000 -1.16E-14  5.5248E-07 -8.6459E-08  6.9616E-17    625.0000  6.5751E-09    

4083142. 

 619.200 -8.79E-15  1.0015E-07 -4.4841E-08  4.4730E-16    625.0000  4.9853E-09    

4083142. 

 626.400 -5.15E-15 -9.3811E-08 -1.6374E-08  4.5097E-16    625.0000  2.9223E-09    

4083142. 

 633.600 -2.30E-15 -1.3621E-07 -1.1642E-09  3.1785E-16    625.0000  1.3026E-09    

4083142. 

 640.800 -5.76E-16 -1.1099E-07  4.7010E-09  1.7480E-16    625.0000  3.2662E-10    

4083142. 

 648.000  2.20E-16 -6.8746E-08  5.4273E-09  7.0785E-17    625.0000 -1.2485E-10    

4083142. 

 655.200  4.43E-16 -3.2925E-08  4.0727E-09  1.1947E-17    625.0000 -2.5143E-10    

4083142. 

 662.400  3.92E-16 -1.0114E-08  2.3669E-09 -1.2960E-17    625.0000 -2.2241E-10    

4083142. 

 669.600  2.57E-16  1.1746E-09  1.0420E-09 -1.8133E-17    625.0000 -1.4560E-10    

4083142. 

 676.800  1.31E-16  4.9146E-09  2.5028E-10 -1.4609E-17    625.0000 -7.4333E-11    

4083142. 

 684.000  4.64E-17  4.7975E-09 -1.1198E-10 -8.9890E-18    625.0000 -2.6294E-11    

4083142. 

 691.200  1.63E-18  3.3138E-09 -2.0997E-10 -4.2949E-18    625.0000 -9.2684E-13    

4083142. 

 698.400 -1.55E-17  1.7795E-09 -1.8170E-10 -1.3474E-18    625.0000  8.7797E-12    

4083142. 

 705.600 -1.78E-17  6.9902E-10 -1.1382E-10  8.6909E-20    625.0000  1.0077E-11    

4083142. 

 712.800 -1.42E-17  1.4039E-10 -4.8492E-11  5.7268E-19    625.0000  8.0700E-12    

4083142. 

 720.000 -9.52E-18      0.0000      0.0000  6.5392E-19    625.0000  5.3999E-12    

2041571. 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  5: 

 

Pile-head deflection             =     0.18099055 in 

Computed slope at pile head      =   1.927471E-18 

Maximum bending moment           =  -812252.95868 lbs-in 

Maximum shear force              =    25000.00000 lbs 

Depth of maximum bending moment  =        0.00000 in 

Depth of maximum shear force     =        0.00000 in 

Number of iterations             =             21 

Number of zero deflection points =             11 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  6 



------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Shear and Slope (BC Type 2) 

Specified shear force at pile head  =       30000.000 lbs 

Specified slope at pile head        =       0.000E+00 in/in 

Specified axial load at pile head   =       90000.000 lbs 

 

(Zero slope for this load indicates fixed-head conditions) 

 

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     

Es*h    

    X        y          M           V           S        Stress          p          

F/L    

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      

lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- -

---------- 

   0.000  0.259242   -1040077.  30000.0000  7.7099E-18   4236.3780   -283.7163   

3939.8721 

   7.200  0.254908    -831041.  27897.5352  -0.0010828   3510.5582   -300.3017   

8482.1696 

  14.400  0.243649    -636949.  25684.2185  -0.0019324   2836.6285   -314.5085   

9293.9510 

  21.600  0.227082    -458684.  23377.3333  -0.0025664   2217.6517   -326.2929  

10345.6415 

  28.800  0.206693    -296989.  20994.5915  -0.0030037   1656.2130   -335.5798  

11689.6903 

  36.000  0.183829    -152469.  18554.3246  -0.0032638   1154.4054   -342.2722  

13405.7475 

  43.200  0.159694 -25577.1781  16075.6195  -0.0033669    713.8096   -346.2570  

15611.4387 

  50.400  0.135346  83383.6112  13578.4259  -0.0033334    914.5264   -347.4079  

18481.0625 

  57.600  0.111693     174272.  10545.8985  -0.0031843   1230.1119   -494.9608  

31906.3935 

  64.800  0.089492     239371.   7061.1545  -0.0029449   1456.1507   -473.0236  

38056.6345 

  72.000  0.069286     279769.   4158.8163  -0.0026445   1596.4218   -333.1814  

34623.1724 

  79.200  0.051412     302686.   1803.1998  -0.0023074   1675.9917   -321.1565  

44976.7798 

  86.400  0.036059     308726.   -439.3577  -0.0019536   1696.9651   -301.7762  

60255.8824 

  93.600  0.023280     298891.  -2499.6567  -0.0016020   1662.8149   -270.5291  

83669.2765 

 100.800  0.012991     274807.  -4315.4753  -0.0012700   1579.1911   -233.8650     

129614. 

 108.000  0.004992     238394.  -5820.7290  -0.0009730   1452.7560   -184.2611     

265737. 

 115.200 -0.001020     192250.  -6041.0533  -0.0007238   1292.5330    123.0599     

868993. 

 122.400 -0.005430     152341.  -4922.0688  -0.0005243   1153.9602    187.7692     

248995. 

 129.600 -0.008570     122051.  -3488.1337  -0.0003655   1048.7891    210.5461     

176887. 

 136.800 -0.010693     102585.  -2624.5893  -0.0002355    981.1985     29.3273  

19746.3691 



 144.000 -0.011962  84562.4488  -2409.4056  -0.0001272    918.6196     30.4459  

18325.6445 

 151.200 -0.012526  68054.6303  -2188.4951 -3.8925E-05    861.3008     30.9181  

17772.1876 

 158.400 -0.012522  53098.5664  -1965.8917  3.1187E-05    809.3700     30.9162  

17775.7395 

 165.600 -0.012077  39705.3721  -1744.6303  8.4893E-05    762.8659     30.5453  

18210.8160 

 172.800 -0.011300  27865.8684  -1527.1126   0.0001240    721.7565     29.8763  

19036.1673 

 180.000 -0.010291  17554.2509  -1315.3041   0.0001503    685.9523     28.9594  

20260.9300 

 187.200 -0.009136   8730.7254  -1110.8523   0.0001655    655.3150     27.8327  

21934.7749 

 194.400 -0.007908   1343.4992   -915.1635   0.0001713    629.6649     26.5253  

24150.3667 

 201.600 -0.006669  -4669.6629   -729.4548   0.0001694    641.2141     25.0604  

27056.1004 

 208.800 -0.005469  -9380.1899   -554.7938   0.0001613    657.5701     23.4565  

30882.3557 

 216.000 -0.004347 -12867.6960   -392.1298   0.0001484    669.6795     21.7279  

35990.9383 

 223.200 -0.003332 -15219.1752   -242.3233   0.0001321    677.8444     19.8850  

42970.3844 

 230.400 -0.002444 -16528.4026   -106.1787   0.0001138    682.3903     17.9330  

52832.6347 

 237.600 -0.001694 -16895.5893     15.5096  9.4423E-05    683.6652     15.8694  

67463.4719 

 244.800 -0.001084 -16427.4367    137.0271  7.5139E-05    682.0397     17.8855     

118775. 

 252.000 -0.000612 -15019.7790    239.3245  5.6940E-05    677.1520     10.5304     

123959. 

 259.200 -0.000264 -13054.9585    294.2978  4.0693E-05    670.3297      4.7399     

129143. 

 266.400 -2.57E-05 -10834.6299    313.0851  2.6868E-05    662.6202   0.4788105     

134327. 

 273.600  0.000123  -8581.3537    306.2539  1.5632E-05    654.7964     -2.3764     

139511. 

 280.800  0.000199  -6444.8337    283.2699  6.9365E-06    647.3779     -4.0080     

144695. 

 288.000  0.000223  -4511.2564    252.1649  5.9618E-07    640.6641     -4.6323     

149879. 

 295.200  0.000208  -2814.4325    219.3603 -3.6432E-06    634.7723     -4.4801     

155063. 

 302.400  0.000170  -1347.7467    189.6056 -6.0519E-06    629.6797     -3.7851     

160247. 

 309.600  0.000121    -76.2687    165.9809 -6.8760E-06    625.2648     -2.7773     

165431. 

 316.800  7.11E-05   1051.2899    149.9213 -6.3117E-06    628.6503     -1.6837     

170615. 

 324.000  3.00E-05   2090.7776     42.6665 -4.4934E-06    632.2596    -28.1093    

6748920. 

 331.200  6.35E-06   1671.5106    -79.9452 -2.3162E-06    630.8039     -5.9495    

6748920. 

 338.400 -3.36E-06    942.5692    -90.0097 -8.0338E-07    628.2728      3.1538    

6748920. 



 345.600 -5.22E-06    376.4122    -61.0364 -4.0077E-08    626.3070      4.8944    

6748920. 

 352.800 -3.94E-06     63.6973    -30.1156  2.1462E-07    625.2212      3.6947    

6748920. 

 360.000 -2.13E-06    -57.5307     -9.6235  2.1818E-07    625.1998      1.9975    

6748920. 

 367.200 -8.00E-07    -75.1638   0.2665552  1.4139E-07    625.2610   0.7497105    

6748920. 

 374.400 -9.50E-08    -53.8755      3.2860  6.6718E-08    625.1871   0.0890185    

6748920. 

 381.600  1.61E-07    -27.9322      3.0634  1.9376E-08    625.0970  -0.1508383    

6748920. 

 388.800  1.84E-07     -9.7873      1.8994 -2.4528E-09    625.0340  -0.1725099    

6748920. 

 396.000  1.26E-07  -0.5779835   0.8545091 -8.4512E-09    625.0020  -0.1177306    

6748920. 

 403.200  6.23E-08      2.5286   0.2203074 -7.3224E-09    625.0088  -0.0584365    

6748920. 

 410.400  2.02E-08      2.6039  -0.0580823 -4.3522E-09    625.0090  -0.0188940    

6748920. 

 417.600 -3.29E-10      1.6979  -0.1249896 -1.8627E-09    625.0059   0.0003086    

6748920. 

 424.800 -6.67E-09   0.8064974  -0.1013826 -4.1345E-10    625.0028   0.0062489    

6748920. 

 432.000 -6.28E-09   0.2384784  -0.0576851  1.9128E-10    625.0008   0.0058893    

6748920. 

 439.200 -3.91E-09  -0.0244157  -0.0232822  3.1516E-10    625.0001   0.0036670    

6748920. 

 446.400 -1.74E-09  -0.0971932  -0.0041934  2.4478E-10    625.0003   0.0016354    

6748920. 

 453.600 -3.87E-10  -0.0851184   0.0030008  1.3928E-10    625.0003   0.0003630    

6748920. 

 460.800  2.61E-10  -0.0541621   0.0039703  5.8675E-11    625.0002 -9.3679E-05    

2585430. 

 468.000  4.58E-10  -0.0280214   0.0030415  1.1115E-11    625.0001  -0.0001643    

2585430. 

 475.200  4.21E-10  -0.0103792   0.0019057 -1.1107E-11    625.0000  -0.0001512    

2585430. 

 482.400  2.98E-10  -0.0005650   0.0009767 -1.7441E-11    625.0000  -0.0001069    

2585430. 

 489.600  1.70E-10   0.0037075   0.0003723 -1.5622E-11    625.0000 -6.0970E-05    

2585430. 

 496.800  7.28E-11   0.0048165  4.2775E-06 -1.0689E-11    625.0000 -4.1262E-05    

4083142. 

 504.000  1.59E-11   0.0037829  -0.0001767 -5.7129E-12    625.0000 -8.9962E-06    

4083142. 

 511.200 -9.51E-12   0.0022801  -0.0001896 -2.2043E-12    625.0000  5.3918E-06    

4083142. 

 518.400 -1.59E-11   0.0010551  -0.0001378 -2.7414E-13    625.0000  9.0043E-06    

4083142. 

 525.600 -1.35E-11   0.0002961 -7.7916E-05  5.0784E-13    625.0000  7.6305E-06    

4083142. 

 532.800 -8.56E-12 -6.7518E-05 -3.2960E-05  6.4014E-13    625.0000  4.8572E-06    

4083142. 

 540.000 -4.24E-12  -0.0001793 -6.8237E-06  4.9729E-13    625.0000  2.4029E-06    

4083142. 



 547.200 -1.40E-12  -0.0001664  4.6930E-06  2.9721E-13    625.0000  7.9614E-07    

4083142. 

 554.400  4.26E-14  -0.0001121  7.4722E-06  1.3601E-13    625.0000 -2.4160E-08    

4083142. 

 561.600  5.55E-13 -5.9000E-05  6.2527E-06  3.6979E-14    625.0000 -3.1456E-07    

4083142. 

 568.800  5.75E-13 -2.2136E-05  3.9462E-06 -9.9746E-15    625.0000 -3.2614E-07    

4083142. 

 576.000  4.11E-13 -2.1619E-06  1.9329E-06 -2.4036E-14    625.0000 -2.3311E-07    

4083142. 

 583.200  2.29E-13  5.7292E-06  6.2621E-07 -2.1971E-14    625.0000 -1.2986E-07    

4083142. 

 590.400  9.47E-14  6.8840E-06 -3.4550E-08 -1.4672E-14    625.0000 -5.3685E-08    

4083142. 

 597.600  1.77E-14  5.2507E-06 -2.6398E-07 -7.6496E-15    625.0000 -1.0044E-08    

4083142. 

 604.800 -1.55E-14  3.0927E-06 -2.6851E-07 -2.8213E-15    625.0000  8.7837E-09    

4083142. 

 612.000 -2.29E-14  1.3877E-06 -1.9011E-07 -2.2846E-16    625.0000  1.2996E-08    

4083142. 

 619.200 -1.88E-14  3.5546E-07 -1.0498E-07  7.8034E-16    625.0000  1.0649E-08    

4083142. 

 626.400 -1.17E-14 -1.2503E-07 -4.2802E-08  9.1369E-16    625.0000  6.6232E-09    

4083142. 

 633.600 -5.62E-15 -2.6208E-07 -7.4819E-09  6.8967E-16    625.0000  3.1879E-09    

4083142. 

 640.800 -1.75E-15 -2.3366E-07  7.5630E-09  4.0279E-16    625.0000  9.9119E-10    

4083142. 

 648.000  1.79E-16 -1.5369E-07  1.0767E-08  1.7862E-16    625.0000 -1.0131E-10    

4083142. 

 655.200  8.24E-16 -7.8854E-08  8.7189E-09  4.4049E-17    625.0000 -4.6750E-10    

4083142. 

 662.400  8.13E-16 -2.8195E-08  5.3762E-09 -1.7901E-17    625.0000 -4.6103E-10    

4083142. 

 669.600  5.67E-16 -1.4139E-09  2.5598E-09 -3.5035E-17    625.0000 -3.2131E-10    

4083142. 

 676.800  3.08E-16  8.7112E-09  7.7332E-10 -3.0812E-17    625.0000 -1.7492E-10    

4083142. 

 684.000  1.23E-16  9.7619E-09 -1.0728E-10 -2.0122E-17    625.0000 -6.9692E-11    

4083142. 

 691.200  1.87E-17  7.1924E-09 -3.9632E-10 -1.0311E-17    625.0000 -1.0597E-11    

4083142. 

 698.400 -2.56E-17  4.0682E-09 -3.8225E-10 -3.7940E-18    625.0000  1.4507E-11    

4083142. 

 705.600 -3.59E-17  1.6930E-09 -2.5663E-10 -4.5994E-19    625.0000  2.0385E-11    

4083142. 

 712.800 -3.22E-17  3.7326E-10 -1.1750E-10  7.3580E-19    625.0000  1.8263E-11    

4083142. 

 720.000 -2.54E-17      0.0000      0.0000  9.5180E-19    625.0000  1.4377E-11    

2041571. 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  6: 



 

Pile-head deflection             =     0.25924157 in 

Computed slope at pile head      =   7.709882E-18 

Maximum bending moment           =      -1040077. lbs-in 

Maximum shear force              =    30000.00000 lbs 

Depth of maximum bending moment  =        0.00000 in 

Depth of maximum shear force     =        0.00000 in 

Number of iterations             =             25 

Number of zero deflection points =             11 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  7 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Shear and Slope (BC Type 2) 

Specified shear force at pile head  =       35000.000 lbs 

Specified slope at pile head        =       0.000E+00 in/in 

Specified axial load at pile head   =       90000.000 lbs 

 

(Zero slope for this load indicates fixed-head conditions) 

 

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     

Es*h    

    X        y          M           V           S        Stress          p          

F/L    

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      

lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- -

---------- 

   0.000  0.347930   -1281896.  35000.0000  2.3130E-17   5076.0274   -305.3715   

3159.6516 

   7.200  0.342589   -1037330.  32736.6568  -0.0013421   4226.8417   -323.3349   

6795.3531 

  14.400  0.328603    -808749.  30352.5133  -0.0024105   3433.1549   -338.9271   

7426.2098 

  21.600  0.307878    -597130.  27864.8523  -0.0032241   2698.3689   -352.0898   

8233.9360 

  28.800  0.282177    -403316.  25291.4783  -0.0038030   2025.4040   -362.7363   

9255.5574 

  36.000  0.253114    -228004.  22650.8911  -0.0041684   1416.6813   -370.7602  

10546.5135 

  43.200  0.222152 -71741.3024  19962.4120  -0.0043418    874.1017   -376.0396  

12187.5367 

  50.400  0.190592  65081.5320  17246.2843  -0.0043457    850.9775   -378.4403  

14296.3672 

  57.600  0.159574     182237.  13670.4482  -0.0042026   1257.7681   -614.8475  

27742.0020 

  64.800  0.130075     267383.   9319.4140  -0.0039424   1553.4115   -593.7731  

32866.9807 

  72.000  0.102804     321546.   5858.0790  -0.0036016   1741.4795   -367.7088  

25752.9645 

  79.200  0.078212     356406.   3250.3791  -0.0032092   1862.5225   -356.6523  

32832.3398 



  86.400  0.056591     372511.    750.5783  -0.0027874   1918.4399   -337.7369  

42969.8040 

  93.600  0.038074     370827.  -1566.4687  -0.0023572   1912.5947   -305.8873  

57845.0943 

 100.800  0.022647     353009.  -3634.7955  -0.0019383   1850.7240   -268.6479  

85409.2737 

 108.000  0.010162     320998.  -5393.6139  -0.0015483   1739.5774   -219.9128     

155815. 

 115.200  0.000352     277347.  -6529.7733  -0.0012020   1588.0106    -95.6871    

1958992. 

 122.400 -0.007147     228527.  -6149.7766  -0.0009093   1418.4978    201.2417     

202727. 

 129.600 -0.012742     189969.  -4588.0076  -0.0006671   1284.6135    232.5830     

131425. 

 136.800 -0.016753     163325.  -3628.0527  -0.0004626   1192.0993     34.0711  

14642.6328 

 144.000 -0.019404     138324.  -3376.5824  -0.0002881   1105.2927     35.7817  

13277.2624 

 151.200 -0.020901     115075.  -3115.7191  -0.0001414   1024.5665     36.6803  

12635.3889 

 158.400 -0.021440  93641.2249  -2850.4943 -2.0640E-05    950.1431     36.9933  

12422.9656 

 165.600 -0.021199  74054.7905  -2584.6437  7.6407E-05    882.1347     36.8541  

12517.2763 

 172.800 -0.020340  56323.3330  -2321.1092   0.0001519    820.5671     36.3499  

12867.2271 

 180.000 -0.019012  40434.0119  -2062.3015   0.0002079    765.3959     35.5411  

13459.7517 

 187.200 -0.017347  26356.8165  -1810.2546   0.0002465    716.5167     34.4719  

14307.8688 

 194.400 -0.015462  14046.8774  -1566.7239   0.0002699    673.7739     33.1755  

15448.1367 

 201.600 -0.013461   3446.2219  -1333.2534   0.0002800    636.9660     31.6774  

16944.0669 

 208.800 -0.011430  -5514.8613  -1111.2247   0.0002788    644.1488     29.9972  

18895.5787 

 216.000 -0.009446 -12916.7523   -901.8951   0.0002681    669.8498     28.1499  

21457.2409 

 223.200 -0.007569 -18849.6651   -706.4285   0.0002498    690.4502     26.1464  

24871.9862 

 230.400 -0.005849 -23413.0134   -525.9237   0.0002253    706.2952     23.9939  

29535.1007 

 237.600 -0.004325 -26714.9600   -361.4394   0.0001963    717.7603     21.6962  

36122.4311 

 244.800 -0.003023 -28872.1376   -103.8326   0.0001641    725.2505     49.8612     

118775. 

 252.000 -0.001961 -28422.8563    197.2173   0.0001310    723.6905     33.7638     

123959. 

 259.200 -0.001137 -26201.9441    392.1575  9.9357E-05    715.9790     20.3863     

129143. 

 266.400 -0.000530 -22904.5550    501.1706  7.0939E-05    704.5297      9.8951     

134327. 

 273.600 -0.000115 -19077.0251    544.8188  4.6644E-05    691.2397      2.2294     

139511. 

 280.800  0.000141 -15119.6148    542.6225  2.6855E-05    677.4987     -2.8395     

144695. 



 288.000  0.000272 -11298.0650    512.0431  1.1567E-05    664.2294     -5.6548     

149879. 

 295.200  0.000308  -7761.1848    467.8177  5.3691E-07    651.9486     -6.6301     

155063. 

 302.400  0.000279  -4562.1860    421.5646 -6.5947E-06    640.8409     -6.2180     

160247. 

 309.600  0.000213  -1682.1074    381.5706 -1.0208E-05    630.8407     -4.8914     

165431. 

 316.800  0.000132    945.6601    352.6683 -1.0634E-05    628.2835     -3.1370     

170615. 

 324.000  5.98E-05   3410.0984    139.7411 -8.1138E-06    636.8406    -56.0095    

6748920. 

 331.200  1.55E-05   2968.4467   -114.3414 -4.4225E-06    635.3071    -14.5690    

6748920. 

 338.400 -3.93E-06   1769.3138   -153.5262 -1.6807E-06    631.1435      3.6843    

6748920. 

 345.600 -8.66E-06    759.8479   -111.0415 -2.1708E-07    627.6384      8.1170    

6748920. 

 352.800 -7.06E-06    170.5978    -58.0086  3.2138E-07    625.5924      6.6143    

6748920. 

 360.000 -4.03E-06    -75.8924    -20.5921  3.7618E-07    625.2635      3.7791    

6748920. 

 367.200 -1.64E-06   -126.4165     -1.4553  2.5911E-07    625.4389      1.5367    

6748920. 

 374.400 -3.01E-07    -97.1838      5.0911  1.2971E-07    625.3374   0.2817379    

6748920. 

 381.600  2.28E-07    -53.2730      5.3346  4.2638E-08    625.1850  -0.2140865    

6748920. 

 388.800  3.13E-07    -20.4204      3.5063 -8.6860E-12    625.0709  -0.2937823    

6748920. 

 396.000  2.28E-07     -2.7822      1.6784 -1.3436E-08    625.0097  -0.2139692    

6748920. 

 403.200  1.20E-07      3.7660   0.5033845 -1.2867E-08    625.0131  -0.1124240    

6748920. 

 410.400  4.30E-08      4.4832  -0.0464062 -8.0929E-09    625.0156  -0.0402957    

6748920. 

 417.600  3.40E-09      3.1082  -0.2029442 -3.6997E-09    625.0108  -0.0031871    

6748920. 

 424.800 -1.03E-08      1.5656  -0.1797049 -9.9493E-10    625.0054   0.0096424    

6748920. 

 432.000 -1.09E-08   0.5217533  -0.1081197  2.1305E-10    625.0018   0.0102424    

6748920. 

 439.200 -7.22E-09   0.0084396  -0.0468870  5.1987E-10    625.0000   0.0067667    

6748920. 

 446.400 -3.44E-09  -0.1540927  -0.0109160  4.3558E-10    625.0005   0.0032252    

6748920. 

 453.600 -9.47E-10  -0.1493151   0.0038890  2.6000E-10    625.0005   0.0008873    

6748920. 

 460.800  3.03E-10  -0.0984275   0.0066914  1.1663E-10    625.0003  -0.0001089    

2585430. 

 468.000  7.33E-10  -0.0531107   0.0053520  2.8934E-11    625.0002  -0.0002632    

2585430. 

 475.200  7.20E-10  -0.0213964   0.0034740 -1.4183E-11    625.0001  -0.0002585    

2585430. 

 482.400  5.29E-10  -0.0030668   0.0018600 -2.8340E-11    625.0000  -0.0001898    

2585430. 



 489.600  3.12E-10   0.0054246   0.0007736 -2.6976E-11    625.0000  -0.0001120    

2585430. 

 496.800  1.40E-10   0.0081079  8.4359E-05 -1.9144E-11    625.0000 -7.9494E-05    

4083142. 

 504.000  3.61E-11   0.0066642  -0.0002756 -1.0595E-11    625.0000 -2.0484E-05    

4083142. 

 511.200 -1.24E-11   0.0041536  -0.0003240 -4.3351E-12    625.0000  7.0320E-06    

4083142. 

 518.400 -2.63E-11   0.0020044  -0.0002450 -7.7144E-13    625.0000  1.4918E-05    

4083142. 

 525.600 -2.35E-11   0.0006271  -0.0001433  7.5146E-13    625.0000  1.3332E-05    

4083142. 

 532.800 -1.55E-11 -5.9525E-05 -6.3655E-05  1.0799E-12    625.0000  8.7816E-06    

4083142. 

 540.000 -7.96E-12  -0.0002909 -1.5796E-05  8.7715E-13    625.0000  4.5127E-06    

4083142. 

 547.200 -2.85E-12  -0.0002881  6.2772E-06  5.4207E-13    625.0000  1.6186E-06    

4083142. 

 554.400 -1.52E-13  -0.0002012  1.2414E-05  2.5890E-13    625.0000  8.6028E-08    

4083142. 

 561.600  8.74E-13  -0.0001097  1.0939E-05  7.8974E-14    625.0000 -4.9563E-07    

4083142. 

 568.800  9.86E-13 -4.3788E-05  7.1429E-06 -9.8464E-15    625.0000 -5.5890E-07    

4083142. 

 576.000  7.32E-13 -6.8228E-06  3.6361E-06 -3.9135E-14    625.0000 -4.1522E-07    

4083142. 

 583.200  4.22E-13  8.6223E-06  1.2798E-06 -3.8094E-14    625.0000 -2.3931E-07    

4083142. 

 590.400  1.84E-13  1.1655E-05  4.3355E-08 -2.6359E-14    625.0000 -1.0414E-07    

4083142. 

 597.600  4.24E-14  9.2808E-06 -4.1814E-07 -1.4243E-14    625.0000 -2.4054E-08    

4083142. 

 604.800 -2.15E-14  5.6525E-06 -4.6091E-07 -5.6012E-15    625.0000  1.2173E-08    

4083142. 

 612.000 -3.82E-14  2.6509E-06 -3.3902E-07 -7.9597E-16    625.0000  2.1687E-08    

4083142. 

 619.200 -3.29E-14  7.7163E-07 -1.9372E-07  1.1847E-15    625.0000  1.8673E-08    

4083142. 

 626.400 -2.12E-14 -1.4023E-07 -8.3254E-08  1.5501E-15    625.0000  1.2013E-08    

4083142. 

 633.600 -1.06E-14 -4.2924E-07 -1.8355E-08  1.2205E-15    625.0000  6.0149E-09    

4083142. 

 640.800 -3.61E-15 -4.0612E-07  1.0663E-08  7.3707E-16    625.0000  2.0457E-09    

4083142. 

 648.000  7.54E-18 -2.7665E-07  1.8012E-08  3.4195E-16    625.0000 -4.2735E-12    

4083142. 

 655.200  1.32E-15 -1.4720E-07  1.5308E-08  9.6660E-17    625.0000 -7.4677E-10    

4083142. 

 662.400  1.40E-15 -5.6346E-08  9.7625E-09 -2.1132E-17    625.0000 -7.9363E-10    

4083142. 

 669.600  1.01E-15 -6.5915E-09  4.8383E-09 -5.7554E-17    625.0000 -5.7420E-10    

4083142. 

 676.800  5.71E-16  1.3401E-08  1.6062E-09 -5.3613E-17    625.0000 -3.2362E-10    

4083142. 

 684.000  2.40E-16  1.6607E-08 -4.9820E-11 -3.6248E-17    625.0000 -1.3638E-10    

4083142. 



 691.200  4.87E-17  1.2731E-08 -6.4020E-10 -1.9270E-17    625.0000 -2.7615E-11    

4083142. 

 698.400 -3.70E-17  7.4132E-09 -6.6407E-10 -7.6124E-18    625.0000  2.0984E-11    

4083142. 

 705.600 -6.09E-17  3.1780E-09 -4.6415E-10 -1.4832E-18    625.0000  3.4550E-11    

4083142. 

 712.800 -5.84E-17  7.3139E-10 -2.2062E-10  7.7911E-19    625.0000  3.3097E-11    

4083142. 

 720.000 -4.97E-17      0.0000      0.0000  1.2024E-18    625.0000  2.8187E-11    

2041571. 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  7: 

 

Pile-head deflection             =     0.34792997 in 

Computed slope at pile head      =   2.312965E-17 

Maximum bending moment           =      -1281896. lbs-in 

Maximum shear force              =    35000.00000 lbs 

Depth of maximum bending moment  =        0.00000 in 

Depth of maximum shear force     =        0.00000 in 

Number of iterations             =             22 

Number of zero deflection points =             11 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  8 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Shear and Slope (BC Type 2) 

Specified shear force at pile head  =       40000.000 lbs 

Specified slope at pile head        =       0.000E+00 in/in 

Specified axial load at pile head   =       90000.000 lbs 

 

(Zero slope for this load indicates fixed-head conditions) 

 

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     

Es*h    

    X        y          M           V           S        Stress          p          

F/L    

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      

lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- -

---------- 

   0.000  0.448247   -1530583.  40000.0000 -3.8549E-17   5939.5240   -325.3368   

2612.8749 

   7.200  0.441869   -1250442.  37588.3251  -0.0016094   4966.8114   -344.5729   

5614.6133 

  14.400  0.425071    -987225.  35046.6307  -0.0029043   4052.8655   -361.4533   

6122.4154 



  21.600  0.400047    -742006.  32392.1199  -0.0039050   3201.4103   -375.9108   

6765.6029 

  28.800  0.368839    -515718.  29642.5670  -0.0046329   2415.6868   -387.8539   

7571.1892 

  36.000  0.333333    -309149.  26816.4636  -0.0051103   1698.4340   -397.1748   

8578.9829 

  43.200  0.295251    -122938.  23933.1188  -0.0053603   1051.8675   -403.7543   

9845.9598 

  50.400  0.256145  42434.8809  21012.7273  -0.0054069    772.3433   -407.4656  

11453.4942 

  57.600  0.217392     186653.  16872.4180  -0.0052743   1273.0999   -742.6203  

24595.5125 

  64.800  0.180195     292233.  11592.9290  -0.0049972   1639.6987   -723.9044  

28924.9044 

  72.000  0.145433     360067.   7543.2025  -0.0046197   1875.2336   -401.0197  

19853.4777 

  79.200  0.113671     406842.   4689.7892  -0.0041759   2037.6474   -391.5951  

24803.9027 

  86.400  0.085300     433012.   1932.8527  -0.0036899   2128.5145   -374.2206  

31587.2493 

  93.600  0.060537     439458.   -650.8908  -0.0031850   2150.8944   -343.4859  

40852.5830 

 100.800  0.039437     427767.  -2998.4150  -0.0026831   2110.3023   -308.6041  

56342.3620 

 108.000  0.021901     399758.  -5068.5630  -0.0022042   2013.0475   -266.4370  

87592.8305 

 115.200  0.007696     357636.  -6766.6065  -0.0017659   1866.7930   -205.2418     

192009. 

 122.400 -0.003528     304607.  -6898.9796  -0.0013826   1682.6637    168.4715     

343815. 

 129.600 -0.012214     260083.  -5464.2060  -0.0010559   1528.0659    230.0768     

135629. 

 136.800 -0.018732     227291.  -4508.6391  -0.0007738   1414.2047     35.3585  

13590.4498 

 144.000 -0.023357     196161.  -4244.3351  -0.0005288   1306.1161     38.0593  

11732.2276 

 151.200 -0.026346     166858.  -3964.6909  -0.0003187   1204.3674     39.6197  

10827.3294 

 158.400 -0.027946     139483.  -3676.5968  -0.0001414   1109.3156     40.4064  

10410.4208 

 165.600 -0.028383     114098.  -3384.9144  5.3524E-06   1021.1738     40.6164  

10303.4546 

 172.800 -0.027869  90733.1940  -3093.3626   0.0001239    940.0458     40.3702  

10429.8408 

 180.000 -0.026599  69393.0725  -2804.9387   0.0002166    865.9482     39.7476  

10759.3355 

 187.200 -0.024750  50061.4224  -2522.1495   0.0002857    798.8244     38.8049  

11288.6039 

 194.400 -0.022485  32703.8736  -2247.1530   0.0003336    738.5551     37.5830  

12034.7310 

 201.600 -0.019947  17270.0987  -1981.8505   0.0003625    684.9656     36.1122  

13035.1370 

 208.800 -0.017265   3695.4260  -1727.9518   0.0003746    637.8313     34.4152  

14352.3820 

 216.000 -0.014552  -8097.9323  -1487.0240   0.0003721    653.1178     32.5091  

16084.8395 



 223.200 -0.011907 -18199.9428  -1260.5286   0.0003569    688.1942     30.4062  

18386.7269 

 230.400 -0.009413 -26712.0438  -1049.8509   0.0003309    717.7502     28.1154  

21505.2491 

 237.600 -0.007142 -33746.6106   -856.3195   0.0002959    742.1757     25.6434  

25851.3593 

 244.800 -0.005152 -39426.5154   -458.0226   0.0002535    761.8976     84.9947     

118775. 

 252.000 -0.003491 -40670.7269     64.3317   0.0002072    766.2178     60.1038     

123959. 

 259.200 -0.002169 -38768.6566    420.7444   0.0001612    759.6134     38.8998     

129143. 

 266.400 -0.001170 -34820.9459    639.3322   0.0001186    745.9061     21.8190     

134327. 

 273.600 -0.000460 -29716.0201    749.9999  8.1284E-05    728.1806      8.9220     

139511. 

 280.800  9.72E-07 -24126.2912    782.0487  5.0125E-05    708.7718  -0.0195437     

144695. 

 288.000  0.000261 -18519.4807    762.3932  2.5446E-05    689.3038     -5.4403     

149879. 

 295.200  0.000367 -13180.8073    714.3235  7.1008E-06    670.7667     -7.9123     

155063. 

 302.400  0.000364  -8242.4243    656.7064 -5.2969E-06    653.6195     -8.0924     

160247. 

 309.600  0.000291  -3717.3705    603.4939 -1.2218E-05    637.9075     -6.6888     

165431. 

 316.800  0.000188    463.7220    563.4055 -1.4101E-05    626.6101     -4.4468     

170615. 

 324.000  8.81E-05   4413.9436    250.2350 -1.1278E-05    640.3262    -82.5450    

6748920. 

 331.200  2.52E-05   4081.7227   -132.1314 -6.3618E-06    639.1726    -23.6679    

6748920. 

 338.400 -3.55E-06   2519.4961   -205.3630 -2.5417E-06    633.7483      3.3258    

6748920. 

 345.600 -1.14E-05   1127.7897   -155.0893 -4.3097E-07    628.9159     10.6391    

6748920. 

 352.800 -9.75E-06    286.7692    -83.8738  3.8764E-07    625.9957      9.1430    

6748920. 

 360.000 -5.77E-06    -80.4949    -31.4946  5.0701E-07    625.2795      5.4068    

6748920. 

 367.200 -2.45E-06   -167.4100     -3.7523  3.6355E-07    625.5813      2.2994    

6748920. 

 374.400 -5.33E-07   -134.9988      6.3244  1.8854E-07    625.4687   0.4996769    

6748920. 

 381.600  2.62E-07    -76.5830      7.2393  6.6101E-08    625.2659  -0.2455355    

6748920. 

 388.800  4.19E-07    -30.8384      4.9422  3.9355E-09    625.1071  -0.3925391    

6748920. 

 396.000  3.19E-07     -5.4198      2.4539 -1.7047E-08    625.0188  -0.2986564    

6748920. 

 403.200  1.73E-07      4.5204   0.7939974 -1.7568E-08    625.0157  -0.1624380    

6748920. 

 410.400  6.56E-08      6.0365  -0.0122863 -1.1458E-08    625.0210  -0.0615297    

6748920. 

 417.600  8.29E-09      4.3583  -0.2617798 -5.4429E-09    625.0151  -0.0077740    

6748920. 



 424.800 -1.27E-08      2.2739  -0.2467911 -1.6048E-09    625.0079   0.0119375    

6748920. 

 432.000 -1.48E-08   0.8066326  -0.1538229  1.7795E-10    625.0028   0.0138870    

6748920. 

 439.200 -1.02E-08   0.0586402  -0.0695018  6.7869E-10    625.0002   0.0095356    

6748920. 

 446.400 -5.04E-09  -0.1950723  -0.0181597  5.9974E-10    625.0007   0.0047261    

6748920. 

 453.600 -1.54E-09  -0.2036365   0.0040399  3.6900E-10    625.0007   0.0014404    

6748920. 

 460.800  2.72E-10  -0.1373760   0.0088743  1.7166E-10    625.0005 -9.7535E-05    

2585430. 

 468.000  9.35E-10  -0.0760686   0.0073143  4.8135E-11    625.0003  -0.0003358    

2585430. 

 475.200  9.65E-10  -0.0321121   0.0048583 -1.4469E-11    625.0001  -0.0003464    

2585430. 

 482.400  7.27E-10  -0.0060906   0.0026716 -3.6577E-11    625.0000  -0.0002610    

2585430. 

 489.600  4.38E-10   0.0064063   0.0011658 -3.6395E-11    625.0000  -0.0001573    

2585430. 

 496.800  2.03E-10   0.0107440   0.0001857 -2.6470E-11    625.0000  -0.0001150    

4083142. 

 504.000  5.69E-11   0.0091146  -0.0003443 -1.4978E-11    625.0000 -3.2258E-05    

4083142. 

 511.200 -1.30E-11   0.0058061  -0.0004339 -6.3429E-12    625.0000  7.3599E-06    

4083142. 

 518.400 -3.45E-11   0.0028748  -0.0003371 -1.3192E-12    625.0000  1.9539E-05    

4083142. 

 525.600 -3.20E-11   0.0009543  -0.0002014  8.9671E-13    625.0000  1.8133E-05    

4083142. 

 532.800 -2.15E-11 -2.7021E-05 -9.2178E-05  1.4333E-12    625.0000  1.2216E-05    

4083142. 

 540.000 -1.13E-11  -0.0003750 -2.5059E-05  1.2007E-12    625.0000  6.4279E-06    

4083142. 

 547.200 -4.25E-12  -0.0003894  6.7634E-06  7.5831E-13    625.0000  2.4115E-06    

4083142. 

 554.400 -4.15E-13  -0.0002786  1.6292E-05  3.7175E-13    625.0000  2.3537E-07    

4083142. 

 561.600  1.10E-12  -0.0001553  1.4892E-05  1.2067E-13    625.0000 -6.2430E-07    

4083142. 

 568.800  1.32E-12 -6.4275E-05  9.9442E-06 -6.3953E-15    625.0000 -7.5007E-07    

4083142. 

 576.000  1.01E-12 -1.2091E-05  5.1845E-06 -5.0589E-14    625.0000 -5.7208E-07    

4083142. 

 583.200  5.94E-13  1.0447E-05  1.9120E-06 -5.1540E-14    625.0000 -3.3695E-07    

4083142. 

 590.400  2.67E-13  1.5509E-05  1.5470E-07 -3.6519E-14    625.0000 -1.5119E-07    

4083142. 

 597.600  6.83E-14  1.2722E-05 -5.2897E-07 -2.0182E-14    625.0000 -3.8720E-08    

4083142. 

 604.800 -2.40E-14  7.9178E-06 -6.1930E-07 -8.2383E-15    625.0000  1.3627E-08    

4083142. 

 612.000 -5.04E-14  3.8144E-06 -4.6744E-07 -1.4488E-15    625.0000  2.8556E-08    

4083142. 

 619.200 -4.49E-14  1.1885E-06 -2.7299E-07  1.4463E-15    625.0000  2.5459E-08    

4083142. 



 626.400 -2.95E-14 -1.1853E-07 -1.2105E-07  2.0655E-15    625.0000  1.6745E-08    

4083142. 

 633.600 -1.51E-14 -5.5737E-07 -2.9841E-08  1.6743E-15    625.0000  8.5915E-09    

4083142. 

 640.800 -5.42E-15 -5.5041E-07  1.2148E-08  1.0333E-15    625.0000  3.0720E-09    

4083142. 

 648.000 -2.71E-16 -3.8378E-07  2.3760E-08  4.9264E-16    625.0000  1.5361E-10    

4083142. 

 655.200  1.68E-15 -2.0891E-07  2.0889E-08  1.4965E-16    625.0000 -9.5105E-10    

4083142. 

 662.400  1.88E-15 -8.3174E-08  1.3619E-08 -1.9380E-17    625.0000 -1.0685E-09    

4083142. 

 669.600  1.40E-15 -1.2769E-08  6.9184E-09 -7.4903E-17    625.0000 -7.9279E-10    

4083142. 

 676.800  8.05E-16  1.6548E-08  2.4200E-09 -7.2715E-17    625.0000 -4.5678E-10    

4083142. 

 684.000  3.51E-16  2.2173E-08  5.9254E-11 -5.0307E-17    625.0000 -1.9898E-10    

4083142. 

 691.200  8.10E-17  1.7467E-08 -8.2251E-10 -2.7368E-17    625.0000 -4.5958E-11    

4083142. 

 698.400 -4.32E-17  1.0365E-08 -8.9971E-10 -1.1262E-17    625.0000  2.4514E-11    

4083142. 

 705.600 -8.11E-17  4.5254E-09 -6.4584E-10 -2.6446E-18    625.0000  4.6006E-11    

4083142. 

 712.800 -8.13E-17  1.0679E-09 -3.1421E-10  5.9224E-19    625.0000  4.6111E-11    

4083142. 

 720.000 -7.26E-17      0.0000      0.0000  1.2102E-18    625.0000  4.1170E-11    

2041571. 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  8: 

 

Pile-head deflection             =     0.44824665 in 

Computed slope at pile head      =  -3.854941E-17 

Maximum bending moment           =      -1530583. lbs-in 

Maximum shear force              =    40000.00000 lbs 

Depth of maximum bending moment  =        0.00000 in 

Depth of maximum shear force     =        0.00000 in 

Number of iterations             =             27 

Number of zero deflection points =             11 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  9 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Shear and Slope (BC Type 2) 

Specified shear force at pile head  =       50000.000 lbs 

Specified slope at pile head        =       0.000E+00 in/in 

Specified axial load at pile head   =       90000.000 lbs 



 

(Zero slope for this load indicates fixed-head conditions) 

 

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     

Es*h    

    X        y          M           V           S        Stress          p          

F/L    

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      

lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- -

---------- 

   0.000  0.670782   -2051288.  50000.0000  3.8549E-17   7747.5281   -359.8295   

1931.1575 

   7.200  0.662235   -1699846.  47332.1194  -0.0021708   6527.2418   -381.2485   

4145.0366 

  14.400  0.639523   -1366892.  44518.5036  -0.0039455   5371.1536   -400.3115   

4506.8646 

  21.600  0.605420   -1053666.  41576.4165  -0.0053463   4283.5618   -416.9350   

4958.4318 

  28.800  0.562536    -761263.  38523.7931  -0.0063966   3268.2743   -431.0160   

5516.6531 

  36.000  0.513308    -490633.  35379.3563  -0.0071211   2328.5873   -442.4387   

6205.9369 

  43.200  0.459992    -242571.  32162.6919  -0.0075454   1467.2616   -451.0792   

7060.4915 

  50.400  0.404654 -17711.5375  28894.2897  -0.0076960    686.4984   -456.8103   

8128.0076 

  57.600  0.349169     183480.  23559.1673  -0.0076001   1262.0851  -1025.1681  

21139.3512 

  64.800  0.295213     331390.  16288.2736  -0.0073021   1775.6604   -994.5246  

24255.6290 

  72.000  0.244018     427495.  11064.9401  -0.0068630   2109.3584   -456.4014  

13466.5704 

  79.200  0.196386     499620.   7805.7012  -0.0063264   2359.7908   -448.9427  

16459.3417 

  86.400  0.152918     548096.   4630.7043  -0.0057201   2528.1125   -433.0009  

20387.5059 

  93.600  0.114016     573715.   1623.3819  -0.0050709   2617.0666   -402.3664  

25408.9824 

 100.800  0.079896     578045.  -1150.4638  -0.0044044   2632.1007   -368.1463  

33176.2695 

 108.000  0.050593     562857.  -3658.0998  -0.0037442   2579.3632   -328.4193  

46738.1979 

 115.200  0.025980     530221.  -5841.3607  -0.0031116   2466.0445   -278.0421  

77055.1893 

 122.400  0.005786     482774.  -7530.4203  -0.0025254   2301.2974   -191.1411     

237857. 

 129.600 -0.010385     425056.  -7423.1980  -0.0020000   2100.8876    220.9251     

153166. 

 136.800 -0.023014     378472.  -6491.5274  -0.0015350   1939.1375     37.8723  

11848.3550 

 144.000 -0.032489     333567.  -6202.2315  -0.0011229   1783.2188     42.4877   

9415.7760 

 151.200 -0.039185     290615.  -5886.4574  -0.0007617   1634.0792     45.2273   

8310.3271 

 158.400 -0.043458     249789.  -5555.1020  -0.0004490   1492.3237     46.8159   

7756.3001 



 165.600 -0.045650     211203.  -5215.2389  -0.0001822   1358.3445     47.5906   

7506.0590 

 172.800 -0.046082     174926.  -4872.0469  4.1240E-05   1232.3817     47.7405   

7459.1345 

 180.000 -0.045056     140992.  -4529.5990   0.0002241   1114.5566     47.3839   

7571.9613 

 187.200 -0.042855     109409.  -4191.2582   0.0003690   1004.8935     46.5997   

7829.0460 

 194.400 -0.039743  80160.0021  -3859.9038   0.0004787    903.3333     45.4432   

8232.6659 

 201.600 -0.035963  53206.3412  -3538.0732   0.0005559    809.7442     43.9542   

8799.9808 

 208.800 -0.031739  28491.3591  -3228.0577   0.0006031    723.9283     42.1613   

9564.3792 

 216.000 -0.027277   5940.6490  -2931.9698   0.0006231    645.6273     40.0854  

10580.7071 

 223.200 -0.022767 -14536.4911  -2651.7933   0.0006181    675.4739     37.7414  

11935.8010 

 230.400 -0.018377 -33046.2129  -2389.4175   0.0005905    739.7438     35.1407  

13767.9231 

 237.600 -0.014263 -49709.4541  -2146.6526   0.0005427    797.6023     32.2939  

16302.3464 

 244.800 -0.010563 -64661.2954  -1403.1012   0.0004765    849.5184    174.2481     

118775. 

 252.000 -0.007402 -70531.6178   -317.0634   0.0003982    869.9015    127.4290     

123959. 

 259.200 -0.004828 -69743.1212    453.4419   0.0003171    867.1636     86.6002     

129143. 

 266.400 -0.002836 -64412.9608    955.6743   0.0002394    848.6561     52.9088     

134327. 

 273.600 -0.001381 -56291.7003   1242.4434   0.0001696    820.4573     26.7493     

139511. 

 280.800 -0.000394 -46741.5367   1367.2574   0.0001099    787.2970      7.9212     

144695. 

 288.000  0.000203 -36745.6796   1380.5859  6.1628E-05    752.5892     -4.2189     

149879. 

 295.200  0.000493 -26940.9698   1327.1528  2.4773E-05    718.5450    -10.6236     

155063. 

 302.400  0.000559 -17666.7842   1244.0871 -1.0422E-06    686.3430    -12.4501     

160247. 

 309.600  0.000478  -9024.7642   1159.7056 -1.6489E-05    656.3360    -10.9892     

165431. 

 316.800  0.000322   -945.6545   1092.6792 -2.2259E-05    628.2835     -7.6293     

170615. 

 324.000  0.000158   6738.6635    532.8738 -1.8906E-05    648.3981   -147.8722    

6748920. 

 331.200  4.97E-05   6752.2303   -167.2082 -1.1099E-05    648.4452    -46.5950    

6748920. 

 338.400 -2.07E-06   4345.2497   -327.9699 -4.6767E-06    640.0877      1.9389    

6748920. 

 345.600 -1.76E-05   2035.5250   -261.4780 -9.8417E-07    632.0678     16.5310    

6748920. 

 352.800 -1.62E-05    581.2420   -147.1631  5.3016E-07    627.0182     15.2231    

6748920. 

 360.000 -1.00E-05    -84.3107    -58.6100  8.1774E-07    625.2927      9.3750    

6748920. 



 367.200 -4.47E-06   -263.8014     -9.7926  6.1628E-07    625.9160      4.1854    

6748920. 

 374.400 -1.13E-06   -226.1226      9.0782  3.3276E-07    625.7851      1.0565    

6748920. 

 381.600  3.27E-07   -133.5072     11.7791  1.2465E-07    625.4636  -0.3061865    

6748920. 

 388.800  6.68E-07    -56.6644      8.4234  1.4592E-08    625.1968  -0.6259767    

6748920. 

 396.000  5.37E-07    -12.2297      4.3585 -2.5277E-08    625.0425  -0.5031471    

6748920. 

 403.200  3.04E-07      6.1309      1.5219 -2.8807E-08    625.0213  -0.2847880    

6748920. 

 410.400  1.22E-07      9.7236   0.0851606 -1.9632E-08    625.0338  -0.1143192    

6748920. 

 417.600  2.11E-08      7.3827  -0.3976828 -9.7321E-09    625.0256  -0.0198040    

6748920. 

 424.800 -1.82E-08      4.0096  -0.4076225 -3.1393E-09    625.0139   0.0170430    

6748920. 

 432.000 -2.41E-08      1.5170  -0.2650155  5.8947E-11    625.0053   0.0225700    

6748920. 

 439.200 -1.73E-08   0.1933023  -0.1252729  1.0487E-09    625.0007   0.0162473    

6748920. 

 446.400 -8.98E-09  -0.2882836  -0.0364895  9.9374E-10    625.0010   0.0084147    

6748920. 

 453.600 -3.02E-09  -0.3334338   0.0040058  6.3395E-10    625.0012   0.0028340    

6748920. 

 460.800  1.52E-10  -0.2314211   0.0140119  3.0707E-10    625.0008 -5.4499E-05    

2585430. 

 468.000  1.40E-09  -0.1320600   0.0120080  9.6721E-11    625.0005  -0.0005022    

2585430. 

 475.200  1.54E-09  -0.0586316   0.0082035 -1.3633E-11    625.0002  -0.0005546    

2585430. 

 482.400  1.20E-09  -0.0139112   0.0046529 -5.5613E-11    625.0000  -0.0004317    

2585430. 

 489.600  7.44E-10   0.0084422   0.0021375 -5.8778E-11    625.0000  -0.0002671    

2585430. 

 496.800  3.56E-10   0.0169449   0.0004499 -4.4087E-11    625.0001  -0.0002017    

4083142. 

 504.000  1.09E-10   0.0149778  -0.0004986 -2.5613E-11    625.0001 -6.1743E-05    

4083142. 

 511.200 -1.31E-11   0.0097988  -0.0006940 -1.1275E-11    625.0000  7.4471E-06    

4083142. 

 518.400 -5.35E-11   0.0049986  -0.0005580 -2.7113E-12    625.0000  3.0329E-05    

4083142. 

 525.600 -5.22E-11   0.0017668  -0.0003423  1.2038E-12    625.0000  2.9589E-05    

4083142. 

 532.800 -3.61E-11  6.7548E-05  -0.0001620  2.2653E-12    625.0000  2.0499E-05    

4083142. 

 540.000 -1.96E-11  -0.0005691 -4.8289E-05  1.9751E-12    625.0000  1.1090E-05    

4083142. 

 547.200 -7.71E-12  -0.0006304  7.3642E-06  1.2809E-12    625.0000  4.3698E-06    

4083142. 

 554.400 -1.11E-12  -0.0004647  2.5360E-05  6.4722E-13    625.0000  6.2905E-07    

4083142. 

 561.600  1.61E-12  -0.0002660  2.4328E-05  2.2435E-13    625.0000 -9.1563E-07    

4083142. 



 568.800  2.12E-12  -0.0001147  1.6701E-05  4.0463E-15    625.0000 -1.2031E-06    

4083142. 

 576.000  1.67E-12 -2.5547E-05  8.9547E-06 -7.7087E-14    625.0000 -9.4868E-07    

4083142. 

 583.200  1.01E-12  1.4396E-05  3.4746E-06 -8.3540E-14    625.0000 -5.7355E-07    

4083142. 

 590.400  4.70E-13  2.4596E-05  4.5057E-07 -6.0976E-14    625.0000 -2.6646E-07    

4083142. 

 597.600  1.33E-13  2.0963E-05 -7.8089E-07 -3.4610E-14    625.0000 -7.5610E-08    

4083142. 

 604.800 -2.85E-14  1.3396E-05 -9.9486E-07 -1.4727E-14    625.0000  1.6174E-08    

4083142. 

 612.000 -7.87E-14  6.6565E-06 -7.7589E-07 -3.1222E-15    625.0000  4.4651E-08    

4083142. 

 619.200 -7.35E-14  2.2270E-06 -4.6513E-07  2.0187E-15    625.0000  4.1671E-08    

4083142. 

 626.400 -4.97E-14 -4.3993E-08 -2.1372E-07  3.2820E-15    625.0000  2.8166E-08    

4083142. 

 633.600 -2.62E-14 -8.5478E-07 -5.8786E-08  2.7618E-15    625.0000  1.4870E-08    

4083142. 

 640.800 -9.90E-15 -8.9410E-07  1.4949E-08  1.7497E-15    625.0000  5.6124E-09    

4083142. 

 648.000 -1.02E-15 -6.4179E-07  3.7244E-08  8.6093E-16    625.0000  5.8065E-10    

4083142. 

 655.200  2.50E-15 -3.5890E-07  3.4229E-08  2.8182E-16    625.0000 -1.4181E-09    

4083142. 

 662.400  3.03E-15 -1.4926E-07  2.2929E-08 -1.2246E-17    625.0000 -1.7208E-09    

4083142. 

 669.600  2.32E-15 -2.8709E-08  1.1989E-08 -1.1524E-16    625.0000 -1.3181E-09    

4083142. 

 676.800  1.38E-15  2.3529E-08  4.4361E-09 -1.1823E-16    625.0000 -7.7977E-10    

4083142. 

 684.000  6.22E-16  3.5325E-08  3.5958E-10 -8.4174E-17    625.0000 -3.5260E-10    

4083142. 

 691.200  1.63E-16  2.8816E-08 -1.2424E-09 -4.7056E-17    625.0000 -9.2378E-11    

4083142. 

 698.400 -5.58E-17  1.7496E-08 -1.4609E-09 -2.0255E-17    625.0000  3.1669E-11    

4083142. 

 705.600 -1.29E-16  7.8048E-09 -1.0840E-09 -5.6138E-18    625.0000  7.3034E-11    

4083142. 

 712.800 -1.37E-16  1.8940E-09 -5.4200E-10 -1.0887E-21    625.0000  7.7514E-11    

4083142. 

 720.000 -1.29E-16      0.0000      0.0000  1.0950E-18    625.0000  7.3043E-11    

2041571. 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  9: 

 

Pile-head deflection             =     0.67078221 in 

Computed slope at pile head      =   3.854941E-17 

Maximum bending moment           =      -2051288. lbs-in 

Maximum shear force              =    50000.00000 lbs 

Depth of maximum bending moment  =        0.00000 in 



Depth of maximum shear force     =        0.00000 in 

Number of iterations             =             28 

Number of zero deflection points =             11 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number 10 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Shear and Slope (BC Type 2) 

Specified shear force at pile head  =       60000.000 lbs 

Specified slope at pile head        =       0.000E+00 in/in 

Specified axial load at pile head   =       90000.000 lbs 

 

(Zero slope for this load indicates fixed-head conditions) 

 

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     

Es*h    

    X        y          M           V           S        Stress          p          

F/L    

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      

lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- -

---------- 

   0.000  0.931592   -2599878.  60000.0000  6.9389E-17   9652.3526   -390.6231   

1509.5046 

   7.200  0.920760   -2177028.  57103.3865  -0.0027644   8184.1235   -413.9918   

3237.2625 

  14.400  0.891785   -1774006.  54046.9806  -0.0050509   6784.7435   -435.0099   

3512.1372 

  21.600  0.848027   -1392205.  50848.0469  -0.0068832   5459.0454   -453.5828   

3851.0532 

  28.800  0.792667   -1032874.  47524.5872  -0.0082866   4211.3668   -469.6004   

4265.5025 

  36.000  0.728700    -697112.  44095.4319  -0.0092877   3045.5264   -482.9427   

4771.7687 

  43.200  0.658924    -385862.  40580.2932  -0.0099145   1964.8003   -493.4847   

5392.2642 

  50.400  0.585932 -99906.2424  36999.7809  -0.0101956    971.8967   -501.1020   

6157.6027 

  57.600  0.512107     160148.  30726.8327  -0.0101607   1181.0688  -1241.3836  

17453.3007 

  64.800  0.439617     355728.  21458.6753  -0.0098622   1860.1682  -1333.1046  

21833.4241 

  72.000  0.370092     481934.  14836.1506  -0.0093774   2298.3824   -506.4856   

9853.4883 

  79.200  0.304583     581522.  11209.2058  -0.0087620   2644.1741   -500.9990  

11843.0704 

  86.400  0.243919     654702.   7653.8089  -0.0080466   2898.2716   -486.6112  

14363.7721 

  93.600  0.188712     702165.   4259.0523  -0.0072614   3063.0742   -456.3768  

17412.3336 

 100.800  0.139356     725443.   1093.0525  -0.0064352   3143.9003   -423.0676  

21858.3602 



 108.000  0.096045     726245.  -1817.7306  -0.0055951   3146.6852   -385.4832  

28897.7071 

 115.200  0.058786     706519.  -4432.9791  -0.0047660   3078.1917   -340.9747  

41761.7562 

 122.400  0.027415     668587.  -6674.9856  -0.0039702   2946.4830   -281.8049  

74009.7576 

 129.600  0.001616     615545.  -8190.9576  -0.0032270   2762.3082   -139.2984     

620725. 

 136.800 -0.019054     554820.  -8564.4154  -0.0025497   2551.4568     35.5601  

13437.1190 

 144.000 -0.035101     495522.  -8279.4495  -0.0019419   2345.5613     43.5971   

8942.8335 

 151.200 -0.047018     438112.  -7949.4820  -0.0014016   2146.2229     48.0606   

7359.7063 

 158.400 -0.055284     382866.  -7593.8450  -0.0009265   1954.3945     50.7274   

6606.5886 

 165.600 -0.060359     329962.  -7223.1795  -0.0005140   1770.7000     52.2352   

6230.8987 

 172.800 -0.062685     279518.  -6844.6994  -0.0001613   1595.5485     52.8981   

6075.8430 

 180.000 -0.062682     231607.  -6463.8355   0.0001345   1429.1908     52.8974   

6076.0935 

 187.200 -0.060749     186264.  -6084.9516   0.0003763   1271.7515     52.3481   

6204.3659 

 194.400 -0.057263     143496.  -5711.7206   0.0005672   1123.2497     51.3272   

6453.6753 

 201.600 -0.052581     103281.  -5347.3434   0.0007100    983.6132     49.8887   

6831.2792 

 208.800 -0.047039  65574.0594  -4994.6903   0.0008077    852.6877     48.0705   

7357.8438 

 216.000 -0.040951  30310.3058  -4656.3962   0.0008632    730.2441     45.9001   

8070.1972 

 223.200 -0.034610  -2596.7213  -4334.9271   0.0008792    634.0164     43.3969   

9028.0744 

 230.400 -0.028290 -33252.1052  -4032.6237   0.0008585    740.4587     40.5763  

10326.9191 

 237.600 -0.022248 -61779.0771  -3751.7176   0.0008035    839.5107     37.4532  

12120.9894 

 244.800 -0.016720 -88318.1394  -2623.9272   0.0007166    931.6602    275.8219     

118775. 

 252.000 -0.011928    -100492.   -891.6522   0.0006073    973.9318    205.3656     

123959. 

 259.200 -0.007974    -101945.    362.5722   0.0004902    978.9759    143.0301     

129143. 

 266.400 -0.004870 -95906.6093   1204.5405   0.0003757    958.0091     90.8500     

134327. 

 273.600 -0.002564 -85086.5726   1710.4679   0.0002710    920.4395     49.6854     

139511. 

 280.800 -0.000968 -71627.0306   1959.3570   0.0001803    873.7050     19.4505     

144695. 

 288.000  3.16E-05 -57105.4548   2027.0102   0.0001058    823.2828  -0.6579582     

149879. 

 295.200  0.000555 -42575.1585   1981.5968  4.8082E-05    772.8304    -11.9569     

155063. 

 302.400  0.000724 -28632.7752   1880.5441  6.8733E-06    724.4194    -16.1133     

160247. 



 309.600  0.000654 -15504.2309   1768.4266 -1.8669E-05    678.8341    -15.0305     

165431. 

 316.800  0.000455  -3143.2371   1675.4894 -2.9460E-05    635.9140    -10.7854     

170615. 

 324.000  0.000230   8660.9973    860.7461 -2.6267E-05    655.0729   -215.5321    

6748920. 

 331.200  7.69E-05   9285.5497   -174.6706 -1.5881E-05    657.2415    -72.0836    

6748920. 

 338.400  1.24E-06   6166.3228   -438.3724 -6.9394E-06    646.4108     -1.1669    

6748920. 

 345.600 -2.30E-05   2981.9810   -364.8735 -1.6452E-06    635.3541     21.5832    

6748920. 

 352.800 -2.24E-05    914.2763   -211.4289  6.0954E-07    628.1746     21.0403    

6748920. 

 360.000 -1.42E-05    -63.3856    -87.6033  1.1020E-06    625.2201     13.3557    

6748920. 

 367.200 -6.58E-06   -348.6394    -17.3241  8.6351E-07    626.2106      6.1663    

6748920. 

 374.400 -1.81E-06   -313.9718     10.9950  4.8006E-07    626.0902      1.7001    

6748920. 

 381.600  3.34E-07   -190.9334     15.9870  1.8787E-07    625.6630  -0.3134787    

6748920. 

 388.800  8.92E-07    -84.0025     11.8501  2.8762E-08    625.2917  -0.8356722    

6748920. 

 396.000  7.49E-07    -20.3298      6.3155 -3.1616E-08    625.0706  -0.7017012    

6748920. 

 403.200  4.36E-07      6.9819      2.3172 -3.9340E-08    625.0242  -0.4089289    

6748920. 

 410.400  1.82E-07     13.0895   0.2306044 -2.7725E-08    625.0454  -0.1706942    

6748920. 

 417.600  3.70E-08     10.3385  -0.5088326 -1.4167E-08    625.0359  -0.0347050    

6748920. 

 424.800 -2.19E-08      5.7807  -0.5598730 -4.8385E-09    625.0201   0.0205271    

6748920. 

 432.000 -3.27E-08      2.2826  -0.3757983 -1.7224E-10    625.0079   0.0306047    

6748920. 

 439.200 -2.44E-08   0.3694321  -0.1833539  1.3625E-09    625.0013   0.0228520    

6748920. 

 446.400 -1.30E-08  -0.3594133  -0.0571178  1.3683E-09    625.0012   0.0122136    

6748920. 

 453.600 -4.68E-09  -0.4548377   0.0026283  8.9712E-10    625.0016   0.0043826    

6748920. 

 460.800 -1.11E-10  -0.3227279   0.0185497  4.4714E-10    625.0011  4.0014E-05    

2585430. 

 468.000  1.76E-09  -0.1883018   0.0164144  1.5140E-10    625.0007  -0.0006332    

2585430. 

 475.200  2.07E-09  -0.0865573   0.0114607 -7.6616E-12    625.0003  -0.0007429    

2585430. 

 482.400  1.65E-09  -0.0232575   0.0066497 -7.1212E-11    625.0001  -0.0005935    

2585430. 

 489.600  1.04E-09   0.0092906   0.0031643 -7.9295E-11    625.0000  -0.0003746    

2585430. 

 496.800  5.11E-10   0.0224109   0.0007722 -6.0949E-11    625.0001  -0.0002898    

4083142. 

 504.000  1.66E-10   0.0204895  -0.0006093 -3.6122E-11    625.0001 -9.3923E-05    

4083142. 



 511.200 -9.09E-12   0.0136839  -0.0009289 -1.6346E-11    625.0000  5.1542E-06    

4083142. 

 518.400 -6.98E-11   0.0071352  -0.0007679 -4.2978E-12    625.0000  3.9563E-05    

4083142. 

 525.600 -7.10E-11   0.0026321  -0.0004805  1.3546E-12    625.0000  4.0251E-05    

4083142. 

 532.800 -5.03E-11   0.0002137  -0.0002330  3.0014E-12    625.0000  2.8501E-05    

4083142. 

 540.000 -2.78E-11  -0.0007275 -7.3762E-05  2.7041E-12    625.0000  1.5741E-05    

4083142. 

 547.200 -1.13E-11  -0.0008520  6.0126E-06  1.7900E-12    625.0000  6.4187E-06    

4083142. 

 554.400 -1.98E-12  -0.0006432  3.3162E-05  9.2476E-13    625.0000  1.1229E-06    

4083142. 

 561.600  2.00E-12  -0.0003757  3.3126E-05  3.3513E-13    625.0000 -1.1331E-06    

4083142. 

 568.800  2.85E-12  -0.0001666  2.3237E-05  2.1300E-14    625.0000 -1.6138E-06    

4083142. 

 576.000  2.30E-12 -4.1099E-05  1.2721E-05 -9.8908E-14    625.0000 -1.3071E-06    

4083142. 

 583.200  1.42E-12  1.6693E-05  5.1136E-06 -1.1303E-13    625.0000 -8.0612E-07    

4083142. 

 590.400  6.77E-13  3.2683E-05  8.2906E-07 -8.4458E-14    625.0000 -3.8404E-07    

4083142. 

 597.600  2.05E-13  2.8741E-05 -9.7256E-07 -4.8912E-14    625.0000 -1.1641E-07    

4083142. 

 604.800 -2.71E-14  1.8742E-05 -1.3362E-06 -2.1433E-14    625.0000  1.5389E-08    

4083142. 

 612.000 -1.03E-13  9.5267E-06 -1.0698E-06 -5.0742E-15    625.0000  5.8619E-08    

4083142. 

 619.200 -1.00E-13  3.3432E-06 -6.5420E-07  2.3737E-15    625.0000  5.6827E-08    

4083142. 

 626.400 -6.92E-14  1.0314E-07 -3.0838E-07  4.3681E-15    625.0000  3.9235E-08    

4083142. 

 633.600 -3.73E-14 -1.1031E-06 -9.0979E-08  3.7894E-15    625.0000  2.1155E-08    

4083142. 

 640.800 -1.46E-14 -1.2119E-06  1.5020E-08  2.4498E-15    625.0000  8.2889E-09    

4083142. 

 648.000 -2.03E-15 -8.9001E-07  4.9000E-08  1.2334E-15    625.0000  1.1498E-09    

4083142. 

 655.200  3.14E-15 -5.0787E-07  4.6719E-08  4.2443E-16    625.0000 -1.7833E-09    

4083142. 

 662.400  4.08E-15 -2.1780E-07  3.1961E-08  4.4760E-18    625.0000 -2.3162E-09    

4083142. 

 669.600  3.21E-15 -4.7641E-08  1.7071E-08 -1.4914E-16    625.0000 -1.8198E-09    

4083142. 

 676.800  1.94E-15  2.8218E-08  6.5662E-09 -1.6038E-16    625.0000 -1.0983E-09    

4083142. 

 684.000  9.00E-16  4.7120E-08  7.7591E-10 -1.1678E-16    625.0000 -5.1012E-10    

4083142. 

 691.200  2.55E-16  3.9542E-08 -1.5812E-09 -6.6629E-17    625.0000 -1.4463E-10    

4083142. 

 698.400 -5.99E-17  2.4437E-08 -1.9795E-09 -2.9604E-17    625.0000  3.3993E-11    

4083142. 

 705.600 -1.71E-16  1.1076E-08 -1.5074E-09 -9.0530E-18    625.0000  9.7129E-11    

4083142. 



 712.800 -1.90E-16  2.7416E-09 -7.6925E-10 -1.0568E-18    625.0000  1.0792E-10    

4083142. 

 720.000 -1.86E-16      0.0000      0.0000  5.2983E-19    625.0000  1.0576E-10    

2041571. 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No. 10: 

 

Pile-head deflection             =     0.93159247 in 

Computed slope at pile head      =   6.938894E-17 

Maximum bending moment           =      -2599878. lbs-in 

Maximum shear force              =    60000.00000 lbs 

Depth of maximum bending moment  =        0.00000 in 

Depth of maximum shear force     =        0.00000 in 

Number of iterations             =             28 

Number of zero deflection points =             11 

 

 

 

 

 

------------------------------------------------------------------------------ 

                          Summary of Pile Response(s) 

------------------------------------------------------------------------------ 

 

Definition of Symbols for Pile-Head Loading Conditions: 

 

Type 1 = Shear and Moment,          y = pile-head displacment in 

Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in 

Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs 

Type 4 = Deflection and Moment,     S = Pile-head Slope, radians 

Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad 

 

Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum  

Type  Condition    Condition       Load     Deflection    Moment      Shear 

          1            2            lbs         in        in-lbs       lbs 

---- ------------ ------------ ----------- ----------- ----------- ----------- 

  2  V=  5000.000 S=     0.000  90000.0000   0.0057599 -84818.1233   5000.0000 

  2  V=    10000. S=     0.000  90000.0000   0.0279095    -226785.  10000.0000 

  2  V=    15000. S=     0.000  90000.0000   0.0652371    -401265.  15000.0000 

  2  V=    20000. S=     0.000  90000.0000   0.1157784    -597240.  20000.0000 

  2  V=    25000. S=     0.000  90000.0000   0.1809905    -812253.  25000.0000 

  2  V=    30000. S=     0.000  90000.0000   0.2592416   -1040077.  30000.0000 

  2  V=    35000. S=     0.000  90000.0000   0.3479300   -1281896.  35000.0000 

  2  V=    40000. S=     0.000  90000.0000   0.4482467   -1530583.  40000.0000 

  2  V=    50000. S=     0.000  90000.0000   0.6707822   -2051288.  50000.0000 

  2  V=    60000. S=     0.000  90000.0000   0.9315925   -2599878.  60000.0000 

 

 

------------------------------------------------------------------------------ 

                     Pile-head Deflection vs. Pile Length 

------------------------------------------------------------------------------ 

 



Boundary Condition Type 2, Shear and Slope 

 

Shear      =           5000. lbs 

Slope      =         0.00000 

Axial Load =          90000. lbs 

 

 

 

   Pile       Pile Head       Maximum      Maximum 

  Length      Deflection      Moment        Shear  

    in           in           in-lbs         lbs 

-----------  ------------  ------------  ------------ 

   720.000    0.00575992  -84818.12328    5000.00000 

   684.000    0.00587324  -84758.16879    5000.00000 

   648.000    0.00569722  -84941.37115    5000.00000 

   612.000    0.00581492  -84871.63838    5000.00000 

   576.000    0.00569221  -84983.92788    5000.00000 

   540.000    0.00583024  -84922.36344    5000.00000 

   504.000    0.00574056  -85019.23858    5000.00000 

   468.000    0.00568957  -85067.50951    5000.00000 

   432.000    0.00567815  -85097.88534    5000.00000 

   396.000    0.00569411  -85097.57116    5000.00000 

 

 

This analysis ended normally.  

 



============================================================================== 

 

                LPILE Plus for Windows, Version 5.0 (5.0.41) 

 

               Analysis of Individual Piles and Drilled Shafts  

              Subjected to Lateral Loading Using the p-y Method 

 

                        (c) 1985-2009 by Ensoft, Inc.           

                             All Rights Reserved                

 

============================================================================== 

 

 

This program is licensed to:  

 

Madhu Thummaluru 

URS Corporation 

 

Path to file locations:      

X:\101_MSN_SCTA\450_Geotech\Analysis\Pile\Lateral\RW 293\ 

Name of input data file:     RW293_A-09-101_free.lpd 

Name of output file:         RW293_A-09-101_free.lpo 

Name of plot output file:    RW293_A-09-101_free.lpp 

Name of runtime file:        RW293_A-09-101_free.lpr 

 

 

------------------------------------------------------------------------------ 

                          Time and Date of Analysis 

------------------------------------------------------------------------------ 

 

               Date:  April  6, 2010     Time:  16:05:28 

 

 

------------------------------------------------------------------------------ 

                                Problem Title 

------------------------------------------------------------------------------ 

 

RW293_MSN B4_Petaluma_Fixed                                                      

 

 

------------------------------------------------------------------------------ 

                                Program Options 

------------------------------------------------------------------------------ 

 

Units Used in Computations - US Customary Units: Inches, Pounds 

 

Basic Program Options: 

 

Analysis Type 1:  

- Computation of Lateral Pile Response Using User-specified Constant EI 

 

Computation Options: 

- Only internally-generated p-y curves used in analysis 

- Analysis does not use p-y multipliers (individual pile or shaft action only) 

- Analysis assumes no shear resistance at pile tip 

- Analysis includes automatic computation of pile-top deflection vs. 

  pile embedment length 



- No computation of foundation stiffness matrix elements 

- Output pile response for full length of pile 

- Analysis assumes no soil movements acting on pile 

- No additional p-y curves to be computed at user-specified depths 

 

Solution Control Parameters: 

- Number of pile increments            =          100 

- Maximum number of iterations allowed =          100 

- Deflection tolerance for convergence =   1.0000E-05 in 

- Maximum allowable deflection         =   1.0000E+02 in 

 

Printing Options: 

- Values of pile-head deflection, bending moment, shear force, and  

  soil reaction are printed for full length of pile. 

- Printing Increment (spacing of output points) =  1 

 

 

------------------------------------------------------------------------------ 

                   Pile Structural Properties and Geometry 

------------------------------------------------------------------------------ 

 

Pile Length                               =     720.00 in 

 

Depth of ground surface below top of pile =     -48.00 in 

 

Slope angle of ground surface             =       0.00 deg. 

 

Structural properties of pile defined using  2 points 

 

Point    Depth         Pile      Moment of       Pile      Modulus of 

           X         Diameter     Inertia       Area      Elasticity 

           in           in         in**4        Sq.in      lbs/Sq.in 

-----  ---------   -----------   ----------   ----------   ----------- 

  1       0.0000   12.00000000    1728.0000     144.0000      3600000. 

  2     720.0000   12.00000000    1728.0000     144.0000      3600000. 

 

 

------------------------------------------------------------------------------ 

                      Soil and Rock Layering Information 

------------------------------------------------------------------------------ 

 

The soil profile is modelled using  8 layers 

 

Layer  1 is stiff clay without free water 

Distance from top of pile to top of layer    =      -48.000 in 

Distance from top of pile to bottom of layer =       54.000 in 

 

Layer  2 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =       54.000 in 

Distance from top of pile to bottom of layer =       66.000 in 

p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3 

 

Layer  3 is stiff clay without free water 

Distance from top of pile to top of layer    =       66.000 in 

Distance from top of pile to bottom of layer =      132.000 in 

 



Layer  4 is soft clay, p-y criteria by Matlock, 1970 

Distance from top of pile to top of layer    =      132.000 in 

Distance from top of pile to bottom of layer =      240.000 in 

 

Layer  5 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      240.000 in 

Distance from top of pile to bottom of layer =      318.000 in 

p-y subgrade modulus k for top of soil layer =      100.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =      100.000 lbs/in**3 

 

Layer  6 is stiff clay without free water 

Distance from top of pile to top of layer    =      318.000 in 

Distance from top of pile to bottom of layer =      456.000 in 

 

Layer  7 is stiff clay without free water 

Distance from top of pile to top of layer    =      456.000 in 

Distance from top of pile to bottom of layer =      492.000 in 

 

Layer  8 is stiff clay without free water 

Distance from top of pile to top of layer    =      492.000 in 

Distance from top of pile to bottom of layer =      720.000 in 

 

 

(Depth of lowest layer extends    0.00 in below pile tip) 

 

 

------------------------------------------------------------------------------ 

                   Effective Unit Weight of Soil vs. Depth 

------------------------------------------------------------------------------ 

 

Effective unit weight of soil with depth defined using 16 points 

 

Point        Depth X    Eff. Unit Weight 

 No.           in          lbs/in**3 

-----      ----------   ---------------- 

  1           -48.00        0.03040 

  2            54.00        0.03040 

  3            54.00        0.03620 

  4            66.00        0.03620 

  5            66.00        0.03040 

  6           132.00        0.03040 

  7           132.00        0.03620 

  8           240.00        0.03620 

  9           240.00        0.03910 

 10           318.00        0.03910 

 11           318.00        0.03620 

 12           456.00        0.03620 

 13           456.00        0.03620 

 14           492.00        0.03620 

 15           492.00        0.03620 

 16           720.00        0.03620 

 

 

 

------------------------------------------------------------------------------ 

                           Shear Strength of Soils 

------------------------------------------------------------------------------ 



 

Shear strength parameters with depth defined using 16 points 

 

Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD 

 No.       in         lbs/in**2            Deg.            k_rm        % 

-----   --------     ----------     ------------------    ------    ------ 

  1      -48.000        8.68000            0.00          0.00700       0.0 

  2       54.000        8.68000            0.00          0.00700       0.0 

  3       54.000        0.00000           32.00           ------    ------ 

  4       66.000        0.00000           32.00           ------    ------ 

  5       66.000        8.68000            0.00          0.00700       0.0 

  6      132.000        8.68000            0.00          0.00700       0.0 

  7      132.000        2.08000            0.00          0.02000       0.0 

  8      240.000        2.08000            0.00          0.02000       0.0 

  9      240.000        0.00000           36.00           ------    ------ 

 10      318.000        0.00000           36.00           ------    ------ 

 11      318.000       20.83000            0.00          0.00500       0.0 

 12      456.000       20.83000            0.00          0.00500       0.0 

 13      456.000        8.68000            0.00          0.00700       0.0 

 14      492.000        8.68000            0.00          0.00700       0.0 

 15      492.000       13.19000            0.00          0.00600       0.0 

 16      720.000       13.19000            0.00          0.00600       0.0 

 

Notes: 

 

(1)  Cohesion = uniaxial compressive strength for rock materials. 

(2)  Values of E50 are reported for clay strata.  

(3)  Default values will be generated for E50 when input values are 0. 

(4)  RQD and k_rm are reported only for weak rock strata. 

 

 

 

 

------------------------------------------------------------------------------ 

                                 Loading Type 

------------------------------------------------------------------------------ 

 

Static loading criteria was used for computation of p-y curves. 

 

 

 

------------------------------------------------------------------------------ 

              Pile-head Loading and Pile-head Fixity Conditions 

------------------------------------------------------------------------------ 

 

Number of loads specified = 10 

 

Load Case Number  1 

 

Pile-head boundary conditions are Shear and Moment (BC Type 1) 

Shear force at pile head    =        5000.000 lbs 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =       90000.000 lbs 

 

(Zero moment at pile head for this load indicates a free-head condition) 

 

Load Case Number  2 



 

Pile-head boundary conditions are Shear and Moment (BC Type 1) 

Shear force at pile head    =       10000.000 lbs 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =       90000.000 lbs 

 

(Zero moment at pile head for this load indicates a free-head condition) 

 

Load Case Number  3 

 

Pile-head boundary conditions are Shear and Moment (BC Type 1) 

Shear force at pile head    =       15000.000 lbs 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =       90000.000 lbs 

 

(Zero moment at pile head for this load indicates a free-head condition) 

 

Load Case Number  4 

 

Pile-head boundary conditions are Shear and Moment (BC Type 1) 

Shear force at pile head    =       20000.000 lbs 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =       90000.000 lbs 

 

(Zero moment at pile head for this load indicates a free-head condition) 

 

Load Case Number  5 

 

Pile-head boundary conditions are Shear and Moment (BC Type 1) 

Shear force at pile head    =       25000.000 lbs 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =       90000.000 lbs 

 

(Zero moment at pile head for this load indicates a free-head condition) 

 

Load Case Number  6 

 

Pile-head boundary conditions are Shear and Moment (BC Type 1) 

Shear force at pile head    =       30000.000 lbs 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =       90000.000 lbs 

 

(Zero moment at pile head for this load indicates a free-head condition) 

 

Load Case Number  7 

 

Pile-head boundary conditions are Shear and Moment (BC Type 1) 

Shear force at pile head    =       35000.000 lbs 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =       90000.000 lbs 

 

(Zero moment at pile head for this load indicates a free-head condition) 

 

Load Case Number  8 

 

Pile-head boundary conditions are Shear and Moment (BC Type 1) 

Shear force at pile head    =       40000.000 lbs 



Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =       90000.000 lbs 

 

(Zero moment at pile head for this load indicates a free-head condition) 

 

Load Case Number  9 

 

Pile-head boundary conditions are Shear and Moment (BC Type 1) 

Shear force at pile head    =       50000.000 lbs 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =       90000.000 lbs 

 

(Zero moment at pile head for this load indicates a free-head condition) 

 

Load Case Number 10 

 

Pile-head boundary conditions are Shear and Moment (BC Type 1) 

Shear force at pile head    =       60000.000 lbs 

Bending moment at pile head =           0.000 in-lbs 

Axial load at pile head     =       90000.000 lbs 

 

(Zero moment at pile head for this load indicates a free-head condition) 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  1 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Shear and Moment (BC Type 1) 

Specified shear force at pile head  =        5000.000 lbs 

Specified moment at pile head       =           0.000 in-lbs 

Specified axial load at pile head   =       90000.000 lbs 

 

(Zero moment for this load indicates free-head conditions) 

 

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     

Es*h    

    X        y          M           V           S        Stress          p          

F/L    

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      

lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- -

---------- 

   0.000  0.022740  8.3267E-10   5000.0000  -0.0006462    625.0000   -154.4367  

24449.5179 

   7.200  0.018087  32415.7193   3885.9200  -0.0006274    737.5546   -155.0300  

61713.1419 

  14.400  0.013705  56770.3720   2776.2490  -0.0005758    822.1193   -153.2119  

80491.4976 

  21.600  0.009796  73139.9406   1689.1505  -0.0005006    878.9581   -148.7599     

109341. 

  28.800  0.006496  81742.9418    644.6984  -0.0004110    908.8297   -141.3657     

156687. 

  36.000  0.003877  82956.2380   -334.1364  -0.0003157    913.0425   -130.5329     

242386. 



  43.200  0.001950  77340.4932  -1218.9381  -0.0002229    893.5434   -115.2454     

425471. 

  50.400  0.000668  65692.4222  -1966.2086  -0.0001401    853.0987    -92.3297     

995888. 

  57.600 -6.78E-05  49208.7081  -2296.6255 -7.3644E-05    795.8636   0.5472544  

58154.3278 

  64.800 -0.000393  32716.4571  -2282.6183 -2.6234E-05    738.5988      3.3437  

61264.7278 

  72.000 -0.000446  16373.0039  -1931.4954  2.1746E-06    681.8507     94.1905    

1522204. 

  79.200 -0.000362   4900.1044  -1258.0014  1.4485E-05    642.0143     92.8912    

1849392. 

  86.400 -0.000237  -1760.9900   -617.3113  1.6302E-05    631.1145     85.0783    

2585430. 

  93.600 -0.000127  -4010.3052   -146.9944  1.2962E-05    638.9247     45.5653    

2585430. 

 100.800 -5.03E-05  -3894.5083     82.0303  8.3876E-06    638.5226     18.0527    

2585430. 

 108.000 -6.11E-06  -2839.9387    154.9185  4.4904E-06    634.8609      2.1940    

2585430. 

 115.200  1.44E-05  -1669.5008    144.2179  1.8808E-06    630.7969     -5.1664    

2585430. 

 122.400  2.10E-05   -765.6386     98.5068  4.7153E-07    627.6585     -7.5311    

2585430. 

 129.600  2.12E-05   -251.6134     44.0183 -1.1716E-07    625.8737     -7.6046    

2585430. 

 136.800  1.93E-05   -131.6237     14.2475 -3.3894E-07    625.4570  -0.6650209     

248274. 

 144.000  1.63E-05    -46.0099      9.8304 -4.4174E-07    625.1598  -0.5619594     

248274. 

 151.200  1.29E-05     10.5063      6.2029 -4.6228E-07    625.0365  -0.4456768     

248274. 

 158.400  9.64E-06     43.9109      3.4018 -4.3079E-07    625.1525  -0.3324131     

248274. 

 165.600  6.72E-06     60.0501      1.3707 -3.7063E-07    625.2085  -0.2317675     

248274. 

 172.800  4.30E-06     64.1295   0.0021965 -2.9877E-07    625.2227  -0.1483776     

248274. 

 180.000  2.42E-06     60.4690  -0.8322586 -2.2666E-07    625.2100  -0.0834155     

248274. 

 187.200  1.04E-06     52.4388     -1.2615 -1.6132E-07    625.1821  -0.0358295     

248274. 

 194.400  9.60E-08     42.5119     -1.4025 -1.0637E-07    625.1476  -0.0033120     

248274. 

 201.600 -4.93E-07     32.3814     -1.3532 -6.3031E-08    625.1124   0.0169895     

248274. 

 208.800 -8.12E-07     23.1073     -1.1913 -3.0920E-08    625.0802   0.0279861     

248274. 

 216.000 -9.38E-07     15.2667  -0.9741147 -8.7127E-09    625.0530   0.0323427     

248274. 

 223.200 -9.37E-07      9.0913  -0.7413563  5.3834E-09    625.0316   0.0323124     

248274. 

 230.400 -8.60E-07      4.5842  -0.5182211  1.3298E-08    625.0159   0.0296696     

248274. 

 237.600 -7.46E-07      1.6117  -0.3188563  1.6883E-08    625.0056   0.0257095     

248274. 



 244.800 -6.17E-07  -0.0291955  -0.1896418  1.7799E-08    625.0001   0.0101834     

118775. 

 252.000 -4.89E-07     -1.1422  -0.1226565  1.7121E-08    625.0040   0.0084236     

123959. 

 259.200 -3.71E-07     -1.8176  -0.0683908  1.5408E-08    625.0063   0.0066502     

129143. 

 266.400 -2.67E-07     -2.1470  -0.0264908  1.3114E-08    625.0075   0.0049887     

134327. 

 273.600 -1.82E-07     -2.2161   0.0041587  1.0589E-08    625.0077   0.0035250     

139511. 

 280.800 -1.15E-07     -2.1008   0.0251628  8.0907E-09    625.0073   0.0023094     

144695. 

 288.000 -6.54E-08     -1.8642   0.0383790  5.7961E-09    625.0065   0.0013618     

149879. 

 295.200 -3.15E-08     -1.5557   0.0457200  3.8170E-09    625.0054   0.0006774     

155063. 

 302.400 -1.05E-08     -1.2108   0.0489960  2.2160E-09    625.0042   0.0002326     

160247. 

 309.600  4.58E-10  -0.8530034   0.0497956  1.0217E-09    625.0030 -1.0519E-05     

165431. 

 316.800  4.26E-09  -0.4950896   0.0493944  2.4153E-10    625.0017  -0.0001009     

170615. 

 324.000  3.94E-09  -0.1420374   0.0357496 -1.2718E-10    625.0005  -0.0036893    

6748920. 

 331.200  2.43E-09   0.0198695   0.0142738 -1.9788E-10    625.0001  -0.0022762    

6748920. 

 338.400  1.09E-09   0.0637623   0.0024133 -1.4948E-10    625.0002  -0.0010184    

6748920. 

 345.600  2.76E-10   0.0548154  -0.0021836 -8.0858E-11    625.0002  -0.0002586    

6748920. 

 352.800 -7.79E-11   0.0324230  -0.0028515 -3.0373E-11    625.0001  7.3041E-05    

6748920. 

 360.000 -1.62E-10   0.0137927  -0.0020436 -3.6274E-12    625.0000   0.0001514    

6748920. 

 367.200 -1.30E-10   0.0030001  -0.0010594  6.0907E-12    625.0000   0.0001220    

6748920. 

 374.400 -7.38E-11  -0.0014701  -0.0003711  6.9761E-12    625.0000  6.9180E-05    

6748920. 

 381.600 -2.97E-11  -0.0023529 -2.1834E-05  4.7637E-12    625.0000  2.7840E-05    

6748920. 

 388.800 -5.21E-12  -0.0017907  9.5958E-05  2.3659E-12    625.0000  4.8796E-06    

6748920. 

 396.000  4.37E-12  -0.0009741  9.8786E-05  7.6587E-13    625.0000 -4.0939E-06    

6748920. 

 403.200  5.82E-12  -0.0003691  6.4399E-05 -1.1489E-14    625.0000 -5.4580E-06    

6748920. 

 410.400  4.20E-12 -4.6783E-05  3.0571E-05 -2.5218E-13    625.0000 -3.9388E-06    

6748920. 

 417.600  2.19E-12  7.1412E-05  8.9960E-06 -2.3793E-13    625.0000 -2.0541E-06    

6748920. 

 424.800  7.76E-13  8.3067E-05 -1.0172E-06 -1.4853E-13    625.0000 -7.2730E-07    

6748920. 

 432.000  5.26E-14  5.6957E-05 -3.8130E-06 -6.7498E-14    625.0000 -4.9308E-08    

6748920. 

 439.200 -1.96E-13  2.8248E-05 -3.3289E-06 -1.8190E-14    625.0000  1.8378E-07    

6748920. 



 446.400 -2.09E-13  9.0442E-06 -1.9609E-06  3.3911E-15    625.0000  1.9621E-07    

6748920. 

 453.600 -1.47E-13  5.8407E-09 -7.5773E-07  8.6283E-15    625.0000  1.3801E-07    

6748920. 

 460.800 -8.51E-14 -1.8783E-06 -1.5092E-07  7.5447E-15    625.0000  3.0552E-08    

2585430. 

 468.000 -3.86E-14 -2.1772E-06  8.9429E-09  5.1978E-15    625.0000  1.3856E-08    

2585430. 

 475.200 -1.02E-14 -1.7563E-06  7.2051E-08  2.9215E-15    625.0000  3.6745E-09    

2585430. 

 482.400  3.48E-15 -1.1435E-06  8.0775E-08  1.2434E-15    625.0000 -1.2511E-09    

2585430. 

 489.600  7.67E-15 -5.9470E-07  6.6354E-08  2.3751E-16    625.0000 -2.7549E-09    

2585430. 

 496.800  6.90E-15 -1.8829E-07  4.2341E-08 -2.1561E-16    625.0000 -3.9153E-09    

4083142. 

 504.000  4.57E-15  1.5294E-08  1.8922E-08 -3.1572E-16    625.0000 -2.5901E-09    

4083142. 

 511.200  2.36E-15  8.4594E-08  4.7839E-09 -2.5791E-16    625.0000 -1.3371E-09    

4083142. 

 518.400  8.53E-16  8.4516E-08 -1.7716E-09 -1.6005E-16    625.0000 -4.8387E-10    

4083142. 

 525.600  5.30E-17  5.9291E-08 -3.6217E-09 -7.6829E-17    625.0000 -3.0065E-11    

4083142. 

 532.800 -2.53E-16  3.2463E-08 -3.2132E-09 -2.3731E-17    625.0000  1.4354E-10    

4083142. 

 540.000 -2.89E-16  1.3051E-08 -2.1070E-09  2.6079E-18    625.0000  1.6373E-10    

4083142. 

 547.200 -2.16E-16  2.1177E-09 -1.0776E-09  1.1386E-17    625.0000  1.2224E-10    

4083142. 

 554.400 -1.25E-16 -2.4803E-09 -3.8280E-10  1.1176E-17    625.0000  7.0746E-11    

4083142. 

 561.600 -5.46E-17 -3.4090E-09 -1.6615E-11  7.7683E-18    625.0000  3.0971E-11    

4083142. 

 568.800 -1.29E-17 -2.7296E-09  1.2119E-10  4.2158E-18    625.0000  7.3077E-12    

4083142. 

 576.000  6.09E-18 -1.6694E-09  1.3506E-10  1.6701E-18    625.0000 -3.4562E-12    

4083142. 

 583.200  1.12E-17 -7.8700E-10  9.9821E-11  2.4862E-19    625.0000 -6.3310E-12    

4083142. 

 590.400  9.67E-18 -2.3225E-10  5.7279E-11 -3.4123E-19    625.0000 -5.4865E-12    

4083142. 

 597.600  6.25E-18  3.8255E-11  2.4768E-11 -4.5349E-19    625.0000 -3.5444E-12    

4083142. 

 604.800  3.14E-18  1.2499E-10  5.5884E-12 -3.5902E-19    625.0000 -1.7831E-12    

4083142. 

 612.000  1.08E-18  1.1919E-10 -3.0358E-12 -2.1771E-19    625.0000 -6.1252E-13    

4083142. 

 619.200  9.19E-21  8.1556E-11 -5.2597E-12 -1.0154E-19    625.0000 -5.2112E-15    

4083142. 

 626.400 -3.82E-19  4.3586E-11 -4.4984E-12 -2.9119E-20    625.0000  2.1668E-13    

4083142. 

 633.600 -4.10E-19  1.6816E-11 -2.8811E-12  5.8365E-21    625.0000  2.3258E-13    

4083142. 

 640.800 -2.98E-19  2.0911E-12 -1.4353E-12  1.6778E-20    625.0000  1.6901E-13    

4083142. 



 648.000 -1.69E-19 -3.8742E-12 -4.8287E-13  1.5746E-20    625.0000  9.5563E-14    

4083142. 

 655.200 -7.13E-20 -4.8826E-12  6.6857E-15  1.0679E-20    625.0000  4.0423E-14    

4083142. 

 662.400 -1.47E-20 -3.7918E-12  1.8230E-13  5.6589E-21    625.0000  8.3574E-15    

4083142. 

 669.600  1.02E-20 -2.2649E-12  1.9154E-13  2.1539E-21    625.0000 -5.7889E-15    

4083142. 

 676.800  1.63E-20 -1.0364E-12  1.3747E-13  2.4340E-22    625.0000 -9.2316E-15    

4083142. 

 684.000  1.37E-20 -2.8565E-13  7.6239E-14 -5.2166E-22    625.0000 -7.7766E-15    

4083142. 

 691.200  8.77E-21  6.2149E-14  3.0346E-14 -6.5100E-22    625.0000 -4.9716E-15    

4083142. 

 698.400  4.34E-21  1.5217E-13  3.5911E-15 -5.2697E-22    625.0000 -2.4603E-15    

4083142. 

 705.600  1.18E-21  1.1454E-13 -7.6716E-15 -3.7262E-22    625.0000 -6.6821E-16    

4083142. 

 712.800 -1.03E-21  4.2187E-14 -7.9798E-15 -2.8192E-22    625.0000  5.8259E-16    

4083142. 

 720.000 -2.88E-21      0.0000      0.0000 -2.5750E-22    625.0000  1.6340E-15    

2041571. 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  1: 

 

Pile-head deflection             =     0.02273959 in 

Computed slope at pile head      =    -0.00064617 

Maximum bending moment           =    82956.23803 lbs-in 

Maximum shear force              =     5000.00000 lbs 

Depth of maximum bending moment  =    36.00000000 in 

Depth of maximum shear force     =        0.00000 in 

Number of iterations             =             20 

Number of zero deflection points =             13 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  2 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Shear and Moment (BC Type 1) 

Specified shear force at pile head  =       10000.000 lbs 

Specified moment at pile head       =           0.000 in-lbs 

Specified axial load at pile head   =       90000.000 lbs 

 

(Zero moment for this load indicates free-head conditions) 

 

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     

Es*h    



    X        y          M           V           S        Stress          p          

F/L    

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      

lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- -

---------- 

   0.000  0.110522      0.0000  10000.0000  -0.0023211    625.0000   -229.2656   

7467.8082 

   7.200  0.093810  67561.5275   8332.5754  -0.0022820    859.5886   -233.9079  

17952.6906 

  14.400  0.077661     122947.   6639.7255  -0.0021718   1051.8979   -236.3281  

21910.2347 

  21.600  0.062536     165988.   4937.9535  -0.0020046   1201.3479   -236.3863  

27215.9955 

  28.800  0.048795     196651.   3244.8062  -0.0017947   1307.8162   -233.9324  

34518.3310 

  36.000  0.036692     215039.   1578.9785  -0.0015565   1371.6645   -228.7975  

44896.2651 

  43.200  0.026382     221406.    -39.4857  -0.0013039   1393.7692   -220.7759  

60253.5612 

  50.400  0.017916     216161.  -1588.7759  -0.0010507   1375.5577   -209.5825  

84225.5872 

  57.600  0.011252     199889.  -2670.4465  -0.0008099   1319.0584    -90.8816  

58154.3278 

  64.800  0.006253     178756.  -3189.1788  -0.0005908   1245.6799    -53.2107  

61264.7278 

  72.000  0.002745     154730.  -3916.2283  -0.0003978   1162.2580   -148.7475     

390206. 

  79.200  0.000525     122878.  -4820.5268  -0.0002371   1051.6586   -102.4466    

1404264. 

  86.400 -0.000670  85622.0534  -4789.1525  -0.0001165    922.2988    111.1617    

1194319. 

  93.600 -0.001152  54064.8360  -3930.1950 -3.5642E-05    812.7251    127.4376     

796460. 

 100.800 -0.001183  29073.4373  -3009.4262  1.2470E-05    725.9494    128.3315     

780796. 

 108.000 -0.000972  10712.9368  -2107.5147  3.5495E-05    662.1977    122.1995     

904749. 

 115.200 -0.000672  -1320.7753  -1266.4381  4.0930E-05    629.5860    111.4329    

1193451. 

 122.400 -0.000383  -7576.8172   -516.7216  3.5781E-05    651.3084     96.8217    

1819802. 

 129.600 -0.000157  -8807.9378     34.8187  2.6299E-05    655.5831     56.3839    

2585430. 

 136.800 -4.37E-06  -7109.5113    238.3428  1.7088E-05    649.6858   0.1505706     

248274. 

 144.000  8.90E-05  -5397.9472    227.8316  9.8494E-06    643.7429     -3.0704     

248274. 

 151.200  0.000137  -3841.5018    199.7137  4.5025E-06    638.3385     -4.7402     

248274. 

 158.400  0.000154  -2527.9050    163.5472  8.1654E-07    633.7774     -5.3061     

248274. 

 165.600  0.000149  -1487.4798    125.9211 -1.5072E-06    630.1649     -5.1456     

248274. 

 172.800  0.000132   -712.6874     90.9892 -2.7804E-06    627.4746     -4.5577     

248274. 



 180.000  0.000109   -173.6317     61.0275 -3.2933E-06    625.6029     -3.7650     

248274. 

 187.200  8.48E-05    170.3768     36.9529 -3.2952E-06    625.5916     -2.9224     

248274. 

 194.400  6.17E-05    362.7603     18.7687 -2.9867E-06    626.2596     -2.1288     

248274. 

 201.600  4.17E-05    444.5169      5.9235 -2.5195E-06    626.5435     -1.4394     

248274. 

 208.800  2.55E-05    451.3236     -2.4179 -2.0011E-06    626.5671  -0.8776966     

248274. 

 216.000  1.29E-05    412.2921     -7.1822 -1.5013E-06    626.4316  -0.4457220     

248274. 

 223.200  3.83E-06    349.8451     -9.2628 -1.0603E-06    626.2147  -0.1322214     

248274. 

 230.400 -2.34E-06    280.2813     -9.4481 -6.9561E-07    625.9732   0.0807497     

248274. 

 237.600 -6.18E-06    214.6934     -8.3900 -4.0916E-07    625.7455   0.2131807     

248274. 

 244.800 -8.23E-06    159.9958     -7.1336 -1.9233E-07    625.5555   0.1358270     

118775. 

 252.000 -8.95E-06    112.2194     -6.0898 -3.4796E-08    625.3897   0.1541186     

123959. 

 259.200 -8.73E-06     72.3484     -4.9709  7.2014E-08    625.2512   0.1566709     

129143. 

 266.400 -7.91E-06     40.5450     -3.8753  1.3735E-07    625.1408   0.1476624     

134327. 

 273.600 -6.76E-06     16.3659     -2.8724  1.7028E-07    625.0568   0.1309265     

139511. 

 280.800 -5.46E-06     -1.0382     -2.0058  1.7915E-07    625.0036   0.1097824     

144695. 

 288.000 -4.18E-06    -12.7504     -1.2976  1.7117E-07    625.0443   0.0869548     

149879. 

 295.200 -3.00E-06    -19.9453  -0.7521171  1.5225E-07    625.0693   0.0645643     

155063. 

 302.400 -1.98E-06    -23.7782  -0.3606559  1.2695E-07    625.0826   0.0441749     

160247. 

 309.600 -1.17E-06    -25.3032  -0.1048605  9.8543E-08    625.0879   0.0268794     

165431. 

 316.800 -5.66E-07    -25.4159   0.0401709  6.9192E-08    625.0882   0.0134071     

170615. 

 324.000 -1.73E-07    -24.8144   0.6739024  4.0124E-08    625.0862   0.1626295    

6748920. 

 331.200  1.20E-08    -15.7637      1.2189  1.6641E-08    625.0547  -0.0112461    

6748920. 

 338.400  6.61E-08     -7.2841   0.9552410  3.3031E-09    625.0253  -0.0619876    

6748920. 

 345.600  5.96E-08     -2.0125   0.5310930 -2.0768E-09    625.0070  -0.0558313    

6748920. 

 352.800  3.62E-08   0.3663366   0.2078629 -3.0295E-09    625.0013  -0.0339549    

6748920. 

 360.000  1.59E-08   0.9846644   0.0318412 -2.2476E-09    625.0034  -0.0149400    

6748920. 

 367.200  3.86E-09   0.8277623  -0.0349629 -1.1988E-09    625.0029  -0.0036166    

6748920. 

 374.400 -1.32E-09   0.4827523  -0.0435157 -4.4038E-10    625.0017   0.0012409    

6748920. 



 381.600 -2.48E-09   0.2017074  -0.0306695 -4.4279E-11    625.0007   0.0023275    

6748920. 

 388.800 -1.96E-09   0.0411694  -0.0156717  9.6275E-11    625.0001   0.0018386    

6748920. 

 396.000 -1.10E-09  -0.0240892  -0.0053520  1.0616E-10    625.0001   0.0010280    

6748920. 

 403.200 -4.33E-10  -0.0360377  -0.0001909  7.1363E-11    625.0001   0.0004056    

6748920. 

 410.400 -6.91E-11  -0.0269312   0.0015025  3.4923E-11    625.0001  6.4755E-05    

6748920. 

 417.600  7.01E-11  -0.0144476   0.0014989  1.0977E-11    625.0001 -6.5755E-05    

6748920. 

 424.800  8.90E-11  -0.0053619   0.0009619 -4.8673E-13    625.0000 -8.3411E-05    

6748920. 

 432.000  6.31E-11  -0.0005962   0.0004485 -3.9347E-12    625.0000 -5.9185E-05    

6748920. 

 439.200  3.23E-11   0.0011018   0.0001264 -3.6421E-12    625.0000 -3.0302E-05    

6748920. 

 446.400  1.07E-11   0.0012281 -1.8816E-05 -2.2938E-12    625.0000 -1.0025E-05    

6748920. 

 453.600 -7.04E-13   0.0008338 -5.2530E-05 -1.1006E-12    625.0000  6.5950E-07    

6748920. 

 460.800 -5.15E-12   0.0004731 -4.3494E-05 -3.4424E-13    625.0000  1.8505E-06    

2585430. 

 468.000 -5.66E-12   0.0002079 -2.9515E-05  4.9877E-14    625.0000  2.0327E-06    

2585430. 

 475.200 -4.44E-12  4.8017E-05 -1.6464E-05  1.9800E-13    625.0000  1.5926E-06    

2585430. 

 482.400 -2.81E-12 -2.9387E-05 -7.0985E-06  2.0878E-13    625.0000  1.0088E-06    

2585430. 

 489.600 -1.43E-12 -5.4472E-05 -1.6199E-06  1.6026E-13    625.0000  5.1300E-07    

2585430. 

 496.800 -5.02E-13 -5.2922E-05  1.2512E-06  9.8106E-14    625.0000  2.8454E-07    

4083142. 

 504.000 -1.59E-14 -3.6582E-05  2.3079E-06  4.6310E-14    625.0000  9.0084E-09    

4083142. 

 511.200  1.65E-13 -1.9748E-05  2.0033E-06  1.3712E-14    625.0000 -9.3640E-08    

4083142. 

 518.400  1.82E-13 -7.7527E-06  1.2955E-06 -2.2030E-15    625.0000 -1.0296E-07    

4083142. 

 525.600  1.33E-13 -1.0896E-06  6.5249E-07 -7.3200E-15    625.0000 -7.5650E-08    

4083142. 

 532.800  7.62E-14  1.6526E-06  2.2468E-07 -6.9941E-15    625.0000 -4.3187E-08    

4083142. 

 540.000  3.27E-14  2.1548E-06  2.4819E-09 -4.7908E-15    625.0000 -1.8534E-08    

4083142. 

 547.200  7.17E-15  1.6946E-06 -7.8870E-08 -2.5631E-15    625.0000 -4.0641E-09    

4083142. 

 554.400 -4.23E-15  1.0224E-06 -8.4871E-08 -9.9075E-16    625.0000  2.3971E-09    

4083142. 

 561.600 -7.10E-15  4.7373E-07 -6.1746E-08 -1.2493E-16    625.0000  4.0266E-09    

4083142. 

 568.800 -6.03E-15  1.3343E-07 -3.4947E-08  2.2644E-16    625.0000  3.4173E-09    

4083142. 

 576.000 -3.84E-15 -2.9808E-08 -1.4806E-08  2.8641E-16    625.0000  2.1775E-09    

4083142. 



 583.200 -1.90E-15 -8.0145E-08 -3.0845E-09  2.2278E-16    625.0000  1.0785E-09    

4083142. 

 590.400 -6.32E-16 -7.4514E-08  2.0876E-09  1.3327E-16    625.0000  3.5823E-10    

4083142. 

 597.600  1.74E-17 -5.0256E-08  3.3417E-09  6.1070E-17    625.0000 -9.8759E-12    

4083142. 

 604.800  2.48E-16 -2.6472E-08  2.8004E-09  1.6667E-17    625.0000 -1.4048E-10    

4083142. 

 612.000  2.57E-16 -9.9512E-09  1.7692E-09 -4.4113E-18    625.0000 -1.4598E-10    

4083142. 

 619.200  1.84E-16 -9.9065E-10  8.6756E-10 -1.0743E-17    625.0000 -1.0446E-10    

4083142. 

 626.400  1.03E-16  2.5556E-09  2.8182E-10 -9.8378E-18    625.0000 -5.8250E-11    

4083142. 

 633.600  4.25E-17  3.0803E-09 -1.4710E-11 -6.5763E-18    625.0000 -2.4119E-11    

4083142. 

 640.800  8.02E-18  2.3523E-09 -1.1791E-10 -3.4324E-18    625.0000 -4.5460E-12    

4083142. 

 648.000 -6.90E-18  1.3869E-09 -1.2019E-10 -1.2685E-18    625.0000  3.9107E-12    

4083142. 

 655.200 -1.03E-17  6.2317E-10 -8.5187E-11 -1.0529E-19    625.0000  5.8131E-12    

4083142. 

 662.400 -8.41E-18  1.6034E-10 -4.7086E-11  3.4813E-19    625.0000  4.7705E-12    

4083142. 

 669.600 -5.24E-18 -5.5321E-11 -1.9220E-11  4.0891E-19    625.0000  2.9701E-12    

4083142. 

 676.800 -2.52E-18 -1.1697E-10 -3.3756E-12  3.0920E-19    625.0000  1.4312E-12    

4083142. 

 684.000 -7.85E-19 -1.0433E-10  3.3790E-12  1.8114E-19    625.0000  4.4506E-13    

4083142. 

 691.200  8.47E-20 -6.8543E-11  4.8082E-12  8.1098E-20    625.0000 -4.8041E-14    

4083142. 

 698.400  3.83E-19 -3.5196E-11  3.8533E-12  2.1064E-20    625.0000 -2.1721E-13    

4083142. 

 705.600  3.88E-19 -1.3083E-11  2.2792E-12 -6.8750E-21    625.0000 -2.2006E-13    

4083142. 

 712.800  2.84E-19 -2.3672E-12  9.0709E-13 -1.5816E-20    625.0000 -1.6107E-13    

4083142. 

 720.000  1.60E-19      0.0000      0.0000 -1.7186E-20    625.0000 -9.0899E-14    

2041571. 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  2: 

 

Pile-head deflection             =     0.11052186 in 

Computed slope at pile head      =    -0.00232113 

Maximum bending moment           =   221405.52873 lbs-in 

Maximum shear force              =    10000.00000 lbs 

Depth of maximum bending moment  =    43.20000000 in 

Depth of maximum shear force     =        0.00000 in 

Number of iterations             =             22 

Number of zero deflection points =             12 

 



 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  3 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Shear and Moment (BC Type 1) 

Specified shear force at pile head  =       15000.000 lbs 

Specified moment at pile head       =           0.000 in-lbs 

Specified axial load at pile head   =       90000.000 lbs 

 

(Zero moment for this load indicates free-head conditions) 

 

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     

Es*h    

    X        y          M           V           S        Stress          p          

F/L    

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      

lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- -

---------- 

   0.000  0.261886  3.9968E-08  15000.0000  -0.0048083    625.0000   -284.4358   

3909.9801 

   7.200  0.227266     103743.  12925.5301  -0.0047483    985.2195   -291.8059   

9244.6812 

  14.400  0.193511     192281.  10806.1741  -0.0045770   1292.6437   -296.9041  

11046.9819 

  21.600  0.161358     265284.   8658.8425  -0.0043122   1546.1245   -299.5769  

13367.5232 

  28.800  0.131415     322557.   6501.5991  -0.0039720   1744.9906   -299.6574  

16417.6498 

  36.000  0.104161     364055.   4353.7871  -0.0035746   1889.0784   -296.9571  

20526.7582 

  43.200  0.079941     389885.   2236.2382  -0.0031383   1978.7659   -291.2509  

26232.0483 

  50.400  0.058969     400324.    171.6359  -0.0026810   2015.0128   -282.2497  

34462.0471 

  57.600  0.041334     395831.  -1818.0761  -0.0022203   1999.4123   -270.4481  

47109.8829 

  64.800  0.026997     377021.  -3613.4371  -0.0017730   1934.1004   -228.2633  

60877.3279 

  72.000  0.015802     346095.  -5264.0872  -0.0013546   1826.7192   -230.2506     

104912. 

  79.200  0.007491     302974.  -6807.3391  -0.0009790   1676.9916   -198.4305     

190724. 

  86.400  0.001705     249338.  -8028.4896  -0.0006593   1490.7576   -140.7780     

594552. 

  93.600 -0.002003     188218.  -8008.1315  -0.0004061   1278.5341    146.4331     

526243. 

 100.800 -0.004143     134547.  -6848.6467  -0.0002193   1092.1785    175.6460     

305228. 

 108.000 -0.005162  89881.5760  -5548.2318 -8.9455E-05    937.0888    185.5803     

258855. 

 115.200 -0.005431  54768.8104  -4203.4728 -5.7458E-06    815.1695    187.9639     

249167. 



 122.400 -0.005245  29359.0145  -2856.0107  4.2939E-05    726.9410    186.3312     

255802. 

 129.600 -0.004813  13586.6067  -1528.6550  6.7792E-05    672.1757    182.3788     

272822. 

 136.800 -0.004268   7258.5241   -794.3209  7.9855E-05    650.2032     21.6029  

36439.9915 

 144.000 -0.003663   2044.8927   -642.6428  8.5239E-05    632.1003     20.5299  

40351.2741 

 151.200 -0.003041  -2106.0024   -499.2728  8.5204E-05    632.3125     19.2951  

45684.3527 

 158.400 -0.002436  -5255.0598   -365.2946  8.0944E-05    643.2467     17.9211  

52962.6233 

 165.600 -0.001875  -7471.1481   -241.6497  7.3579E-05    650.9415     16.4247  

63058.3190 

 172.800 -0.001377  -8830.1744   -129.1782  6.4146E-05    655.6603     14.8173  

77491.1645 

 180.000 -0.000952  -9414.4467    -28.6681  5.3587E-05    657.6891     13.1021  

99124.9160 

 187.200 -0.000605  -9312.4443     59.0616  4.2750E-05    657.3349     11.2672     

134072. 

 194.400 -0.000336  -8619.3634    132.9711  3.2373E-05    654.9283      9.2632     

198449. 

 201.600 -0.000139  -7439.6157    183.5623  2.3079E-05    650.8320      4.7900     

248274. 

 208.800 -3.74E-06  -6005.9772    201.2699  1.5298E-05    645.8541   0.1288201     

248274. 

 216.000  8.14E-05  -4561.1561    191.6304  9.1832E-06    640.8373     -2.8065     

248274. 

 223.200  0.000129  -3258.4014    165.5752  4.6580E-06    636.3139     -4.4311     

248274. 

 230.400  0.000148  -2182.9104    131.1935  1.5091E-06    632.5795     -5.1194     

248274. 

 237.600  0.000150  -1371.1711     94.1142 -5.4767E-07    629.7610     -5.1804     

248274. 

 244.800  0.000141   -826.9563     67.1162 -1.8197E-06    627.8714     -2.3190     

118775. 

 252.000  0.000124   -402.3394     51.0805 -2.5311E-06    626.3970     -2.1353     

123959. 

 259.200  0.000104    -88.1168     36.6696 -2.8150E-06    625.3060     -1.8677     

129143. 

 266.400  8.35E-05    129.3505     24.3382 -2.7911E-06    625.4491     -1.5577     

134327. 

 273.600  6.39E-05    265.9701     14.2706 -2.5623E-06    625.9235     -1.2389     

139511. 

 280.800  4.66E-05    338.1675      6.4396 -2.2127E-06    626.1742  -0.9364114     

144695. 

 288.000  3.21E-05    361.5678   0.6649565 -1.8078E-06    626.2554  -0.6676527     

149879. 

 295.200  2.06E-05    350.0858     -3.3329 -1.3959E-06    626.2156  -0.4428724     

155063. 

 302.400  1.20E-05    315.3827     -5.8865 -1.0108E-06    626.0951  -0.2664492     

160247. 

 309.600  6.01E-06    266.6304     -7.3427 -6.7402E-07    625.9258  -0.1380400     

165431. 

 316.800  2.27E-06    210.5220     -8.0329 -3.9789E-07    625.7310  -0.0536945     

170615. 



 324.000  2.78E-07    151.4723     -9.1654 -1.8840E-07    625.5259  -0.2608855    

6748920. 

 331.200 -4.47E-07     78.7847     -8.5961 -5.5148E-08    625.2736   0.4190062    

6748920. 

 338.400 -5.16E-07     27.7592     -5.3472  6.5095E-09    625.0964   0.4834913    

6748920. 

 345.600 -3.53E-07      1.7771     -2.4145  2.3602E-08    625.0062   0.3311421    

6748920. 

 352.800 -1.76E-07     -7.0399  -0.6286857  2.0557E-08    625.0244   0.1649114    

6748920. 

 360.000 -5.73E-08     -7.3026   0.1582096  1.2257E-08    625.0254   0.0536707    

6748920. 

 367.200  5.63E-10     -4.7775   0.3495243  5.2659E-09    625.0166  -0.0005277    

6748920. 

 374.400  1.86E-08     -2.2763   0.2849570  1.1839E-09    625.0079  -0.0174076    

6748920. 

 381.600  1.76E-08  -0.6756816   0.1628636 -5.2444E-10    625.0023  -0.0165072    

6748920. 

 388.800  1.10E-08   0.0696632   0.0662540 -8.7515E-10    625.0002  -0.0103288    

6748920. 

 396.000  5.01E-09   0.2795094   0.0121696 -6.7308E-10    625.0010  -0.0046946    

6748920. 

 403.200  1.33E-09   0.2457771  -0.0092085 -3.6909E-10    625.0009  -0.0012437    

6748920. 

 410.400 -3.07E-10   0.1473859  -0.0126514 -1.4157E-10    625.0005   0.0002873    

6748920. 

 417.600 -7.12E-10   0.0637799  -0.0092153 -1.9366E-11    625.0002   0.0006671    

6748920. 

 424.800 -5.85E-10   0.0147106  -0.0048382  2.6057E-11    625.0001   0.0005487    

6748920. 

 432.000 -3.37E-10  -0.0059233  -0.0017272  3.1142E-11    625.0000   0.0003154    

6748920. 

 439.200 -1.37E-10  -0.0102010  -0.0001295  2.1811E-11    625.0000   0.0001284    

6748920. 

 446.400 -2.24E-11  -0.0078157   0.0004084  1.1385E-11    625.0000  2.1022E-05    

6748920. 

 453.600  2.70E-11  -0.0043347   0.0003931  4.3534E-12    625.0000 -2.5288E-05    

6748920. 

 460.800  4.03E-11  -0.0021614   0.0002500  5.9411E-13    625.0000 -1.4457E-05    

2585430. 

 468.000  3.55E-11  -0.0007359   0.0001520 -1.0826E-12    625.0000 -1.2760E-05    

2585430. 

 475.200  2.47E-11  2.8621E-05  7.4157E-05 -1.4919E-12    625.0000 -8.8596E-06    

2585430. 

 482.400  1.41E-11   0.0003339  2.4100E-05 -1.2821E-12    625.0000 -5.0452E-06    

2585430. 

 489.600  6.21E-12   0.0003773 -2.0908E-06 -8.7055E-13    625.0000 -2.2299E-06    

2585430. 

 496.800  1.51E-12   0.0003049 -1.3210E-05 -4.7576E-13    625.0000 -8.5870E-07    

4083142. 

 504.000 -6.41E-13   0.0001877 -1.4993E-05 -1.9069E-13    625.0000  3.6345E-07    

4083142. 

 511.200 -1.23E-12  8.9239E-05 -1.1170E-05 -3.0412E-14    625.0000  6.9849E-07    

4083142. 

 518.400 -1.08E-12  2.6907E-05 -6.4528E-06  3.6802E-14    625.0000  6.1180E-07    

4083142. 



 525.600 -7.02E-13 -3.7286E-06 -2.8176E-06  5.0216E-14    625.0000  3.9795E-07    

4083142. 

 532.800 -3.56E-13 -1.3732E-05 -6.5878E-07  4.0111E-14    625.0000  2.0173E-07    

4083142. 

 540.000 -1.24E-13 -1.3267E-05  3.2086E-07  2.4487E-14    625.0000  7.0395E-08    

4083142. 

 547.200 -3.10E-15 -9.1431E-06  5.8062E-07  1.1518E-14    625.0000  1.7600E-09    

4083142. 

 554.400  4.17E-14 -4.9211E-06  5.0176E-07  3.3791E-15    625.0000 -2.3665E-08    

4083142. 

 561.600  4.56E-14 -1.9222E-06  3.2356E-07 -5.8119E-16    625.0000 -2.5834E-08    

4083142. 

 568.800  3.34E-14 -2.6114E-07  1.6244E-07 -1.8447E-15    625.0000 -1.8919E-08    

4083142. 

 576.000  1.90E-14  4.1935E-07  5.5562E-08 -1.7531E-15    625.0000 -1.0770E-08    

4083142. 

 583.200  8.12E-15  5.4122E-07  2.2010E-10 -1.1973E-15    625.0000 -4.6026E-09    

4083142. 

 590.400  1.75E-15  4.2407E-07 -1.9923E-08 -6.3864E-16    625.0000 -9.9285E-10    

4083142. 

 597.600 -1.08E-15  2.5515E-07 -2.1292E-08 -2.4558E-16    625.0000  6.1277E-10    

4083142. 

 604.800 -1.79E-15  1.1779E-07 -1.5440E-08 -2.9758E-17    625.0000  1.0126E-09    

4083142. 

 612.000 -1.51E-15  3.2841E-08 -8.7143E-09  5.7414E-17    625.0000  8.5578E-10    

4083142. 

 619.200 -9.59E-16 -7.7696E-09 -3.6760E-09  7.1923E-17    625.0000  5.4374E-10    

4083142. 

 626.400 -4.73E-16 -2.0187E-08 -7.5221E-10  5.5744E-17    625.0000  2.6843E-10    

4083142. 

 633.600 -1.56E-16 -1.8674E-08  5.3282E-10  3.3256E-17    625.0000  8.8520E-11    

4083142. 

 640.800  5.54E-18 -1.2557E-08  8.4017E-10  1.5182E-17    625.0000 -3.1438E-12    

4083142. 

 648.000  6.25E-17 -6.5947E-09  7.0119E-10  4.0989E-18    625.0000 -3.5463E-11    

4083142. 

 655.200  6.46E-17 -2.4655E-09  4.4170E-10 -1.1443E-18    625.0000 -3.6617E-11    

4083142. 

 662.400  4.61E-17 -2.3273E-10  2.1586E-10 -2.7058E-18    625.0000 -2.6118E-11    

4083142. 

 669.600  2.56E-17  6.4629E-10  6.9557E-11 -2.4665E-18    625.0000 -1.4520E-11    

4083142. 

 676.800  1.05E-17  7.7209E-10 -4.2307E-12 -1.6457E-18    625.0000 -5.9764E-12    

4083142. 

 684.000  1.91E-18  5.8750E-10 -2.9639E-11 -8.5885E-19    625.0000 -1.0814E-12    

4083142. 

 691.200 -1.83E-18  3.4641E-10 -2.9798E-11 -3.1839E-19    625.0000  1.0372E-12    

4083142. 

 698.400 -2.68E-18  1.5883E-10 -2.0597E-11 -2.6008E-20    625.0000  1.5187E-12    

4083142. 

 705.600 -2.20E-18  4.9853E-11 -1.0631E-11  9.4756E-20    625.0000  1.2496E-12    

4083142. 

 712.800 -1.31E-18  5.6214E-12 -3.4506E-12  1.2686E-19    625.0000  7.4489E-13    

4083142. 

 720.000 -3.77E-19      0.0000      0.0000  1.3011E-19    625.0000  2.1362E-13    

2041571. 

 



Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  3: 

 

Pile-head deflection             =     0.26188593 in 

Computed slope at pile head      =    -0.00480831 

Maximum bending moment           =   400323.69848 lbs-in 

Maximum shear force              =    15000.00000 lbs 

Depth of maximum bending moment  =    50.40000000 in 

Depth of maximum shear force     =        0.00000 in 

Number of iterations             =             25 

Number of zero deflection points =             12 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  4 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Shear and Moment (BC Type 1) 

Specified shear force at pile head  =       20000.000 lbs 

Specified moment at pile head       =           0.000 in-lbs 

Specified axial load at pile head   =       90000.000 lbs 

 

(Zero moment for this load indicates free-head conditions) 

 

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     

Es*h    

    X        y          M           V           S        Stress          p          

F/L    

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      

lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- -

---------- 

   0.000  0.481175      0.0000  20000.0000  -0.0080537    625.0000   -331.1535   

2477.5871 

   7.200  0.423188     140635.  17580.7092  -0.0079723   1113.3171   -340.8717   

5799.4921 

  14.400  0.366373     263494.  15099.7945  -0.0077385   1539.9110   -348.2713   

6844.2574 

  21.600  0.311754     368101.  12574.5291  -0.0073730   1903.1299   -353.1914   

8156.9954 

  28.800  0.260203     454123.  10023.3961  -0.0068971   2201.8157   -355.4567   

9835.7480 

  36.000  0.212436     521377.   7466.2229  -0.0063326   2435.3368   -354.8692  

12027.4537 

  43.200  0.169013     569844.   4924.3917  -0.0057011   2603.6236   -351.1950  

14960.9910 

  50.400  0.130339     599677.   2421.1809  -0.0050243   2707.2114   -344.1413  

19010.4927 

  57.600  0.096663     611220.   -449.6711  -0.0043236   2747.2920   -453.3176  

33765.5918 



  64.800  0.068080     598805.  -3523.6207  -0.0036233   2704.1838   -400.5573  

42361.9700 

  72.000  0.044487     565176.  -6039.2581  -0.0029497   2587.4159   -298.2309  

48266.7505 

  79.200  0.025604     515662.  -8084.0588  -0.0023242   2415.4946   -269.7693  

75859.6637 

  86.400  0.011019     451778.  -9862.8475  -0.0017644   2193.6720   -224.3387     

146593. 

  93.600  0.000198     375924. -10925.7793  -0.0012854   1930.2919    -70.9202    

2585430. 

 100.800 -0.007491     296112. -10447.7377  -0.0008965   1653.1672    203.7095     

195801. 

 108.000 -0.012712     226638.  -8877.3685  -0.0005939   1411.9391    232.5041     

131694. 

 115.200 -0.016044     169048.  -7153.1736  -0.0003650   1211.9715    246.4389     

110596. 

 122.400 -0.017967     124106.  -5353.3367  -0.0001953   1055.9227    253.5158     

101593. 

 129.600 -0.018856  92212.8741  -3516.9296 -7.0126E-05    945.1836    256.5973  

97978.9585 

 136.800 -0.018977  73552.8453  -2465.2962  2.5803E-05    880.3918     35.5231  

13477.8461 

 144.000 -0.018485  56679.1680  -2210.6447   0.0001012    821.8027     35.2135  

13716.1669 

 151.200 -0.017520  41588.4469  -1959.3515   0.0001580    769.4043     34.5902  

14215.1968 

 158.400 -0.016209  28259.6909  -1713.4883   0.0001985    723.1239     33.7051  

14971.9255 

 165.600 -0.014662  16657.0137  -1474.7994   0.0002245    682.8369     32.5973  

16007.2589 

 172.800 -0.012977   6731.6896  -1244.7783   0.0002380    648.3739     31.2974  

17365.0941 

 180.000 -0.011235  -1576.2247  -1024.7199   0.0002410    630.4730     29.8299  

19116.3944 

 187.200 -0.009507  -8336.5746   -815.7594   0.0002352    653.9464     28.2147  

21368.6523 

 194.400 -0.007848 -13628.0225   -618.9017   0.0002225    672.3195     26.4680  

24283.2665 

 201.600 -0.006302 -17537.1489   -435.0473   0.0002045    685.8929     24.6027  

28106.6901 

 208.800 -0.004903 -20157.7192   -265.0161   0.0001827    694.9921     22.6282  

33228.2077 

 216.000 -0.003672 -21590.1258   -109.5764   0.0001585    699.9657     20.5495  

40294.3223 

 223.200 -0.002621 -21941.0526     30.5154   0.0001333    701.1842     18.3649  

50457.5956 

 230.400 -0.001752 -21323.4891    154.4432   0.0001083    699.0399     16.0595  

65995.7387 

 237.600 -0.001061 -19857.4078    261.1792  8.4453E-05    693.9493     13.5894  

92195.7381 

 244.800 -0.000536 -17671.9600    341.9288  6.2735E-05    686.3610      8.8411     

118775. 

 252.000 -0.000158 -15014.9373    383.5419  4.3819E-05    677.1352      2.7181     

123959. 

 259.200  9.51E-05 -12205.7453    387.1896  2.8066E-05    667.3811     -1.7049     

129143. 



 266.400  0.000246  -9475.7812    364.5116  1.5519E-05    657.9020     -4.5945     

134327. 

 273.600  0.000319  -6976.8906    325.7527  5.9975E-06    649.2253     -6.1718     

139511. 

 280.800  0.000333  -4792.7157    279.4688 -8.1359E-07    641.6414     -6.6848     

144695. 

 288.000  0.000307  -2951.4851    232.4117 -5.2952E-06    635.2482     -6.3866     

149879. 

 295.200  0.000256  -1439.1242    189.5421 -7.8360E-06    629.9970     -5.5216     

155063. 

 302.400  0.000194   -211.9235    154.1230 -8.7915E-06    625.7358     -4.3170     

160247. 

 309.600  0.000130    791.6409    127.8464 -8.4560E-06    627.7488     -2.9820     

165431. 

 316.800  7.22E-05   1640.0239    110.9519 -7.0488E-06    630.6945     -1.7109     

170615. 

 324.000  2.83E-05   2398.4837      9.3542 -4.7117E-06    633.3281    -26.5107    

6748920. 

 331.200  4.35E-06   1780.8310   -100.7695 -2.2931E-06    631.1834     -4.0793    

6748920. 

 338.400 -4.74E-06    950.3743    -99.4649 -7.1257E-07    628.2999      4.4417    

6748920. 

 345.600 -5.91E-06    349.4606    -63.5346  3.9645E-08    626.2134      5.5390    

6748920. 

 352.800 -4.17E-06     35.4245    -29.5308  2.6238E-07    625.1230      3.9065    

6748920. 

 360.000 -2.13E-06    -76.1232     -8.2766  2.3883E-07    625.2643      1.9974    

6748920. 

 367.200 -7.29E-07    -84.0683      1.3725  1.4612E-07    625.2919   0.6828918    

6748920. 

 374.400 -2.67E-08    -56.5492      3.9211  6.4748E-08    625.1964   0.0250558    

6748920. 

 381.600  2.04E-07    -27.6888      3.3235  1.5999E-08    625.0961  -0.1910601    

6748920. 

 388.800  2.04E-07     -8.7122      1.9484 -5.0667E-09    625.0303  -0.1908918    

6748920. 

 396.000  1.31E-07   0.3751040   0.8196038 -9.8914E-09    625.0013  -0.1226703    

6748920. 

 403.200  6.12E-08      3.1029   0.1714275 -7.8787E-09    625.0108  -0.0573787    

6748920. 

 410.400  1.74E-08      2.8539  -0.0939052 -4.4315E-09    625.0099  -0.0163248    

6748920. 

 417.600 -2.60E-09      1.7564  -0.1439018 -1.7635E-09    625.0061   0.0024369    

6748920. 

 424.800 -7.98E-09   0.7839702  -0.1082058 -2.9337E-10    625.0027   0.0074787    

6748920. 

 432.000 -6.82E-09   0.1986323  -0.0582542  2.7526E-10    625.0007   0.0063968    

6748920. 

 439.200 -4.01E-09  -0.0552469  -0.0216782  3.5824E-10    625.0002   0.0037632    

6748920. 

 446.400 -1.67E-09  -0.1139984  -0.0025100  2.6030E-10    625.0004   0.0015613    

6748920. 

 453.600 -2.66E-10  -0.0917278   0.0040098  1.4124E-10    625.0003   0.0002498    

6748920. 

 460.800  3.68E-10  -0.0564398   0.0044330  5.5498E-11    625.0002  -0.0001322    

2585430. 



 468.000  5.33E-10  -0.0279649   0.0032683  6.6529E-12    625.0001  -0.0001913    

2585430. 

 475.200  4.64E-10  -0.0093853   0.0019797 -1.4962E-11    625.0000  -0.0001666    

2585430. 

 482.400  3.17E-10   0.0005625   0.0009697 -2.0068E-11    625.0000  -0.0001139    

2585430. 

 489.600  1.75E-10   0.0046043   0.0003332 -1.7078E-11    625.0000 -6.2878E-05    

2585430. 

 496.800  7.13E-11   0.0053830 -3.8765E-05 -1.1298E-11    625.0000 -4.0452E-05    

4083142. 

 504.000  1.24E-11   0.0040607  -0.0002097 -5.8327E-12    625.0000 -7.0409E-06    

4083142. 

 511.200 -1.27E-11   0.0023703  -0.0002092 -2.1111E-12    625.0000  7.1798E-06    

4083142. 

 518.400 -1.80E-11   0.0010504  -0.0001467 -1.3145E-13    625.0000  1.0199E-05    

4083142. 

 525.600 -1.46E-11   0.0002584 -8.0250E-05  6.2594E-13    625.0000  8.2533E-06    

4083142. 

 532.800 -8.97E-12  -0.0001060 -3.2225E-05  7.1411E-13    625.0000  5.0870E-06    

4083142. 

 540.000 -4.27E-12  -0.0002066 -5.1946E-06  5.3320E-13    625.0000  2.4216E-06    

4083142. 

 547.200 -1.29E-12  -0.0001815  6.1610E-06  3.0860E-13    625.0000  7.3268E-07    

4083142. 

 554.400  1.74E-13  -0.0001183  8.4440E-06  1.3511E-13    625.0000 -9.8507E-08    

4083142. 

 561.600  6.54E-13 -6.0085E-05  6.7549E-06  3.1890E-14    625.0000 -3.7070E-07    

4083142. 

 568.800  6.33E-13 -2.1057E-05  4.1282E-06 -1.5067E-14    625.0000 -3.5893E-07    

4083142. 

 576.000  4.37E-13 -6.1952E-07  1.9445E-06 -2.7611E-14    625.0000 -2.4765E-07    

4083142. 

 583.200  2.35E-13  6.9798E-06  5.7253E-07 -2.3931E-14    625.0000 -1.3345E-07    

4083142. 

 590.400  9.21E-14  7.6560E-06 -9.5907E-08 -1.5461E-14    625.0000 -5.2230E-08    

4083142. 

 597.600  1.27E-14  5.6188E-06 -3.0983E-07 -7.7785E-15    625.0000 -7.1921E-09    

4083142. 

 604.800 -1.99E-14  3.2046E-06 -2.9507E-07 -2.6724E-15    625.0000  1.1292E-08    

4083142. 

 612.000 -2.58E-14  1.3733E-06 -2.0174E-07 -2.3157E-17    625.0000  1.4631E-08    

4083142. 

 619.200 -2.02E-14  2.9949E-07 -1.0774E-07  9.4489E-16    625.0000  1.1481E-08    

4083142. 

 626.400 -1.22E-14 -1.7938E-07 -4.1514E-08  1.0144E-15    625.0000  6.9151E-09    

4083142. 

 633.600 -5.64E-15 -2.9963E-07 -5.1109E-09  7.3720E-16    625.0000  3.1970E-09    

4083142. 

 640.800 -1.58E-15 -2.5393E-07  9.6201E-09  4.1685E-16    625.0000  8.9495E-10    

4083142. 

 648.000  3.65E-16 -1.6164E-07  1.2097E-08  1.7635E-16    625.0000 -2.0707E-10    

4083142. 

 655.200  9.61E-16 -7.9970E-08  9.3884E-09  3.6527E-17    625.0000 -5.4518E-10    

4083142. 

 662.400  8.91E-16 -2.6498E-08  5.6065E-09 -2.5086E-17    625.0000 -5.0536E-10    

4083142. 



 669.600  6.00E-16  7.9660E-10  2.5621E-09 -3.9960E-17    625.0000 -3.4031E-10    

4083142. 

 676.800  3.16E-16  1.0449E-08  6.9249E-10 -3.3452E-17    625.0000 -1.7903E-10    

4083142. 

 684.000  1.18E-16  1.0812E-08 -1.9370E-10 -2.1149E-17    625.0000 -6.7132E-11    

4083142. 

 691.200  1.12E-17  7.6867E-09 -4.5815E-10 -1.0444E-17    625.0000 -6.3265E-12    

4083142. 

 698.400 -3.20E-17  4.2279E-09 -4.1558E-10 -3.5485E-18    625.0000  1.8153E-11    

4083142. 

 705.600 -3.99E-17  1.7070E-09 -2.6869E-10 -1.1391E-19    625.0000  2.2651E-11    

4083142. 

 712.800 -3.36E-17  3.5900E-10 -1.1844E-10  1.0817E-18    625.0000  1.9083E-11    

4083142. 

 720.000 -2.44E-17      0.0000      0.0000  1.2894E-18    625.0000  1.3818E-11    

2041571. 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  4: 

 

Pile-head deflection             =     0.48117492 in 

Computed slope at pile head      =    -0.00805372 

Maximum bending moment           =   611220.10907 lbs-in 

Maximum shear force              =    20000.00000 lbs 

Depth of maximum bending moment  =    57.60000000 in 

Depth of maximum shear force     =        0.00000 in 

Number of iterations             =             25 

Number of zero deflection points =             11 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  5 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Shear and Moment (BC Type 1) 

Specified shear force at pile head  =       25000.000 lbs 

Specified moment at pile head       =           0.000 in-lbs 

Specified axial load at pile head   =       90000.000 lbs 

 

(Zero moment for this load indicates free-head conditions) 

 

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     

Es*h    

    X        y          M           V           S        Stress          p          

F/L    

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      

lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- -

---------- 



   0.000  0.761263 -5.3291E-08  25000.0000  -0.0119120    625.0000   -371.3947   

1756.3184 

   7.200  0.675497     178092.  22283.6609  -0.0118089   1243.3764   -383.1439   

4083.8591 

  14.400  0.591215     336189.  19491.2382  -0.0115113   1792.3230   -392.5290   

4780.3366 

  21.600  0.509735     473685.  16640.3468  -0.0110426   2269.7390   -399.3853   

5641.3100 

  28.800  0.432202     590121.  13749.8389  -0.0104270   2674.0320   -403.5336   

6722.4148 

  36.000  0.359587     685196.  10839.9326  -0.0096889   3004.1523   -404.7737   

8104.7753 

  43.200  0.292681     758773.   7932.4066  -0.0088533   3259.6289   -402.8724   

9910.7113 

  50.400  0.232099     810896.   5050.8983  -0.0079449   3440.6125   -397.5465  

12332.3757 

  57.600  0.178274     841803.   1252.0092  -0.0069885   3547.9260   -657.7004  

26562.6546 

  64.800  0.131465     837982.  -3267.1556  -0.0060164   3534.6612   -597.6231  

32730.3487 

  72.000  0.091638     802553.  -6704.8537  -0.0050670   3411.6421   -357.2930  

28072.4711 

  79.200  0.058500     747999.  -9185.1726  -0.0041697   3222.2202   -331.6844  

40823.0124 

  86.400  0.031594     675690. -11430.2967  -0.0033458   2971.1471   -291.9611  

66534.8658 

  93.600  0.010320     587739. -13276.1741  -0.0026147   2665.7615   -220.7826     

154038. 

 100.800 -0.006057     487902. -13376.0993  -0.0019922   2319.1045    193.0256     

229452. 

 108.000 -0.018368     397705. -11763.7641  -0.0014797   2005.9214    254.8453  

99896.7041 

 115.200 -0.027364     320422.  -9832.6508  -0.0010641   1737.5748    281.5751  

74086.5721 

 122.400 -0.033691     257494.  -7751.1737  -0.0007297   1519.0773    296.6130  

63388.3587 

 129.600 -0.037872     209750.  -5583.8527  -0.0004593   1353.2996    305.4206  

58065.3266 

 136.800 -0.040304     177682.  -4319.9784  -0.0002351   1241.9514     45.6556   

8155.9438 

 144.000 -0.041256     147847.  -3989.9728 -4.6673E-05   1138.3585     46.0126   

8030.0354 

 151.200 -0.040976     120287.  -3659.0566   0.0001085   1042.6628     45.9085   

8066.6125 

 158.400 -0.039694  95016.2147  -3330.2570   0.0002331    954.9174     45.4247   

8239.4563 

 165.600 -0.037620  72029.0968  -3006.0981   0.0003298    875.1010     44.6194   

8539.6185 

 172.800 -0.034946  51301.0281  -2688.7383   0.0004011    803.1286     43.5361   

8969.9591 

 180.000 -0.031844  32791.3944  -2380.0600   0.0004498    738.8590     42.2079   

9543.4228 

 187.200 -0.028468  16445.2244  -2081.7331   0.0004783    682.1015     40.6607  

10283.5730 

 194.400 -0.024956   2194.5700  -1795.2619   0.0004891    632.6200     38.9147  

11227.1086 



 201.600 -0.021426 -10040.3938  -1522.0210   0.0004845    659.8625     36.9856  

12428.8488 

 208.800 -0.017979 -20350.4951  -1263.2861   0.0004670    695.6614     34.8852  

13970.5464 

 216.000 -0.014702 -28836.8831  -1020.2604   0.0004385    725.1281     32.6219  

15976.3997 

 223.200 -0.011665 -35610.5244   -794.1004   0.0004012    748.6477     30.2003  

18641.2407 

 230.400 -0.008924 -40791.8733   -585.9417   0.0003570    766.6384     27.6216  

22284.4727 

 237.600 -0.006524 -44510.7271   -396.9267   0.0003076    779.5511     24.8826  

27460.4073 

 244.800 -0.004495 -46906.2830    -40.4168   0.0002547    787.8690     74.1479     

118775. 

 252.000 -0.002856 -45422.8310    403.5480   0.0002013    782.7182     49.1756     

123959. 

 259.200 -0.001596 -41356.0474    683.6603   0.0001511    768.5974     28.6333     

129143. 

 266.400 -0.000681 -35773.8947    832.4833   0.0001064    749.2149     12.7064     

134327. 

 273.600 -6.39E-05 -29506.2122    882.6825  6.8645E-05    727.4521      1.2378     

139511. 

 280.800  0.000307 -23152.2300    864.8980  3.8171E-05    705.3897     -6.1780     

144695. 

 288.000  0.000486 -17101.1517    806.2528  1.4877E-05    684.3790    -10.1123     

149879. 

 295.200  0.000522 -11561.4698    729.4050 -1.7106E-06    665.1440    -11.2343     

155063. 

 302.400  0.000461  -6595.5031    652.0125 -1.2218E-05    647.9011    -10.2636     

160247. 

 309.600  0.000346  -2156.6555    586.4688 -1.7283E-05    632.4884     -7.9430     

165431. 

 316.800  0.000212   1872.0459    539.7653 -1.7448E-05    631.5002     -5.0302     

170615. 

 324.000  9.45E-05   5638.5773    202.9278 -1.3101E-05    644.5784    -88.5358    

6748920. 

 331.200  2.36E-05   4811.1855   -195.4997 -7.0539E-06    641.7055    -22.1385    

6748920. 

 338.400 -7.12E-06   2832.5232   -251.1602 -2.6305E-06    634.8351      6.6773    

6748920. 

 345.600 -1.43E-05   1197.8878   -178.9985 -2.9809E-07    629.1593     13.3676    

6748920. 

 352.800 -1.14E-05    255.3308    -92.3519  5.4289E-07    625.8866     10.7009    

6748920. 

 360.000 -6.44E-06   -132.6828    -32.0855  6.1387E-07    625.4607      6.0398    

6748920. 

 367.200 -2.58E-06   -207.4958     -1.6483  4.1700E-07    625.7205      2.4150    

6748920. 

 374.400 -4.39E-07   -156.9585      8.5257  2.0609E-07    625.5450   0.4110915    

6748920. 

 381.600  3.91E-07    -84.9925      8.6852  6.6076E-08    625.2951  -0.3667972    

6748920. 

 388.800  5.13E-07    -31.9775      5.6339 -1.6153E-09    625.1110  -0.4807882    

6748920. 

 396.000  3.68E-07     -3.8626      2.6611 -2.2356E-08    625.0134  -0.3449947    

6748920. 



 403.200  1.91E-07      6.3707   0.7745704 -2.0905E-08    625.0221  -0.1790295    

6748920. 

 410.400  6.70E-08      7.3183  -0.0961133 -1.2983E-08    625.0254  -0.0628271    

6748920. 

 417.600  4.04E-09      5.0035  -0.3359344 -5.8521E-09    625.0174  -0.0037898    

6748920. 

 424.800 -1.72E-08      2.4884  -0.2913870 -1.5166E-09    625.0086   0.0161641    

6748920. 

 432.000 -1.78E-08   0.8094621  -0.1731471  3.9195E-10    625.0028   0.0166803    

6748920. 

 439.200 -1.16E-08  -0.0054000  -0.0739527  8.5726E-10    625.0000   0.0108736    

6748920. 

 446.400 -5.45E-09  -0.2565684  -0.0164147  7.0566E-10    625.0009   0.0051091    

6748920. 

 453.600 -1.44E-09  -0.2426867   0.0068337  4.1674E-10    625.0008   0.0013488    

6748920. 

 460.800  5.50E-10  -0.1587035   0.0109776  1.8445E-10    625.0006  -0.0001977    

2585430. 

 468.000  1.22E-09  -0.0848477   0.0086926  4.3510E-11    625.0003  -0.0004371    

2585430. 

 475.200  1.18E-09  -0.0335871   0.0055975 -2.5029E-11    625.0001  -0.0004226    

2585430. 

 482.400  8.57E-10  -0.0042107   0.0029684 -4.6903E-11    625.0000  -0.0003077    

2585430. 

 489.600  5.02E-10   0.0092192   0.0012124 -4.4004E-11    625.0000  -0.0001801    

2585430. 

 496.800  2.23E-10   0.0133053   0.0001085 -3.0969E-11    625.0000  -0.0001266    

4083142. 

 504.000  5.56E-11   0.0108210  -0.0004607 -1.7007E-11    625.0000 -3.1539E-05    

4083142. 

 511.200 -2.17E-11   0.0066937  -0.0005298 -6.8714E-12    625.0000  1.2334E-05    

4083142. 

 518.400 -4.33E-11   0.0032006  -0.0003969 -1.1455E-12    625.0000  2.4574E-05    

4083142. 

 525.600 -3.82E-11   0.0009792  -0.0002304  1.2734E-12    625.0000  2.1689E-05    

4083142. 

 532.800 -2.50E-11  -0.0001187  -0.0001013  1.7713E-12    625.0000  1.4176E-05    

4083142. 

 540.000 -1.27E-11  -0.0004816 -2.4247E-05  1.4239E-12    625.0000  7.2238E-06    

4083142. 

 547.200 -4.49E-12  -0.0004697  1.0932E-05  8.7332E-13    625.0000  2.5480E-06    

4083142. 

 554.400 -1.62E-13  -0.0003253  2.0435E-05  4.1322E-13    625.0000  9.1943E-08    

4083142. 

 561.600  1.46E-12  -0.0001760  1.7791E-05  1.2310E-13    625.0000 -8.2651E-07    

4083142. 

 568.800  1.61E-12 -6.9322E-05  1.1527E-05 -1.8857E-14    625.0000 -9.1332E-07    

4083142. 

 576.000  1.19E-12 -9.9594E-06  5.8184E-06 -6.4737E-14    625.0000 -6.7253E-07    

4083142. 

 583.200  6.78E-13  1.4547E-05  2.0125E-06 -6.2082E-14    625.0000 -3.8466E-07    

4083142. 

 590.400  2.92E-13  1.9101E-05  3.1702E-08 -4.2610E-14    625.0000 -1.6555E-07    

4083142. 

 597.600  6.47E-14  1.5058E-05 -6.9637E-07 -2.2843E-14    625.0000 -3.6696E-08    

4083142. 



 604.800 -3.70E-14  9.1024E-06 -7.5291E-07 -8.8606E-15    625.0000  2.0992E-08    

4083142. 

 612.000 -6.29E-14  4.2279E-06 -5.4895E-07 -1.1464E-15    625.0000  3.5662E-08    

4083142. 

 619.200 -5.35E-14  1.1989E-06 -3.1130E-07  1.9942E-15    625.0000  3.0353E-08    

4083142. 

 626.400 -3.42E-14 -2.5741E-07 -1.3227E-07  2.5390E-15    625.0000  1.9378E-08    

4083142. 

 633.600 -1.70E-14 -7.0903E-07 -2.7883E-08  1.9797E-15    625.0000  9.6186E-09    

4083142. 

 640.800 -5.66E-15 -6.6149E-07  1.8302E-08  1.1866E-15    625.0000  3.2104E-09    

4083142. 

 648.000  1.26E-16 -4.4703E-07  2.9601E-08  5.4511E-16    625.0000 -7.1620E-11    

4083142. 

 655.200  2.19E-15 -2.3594E-07  2.4876E-08  1.4987E-16    625.0000 -1.2411E-09    

4083142. 

 662.400  2.28E-15 -8.9013E-08  1.5744E-08 -3.8176E-17    625.0000 -1.2955E-09    

4083142. 

 669.600  1.64E-15 -9.1804E-09  7.7342E-09 -9.5001E-17    625.0000 -9.2933E-10    

4083142. 

 676.800  9.16E-16  2.2482E-08  2.5175E-09 -8.7303E-17    625.0000 -5.1974E-10    

4083142. 

 684.000  3.82E-16  2.7185E-08 -1.3257E-10 -5.8560E-17    625.0000 -2.1639E-10    

4083142. 

 691.200  7.32E-17  2.0649E-08 -1.0611E-09 -3.0879E-17    625.0000 -4.1519E-11    

4083142. 

 698.400 -6.31E-17  1.1946E-08 -1.0817E-09 -1.2016E-17    625.0000  3.5770E-11    

4083142. 

 705.600 -9.98E-17  5.0876E-09 -7.4919E-10 -2.1585E-18    625.0000  5.6606E-11    

4083142. 

 712.800 -9.42E-17  1.1602E-09 -3.5318E-10  1.4571E-18    625.0000  5.3398E-11    

4083142. 

 720.000 -7.88E-17      0.0000      0.0000  2.1285E-18    625.0000  4.4707E-11    

2041571. 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  5: 

 

Pile-head deflection             =     0.76126346 in 

Computed slope at pile head      =    -0.01191195 

Maximum bending moment           =   841802.68541 lbs-in 

Maximum shear force              =    25000.00000 lbs 

Depth of maximum bending moment  =    57.60000000 in 

Depth of maximum shear force     =        0.00000 in 

Number of iterations             =             26 

Number of zero deflection points =             11 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  6 



------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Shear and Moment (BC Type 1) 

Specified shear force at pile head  =       30000.000 lbs 

Specified moment at pile head       =           0.000 in-lbs 

Specified axial load at pile head   =       90000.000 lbs 

 

(Zero moment for this load indicates free-head conditions) 

 

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     

Es*h    

    X        y          M           V           S        Stress          p          

F/L    

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      

lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- -

---------- 

   0.000     1.092  1.8652E-07  30000.0000  -0.0162743    625.0000   -406.4301   

1340.1215 

   7.200  0.974628     216011.  27025.1514  -0.0161493   1375.0385   -419.9167   

3102.1086 

  14.400  0.859253     410092.  23961.9034  -0.0157870   2048.9295   -430.9855   

3611.3894 

  21.600  0.747295     581522.  20828.2774  -0.0152131   2644.1752   -439.4662   

4234.1473 

  28.800  0.640183     729735.  17643.5721  -0.0144543   3158.8025   -445.1742   

5006.7761 

  36.000  0.539153     854323.  14428.4931  -0.0135376   3591.3982   -447.9033   

5981.4289 

  43.200  0.445242     955050.  11205.3438  -0.0124905   3941.1465   -447.4160   

7235.1614 

  50.400  0.359289    1031867.   7998.3073  -0.0113407   4207.8727   -443.4275   

8886.0949 

  57.600  0.281936    1084923.   3230.3511  -0.0101157   4392.0949   -881.0048  

22498.8674 

  64.800  0.213623    1091494.  -2832.8528  -0.0088562   4414.9109   -803.2185  

27071.8354 

  72.000  0.154407    1055608.  -7189.8308  -0.0076137   4290.3051   -407.0531  

18980.9442 

  79.200  0.103987     997828. -10033.8627  -0.0064253   4089.6808   -382.9557  

26515.7296 

  86.400  0.061882     919447. -12655.7452  -0.0053158   3817.5259   -345.3450  

40181.1124 

  93.600  0.027439     822475. -14913.5014  -0.0043077   3480.8146   -281.8095  

73946.2067 

 100.800 -0.000149     710276. -15734.8271  -0.0034207   3091.2357     53.6635    

2585430. 

 108.000 -0.021819     600326. -14583.6187  -0.0026623   2709.4665    266.1166  

87814.4804 

 115.200 -0.038486     503722. -12521.5418  -0.0020234   2374.0350    306.6825  

57374.1943 

 122.400 -0.050956     422638. -10233.1803  -0.0014873   2092.4945    328.9734  

46483.8541 

 129.600 -0.059903     358292.  -7815.6926  -0.0010353   1869.0687    342.5509  

41172.7714 

 136.800 -0.065864     311434.  -6388.8980  -0.0006478   1706.3689     53.7809   

5879.0812 



 144.000 -0.069231     267131.  -5998.4318  -0.0003130   1552.5387     54.6820   

5686.9274 

 151.200 -0.070371     225462.  -5603.6467 -2.7885E-05   1407.8556     54.9805   

5625.3336 

 158.400 -0.069632     186475.  -5208.4817   0.0002105   1272.4819     54.7875   

5665.0480 

 165.600 -0.067340     150187.  -4816.2003   0.0004053   1146.4843     54.1795   

5792.9113 

 172.800 -0.063795     116596.  -4429.5912   0.0005597   1029.8479     53.2119   

6005.5259 

 180.000 -0.059280  85675.9561  -4051.0967   0.0006768    922.4860     51.9255   

6306.7747 

 187.200 -0.054050  57383.2889  -3682.9003   0.0007596    824.2475     50.3513   

6707.3061 

 194.400 -0.048342  31657.7949  -3326.9906   0.0008111    734.9229     48.5125   

7225.4062 

 201.600 -0.042370   8423.4463  -2985.2101   0.0008343    654.2481     46.4265   

7889.3005 

 208.800 -0.036328 -12410.4698  -2659.2944   0.0008320    668.0919     44.1056   

8741.4412 

 216.000 -0.030390 -30948.6419  -2350.9053   0.0008069    732.4606     41.5580   

9846.0536 

 223.200 -0.024709 -47309.2347  -2061.6593   0.0007616    789.2682     38.7881  

11302.5454 

 230.400 -0.019423 -61623.5718  -1793.1523   0.0006986    838.9707     35.7972  

13270.1352 

 237.600 -0.014650 -74035.9643  -1546.9749   0.0006201    882.0693     32.5854  

16015.0364 

 244.800 -0.010494 -84703.6018   -806.4708   0.0005282    919.1097    173.1102     

118775. 

 252.000 -0.007044 -86333.6805    253.2903   0.0004292    924.7697    121.2679     

123959. 

 259.200 -0.004313 -81612.4805    968.3577   0.0003320    908.3767     77.3619     

129143. 

 266.400 -0.002263 -72819.6281   1398.8249   0.0002427    877.8459     42.2123     

134327. 

 273.600 -0.000819 -61783.8773   1607.9142   0.0001648    839.5274     15.8681     

139511. 

 280.800  0.000110 -49879.1861   1657.0908   0.0001001    798.1916     -2.2079     

144695. 

 288.000  0.000623 -38051.5453   1602.4542  4.9249E-05    757.1234    -12.9689     

149879. 

 295.200  0.000819 -26867.6729   1492.2636  1.1680E-05    718.2905    -17.6396     

155063. 

 302.400  0.000791 -16578.0874   1365.3668 -1.3462E-05    682.5628    -17.6095     

160247. 

 309.600  0.000625  -7188.9441   1250.2586 -2.7216E-05    649.9616    -14.3650     

165431. 

 316.800  0.000399   1460.9080   1164.4815 -3.0531E-05    630.0726     -9.4619     

170615. 

 324.000  0.000186   9619.1581    504.2482 -2.4119E-05    658.3999   -173.9362    

6748920. 

 331.200  5.20E-05   8753.3393   -297.3488 -1.3487E-05    655.3935    -48.7296    

6748920. 

 338.400 -8.64E-06   5354.8138   -443.6062 -5.3221E-06    643.5931      8.1025    

6748920. 



 345.600 -2.47E-05   2372.3078   -331.2523 -8.5036E-07    633.2372     23.1069    

6748920. 

 352.800 -2.09E-05    585.8832   -177.5776  8.6156E-07    627.0343     19.5805    

6748920. 

 360.000 -1.22E-05   -185.9262    -65.7680  1.0930E-06    625.6456     11.4777    

6748920. 

 367.200 -5.15E-06   -362.5923     -7.0704  7.7559E-07    626.2590      4.8272    

6748920. 

 374.400 -1.08E-06   -288.7452     13.9397  3.9865E-07    626.0026      1.0090    

6748920. 

 381.600  5.91E-07   -162.3768     15.5784  1.3759E-07    625.5638  -0.5537877    

6748920. 

 388.800  9.05E-07    -64.5949     10.5313  6.2389E-09    625.2243  -0.8481767    

6748920. 

 396.000  6.81E-07    -10.7341      5.1811 -3.7354E-08    625.0373  -0.6379988    

6748920. 

 403.200  3.67E-07     10.0610      1.6460 -3.7744E-08    625.0349  -0.3439743    

6748920. 

 410.400  1.37E-07     13.0168  -0.0550756 -2.4389E-08    625.0452  -0.1285386    

6748920. 

 417.600  1.58E-08      9.2995  -0.5710244 -1.1474E-08    625.0323  -0.0147805    

6748920. 

 424.800 -2.81E-08      4.8089  -0.5294214 -3.3095E-09    625.0167   0.0263369    

6748920. 

 432.000 -3.19E-08      1.6801  -0.3270025  4.4574E-10    625.0058   0.0298905    

6748920. 

 439.200 -2.17E-08   0.0995303  -0.1462432  1.4756E-09    625.0003   0.0203204    

6748920. 

 446.400 -1.06E-08  -0.4277095  -0.0371876  1.2857E-09    625.0015   0.0099728    

6748920. 

 453.600 -3.16E-09  -0.4376379   0.0093927  7.8492E-10    625.0015   0.0029662    

6748920. 

 460.800  6.64E-10  -0.2934712   0.0192132  3.6183E-10    625.0010  -0.0002383    

2585430. 

 468.000  2.05E-09  -0.1614361   0.0157107  9.8572E-11    625.0006  -0.0007347    

2585430. 

 475.200  2.08E-09  -0.0673645   0.0103733 -3.3836E-11    625.0002  -0.0007480    

2585430. 

 482.400  1.56E-09  -0.0120168   0.0056657 -7.9774E-11    625.0000  -0.0005597    

2585430. 

 489.600  9.34E-10   0.0143254   0.0024432 -7.8438E-11    625.0000  -0.0003355    

2585430. 

 496.800  4.29E-10   0.0232664   0.0003594 -5.6684E-11    625.0001  -0.0002434    

4083142. 

 504.000  1.18E-10   0.0195738  -0.0007576 -3.1892E-11    625.0001 -6.6897E-05    

4083142. 

 511.200 -3.01E-11   0.0123985  -0.0009370 -1.3390E-11    625.0000  1.7071E-05    

4083142. 

 518.400 -7.48E-11   0.0060990  -0.0007227 -2.6849E-12    625.0000  4.2445E-05    

4083142. 

 525.600 -6.88E-11   0.0019952  -0.0004295  1.9992E-12    625.0000  3.8997E-05    

4083142. 

 532.800 -4.61E-11 -8.8517E-05  -0.0001951  3.1026E-12    625.0000  2.6120E-05    

4083142. 

 540.000 -2.41E-11  -0.0008181 -5.1877E-05  2.5779E-12    625.0000  1.3661E-05    

4083142. 



 547.200 -8.94E-12  -0.0008389  1.5546E-05  1.6190E-12    625.0000  5.0678E-06    

4083142. 

 554.400 -7.75E-13  -0.0005963  3.5372E-05  7.8843E-13    625.0000  4.3947E-07    

4083142. 

 561.600  2.42E-12  -0.0003305  3.2020E-05  2.5205E-13    625.0000 -1.3707E-06    

4083142. 

 568.800  2.85E-12  -0.0001356  2.1257E-05 -1.7698E-14    625.0000 -1.6188E-06    

4083142. 

 576.000  2.16E-12 -2.4418E-05  1.1015E-05 -1.1029E-13    625.0000 -1.2262E-06    

4083142. 

 583.200  1.27E-12  2.3189E-05  4.0154E-06 -1.1100E-13    625.0000 -7.1819E-07    

4083142. 

 590.400  5.64E-13  3.3547E-05  2.7874E-07 -7.8163E-14    625.0000 -3.1977E-07    

4083142. 

 597.600  1.41E-13  2.7304E-05 -1.1600E-06 -4.2948E-14    625.0000 -7.9888E-08    

4083142. 

 604.800 -5.46E-14  1.6899E-05 -1.3362E-06 -1.7368E-14    625.0000  3.0959E-08    

4083142. 

 612.000 -1.09E-13  8.0856E-06 -1.0017E-06 -2.9095E-15    625.0000  6.1944E-08    

4083142. 

 619.200 -9.65E-14  2.4776E-06 -5.8174E-07  3.2035E-15    625.0000  5.4718E-08    

4083142. 

 626.400 -6.31E-14 -2.9561E-07 -2.5593E-07  4.4662E-15    625.0000  3.5784E-08    

4083142. 

 633.600 -3.22E-14 -1.2136E-06 -6.1429E-08  3.5928E-15    625.0000  1.8246E-08    

4083142. 

 640.800 -1.14E-14 -1.1848E-06  2.7453E-08  2.2048E-15    625.0000  6.4435E-09    

4083142. 

 648.000 -4.24E-16 -8.2115E-07  5.1515E-08  1.0440E-15    625.0000  2.4051E-10    

4083142. 

 655.200  3.67E-15 -4.4438E-07  4.4886E-08  3.1159E-16    625.0000 -2.0818E-09    

4083142. 

 662.400  4.06E-15 -1.7519E-07  2.9097E-08 -4.6956E-17    625.0000 -2.3040E-09    

4083142. 

 669.600  2.99E-15 -2.5317E-08  1.4689E-08 -1.6299E-16    625.0000 -1.6983E-09    

4083142. 

 676.800  1.72E-15  3.6536E-08  5.0718E-09 -1.5650E-16    625.0000 -9.7301E-10    

4083142. 

 684.000  7.41E-16  4.7920E-08  5.5839E-11 -1.0763E-16    625.0000 -4.2032E-10    

4083142. 

 691.200  1.66E-16  3.7479E-08 -1.7961E-09 -5.8205E-17    625.0000 -9.4106E-11    

4083142. 

 698.400 -9.70E-17  2.2132E-08 -1.9369E-09 -2.3708E-17    625.0000  5.4991E-11    

4083142. 

 705.600 -1.75E-16  9.6181E-09 -1.3808E-09 -5.3341E-18    625.0000  9.9498E-11    

4083142. 

 712.800 -1.74E-16  2.2555E-09 -6.6779E-10  1.5372E-18    625.0000  9.8551E-11    

4083142. 

 720.000 -1.53E-16      0.0000      0.0000  2.8424E-18    625.0000  8.6945E-11    

2041571. 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  6: 



 

Pile-head deflection             =     1.09180275 in 

Computed slope at pile head      =    -0.01627433 

Maximum bending moment           =       1091494. lbs-in 

Maximum shear force              =    30000.00000 lbs 

Depth of maximum bending moment  =    64.80000000 in 

Depth of maximum shear force     =        0.00000 in 

Number of iterations             =             24 

Number of zero deflection points =             11 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  7 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Shear and Moment (BC Type 1) 

Specified shear force at pile head  =       35000.000 lbs 

Specified moment at pile head       =           0.000 in-lbs 

Specified axial load at pile head   =       90000.000 lbs 

 

(Zero moment for this load indicates free-head conditions) 

 

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     

Es*h    

    X        y          M           V           S        Stress          p          

F/L    

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      

lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- -

---------- 

   0.000     1.453  5.3291E-08  35000.0000  -0.0209908    625.0000   -436.5380   

1081.5225 

   7.200     1.302     254287.  31803.2730  -0.0208437   1507.9410   -451.4418   

2496.5595 

  14.400     1.153     484981.  28508.2002  -0.0204159   2308.9602   -463.8562   

2896.7654 

  21.600     1.008     691264.  25133.3509  -0.0197352   3025.2224   -473.6019   

3383.0196 

  28.800  0.868743     872478.  21698.6470  -0.0188302   3654.4360   -480.4825   

3982.1624 

  36.000  0.736800    1028129.  18225.5074  -0.0177303   4194.8907   -484.2785   

4732.3604 

  43.200  0.613426    1157903.  14737.0563  -0.0164653   4645.4979   -484.7357   

5689.5181 

  50.400  0.499700    1261681.  11258.4257  -0.0150650   5005.8373   -481.5506   

6938.4845 

  57.600  0.396489    1339549.   5468.9755  -0.0135597   5276.2119  -1126.6301  

20458.9127 

  64.800  0.304441    1358008.  -2245.0734  -0.0119986   5340.3047  -1016.1613  

24032.1395 

  72.000  0.223709    1322770.  -7510.9986  -0.0104472   5217.9520   -446.5957  

14373.5352 

  79.200  0.154000    1263389. -10639.6459  -0.0089506   5011.7674   -422.4730  

19751.9344 



  86.400  0.094820    1181159. -13543.8430  -0.0075360   4726.2475   -384.2485  

29177.2715 

  93.600  0.045483    1078124. -16078.4191  -0.0062285   4368.4870   -319.8004  

50625.1204 

 100.800  0.005130     957702. -17897.5827  -0.0050504   3950.3548   -185.5228     

260403. 

 108.000 -0.027243     826944. -17553.0053  -0.0040176   3496.3345    281.2387  

74329.2570 

 115.200 -0.052724     710146. -15346.2440  -0.0031281   3090.7837    331.7506  

45304.3429 

 122.400 -0.072287     610012. -12859.5577  -0.0023641   2743.0986    358.9956  

35757.2372 

 129.600 -0.086766     528032. -10214.4104  -0.0017055   2458.4441    375.7675  

31181.7878 

 136.800 -0.096846     465135.  -8641.4991  -0.0011307   2240.0527     61.1523   

4546.3759 

 144.000 -0.103049     405060.  -8196.5979  -0.0006272   2031.4575     62.4314   

4362.0652 

 151.200 -0.105877     347917.  -7745.0540  -0.0001914   1833.0450     62.9975   

4284.0633 

 158.400 -0.105805     293779.  -7291.5224   0.0001799   1645.0661     62.9835   

4286.0063 

 165.600 -0.103285     242686.  -6839.8552   0.0004904   1467.6591     62.4796   

4355.4416 

 172.800 -0.098743     194650.  -6393.3484   0.0007435   1300.8665     61.5501   

4488.0094 

 180.000 -0.092579     149658.  -5954.8978   0.0009427   1144.6460     60.2418   

4685.0839 

 187.200 -0.085168     107677.  -5527.1058   0.0010917    998.8793     58.5894   

4953.0906 

 194.400 -0.076859  68652.9304  -5112.3570   0.0011937    863.3782     56.6186   

5303.9146 

 201.600 -0.067978  32512.2470  -4712.8767   0.0012523    737.8897     54.3481   

5756.3421 

 208.800 -0.058827   -835.4133  -4330.7765   0.0012706    627.9007     51.7908   

6338.8593 

 216.000 -0.049682 -31497.6111  -3968.0926   0.0012519    734.3667     48.9547   

7094.6085 

 223.200 -0.040800 -59598.3737  -3626.8180   0.0011992    831.9388     45.8438   

8090.1461 

 230.400 -0.032414 -85277.8940  -3308.9265   0.0011153    921.1038     42.4594   

9431.3051 

 237.600 -0.024739    -108692.  -3016.3846   0.0010031   1002.4040     38.8023  

11292.8782 

 244.800 -0.017970    -130014.  -1809.5052   0.0008649   1076.4368    296.4420     

118775. 

 252.000 -0.012284    -135870.     19.0581   0.0007111   1096.7715    211.4923     

123959. 

 259.200 -0.007731    -130661.   1279.6195   0.0005568   1078.6837    138.6637     

129143. 

 266.400 -0.004266    -118165.   2065.3402   0.0004128   1035.2961     79.5921     

134327. 

 273.600 -0.001786    -101455.   2476.4737   0.0002857    977.2743     34.6116     

139511. 

 280.800 -0.000152 -82874.3591   2612.0588   0.0001790    912.7582      3.0509     

144695. 



 288.000  0.000792 -64073.4024   2563.6880  9.4009E-05    847.4771    -16.4872     

149879. 

 295.200  0.001202 -46079.0882   2411.1474  3.0264E-05    784.9968    -25.8852     

155063. 

 302.400  0.001228 -29392.1012   2219.5836 -1.3412E-05    727.0559    -27.3270     

160247. 

 309.600  0.001009 -14099.7022   2037.7640 -3.8581E-05    673.9573    -23.1784     

165431. 

 316.800  0.000672      1.7015   1896.9730 -4.6739E-05    625.0059    -15.9302     

170615. 

 324.000  0.000336  13277.2838    958.9041 -3.9055E-05    671.1017   -244.6445    

5246404. 

 331.200  0.000110  13860.5361   -292.5689 -2.3350E-05    673.1269   -102.9869    

6748920. 

 338.400 -4.97E-07   9094.5537   -661.6429 -1.0066E-05    656.5783   0.4663166    

6748920. 

 345.600 -3.51E-05   4345.9242   -541.5973 -2.2877E-06    640.0900     32.8797    

6748920. 

 352.800 -3.34E-05   1298.5175   -310.3851  9.7871E-07    629.5087     31.3459    

6748920. 

 360.000 -2.10E-05   -124.8903   -126.7309  1.6579E-06    625.4336     19.6691    

6748920. 

 367.200 -9.57E-06   -528.5565    -23.6376  1.2797E-06    626.8353      8.9679    

6748920. 

 374.400 -2.56E-06   -466.9306     17.2700  7.0365E-07    626.6213      2.3953    

6748920. 

 381.600  5.65E-07   -280.7800     23.9856  2.7095E-07    625.9749  -0.5299015    

6748920. 

 388.800  1.35E-06   -121.8890     17.5351  3.7924E-08    625.4232     -1.2619    

6748920. 

 396.000  1.11E-06    -28.3234      9.2418 -4.9004E-08    625.0983     -1.0418    

6748920. 

 403.200  6.41E-07     11.2567      3.3298 -5.8881E-08    625.0391  -0.6004464    

6748920. 

 410.400  2.64E-07     19.7013   0.2788472 -4.0965E-08    625.0684  -0.2470276    

6748920. 

 417.600  5.07E-08     15.3252  -0.7814546 -2.0696E-08    625.0532  -0.0475007    

6748920. 

 424.800 -3.45E-08      8.4752  -0.8361153 -6.9221E-09    625.0294   0.0323172    

6748920. 

 432.000 -4.90E-08      3.2941  -0.5544139 -1.1119E-10    625.0114   0.0459332    

6748920. 

 439.200 -3.61E-08   0.4917704  -0.2673094  2.0797E-09    625.0017   0.0338180    

6748920. 

 446.400 -1.91E-08  -0.5578263  -0.0812631  2.0415E-09    625.0019   0.0178615    

6748920. 

 453.600 -6.68E-09  -0.6810643   0.0055825  1.3245E-09    625.0024   0.0062623    

6748920. 

 460.800  1.81E-11  -0.4791542   0.0281034  6.5312E-10    625.0017 -6.4926E-06    

2585430. 

 468.000  2.72E-09  -0.2772214   0.0245586  2.1540E-10    625.0010  -0.0009782    

2585430. 

 475.200  3.12E-09  -0.1257892   0.0170041 -1.7822E-11    625.0004  -0.0011203    

2585430. 

 482.400  2.47E-09  -0.0323392   0.0097813 -1.0933E-10    625.0001  -0.0008860    

2585430. 



 489.600  1.55E-09   0.0152039   0.0045938 -1.1925E-10    625.0001  -0.0005550    

2585430. 

 496.800  7.50E-10   0.0339662   0.0010643 -9.0793E-11    625.0001  -0.0004255    

4083142. 

 504.000  2.38E-10   0.0306468  -0.0009534 -5.3401E-11    625.0001  -0.0001350    

4083142. 

 511.200 -1.87E-11   0.0203058  -0.0014012 -2.3915E-11    625.0001  1.0624E-05    

4083142. 

 518.400 -1.06E-10   0.0105002  -0.0011459 -6.0875E-12    625.0000  6.0291E-05    

4083142. 

 525.600 -1.06E-10   0.0038123  -0.0007117  2.1953E-12    625.0000  6.0336E-05    

4083142. 

 532.800 -7.47E-11   0.0002494  -0.0003419  4.5458E-12    625.0000  4.2364E-05    

4083142. 

 540.000 -4.09E-11  -0.0011176  -0.0001059  4.0433E-12    625.0000  2.3214E-05    

4083142. 

 547.200 -1.65E-11  -0.0012804  1.1345E-05  2.6556E-12    625.0000  9.3453E-06    

4083142. 

 554.400 -2.69E-12  -0.0009577  5.0488E-05  1.3604E-12    625.0000  1.5277E-06    

4083142. 

 561.600  3.11E-12  -0.0005551  4.9637E-05  4.8492E-13    625.0000 -1.7640E-06    

4083142. 

 568.800  4.29E-12  -0.0002436  3.4530E-05  2.2731E-14    625.0000 -2.4324E-06    

4083142. 

 576.000  3.44E-12 -5.7912E-05  1.8755E-05 -1.5173E-13    625.0000 -1.9497E-06    

4083142. 

 583.200  2.10E-12  2.6706E-05  7.4399E-06 -1.6979E-13    625.0000 -1.1933E-06    

4083142. 

 590.400  9.93E-13  4.9443E-05  1.1169E-06 -1.2572E-13    625.0000 -5.6311E-07    

4083142. 

 597.600  2.94E-13  4.2952E-05 -1.5101E-06 -7.2252E-14    625.0000 -1.6661E-07    

4083142. 

 604.800 -4.75E-14  2.7792E-05 -2.0130E-06 -3.1313E-14    625.0000  2.6919E-08    

4083142. 

 612.000 -1.57E-13  1.4006E-05 -1.5953E-06 -7.1246E-15    625.0000  8.9105E-08    

4083142. 

 619.200 -1.50E-13  4.8287E-06 -9.6814E-07  3.7750E-15    625.0000  8.5101E-08    

4083142. 

 626.400 -1.03E-13  5.9693E-08 -4.5198E-07  6.6039E-15    625.0000  5.8277E-08    

4083142. 

 633.600 -5.50E-14 -1.6883E-06 -1.2996E-07  5.6614E-15    625.0000  3.1171E-08    

4083142. 

 640.800 -2.12E-14 -1.8191E-06  2.5610E-08  3.6317E-15    625.0000  1.2044E-08    

4083142. 

 648.000 -2.67E-15 -1.3242E-06  7.4419E-08  1.8126E-15    625.0000  1.5140E-09    

4083142. 

 655.200  4.86E-15 -7.4985E-07  6.9940E-08  6.1231E-16    625.0000 -2.7580E-09    

4083142. 

 662.400  6.15E-15 -3.1789E-07  4.7461E-08 -5.5980E-18    625.0000 -3.4863E-09    

4083142. 

 669.600  4.78E-15 -6.6413E-08  2.5146E-08 -2.2799E-16    625.0000 -2.7123E-09    

4083142. 

 676.800  2.86E-15  4.4504E-08  9.5331E-09 -2.4067E-16    625.0000 -1.6245E-09    

4083142. 

 684.000  1.32E-15  7.1176E-08  9.9609E-10 -1.7373E-16    625.0000 -7.4693E-10    

4083142. 



 691.200  3.63E-16  5.9073E-08 -2.4336E-09 -9.8352E-17    625.0000 -2.0575E-10    

4083142. 

 698.400 -9.92E-17  3.6260E-08 -2.9718E-09 -4.3183E-17    625.0000  5.6247E-11    

4083142. 

 705.600 -2.59E-16  1.6335E-08 -2.2405E-09 -1.2746E-17    625.0000  1.4689E-10    

4083142. 

 712.800 -2.83E-16  4.0135E-09 -1.1345E-09 -9.6955E-19    625.0000  1.6033E-10    

4083142. 

 720.000 -2.73E-16      0.0000      0.0000  1.3531E-18    625.0000  1.5481E-10    

2041571. 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  7: 

 

Pile-head deflection             =     1.45307804 in 

Computed slope at pile head      =    -0.02099084 

Maximum bending moment           =       1358008. lbs-in 

Maximum shear force              =    35000.00000 lbs 

Depth of maximum bending moment  =    64.80000000 in 

Depth of maximum shear force     =        0.00000 in 

Number of iterations             =             26 

Number of zero deflection points =             11 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  8 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Shear and Moment (BC Type 1) 

Specified shear force at pile head  =       40000.000 lbs 

Specified moment at pile head       =           0.000 in-lbs 

Specified axial load at pile head   =       90000.000 lbs 

 

(Zero moment for this load indicates free-head conditions) 

 

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     

Es*h    

    X        y          M           V           S        Stress          p          

F/L    

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      

lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- -

---------- 

   0.000     1.887  5.8620E-07  40000.0000  -0.0262321    625.0000   -466.0344    

888.8868 

   7.200     1.699     292919.  36585.3682  -0.0260626   1642.0791   -482.4744   

2045.1380 

  14.400     1.512     560606.  33061.4257  -0.0255686   2571.5499   -496.3985   

2363.5789 



  21.600     1.330     802140.  29446.9257  -0.0247800   3410.2092   -507.6293   

2747.2738 

  28.800     1.155    1016757.  25761.9503  -0.0237274   4155.4062   -515.9750   

3215.6017 

  36.000  0.988710    1203863.  22028.0367  -0.0224423   4805.0799   -521.2232   

3795.6595 

  43.200  0.832142    1363046.  18268.3537  -0.0209568   5357.7984   -523.1332   

4526.3435 

  50.400  0.686932    1494087.  14507.9491  -0.0193034   5812.8034   -521.4236   

5465.2446 

  57.600  0.554173    1596978.   8161.8729  -0.0175146   6170.0612  -1241.3753  

16128.3701 

  64.800  0.434722    1634317.  -1064.9238  -0.0156446   6299.7127  -1321.6238  

21889.1549 

  72.000  0.328890    1601918.  -7593.0932  -0.0137718   6187.2158   -491.7566  

10765.4448 

  79.200  0.236408    1542825. -11056.2993  -0.0119519   5982.0311   -470.2450  

14321.7158 

  86.400  0.156782    1458197. -14317.7257  -0.0102152   5688.1845   -435.7067  

20009.2046 

  93.600  0.089308    1349889. -17248.9795  -0.0085902   5312.1134   -378.5304  

30516.9236 

 100.800  0.033084    1220945. -19674.8850  -0.0071024   4864.3914   -295.3322  

64273.1002 

 108.000 -0.012967    1075775. -19897.1708  -0.0057733   4360.3300    233.5862     

129705. 

 115.200 -0.050052     941908. -17877.3314  -0.0046057   3895.5127    327.4804  

47108.2519 

 122.400 -0.079288     824310. -15375.7480  -0.0035835   3487.1890    367.4039  

33363.2396 

 129.600 -0.101655     725141. -12645.6500  -0.0026869   3142.8513    390.9567  

27690.5890 

 136.800 -0.117979     645695. -11003.0792  -0.0018936   2866.9974     65.3130   

3985.9056 

 144.000 -0.128922     569151. -10525.7689  -0.0011905   2601.2184     67.2732   

3757.0433 

 151.200 -0.135123     495667. -10037.5793  -0.0005743   2346.0664     68.3350   

3641.2209 

 158.400 -0.137193     425354.  -9544.3173 -4.1320E-05   2101.9238     68.6823   

3604.5107 

 165.600 -0.135718     358282.  -9050.6940   0.0004122   1869.0364     68.4353   

3630.5807 

 172.800 -0.131257     294490.  -8560.6885   0.0007899   1647.5344     67.6773   

3712.3768 

 180.000 -0.124343     233985.  -8077.7674   0.0010958   1437.4473     66.4674   

3848.7624 

 187.200 -0.115478     176750.  -7605.0286   0.0013335   1238.7151     64.8489   

4043.2888 

 194.400 -0.105141     122744.  -7145.3014   0.0015068   1051.1953     62.8531   

4304.1496 

 201.600 -0.093781  71904.8118  -6701.2210   0.0016194    874.6695     60.5026   

4645.0794 

 208.800 -0.081821  24147.8985  -6275.2850   0.0016750    708.8469     57.8129   

5087.3490 

 216.000 -0.069661 -20630.1029  -5869.9004   0.0016770    696.6323     54.7939   

5663.4064 



 223.200 -0.057672 -62552.1159  -5487.4199   0.0016289    842.1948     51.4507   

6423.3289 

 230.400 -0.046204    -101760.  -5130.1689   0.0015338    978.3334     47.7857   

7446.4218 

 237.600 -0.035585    -138414.  -4800.4540   0.0013948   1105.6055     43.8018   

8862.5678 

 244.800 -0.026119    -172694.  -3091.6410   0.0012148   1224.6328    430.8685     

118775. 

 252.000 -0.018092    -184508.   -419.1911   0.0010081   1265.6541    311.4787     

123959. 

 259.200 -0.011603    -180037.   1451.3235   0.0007971   1250.1287    208.1087     

129143. 

 266.400 -0.006613    -164642.   2644.6994   0.0005976   1196.6749    123.3846     

134327. 

 273.600 -0.002996    -142728.   3297.9042   0.0004198   1120.5831     58.0612     

139511. 

 280.800 -0.000569    -117697.   3548.0797   0.0002691   1033.6686     11.4320     

144695. 

 288.000  0.000878 -91984.2865   3523.4414   0.0001477    944.3899    -18.2760     

149879. 

 295.200  0.001558 -67150.4469   3336.8357  5.5623E-05    858.1613    -33.5589     

155063. 

 302.400  0.001679 -44005.9396   3081.5023 -8.7037E-06    777.7984    -37.3670     

160247. 

 309.600  0.001433 -22765.5344   2828.4579 -4.7345E-05    704.0470    -32.9231     

165431. 

 316.800  0.000997  -3214.7867   2624.8694 -6.2380E-05    636.1625    -23.6293     

170615. 

 324.000  0.000535  15113.4291   1550.4071 -5.5494E-05    677.4772   -274.8325    

3701192. 

 331.200  0.000198  19182.9949   -107.3171 -3.5646E-05    691.6076   -185.6465    

6748920. 

 338.400  2.13E-05  13614.2608   -847.6234 -1.6666E-05    672.2717    -19.9942    

6748920. 

 345.600 -4.19E-05   6998.8170   -778.0733 -4.7375E-06    649.3014     39.3137    

6748920. 

 352.800 -4.69E-05   2416.1454   -478.3167  7.1096E-07    633.3894     43.9520    

6748920. 

 360.000 -3.17E-05    110.1359   -213.1070  2.1729E-06    625.3824     29.7173    

6748920. 

 367.200 -1.56E-05   -655.4116    -53.4846  1.8574E-06    627.2757     14.6222    

6748920. 

 374.400 -4.96E-06   -662.4502     15.8839  1.0947E-06    627.3002      4.6468    

6748920. 

 381.600  1.64E-07   -428.1027     32.0575  4.6361E-07    626.4865  -0.1541178    

6748920. 

 388.800  1.72E-06   -201.4237     25.7030  9.9304E-08    625.6994     -1.6110    

6748920. 

 396.000  1.59E-06    -58.1078     14.5232 -5.0887E-08    625.2018     -1.4945    

6748920. 

 403.200  9.86E-07      7.7761      5.8161 -8.0014E-08    625.0270  -0.9241321    

6748920. 

 410.400  4.42E-07     25.7471   0.9970086 -6.0615E-08    625.0894  -0.4144910    

6748920. 

 417.600  1.13E-07     22.2115  -0.8766390 -3.2861E-08    625.0771  -0.1059666    

6748920. 



 424.800 -3.10E-08     13.1660     -1.1535 -1.2388E-08    625.0457   0.0290579    

6748920. 

 432.000 -6.53E-08      5.6170  -0.8284407 -1.5178E-09    625.0195   0.0612393    

6748920. 

 439.200 -5.29E-08      1.2385  -0.4296190  2.4495E-09    625.0043   0.0495445    

6748920. 

 446.400 -3.01E-08  -0.5726538  -0.1498255  2.8348E-09    625.0020   0.0281759    

6748920. 

 453.600 -1.20E-08  -0.9227008  -0.0077830  1.9695E-09    625.0032   0.0112804    

6748920. 

 460.800 -1.70E-09  -0.6872809   0.0350224  1.0378E-09    625.0024   0.0006100    

2585430. 

 468.000  2.91E-09  -0.4197233   0.0334572  3.9714E-10    625.0015  -0.0010448    

2585430. 

 475.200  4.02E-09  -0.2060114   0.0244993  3.5023E-11    625.0007  -0.0014435    

2585430. 

 482.400  3.41E-09  -0.0669786   0.0148894 -1.2296E-10    625.0002  -0.0012259    

2585430. 

 489.600  2.25E-09   0.0085556   0.0075684 -1.5677E-10    625.0000  -0.0008078    

2585430. 

 496.800  1.16E-09   0.0422094   0.0022996 -1.2739E-10    625.0001  -0.0006558    

4083142. 

 504.000  4.15E-10   0.0418351  -0.0009086 -7.8752E-11    625.0001  -0.0002354    

4083142. 

 511.200  2.24E-11   0.0292270  -0.0018017 -3.7628E-11    625.0001 -1.2686E-05    

4083142. 

 518.400 -1.27E-10   0.0159392  -0.0015886 -1.1490E-11    625.0001  7.1892E-05    

4083142. 

 525.600 -1.43E-10   0.0063664  -0.0010376  1.4184E-12    625.0000  8.1144E-05    

4083142. 

 532.800 -1.06E-10   0.0009954  -0.0005284  5.6787E-12    625.0000  6.0309E-05    

4083142. 

 540.000 -6.13E-11  -0.0012500  -0.0001861  5.5314E-12    625.0000  3.4770E-05    

4083142. 

 547.200 -2.67E-11  -0.0016920 -6.4526E-06  3.8288E-12    625.0000  1.5138E-05    

4083142. 

 554.400 -6.18E-12  -0.0013479  6.0656E-05  2.0697E-12    625.0000  3.5028E-06    

4083142. 

 561.600  3.11E-12  -0.0008212  6.6920E-05  8.1439E-13    625.0000 -1.7629E-06    

4083142. 

 568.800  5.55E-12  -0.0003853  4.9241E-05  1.1619E-13    625.0000 -3.1477E-06    

4083142. 

 576.000  4.78E-12  -0.0001123  2.8147E-05 -1.7176E-13    625.0000 -2.7117E-06    

4083142. 

 583.200  3.08E-12  2.0245E-05  1.2103E-05 -2.2502E-13    625.0000 -1.7451E-06    

4083142. 

 590.400  1.54E-12  6.2290E-05  2.6735E-06 -1.7726E-13    625.0000 -8.7412E-07    

4083142. 

 597.600  5.25E-13  5.8973E-05 -1.5445E-06 -1.0708E-13    625.0000 -2.9753E-07    

4083142. 

 604.800 -6.33E-16  4.0188E-05 -2.6143E-06 -4.9700E-14    625.0000  3.5898E-10    

4083142. 

 612.000 -1.91E-13  2.1392E-05 -2.2230E-06 -1.4063E-14    625.0000  1.0833E-07    

4083142. 

 619.200 -2.03E-13  8.1946E-06 -1.4183E-06  3.0584E-15    625.0000  1.1520E-07    

4083142. 



 626.400 -1.47E-13  9.6368E-07 -7.0353E-07  8.3583E-15    625.0000  8.3352E-08    

4083142. 

 633.600 -8.28E-14 -1.9470E-06 -2.3445E-07  7.7893E-15    625.0000  4.6947E-08    

4083142. 

 640.800 -3.48E-14 -2.4225E-06  5.6293E-09  5.2606E-15    625.0000  1.9743E-08    

4083142. 

 648.000 -7.03E-15 -1.8728E-06  9.1055E-08  2.7749E-15    625.0000  3.9869E-09    

4083142. 

 655.200  5.15E-15 -1.1149E-06  9.4902E-08  1.0459E-15    625.0000 -2.9183E-09    

4083142. 

 662.400  8.03E-15 -5.0753E-07  6.8000E-08  1.0703E-16    625.0000 -4.5546E-09    

4083142. 

 669.600  6.69E-15 -1.3586E-07  3.7951E-08 -2.6530E-16    625.0000 -3.7924E-09    

4083142. 

 676.800  4.21E-15  3.9311E-08  1.5701E-08 -3.2117E-16    625.0000 -2.3881E-09    

4083142. 

 684.000  2.06E-15  9.0655E-08  2.8938E-09 -2.4596E-16    625.0000 -1.1696E-09    

4083142. 

 691.200  6.69E-16  8.1301E-08 -2.6828E-09 -1.4645E-16    625.0000 -3.7948E-10    

4083142. 

 698.400 -4.65E-17  5.2213E-08 -3.9539E-09 -6.9184E-17    625.0000  2.6382E-11    

4083142. 

 705.600 -3.27E-16  2.4454E-08 -3.1912E-09 -2.4817E-17    625.0000  1.8550E-10    

4083142. 

 712.800 -4.04E-16  6.2926E-09 -1.6988E-09 -7.0237E-18    625.0000  2.2904E-10    

4083142. 

 720.000 -4.28E-16      0.0000      0.0000 -3.3822E-18    625.0000  2.4285E-10    

2041571. 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  8: 

 

Pile-head deflection             =     1.88744377 in 

Computed slope at pile head      =    -0.02623207 

Maximum bending moment           =       1634317. lbs-in 

Maximum shear force              =    40000.00000 lbs 

Depth of maximum bending moment  =    64.80000000 in 

Depth of maximum shear force     =        0.00000 in 

Number of iterations             =             33 

Number of zero deflection points =             11 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  9 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Shear and Moment (BC Type 1) 

Specified shear force at pile head  =       50000.000 lbs 

Specified moment at pile head       =           0.000 in-lbs 

Specified axial load at pile head   =       90000.000 lbs 



 

(Zero moment for this load indicates free-head conditions) 

 

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     

Es*h    

    X        y          M           V           S        Stress          p          

F/L    

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      

lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- -

---------- 

   0.000     3.189  5.8620E-07  50000.0000  -0.0402788    625.0000   -531.3286    

599.8028 

   7.200     2.899     372329.  46101.9559  -0.0400633   1917.8076   -551.4614   

1369.6118 

  14.400     2.612     715790.  42067.9786  -0.0394336   3110.3826   -569.0878   

1568.6302 

  21.600     2.331    1029213.  37916.7068  -0.0384237   4198.6577   -584.0432   

1803.8635 

  28.800     2.059    1311588.  33668.0048  -0.0370691   5179.1248   -596.1518   

2084.8450 

  36.000     1.797    1562074.  29343.0578  -0.0354061   6048.8689   -605.2224   

2424.4265 

  43.200     1.549    1780014.  24964.5036  -0.0334720   6805.6052   -611.0427   

2840.3001 

  50.400     1.315    1964943.  20556.6146  -0.0313048   7447.7183   -613.3709   

3357.4192 

  57.600     1.098    2116601.  13879.5564  -0.0289428   7974.3076  -1241.3674   

8138.8599 

  64.800  0.898600    2202318.   4523.8118  -0.0264434   8271.9388  -1357.4505  

10876.5211 

  72.000  0.717384    2216014.  -2514.4259  -0.0238865   8319.4936   -597.6155   

5997.9501 

  79.200  0.554634    2197068.  -6760.9571  -0.0213327   8253.7068   -581.9765   

7554.9457 

  86.400  0.410193    2146304. -10850.9301  -0.0188191   8077.4428   -554.1271   

9726.4260 

  93.600  0.283638    2065204. -14664.8906  -0.0163819   7795.8465   -505.3063  

12826.9112 

 100.800  0.174294    1956360. -18094.5971  -0.0140546   7417.9169   -447.3899  

18481.4979 

 108.000  0.081252    1822856. -21036.0640  -0.0118676   6954.3625   -369.6842  

32758.9874 

 115.200  0.003400    1668821. -22969.2763  -0.0098469   6419.5178   -167.3192     

354280. 

 122.400 -0.060544    1504860. -22335.2121  -0.0080103   5850.2099    343.4482  

40843.3842 

 129.600 -0.111948    1357575. -19656.9892  -0.0063538   5338.8037    400.5026  

25758.5220 

 136.800 -0.152039    1230034. -17959.3075  -0.0048564   4895.9526     71.0756   

3365.8750 

 144.000 -0.181880    1105255. -17431.8118  -0.0035049   4462.6919     75.4510   

2986.8480 

 151.200 -0.202510     983559. -16878.6601  -0.0022961   4040.1341     78.2023   

2780.3907 

 158.400 -0.214944     865178. -16309.9557  -0.0012262   3629.0914     79.7712   

2672.1075 



 165.600 -0.220168     750284. -15733.2950  -0.0002914   3230.1544     80.4123   

2629.6723 

 172.800 -0.219139     638996. -15154.7774   0.0005126   2843.7378     80.2870   

2637.8942 

 180.000 -0.212786     531391. -14579.5316   0.0011899   2470.1087     79.5035   

2690.1454 

 187.200 -0.202004     427509. -14012.0243   0.0017448   2109.4065     78.1374   

2785.0353 

 194.400 -0.187660     327357. -13456.2572   0.0021817   1761.6557     76.2424   

2925.2066 

 201.600 -0.170588     230912. -12915.9014   0.0025048   1426.7761     73.8565   

3117.2550 

 208.800 -0.151592     138122. -12394.3951   0.0027183   1104.5892     71.0064   

3372.5208 

 216.000 -0.131444  48909.2763 -11895.0159   0.0028266    794.8239     67.7100   

3708.8892 

 223.200 -0.110889 -36829.7432 -11420.9363   0.0028335    752.8811     63.9787   

4154.1164 

 230.400 -0.090641    -119224. -10975.2600   0.0027432   1038.9739     59.8202   

4751.7619 

 237.600 -0.071387    -198429. -10561.0320   0.0025594   1313.9886     55.2431   

5571.7778 

 244.800 -0.053786    -274620.  -7818.6850   0.0022857   1578.5428    706.5199  

94577.9935 

 252.000 -0.038473    -313980.  -3012.3391   0.0019450   1715.2083    628.5762     

117634. 

 259.200 -0.025777    -320519.    915.0087   0.0015778   1737.9124    462.3538     

129143. 

 266.400 -0.015752    -302849.   3637.4593   0.0012171   1676.5582    293.8825     

134327. 

 273.600 -0.008251    -269717.   5270.9919   0.0008858   1561.5164    159.8765     

139511. 

 280.800 -0.002997    -228094.   6063.4059   0.0005977   1416.9945     60.2384     

144695. 

 288.000  0.000355    -183178.   6253.6347   0.0003597   1261.0356     -7.3971     

149879. 

 295.200  0.002182    -138508.   6057.8571   0.0001735   1105.9312    -46.9856     

155063. 

 302.400  0.002854 -96169.9714   5660.0561  3.7692E-05    958.9235    -63.5147     

160247. 

 309.600  0.002724 -57052.2298   5206.0505 -5.0978E-05    823.0980    -62.5979     

165431. 

 316.800  0.002120 -21136.7760   4799.8744 -9.6227E-05    698.3916    -50.2288     

170615. 

 324.000  0.001339  12190.6707   3374.4297  -0.0001014    667.3287   -345.7281    

1859352. 

 331.200  0.000659  27586.4304   1087.1147 -7.8385E-05    720.7862   -289.6372    

3162288. 

 338.400  0.000210  27946.7086   -664.3124 -4.6248E-05    722.0372   -196.8703    

6748920. 

 345.600 -6.51E-06  18080.2680  -1351.0822 -1.9612E-05    687.7787      6.1010    

6748920. 

 352.800 -7.24E-05   8516.5417  -1084.8846 -4.2198E-06    654.5713     67.8428    

6748920. 

 360.000 -6.73E-05   2463.3989   -613.6352  2.1343E-06    633.5535     63.0598    

6748920. 



 367.200 -4.16E-05   -322.5716   -246.0955  3.3732E-06    626.1200     39.0346    

6748920. 

 374.400 -1.87E-05  -1084.7482    -42.4666  2.5588E-06    628.7665     17.5290    

6748920. 

 381.600 -4.80E-06   -937.4068     36.8261  1.3885E-06    628.2549      4.4967    

6748920. 

 388.800  1.29E-06   -556.2525     48.6465  5.2415E-07    626.9314     -1.2133    

6748920. 

 396.000  2.75E-06   -237.5768     34.9971  6.4762E-08    625.8249     -2.5782    

6748920. 

 403.200  2.23E-06    -52.3781     18.2008 -1.0304E-07    625.1819     -2.0874    

6748920. 

 410.400  1.27E-06     24.6484      6.4113 -1.1908E-07    625.0856     -1.1875    

6748920. 

 417.600  5.12E-07     40.0986   0.4082827 -8.1614E-08    625.1392  -0.4800408    

6748920. 

 424.800  9.16E-08     30.6335     -1.6289 -4.0681E-08    625.1064  -0.0858435    

6748920. 

 432.000 -7.37E-08     16.6952     -1.6893 -1.3292E-08    625.0580   0.0690682    

6748920. 

 439.200 -9.98E-08      6.3249     -1.1038  2.9827E-11    625.0220   0.0935696    

6748920. 

 446.400 -7.33E-08   0.8004992  -0.5197487  4.1533E-09    625.0028   0.0686656    

6748920. 

 453.600 -4.00E-08     -1.1649  -0.1375210  3.9425E-09    625.0040   0.0375088    

6748920. 

 460.800 -1.65E-08     -1.1849   0.0188192  2.5826E-09    625.0041   0.0059191    

2585430. 

 468.000 -2.83E-09  -0.8972206   0.0437810  1.3777E-09    625.0031   0.0010147    

2585430. 

 475.200  3.36E-09  -0.5562514   0.0430970  5.3656E-10    625.0019  -0.0012048    

2585430. 

 482.400  4.90E-09  -0.2773195   0.0324248  5.4169E-11    625.0010  -0.0017597    

2585430. 

 489.600  4.14E-09  -0.0894039   0.0207443 -1.5806E-10    625.0003  -0.0014849    

2585430. 

 496.800  2.62E-09   0.0216039   0.0100406 -1.9729E-10    625.0001  -0.0014884    

4083142. 

 504.000  1.29E-09   0.0554369   0.0020404 -1.5271E-10    625.0002  -0.0007339    

4083142. 

 511.200  4.26E-10   0.0511841  -0.0014704 -9.1006E-11    625.0002  -0.0002413    

4083142. 

 518.400 -1.64E-11   0.0343816  -0.0023057 -4.1488E-11    625.0001  9.2994E-06    

4083142. 

 525.600 -1.72E-10   0.0180354  -0.0019214 -1.1154E-11    625.0001  9.7461E-05    

4083142. 

 532.800 -1.77E-10   0.0067280  -0.0012091  3.1762E-12    625.0000   0.0001004    

4083142. 

 540.000 -1.26E-10   0.0006199  -0.0005902  7.4285E-12    625.0000  7.1523E-05    

4083142. 

 547.200 -7.01E-11  -0.0017810  -0.0001897  6.7565E-12    625.0000  3.9727E-05    

4083142. 

 554.400 -2.88E-11  -0.0021210  1.2134E-05  4.4984E-12    625.0000  1.6347E-05    

4083142. 

 561.600 -5.28E-12  -0.0016121  8.1755E-05  2.3381E-12    625.0000  2.9916E-06    

4083142. 



 568.800  4.84E-12  -0.0009468  8.2640E-05  8.5723E-13    625.0000 -2.7458E-06    

4083142. 

 576.000  7.07E-12  -0.0004232  5.8323E-05  6.4410E-14    625.0000 -4.0087E-06    

4083142. 

 583.200  5.77E-12  -0.0001070  3.2113E-05 -2.4243E-13    625.0000 -3.2718E-06    

4083142. 

 590.400  3.58E-12  3.9568E-05  1.3030E-05 -2.8147E-13    625.0000 -2.0290E-06    

4083142. 

 597.600  1.72E-12  8.0960E-05  2.2222E-06 -2.1172E-13    625.0000 -9.7322E-07    

4083142. 

 604.800  5.29E-13  7.1841E-05 -2.3615E-06 -1.2330E-13    625.0000 -3.0002E-07    

4083142. 

 612.000 -5.93E-14  4.7114E-05 -3.3204E-06 -5.4457E-14    625.0000  3.3658E-08    

4083142. 

 619.200 -2.55E-13  2.4097E-05 -2.6784E-06 -1.3246E-14    625.0000  1.4468E-07    

4083142. 

 626.400 -2.50E-13  8.5625E-06 -1.6470E-06  5.6541E-15    625.0000  1.4183E-07    

4083142. 

 633.600 -1.74E-13  3.7369E-07 -7.8173E-07  1.0825E-14    625.0000  9.8511E-08    

4083142. 

 640.800 -9.42E-14 -2.7085E-06 -2.3476E-07  9.4743E-15    625.0000  5.3426E-08    

4083142. 

 648.000 -3.73E-14 -3.0191E-06  3.3681E-08  6.1597E-15    625.0000  2.1141E-08    

4083142. 

 655.200 -5.51E-15 -2.2315E-06  1.2104E-07  3.1211E-15    625.0000  3.1245E-09    

4083142. 

 662.400  7.66E-15 -1.2802E-06  1.1664E-07  1.0888E-15    625.0000 -4.3465E-09    

4083142. 

 669.600  1.02E-14 -5.5333E-07  8.0229E-08  2.7741E-17    625.0000 -5.7672E-09    

4083142. 

 676.800  8.06E-15 -1.2497E-07  4.3004E-08 -3.6479E-16    625.0000 -4.5730E-09    

4083142. 

 684.000  4.92E-15  6.6409E-08  1.6504E-08 -3.9868E-16    625.0000 -2.7882E-09    

4083142. 

 691.200  2.32E-15  1.1320E-07  1.7240E-09 -2.9474E-16    625.0000 -1.3173E-09    

4083142. 

 698.400  6.72E-16  9.1616E-08 -4.3907E-09 -1.7622E-16    625.0000 -3.8126E-10    

4083142. 

 705.600 -2.15E-16  5.0200E-08 -5.3249E-09 -9.4148E-17    625.0000  1.2178E-10    

4083142. 

 712.800 -6.83E-16  1.5060E-08 -3.4912E-09 -5.6382E-17    625.0000  3.8758E-10    

4083142. 

 720.000 -1.03E-15      0.0000      0.0000 -4.7666E-17    625.0000  5.8220E-10    

2041571. 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  9: 

 

Pile-head deflection             =     3.18901986 in 

Computed slope at pile head      =    -0.04027875 

Maximum bending moment           =       2216014. lbs-in 

Maximum shear force              =    50000.00000 lbs 

Depth of maximum bending moment  =    72.00000000 in 



Depth of maximum shear force     =        0.00000 in 

Number of iterations             =             39 

Number of zero deflection points =             11 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number 10 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Shear and Moment (BC Type 1) 

Specified shear force at pile head  =       60000.000 lbs 

Specified moment at pile head       =           0.000 in-lbs 

Specified axial load at pile head   =       90000.000 lbs 

 

(Zero moment for this load indicates free-head conditions) 

 

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     

Es*h    

    X        y          M           V           S        Stress          p          

F/L    

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      

lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- -

---------- 

   0.000     5.118 -2.1316E-07  60000.0000  -0.0587977    625.0000   -538.3113    

378.6320 

   7.200     4.695     456148.  56002.2101  -0.0585337   2208.8468   -572.1859    

877.4973 

  14.400     4.275     882292.  51760.5227  -0.0577591   3688.5122   -606.0606   

1020.6545 

  21.600     3.863    1276355.  47274.9376  -0.0565099   5056.7890   -639.9353   

1192.6909 

  28.800     3.462    1636287.  42545.4549  -0.0548244   6306.5537   -673.8100   

1401.5045 

  36.000     3.074    1960062.  37628.1777  -0.0527431   7430.7714   -692.1004   

1621.2285 

  43.200     2.702    2246488.  32608.5516  -0.0503088   8425.3068   -702.2402   

1871.1943 

  50.400     2.349    2494826.  27527.8238  -0.0475650   9287.5886   -709.0730   

2173.1967 

  57.600     2.017    2704533.  20506.2511  -0.0445561  10015.7404  -1241.3638   

4430.9121 

  64.800     1.708    2847860.  11150.5364  -0.0413429  10513.4036  -1357.4458   

5723.5402 

  72.000     1.422    2918681.   3711.0551  -0.0380058  10759.3103   -709.0768   

3590.7336 

  79.200     1.160    2950555.  -1361.3294  -0.0346092  10869.9824   -699.9189   

4343.0779 

  86.400  0.923440    2943932.  -6324.5506  -0.0311981  10846.9854   -678.7537   

5292.1955 

  93.600  0.711081    2899914. -11057.0461  -0.0278162  10694.1462   -635.8284   

6438.0397 

 100.800  0.522887    2820760. -15465.6826  -0.0245056  10419.3061   -588.7928   

8107.5086 



 108.000  0.358199    2708968. -19513.7267  -0.0213056  10031.1375   -535.6639  

10767.1378 

 115.200  0.216086    2567375. -23141.6194  -0.0182521   9539.4949   -472.0841  

15729.8417 

 122.400  0.095368    2399383. -26226.3461  -0.0153779   8956.1912   -384.7845  

29049.9446 

 129.600 -0.005355    2209645. -26937.4726  -0.0127106   8297.3779    187.2494     

251780. 

 136.800 -0.087664    2027956. -26050.4088  -0.0102583   7666.5152     59.1573   

4858.6869 

 144.000 -0.153074    1847814. -25580.9903  -0.0080154   7041.0197     71.2367   

3350.7003 

 151.200 -0.203085    1669978. -25042.7430  -0.0059796   6423.5348     78.2764   

2775.1414 

 158.400 -0.239180    1494948. -24463.3595  -0.0041480   5815.7907     82.6635   

2488.4056 

 165.600 -0.262817    1323082. -23858.6856  -0.0025172   5219.0330     85.3015   

2336.8768 

 172.800 -0.275428    1154645. -23239.6793  -0.0010834   4634.1840     86.6447   

2264.9884 

 180.000 -0.278417     989834. -22614.7130   0.0001577   4061.9242     86.9570   

2248.7481 

 187.200 -0.273158     828789. -21990.6060   0.0012101   3502.7389     86.4060   

2277.5218 

 194.400 -0.260992     671601. -21373.1708   0.0020784   2956.9485     85.1037   

2347.7603 

 201.600 -0.243229     518322. -20767.5382   0.0027670   2424.7277     83.1275   

2460.7148 

 208.800 -0.221147     368963. -20178.3649   0.0032805   1906.1201     80.5317   

2621.9082 

 216.000 -0.195991     223502. -19609.9750   0.0036233   1401.0474     77.3544   

2841.7230 

 223.200 -0.168972  81883.1212 -19066.4580   0.0038001    909.3164     73.6226   

3137.1100 

 230.400 -0.141270 -55980.2189 -18551.7318   0.0038150    819.3758     69.3569   

3534.8600 

 237.600 -0.114035    -190206. -18069.5655   0.0036726   1285.4379     64.5782   

4077.3708 

 244.800 -0.088385    -320942. -14396.9142   0.0033768   1739.3806    955.6027  

77845.1119 

 252.000 -0.065410    -401898.  -7832.1486   0.0029585   2020.4791    867.9432  

95539.4962 

 259.200 -0.045783    -437559.  -1973.6643   0.0024727   2144.3011    759.4135     

119428. 

 266.400 -0.029803    -433523.   2761.9051   0.0019686   2130.2893    556.0224     

134327. 

 273.600 -0.017436    -400339.   5979.8294   0.0014860   2015.0644    337.8454     

139511. 

 280.800 -0.008405    -349340.   7804.1294   0.0010522   1837.9848    168.9045     

144695. 

 288.000 -0.002285    -289323.   8583.3980   0.0006826   1629.5927     47.5590     

149879. 

 295.200  0.001424    -226623.   8644.1824   0.0003840   1411.8865    -30.6744     

155063. 

 302.400  0.003245    -165344.   8273.7741   0.0001572   1199.1115    -72.2168     

160247. 



 309.600  0.003687    -107685.   7708.7946 -8.4767E-07    998.9050    -84.7220     

165431. 

 316.800  0.003233 -54336.3695   7128.0356 -9.4610E-05    813.6679    -76.6000     

170615. 

 324.000  0.002325  -4918.3011   5423.4958  -0.0001289    642.0774   -396.8833    

1229083. 

 331.200  0.001376  23929.0255   2741.4424  -0.0001179    708.0869   -348.1315    

1821124. 

 338.400  0.000627  34711.2662    458.4613 -8.3964E-05    745.5252   -286.0299    

3283483. 

 345.600  0.000167  30639.6852  -1135.7777 -4.6145E-05    731.3878   -156.8143    

6748920. 

 352.800 -3.73E-05  18415.8716  -1574.4994 -1.7756E-05    688.9440     34.9472    

6748920. 

 360.000 -8.84E-05   7989.9066  -1150.4022 -2.4752E-06    652.7427     82.8576    

6748920. 

 367.200 -7.29E-05   1853.2881   -606.0298  3.2211E-06    631.4350     68.3569    

6748920. 

 374.400 -4.20E-05   -741.0970   -218.1778  3.8647E-06    627.5733     39.3797    

6748920. 

 381.600 -1.73E-05  -1293.4805    -18.1215  2.6873E-06    629.4913     16.1915    

6748920. 

 388.800 -3.31E-06  -1005.5291     51.3524  1.3569E-06    628.4914      3.1069    

6748920. 

 396.000  2.27E-06   -555.7641     54.8932  4.5334E-07    626.9297     -2.1233    

6748920. 

 403.200  3.21E-06   -215.6540     36.4053  6.9164E-09    625.7488     -3.0122    

6748920. 

 410.400  2.36E-06    -31.5366     17.5813 -1.3613E-07    625.1095     -2.2167    

6748920. 

 417.600  1.25E-06     37.6931      5.3723 -1.3257E-07    625.1309     -1.1747    

6748920. 

 424.800  4.56E-07     45.9965  -0.3947547 -8.4139E-08    625.1597  -0.4272341    

6748920. 

 432.000  4.16E-08     32.1177     -2.0733 -3.8934E-08    625.1115  -0.0390295    

6748920. 

 439.200 -1.05E-07     16.1914     -1.8599 -1.0978E-08    625.0562   0.0982959    

6748920. 

 446.400 -1.16E-07      5.3487     -1.1132  1.4876E-09    625.0186   0.1091461    

6748920. 

 453.600 -8.34E-08   0.1600767  -0.4386483  4.6755E-09    625.0006   0.0782165    

6748920. 

 460.800 -4.91E-08  -0.9739097  -0.0935794  4.2046E-09    625.0034   0.0176360    

2585430. 

 468.000 -2.29E-08     -1.1929  -0.0004888  2.9506E-09    625.0041   0.0082225    

2585430. 

 475.200 -6.62E-09  -0.9847725   0.0376756  1.6904E-09    625.0034   0.0023787    

2585430. 

 482.400  1.44E-09  -0.6525778   0.0443733  7.4285E-10    625.0023  -0.0005183    

2585430. 

 489.600  4.07E-09  -0.3467598   0.0372428  1.6453E-10    625.0012  -0.0014624    

2585430. 

 496.800  3.81E-09  -0.1164951   0.0241946 -1.0356E-10    625.0004  -0.0021621    

4083142. 

 504.000  2.58E-09   0.0017761   0.0111410 -1.6995E-10    625.0000  -0.0014639    

4083142. 



 511.200  1.37E-09   0.0441556   0.0030837 -1.4337E-10    625.0002  -0.0007742    

4083142. 

 518.400  5.17E-10   0.0463668  -0.0007589 -9.0981E-11    625.0002  -0.0002932    

4083142. 

 525.600  5.51E-11   0.0333456  -0.0019267 -4.4851E-11    625.0001 -3.1236E-05    

4083142. 

 532.800 -1.29E-10   0.0186802  -0.0017760 -1.4744E-11    625.0001  7.3104E-05    

4083142. 

 540.000 -1.57E-10   0.0077904  -0.0011918  5.7500E-13    625.0000  8.9164E-05    

4083142. 

 547.200 -1.21E-10   0.0015170  -0.0006246  5.9612E-12    625.0000  6.8408E-05    

4083142. 

 554.400 -7.14E-11  -0.0012113  -0.0002326  6.1381E-12    625.0000  4.0483E-05    

4083142. 

 561.600 -3.22E-11  -0.0018400 -2.1011E-05  4.3723E-12    625.0000  1.8283E-05    

4083142. 

 568.800 -8.42E-12  -0.0015195  6.2006E-05  2.4282E-12    625.0000  4.7777E-06    

4083142. 

 576.000  2.73E-12  -0.0009502  7.3639E-05  9.9891E-13    625.0000 -1.5463E-06    

4083142. 

 583.200  5.96E-12  -0.0004604  5.5905E-05  1.8257E-13    625.0000 -3.3797E-06    

4083142. 

 590.400  5.36E-12  -0.0001454  3.2804E-05 -1.6803E-13    625.0000 -3.0372E-06    

4083142. 

 597.600  3.54E-12  1.2198E-05  1.4643E-05 -2.4513E-13    625.0000 -2.0075E-06    

4083142. 

 604.800  1.83E-12  6.5750E-05  3.6888E-06 -2.0002E-13    625.0000 -1.0354E-06    

4083142. 

 612.000  6.60E-13  6.5576E-05 -1.3852E-06 -1.2403E-13    625.0000 -3.7405E-07    

4083142. 

 619.200  3.98E-14  4.5963E-05 -2.8131E-06 -5.9477E-14    625.0000 -2.2589E-08    

4083142. 

 626.400 -1.97E-13  2.5144E-05 -2.4925E-06 -1.8327E-14    625.0000  1.1166E-07    

4083142. 

 633.600 -2.24E-13  1.0095E-05 -1.6331E-06  2.0662E-15    625.0000  1.2707E-07    

4083142. 

 640.800 -1.67E-13  1.6255E-06 -8.3438E-07  8.8489E-15    625.0000  9.4784E-08    

4083142. 

 648.000 -9.67E-14 -1.9315E-06 -2.9584E-07  8.6718E-15    625.0000  5.4811E-08    

4083142. 

 655.200 -4.23E-14 -2.6457E-06 -1.2233E-08  6.0230E-15    625.0000  2.3967E-08    

4083142. 

 662.400 -9.92E-15 -2.1155E-06  9.4302E-08  3.2676E-15    625.0000  5.6261E-09    

4083142. 

 669.600  4.79E-15 -1.2920E-06  1.0477E-07  1.2957E-15    625.0000 -2.7173E-09    

4083142. 

 676.800  8.74E-15 -6.0844E-07  7.7154E-08  1.9587E-16    625.0000 -4.9547E-09    

4083142. 

 684.000  7.61E-15 -1.8126E-07  4.3776E-08 -2.6113E-16    625.0000 -4.3168E-09    

4083142. 

 691.200  4.98E-15  2.2280E-08  1.8076E-08 -3.5313E-16    625.0000 -2.8223E-09    

4083142. 

 698.400  2.53E-15  7.9493E-08  2.7566E-09 -2.9423E-16    625.0000 -1.4330E-09    

4083142. 

 705.600  7.40E-16  6.2356E-08 -3.9126E-09 -2.1214E-16    625.0000 -4.1949E-10    

4083142. 



 712.800 -5.28E-16  2.3427E-08 -4.3449E-09 -1.6250E-16    625.0000  2.9938E-10    

4083142. 

 720.000 -1.60E-15      0.0000      0.0000 -1.4894E-16    625.0000  9.0754E-10    

2041571. 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No. 10: 

 

Pile-head deflection             =     5.11821659 in 

Computed slope at pile head      =    -0.05879768 

Maximum bending moment           =       2950555. lbs-in 

Maximum shear force              =    60000.00000 lbs 

Depth of maximum bending moment  =    79.20000000 in 

Depth of maximum shear force     =        0.00000 in 

Number of iterations             =             50 

Number of zero deflection points =             11 

 

 

 

 

 

------------------------------------------------------------------------------ 

                          Summary of Pile Response(s) 

------------------------------------------------------------------------------ 

 

Definition of Symbols for Pile-Head Loading Conditions: 

 

Type 1 = Shear and Moment,          y = pile-head displacment in 

Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in 

Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs 

Type 4 = Deflection and Moment,     S = Pile-head Slope, radians 

Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad 

 

Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum  

Type  Condition    Condition       Load     Deflection    Moment      Shear 

          1            2            lbs         in        in-lbs       lbs 

---- ------------ ------------ ----------- ----------- ----------- ----------- 

  1  V=  5000.000 M=     0.000  90000.0000   0.0227396  82956.2380   5000.0000 

  1  V=    10000. M=     0.000  90000.0000   0.1105219     221406.  10000.0000 

  1  V=    15000. M=     0.000  90000.0000   0.2618859     400324.  15000.0000 

  1  V=    20000. M=     0.000  90000.0000   0.4811749     611220.  20000.0000 

  1  V=    25000. M=     0.000  90000.0000   0.7612635     841803.  25000.0000 

  1  V=    30000. M=     0.000  90000.0000      1.0918    1091494.  30000.0000 

  1  V=    35000. M=     0.000  90000.0000      1.4531    1358008.  35000.0000 

  1  V=    40000. M=     0.000  90000.0000      1.8874    1634317.  40000.0000 

  1  V=    50000. M=     0.000  90000.0000      3.1890    2216014.  50000.0000 

  1  V=    60000. M=     0.000  90000.0000      5.1182    2950555.  60000.0000 

 

 

------------------------------------------------------------------------------ 

                     Pile-head Deflection vs. Pile Length 

------------------------------------------------------------------------------ 

 



Boundary Condition Type 1, Shear and Moment 

 

Shear      =           5000. lbs 

Moment     =              0. in-lbs 

Axial Load =          90000. lbs 

 

 

 

   Pile       Pile Head       Maximum      Maximum 

  Length      Deflection      Moment        Shear  

    in           in           in-lbs         lbs 

-----------  ------------  ------------  ------------ 

   720.000    0.02273959   82956.23803    5000.00000 

   684.000    0.02313520   82716.27575    5000.00000 

   648.000    0.02268183   83316.75953    5000.00000 

   612.000    0.02307059   82332.05266    5000.00000 

   576.000    0.02274727   83235.58380    5000.00000 

   540.000    0.02307483   82800.20489    5000.00000 

   504.000    0.02286658   82939.84734    5000.00000 

   468.000    0.02279095   83219.69882    5000.00000 

   432.000    0.02280170   83169.36937    5000.00000 

   396.000    0.02290035   82860.90474    5000.00000 

 

 

This analysis ended normally.  
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SLOPE STABILITY ANALYSIS 
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FIGURE

H2

U.S. 101 MSN B4
Petaluma, CA

SLOPE STABILITY ANALYSIS 

PSEUDO STATIC

RW 293 (R6-Sta.# 296+60)

CALCULATED BY
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Note 1: Abbreviations for Typical Documents (if Abbr. is not below, type in the document type) 
P=Structure Plans SP=Special Provisions FR=Foundation Rpt DC=Design Calcs TS=Type Sel. Report QCC=Quant. Check Calcs 

RP=Road Plans E=Estimate H=Hydraulics Rpt CC=Check Calcs QC=Quant. Calcs  

= Comment Resolved 
(for Reviewer’s use) 

 

OSFP Rev Form 9/24/08      Page 1 of 2 

OSFP Review Comment & Response Form 
 

.General Project Information Review Phase Reviewer Information 
 PSR/PDS (Review No.  ) 
 APS/PSR (Review No.  ) 
 APS/PR (Review No.  ) 
Type Selection 

 65% PS&E Unchecked Details  
 PS&E (Review No.  )  
 Construction Support 
 Other:FR 

Structure Information 
(Use when necessary to document comments by individual structure) 

Dist: 04      EA: 2640C1. 
 

Project  Name: Petaluma River 
Bridge 
 
OSFP Liaison:  Tracy Bertram 
   Phone: 916-227-8379 
   e-mail: 
TracyBertram/HQ/Caltrans/CAGov  

Structure Name: Retaining Wall 293 
Br No:       

Reviewer Name:M.Zabolzadeh/R.Nashed   
Functional Unit:GDW-GS. 
 
     Phone Number: ((510)2864831     
     e-mail: Mohammadzabolzadeh@dot.ca.gov    
 
Date of Review: 5/25/2010     

Consultant Information (to be filled in by Consultant) 
Consultant Structure Lead (First and Last Name) 

     . 
Structure Consultant Firm 

      
Phone Number 

      
e-mail 
      

Response Date 
      

 

# 
Doc. 

(See Note 1) 

Page, Section, or 
SSP Review Comments Consultant Responses  

1 FR           N/A FR prepared by URS Corporation dated 
4/19/2010. 

  

2 FR Section 2.1 The statement “All retaining walls are 
planned to be standard Caltrans Type I” 
should be revised to “All retaining walls 
are planned to be standard Caltrans Type 
I on spread footing foundation”. 

Will revise.   

3 FR Section 3.1.1  The second paragraphs “The north 
abutment of the Petaluma….the south 
abutment of the Petaluma River Bridge” 
should be moved under “Local Geology” 
section” 

Will modify.   

4 FR Section 3.1.1 The statement “the northern abutment of 
U.S. 101/SR 116 bridge” should replace 
“The north abutment of the Petaluma 
River Bridge and both abutments of SR 
116 bridges” statement.  This is more 
specific to the job under study.  

Will revise.   



 

   
Note 1: Abbreviations for Typical Documents (if Abbr. is not below, type in the document type) 
P=Structure Plans SP=Special Provisions FR=Foundation Rpt DC=Design Calcs TS=Type Sel. Report QCC=Quant. Check Calcs 

RP=Road Plans E=Estimate H=Hydraulics Rpt CC=Check Calcs QC=Quant. Calcs  

= Comment Resolved 
(for Reviewer’s use) 

 

OSFP Rev Form 9/24/08      Page 2 of 2 

5 FR Section 3.1.1 The last sentence in the second paragraph 
“Regional Tectonic Setting and 
seismicity” should be moved as a 
heading of the following section of the 
text. 

 Will revise.  

6 FR Section 3.1.3 The borings list should be omitted from 
this sector, since it is repeated properly 
under “Field Exploration” section. 

Will modify.  

7 FR Section 3.2.2 Should be limited only to the exploration 
work done for the retaining wall 293, not 
to the whole B4 segment project. 

Will modify.  

8 FR Appendix Settlement calculations should be 
attached. 

Will add calculations.  

9 FR N/A C3- Not approved.  Resubmitted to GS is 
required. 

   

10      
11      
12      
13      
14      
15      
16      
17      
18      
19      
20      
21      
22      
23      
24      
25      
26      
27      
28      
29      
30      
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Disclaimer 
 
A “Disclaimer” is required specifying that the information provided in the Storm Water 
Information Handout is just a guideline and is to be used for information purposes only and 
should not be considered a sole source document to adhere to the requirements of the National 
Pollutant Discharge Elimination System (NPDES) Construction General Permit (CGP), Number 
CAS000002, effective on July 1, 2010. The Contractor is required to provide water quality 
monitoring, sampling and implement best management practices (BMPs) based on standard 
industry operations, field conditions and conditions encountered based on the Contractor’s means 
and methods.  The information in this handout is not to be construed in any way as a waiver of 
the provisions in the CGP.  Bidders and contractors are cautioned to make independent 
investigations and examinations as they deem necessary to satisfy the conditions encountered in 
performance of work, with respect to the following: sampling and monitoring locations, 
distribution of watershed areas for sizing of BMPs, and selection of BMPs in order to conform to 
the requirement of the contract documents and the CGP. 
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1 OVERVIEW 

1.1 Intent of this Document 
The objectives of this Water Quality Information Handout are: to summarize general water 
quality information of the Project; to summarize updated requirements per the Construction 
General Permit (CGP), which became effective on July 1, 2010; to aid in developing the Storm 
Water Pollution Prevention Plan (SWPPP) of the project; and to highlight information necessary 
to file Permit Registration Documents (PRDs) to the State Water Resources Control Board via 
the Stormwater Multi Application Reporting and Tracking System (SMARTS) and file the 
Notice of Intent (NOI) at the start of construction.    

1.2 Summary of New Requirements 
The “National Pollutant Discharge Elimination System (NPDES) General Permit for Storm 
Water Discharges Associated with Construction and Land Disturbance Activities” (NPDES 
Number CAS000002), or CGP, regulates discharges from construction activities within the 
Project area. 
 
The CGP is based on a risk level (RL) permitting approach.  The RL is calculated by 1) project 
sediment risk and 2) receiving water risk.  See the risk assessment calculations in Section 3.1 of 
this document for details. 
 
A risk assessment was done for the U.S. 101 Marin-Sonoma Narrows Contract C3 (EA 04-
2640K1), and the Project was determined to be RL 2. 
 
RL 2 projects are subject to best management practice (BMP) implementation and visual 
monitoring requirements, plus additional monitoring and sampling requirements.  RL 2 projects 
are subject to Numeric Action Levels (NALs) for pH and turbidity.  Detailed guidance to comply 
with RL 2 requirements are provided in “Water Pollution Control” of the Contract Special 
Provisions and the CGP. 
 
All projects are required to upload stormwater data into SMARTS, such as NOIs, SWPPPs, 
annual reports, and monitoring data, as applicable. 
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2 GENERAL PROJECT INFORMATION 

2.1 Location 
The Project is located in the city of Petaluma in Sonoma County (see Figure 1). 

 
Figure 1.  Vicinity Map 
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2.2 Major Engineering Features 
Contract C3 of the Marin Sonoma Narrows (MSN) High Occupancy Vehicle (HOV) Lane 
Widening Project is one segment of the overall MSN Project that proposes to add HOV facilities 
to United States Highway (U.S.) 101 from State Route (SR) 37 in Novato to north of Corona 
Road Overcrossing in Petaluma.  The MSN C3 Project consists of the following improvements 
to U.S. 101 from north of the Petaluma River Bridge to north of Caulfield Lane: 
 

• Replace the existing four span northbound (NB) U.S. 101/SR 116 Separation and 
Overhead (SOH) built in 1955 with a new four span structure. 

• Widen the recently constructed southbound (SB) U.S. 101/SR 116 SOH completed in 
2007 by approximately 24 feet along the eastern edge of the deck.   

• Reconstruct the NB on-ramp and off-ramp at the SR 116 interchange. 

• Construct a retaining wall and sound wall along the NB on-ramp at the SR 116 
interchange. 

• Reconstruct and widen U.S. 101 to meet current freeway design standards and 
accommodate future HOV lanes. 

 
The NB U.S. 101/SR 116 SOH replacement structure will be constructed east of the existing 
bridge and carry four lanes of northbound traffic.  The width of the new structure ranges from 59 
to 80.7 feet and has a length of 562 feet.  The structure is a four-span structure consisting of a 
cast-in-place reinforced concrete deck on reinforced concrete pier walls to match the new 
widened bridge.  Two retaining walls are proposed at each abutment spanning across the median 
between the NB replacement structure and the SB widening structure. 
 
As part of the proposed highway widening, the SB U.S. 101/SR 116 structure will be widened by 
24 feet along the eastern edge of the deck.  The bridge carries southbound U.S. 101 traffic over 
the existing Sonoma Marin Area Rail Transit (SMART) railroad tracks as well as SR 116, at an 
approximately 39 degree skew.  The overall length of the bridge is approximately 562 feet with a 
width of 83 feet.  The existing structure is a five-span structure consisting of a cast-in-place 
prestressed concrete box girder supported on single-column bents and seat type abutments. 

2.3 Receiving Water Bodies 
The Project is within the jurisdiction of the San Francisco Bay Regional Water Quality Control 
Board (SFBRWQCB).   
 
The Project site is located within Hydrologic Sub-Area 206.30, which is described as being 
within the San Pablo Hydrologic Unit and the Petaluma River Hydrologic Area. 
 
The direct receiving water body for this Project is the Petaluma River, which crosses US 101 
south of the Project limits at Post Mile (PM) 3.2.  Petaluma River continues to flow southeast 
after crossing US 101 and empties into San Pablo Bay approximately 9 miles from the Project 
area.   
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Beneficial uses for Petaluma River include: 
• Cold freshwater habitat (COLD) 
• Estuarine habitat (EST) 
• Migration of aquatic organisms (MIGR) 
• Preservation of rare and endangered species (RARE) 
• Spawning, reproduction, and/or early development (SPWN) 
• Warm freshwater habitat (WARM) 
• Wildlife habitat (WILD) 
• Water contact recreation (REC-1) 
• Non-contact water recreation (REC-2) 
• Navigation (NAV) 

 
Petaluma River is listed on the 303(d) List; Table 1 displays the pollutants, pollutant sources and 
proposed or United States Environmental Protection Agency approved total maximum daily load 
(TMDL) completion date for the listed pollutant. 
 
Table 1.  Petaluma River 303(d) List Summary 

Pollutant Source 
Proposed or US EPA 

Approved TMDL 
Completion Date 

Diazinon Urban Runoff/Storm Sewers 2019 
Nutrients Construction/Land Development 

Urban Runoff/Storm Sewers 
2019 

Pathogens Construction/Land Development 
Urban Runoff/Storm Sewers 

2019 

Sedimentation/Siltation Construction/Land Development 
Urban Runoff/Storm Sewers 

2019 

Trash Illegal dumping 
Urban Runoff/Storm Sewers 

2021 

2.4 Climate and Rainfall 
A National Oceanic and Atmospheric Administration (NOAA) weather station located in 
Petaluma, approximately 3 miles northwest of the Project site was used to obtain precipitation 
data (see Figure 2).  The compliance storm event was determined from NOAA’s online Atlas 14, 
Volume 6, Version 2 (http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.html?bkmrk=ca). 
 
Rainy days per year (assumed equal to precipitation 0.10 inches or greater): 44.8 days 
 
Qualifying rain events per year (precipitation 0.5 inches or greater):  17.5 days 
 
Compliance Storm Event (rainfall total for the 5 year, 24 hour storm)  3.27 inches 

2.5 Soils and Geology 
A soil map for the Project was obtained from the United States Department of Agriculture 
Natural Resources Conservation Service “Web Soil Survey” is shown in Figure 3.  The table 
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shown in Figure 3 lists the soil types and the soil erodibility factor (K) by soil type.  Based on 
this figure, the soils within the Project are classified as Clear Lake Clay (CeA) with a K of 0.24. 

2.6 Hazardous Waste 
The hazardous waste studies for this Project are presented in the Site Investigation Report-Route-
101 Marin/Sonoma-Narrows HOV Widening Project Contract B4: Petaluma River Bridge URS 
Project No. 28645045, February 2011. 

2.7 Existing (Pre-Construction) Control Practices 
There are no identified existing treatment BMPs within the Project limits.  A proposed 
biofiltration swale is located between the SMART railroad tracks and the U.S. 101 fill slope; the 
swale extends from “A” Line Station 187+83 to Station 190+35.  This swale is shown on both 
the design plans for this Project and on the MSN B2 Contract (EA 04-2640U1) design plans.  
This biofiltration swale will be constructed based on whichever contract first works in that area.  
Currently, the MSN B2 Contract is scheduled to start construction before this Project; however, 
current proposed design level staging suggest that construction for this Project will begin work in 
this area prior to MSN B2.  Once the swale is constructed and established, the swale will be 
protected in place with ESA fencing to identify the swale as outside the limits of any additional 
soil disturbance. 
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Figure 2.  Rainfall Data 
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Figure 3.  Soil Map 
Note: 1. AOI – Area of Interest 
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3 CONSTRUCTION GENERAL PERMIT 
To minimize the potential effects of construction runoff on the quality of the receiving water 
bodies, any construction activity affecting one acre or more must obtain coverage under the 
CGP.  Permit applicants are required to prepare a SWPPP and implement BMPs to reduce 
construction effects on receiving water quality.  

3.1 Risk Assessment 
The CGP requirements include a risk assessment to determine the Project’s impact risk to 
receiving water bodies.  The risk assessment uses measurements of the Project’s potential 
sediment risk and the sensitivity of the receiving water bodies to sediment to determine the risk 
level of the Project. This Project has a Low Site Sediment Risk Factor and a High Receiving 
Water Risk Factor; the combined risk is Level 2.  The risk factors are detailed in the following 
sections. 

3.1.1 Sediment Risk 
The sediment risk is based on the following equation from the CGP “Fact Sheet” (Section J.1.a 
pg. 28): 
 
Equation 1.  Sediment Risk Equation 
A = (R)(K)(LS)(C)(P) 
 
Where: 
 
A = Rate of sheet and rill erosion (tons per acre) 
R = Runoff erosivity factor 
K = Soil erodibility factor 
LS = Length-slope 
C = Cover = 1.0 (bare ground conditions; set value per CGP) 
P = Management operations and support practices = 1.0 (bare ground conditions; set value per 

CGP) 
 
The R factor of 92.95 was determined using the U.S. Environmental Protection Agency (EPA) 
“Stormwater Phase II Final Rule Construction Rainfall Erosivity Waiver” Fact Sheet 3.1 because 
the U.S. EPA “Rainfall Erosivity Factor Calculator for Small Construction Sites” is currently 
off-line.   
 
The K factor of 0.24 was determined from Figure 3. 
 
The LS factor of 0.54 was determined by examining electronic cross sections of the existing 
grade (see Table 2).   
 
Based on these factors, the rate of sheet and rill erosion (A) is 12.05 tons per acre.  Because this 
value is less than 15, the Project is classified as having a low sediment risk.   
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Risk Assessment R-Factor Calculation 
 
The R value is determined from the construction Project in Petaluma with the duration from 
September 2012 to September 2014. 
 
Erosivity Index Zone Map: 

The Project is in EI distribution zone 20. 
 
Erosivity Index Tables 

EI percentage Sept. 1 to Dec. 31 
 92.4% - 57.4% = 35.0% 

EI percentage Jan.1 to Dec. 31 
 92.4% - 0.0% = 92.4% 

EI percentage Jan.1 to Sept. 30 
 58.5% - 0.0% = 58.5% 
 
Isoerodent Map of California 

 
 
R-value for Project = 50 x (35.0% + 92.4% + 58.5%) = 92.95 
 
R-value for complete project duration = 92.95 
Figure 4.  R Factor 
 

Project Location 
Annual Erosion 
Index 50 
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Table 2.  LS Factor 
Site Specific Analysis of LS Factor

Project 04120003311 (04-2640K1)

Number of X-Sections = 3

Number of Slope Segment 1 Slope Segment 2 Slope Segment 3 Slope Segment 4 Slope Segment 5    Weighted Average for All segments

Station Line Segments Length Rise Steepness LS Length Rise Steepness LS Length Rise Steepness LS Length Rise Steepness LS Length Rise Steepness LS Total Slope Length Weighted LS
(ft) (ft) (%) (ft) (ft) (%) (ft) (ft) (%) (ft) (ft) (%) (ft) (ft) (%) (ft)

180+00 A 4 13.400 5.816 43.40 1.57 50.610 1.771 3.50 0.34 45.700 1.965 4.30 0.38 10.060 3.521 35.00 1.09 0.000 0.000 N/A 0.00 119.770 0.56

200+00 A 5 35.190 0.070 0.20 0.05 7.900 1.943 24.60 0.73 21.630 1.557 7.20 0.37 48.530 1.504 3.10 0.30 19.340 4.912 25.40 1.29 132.590 0.42

210+00 A 4 15.210 1.460 9.60 0.39 42.570 0.894 2.10 0.20 22.290 6.197 27.80 1.57 17.430 2.684 15.40 0.72 0.000 0.000 N/A 0.00 97.500 0.64

Area Weighted  LS  = 0.54

(Composite Weigthed LS / Number of X-Sections)

Alignment
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1

2

3

4

5

6

7

8

9

10

11

12

13
14

15

16
17
18
19
20

A B C

Entry

92.95

0.24

0.54

Watershed Erosion Estimate (=RxKxLS) in tons/acre

Site Sediment Risk Factor
Low Sediment Risk: < 15 tons/acre

Medium Sediment Risk:  >=15 and <75 tons/acre
High Sediment Risk:  >= 75 tons/acre

K Factor Value

LS Factor Value

Low

C) LS Factor (weighted average, by area, for all slopes)

The soil-erodibility factor K represents: (1) susceptibility of soil or surface material to erosion, (2) transportability of the 
sediment, and (3) the amount and rate of runoff given a particular rainfall input, as measured under a standard 
condition. Fine-textured soils that are high in clay have low K values (about 0.05 to 0.15) because the particles are 
resistant to detachment. Coarse-textured soils, such as sandy soils, also have low K values (about 0.05 to 0.2) because 
of high infiltration resulting in low runoff even though these particles are easily detached. Medium-textured soils, such 
as a silt loam, have moderate K values (about 0.25 to 0.45) because they are moderately susceptible to particle 
detachment and they produce runoff at moderate rates. Soils having a high silt content are especially susceptible to 
erosion and have high K values, which can exceed 0.45 and can be as large as 0.65. Silt-size particles are easily 
detached and tend to crust, producing high rates and large volumes of runoff. Use Site-specific data must be submitted.

The effect of topography on erosion is accounted for by the LS factor, which combines the effects of a hillslope-length 
factor, L, and a hillslope-gradient factor, S. Generally speaking, as hillslope length and/or hillslope gradient increase, 
soil loss increases. As hillslope length increases, total soil loss and soil loss per unit area increase due to the 
progressive accumulation of runoff in the downslope direction. As the hillslope gradient increases, the velocity and 
erosivity of runoff increases. Use the LS table located in separate tab of this spreadsheet to determine LS factors. 
Estimate the weighted LS for the site prior to construction. 

12.05

Site-specific K factor guidance

LS Table

Sediment Risk Factor Worksheet

A) R Factor

R Factor Value

B) K Factor (weighted average, by area, for all site soils)

Analyses of data indicated that when factors other than rainfall are held constant, soil loss is directly proportional to a 
rainfall factor composed of total storm kinetic energy (E) times the maximum 30-min intensity (I30) (Wischmeier and 
Smith, 1958). The numerical value of R is the average annual sum of EI30 for storm events during a rainfall record of at 
least 22 years. "Isoerodent" maps were developed based on R values calculated for more than 1000 locations in the 
Western U.S. Refer to the link below to determine the R factor for the project site.

http://cfpub.epa.gov/npdes/stormwater/LEW/lewCalculator.cfm

 
Figure 5.  Sediment Risk Assessment 
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3.1.2 Receiving Water Body Risk 
Because the receiving water body, Petaluma River, is a 303(d) listed impaired water body for 
sediment and has the beneficial uses of SPWN, COLD, and MIGR, the receiving water body risk 
for this Project is high (Figure 6). 
 

Receiving Water (RW) Risk Factor Worksheet Entry Score

A. Watershed Characteristics yes/no

A.1. Does the disturbed area discharge (either directly or indirectly) to a 303(d)-listed 
waterbody impaired by sediment?  For help with impaired waterbodies please check the 
attached worksheet or visit the link below:

2006 Approved Sediment-impared WBs Worksheet

http://www.waterboards.ca.gov/water_issues/programs/tmdl/303d_lists2006_epa.shtml

OR
A.2. Does the disturbed area discharge to a waterbody with designated beneficial uses of 
SPAWN & COLD & MIGRATORY?

http://www.ice.ucdavis.edu/geowbs/asp/wbquse.asp 

Yes High

 
Figure 6.  Receiving Water Body Risk Assessment 
 
 
Figure 7 shows the combined RL matrix for the sediment and receiving water risks. 
 
 

Low Medium High

Low Level 1

High Level 3

Project Sediment Risk: Low 1

Project RW Risk: High 2

Project Combined Risk: Level 2

Combined Risk Level Matrix

Sediment Risk
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Figure 7.  Combined RL Matrix 

3.2 Notice of Termination (NOT) 
The CGP provides requirements for completion and approval of the NOT.  The NOT 
requirements are presented in Section II.D of the CGP “Order.”  These requirements include 
demonstrating through photos, computational proof or other “custom methods,” to be developed 
by Caltrans. 
 
While these methods of demonstrating compliance are at the option of Caltrans, should the 
RWQCB determine that the visual photos do not adequately show compliance, further 
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computational efforts may be required.  This computational proof is obtained through the use of 
the Revised Universal Soil Loss Equation 2 (RUSLE2) program.   

3.3 Caltrans Forms 
The Caltrans Division of Construction has developed forms to comply with the CGP.  These 
forms are available at: http://www.dot.ca.gov/hq/construc/forms.htm. 
 

4 RUN-ON DISCHARGES 
There are no run-on discharges anticipated from the off-site areas around this Project. 
 

5 PERMIT REGISTRATION DOCUMENTS 
To obtain permit coverage under the CGP, all dischargers must electronically file PRDs, NOTs, 
changes of information, sampling and monitoring information, annual reporting, and other 
compliance documents required by the CGP through the SWRCB’s SMARTS.  The Contractor 
will have to coordinate these submittals with Caltrans within the timeframe allotted in the 
contract special provisions and as specified in the CGP.  SMARTS is found under the following 
website:   
 
https://smarts.waterboards.ca.gov/smarts/faces/SwSmartsLogin.jsp  
 
PRDs include the following information: 
 

1. Notice of Intent 
 

2. Site Map(s) Includes: 
a. The project’s surrounding area (vicinity) 
b. Site layout 
c. Construction site boundaries 
d. Drainage areas 
e. Discharge locations 
f. Sampling locations 
g. Areas of soil disturbance (temporary or permanent) 
h. Active areas of soil disturbance (cut or fill) 
i. Locations of all runoff BMPs 
j. Locations of all erosion control BMPs 
k. Locations of all sediment control BMPs 
l. Locations of sensitive habitats, watercourses, or other features which are not to be 

disturbed 
m. Locations of all post-construction BMPs 
n. Locations of storage areas for waste, vehicles, service, loading/unloading of 

materials, access (entrance/exits) points to construction site, fueling and water 
storage, water transfer for dust control and compaction practices 
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3. SWPPP 

 
4. Risk Assessment 

a. The Standard Risk Assessment includes utilization of the following: 
i. Receiving water risk documentation 
ii.  Sediment sensitive water bodies list 
iii.  EPA Rainfall Erosivity Factor Calculator Website (if website is active) 
iv. Sediment risk documentation 

5.1 General Information Included  
The following is a list of information included in this Storm Water Information Handout that can 
be used for the PRDs: 
 

• Draft NOI 
• Vicinity Map 
• Risk Assessment 

5.2 Storm Water Pollution Prevention Plan 
The Contractor for the Project is required to prepare a SWPPP because the Project involves 
disturbing more than 1 acre of soil.  The SWPPP must include the following information: 
 

o Active areas of cut and fill  
o Areas of soil disturbance (temporary and permanent)  
o Locations of storage areas for waste, vehicles, access, etc. 
o Locations of all runoff BMPs 
o Locations of all erosion control BMPs 
o Locations of all sediment control BMPs 

 
The SWPPP should be submitted with the PRDs and will be forthcoming from the Contractor. 

5.3 Notice of Intent (NOI) 
Caltrans will be responsible for submitting the NOI to SMARTS.  The Contractor should provide 
Caltrans with the information necessary to complete the NOI.  The NOI must be submitted once 
the Contractor submits the SWPPP.  A draft of the NOI is included in Appendix A.   

5.4 Site Maps 
Registration requirements can be met by the inclusion of the following plans, which can be found 
in the appendices. 
 

• Conceptual Sampling Plan –recommended and for reference only (Appendix B) 
o Subject to changes by the Contractor and approved by the Resident Engineer 
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Appendix A Notice of Intent (NOI) 
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Appendix B Conceptual Sampling Plan 






	00_Cover Sheet
	01_RWQCB 401 Cert
	02_ACOE 404 Permit
	03_CalOSHA
	04_CDFG 1602 Agreement
	05_USFWS BO
	06_NOAA BO
	07_Site Investigation Report
	08_Geotechnical Design Report
	09_US 101N-SR116 Foundation Report
	10_US 101S-SR116 Foundation Report
	11_Retaining Wall 293 Foundation Report
	12_Storm Water Information Handout



