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GEOTECHNICAL DESIGN & MATERIALS REPORT  
ROUTE 680 AUXILIARY LANE PROJECT - SEGMENT 2 

CONTRA COSTA COUNTY, CALIFORNIA 
04-CC-680 PM 4.3/6.7 

 
 
1.  INTRODUCTION 
 
This report presents the results of our geotechnical engineering investigation for the proposed 
“Route 680 Auxiliary Lane Project - Segment 2” in Contra Costa County, California, hereinafter 
referred to as “PROJECT”.  The work was performed in general accordance with the scope of 
work outlined in our proposal to Mark Thomas & Company, Inc. (Designer).  The general 
location of the project site and its vicinity are shown in the Project Location Map, Plate 1. 
 
This report addresses geotechnical design recommendations for sound walls (SW), corrosion 
recommendations for the culvert design, overhead sign structures (OHS), and structural 
pavement sections.  The investigation included review of readily available soils and geologic 
literature pertaining to the site including as-built information and “Log of Test Borings” 
(LOTBs), site reconnaissance, drilling exploratory soil borings, obtaining representative soil 
samples and logging soil materials encountered in exploratory borings, laboratory testing of the 
representative soil samples, performing engineering analyses, and preparation of this report. 
 
The purpose of this report is to document subsurface geotechnical conditions, provide analyses 
of anticipated site conditions as they pertain to the project described herein, and to recommend 
design and construction criteria for the roadway portions of the project.  This report also 
establishes a geotechnical baseline to be used in assessing the existence and scope of changed 
site conditions, if any. 
 
The report is intended for use by the project design engineer, construction personnel, bidders and 
contractors for information and reference purposes only and should not be construed as project 
specifications. 
 
2.  EXISTING FACILITIES AND PROPOSED IMPROVEMENTS 
 
The project information is contained in the Project Report prepared by Contra Costa 
Transportation Authority (CCTA), dated December 2002 and approved by Caltrans in February 
2003.  The Segment 2 project runs from the Sycamore Valley Road Interchange to the Crow 
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Canyon Road Interchange (PM R4.3 – PM R6.7).  Within the project limits, the existing freeway 
I-680 is a north/south facility with three lanes of mixed flow traffic and one HOV lane in each 
direction.  This portion of I-680 was first constructed in 1964 as a 4-lane freeway and improved 
to a six-lane freeway in 1967. In 1995, HOV lanes were opened.  Sound walls currently exist at 
the outside shoulder edges throughout the majority of the project area.  Sound walls within this 
portion of I-680 are a mixture of permanent and relocatable walls.  The existing right of way 
width within the project area and outside interchange areas is generally restricted to 
approximately 197 to 230 feet.  The bridge structures existing within the project limit include 
Fostoria Way Overcrossing and Greenbrook Drive Overcrossing. 
 
Proposed Improvements 
 
The Segment 2 project will provide 2.4 miles of auxiliary lanes in each direction of I-680 
between Sycamore Valley Road in the Town of Danville and Crow Canyon Road in the City of 
San Ramon. The project will improve weave and merge maneuvers in this segment of I-680.  
Proposed improvements include adding 12-foot wide lane and 12-foot wide shoulder in both 
directions of the I-680, relocation of existing sound walls and/or construction of new ones, 
construction of retaining walls, and installation of overhead sign structures. All proposed 
improvements would be within the Caltrans right-of-way.  It is our understanding that the design 
and constructions for the subject project will be following the 2006 Caltrans Standard Plans and 
Specifications. 
 
Project plans indicate the finish grade for the widened auxiliary lanes will be matched with the 
adjacent travel lanes.  Cuts and fills will be required for widening as appropriate.  Significant 
portions of the cuts and fills will be supported by retaining walls.  Discussions on retaining walls 
will be presented in a separate Foundation Report. 
 
Sound Walls 
 
Project plans show that three (3) sound walls are planned at the following locations. 
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TABLE 1: SOUND WALL LOCATIONS 
Sound Wall Location Approximate Stations 

SW No. 1 East side of I-680 in northbound direction 244+00 to 262+16 
SW No. 2* East side of I-680 in northbound direction 285+00 to 340+49 
SW No. 3 West side of I-680 in southbound direction 286+63 to 301+23 

Note: Parts of Sound Wall No. 2 will be constructed on top of the proposed Retaining Walls No. 4, 6A and 6B 

 
Overhead Sign Structures 
 
Five (5) single post overhead sign structures are proposed for this project. 
 

TABLE 2: OVERHEAD SIGN STRUCTURE LOCATIONS 
Sign Structure Location Approximate Station 

B West side of I-680 in 
southbound direction 272+50 

D East side of I-680 in 
northbound direction 265+25 

F West side of I-680 in 
southbound direction 316+90 

H East side of I-680 in 
northbound direction 317+10 

K East side of I-680 in 
northbound direction 338+50 

 
Structural Pavement Sections 
 
New pavement sections will be constructed between approximate Station 247+42 and 344+74 in 
southbound direction and from approximate Station 237+73 to 339+67 in northbound direction.  
 
The recommendations presented in this report are based on the above information.  Any major 
deviation should be reported to this office for consideration. 
 
3.  PERTINENT REPORTS AND INVESTIGATION 
 
The following pertinent as-built information was made available to us by Mark Tomas & 
Company, Inc.: 
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• Caltrans As-built Log of Test Borings – Greenbrook Drive Overcrossing (1964) (Br. No 
28-223).  

• Caltrans As-built Plans – Greenbrook Drive Overcrossing (1967) (Br. No 28-223).  
• As-built Pavement Typical Cross Sections for I-680 associated with roadway widening 

within the project limits. 
  
In addition to the as-built information obtained from the Designer, the following investigation 
reports were also reviewed to supplement the subsurface information for the project during this 
study. 
 

• PARIKH Consultants, Inc., November 2001, “Preliminary Geotechnical Report, I-680 
Auxiliary Lanes, 04-CC-680-KP R4.7/R12.2 (PM R2.9/R7.6), Contra Costa County, 
California, CU 04219, EA 22853K”, prepared for Washington Infrastructure Services, 
Inc. 

• PARIKH Consultants, Inc., October 2003, “Geotechnical Design & Materials Report, I-
680 Auxiliary Lanes Improvement (Seg. 3), 04-680-CC-KP 4.7/7.0, Contra Costa 
County, CA, EA 228551, CU 04219”, prepared for DMJM + HARRIS. 

• PARIKH Consultants, Inc., January 2004, “Geotechnical Design & Materials Report, I-
680 Auxiliary Lanes Improvement (Seg. 1), 04-680-CC-KP 4.7/12.2, Contra Costa 
County, CA, EA 228531, CU 04219”, prepared for DMJM + HARRIS. 
 

4.  PHYSICAL SETTING 
 

4.1 Climate 
 

The project area is characterized with moderate climatic conditions. This consists of mild 
winters, warmer summers, small daily and seasonal temperature ranges and mild humidity. 
Based on the information obtained from the website of Western Regional Climate Center – 
Walnut Creek 2 ESE Station, the annual average temperature ranges in the project vicinity are 
from 44° F to 74° F.  The annual average total precipitation is 19.2 inches.  It is estimated that 
about 97% of the total precipitation falls between October and April.  
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4.2 Topography and Drainage 
 

Based on the plans provided by the Designer, the topography within the project limits along the 
I-680 corridor is relatively flat with roadway elevations gradually decreasing approximately from 
480 feet in the south end to 388 feet in the north end.  Grade differences may vary within the 
project limits due to roadway crossing and bridge embankments.  The topography also suggests 
that originally, the site was a rolling terrain generally sloping down easterly.  The highway in this 
section was mostly constructed by cutting into the native slope or built at grade.  San Ramon 
Creek runs mostly parallel to the project alignment to the east side of I-680.  The surface 
drainage will be collected in the local storm drain systems.  In general, along the project corridor, 
hills or valleys do not directly influence the site. 
 

4.3 Man-Made and Natural Features of Engineering and Construction Significance 
 
Two bridge crossings are along the proposed project corridor.  Fostoria Way Overcrossing is 
basically outside the major improvement area, at the south of Station 232+00.  Portion of 
proposed Retaining Wall No. 2 and Retaining Wall No. 3 will run under the Greenbrook Drive 
Overcrossing at the west and east side of the bridge, respectively.  Special design is needed for 
non-standard retaining walls at Greenbrook Drive Overcrossing location. 

 
4.4 Regional Geology and Seismicity 

 
The project alignment is in the eastern portion of the San Francisco Bay Area in the Coast Range 
geomorphic province of California.  The Coast Ranges are mountain ranges (~ 2000-4000, 
occasionally 6000 ft elevation above sea level) and valleys.  The ranges and valleys trend 
northwest, subparallel to the San Andreas Fault.  The province extends to the east where strata 
dip beneath alluvium of the Great Valley; to the west meeting the Pacific ocean with mountains 
rising sharply from uplifted and terraced, wave-cut coast; to the north into Oregon, and to the 
south where the Transverse Ranges begin.  The Coast Ranges are composed of thick late 
Mesozoic and Cenozoic sedimentary strata.  The northern and southern ranges are separated by a 
depression containing the San Francisco Bay.  Offshore, the continental shelf is transected by 
submarine canyons. The Monterey submarine canyon, ~10,000 feet deep, is apparently a 
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submerged river canyon.  The northern coast ranges are dominated by irregular, knobby, 
landslide topography of the Franciscan Formation.  The eastern border is characterized by strike-
ridges and valleys in Upper Mesozoic strata.  In several areas, Franciscan rocks are overlain by 
volcanic cones and flows of the Quien Sabe, Sonoma, and Clear Lake volcanic fields.  The Coast 
Ranges are subparallel to the rift valley of the active San Andreas Fault.  The San Andreas is 
more than 965 km long, extending from Pt. Arena to the Gulf of California.  The Salinian block 
to the west of the San Andreas has a granitic core, extending from the southern extremity of the 
Coast Ranges to north of the Farallon Islands. 

 

The region consists of marine and non-marine sedimentary strata with ages range from Late 

Cretaceous to Pliocene.  The dominant strata are the Contra Costa and San Pablo Groups.  These 

groups have been complexly folded into a series of synclines and anticlines that trend northwest.  

The area has also been cut by a complex series of high angle thrust and strike slip faults.  This 

folding and the faulting have produced the northwest trending ridge and valley systems.  These 

valleys have been filled with alluvium, derived from the surrounding ridges. 

 
Significant earthquakes, which have occurred in this area, are generally associated with crustal 
movements along well-defined active fault zones.  Faults in the vicinity of the site with a 
moderate to high potential for surface rupture include the Calaveras fault, the Hayward fault, the 
Pleasanton fault, the Mountain Diablo Thrust fault, and the Greenville fault.  The State Alquist-
Priolo Earthquake Fault Zones Map of the Diablo Quadrangle (1982) shows that the project site 
is not within the extent of the fault zone established by the State. Plate 4, the Fault Map provides 
a general fault system within the vicinity of the project site. 
 
5. EXPLORATION 
 

5.1 Drilling and Sampling  
 

A total of sixty-nine (69) borings were drilled for the PROJECT between June 16 and July 15, 
and on November 21, 2011.  The boring locations generally followed the current Caltrans 
practice, approximate 300-foot spacing between borings along retaining walls, 1000-foot spacing 
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along new proposed paved areas and 500-foot spacing along sound walls.  Due to the on-going 
(slab replacement) construction in the north and south bound lanes, limited access was available 
for drilling at some locations.  The boring program was therefore adjusted to conform to the 
construction safety requirements.  The approximate locations of these borings are shown on the 
Site Plan, Plate 2. 
 

• Twenty-one (21) borings (R-1 through R-21) were drilled to the depth of approximately 5 
feet to collect bulk samples for the pavement design.  The locations, stations and other 
pertinent information for these borings are summarized in Table 3A. 

 
• Forty-six (48) borings (A-11-101 through A-11-145 plus A-11-110P, A-11-146P and A-

11-147P) were drilled for the design of sound walls, retaining walls, and overhead sign 
structures.  The boring depths ranged approximately from 16.5 to 55.5 feet below the 
existing grade.  Most of the borings were drilled at the roadway shoulder.  Some were 
drilled on the western slope.  The locations, stations and other pertinent information for 
these borings are summarized in Table 3B. 
 

The borings were drilled under the technical supervision of our engineer, who classified and 
continuously logged the soils encountered during drilling and supervised the collection of soil 
samples at various depths for visual examination and laboratory testing.  Selected samples were 
obtained from 2.5-inch I.D. (Modified California, MC) and 1.4-inch I.D. (Standard Penetration 
Test, SPT) samplers at various depths.  The samplers were driven into subsurface soils under the 
impact of a 140-pound hammer having a free fall of 30 inches.  The blow counts required to 
drive the sampler for the last 12 inches are presented on the Log of Test Boring in Appendix A.  
After visual examination, the samples were sealed and transported to our laboratory for further 
evaluation and testing.  
 
The descriptions of the soil materials encountered in the exploratory borings and relevant boring 
information are presented on the LOTBs, in Appendix A.  The laboratory test methods and 
results are presented in Appendix B.  The logs presented in Appendix A were prepared from the 
field logs which were edited after visual re-examination of the soil samples in the laboratory and 
results of classification tests on selected soil samples as indicated on the LOTBs. 
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TABLE 3A: SUMMARY OF BORINGS (PAVEMENT DESIGN)  

Boring 
No. 

Approx. 
Station 

(ft) 

Approx. Offset 
“A4” Line (ft) 

Approx. 
Boring 

Depth (ft) 

Approx. 
Ground Elev. 

(ft) 
Date Drilled Soil Description 

R-1 242+00 80 Rt. 5 476.0 06/16/11 Lean Clay 
R-2 247+25 80 Rt. 5 476.0 06/16/11 Lean Clay 

R-3 253+00 80 Lt. 5 474.0 06/27/11 Lean Clay 
R-4 257+25 80 Rt. 5 472.0 06/16/11 Lean Clay 

R-5 263+00 80 Lt. 5 473.0 06/27/11 Lean Clay with Sand 
R-6 266+00 80 Rt. 5 469.0 06/20/11 Silt 
R-7 273+00 80 Lt. 5 463.0 06/27/11 Lean Clay 

R-8 276+00 80 Rt. 5 458.0 06/20/11 Lean Clay with Gravel 

R-9 283+00 80 Lt. 5 453.0 06/27/11 Lean Clay 
R-10 286+00 90 Rt. 5 453.0 06/20/11 Lean Clay 
R-11 293+00 80 Lt. 5 449.0 06/27/11 Lean Clay 

R-12 296+00 80 Rt. 5 447.0 06/20/11 Lean Clay with Sand 
and Gravel 

R-13 303+75 80 Lt. 5 443.0 06/30/11 Fat Clay with Sand and 
Gravel 

R-14 306+00 80 Rt. 5 440.0 06/20/11 Lean Clay with Sand 
R-15 312+75 90 Lt. 5 439.0 06/27/11 Lean Clay 
R-16 316+00 80 Rt. 5 435.0 06/20/11 Lean Clay with Gravel 

R-17 322+50 80 Lt. 5 433.0 06/27/11 Lean Clay with Sand 
and Gravel 

R-18 326+00 80 Rt. 5 426.0 06/20/11 Lean Clay 
R-19 332+50 85 Lt. 5 417.0 06/23/11 Lean Clay 
R-20 335+75 80 Rt. 5 412.0 06/22/11 Lean Clay 
R-21 342+75 85 Lt. 5 400.0 06/23/11 Lean Clay with Gravel 

 
 

TABLE 3B: SUMMARY OF BORINGS (WALLS AND SIGN STRUCTURES)  

Boring No. Approx. 
Station (ft) 

Approx. Offset 
“A4” Line (ft) 

Approx. 
Boring 

Depth (ft) 

Approx. Ground 
Elev. (ft) Date Drilled 

A-11-101 245+00 67 Rt. 26.5 475.0 06/16/11 
A-11-102 250+00 64.5 Rt. 31.5 475.0 06/16/11 
A-11-103 255+00 61.5 Rt. 26.5 473.0 06/16/11 
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Boring No. Approx. 
Station (ft) 

Approx. Offset 
“A4” Line (ft) 

Approx. 
Boring 

Depth (ft) 

Approx. Ground 
Elev. (ft) Date Drilled 

A-11-104 260+00 65 Rt. 25.5 472.0 06/16/11 

A-11-105 262+00 63 Rt. 31.0 471.0 06/17/11 
A-11-106 265+00 63.5 Rt. 30.5 469.0 06/17/11 

A-11-107 268+00 80 Rt. 31.5 467.0 06/20/11 

A-11-108 271+00 80 Rt. 31.5 462.0 06/20/11 
A-11-109 281+75 62 Rt. 31.5 454.0 06/21/11 
A-11-110 275+00 69.5 Lt. 28.0 460.0 07/05/11 

A-11-110P* 275+00 100 Lt. 16.5 471.0 07/13/11 
A-11-111 278+00 80 Lt. 46.5 457.0 07/15/11 
A-11-112 281+30 65 Lt. 34.5 455.0 07/01/11 
A-11-113 284+00 65 Lt. 26.5 453.0 07/01/11 
A-11-114 287+00 65 Lt. 45.0 452.0 07/01/11 
A-11-115 290+00 66 Lt. 36.5 449.0 07/11/11 

A-11-116P* 288+00 130 Lt. 31.5 473.0 07/13/11 
A-11-117 293+00 110 Lt. 31.5 452.0 06/27/11 
A-11-118 298+00 70 Lt. 25.5 446.0 07/05/11 
A-11-119 286+00 62 Rt. 26.5 454.0 06/21/11 
A-11-120 289+00 62 Rt. 26.5 452.0 06/21/11 
A-11-121 292+00 65 Rt. 31.5 451.0 06/23/11 
A-11-122 295+00 64 Rt. 49.0 449.0 06/21/11 
A-11-123 298+00 65 Rt. 31.5 445.0 06/22/11 
A-11-124 301+00 65 Rt. 49.5 444.0 06/21/11 
A-11-125 301+00 65 Lt. 26.0 444.0 07/05/11 
A-11-126 304+00 65 Lt. 27.0 442.0 06/30/11 
A-11-127 307+00 65 Lt. 17.0 443.0 06/30/11 
A-11-128 310+00 70 Lt. 16.5 441.0 06/30/11 
A-11-129 313+00 80 Lt. 36.0 440.0 06/24/11 
A-11-130 315+00 80 Lt. 30.0 440.0 06/24/11 
A-11-131 304+00 65 Rt. 26.5 442.0 06/22/11 
A-11-132 307+00 65 Rt. 26.0 441.0 06/22/11 
A-11-133 310+00 65 Rt. 26.5 439.0 06/22/11 
A-11-134 313+00 65 Rt. 25.5 437.0 06/22/11 
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Boring No. Approx. 
Station (ft) 

Approx. Offset 
“A4” Line (ft) 

Approx. 
Boring 

Depth (ft) 

Approx. Ground 
Elev. (ft) Date Drilled 

A-11-135 317+00 65 Rt. 30.5 435.0 06/23/11 
A-11-136 319+00 65 Rt. 50.5 435.0 06/22/11 
A-11-137 322+00 65 Rt. 31.5 432.0 06/23/11 
A-11-138 325+00 65 Rt. 55.5 428.0 06/23/11 
A-11-139 328+00 65 Rt. 31.5 425.0 06/24/11 
A-11-140 331+00 65 Rt. 36.5 420.0 06/23/11 
A-11-141 334+00 65 Rt. 36.5 415.0 06/23/11 
A-11-142 337+00 65 Rt. 26.5 409.0 06/24/11 
A-11-143 317+00 70 Lt. 30.5 437.0 07/14/11 
A-11-144 266+00 80 Lt. 31.0 469.0 07/14/11 
A-11-145 248+00 80 Lt. 31.5 475.0 07/14/11 

A-11-146P* 278+30 135 Lt. 21.5 489.0 11/21/11 
A-11-147P* 285+45 130 Lt. 26.5 484.0 11/21/11 

 *: “P” stands for 4” diameter solid stem auger portable drill rig. 
 
Due to limitations inherent in geotechnical investigations, it is neither uncommon to encounter 
unforeseen variations in the subsurface soil conditions during construction nor is it practical to 
determine all such variations during an acceptable program of drilling and sampling for a project 
of this scope.  Such variations, when encountered, generally require additional engineering 
services to attain a properly constructed project.  We, therefore, recommend that a contingency 
fund be provided to accommodate any additional charges resulting from technical services that 
may be required during construction. 
 

5.2 Geologic Mapping 
 

The project site consists of mostly older basin deposits, alluvial fans, fluvial deposits and 
embankment.   The central segment of the site was previously cut through hillside terrace and 
has been in place for about 50 years.  Most of the site is relatively flat.  Site specific geologic 
mapping was not performed for the road widening project. 
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5.3 Geophysical Studies 
 

The subject was considered and was determined to be not applicable to the project. 
 

5.4 Instrumentation 
 

The subject was considered and was determined to be not applicable to the project. 
 

5.5 Exploration Notes 
 

The exploratory borings mainly encountered undivided surficial deposits.  Most of the borings 
were drilled with a truck-mounted drill rig using 8-inch-diameter hollow stem auger.  A few 
borings, where the boring locations presented access difficulties, were drilled using a portable 
drill rig with a 4-inch-diameter solid stem auger. 
 
6.  GEOTECHNICAL TESTING 

 
6.1 In-Situ Testing 

 
In-situ testing consisted of recording blow counts during sampling in the field.  The soil samples 
were obtained during drilling by driving a 2.5-inch I.D. Modified California sampler or a 1.4-
inch I.D. Standard Penetration Test Sampler into the subsurface soils under the impact of a 140-
lb hammer falling through 30 inches.  The drilling subcontractor was Exploration Geoservices, 
Inc. (EGS).  Based on the energy efficiency of the hammer used by EGS, which is approximate 
55%, when correlating standard penetration data, the blow counts for the Standard Penetration 
Test Sampler (SPT-N) can be taken as roughly 0.6 times that for the Modified California 
Sampler in similar soils.  From the average SPT-N values for various soil materials encountered 
in the field exploration, the subsoils are generally stiff to hard for clay/silt and medium dense to 
very dense for the sandy soils.  
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6.2 Laboratory Testing 
 

Laboratory tests performed for this study included the following:  Laboratory determination of 
Moisture-Density (California Test Method 226), Atterberg Limits (California Test Method 204), 
Grain Size Analysis (California Test Method 203), Unconfined Compression Test (California 
Test Method 221), R-value Test (California Test Method 301), Corrosion Test (California Test 
Method 643), pH of lime treated soils (ASTM C977), and Unconfined Compression Test for 
lime treated soils (California Test Method 373). The laboratory test results are contained in 
Appendix B.  Test results of Atterberg Limits, unconfined compression, and grain size analysis 
are also presented on LOTBs, Appendix A. 
 
7.  GEOTECHNICAL CONDITIONS 

 
7.1 Site Geology 

 
Relatively young geologic features pertaining to the site were evaluated by reference to the map 
of Quaternary Geology of Contra Costa County, California and Surrounding Areas, Derived 
from the Digital Database Open-file 97-98, by E.J. Helley and R.W. Graymer, 1997.  Based on 
the map, different Quaternary age units are present beneath much of the alignment.  According to 
the geologic map, majority of the surficial material are in Basin Deposits (Holocene, Qhb), 
Alluvial Fans and Fluvial Deposits (Holocene, Qhaf), and Alluvial Fans and Fluvial Deposits 
(Pleistocene, Qpaf). The Quaternary geologic map of the general project area is shown on Plate 
3. Descriptions of the main geologic units are as follows: 

 
Qhb - Basin Deposits (Holocene). Very fine silty clay to clay deposits occupying flat-

floored basins at the distal edge of alluvial fans adjacent to the bay mud. 
Qhaf - Alluvial Fans and Fluvial Deposits (Holocene). Alluvial fan deposits are brown 

or tan, medium dense to dense, gravely sand or sandy gravel that generally 
grades upward, to sandy or silty clay. 

Qpaf - Alluvial Fans and Fluvial Deposits (Pleistocene). Brown dense gravely and 
clayey sand or clayey gravel that fines upward to sandy clay.  Deposits display 
various sorting and are located along most stream channels in the county.  
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The portion of the published USGS geologic map that includes the project location is shown on 
Plate 3. 
 

7.1.1 Lithology 
 

Several published maps (Nilsen, 1976, Herd; 1979; and CDMG; 1982) have identified most of 
the hillside (through which the central portion of the project alignment has been cut) as a large 
(presumably deep-seated) landslide complex.  However, site-specific investigations were 
conducted in the 1980s (by Terrasearch, Berloger-Long, and Engeo) prior to development of the 
large subdivision west of Highway 680; they determined that the toes of the landslides do not 
extend as far east as the highway itself.  Consequently, the rock encountered in our borings is 
identified as "bedrock" consistent with the Briones Formation indicated on published geologic 
maps (Dibblee, 1980; and Graymer, 1998).   
 
In general, the bedrock consists of sandstone, siltstone, and claystone.  It is yellowish brown 
where oxidized and gray to grayish brown where not oxidized (apparently below the persistent 
water level).  The grain size of the sandstone varies from fine to medium coarse.  Bedding planes 
and fracture surfaces were not apparent in the samples obtained from the borings.  However, 
previous mapping of exposures on the hillsides located west of the highway revealed bedding 
planes that dip steeply toward the northeast.  Bedrock was encountered at various depths in 15 of 
the borings.  (Table 4 indicates the elevation of the ground surface, the depth to bedrock, the 
elevation, the type of bedrock, and its color.)  The character of bedrock encountered in each 
boring is described in the boring logs on the LOTB sheets. 
  

TABLE 4: BEDROCK INFORMATION 

Boring No. 
Approx. 
Ground 
Elev. (ft) 

Approx. 
Bedrock 

Depth (ft) 

Approx. 
Bedrock 
Elev. (ft) 

Type of Bedrock Color 

A-11-106 469.0 0.0 469.0 Claystone yellowish brown 

A-11-107 467.0 0.0 467.0 Claystone / 
Siltstone  yellowish brown 

A-11-110 460.0 13.0 447.0 Claystone dark brwon 
A-11-110P 471.0 4.5 466.5 Claystone yellowish brown 
A-11-111 457.0 15.0 442.0 Siltstone brown 
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Boring No. 
Approx. 
Ground 
Elev. (ft) 

Approx. 
Bedrock 

Depth (ft) 

Approx. 
Bedrock 
Elev. (ft) 

Type of Bedrock Color 

A-11-112 455.0 31.5 423.5 Claystone gray 
A-11-113 453.0 27.5 425.5 Claystone gray 
A-11-125 444.0 14.5 429.5 Sandstone brown 
A-11-126 442.0 20.0 422.0 Sandstone gray 
A-11-127 443.0 0.0 443.0 Sandstone yellowish brown 
A-11-128 441.0 0.0 441.0 Sandstone yellowish brown 
A-11-129 440.0 9.5 430.5 Sandstone yellowish brown 
A-11-130 440.0 14.0 426.0 Sandstone grayish brown 
A-11-143 437.0 24.0 413.0 Sandstone brown 
A-11-144 469.0 25.0 444.0 Siltstone gray 

 
7.1.2 Structure 

 
As stated in section above, bedrock was encountered at various depths in 15 of the borings and  
bedding planes and fracture surfaces were not apparent in the samples obtained from the borings.  
The subject was considered and was determined to be not applicable for the project.   

 
7.1.3 Existing Slope Stability 

 
The majority of the project alignment appears to be constructed by cutting into natural slopes 
except in the vicinity of the overcrossings.  The existing slopes along the corridor are landscaped 
and generally appear to be in good conditions.  
 

7.2 Subsurface Soil Conditions 
 

Based on the boring data and as-built LOTBs, the subsurface soil conditions at the project site 
indicate predominantly stiff to hard clayey materials.  Fat clay was found in upper portion in 
some borings.  Highly expansive soils need to be considered during foundation and pavement 
design.  Medium dense to very dense sandy layers were encountered at various locations. 
Sedimentary rocks (claystone, siltstone and sandstone) were encountered mostly in the central 
part of the site.  Groundwater was encountered in 20 borings at depths ranging from 11.5 to 45 
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feet below grade during drilling.  The subsurface soil information corresponding with the design 
and construction segments is discussed as follows: 
 
Sound Walls 

 

 
Sound Wall No. 1 (Approx. Sta. 244+00 to 262+16) 

SW No. 1 is located in the southern end portion of the project alignment in the northbound 
direction.  Borings A-11-101 through A-11-104 were drilled on the eastern freeway shoulder for 
SW No. 1.  The subsurface soils predominately consisted of stiff to hard clayey materials to the 
maximum depths drilled, approximately from 25.5 to 31.5 feet.  Very stiff fat clay from 6 to 9 
feet thick was encountered in Borings A-11-101, A-11-102 and A-11-104 in the upper portion.  
About 1.5 feet thick of medium dense clayey gravel was encountered in Boring A-11-102 at 
about 25 feet.  Groundwater was encountered in Borings A-11-101 and A-11-102 at depth of 
about 11.5 (Elev. 463.5 ft) and 14 (Elev. 461 ft) feet, respectively. 

 

 
Sound Wall No. 2 (Approx. Sta. 285+00 to 340+49) 

SW No. 2 extends from the middle to the north end portion of the project alignment in the 
northbound direction.  At locations of Retaining Walls No. 4, 6A and 6B, parts of Sound Wall 
No. 2 will be on top of the retaining walls.  The subsurface conditions at those locations will be 
discussed in the Foundation Report for retaining walls. 
 

• Sta. 285+00 to 292+02 - Borings A-11-119, A-11-120 and A-11-121 were drilled to 
depths ranging from 26.5 to 31.5 feet on the eastern roadway shoulder for this segment.  
Boring A-11-119 encountered about 2 feet of hard lean clay overlying very dense silty 
sand to the maximum depth drilled, approximately 26.5 feet.  Boring A-11-120 
encountered about 3 feet of stiff fat clay followed by interbedded lean clay, silt and sandy 
lean clay, stiff to hard, to the maximum depth drilled, approximately 26.5 feet.  About 2 
feet of dense silty sand was found at depth of 20 feet of A-11-120. Boring A-11-121 
found stiff to hard lean clay to the bottom of the drilled hole, approximately 31.5 feet 



MARK THOMAS & COMPANY, INC   
Route 680 Auxiliary Lane Project – Segment 2 
Project No.: 2011-124-GDR  
March 29, 2012 
Page 16 
 

  

deep.  Groundwater was encountered in Borings A-11-120 and A-11-121 at 20 (Elev. 432 
ft) and 28 (Elev. 423 ft) feet, respectively. 
 

• Sta. 298+80 to 315+62

 

 – Borings A-11-124, and A-11-131 through A-11-134 were 
drilled on the eastern freeway shoulder for this segment.  The borings mostly encountered 
stiff to hard lean clay from 6 to 35 feet thick underlain by very dense silty or clayey sand 
to the maximum depths drilled, approximately from 25.5 to 49.5 feet below grade.  The 
upper about 6 feet of Boring A-11-134 was found to be very stiff fat clay.  Groundwater 
was found at about 45 feet (Elev. 399 ft) in Boring A-11-124. 

• Sta. 320+32 to 340+49

 

 – Borings A-11-137 through A-11-142 were placed on the eastern 
freeway shoulder for this segment.  In general, the subsurface soil profile consisted of 
stiff and very stiff lean clay, with exception of Boring A-11-138, to the maximum depths 
drilled, approximately ranging from 26.5 to 55.5 feet below grade. Fat clay about 8 feet 
in thickness, very stiff, was encountered under the pavement sections of Boring A-11-
138.  Medium dense silty sand about 4 feet thick was also encountered at 25 feet in 
Boring A-11-138.  Groundwater was encountered at 32 (Elev. 396 ft), 30 (Elev. 390 ft) 
and 25 (Elev. 390 ft) feet in Borings A-11-138, A-11-140 and A-11-141, respectively. 

 
Sound Wall No. 3 (Approx. Sta. 286+63 to 301+23) 

SW No. 3 is located in the central part of the project alignment in the southbound direction, 
which is on the eastern side of San Ramon Valley Boulevard and on top of the slope.  Borings A-
11-116P, A-11-117, A-11-118 and A-11-125 were advanced along the SW No. 3 alignment. 
Borings A-11-116P and A-11-117 were placed on top of the slope, which encountered mostly 
stiff to hard lean clay to the maximum depth drilled, approximately 31.5 feet.  About 3 feet of 
medium dense sand layers were encountered at 5 feet in A-11-116P and at top of A-11-117. 
Boring A-11-118 and A-11-125 were drilled on the western freeway shoulder.  Boring A-11-118 
found 12 feet of stiff to very stiff lean clay underlain by dense to very dense silty sand to the 
bottom of the hole, about 25.5 feet deep.  Boring A-11-125 found 8 feet of very stiff lean clay on 
top of 4 feet of very dense silty sand underlain by sedimentary rock (sandstone) to the maximum 
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depth drilled, about 26 feet.  Groundwater was encountered in Borings A-11-118 at depth of 
about 24 feet (Elev. 422 ft). 
 
Overhead Sign Structures 
 
Boring was drilled for each single overhead sign structure with exception.  Overhead Sign 
Structure B has been relocated from prior Station 265+99 to present location, Station 272+50, 
about 650 feet to the north of previous position on the same side of freeway.  No boring was 
drilled at the new sign location (Boring A-11-144 was originally drilled at approximate Sta. 
266+00 for OHS B).  The subsurface profile at the new OHS B location is estimated based on the 
borings in its vicinity.  It is judged that subsurface conditions at the present OHS B location 
generally consist of very stiff to hard clayey materials underlain by sedimentary rock.  OHS D 
has been relocated from Sta. 268+10 to Sta. 265+25 too.  Boring A-11-106 instead of prior A-11-
107 is referred for OHS D.  Subsurface soils encountered in borings for overhead sign structures 
are summarized below. 
  

TABLE 5: SUBSURFACE CONDITONS FOR SIGN STRUCTURES 
Sign 

Structure 
Approx. 
Station 

Reference 
Boring Subsurface Conditions 

B SB 272+50 
A-11-110, A-
11-110P and 

A-11-144 

Subsoils consisted of very stiff to hard lean clay overlying 
sedimentary rock (siltstone and claystone) to the bottom of 
the boring drilled, approximately 16.5 to 31 feet below grade.  
No free groundwater was encountered. 

D NB 265+25 A-11-106 
The boring indicated sedimentary rock of claystone to the 
maximum depth explored, approximately 30.5 feet.  No free 
groundwater was encountered. 

F SB 316+90 A-11-143 

Very stiff fat clay, about 5 feet thick, was found on top of the 
hard lean clay overlying sandstone sedimentary rock.  The 
rock extended from 24 feet to the bottom of the hole drilled, 
approximately 30.5 feet.  No free groundwater was 
encountered. 

H NB 317+10 A-11-135 
Stiff to very stiff lean clay was found extending to the bottom 
of the boring, approximately 30.5 feet.  Groundwater was 
found at 25 feet (Elev. 410 ft). 

K NB 338+50 A-11-142 
Stiff to very stiff lean clay was found extending to the bottom 
of the hole, approximately 26.5 feet.  No free groundwater 
was encountered. 
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Structural Pavement Sections 
 
Twenty-one (21) shallow boring were drilled on the eastern and western sides of the freeway to 
collect bulk samples for pavement design. The borings were drilled to 5 feet deep. In 
combination with the information from the borings for other structures, the surficial soils 
appeared mostly to be lean clay with fat clay mostly scattered in the south and middle north 
locations.  The surficial soils generally show moderate to highly expansive potential with Liquid 
Limits (LL) ranging from 28 to 61 and Plasticity Indices (PI) ranging from 8 to 40.  Subgrade 
soils to the south of approximate Station 320+00 generally indicated relatively low R-values 
(R<10).  Soil descriptions of bulk soil samples are presented in Table 3A in Section 5.1 and their 
laboratory test results are presented in Table 12 in Section 9.1. 
  
Detailed descriptions of the materials encountered in the exploratory borings are presented in the 
LOTBs in Appendix A.  It should be noted that these descriptions and related information depict 
subsurface conditions only at the locations indicated and on the particular date noted on the 
LOTBs.  Because of the variability from place to place within soil/rock in general, subsurface 
conditions at other locations may differ from conditions occurring at the locations explored.  The 
abrupt stratum changes shown on the logs may be gradational, and relatively minor changes in 
soil types within a stratum may not be noted due to inherent limitations in the field 
investigations.  Also, the passage of time may result in a change in the soil conditions at the 
locations due to environmental changes. 

 
7.3 Water 

 
7.3.1 Water Drainage 
 

The grade at the project site gently slopes toward the north.  The surface water/drainage 
generally follows the ground topography and is collected in local storm drainage system. In 
addition, the area includes the San Ramon Creek. 
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7.3.1.1  Scour 
 

San Ramon Creek is to the east side of and parallel to I-680, outside of the project limit.  No 
structure is planned to be constructed over the existing creek.  The subject was considered and 
was determined to be not applicable for the roadway project.  

 
7.3.1.2  Erosion 

 
The existing slopes have established landscaping to help control erosion.  It is recommended that 
construction of the proposed project be undertaken during the dry season or winterization 
measures be undertaken.  Newly graded slopes, which are expected to be along the segments of 
Retaining Walls No. 4, 6A and 6B, should be covered with erosion control measures. 
 

7.3.2  Groundwater 
 

Groundwater was encountered in twenty (20) borings during the field exploration.  Table 6 
below summarizes the boring and groundwater information.  

 
TABLE 6: SUMMARY OF GROUNDWATER INFORMATION 

Boring 
No. 

Approx. 
Station 

(ft) 

Approx. 
Offset 

“A4” Line 
(ft) 

Approx. 
Boring 

Depth (ft) 

Approx. 
Ground 
Elev. (ft) 

Approx. 
Groundwater 

Elev. (ft) 

Groundwater 
Depth (ft) 

Approx. 
Finished 

Grade Elev. 
(ft.) 

Measuring 
Date 

A-11-101 245+00 67 Rt. 26.5 475.0 463.5 11.5 475 6/16/11 
A-11-102 250+00 64.5 Rt. 31.5 475.0 461.0 14.0 474 6/16/11 

A-11-108 271+00 80 Rt. 31.5 462.0 442.0 20.0 462 6/20/11 
A-11-114 287+00 65 Lt. 45.0 452.0 437.5 14.5 449 7/1/11 
A-11-115 290+00 66 Lt. 36.5 449.0 437.0 12.0 449 7/11/11 
A-11-118 298+00 70 Lt. 25.5 446.0 422.0 24.0 445 7/5/11 
A-11-120 289+00 62 Rt. 26.5 452.0 432.0 20.0 453 6/21/11 
A-11-121 292+00 65 Rt. 31.5 451.0 423.0 28.0 451.5 6/23/11 
A-11-122 295+00 64 Rt. 49.0 449.0 410.0 39.0 449 6/21/11 
A-11-123 298+00 65 Rt. 31.5 445.0 417.0 28.0 445 6/22/11 
A-11-124 301+00 65 Rt. 49.5 444.0 399.0 45.0 443.5 6/21/11 



MARK THOMAS & COMPANY, INC   
Route 680 Auxiliary Lane Project – Segment 2 
Project No.: 2011-124-GDR  
March 29, 2012 
Page 20 
 

  

Boring 
No. 

Approx. 
Station 

(ft) 

Approx. 
Offset 

“A4” Line 
(ft) 

Approx. 
Boring 

Depth (ft) 

Approx. 
Ground 
Elev. (ft) 

Approx. 
Groundwater 

Elev. (ft) 

Groundwater 
Depth (ft) 

Approx. 
Finished 

Grade Elev. 
(ft.) 

Measuring 
Date 

A-11-126 304+00 65 Lt. 27.0 442.0 425.0 17.0 442 6/30/11 
A-11-127 307+00 65 Lt. 17.0 443.0 428.0 15.0 443 6/30/11 
A-11-128 310+00 70 Lt. 16.5 441.0 426.0 15.0 441 6/30/11 
A-11-135 317+00 65 Rt. 30.5 435.0 410.0 25.0 434.5 6/23/11 
A-11-136 319+00 65 Rt. 50.5 435.0 403.0 32.0 434 6/22/11 
A-11-138 325+00 65 Rt. 55.5 428.0 396.0 32.0 428 6/23/11 
A-11-140 331+00 65 Rt. 36.5 420.0 390.0 30.0 419 6/23/11 
A-11-141 334+00 65 Rt. 36.5 415.0 390.0 25.0 414.5 6/23/11 
A-11-145 248+00 80 Lt. 31.5 475.0 461.0 14.0 475 7/14/11 

 

In general, groundwater was encountered at depths of 11.5 to 45.0 feet below ground surface 
during our field exploration (Elev. 390.0 and 463.5 feet).  It is anticipated that groundwater level 
will vary with the passage of time due to seasonal groundwater fluctuations, surface and 
subsurface flow, ground surface run-off and other environmental factors. 

 
7.4 Project Site Seismicity 

 
7.4.1 Ground Motions 

 
The project is located in a seismically active part of northern California.  Many faults in the San 
Francisco Bay Area are capable of producing earthquakes, which may cause strong ground 
shaking at the site.  The attached Fault Map, Plate 4, presents the locations of the fault systems 
relative to the project site. 

 
Maximum moment earthquake magnitudes for some of the major faults in the area are 
determined by Caltrans’ recently developed online ARS tool (V1.0.4).  The reference was also 
made to the Caltrans Deterministic PGA Map of September 2007.  These maximum moment 
earthquake magnitudes represent the largest earthquakes that could occur on the given fault 
based on the current understanding of the regional tectonic structure.  Table 7 below provides the 
estimated distances and magnitudes of the nearest faults to the project alignment. 
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TABLE 7: EARTHQUAKE INFORMATION 

Fault Fault ID Fault 
Type 

Maximum 
Moment 

Magnitude 

Approx. 
Nearest 

Distance (miles) 

Deterministic 
PGA (g) 

Greenville Fault Zone 
(Clayton section) 351 RLSS(1) 6.6 8.8 _(3) 

Greenville Fault Zone 
(Marsh Creek – Greenville section) 352 RLSS(1) 6.6 9.8 _(3) 

Mountain Diablo Thrust Fault 150 R(2) 6.6 1.8 _(3) 

Pleasanton Fault 216 RLSS(1) 6.7 0.4 0.51 

Calaveras Fault Zone 
(Northern Calaveras section) 321 RLSS(1) 7.4 0.5 0.52 

Hayward Fault Zone 
(Southern Hayward section) 354 RLSS(1) 7.3 9.1 _(3) 

(1) RLSS = Right-lateral strike-slip fault 
(2) R = Reverse fault 
(3) The PGA is not provided in the ARS on-line program 

 

7.4.2 Ground Rupture 
 

Based on available geological and seismic data, the possibility of the site to experience strong 
ground shaking may be considered moderate to high. 

 
The project alignment is not within the Alquist Priolo Earthquake Fault Zones (EFZ, formerly 
Special Studies Zone), adopted by the California State Geologist.  The potential for fault rupture 
within the project alignment is considered low.  The impact of the earthquake is considered to be 
minimal with regard to the roadway widening project.  Roadway maintenance should be 
expected if pavement distress or damage occurred after seismic events. 
 
8.  GEOTECHNICAL ANALYSES AND DESIGN 

 
8.1 Seismic Analysis 

 
8.1.1 Parameter Selection 

 
Caltrans updated the 1996 Seismic Hazard map with the new Caltrans Deterministic PGA Map 
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(September 2007) and the Caltrans ARS Online (V1.0.4) design spectrum for development of 
response spectra for design.   The structural designer should conform to the Caltrans current 
Seismic Design Criteria. The current design methods incorporate both deterministic and 
probabilistic seismic hazards to produce the Design Response Spectrum, which is the envelope 
of the output spectra.  The probabilistic response spectrum to be used for design of structures is 
based on the data from the 2008 USGS Interactive Deaggregations (Beta) program for a 5% in 
50 years probability of exceedance (975-year return period) or the Caltrans ARS Online 
program.   
 
The information gathered indicates competent subsurface soils at the project site. According to 
the procedures contained in the Caltrans Geotechnical Services Design Manual, V1.0, August 
2009, an average shear wave velocity of 305 m/s was adopted.  For sites with shear wave 
velocities greater than 300 m/s, it is acceptable to use ARS Online for generating probabilistic 
spectrum.  With use of the Caltrans ARS Online (V1.0.4), an average peak ground acceleration 
(PGA) of 0.72g was adopted for design and analyses.  The ARS output for the site is attached as 
Plate 5.  A probabilistic earthquake magnitude of 6.76, produced by the 2008 USGS Interactive 
Deaggregations (Beta) program, was used for liquefaction analyses. 

 
8.1.2 Analysis 

 
Majority of the proposed cuts and fills in the project are supported by retaining walls.  Concrete 
barrier Type 60SC Mod will be utilized at locations where the minor slopes are less than 3 feet in 
height and the gradients are not steeper than 2H:1V.  With the competent subsurface soils and 
the relatively low groundwater table, the slopes should be stable under seismic loads.  Therefore, 
analyses to assess the stability of the slopes in the project site were not deemed necessary and 
were not performed. 

 
8.1.3 Liquefaction Potential 

 
Liquefaction is a phenomenon in which saturated soils are subject to a temporary but essentially 
total loss of shear strength under the reversing, cyclic shear stresses associated with earthquake 
shaking.  Submerged, cohesionless sands and silts of low relative density are the type of soils 
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which usually are susceptible to liquefaction - the susceptibility increases with decreasing 
relative density (reflected by the number of blows to drive a sampler), and decreasing fines 
content.   Accepted procedures for the assessment for liquefaction potential for cohesionless soils 
have evolved over the years through research and field observations (Youd et al, 2001).  Recent 
research and field observations have shown that clays of low plasticity are also potentially 
liquefiable, based on the moisture content and plasticity characteristics of the clay.  Procedures 
for the assessment of liquefaction potential for clay soils have also been established and have 
received general acceptance. (Bray et. al., 2004). 
 
The site predominately consisted of stiff to hard clayey materials and sedimentary rocks.  The 
risk of liquefaction at the site is considered to be low.  However, due to existence of relatively 
thin layers of sandy soils, local liquefaction and minor post-liquefaction settlement is anticipated. 
The liquefaction potential and post-liquefaction settlement was analyzed based on the procedures 
outlined in the Youd et al, 2001summary report from NCEER workshops.  The analysis results 
indicate that the post-liquefaction settlement at the site is generally on the order of ½ inch.  
Based on the analyses, potentially liquefiable layers of sands and gravels were identified at the 
following locations and depths: 

 
TABLE 8: SUMMARY OF LIQUEFACTION ANALYSES 

Boring No. Depth (ft) Soil Description Settlement 
(in) 

A-11-102 24 - 27 Medium dense clayey gravel 0.3 
A-11-108* 20 - 23 Medium stiff sandy silt 0.8 
A-11-114 43 - 45 Dense silty sand 0.5 
A-11-115 25 - 29 Medium dense clayey sand 0.6 
A-11-120 20 - 22 Dense silty sand 0.4 
A-11-122 38 - 42 Medium dense silty sand 0.5 
A-11-123 28 - 31 Dense silty sand 0.4 

*: No sound walls or retaining walls are planned at the location of Boring A-11-108. 

 
As may be noted from the above table, liquefaction zones and locations are isolated and deep and 
are thus of minimal significance for the roadway, wall and sign structures.  The calculations for 
liquefaction potential are attached in Appendix C. 
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8.2   Cuts and Excavations 
 

Based on the plans, the finish grades for Route 680 widening will, in general be matched with 
the adjacent grades for the existing road surface.  The following are significant cuts and 
excavations for the project: 
 

• A vertical cut up to 10 feet height will be required into the toe of a 2H:1V slope on the 
eastern side of the freeway for spread footings for Retaining Walls No. 1C and 1D. 
 

• A vertical cut up to about 14 feet height will be required into the toe of a 2H:1V slope on 
the western side of the freeway.  The cut will be retained by soil nail and/or ground 
anchor walls (Retaining Wall No. 2). 

 
• A vertical cut up to about 10 feet height will be required into the toe of a 2H:1V slope on 

the eastern side of the freeway, under Greenbrook Drive Overcrossing.  The cut will be 
retained by a ground anchor wall (Retaining Wall No. 3). 

 
• A vertical cut up to 10 feet height will be required into the toe of a 2H:1V slope on the 

western side of the freeway for spread footings for Retaining Wall No. 5. 
 

8.2.1 Stability 
 

Where not contained by retaining walls, Type 60SC Mod concrete barrier will be used for 
retaining minor slopes with height less than 3 feet and slope gradient of 2H:1V or flatter.  The 
subsurface soil conditions generally consist of stiff to hard clay, sedimentary rocks and medium 
dense to dense sand.  Groundwater was not encountered within the cut depths.  Based on the 
subsurface soil conditions, it appears that the stability of the cut slopes should be acceptable. 

 
8.2.2 Rippability 

 
The proposed excavations are anticipated to be in native soils or soft rock.  Based on the 
investigation, rippability does not appear to be a concern for construction.   
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8.2.3 Grading Factor 
 

Source of the fill may include the fill generated from the cuts planned for the project.  Fill may 
also be imported from outside borrow sources.  The source of borrow is unknown at the time of 
report preparation.  Based on previous experience, for preliminary estimate, a grading factor of 
0.9 may be assumed for import materials.  

 
8.3 Embankments 

 
8.3.1 Evaluation of Embankment Settlements 

 
The finish grades for the new auxiliary lanes will be matched with the existing I-680 traveled 
way.  Embankment fill therefore will be required in several locations to level the ground surface 
for the roadway widening, especially, at locations of Retaining Walls No. 4, 6A and 6B on the 
eastern side of freeway.  Based on the plans, the embankment fills will have thicknesses of less 
than 10 feet.  
 
Subsurface Soil Conditions 
 
The boring data indicates that the subsurface soil conditions underneath the proposed fill 
embankments generally consist of stiff to hard clays, medium dense to very dense sand, gravel 
and sandstone (Borings A-11-121, -122 and -123 for Retaining Wall No. 4 and Borings A-11-
135, -136 and -137 for Retaining Walls No. 6A and 6B).  Groundwater was encountered at 
depths more than 25 feet below the finished grade in the planned embankment fill locations. 
 
Evaluations 
 
As indicated above, soft or loose soils layers were generally not found during our subsurface 
investigation.  The competent subsurface conditions coupled with deep groundwater level 
preclude the potential occurrence of significant consolidation settlements for the embankment.  
Our calculations show that most settlement will occur within the over-consolidated range and 
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should happen during fill placement.  A potential consolidation settlement of less than ½ inch is 
estimated for a less than 10-ft embankment fill. 

 
Differential Settlement 
 
Since total settlements are not significant, differential settlements should also not be significant. 

 
8.3.2 Evaluation of Embankment Stability 

 
New embankment fill about 5 to 7 feet thick will be required at the locations as described in 
Section 8.3.1 above and will be restrained by retaining walls.  Based on the layout sheets with 
topography provided by the Designer, the existing eastern freeway embankment at those planned 
fill locations is about 10 feet high and has about 2H:1V or flatter slope gradients.  Camino 
Ramon Boulevard runs along the toe of the existing embankment.  Based on the plans, the 
footing for retaining walls will be set at close to the level of the Camino Ramon Boulevard.  The 
underlying soils are competent materials per data from the borings.  Groundwater was deeper 
than 15 feet below the toe of the existing embankment.  It was judged that under the above 
conditions, potential for slope instability was minimal.  Therefore, analyses to assess the stability 
of the slopes in the project site were not deemed necessary. 

 
8.4 Earth Retaining System 

 
It is our understanding that due to right-of-way and other geometric constraints, the Route 680 
modification and widening project will require construction of six (6) retaining walls along the 
northbound and southbound directions.  The existing slopes will be cut or filled to provide level 
ground for the roadway widening. The retaining walls will be separated into ten (10) design and 
construction segments.  The proposed walls include Caltrans standard reinforced concrete walls 
(Type 1A, Type 1SWB and Type 7) on spread footings.  Non-standard soil nail and ground 
anchor walls need to be specially designed.  Discussions on the proposed retaining walls are 
presented in a separate Foundation Report.  
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8.5 Culverts 
 

The drainage plans provided by the Designer indicates several new Alternative Pipe Culverts 
(APC) with diameters ranging from 15 to 24 inches.  It is our understanding that small diameter 
culverts (24 inches and under) can be designed and constructed using Standard Plans and 
Specifications, and no specific geotechnical investigation is required per Caltrans guidelines.   

 
8.5.1 Corrosion Investigation 

 
The corrosion investigation for this project was performed in general accordance with the 
provisions of California Test Method 643.  Representative native soil samples at the anticipated 
pipe subgrade were obtained for corrosion tests.  A summary of the corrosion test results is 
presented in Table 9.  
 

TABLE 9: SUMMARY OF CORROSION TEST RESULTS 

Boring 
No. 

Station 
(Approx.) 

 

Offset From  
“A4  Line” (ft) 

(Approx.) 

Corrosion Tests 
Sample 

No. 
Depth 

(ft) pH Resistivity 
(ohm-cm) 

Chloride 
(ppm) 

Sulfate 
(ppm) 

A-11-101 245+00 67 Rt. 2 6 7.63 540 48.2 198.5 
A-11-106 265+00 63.5 Rt. 2 6 6.97 1660 26.8 46.9 
A-11-108 271+00 80 Rt. 2 6 7.57 830 21.0 71.4 
A-11-109 281+75 62 Rt. 2 6 7.27 1050 39.5 77.0 
A-11-110 275+00 69.5 Lt. 2 6 7.56 280 71.4 1137.9 
A-11-114 287+00 65 Lt. 3 10 7.20 1420 11.8 15.5 
A-11-118 298+00 70 Lt. 2 6 7.56 1980 8.0 17.1 
A-11-120 289+00 62 Rt. 4 16 6.91 1770 27.2 43.4 
A-11-122 295+00 64 Rt. 2 4.5 7.34 1150 57.2 111.9 
A-11-127 307+00 65 Lt. 1 2.5 7.45 960 11.9 12.3 
A-11-133 310+00 65 Rt. 2 6 6.39 1470 27.1 79.4 
A-11-137 322+00 65 Rt. 2 6 7.62 880 19.2 36.8 
A-11-140 331+00 65 Rt. 2 6 7.50 670 18.3 90.9 
A-11-142 337+00 65 Rt. 1 3 6.90 1340 15.5 1.6 
A-11-143 317+00 70 Lt. 2 6 7.47 1930 14.5 66.9 
A-11-144 266+00 80 Lt. 2 6 7.64 830 38.2 680.7 
A-11-145 248+00 80 Lt. 1 3 6.99 670 15.2 143.1 
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Based on the test results, the on-site soils are classified as non-corrosive per Caltrans corrosion 
design guidelines.  Standard Type II modified or Type I-P (MS) modified cement may be used 
for the concrete substructures.  For selection of pipe material for culvert and storm drain 
applications, it is our understanding that AltPipe computer program is used by Caltrans to assist 
the designers.  AltPipe program is a web-based tool (http://dapl.ca.gov//design/altpipe

 

).  The 
computations performed by AltPipe are based on the procedures and Caltrans Test Methods 
described in Chapter 850 of the Caltrans Highway Design Manual (HDM).  AltPipe incorporates 
current requirements from the HDM supplemented by Caltrans Design Information Bulletin No. 
83 (DIB. No. 83, June 30, 2003 and updated on August 20, 2011) for abrasion potential for 
material selection.  The AltPipe program is intended for final design by the civil or hydraulic 
engineer.  

AltPipe analysis was performed using the online Caltrans Alternative Pipe Version 6.09.  In 
addition to the soil corrosivity data, the input require data such as Abrasion Level, 2-5 year flow 
velocity, design service life and height of cover were provided by the Designer.  The summary 
table of AltPipe analysis results and the computer analysis printouts are attached in Appendix C. 
 

8.5.2 Bore-and-Jack Culvert 
 

Based on the information provided by the Designer, there is no bore-and-jack culvert planned for 
this project.  The plans show that the project will bore electrical conduits of 3 inches diameter 
beneath the roadway at locations close to Stations 244, 267, 285, 285, 291, 318 and 335.  The 
subsoils in those locations were generally stiff to hard clayey soils.  

 
8.6 Minor Structure Foundations  

 
8.6.1 Sound Wall  

 
Three sound walls are proposed, with Sound Walls No. 1 and 2 on the east side and No. 3 on the 
west side of the freeway. Caltrans Standard Plans and Specifications will be followed for sound 
wall design and construction.   According to the plans supplied by the Designer, the sound walls 
will be on either Type 736S / SV concrete barrier or pile cap supported by standard 16 inch 
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diameter CIDH concrete piles.  The piles are of lengths ranging from 9.5 to 16 feet for wall 
heights ranging from 12 to 13.67 feet.  The soil investigation and geotechnical recommendations 
for sound wall design are generally in conformance with the guidelines provided in Caltrans 
Geotechnical Manual of July 2010 for sound walls (Standard Plan).  Since the maximum length 
of design CIDH piles will be 16 feet, only the soil conditions within the upper about 15 to 20 feet 
below the bottom of concrete barrier or pile cap were considered for determination of the design 
parameters (with no less competent materials at depths deeper than 20 feet).  According to the 
manual, the soil friction angle was determined by correlations with the adjusted SPT blow counts 
(N1)60, and for cohesive soils, unconfined compressive strength (qu) or undrained shear strength 
(Cu) was used to approximate an equivalent granular “N” value.  The soil friction angle was then 
used for selecting CIDH pile foundation lengths for the sound walls. 
  
Subsurface soil conditions underneath the sound wall alignments were described in Section 7.2.  
Per the subsoil data, it is our opinion that, standard CIDH concrete pile foundation is generally 
suitable for the proposed sound walls with following exception: 
  
Due to shallow groundwater encountered in Borings A-11-101 and A-11-102 in the south end of 
Sound Wall No. 1 alignment, which could be shallower than 10 feet below the finished grade, 
the standard 16 inch diameter CIDH concrete piles cannot be used in these locations per Caltrans 
Geotechnical Manual and can be replaced with spread footing foundations.  The affected wall 
segment is approximately from Station 244+00 to Station 253+12.  
 
Spread footing can be used instead of CIDH piles for the affected segment, Station 244+00 to 
253+12.  The minimum footing width of 6.5 feet is required for a sound wall of 14 feet high 
according to the 2006 Caltrans standard plan B15-1.  The required ultimate soil bearing capacity 
is 0.6 tsf.  Borings A-11-101 and A-11-102 show that the subsurface soils are generally 
composed of stiff to very stiff clayey materials with an  average (N1)60 value of 13 in the upper 
about 20 feet.  The estimated ultimate bearing capacity of soils below the spread footing is 4 tsf, 
which exceeds the loading demand of 0.6 tsf.  
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The following table lists the CIDH concrete pile foundation recommendations for sound walls.  
The stations, wall height and ground line are provided by the Designer.  The lengths of CIDH 
concrete piles are from the 2006 Caltrans Standard Plans B15-5 and B15-8. 
 

TABLE 10: SOUND WALL FOUNDATION RECOMMENDATIONS 
Wall 
No. Direction Starting 

Station End Station Wall 
Height (ft) 

Ground 
Line 

CIDH Pile 
Length (ft) 

Friction 
Angle (φ) 

1 NB 244+00 253+12 13.67 Case 2 Footing* - 
253+12 262+16 13.67 Case 2 16.0 30 

2 NB 

285+00 292+02 12.33 Case 2 16.0 30 
298+80 307+56 12.33 Case 2 16.0 30 
307+56 309+48 12.33 Case 2 16.0 30 
309+48 315+62 12.33 Case 2 16.0 30 
320+32 322+16 12.33 Case 2 16.0 30 
323+81 340+49 12.33 Case 2 16.0 30 

3 SB 286+63 301+23 12.0 Case 2 16.0 30 
*: Spread footing of 6.5 feet in width can be used instead of CIDH piles at this location.  Refer to the 2006 Caltrans 
standard plan B15-1. 

 

Along the sound wall alignment, groundwater was found generally deeper than 20 feet during 
drilling except at location mentioned above.  Groundwater conditions may vary from location to 
location and by season.  
 

8.6.2 Overhead Sign Structures 
 
It is proposed to install five (5) new single post type overhead sign structures (Truss), supported 
by standard CIDH concrete piles, along I-680 as shown below.  
 

TABLE 11: SIGN STRUCTURE FOUNDATION RECOMMENDATIONS 
Sign Structure Approximate 

Station Post Type CIDH Pile 
Diameter (ft) 

CIDH Pile 
Length (ft) 

B SB 272+50 VIII 5 25 
D NB 265+25 VIII 5 25 
F SB 316+90 VII 5 23 
H NB 317+10 VIII 5 25 
K NB 338+50 VII 5 23 
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Per 2006 Caltrans Standard Plan S8, the recommended pile diameter is 5 feet and the 
recommended foundation depths are 23 and 25 feet with round pedestal for post Type VII and 
VIII, respectively.  Design of the pile depth for the foundation is based on an assumed soil 
friction angle of 30 degrees.  

 
The piles for the overhead sign structures are subject to vertical loads, lateral loads, bending 
moments and torsion moments.  Analyses were performed for behavior of the piles based on the 
loads provided by the Designer and subsurface conditions specific to the structure locations.  The 
calculations show that the pile capacities developed from the friction resistance are adequate for 
vertical and torsion load demands.  The LPILE V6.0 computer program was used for lateral 
analyses.  The deflections at the top of the piles were less than 0.11 inch.  These deflections are 
considered acceptable.  The subsurface conditions were thus adequate for the use of standard 
foundation for all the sign structures.  Calculations and computer printouts are included in 
Appendix C.  
 

8.6.3 CIDH Piles 
 
It should be pointed out, localized hard drilling and raveling or caving may be expected which 
may require additional drilling and cleaning effort and may increase the concrete volume for the 
piles.  It is prudent to make the contractor aware of these conditions so that he takes appropriate 
steps to comply with the standards and maintain the integrity of the CIDH piles. 
 
Occasional thin sandy soil layers may be encountered.  Contractor should be prepared for 
possible caving conditions. Pile excavations may require temporary steel casing or similar 
measures to maintain the holes open.  All pile excavations should be observed by the 
geotechnical engineer or regulatory agency prior to the placement of the reinforcement and 
concrete so that if conditions differ from those anticipated, appropriate recommendations can be 
made. 
 
Entering into CIDH holes for excavation or inspection is not anticipated for this project.  The 
five (5) overhead sign structure locations can be classified as “potentially gassy” according to 
Tunnel Safety Orders specified in Section 110.12 of Caltrans HDM.  It is advisable that proper 
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Cal-OSHA or other regulating procedures be followed for notice of the classification and any 
special orders, rules, special conditions, or regulation to be used at the job site.   

 
8.6.4 Other Minor Structures 

 
According to the plan, other minor structures for this project include the traffic signal systems 
and minor drainage structures.  The foundation design of these minor structures should be 
according to the Caltrans Standard Plans.  Based on the borings, the existing soils on site should 
provide adequate design capacity for these structures. 

 
9.  STRUCTURAL PAVEMENT 
 

9.1 Laboratory Tests on Subgrade Material 
 
Laboratory tests were conducted on representative bulk samples collected at subgrade level.  The 
R-values of the subsurface soils at the project site were typically less than 15 and some of the 
tests indicate expansive conditions.  We have grouped the areas that are lower than R=10 and 
above R=10.  Per Caltrans Highway Design Manual (HDM), subgrade soils with R-value less 
than 10 and PI greater than 12 should be properly treated to bring the R-value to greater than 10 
if rigid pavement sections are planned.  
 
Lime treatment for subgrade is considered for a portion of the project that generally has R<10.  
The percentage of lime used for subgrade soil treatment (6 percent) was determined according to 
the pH test results of the treated materials on selected samples in accordance with the test method 
ASTM C977.  The samples were treated with 6% SS-lime by dry weight of the soil for 
subsequent tests.  Unconfined compression tests following California Test Method 373 were 
performed on four samples of the lime treated soils.  The test results are summarized in Table 12. 
Additional data on the tests are presented in Appendix B. 
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TABLE 12: SUMMARY OF TEST RESULTS ON SUBGRADE SOILS 

Boring No. Approx. 
Station (ft.) 

Approx. Offset 
From “A4” line 

(ft) 

Atterberg 
Limits R-Value 

Compressive 
Strength (Lime 
Treated) (psi) 

R-1 242+00 80 Rt. LL=47, PI=8 7 - 
R-2 247+25 80 Rt. - - 548 
R-3 253+00 80 Lt. LL=44, PI=22 11 - 
R-4 257+25 80 Rt. LL=48, PI=29 - - 
R-8 276+00 80 Rt. - - 541 

R-11 293+00 80 Lt. LL=44, PI=25 - 393 
R-12 296+00 80 Rt. LL=33, PI=16 15 - 
R-14 306+00 80 Rt. LL=47, PI=30 - 276 
R-15 312+75 90 Lt. LL=33, PI=14 - - 
R-16 316+00 80 Rt. - 6 - 
R-17 322+50 80 Lt. - 10 - 
R-18 326+00 80 Rt. - 10 - 
R-20 335+75 80 Rt. - 12 - 
R-21 342+75 85 Lt. - 11 - 

 
The unconfined compressive strength (UCS) test results for lime stabilized materials ranged from 
276 to 548 psi.  Based on the laboratory test results, it is our opinion that the subgrade should be 
treated with minimum 6% SS-lime mixture to achieve the required minimum UCS of 300 psi as 
set in Caltrans HDM.  However, it is recommended that the specifications require the 
determinations of the percent lime content for the required minimum UCS for the lime treated 
subbase (LTS) during construction.   All treatment operations should be performed in accordance 
with the project specifications and Caltrans standards.  
 

9.2 As-Built Pavement Sections 
 

The as-built pavement sections based on the “Typical Cross Sections”, Sheets X-1 through X-6 
of the plans, provided by the Designer are presented in Appendix D.  Total thicknesses of the 
existing pavement sections generally range from 2 to 2.5 feet. It should be noted that the sections 
may not include any overlays that may have been placed during the maintenance program.  In 
general, the existing traveled ways have concrete pavement for main lanes and hot mix asphalt 
pavement for shoulders approximately from Station 247+42 to 344+74 southbound and from 
Station 237+73 to 339+67 northbound.  Typical Cross Sections on Sheet X-6 show 0.4 to 1.48 
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feet of aggregate subbase (AS) and permeable material (PM) at the bottom of the existing 
pavement sections from approximate Station 335+00 to 343+59 southbound and Station 335+00 
to 339+17 northbound.  For new pavement sections within above stations, permeable material 
and edge drain should be considered for new structural pavement to continue the existing 
subbase drainage path. 

 
9.3 Recommended Structural Pavement Sections 

 
Pavement design are based on Caltrans Highway Design Manual (updated July 24, 2009) and the 
“Rigid Pavement Base Design - Pavement Policy Manual PPB09-01” dated August 27, 2009.   It 
is our understanding that rigid concrete pavement sections are planned for the roadway widening.  
Traffic Index (TI) value of 13.5 for 20 years of design life as recommended by the Designer is 
used for the design.   In addition, recommendations for 40 years design life for concrete 
pavement are provided using TI of 14.5, which is for use by the Designer for a Life Cycle Cost 
Analysis (LCCA).   
 

9.3.1 Rigid Pavement Sections 
 

Design for rigid (concrete) pavements was based on Inland Valley, Type II soil conditions 
(includes portions of treated Type III soil) presented in the Caltrans Highway Design Manual.   
The new pavement sections were designed for one segment with R-value generally greater than 
10, and the other with R-value generally less than 10, and therefore, subgrade lime treatment is 
needed to increase the soil strength.  The required minimum depth of subgrade lime treatment to 
raise the subgrade R-value above 10 is 0.65 foot per Caltrans HDM.  A Caltrans standard bond 
breaker is required between JPCP  and LCB to avoid bonding between the two layers. 
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TABLE 13A: RIGID PAVEMENT SECTIONS (20 YEARS OF DESIGN LIFE) 

Location TI R-
Value 

Structural Pavement Section (ft) 
With Lateral Support (ft) Without Lateral Support (ft) 

Opt. 1 Opt. 2 Opt. 3 Opt. 1 Opt. 2 Opt. 3 

SB Approx. Sta. 320 to 344+74 
NB Approx. Sta. 320 to 339+67 
(subgrade lime treatment is 
not

13.5 
 needed within above 

stations) 

10 

0.95 
JPCP 

0.95 
JPCP 

0.85 
CRCP 

1.05 
JPCP 

1.05 
JPCP 

0.95 
CRCP 

0.35 
LCB 

0.25 
HMA-A 

0.25 
HMA-A 

0.35 
LCB 

0.25 
HMA-A 

0.25 
HMA-A 

0.70 AS 0.70 AS 0.70 AS 0.70 AS 0.70 AS 0.70 AS 
SB Approx. Sta. 247+42 to 320 
NB Approx. Sta. 237+73 to 320 
(subgrade lime treatment is 
needed for above stations) 

13.5 >=10* 

The structural pavements sections are the same as above. In 
addition, the existing subgrade should be treated with minimum 
6% SS Quick Lime to a minimum depth of 0.65 foot below the 
design pavement sections.     

 JPCP = Jointed Plain Concrete Pavement; 
 CRCP = Continuously Reinforced Concrete Pavement; 
 LCB = Lean Concrete Base; 
 HMA-A:  Hot Mix Asphalt (Type A);   
 AS:  Aggregate Sub-base (Class 4) with R-value equal to 50.  

*LTS is required to raise the subgrade R value above 10. This is after treatment design value. 
 

TABLE 13B: RIGID PAVEMENT SECTIONS (40 YEARS OF DESIGN LIFE) 

Location TI R-
Value 

Structural Pavement Section (ft) 
With Lateral Support (ft) Without Lateral Support (ft) 

Opt. 1 Opt. 2 Opt. 3 Opt. 1 Opt. 2 Opt. 3 

SB Approx. Sta. 320 to 344+74 
NB Approx. Sta. 320 to 339+67 
(subgrade lime treatment is 
not

14.5 
 needed within above 

stations) 

10 

1.00 
JPCP 

1.00 
 JPCP 

0.90 
CRCP 

1.15 
JPCP 

1.15 
JPCP 

1.00 
CRCP 

0.35 
LCB 

0.25 
HMA-A 

0.25 
HMA-A 

0.35 
LCB 

0.25 
HMA-A 

0.25 
HMA-A 

0.70 AS 0.70 AS 0.70 AS 0.70 AS 0.70 AS 0.70 AS 
SB Approx. Sta. 247+42 to 320 
NB Approx. Sta. 237+73 to 320 
(subgrade lime treatment is 
needed for above stations) 

14.5 >=10* 

The structural pavements sections are the same as above. In 
addition, the existing subgrade should be treated with minimum 
6% SS Quick Lime to a minimum depth of 0.65 foot below the 
design pavement sections.     

 JPCP = Jointed Plain Concrete Pavement; 
 CRCP = Continuously Reinforced Concrete Pavement; 
 LCB = Lean Concrete Base; 
 HMA-A:  Hot Mix Asphalt (Type A);   
 AS:  Aggregate Sub-base (Class 4) with R-value equal to 50.  

*LTS is required to raise the subgrade R value above 10. This is after treatment design value. 
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According to the Caltrans Highway Design Manual, treating the subgrade does not eliminate or 
reduce the required aggregate subbase for rigid or composite pavements in the rigid pavement 
catalog.  Therefore, for segments where subgrade lime treatment is recommended, the required 
0.70 foot of AS cannot be omitted.  Where new concrete pavement is required in narrow (< 12 
feet wide) sections, LTS cannot be constructed by conventional equipment.  In such locations, it 
is proposed that LTS be replaced by equal thickness of AS.  As such, the total thickness of 
aggregate subbase will be a minimum of 1.35 (0.65 + 0.70) feet beneath the LCB or HMA-A 
layers.  Subgrade pumping and yield conditions should be expected under heavy compactors due 
to low strength subgrade situation.  Subgrade Enhancement Geotextiles (SEG) should be applied 
on the subgrade.  According to Caltrans Guide for Designing Subgrade Enhancement 
Geotextiles, April 28, 2009, at a minimum, SEG Class B2 as set in Section 88-1.02 of Caltrans 
Standard Specifications, should be used for subgrade stabilization purpose.   
 

9.3.2 Rapid Strength Concrete 
 
It is our understanding that to shorten traffic closing time, Rapid Strength Concrete (RSC) may 
be needed at few locations for stage construction purpose.  Wherever the RSC pavement is 
planned, the design pavement sections Option 1 as recommended in Section 9.3.1 above, should 
be followed and the RSC instead of conventional concrete should be used.  A bond breaker is 
required between LCB (RSC) and JPCP (RSC) to avoid bonding between the two layers, which 
can cause cracks and joints in the LCB to reflect through the rigid pavement.  The recommended 
RSC pavement sections are as follows (TI=13.5 for 20 years of design life): 
 

 
Subgrade R-value >= 10 (subgrade lime treatment is not needed) 

• 0.95 feet of JPCP (RSC) with lateral support or 1.05 feet of JPCP (RSC) without   
 lateral support 

• Bond Breaker (Caltrans standard) 
• 0.35 feet  of LCB (RSC) 
• 0.70 feet of Aggregate subbase (AS) Class 4 with R value equal to 50 
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Subgrade R-value < 10 (subgrade lime treatment is needed) 

According to the Caltrans HDM, the required 0.70 foot of AS cannot be omitted with lime 
treated subbase.  At locations where the subgrade lime treatment is recommended, the required 
lime treatment subbase (LTS) can be replaced with equal thickness of aggregate subbase.  In 
such case, the total thickness of aggregate subbase will be a minimum of 1.35 feet beneath the 
RSC layers.  Subgrade pumping and yield conditions should be expected under heavy 
compactors due to low strength subdrade situation.  Subgrade Enhancement Geotextiles (SEG) 
should be applied on the subgrade.  At a minimum, SEG Class B2 as set in Section 88-1.02 of 
Caltrans Standard Specifications, can be used for subgrade stabilization purpose.   
 

• 0.95 feet of JPCP (RSC) with lateral support or 1.05 feet of JPCP (RSC) without   
 lateral support 

• Bond Breaker (Caltrans standard) 
• 0.35 feet  of LCB (RSC) 
• 1.35 feet minimum of Aggregate Subbase Class 4 with R value equal to 50 
• Subgrade Enhancement Geotextile, Class B2 

 
It is recommended that proper special specification and provision be established for design and 
construction of RSC pavement sections.  

 
9.3.3 Asphalt Concrete Pavement Sections 

 
Maintenance Vehicle Pullout (MVP) areas need asphalt concrete pavement sections.  The MVP 
areas are within the subgrade lime treatment limits.  The required minimum 0.65 feet of LTS can 
be replaced with the same thickness of aggregate subbase.  Subgrade Enhancement Geotextile 
should be used on the subgrade for weak subgrade conditions.  Recommendations for pavement 
sections in MVP areas are as follows: 
 

• 0.50 feet HMA-A 
• 1.60 feet Class 2 AB 
• 0.65 feet AS 
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• Subgrade Enhancement Geotextile, Class B2 
 
Asphalt concrete pavement sections will also be needed for short and narrow strips at the south 
and north ends of the widening alignment in both directions.  Recommendations for pavement 
sections in these areas are as follows: 
 

• 0.70 feet HMA-A 
• 1.10 feet Class 2 AB 
• 1.50 AS 
• SEG Class B2 (if within the lime treatment limits) 

 
10.  MATERIAL SOURCES 
 
There are several commercial sources of asphalt, concrete, and aggregate products in the area.   
Table 14 lists available commercial suppliers in the area. 
 

TABLE 14: SOURCES OF IMPORTED BORROW 

Source Location Approx. Haul Dist. 
(one way, mile) 

Morgan Masonry Supply 2233 San Ramon Valley Blvd., 
San Ramon <1 

Pleasanton Ready Mix 3400 Boulder St., Pleasanton 13.2 
RMC Cemex 1544 Stanley Blvd., Pleasanton 15.5 

 
11.  MATERIAL DISPOSAL 
 
Majority embankment fill sections will require imported borrow material for the project.  Surplus 
of cutting materials can generally be hauled away and disposed to regular disposal sites.  
Disposal of ADL contaminated material (if any) is beyond the scope of this report. 
 
12.  CONSTRUCTION CONSIDERATIONS 

 
12.1 Construction Advisories 

 
The site is the existing I-680. Therefore traffic control and construction staging is required to 

http://local.yahoo.com/info-21457102-rmc-cemex-pleasanton;_ylt=AhJE1jbNiLa.bQsHDxHVIfSHNcIF;_ylv=3?csz=Pleasanton%2C+CA�


MARK THOMAS & COMPANY, INC   
Route 680 Auxiliary Lane Project – Segment 2 
Project No.: 2011-124-GDR  
March 29, 2012 
Page 39 
 

  

maintain traffic flow during construction.  There are numerous utility lines at the site.  The 
contractor should verify the utility lines, be aware of the existing conditions and plan the 
construction activities accordingly. 

 
The borings encountered clayey/sandy materials near the existing ground surface.  Localized 
subgrade pumping may be encountered during earthwork construction depending on the weather, 
subsurface moisture, and surface drainage conditions.  Equipment mobility may also be difficult 
if the subgrade is wet.  In such a case, the subgrade soils may require reworking, aeration, or 
over-excavation and replacing with dry granular fill to facilitate earthwork construction.  

 
12.2 Construction Consideration that Influence Specifications 

 
The contractor should verify the existing utility line conditions, and these locations should not be 
used for stockpiling of borrow materials. Any utility conflicts with proposed construction should 
also be reviewed prior to construction.  There may be excavations that are proposed near existing 
utility lines.  Contractor should take precautions to protect the utilities from damage caused by 
such excavations.  

 
12.3 Construction Monitoring and Instrumentation 

 
In general, the construction subject of monitoring and instrumentation was considered and was 
determined to be not significant for the project.  However, Contractor may need to monitor his 
excavations that are in near proximity to existing utilities or other improvements. 

 
12.4 Hazardous Waste Considerations 

 
The project environmental study report should be referred to for further details at the sites within 
the project.  

 
12.5 Differing Site Conditions 

 
The soil conditions described in this report are based on available boring data.  It should be noted 
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that these borings depict subsurface conditions only at the locations drilled.  Because of the 
variability from place to place within soils in general, and the nature of geologic depositions, 
subsurface soil conditions could change between the explored locations. 

 
Early communication should be made between the Resident Engineer, the Contractor and the 
Geotechnical Engineer as soon as conditions that differ from those established in this report are 
recognized by any of the parties.  Additional recommendations could be provided if such 
conditions arise. 

 
13.  RECOMMENDATIONS AND SPECIFICATIONS 

 
13.1 Summary of Recommendations 

 
If the designer has questions or concerns regarding any of these recommendations, or, if 
conditions are found to be different during construction, the Geotechnical Engineer who 
prepared this report should be contacted.  Additional fieldwork, analysis or changes in 
recommendations may be required.  These services may be provided under a separate 
authorization, as necessary.  A concise summary of the geotechnical recommendations is 
presented below: 

 
• Design peak ground acceleration (PGA) = 0.72 g.  
• The boring data indicates that the subsoils consist predominantly of stiff to hard 

clay with layers of medium dense to very dense sand.  Sedimentary rock was 
found in the central portion of the site.  

• Groundwater was encountered between Elev. 390.0 feet and 463.5 feet during 
drilling (about 11.5 to 45 feet below finished grade).  

• The impact of liquefaction potential to this project is considered low.  (Ref.: 
Section 8.1.3). 

• The embankments and cut slopes are considered stable given the subsoil 
conditions, maximum height of the embankments and slopes, and the retaining 
walls to be constructed. 
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• The settlement due to the placing of the embankment fill is expected to be 
insignificant. 

• Standard CIDH concrete piles can be used as planned for foundations for 
supporting sound walls and overhead sign structures (Ref.: Section 8.6). 

• The structural pavement sections for the project include rigid pavement sections 
for the mainline widening (Ref: Section 9). 

 
13.2 Recommended Materials Specifications 

 
13.2.1 Standard Specifications 

 
Unless otherwise stated in the special provisions, all materials specifications should conform to 
Caltrans Standard Specifications, including but not limited to the following: Earthwork, 
Structure Backfill, Pervious Backfill Material, Reinforcing Geofabric, Thermoplastic Pipes, 
Concrete, bond breaker, Hot Mix Asphalt, Aggregate Base, Aggregate Subbase and Lean 
Concrete Base, etc. 

 
13.2.2 Special Provisions 

 

Imported material should be in accordance with the Caltrans specifications set forth in Section 
19.  In particular, for new embankment/roadway construction, the material placed within 4 feet 
of the finish pavement subgrade should meet the following requirements: 

Imported Borrow: 

 
• Free of organic or other deleterious materials. 
• An R-value of no less than 15. 

 
Aggregate Base:
Class 2 aggregate base shall conform to the provisions in Section 26 of Caltrans Standard 
Specifications.  It shall also be clean and free from organic matter and other deleterious 
substances.   
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Aggregate Subbase:
Aggregate Subbase shall be Class 4 and shall conform to the provisions in Section 25 of the 
Caltrans Standard Specifications and to these Special Provisions.  Class 4 aggregate subbase 
shall be clean and free from organic matter and other deleterious substances.  The percentage 
composition by weight of Class 4 aggregate subbase shall conform to the following grading as 
determined by California Test Method No. 202. 

   

 
Gradation Requirement (Percent Passing) 

Sieve Sizes Operating Range Contract Compliance 
2-1/2” 100 100 
No. 4 30 – 65 25 – 70 

No. 200 0 – 15 0 – 18 
 
Class 4 aggregate subbase shall also conform to the quality requirements given in the following 
table: 
 

Quality requirements 

California Test Method Operating Range Contract Compliance 
Sand Equivalent (217) 21 Min. 18 Min. 

Resistance (R-value) (301) 50 50 Min. 
 
 
14.  INVESTIGATION LIMITATIONS 
 
Our services consist of professional opinions and recommendations made in accordance with 
generally accepted geotechnical engineering principles and practices and are based on our field 
exploration and the assumption that the soil conditions do not deviate from observed conditions.  
No warranty, expressed or implied, of merchantability or fitness, is made or intended in 
connection with our work or by the furnishing of oral or written reports or findings.  The scope 
of our services did not include any environmental assessment or investigation for the presence or 
absence of hazardous or toxic materials in structures, soil, surface water, groundwater or air, 
below or around this site.  Unanticipated soil conditions are commonly encountered and cannot 
be fully determined by taking soil samples and excavating test borings; differing soil conditions 
may require that additional expenditures be made during construction to attain a properly 
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Site Information Recommended Response Spectrum

Latitude: 37.7925

Longitude -121.9829

VS30 (m/s) = 305 0.0 0.721 1.000 1.000 0.721

Z 1.0 (m) = N/A 0.1 1.187 1.000 1.000 1.187

Z 2.5 (km) = N/A 0.2 1.419 1.000 1.000 1.419

0.3 1.511 1.000 1.000 1.511

2.8 0.5 1.463 1.000 1.000 1.463

1.0 0.994 1.200 1.000 1.193

2.0 0.523 1.200 1.000 0.628

3.0 0.320 1.200 1.000 0.384

Governing Curve: 4.0 0.224 1.200 1.000 0.269

Envelope of: 5.0 0.175 1.200 1.000 0.210

Source:

1. Caltrans ARS Online tool (V.1.0.4, http://dap3.dot.ca.gov/shake_stable/)

2. USGS Deaggregation 2008 beta (http://eqint.cr.usgs.gov/deaggint/2008/index.php)

3. Caltrans Geotechnical Services Design Manual (Version 1.0) 

Note:

Refer to "Probablistic Response Spectum Spreadsheet" (attached) for development of the recommended ARS curve.
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(1) Calaveras fault zone (Northern Calaveras section) (Fault ID: 321, Fault Type: RLSS)

(2) Caltrans ARS Online Probablistic Curve
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LABORATORY TESTS 

 
Classification Tests 
The field classification of the samples was visually verified in the laboratory according to the Unified 
Soil Classification System.  The results are presented in “Log of Test Borings”, Appendix A. 
 
Moisture-Density 
The natural moisture contents and dry unit weights were determined for selected undisturbed samples 
of the soils in general accordance with ASTM D 2216.  This information was used to classify and 
correlate the soils. The results are presented at the appropriate depths on the "Lab Summary", Plates 
B-2A through B-2H. 
 
Unconfined Compression Tests 
Strength tests were performed on selected undisturbed samples. Unconfined compression tests were 
performed in general accordance with ASTM D 2166. The results are presented at the appropriate 
depths on the "Lab Summary", Plate B-2A through B-2H. 
 
Atterberg Limits 
The Atterberg Limits (ASTM D 4318) were determined on selected samples of the fine-grained 
materials. These results were used to classify the soils, as well as to obtain an indication of the 
effective strength characteristics and expansion potential. The tests results are presented on Plates B-
3A through B-3C. 
 
Grain Size Classification 
Grain size classification tests (ASTM D422) were performed on selected samples of granular soil to aid 
in the classification. The results are presented on Plates B-4A and B-4B, “Grain Size Distribution 
Curves”. 
 
Corrosion Tests 
Corrosion tests were performed on selected samples to determine the corrosion potential of the soils. 
The pH and minimum resistively tests were performed according to California Test Method 643. The 
tests were performed by Sunland Analytical. The test results are presented on Plates B-5A and B-5Q. 
 
R-value Tests 
R-value tests were performed on representative bulk samples for pavement design. The tests were 
performed according to California Test Method 301. The test results are presented on Plates B-6A 
through B-6H.  
 
Unconfined Compression Tests 
Unconfined compression strength tests were performed on lime treated soil samples in accordance 
with California Test Method 373. The results are presented on Plates B-7A through B-7D. 
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Liquefaction SPT 2011-124-GDR 11/8/2011

LIQUEFACTION POTENTIAL ANALYSIS  

PROJECT NAME Rte I-680 Auxiliary Lane Project - Seg. 2 SOIL GROUPS FAULT INFO
PROJECT NO. 2011-124-GDR 1. GRAVELS, SANDS AND NONPLASTIC SILTS Great Valley Fault
BORING NO. A-11-102 2. CLAYS AND PLASTIC SILTS a max  (g)= 0.72

FAULT M w  = 6.76
BOREHOLE DIA (in)= 5 HAMMER ENERGY = 55%
GW DEPTH (ft)= 14 MSF  = 1.30

Sample Depth Soil Blow Sampler σv σv'
No (ft) Type Count Type (psf) (psf)

1 2 2 23 mc 250 250 1.00 15.0 0.9 0.75 1.0 1.0 10.3 1.66 17.1 1.00 1
2 5 2 22 mc 625 625 0.99 14.3 0.9 0.75 1.0 1.0 9.8 1.45 14.3 1.00 1
3 10 2 28 mc 1250 1250 0.98 18.2 0.9 0.80 1.0 1.0 13.3 1.21 16.1 1.00 1
4 15 2 14 mc 1875 1813 0.97 9.1 0.9 0.85 1.0 1.0 7.1 1.04 7.4 1.00 1
5 20 2 19 mc 2500 2125 0.96 12.4 0.9 0.95 1.0 1.0 10.8 0.97 10.5 0.98 1
6 25 1 39 mc 3125 2438 0.94 0.57 25.4 0.9 0.95 1.0 1.0 22.1 0.91 20.1 35% 29.1 0.41 0.92 1 0.88 0.7
7 30 2 29 mc 3750 2750 0.92 18.9 0.9 1.00 1.0 1.0 17.3 0.85 14.8 0.88 1
8 2 31 mc 0 0 1.00 20.2 0.9 0.75 1.0 1.0 13.9 1.70 1.00 1
9 2 100 mc 0 0 1.00 65.0 0.9 0.75 1.0 1.0 44.7 1.70 1.00 2

Total Liquefaction Settlement (in.)= 0.3

1. The correction factors CE (Energy Ratio), CB (Borehole Diameter), CR (Rod Length) and CS (Sampling Method-liner) are per Youd et al. (2001).

2. For correction of overburden, CN = 2.2/(1.2 + σv'/Pa) with a maximum value of 1.7 per Kayen et al. (1992) as cited in Youd et al. (2001). 
3. The influence of Fines Contents are expressed by the following correction: (N1)60cs = α + β (N1)60

    where α and β = coefficients determined from the following relationships
      for FC < 5%                  α = 0,                                   β = 1.0

      for 5% < FC < 35%       α = exp(1.76-(190/FC2)),   β = (0.99+(FC1.5/1000))
      for FC > 35%                α = 5.0,                               β = 1.2
Reference:  Liquefaction Resistance of Soils: Summary Report from the 1996 NCEER and 1998 NCEER Workshops on Evaluation of Liquefaction Resistance of Soils,
                   Youd, et al., ASCE Journal of Geotechnical and Geoenvironmental Engineering, October 2001, Vol. 127 No. 10

CYCLIC STRESS RATIO (CSR) LIQUEFACTION RESISTANCE (CRR 7.5 ) F.S.=(CRR 7.5 /CSR)*MSF*Kσ *Kα

γd CSR SPT-Neq. CE CR CS CB N60 CN (N1)60 F.C. (N1)60, CS CRR7.5 Kσ Kα F.S. Volumetric 
Strain (%)



Liquefaction SPT 2011-124-GDR 11/8/2011

LIQUEFACTION POTENTIAL ANALYSIS  

PROJECT NAME Rte I-680 Auxiliary Lane Project - Seg. 2 SOIL GROUPS FAULT INFO
PROJECT NO. 2011-124-GDR 1. GRAVELS, SANDS AND NONPLASTIC SILTS Great Valley Fault
BORING NO. A-11-108 2. CLAYS AND PLASTIC SILTS a max  (g)= 0.72

FAULT M w  = 6.76
BOREHOLE DIA (in)= 5 HAMMER ENERGY = 55%
GW DEPTH (ft)= 20 MSF  = 1.30

Sample Depth Soil Blow Sampler σv σv'
No (ft) Type Count Type (psf) (psf)

1 2 2 19 mc 250 250 1.00 12.4 0.9 0.75 1.0 1.0 8.5 1.66 14.1 1.00 1
2 5 2 20 mc 625 625 0.99 13.0 0.9 0.75 1.0 1.0 8.9 1.45 13.0 1.00 1
3 10 2 16 mc 1250 1250 0.98 10.4 0.9 0.80 1.0 1.0 7.6 1.21 9.2 1.00 1
4 15 2 17 mc 1875 1875 0.97 11.1 0.9 0.85 1.0 1.0 8.6 1.03 8.9 1.00 1
5 20 1 9 mc 2500 2494 0.96 0.45 5.9 0.9 0.95 1.0 1.0 5.1 0.90 4.6 35% 10.5 0.12 0.95 1 0.32 2.5
6 25 2 20 mc 3125 2806 0.94 13.0 0.9 0.95 1.0 1.0 11.3 0.85 9.6 0.90 1
7 30 2 28 mc 3750 3119 0.92 18.2 0.9 1.00 1.0 1.0 16.7 0.80 13.3 0.84 1
8 2 31 mc 0 0 1.00 20.2 0.9 0.75 1.0 1.0 13.9 1.70 1.00 1
9 2 100 mc 0 0 1.00 65.0 0.9 0.75 1.0 1.0 44.7 1.70 1.00 2

Total Liquefaction Settlement (in.)= 0.8
No structure at this location

1. The correction factors CE (Energy Ratio), CB (Borehole Diameter), CR (Rod Length) and CS (Sampling Method-liner) are per Youd et al. (2001).

2. For correction of overburden, CN = 2.2/(1.2 + σv'/Pa) with a maximum value of 1.7 per Kayen et al. (1992) as cited in Youd et al. (2001). 
3. The influence of Fines Contents are expressed by the following correction: (N1)60cs = α + β (N1)60

    where α and β = coefficients determined from the following relationships
      for FC < 5%                  α = 0,                                   β = 1.0

      for 5% < FC < 35%       α = exp(1.76-(190/FC2)),   β = (0.99+(FC1.5/1000))
      for FC > 35%                α = 5.0,                               β = 1.2
Reference:  Liquefaction Resistance of Soils: Summary Report from the 1996 NCEER and 1998 NCEER Workshops on Evaluation of Liquefaction Resistance of Soils,
                   Youd, et al., ASCE Journal of Geotechnical and Geoenvironmental Engineering, October 2001, Vol. 127 No. 10

CYCLIC STRESS RATIO (CSR) LIQUEFACTION RESISTANCE (CRR 7.5 ) F.S.=(CRR 7.5 /CSR)*MSF*Kσ *Kα

γd CSR SPT-Neq. CE CR CS CB N60 CN (N1)60 F.C. (N1)60, CS CRR7.5 Kσ Kα F.S. Volumetric 
Strain (%)



Liquefaction SPT 2011-124-GDR 11/8/2011

LIQUEFACTION POTENTIAL ANALYSIS  

PROJECT NAME Rte I-680 Auxiliary Lane Project - Seg. 2 SOIL GROUPS FAULT INFO
PROJECT NO. 2011-124-GDR 1. GRAVELS, SANDS AND NONPLASTIC SILTS Great Valley Fault
BORING NO. A-11-114 2. CLAYS AND PLASTIC SILTS a max  (g)= 0.72

FAULT M w  = 6.76
BOREHOLE DIA (in)= 5 HAMMER ENERGY = 55%
GW DEPTH (ft)= 15 MSF  = 1.30

Sample Depth Soil Blow Sampler σv σv'
No (ft) Type Count Type (psf) (psf)

1 2 2 24 mc 250 250 1.00 15.6 0.9 0.75 1.0 1.0 10.7 1.66 17.8 1.00 1
2 5 2 34 mc 625 625 0.99 22.1 0.9 0.75 1.0 1.0 15.2 1.45 22.1 1.00 1
3 10 2 30 mc 1250 1250 0.98 19.5 0.9 0.80 1.0 1.0 14.3 1.21 17.2 1.00 1
4 15 2 13 mc 1875 1844 0.97 8.5 0.9 0.85 1.0 1.0 6.6 1.04 6.8 1.00 1
5 20 2 52 mc 2500 2156 0.96 33.8 0.9 0.95 1.0 1.0 29.4 0.97 28.4 0.97 1
6 25 2 26 mc 3125 2469 0.94 16.9 0.9 0.95 1.0 1.0 14.7 0.90 13.3 0.93 1
7 30 2 30 mc 3750 2781 0.92 19.5 0.9 1.00 1.0 1.0 17.9 0.85 15.2 0.88 1
8 35 2 34 mc 4375 3094 0.89 22.1 0.9 1.00 1.0 1.0 20.3 0.80 16.2 0.84 1
9 40 2 45 mc 5000 3406 0.85 29.3 0.9 1.00 1.0 1.0 26.8 0.76 20.3 0.81 1
10 45 1 46 mc 5625 3719 0.80 0.57 29.9 0.9 1.00 1.0 1.0 27.4 0.72 19.7 45% 28.7 0.39 0.78 1 0.71 0.8

Total Liquefaction Settlement (in.)= 0.48

1. The correction factors CE (Energy Ratio), CB (Borehole Diameter), CR (Rod Length) and CS (Sampling Method-liner) are per Youd et al. (2001).

2. For correction of overburden, CN = 2.2/(1.2 + σv'/Pa) with a maximum value of 1.7 per Kayen et al. (1992) as cited in Youd et al. (2001). 
3. The influence of Fines Contents are expressed by the following correction: (N1)60cs = α + β (N1)60

    where α and β = coefficients determined from the following relationships
      for FC < 5%                  α = 0,                                   β = 1.0

      for 5% < FC < 35%       α = exp(1.76-(190/FC2)),   β = (0.99+(FC1.5/1000))
      for FC > 35%                α = 5.0,                               β = 1.2
Reference:  Liquefaction Resistance of Soils: Summary Report from the 1996 NCEER and 1998 NCEER Workshops on Evaluation of Liquefaction Resistance of Soils,
                   Youd, et al., ASCE Journal of Geotechnical and Geoenvironmental Engineering, October 2001, Vol. 127 No. 10

CYCLIC STRESS RATIO (CSR) LIQUEFACTION RESISTANCE (CRR 7.5 ) F.S.=(CRR 7.5 /CSR)*MSF*Kσ *Kα

γd CSR SPT-Neq. CE CR CS CB N60 CN (N1)60 F.C. (N1)60, CS CRR7.5 Kσ Kα F.S. Volumetric 
Strain (%)



Liquefaction SPT 2011-124-GDR 11/8/2011

LIQUEFACTION POTENTIAL ANALYSIS  

PROJECT NAME Rte I-680 Auxiliary Lane Project - Seg. 2 SOIL GROUPS FAULT INFO
PROJECT NO. 2011-124-GDR 1. GRAVELS, SANDS AND NONPLASTIC SILTS Great Valley Fault
BORING NO. A-11-115 2. CLAYS AND PLASTIC SILTS a max  (g)= 0.72

FAULT M w  = 6.76
BOREHOLE DIA (in)= 5 HAMMER ENERGY = 55%
GW DEPTH (ft)= 12 MSF  = 1.30

Sample Depth Soil Blow Sampler σv σv'
No (ft) Type Count Type (psf) (psf)

1 2 2 23 mc 250 250 1.00 15.0 0.9 0.75 1.0 1.0 10.3 1.66 17.1 1.00 1
2 5 2 38 mc 625 625 0.99 24.7 0.9 0.75 1.0 1.0 17.0 1.45 24.7 1.00 1
3 10 2 18 mc 1250 1250 0.98 11.7 0.9 0.80 1.0 1.0 8.6 1.21 10.3 1.00 1
4 15 2 63 mc 1875 1688 0.97 41.0 0.9 0.85 1.0 1.0 31.9 1.08 34.3 1.00 1
5 20 2 27 mc 2500 2000 0.96 17.6 0.9 0.95 1.0 1.0 15.3 1.00 15.3 1.00 1
6 25 1 27 mc 3125 2313 0.94 0.60 17.6 0.9 0.95 1.0 1.0 15.3 0.93 14.3 40% 22.1 0.24 0.95 1 0.51 1.3
7 30 2 36 mc 3750 2625 0.92 23.4 0.9 1.00 1.0 1.0 21.5 0.88 18.8 0.90 1
8 35 2 39 mc 4375 2938 0.89 25.4 0.9 1.00 1.0 1.0 23.2 0.82 19.2 0.86 1
9 2 mc 0 0 1.00 0.0 0.9 0.75 1.0 1.0 0.0 1.70 0.0 1.00 1
10 2 mc 0 0 1.00 0.0 0.9 0.75 1.0 1.0 0.0 1.70 0.0 1.00 1

Total Liquefaction Settlement (in.)= 0.62

1. The correction factors CE (Energy Ratio), CB (Borehole Diameter), CR (Rod Length) and CS (Sampling Method-liner) are per Youd et al. (2001).

2. For correction of overburden, CN = 2.2/(1.2 + σv'/Pa) with a maximum value of 1.7 per Kayen et al. (1992) as cited in Youd et al. (2001). 
3. The influence of Fines Contents are expressed by the following correction: (N1)60cs = α + β (N1)60

    where α and β = coefficients determined from the following relationships
      for FC < 5%                  α = 0,                                   β = 1.0

      for 5% < FC < 35%       α = exp(1.76-(190/FC2)),   β = (0.99+(FC1.5/1000))
      for FC > 35%                α = 5.0,                               β = 1.2
Reference:  Liquefaction Resistance of Soils: Summary Report from the 1996 NCEER and 1998 NCEER Workshops on Evaluation of Liquefaction Resistance of Soils,
                   Youd, et al., ASCE Journal of Geotechnical and Geoenvironmental Engineering, October 2001, Vol. 127 No. 10

CYCLIC STRESS RATIO (CSR) LIQUEFACTION RESISTANCE (CRR 7.5 ) F.S.=(CRR 7.5 /CSR)*MSF*Kσ *Kα

γd CSR SPT-Neq. CE CR CS CB N60 CN (N1)60 F.C. (N1)60, CS CRR7.5 Kσ Kα F.S. Volumetric 
Strain (%)



Liquefaction SPT 2011-124-GDR 11/8/2011

LIQUEFACTION POTENTIAL ANALYSIS  

PROJECT NAME Rte I-680 Auxiliary Lane Project - Seg. 2 SOIL GROUPS FAULT INFO
PROJECT NO. 2011-124-GDR 1. GRAVELS, SANDS AND NONPLASTIC SILTS Great Valley Fault
BORING NO. A-11-120 2. CLAYS AND PLASTIC SILTS a max  (g)= 0.72

FAULT M w  = 6.76
BOREHOLE DIA (in)= 5 HAMMER ENERGY = 55%
GW DEPTH (ft)= 19 MSF  = 1.30

Sample Depth Soil Blow Sampler σv σv'
No (ft) Type Count Type (psf) (psf)

1 2 2 21 mc 250 250 1.00 13.7 0.9 0.75 1.0 1.0 9.4 1.66 15.6 1.00 1
2 5 2 26 mc 625 625 0.99 16.9 0.9 0.75 1.0 1.0 11.6 1.45 16.9 1.00 1
3 10 2 90 mc 1250 1250 0.98 58.5 0.9 0.80 1.0 1.0 42.9 1.21 51.7 1.00 1
4 15 2 41 mc 1875 1875 0.97 26.7 0.9 0.85 1.0 1.0 20.8 1.03 21.4 1.00 1
5 19 1 46 mc 2375 2369 0.96 0.45 29.9 0.9 0.85 1.0 1.0 23.3 0.92 21.5 15% 25.0 0.29 0.93 1 0.79 1.2
6 22 2 46 mc 2750 2556 0.95 29.9 0.9 0.95 1.0 1.0 26.0 0.89 23.1 0.91 1
7 25 2 65 mc 3125 2744 0.94 42.3 0.9 0.95 1.0 1.0 36.8 0.86 0.88 1
8 2 mc 0 0 1.00 0.0 0.9 0.75 1.0 1.0 0.0 1.70 1.00 1
8 2 mc 0 0 1.00 0.0 0.9 0.75 1.0 1.0 0.0 1.70 1.00 2

Total Liquefaction Settlement (in.)= 0.43

1. The correction factors CE (Energy Ratio), CB (Borehole Diameter), CR (Rod Length) and CS (Sampling Method-liner) are per Youd et al. (2001).

2. For correction of overburden, CN = 2.2/(1.2 + σv'/Pa) with a maximum value of 1.7 per Kayen et al. (1992) as cited in Youd et al. (2001). 
3. The influence of Fines Contents are expressed by the following correction: (N1)60cs = α + β (N1)60

    where α and β = coefficients determined from the following relationships
      for FC < 5%                  α = 0,                                   β = 1.0

      for 5% < FC < 35%       α = exp(1.76-(190/FC2)),   β = (0.99+(FC1.5/1000))
      for FC > 35%                α = 5.0,                               β = 1.2
Reference:  Liquefaction Resistance of Soils: Summary Report from the 1996 NCEER and 1998 NCEER Workshops on Evaluation of Liquefaction Resistance of Soils,
                   Youd, et al., ASCE Journal of Geotechnical and Geoenvironmental Engineering, October 2001, Vol. 127 No. 10

CYCLIC STRESS RATIO (CSR) LIQUEFACTION RESISTANCE (CRR 7.5 ) F.S.=(CRR 7.5 /CSR)*MSF*Kσ *Kα

γd CSR SPT-Neq. CE CR CS CB N60 CN (N1)60 F.C. (N1)60, CS CRR7.5 Kσ Kα F.S. Volumetric 
Strain (%)



Liquefaction SPT 2011-124-GDR 11/8/2011

LIQUEFACTION POTENTIAL ANALYSIS  

PROJECT NAME Rte I-680 Auxiliary Lane Project - Seg. 2 SOIL GROUPS FAULT INFO
PROJECT NO. 2011-124-GDR 1. GRAVELS, SANDS AND NONPLASTIC SILTS Great Valley Fault
BORING NO. A-11-122 2. CLAYS AND PLASTIC SILTS a max  (g)= 0.72

FAULT M w  = 6.76
BOREHOLE DIA (in)= 5 HAMMER ENERGY = 55%
GW DEPTH (ft)= 39 MSF  = 1.30

Sample Depth Soil Blow Sampler σv σv'
No (ft) Type Count Type (psf) (psf)

1 2 2 15 mc 250 250 1.00 9.8 0.9 0.75 1.0 1.0 6.7 1.66 11.1 1.00 1
2 5 1 21 mc 625 625 0.99 0.46 13.7 0.9 0.75 1.0 1.0 9.4 1.45 13.7 13.7 0.15 1.00 1
3 10 2 18 mc 1250 1250 0.98 11.7 0.9 0.80 1.0 1.0 8.6 1.21 10.3 1.00 1
4 15 2 22 mc 1875 1875 0.97 14.3 0.9 0.85 1.0 1.0 11.1 1.03 11.5 1.00 1
5 20 2 24 mc 2500 2500 0.96 15.6 0.9 0.95 1.0 1.0 13.6 0.90 12.2 0.93 1
6 25 2 22 mc 3125 3125 0.94 14.3 0.9 0.95 1.0 1.0 12.5 0.80 9.9 0.87 1
7 30 2 22 mc 3750 3750 0.92 14.3 0.9 1.00 1.0 1.0 13.1 0.72 9.4 0.78 1
8 35 2 23 mc 4375 4375 0.89 15.0 0.9 1.00 1.0 1.0 13.7 0.65 8.9 0.73 1
9 40 1 28 mc 5000 4938 0.85 0.40 18.2 0.9 1.00 1.0 1.0 16.7 0.60 10.0 15% 13.0 0.14 0.70 1 0.32 2.1
10 45 1 100 mc 5625 5250 0.80 0.40 65.0 0.9 1.00 1.0 1.0 59.6 0.58 34.3 34.3 0.68 1
11 50 1 100 spt 6250 5563 0.75 0.40 100.0 0.9 1.00 1.2 1.0 110.0 0.55 60.8 60.8 0.66 1

Total Liquefaction Settlement (in.)= 0.50

1. The correction factors CE (Energy Ratio), CB (Borehole Diameter), CR (Rod Length) and CS (Sampling Method-liner) are per Youd et al. (2001).

2. For correction of overburden, CN = 2.2/(1.2 + σv'/Pa) with a maximum value of 1.7 per Kayen et al. (1992) as cited in Youd et al. (2001). 
3. The influence of Fines Contents are expressed by the following correction: (N1)60cs = α + β (N1)60

    where α and β = coefficients determined from the following relationships
      for FC < 5%                  α = 0,                                   β = 1.0

      for 5% < FC < 35%       α = exp(1.76-(190/FC2)),   β = (0.99+(FC1.5/1000))
      for FC > 35%                α = 5.0,                               β = 1.2
Reference:  Liquefaction Resistance of Soils: Summary Report from the 1996 NCEER and 1998 NCEER Workshops on Evaluation of Liquefaction Resistance of Soils,
                   Youd, et al., ASCE Journal of Geotechnical and Geoenvironmental Engineering, October 2001, Vol. 127 No. 10

CYCLIC STRESS RATIO (CSR) LIQUEFACTION RESISTANCE (CRR 7.5 ) F.S.=(CRR 7.5 /CSR)*MSF*Kσ *Kα

γd CSR SPT-Neq. CE CR CS CB N60 CN (N1)60 F.C. (N1)60, CS CRR7.5 Kσ Kα F.S. Volumetric 
Strain (%)



Liquefaction SPT 2011-124-GDR 11/8/2011

LIQUEFACTION POTENTIAL ANALYSIS  

PROJECT NAME Rte I-680 Auxiliary Lane Project - Seg. 2 SOIL GROUPS FAULT INFO
PROJECT NO. 2011-124-GDR 1. GRAVELS, SANDS AND NONPLASTIC SILTS Great Valley Fault
BORING NO. A-11-123 2. CLAYS AND PLASTIC SILTS a max  (g)= 0.72

FAULT M w  = 6.76
BOREHOLE DIA (in)= 5 HAMMER ENERGY = 55%
GW DEPTH (ft)= 28 MSF  = 1.30

Sample Depth Soil Blow Sampler σv σv'
No (ft) Type Count Type (psf) (psf)

1 2 2 20 mc 250 250 1.00 13.0 0.9 0.75 1.0 1.0 8.9 1.66 14.8 1.00 1
2 5 2 18 mc 625 625 0.99 11.7 0.9 0.75 1.0 1.0 8.0 1.45 11.7 1.00 1
3 10 2 39 mc 1250 1250 0.98 25.4 0.9 0.80 1.0 1.0 18.6 1.21 22.4 1.00 1
4 15 2 34 mc 1875 1875 0.97 22.1 0.9 0.85 1.0 1.0 17.2 1.03 17.7 1.00 1
5 20 2 31 mc 2500 2500 0.96 20.2 0.9 0.95 1.0 1.0 17.5 0.90 15.8 0.92 1
6 25 2 44 mc 3125 3125 0.94 28.6 0.9 0.95 1.0 1.0 24.9 0.80 19.8 0.84 1
7 30 1 45 mc 3750 3625 0.92 0.45 29.3 0.9 1.00 1.0 1.0 26.8 0.73 19.6 24% 25.8 0.31 0.79 1 0.71 1.2
8 2 mc 0 0 1.00 0.0 0.9 0.75 1.0 1.0 0.0 1.70 1.00 1
9 2 mc 0 0 1.00 0.0 0.9 0.75 1.0 1.0 0.0 1.70 1.00 2

Total Liquefaction Settlement (in.)= 0.43

1. The correction factors CE (Energy Ratio), CB (Borehole Diameter), CR (Rod Length) and CS (Sampling Method-liner) are per Youd et al. (2001).

2. For correction of overburden, CN = 2.2/(1.2 + σv'/Pa) with a maximum value of 1.7 per Kayen et al. (1992) as cited in Youd et al. (2001). 
3. The influence of Fines Contents are expressed by the following correction: (N1)60cs = α + β (N1)60

    where α and β = coefficients determined from the following relationships
      for FC < 5%                  α = 0,                                   β = 1.0

      for 5% < FC < 35%       α = exp(1.76-(190/FC2)),   β = (0.99+(FC1.5/1000))
      for FC > 35%                α = 5.0,                               β = 1.2
Reference:  Liquefaction Resistance of Soils: Summary Report from the 1996 NCEER and 1998 NCEER Workshops on Evaluation of Liquefaction Resistance of Soils,
                   Youd, et al., ASCE Journal of Geotechnical and Geoenvironmental Engineering, October 2001, Vol. 127 No. 10

CYCLIC STRESS RATIO (CSR) LIQUEFACTION RESISTANCE (CRR 7.5 ) F.S.=(CRR 7.5 /CSR)*MSF*Kσ *Kα

γd CSR SPT-Neq. CE CR CS CB N60 CN (N1)60 F.C. (N1)60, CS CRR7.5 Kσ Kα F.S. Volumetric 
Strain (%)



SETTLEMENT embankment RW4 and RW6 11/8/2011

SETTLEMENT ANALYSIS

PROJECT NAME Rte. 680 Auxiliary Lane Project - Segment 2
PROJECT NO. 2011-124-GDR
BORING NO. A-11-121 RW 4

GROUPS
Embankment H (ft)= 7 Contact Pressure (psf)= 875 Contact Area, B (ft)= 6.5 Cr/Cc= 20.0% 1. GRAVELS AND SANDS 
Unit Weight (pcf)= 125 GW Level (ft)= 28 Contact Area, L (ft)= 600 Ei 55% 2. CLAYS AND SILTS

Plain Strain? (Y/N)= y

BLOW SAMPLER AVG γΤ γ ' σv' ∆σv' Pp

From To COUNT TYPE SPT-N (pcf) (pcf) (psf) (psf) (psf) OC NC SAND Sum

2 0 5 21 MC 13 101.0 101.0 30.5% 253 631.9 6256 0.0303 0.1513 0.544 0.544

2 5 10 32 MC 19 123.0 123.0 23.1% 813 406.3 9533 0.0266 0.1329 0.176 0.176

2 10 15 27 MC 16 118.0 118.0 20.0% 1415 299.3 8044 0.0250 0.1252 0.083 0.083

2 15 20 40 MC 24 125.0 125.0 20.7% 2023 237.0 11917 0.0254 0.1269 0.048 0.048

2 20 25 51 MC 30 117.0 117.0 20.0% 2628 196.1 15194 0.0250 0.1252 0.047 0.047

2 25 30 31 MC 18 123.0 60.6 24.2% 3072 167.3 9235 0.0271 0.1356 0.037 0.037

2 30 35 34 MC 20 125.0 62.6 22.8% 3380 145.8 10129 0.0264 0.1322 0.029 0.029

Estimated Settlement (in)= 1.0 0.0 0.0 0.97

Soil
Type

Depth
ω Cr/1+e0 Cc/1+e0

Settlements (in)



SETTLEMENT embankment RW4 and RW6 11/8/2011

SETTLEMENT ANALYSIS

PROJECT NAME Rte. 680 Auxiliary Lane Project - Segment 2
PROJECT NO. 2011-124-GDR
BORING NO. A-11-122 RW 4

GROUPS
Embankment H (ft)= 7 Contact Pressure (psf)= 875 Contact Area, B (ft)= 6.5 Cr/Cc= 20.0% 1. GRAVELS AND SANDS 
Unit Weight (pcf)= 125 GW Level (ft)= 39 Contact Area, L (ft)= 600 Ei 55% 2. CLAYS AND SILTS

Plain Strain? (Y/N)= y

BLOW SAMPLER AVG γΤ γ ' σv' ∆σv' Pp

From To COUNT TYPE SPT-N (pcf) (pcf) (psf) (psf) (psf) OC NC SAND Sum

2 0 2 15 MC 9 119.0 119.0 21.0% 119 758.3 4469 0.0255 0.1277 0.868 0.868

1 2 5 21 MC 13 119.0 119.0 18.4% 417 568.8

2 5 10 18 MC 11 117.0 117.0 21.4% 888 406.3 5363 0.0257 0.1287 0.164 0.164

2 10 15 22 MC 13 124.0 124.0 21.0% 1490 299.3 6554 0.0255 0.1277 0.080 0.080

2 15 20 24 MC 14 126.0 126.0 19.3% 2115 237.0 7150 0.0247 0.1234 0.068 0.068

2 20 25 22 MC 13 123.0 123.0 19.0% 2738 196.1 6554 0.0245 0.1227 0.044 0.044

2 25 30 22 MC 13 125.0 125.0 19.4% 3358 167.3 6554 0.0247 0.1237 0.031 0.031

2 30 35 23 MC 14 125.0 125.0 25.6% 3983 145.8 6852 0.0278 0.1391 0.026 0.026

2 35 40 28 MC 17 127.0 64.6 24.7% 4457 129.3 8342 0.0274 0.1369 0.020 0.020

Estimated Settlement (in)= 1.3 0.0 0.0 1.30

Soil
Type

Depth
ω Cr/1+e0 Cc/1+e0

Settlements (in)



SETTLEMENT embankment RW4 and RW6 11/8/2011

SETTLEMENT ANALYSIS

PROJECT NAME Rte. 680 Auxiliary Lane Project - Segment 2
PROJECT NO. 2011-124-GDR
BORING NO. A-11-123 RW 4

GROUPS
Embankment H (ft)= 7 Contact Pressure (psf)= 875 Contact Area, B (ft)= 6.5 Cr/Cc= 15.0% 1. GRAVELS AND SANDS 
Unit Weight (pcf)= 125 GW Level (ft)= 29 Contact Area, L (ft)= 600 Ei 55% 2. CLAYS AND SILTS

Plain Strain? (Y/N)= y

BLOW SAMPLER AVG γΤ γ ' σv' ∆σv' Pp

From To COUNT TYPE SPT-N (pcf) (pcf) (psf) (psf) (psf) OC NC SAND Sum

2 0 2 20 MC 12 114.0 114.0 21.1% 114 758.3 5958 0.0192 0.1279 0.884 0.884

2 2 5 18 MC 11 117.0 117.0 23.1% 404 568.8 5363 0.0199 0.1329 0.382 0.382

2 5 10 39 MC 23 125.0 125.0 20.8% 892 406.3 11619 0.0191 0.1272 0.163 0.163

2 10 15 34 MC 20 121.0 121.0 24.8% 1507 299.3 10129 0.0206 0.1371 0.079 0.079

2 15 20 31 MC 18 128.0 128.0 17.6% 2129 237.0 9235 0.0179 0.1192 0.049 0.049

2 20 25 44 MC 26 126.0 126.0 21.4% 2764 196.1 13108 0.0193 0.1287 0.034 0.034

2 25 30 45 MC 27 125.0 62.6 15.0% 3236 167.3 13406 0.0169 0.1126 0.022 0.022

Estimated Settlement (in)= 1.6 0.0 0.0 1.61

Settlements (in)Soil
Type

Depth
ω Cr/1+e0 Cc/1+e0



SETTLEMENT embankment RW4 and RW6 11/8/2011

SETTLEMENT ANALYSIS

PROJECT NAME Rte. 680 Auxiliary Lane Project - Segment 2
PROJECT NO. 2011-124-GDR
BORING NO. A-11-135 RW 6

GROUPS
Embankment H (ft)= 7 Contact Pressure (psf)= 875 Contact Area, B (ft)= 6 Cr/Cc= 15.0% 1. GRAVELS AND SANDS 
Unit Weight (pcf)= 125 GW Level (ft)= 25 Contact Area, L (ft)= 450 Ei 55% 2. CLAYS AND SILTS

Plain Strain? (Y/N)= y

BLOW SAMPLER AVG γΤ γ ' σv' ∆σv' Pp

From To COUNT TYPE SPT-N (pcf) (pcf) (psf) (psf) (psf) OC NC SAND Sum

2 0 2 22 MC 13 125.0 125.0 25.1% 125 750.0 6554 0.0207 0.1379 0.845 0.845

2 2 5 27 MC 16 122.0 122.0 22.3% 433 552.6 8044 0.0196 0.1309 0.357 0.357

2 5 10 36 MC 21 120.0 120.0 24.1% 916 388.9 10725 0.0203 0.1354 0.154 0.154

2 10 15 22 MC 13 120.0 120.0 25.1% 1516 283.8 6554 0.0207 0.1379 0.075 0.075

2 15 20 20 MC 12 120.0 120.0 27.6% 2116 223.4 5958 0.0216 0.1441 0.057 0.057

2 20 25 13 MC 8 120.0 120.0 24.6% 2716 184.2 3873 0.0205 0.1366 0.035 0.035

2 25 30 100 MC 60 120.0 57.6 23.2% 3160 156.7 29792 0.0200 0.1332 0.025 0.025

2 30 35 45 MC 27 125.0 62.6 15.0% 3461 136.4 13406 0.0169 0.1126 0.017 0.017

Estimated Settlement (in)= 1.6 0.0 0.0 1.56

Soil
Type

Depth
ω Cr/1+e0 Cc/1+e0

Settlements (in)



SETTLEMENT embankment RW4 and RW6 11/8/2011

SETTLEMENT ANALYSIS

PROJECT NAME Rte. 680 Auxiliary Lane Project - Segment 2
PROJECT NO. 2011-124-GDR
BORING NO. A-11-136 RW 6

GROUPS
Embankment H (ft)= 7 Contact Pressure (psf)= 875 Contact Area, B (ft)= 6 Cr/Cc= 15.0% 1. GRAVELS AND SANDS 
Unit Weight (pcf)= 125 GW Level (ft)= 32 Contact Area, L (ft)= 450 Ei 55% 2. CLAYS AND SILTS

Plain Strain? (Y/N)= y

BLOW SAMPLER AVG γΤ γ ' σv' ∆σv' Pp

From To COUNT TYPE SPT-N (pcf) (pcf) (psf) (psf) (psf) OC NC SAND Sum

2 0 2 13 MC 8 121.0 121.0 20.8% 121 750.0 3873 0.0191 0.1272 0.857 0.857

2 2 5 21 MC 13 127.0 127.0 18.8% 433 552.6 6256 0.0183 0.1222 0.358 0.358

2 5 10 48 MC 29 126.0 126.0 20.9% 938 388.9 14300 0.0191 0.1274 0.151 0.151

2 10 15 32 MC 19 119.0 119.0 20.8% 1551 283.8 9533 0.0191 0.1272 0.073 0.073

2 15 20 73 MC 43 126.0 126.0 17.8% 2163 223.4 21748 0.0179 0.1197 0.046 0.046

2 20 25 100 MC 60 120.0 120.0 18.8% 2778 184.2 29792 0.0183 0.1222 0.031 0.031

2 25 30 100 MC 60 120.0 120.0 24.2% 3378 156.7 29792 0.0203 0.1356 0.024 0.024

Estimated Settlement (in)= 1.5 0.0 0.0 1.54

Soil
Type

Depth
ω Cr/1+e0 Cc/1+e0

Settlements (in)



SETTLEMENT embankment RW4 and RW6 11/8/2011

SETTLEMENT ANALYSIS

PROJECT NAME Rte. 680 Auxiliary Lane Project - Segment 2
PROJECT NO. 2011-124-GDR
BORING NO. A-11-137 RW 6

GROUPS
Embankment H (ft)= 7 Contact Pressure (psf)= 875 Contact Area, B (ft)= 6 Cr/Cc= 15.0% 1. GRAVELS AND SANDS 
Unit Weight (pcf)= 125 GW Level (ft)= 50 Contact Area, L (ft)= 113 Ei 55% 2. CLAYS AND SILTS

Plain Strain? (Y/N)= y

BLOW SAMPLER AVG γΤ γ ' σv' ∆σv' Pp

From To COUNT TYPE SPT-N (pcf) (pcf) (psf) (psf) (psf) OC NC SAND Sum

2 0 2 24 MC 14 123.0 123.0 20.7% 123 750.0 7150 0.0190 0.1269 0.851 0.851

2 2 5 33 MC 20 128.0 128.0 19.8% 438 552.6 9831 0.0187 0.1247 0.354 0.354

2 5 10 17 MC 10 122.0 122.0 25.5% 935 388.9 5065 0.0208 0.1389 0.151 0.151

2 10 15 42 MC 25 123.0 123.0 18.6% 1548 283.8 12513 0.0182 0.1217 0.073 0.073

2 15 20 33 MC 20 124.0 124.0 23.9% 2165 223.4 9831 0.0202 0.1349 0.052 0.052

2 20 25 25 MC 15 121.0 121.0 26.8% 2778 184.2 7448 0.0213 0.1421 0.036 0.036

2 25 30 31 MC 18 124.0 124.0 24.5% 3390 156.7 9235 0.0205 0.1364 0.024 0.024

2 30 35 31 MC 18 125.0 125.0 24.5% 4013 136.4 9235 0.0205 0.1364 0.018 0.018

Estimated Settlement (in)= 1.6 0.0 0.0 1.56

Soil
Type

Depth
ω Cr/1+e0 Cc/1+e0

Settlements (in)



AL2 BC BCI PA PS AL2 BC BCI PA PS GAL AL2 BC BCI PA PS

1 f 18 230+93 230+94 101 0.052 0.052 0.064 0.064
d 18 230+70 230+93 101 0.052 0.052 0.064 0.064
b 18 230+70 230+70 101 0.052 0.052 0.064 0.064

3 j 18 249+97 251+01 145 0.052 0.052 0.064 0.064
b 18 248+41 251+01 145 0.052 0.052 0.064 0.064
f 18 251+00 251+01 145 0.052 0.052 0.064 0.064
m 18 246+61 248+41 145 0.052 0.052 0.064 0.064

4 e 18 253+33 255+65 145 0.052 0.052 0.064 0.064
6 c 18 266+58 266+92 144 0.052 0.052 0.064 0.064
7 k 24 270+84 274+24 110 0.052 0.052 0.064 0.064 0.064 0.064

i 18 274+24 274+24 110 0.052 0.052 0.064 0.064
g 24 274+24 274+97 110 0.052 0.052 0.064 0.064 0.064 0.064
e 18 274+97 274+97 110 0.052 0.052 0.064 0.064
b 18 274+98 274+98 110 0.052 0.052 0.064 0.064

8 aj 24 293+53 296+33 Ave. 120 + 122 0.052 0.052 0.064 0.064 0.109 0.109 0.064 0.064
ag 24 291+23 293+53 Ave. 120 + 122 0.052 0.052 0.064 0.064 0.109 0.109 0.064 0.064
ae 24 291+00 291+23 Ave. 120 + 122 0.052 0.052 0.064 0.064 0.109 0.109 0.064 0.064
ao 15 291+00 291+00 Ave. 120 + 114 0.052 0.052 0.052 0.064 0.064
ac 18 291+00 291+00 Ave. 120 + 114 0.052 0.052 0.052 0.064 0.064 0.064
z 24 288+99 291+00 Ave. 120 + 114 0.052 0.052 0.052 0.064 0.064 0.064 0.064 0.109 0.109 0.064 0.064
w 24 286+98 288+99 Ave. 120 + 114 0.052 0.052 0.052 0.064 0.064 0.064 0.064 0.109 0.109 0.064 0.064
t 18 286+98 286+98 Ave. 120 + 114 0.052 0.052 0.052 0.064 0.064 0.064
r 24 282+98 286+98 Ave. 120 + 114 0.052 0.052 0.052 0.064 0.064 0.064 0.064 0.109 0.109 0.064 0.064
p 18 282+98 282+98 109 0.052 0.052 0.064 0.064
m 24 281+11 282+98 109 0.079 0.052 0.052 0.079 0.064 0.064 0.109 0.109 0.079 0.064 0.064
k 24 280+90 281+11 109 0.079 0.052 0.052 0.079 0.064 0.064 0.109 0.109 0.079 0.064 0.064
i 24 280+70 280+90 109 0.079 0.052 0.052 0.079 0.064 0.064 0.109 0.109 0.079 0.064 0.064
g 24 278+98 280+80 109 0.079 0.052 0.052 0.079 0.064 0.064 0.109 0.109 0.079 0.064 0.064
e 24 278+98 278+98 109 0.079 0.052 0.052 0.079 0.064 0.064 0.109 0.109 0.079 0.064 0.064
b 24 278+98 278+98 109 0.079 0.052 0.052 0.079 0.064 0.064 0.109 0.109 0.079 0.064 0.064

9 n 18 283+47 283+47 109 0.052 0.052 0.064 0.064
h 18 282+50 283+47 109 0.052 0.052 0.064 0.064
l 18 283+47 283+96 109 0.052 0.052 0.064 0.064
j 18 283+96 284+44 109 0.052 0.052 0.064 0.064
f 18 282+04 282+50 109 0.052 0.052 0.064 0.064
d 18 281+17 282+04 109 0.052 0.052 0.064 0.064
b 18 280+07 281+17 109 0.052 0.052 0.064 0.064

10 d 18 299+53 299+53 118 0.052 0.064 0.064 0.052 0.052 0.064 0.064 0.064 0.064 0.064
11 k 18 303+86 303+86 127 0.052 0.052 0.064 0.064

d 18 303+87 303+87 127 0.052 0.052 0.064 0.064
a 18 303+87 303+87 127 0.052 0.052 0.064 0.064
o 18 300+87 303+87 127 0.052 0.052 0.064 0.064
i 18 303+00 303+86 127 0.052 0.052 0.064 0.064

14 c 18 311+00 311+00 133 0.052 0.052 0.064 0.064
15 d 18 315+53 315+67 143 0.052 0.064 0.064 0.052 0.052 0.064 0.064 0.064 0.064 0.064
17 b 18 315+20 318+74 143 0.052 0.064 0.064 0.052 0.052 0.064 0.064 0.064 0.064 0.064
19 b 18 329+31 329+31 Ave. 137 + 140 0.052 0.052 0.064 0.064

f 18 325+99 329+30 Ave. 137 + 140 0.052 0.052 0.064 0.064
j 18 322+50 325+99 Ave. 137 + 140 0.052 0.052 0.064 0.064

21 b 18 49+74 49+73 142 0.052 0.052 0.064 0.064
23 c 18 242+23 243+16 101 0.052 0.052 0.064 0.064

b 18 243+16 244+17 101 0.052 0.052 0.064 0.064
f 18 243+13 244+80 101 0.052 0.052 0.064 0.064

24 c 18 258+72 259+64 106 0.052 0.052 0.052 0.064 0.064 0.064

Coat Coat Coat

Minimum Thickness (in) Minimum Thickness (in) Minimum Thickness (in)

2 2/3" x 1/2" Corrugations 2 2/3" x 1/2" Corrugations 3/4" x 1" Ribs at 11 1/2" Pitch

Corrugated Steel Pipe - Helical Corrugations Corrugated Steel Pipe - Annual Corrugations Steel Spiral Rib Pipe 

Steel Pipes

Ref. Boring
(A-11-___)

Drainage 
System

Drainage 
System 

Unit

APC 
Diameter 

(in)

Approx. 
Beginning 

Station

Approx. 
End Station
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1 f 18
d 18
b 18

3 j 18
b 18
f 18
m 18

4 e 18
6 c 18
7 k 24

i 18
g 24
e 18
b 18

8 aj 24
ag 24
ae 24
ao 15
ac 18
z 24
w 24
t 18
r 24
p 18
m 24
k 24
i 24
g 24
e 24
b 24

9 n 18
h 18
l 18
j 18
f 18
d 18
b 18

10 d 18
11 k 18

d 18
a 18
o 18
i 18

14 c 18
15 d 18
17 b 18
19 b 18

f 18
j 18

21 b 18
23 c 18

b 18
f 18

24 c 18

Drainage 
System

Drainage 
System 

Unit

APC 
Diameter 

(in)

Corrugated Aluminum 
Pipe - Annular 
Corrugations

Corrugated Aluminum 
Pipe - Helical 
Corrugations

Aluminum 
Spiral Rib Pipe 

Aluminum Spiral 
Rib Pipe 

GAL AL2 BC BCI PA PS GAL AL2 BC BCI PA PS

0.064 0.064 0.064 0.064

0.064 0.064 0.064 0.064

0.109 0.109 0.064 0.064 0.109 0.109 0.064 0.064
0.109 0.109 0.064 0.064 0.109 0.109 0.064 0.064
0.109 0.109 0.064 0.064 0.109 0.109 0.064 0.064

0.06 0.06
0.06 0.06

0.064 0.109 0.109 0.064 0.064 0.064 0.109 0.109 0.064 0.064 0.06 0.06 0.06 0.06
0.064 0.109 0.109 0.064 0.064 0.064 0.109 0.109 0.064 0.064 0.06 0.06 0.06 0.06

0.06 0.06
0.064 0.109 0.109 0.064 0.064 0.064 0.109 0.109 0.064 0.064 0.06 0.06 0.06 0.06

0.109 0.109 0.079 0.064 0.064 0.109 0.109 0.079 0.064 0.064
0.109 0.109 0.079 0.064 0.064 0.109 0.109 0.079 0.064 0.064
0.109 0.109 0.079 0.064 0.064 0.109 0.109 0.079 0.064 0.064
0.109 0.109 0.079 0.064 0.064 0.109 0.109 0.079 0.064 0.064
0.109 0.109 0.079 0.064 0.064 0.109 0.109 0.079 0.064 0.064
0.109 0.109 0.079 0.064 0.064 0.109 0.109 0.079 0.064 0.064

0.06 0.06

0.06 0.06
0.06 0.06

0.06 0.06

Minimum Thickness (in)

Coat

Minimum Thickness (in)

3/4" x 1" Ribs at 8 1/2" Pitch 3/4" x 3/4" Ribs at 7 1/2" Pitch

Minimum Thickness (in)

2 2/3" x 1/2" 
Corrugations

Steel Spiral Rib Pipe  

Steel Pipes Aluminum Pipes

2 2/3" x 1/2" 
Corrugations

3/4" x 1" Ribs at 
11 1/2" Pitch

3/4" x 3/4" Ribs 
at 7 1/2" PitchCoat

Steel Spiral Rib Pipe
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1 f 18
d 18
b 18

3 j 18
b 18
f 18
m 18

4 e 18
6 c 18
7 k 24

i 18
g 24
e 18
b 18

8 aj 24
ag 24
ae 24
ao 15
ac 18
z 24
w 24
t 18
r 24
p 18
m 24
k 24
i 24
g 24
e 24
b 24

9 n 18
h 18
l 18
j 18
f 18
d 18
b 18

10 d 18
11 k 18

d 18
a 18
o 18
i 18

14 c 18
15 d 18
17 b 18
19 b 18

f 18
j 18

21 b 18
23 c 18

b 18
f 18

24 c 18

Drainage 
System

Drainage 
System 

Unit

APC 
Diameter 

(in)

Steel 
Cover (in)

Sacks of 
Cement

Percent of 
Water Soil pH

Minimum 
Soil 

Resistivity 
(ohm-cm)

Sulfate 
Concentration 

(ppm)

Chloride 
Concentration 

(ppm)

Abrasion 
Level

2-5 Year Flow 
Velocity 
(ft/sec)

Design 
Service Life 

(yrs)

Hight of 
Cover (ft)

Allowable Allowable Allowable Allowable Allowable 0.75 5 11.1 7.63 540 198.5 48.2 1 2.27 50 3
Allowable Allowable Allowable Allowable Allowable 0.75 5 11.1 7.63 540 198.5 48.2 1 2.06 50 4.5
Allowable Allowable Allowable Allowable Allowable 0.75 5 11.1 7.63 540 198.5 48.2 1 1.2 50 4.5
Allowable Allowable Allowable Allowable Allowable 0.75 5 11.1 6.99 670 143.1 15.2 1 0.77 50 2
Allowable Allowable Allowable Allowable Allowable 0.75 5 11.1 6.99 670 143.1 15.2 1 1.93 50 4
Allowable Allowable Allowable Allowable Allowable 0.75 5 11.1 6.99 670 143.1 15.2 1 0.99 50 4
Allowable Allowable Allowable Allowable Allowable 0.75 5 11.1 6.99 670 143.1 15.2 1 1.78 50 3.5
Allowable Allowable Allowable Allowable Allowable 0.75 5 11.1 6.99 670 143.1 15.2 1 1.86 50 3
Allowable Allowable Allowable Allowable Allowable 0.75 5 11.1 7.64 830 680.7 38.2 1 1.62 50 4
Allowable Allowable Allowable Allowable Allowable 1 5 11.1 7.56 280 1137.9 71.4 1 2.14 50 9
Allowable Allowable Allowable Allowable Allowable 0.75 5 11.1 7.56 280 1137.9 71.4 1 0.36 50 4
Allowable Allowable Allowable Allowable Allowable 1 5 11.1 7.56 280 1137.9 71.4 1 1.77 50 3.5
Allowable Allowable Allowable Allowable Allowable 0.75 5 11.1 7.56 280 1137.9 71.4 1 1.84 50 3
Allowable Allowable Allowable Allowable Allowable 0.75 5 11.1 7.56 280 1137.9 71.4 1 2.96 50 2
Allowable Allowable Allowable Allowable Allowable 1 5 11.1 7.1 1460 77.6 42.2 1 4.49 50 10.5
Allowable Allowable Allowable Allowable Allowable 1 5 11.1 7.1 1460 77.6 42.2 1 5.83 50 8
Allowable Allowable Allowable Allowable Allowable 1 5 11.1 7.1 1460 77.6 42.2 1 5.81 50 7.5
Allowable 0.75 5 11.1 7.05 1595 29.5 19.5 1 2.42 50 10.5
Allowable Allowable Allowable Allowable Allowable 0.75 5 11.1 7.05 1595 29.5 19.5 1 0.89 50 9
Allowable Allowable Allowable Allowable Allowable 1 5 11.1 7.05 1595 29.5 19.5 1 3.7 50 10
Allowable Allowable Allowable Allowable Allowable 1 5 11.1 7.05 1595 29.5 19.5 1 4.84 50 9.5
Allowable Allowable Allowable Allowable Allowable 0.75 5 11.1 7.05 1595 29.5 19.5 1 0.61 50 6
Allowable Allowable Allowable Allowable Allowable 1 5 11.1 7.05 1595 29.5 19.5 1 4.45 50 6
Allowable Allowable Allowable Allowable Allowable 0.75 5 11.1 7.27 1050 77 39.5 1 2.25 50 4.5
Allowable Allowable Allowable Allowable Allowable 1 5 11.1 7.27 1050 77 39.5 1 3.36 50 4
Allowable Allowable Allowable Allowable Allowable 1 5 11.1 7.27 1050 77 39.5 1 3.34 50 3.5
Allowable Allowable Allowable Allowable Allowable 1 5 11.1 7.27 1050 77 39.5 1 3.08 50 3
Allowable Allowable Allowable Allowable Allowable 1 5 11.1 7.27 1050 77 39.5 1 2.92 50 3
Allowable Allowable Allowable Allowable Allowable 1 5 11.1 7.27 1050 77 39.5 1 1.73 50 3
Allowable Allowable Allowable Allowable Allowable 1 5 11.1 7.27 1050 77 39.5 1 2.41 50 2
Allowable Allowable Allowable Allowable Allowable 0.75 5 11.1 7.27 1050 77 39.5 1 2.28 50 1
Allowable Allowable Allowable Allowable Allowable 0.75 5 11.1 7.27 1050 77 39.5 1 1.86 50 1
Allowable Allowable Allowable Allowable Allowable 0.75 5 11.1 7.27 1050 77 39.5 1 0.39 50 1
Allowable Allowable Allowable Allowable Allowable 0.75 5 11.1 7.27 1050 77 39.5 1 0.65 50 1
Allowable Allowable Allowable Allowable Allowable 0.75 5 11.1 7.27 1050 77 39.5 1 1.72 50 1
Allowable Allowable Allowable Allowable Allowable 0.75 5 11.1 7.27 1050 77 39.5 1 1.91 50 1
Allowable Allowable Allowable Allowable Allowable 0.75 5 11.1 7.27 1050 77 39.5 1 1.66 50 1
Allowable Allowable Allowable Allowable Allowable 0.75 5 11.1 7.56 1980 17.1 8 1 1.9 50 3.5
Allowable Allowable Allowable Allowable Allowable 0.75 5 11.1 7.45 960 12.3 11.9 1 3.71 50 2
Allowable Allowable Allowable Allowable Allowable 0.75 5 11.1 7.45 960 12.3 11.9 1 1.81 50 1
Allowable Allowable Allowable Allowable Allowable 0.75 5 11.1 7.45 960 12.3 11.9 1 1.28 50 5
Allowable Allowable Allowable Allowable Allowable 0.75 5 11.1 7.45 960 12.3 11.9 1 1.77 50 1
Allowable Allowable Allowable Allowable Allowable 0.75 5 11.1 7.45 960 12.3 11.9 1 1.29 50 1
Allowable Allowable Allowable Allowable Allowable 0.75 5 11.1 6.39 1470 79.4 27.1 1 2.63 50 2
Allowable Allowable Allowable Allowable Allowable 0.75 5 11.1 7.47 1930 66.9 14.5 1 1.05 50 3
Allowable Allowable Allowable Allowable Allowable 0.75 5 11.1 7.47 1930 66.9 14.5 1 1.69 50 3.5
Allowable Allowable Allowable Allowable Allowable 0.75 5 11.1 7.56 775 63.9 18.9 1 3.96 50 2.5
Allowable Allowable Allowable Allowable Allowable 0.75 5 11.1 7.56 775 63.9 18.9 1 3.27 50 5
Allowable Allowable Allowable Allowable Allowable 0.75 5 11.1 7.56 775 63.9 18.9 1 3.03 50 4
Allowable Allowable Allowable Allowable Allowable 0.75 5 11.1 6.9 1340 1.6 15.5 1 2.22 50 3
Allowable Allowable Allowable Allowable Allowable 0.75 5 11.1 7.63 540 198.5 48.2 1 2.1 50 3
Allowable Allowable Allowable Allowable Allowable 0.75 5 11.1 7.63 540 198.5 48.2 1 0.87 50 4
Allowable Allowable Allowable Allowable Allowable 0.75 5 11.1 7.63 540 198.5 48.2 1 1.53 50 5.5
Allowable Allowable Allowable Allowable Allowable 0.75 5 11.1 6.97 1660 46.9 26.8 1 0.77 50 5.5

PVC 
Corrugated

PVC 
Ribbed

HDPE 
Corrugated - 

Type S

HDPE 
Ribbed

Other Information

Plastic Pipes

Reinforced Concrete Pipes

HDPE 
Corrugated - 

Type C
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AltPipe
Project EA: 04-CC-680 4.3/6.7
Project Engineer: I-680 Lux Lane Seg. 2
Location: Contra Costa County
Description: PW

DSN/U 1b 1d 1f 3b 3f 3j 3m 4e 6c

Pipe Diameter (in) 18 18 18 18 18 18 18 18 18

Pipe Type Coat Minimum Thickness (in)

Corrugated 
Steel Pipe - 

Helical 
Corrugations 
- 2�" X ½" 

Corrugations

PA 0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052

PS 0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052

Corrugated 
Steel Pipe - 

Annular 
Corrugations 
- 2�" X ½" 

Corrugations

PA 0.064 0.064 0.064 0.064 0.064 0.064 0.064 0.064 0.064

PS 0.064 0.064 0.064 0.064 0.064 0.064 0.064 0.064 0.064

Steel Pipes

 

DSN/U 1b 1d 1f 3b 3f 3j 3m 4e 6c

Pipe 
Diameter

(in)
18 18 18 18 18 18 18 18 18

Pipe Type Availability

PVC 
Corrugated Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable

PVC 
Ribbed Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable

HDPE 
Corrugated 

- Type S
Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable

HDPE 
Ribbed Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable

HDPE 
Corrugated 

- Type C
Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable

Plastic Pipes

 

DSN/U 1b 1d 1f 3b 3f 3j 3m 4e 6c

Pipe 
Diameter

(in)
18 18 18 18 18 18 18 18 18

Steel 
Cover (in) 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75

Reinforced Concrete Pipes

I-680 Aux Lane Seg. 2

PW



DSN/U 1b 1d 1f 3b 3f 3j 3m 4e 6c

Pipe 
Diameter

(in)
18 18 18 18 18 18 18 18 18

Sacks of 
Cement 5 5 5 5 5 5 5 5 5

Percentage 
Water 11.1 11.1 11.1 11.1 11.1 11.1 11.1 11.1 11.1

 

DSN/U 1b 1d 1f 3b 3f 3j 3m 4e 6c

Soil pH 7.63 7.63 7.63 6.99 6.99 6.99 6.99 6.99 7.64

Minimum Soil 
Resistivity 
(ohm-cm)

540 540 540 670 670 670 670 670 830

Sulfate 
Concentration 

(ppm)
198.5 198.5 198.5 143.1 143.1 143.1 143.1 143.1 680.7

Chloride 
Concentration 

(ppm)
48.2 48.2 48.2 15.2 15.2 15.2 15.2 15.2 38.2

Abrasion 
Level 1 1 1 1 1 1 1 1 1

2–5 Year 
Flow Velocity 

(ft/sec)
1.2 2.06 2.27 1.93 0.99 0.77 1.78 1.86 1.62

Design 
Service Life 

(years)
50 50 50 50 50 50 50 50 50

Height of 
Cover (ft) 4.5 4.5 3 4 4 2 3.5 3 4

Other Information
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AltPipe
Project EA: 04-CC-680 4.3/6.7
Project Engineer: I-680 Lux Lane Seg. 2
Location: Contra Costa County
Description: PW

DSN/U 7b 7e 7g 7i 7k 8b 8e 8g 8i

Pipe Diameter (in) 18 18 24 18 24 24 24 24 24

Pipe Type Coat Minimum Thickness (in)

Corrugated 
Steel Pipe - 

Helical 
Corrugations 
- 2�" X ½" 

Corrugations

BCI      0.079 0.079 0.079 0.079

PA 0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052

PS 0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052

Corrugated 
Steel Pipe - 

Annular 
Corrugations 
- 2�" X ½" 

Corrugations

BCI      0.079 0.079 0.079 0.079

PA 0.064 0.064 0.064 0.064 0.064 0.064 0.064 0.064 0.064

PS 0.064 0.064 0.064 0.064 0.064 0.064 0.064 0.064 0.064

Steel Spiral 
Rib Pipe - 

¾" X 1" Ribs 
At 11½" 

Pitch

GAL      0.109 0.109 0.109 0.109

BC      0.109 0.109 0.109 0.109

BCI      0.079 0.079 0.079 0.079

PA   0.064  0.064 0.064 0.064 0.064 0.064

PS   0.064  0.064 0.064 0.064 0.064 0.064

Steel Spiral 
Rib Pipe - 

¾" X 1" Ribs 
At 8½" Pitch

GAL      0.109 0.109 0.109 0.109

BC      0.109 0.109 0.109 0.109

BCI      0.079 0.079 0.079 0.079

PA   0.064  0.064 0.064 0.064 0.064 0.064

PS   0.064  0.064 0.064 0.064 0.064 0.064

Steel Spiral 
Rib Pipe - 
¾" X ¾" 

Ribs At 7½" 
Pitch

GAL      0.109 0.109 0.109 0.109

BC      0.109 0.109 0.109 0.109

BCI      0.079 0.079 0.079 0.079

PA   0.064  0.064 0.064 0.064 0.064 0.064

PS   0.064  0.064 0.064 0.064 0.064 0.064

Steel Pipes

 

DSN/U 7b 7e 7g 7i 7k 8b 8e 8g 8i

Pipe 
Diameter

(in)
18 18 24 18 24 24 24 24 24

Pipe Type Availability

PVC 
Corrugated Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable

Plastic Pipes

PW

I-680 Aux Lane Seg. 2



DSN/U 7b 7e 7g 7i 7k 8b 8e 8g 8i

Pipe 
Diameter

(in)
18 18 24 18 24 24 24 24 24

Pipe Type Availability

PVC 
Ribbed Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable

HDPE 
Corrugated 

- Type S
Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable

HDPE 
Ribbed Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable

HDPE 
Corrugated 

- Type C
Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable

 

DSN/U 7b 7e 7g 7i 7k 8b 8e 8g 8i

Pipe 
Diameter

(in)
18 18 24 18 24 24 24 24 24

Steel 
Cover (in) 0.75 0.75 1 0.75 1 1 1 1 1

Sacks of 
Cement 5 5 5 5 5 5 5 5 5

Percentage 
Water 11.1 11.1 11.1 11.1 11.1 11.1 11.1 11.1 11.1

Reinforced Concrete Pipes

 

DSN/U 7b 7e 7g 7i 7k 8b 8e 8g 8i

Soil pH 7.56 7.56 7.56 7.56 7.56 7.27 7.27 7.27 7.27

Minimum Soil 
Resistivity 
(ohm-cm)

280 280 280 280 280 1050 1050 1050 1050

Sulfate 
Concentration 

(ppm)
1137.9 1137.9 1137.9 1137.9 1137.9 77 77 77 77

Chloride 
Concentration 

(ppm)
71.4 71.4 71.4 71.4 71.4 39.5 39.5 39.5 39.5

Abrasion 
Level 1 1 1 1 1 1 1 1 1

2–5 Year 
Flow Velocity 

(ft/sec)
2.96 1.84 1.77 0.36 2.14 2.41 1.73 2.92 3.08

Design 
Service Life 

(years)
50 50 50 50 50 50 50 50 50

Height of 
Cover (ft) 2 3 3.5 4 9 2 3 3 3

Other Information

 



AltPipe
Project EA: 04-CC-680 4.3/6.7
Project Engineer: I-680 Lux Lane Seg. 2
Location: Contra Costa County
Description: PW

DSN/U 8k 8m 8p 8r 8t 8w 8z 8ac 8ao

Pipe Diameter (in) 24 24 18 24 18 24 24 18 15

Pipe Type Coat Minimum Thickness (in)

Corrugated 
Steel Pipe - 

Helical 
Corrugations 
- 2�" X ½" 

Corrugations

AL2    0.052 0.052 0.052 0.052 0.052 0.052

BCI 0.079 0.079        

PA 0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052

PS 0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052

Corrugated 
Steel Pipe - 

Annular 
Corrugations 
- 2�" X ½" 

Corrugations

AL2    0.064 0.064 0.064 0.064 0.064  

BCI 0.079 0.079        

PA 0.064 0.064 0.064 0.064 0.064 0.064 0.064 0.064  

PS 0.064 0.064 0.064 0.064 0.064 0.064 0.064 0.064  

Steel Spiral 
Rib Pipe - 

¾" X 1" Ribs 
At 11½" 

Pitch

GAL 0.109 0.109        

AL2    0.064  0.064 0.064   

BC 0.109 0.109  0.109  0.109 0.109   

BCI 0.079 0.079  0.109  0.109 0.109   

PA 0.064 0.064  0.064  0.064 0.064   

PS 0.064 0.064  0.064  0.064 0.064   

Steel Spiral 
Rib Pipe - 

¾" X 1" Ribs 
At 8½" Pitch

GAL 0.109 0.109        

AL2    0.064  0.064 0.064   

BC 0.109 0.109  0.109  0.109 0.109   

BCI 0.079 0.079  0.109  0.109 0.109   

PA 0.064 0.064  0.064  0.064 0.064   

PS 0.064 0.064  0.064  0.064 0.064   

Steel Spiral 
Rib Pipe - 
¾" X ¾" 

Ribs At 7½" 
Pitch

GAL 0.109 0.109        

AL2    0.064  0.064 0.064   

BC 0.109 0.109  0.109  0.109 0.109   

BCI 0.079 0.079  0.109  0.109 0.109   

PA 0.064 0.064  0.064  0.064 0.064   

PS 0.064 0.064  0.064  0.064 0.064   

Steel Pipes

 

Aluminum Pipes

I-680 Aux Lane Seg. 2

PW



DSN/U 8k 8m 8p 8r 8t 8w 8z 8ac 8ao

Pipe
Diameter

(in)
24 24 18 24 18 24 24 18 15

Pipe Type Minimum Thickness (in)

Corrugated 
Aluminum 

Pipe - 
Annular 

Corrugations 
- 2�" X ½" 

Corrugations

   0.060 0.060 0.060 0.060 0.060 0.060

Corrugated 
Aluminum 

Pipe - 
Helical 

Corrugations 
- 2�" X ½" 

Corrugations

   0.060 0.060 0.060 0.060 0.060 0.060

Aluminum 
Spiral Rib 

Pipe - ¾" X 
1" Ribs At 
11½" Pitch

   0.060  0.060 0.060   

Aluminum 
Spiral Rib 

Pipe - ¾" X 
¾" Ribs At 
7½" Pitch

   0.060  0.060 0.060   

 

DSN/U 8k 8m 8p 8r 8t 8w 8z 8ac 8ao

Pipe 
Diameter

(in)
24 24 18 24 18 24 24 18 15

Pipe Type Availability

PVC 
Corrugated Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable

PVC 
Ribbed Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable  

HDPE 
Corrugated 

- Type S
Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable  

HDPE 
Ribbed Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable  

HDPE 
Corrugated 

- Type C
Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable  

Plastic Pipes

 

Reinforced Concrete Pipes



DSN/U 8k 8m 8p 8r 8t 8w 8z 8ac 8ao

Pipe 
Diameter

(in)
24 24 18 24 18 24 24 18 15

Steel 
Cover (in) 1 1 0.75 1 0.75 1 1 0.75 0.75

Sacks of 
Cement 5 5 5 5 5 5 5 5 5

Percentage 
Water 11.1 11.1 11.1 11.1 11.1 11.1 11.1 11.1 11.1

 

DSN/U 8k 8m 8p 8r 8t 8w 8z 8ac 8ao

Soil pH 7.27 7.27 7.27 7.05 7.05 7.05 7.05 7.05 7.05

Minimum Soil 
Resistivity 
(ohm-cm)

1050 1050 1050 1595 1595 1595 1595 1595 1595

Sulfate 
Concentration 

(ppm)
77 77 77 29.5 29.5 29.5 29.5 29.5 29.5

Chloride 
Concentration 

(ppm)
39.5 39.5 39.5 19.5 19.5 19.5 19.5 19.5 19.5

Abrasion 
Level 1 1 1 1 1 1 1 1 1

2–5 Year 
Flow Velocity 

(ft/sec)
3.34 3.36 2.25 4.45 0.61 4.84 3.7 0.89 2.42

Design 
Service Life 

(years)
50 50 50 50 50 50 50 50 50

Height of 
Cover (ft) 3.5 4 4.5 6 6 9.5 10 9 10.5

Other Information
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AltPipe
Project EA: 04-CC-680 4.3/6.7
Project Engineer: I-680 Lux Lane Seg. 2
Location: Contra Costa County
Description: PW

DSN/U 8ae 8ag 8aj 9b 9d 9f 9j 9l

Pipe Diameter (in) 24 24 24 18 18 18 18 18

Pipe Type Coat Minimum Thickness (in)

Corrugated 
Steel Pipe - 

Helical 
Corrugations 
- 2�" X ½" 

Corrugations

PA 0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052

PS 0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052

Corrugated 
Steel Pipe - 

Annular 
Corrugations 
- 2�" X ½" 

Corrugations

PA 0.064 0.064 0.064 0.064 0.064 0.064 0.064 0.064

PS 0.064 0.064 0.064 0.064 0.064 0.064 0.064 0.064

Steel Spiral 
Rib Pipe - 

¾" X 1" Ribs 
At 11½" 

Pitch

BC 0.109 0.109 0.109      

BCI 0.109 0.109 0.109      

PA 0.064 0.064 0.064      

PS 0.064 0.064 0.064      

Steel Spiral 
Rib Pipe - 

¾" X 1" Ribs 
At 8½" Pitch

BC 0.109 0.109 0.109      

BCI 0.109 0.109 0.109      

PA 0.064 0.064 0.064      

PS 0.064 0.064 0.064      

Steel Spiral 
Rib Pipe - 
¾" X ¾" 

Ribs At 7½" 
Pitch

BC 0.109 0.109 0.109      

BCI 0.109 0.109 0.109      

PA 0.064 0.064 0.064      

PS 0.064 0.064 0.064      

Steel Pipes

 

DSN/U 8ae 8ag 8aj 9b 9d 9f 9j 9l

Pipe 
Diameter

(in)
24 24 24 18 18 18 18 18

Pipe Type Availability

PVC 
Corrugated Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable

PVC 
Ribbed Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable

Plastic Pipes

I-680 Aux Lane Seg. 2

PW



DSN/U 8ae 8ag 8aj 9b 9d 9f 9j 9l

Pipe 
Diameter

(in)
24 24 24 18 18 18 18 18

Pipe Type Availability

HDPE 
Corrugated 

- Type S
Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable

HDPE 
Ribbed Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable

HDPE 
Corrugated 

- Type C
Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable

 

DSN/U 8ae 8ag 8aj 9b 9d 9f 9j 9l

Pipe 
Diameter

(in)
24 24 24 18 18 18 18 18

Steel 
Cover (in) 1 1 1 0.75 0.75 0.75 0.75 0.75

Sacks of 
Cement 5 5 5 5 5 5 5 5

Percentage 
Water 11.1 11.1 11.1 11.1 11.1 11.1 11.1 11.1

Reinforced Concrete Pipes

 

DSN/U 8ae 8ag 8aj 9b 9d 9f 9j 9l

Soil pH 7.1 7.1 7.1 7.27 7.27 7.27 7.27 7.27

Minimum Soil 
Resistivity 
(ohm-cm)

1460 1460 1460 1050 1050 1050 1050 1050

Sulfate 
Concentration 

(ppm)
77.6 77.6 77.6 77 77 77 77 77

Chloride 
Concentration 

(ppm)
42.2 42.2 42.2 39.5 39.5 39.5 39.5 39.5

Abrasion 
Level 1 1 1 1 1 1 1 1

2–5 Year 
Flow Velocity 

(ft/sec)
5.81 5.83 4.49 1.66 1.91 1.72 0.65 0.39

Design 
Service Life 

(years)
50 50 50 50 50 50 50 50

Height of 
Cover (ft) 7.5 8 10.5 2 2 2 2 2

Other Information
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AltPipe
Project EA: 04-CC-680 4.3/6.7
Project Engineer: I-680 Lux Lane Seg. 2
Location: Contra Costa County
Description: PW

DSN/U 9h 9n 10d 11a 11d 11i 11k 11o

Pipe Diameter (in) 18 18 18 18 18 18 18 18

Pipe Type Coat Minimum Thickness (in)

Corrugated 
Steel Pipe - 

Helical 
Corrugations 
- 2�" X ½" 

Corrugations

AL2   0.052      

BC   0.064      

BCI   0.064      

PA 0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052

PS 0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052

Corrugated 
Steel Pipe - 

Annular 
Corrugations 
- 2�" X ½" 

Corrugations

AL2   0.064      

BC   0.064      

BCI   0.064      

PA 0.064 0.064 0.064 0.064 0.064 0.064 0.064 0.064

PS 0.064 0.064 0.064 0.064 0.064 0.064 0.064 0.064

Steel Pipes

 

DSN/U 9h 9n 10d 11a 11d 11i 11k 11o

Pipe
Diameter

(in)
18 18 18 18 18 18 18 18

Pipe Type Minimum Thickness (in)

Corrugated 
Aluminum 

Pipe - 
Annular 

Corrugations 
- 2�" X ½" 

Corrugations

  0.060      

Corrugated 
Aluminum 

Pipe - 
Helical 

Corrugations 
- 2�" X ½" 

Corrugations

  0.060      

Aluminum Pipes

 

Plastic Pipes

I-680 Aux Lane Seg. 2

PW



DSN/U 9h 9n 10d 11a 11d 11i 11k 11o

Pipe 
Diameter

(in)
18 18 18 18 18 18 18 18

Pipe Type Availability

PVC 
Corrugated Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable

PVC 
Ribbed Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable

HDPE 
Corrugated 

- Type S
Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable

HDPE 
Ribbed Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable

HDPE 
Corrugated 

- Type C
Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable

 

DSN/U 9h 9n 10d 11a 11d 11i 11k 11o

Pipe 
Diameter

(in)
18 18 18 18 18 18 18 18

Steel 
Cover (in) 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75

Sacks of 
Cement 5 5 5 5 5 5 5 5

Percentage 
Water 11.1 11.1 11.1 11.1 11.1 11.1 11.1 11.1

Reinforced Concrete Pipes

 

DSN/U 9h 9n 10d 11a 11d 11i 11k 11o

Soil pH 7.27 7.27 7.56 7.45 7.45 7.45 7.45 7.45

Minimum Soil 
Resistivity 
(ohm-cm)

1050 1050 1980 960 960 960 960 960

Sulfate 
Concentration 

(ppm)
77 77 17.1 12.3 12.3 12.3 12.3 12.3

Chloride 
Concentration 

(ppm)
39.5 39.5 8 11.9 11.9 11.9 11.9 11.9

Abrasion 
Level 1 1 1 1 1 1 1 1

2–5 Year 
Flow Velocity 

(ft/sec)
1.86 2.28 1.90 1.28 1.81 1.29 3.71 1.77

Design 
Service Life 

(years)
50 50 50 50 50 50 50 50

Height of 
Cover (ft) 2 2 3.5 5 2 2 2 2

Other Information



AltPipe
Project EA: 04-CC-680 4.3/6.7
Project Engineer: I-680 Lux Lane Seg. 2
Location: Contra Costa County
Description: PW

DSN/U 14c 15d 17b 19b 19f 19j 21b

Pipe Diameter (in) 18 18 18 18 18 18 18

Pipe Type Coat Minimum Thickness (in)

Corrugated 
Steel Pipe - 

Helical 
Corrugations 
- 2�" X ½" 

Corrugations

AL2  0.052 0.052     

BC  0.064 0.064     

BCI  0.064 0.064     

PA 0.052 0.052 0.052 0.052 0.052 0.052 0.052

PS 0.052 0.052 0.052 0.052 0.052 0.052 0.052

Corrugated 
Steel Pipe - 

Annular 
Corrugations 
- 2�" X ½" 

Corrugations

AL2  0.064 0.064     

BC  0.064 0.064     

BCI  0.064 0.064     

PA 0.064 0.064 0.064 0.064 0.064 0.064 0.064

PS 0.064 0.064 0.064 0.064 0.064 0.064 0.064

Steel Pipes

 

DSN/U 14c 15d 17b 19b 19f 19j 21b

Pipe
Diameter

(in)
18 18 18 18 18 18 18

Pipe Type Minimum Thickness (in)

Corrugated 
Aluminum 

Pipe - 
Annular 

Corrugations 
- 2�" X ½" 

Corrugations

 0.060 0.060     

Corrugated 
Aluminum 

Pipe - 
Helical 

Corrugations 
- 2�" X ½" 

Corrugations

 0.060 0.060     

Aluminum Pipes

 

Plastic Pipes

I-680 Aux Lane Seg. 2

PW



DSN/U 14c 15d 17b 19b 19f 19j 21b

Pipe 
Diameter

(in)
18 18 18 18 18 18 18

Pipe Type Availability

PVC 
Corrugated Allowable Allowable Allowable Allowable Allowable Allowable Allowable

PVC 
Ribbed Allowable Allowable Allowable Allowable Allowable Allowable Allowable

HDPE 
Corrugated 

- Type S
Allowable Allowable Allowable Allowable Allowable Allowable Allowable

HDPE 
Ribbed Allowable Allowable Allowable Allowable Allowable Allowable Allowable

HDPE 
Corrugated 

- Type C
Allowable Allowable Allowable Allowable Allowable Allowable Allowable

 

DSN/U 14c 15d 17b 19b 19f 19j 21b

Pipe 
Diameter

(in)
18 18 18 18 18 18 18

Steel 
Cover (in) 0.75 0.75 0.75 0.75 0.75 0.75 0.75

Sacks of 
Cement 5 5 5 5 5 5 5

Percentage 
Water 11.1 11.1 11.1 11.1 11.1 11.1 11.1

Reinforced Concrete Pipes

 

DSN/U 14c 15d 17b 19b 19f 19j 21b

Soil pH 6.39 7.47 7.47 7.56 7.56 7.56 6.9

Minimum Soil 
Resistivity 
(ohm-cm)

1470 1930 1930 775 775 775 1340

Sulfate 
Concentration 

(ppm)
79.4 66.9 66.9 63.9 63.9 63.9 1.6

Chloride 
Concentration 

(ppm)
27.1 14.5 14.5 18.9 18.9 18.9 15.5

Abrasion 
Level 1 1 1 1 1 1 1

2–5 Year 
Flow Velocity 

(ft/sec)
2.63 1.05 1.69 3.96 3.27 3.03 2.22

Design 
Service Life 

(years)
50 50 50 50 50 50 50

Height of 
Cover (ft) 2 3 3.5 2.5 5 4 3

Other Information



AltPipe
Project EA: 04-CC-680 4.3/6.7
Project Engineer: PW
Location: Contra Costa County
Description: I-680 Lux Lane Seg. 2

DSN/U 23b 23c 23f 24c

Pipe Diameter (in) 18 18 18 18

Pipe Type Coat Minimum Thickness (in)

Corrugated Steel Pipe - Helical 
Corrugations - 2�" X ½" Corrugations

AL2    0.052

PA 0.052 0.052 0.052 0.052

PS 0.052 0.052 0.052 0.052

Corrugated Steel Pipe - Annular 
Corrugations - 2�" X ½" Corrugations

AL2    0.064

PA 0.064 0.064 0.064 0.064

PS 0.064 0.064 0.064 0.064

Steel Pipes

 

DSN/U 23b 23c 23f 24c

Pipe Diameter (in) 18 18 18 18

Pipe Type Minimum Thickness (in)

Corrugated Aluminum Pipe - Annular 
Corrugations - 2�" X ½" Corrugations    0.060

Corrugated Aluminum Pipe - Helical 
Corrugations - 2�" X ½" Corrugations    0.060

Aluminum Pipes

 

DSN/U 23b 23c 23f 24c

Pipe Diameter (in) 18 18 18 18

Pipe Type Availability

PVC Corrugated Allowable Allowable Allowable Allowable

PVC Ribbed Allowable Allowable Allowable Allowable

HDPE Corrugated - Type S Allowable Allowable Allowable Allowable

HDPE Ribbed Allowable Allowable Allowable Allowable

HDPE Corrugated - Type C Allowable Allowable Allowable Allowable

Plastic Pipes

 

DSN/U 23b 23c 23f 24c

Pipe Diameter (in) 18 18 18 18

Steel Cover (in) 0.75 0.75 0.75 0.75

Sacks of Cement 5 5 5 5

Percentage Water 11.1 11.1 11.1 11.1

Reinforced Concrete Pipes

I-680 Aux Lane Seg. 2



 

DSN/U 23b 23c 23f 24c

Soil pH 7.63 7.63 7.63 6.97

Minimum Soil Resistivity (ohm-cm) 540 540 540 1660

Sulfate Concentration (ppm) 198.5 198.5 198.5 46.9

Chloride Concentration (ppm) 48.2 48.2 48.2 26.8

Abrasion Level 1 1 1 1

2–5 Year Flow Velocity (ft/sec) 0.87 2.10 1.53 0.77

Design Service Life (years) 50 50 50 50

Height of Cover (ft) 4 3 5.5 5.5

Other Information
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APPENDIX D 
 

 

 

 

 



TYPICAL CROSS SECTIONS

X-1
NO SCALE

3. FOR LIMITS AND TYPES OF DIKE AND MBGR, SEE LAYOUT SHEETS.

ETWETW ESESR/W R/W

CL

3
2 1 2

3

SOUTHBOUND NORTHBOUND

OG

MBGRExist CB

ETW

Exist

ETW

Exist

Var

12’ TO 24’

Var

31.9’ TO 33.9’

Var
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To: Mark Thomas and Company, Inc.    
3000 Oak Road, Suite 650     
Walnut Creek, CA 94597 
 

Date: March 23, 2012 
Job No.: 2011-124-GDR  

Attn.: Mr. Sasha Dansky 
 

From:  Peter Haoli Wei, P.E., G.E.; Gary Parikh, P.E., G.E. 666  
 

Sub:   Responses to Caltrans Review Comments 
Route 680 Auxiliary Lane Project - Segment 2  
Contra Costa County, California 

 
 
Mr. Dansky: 
 
This memorandum presents our responses to the review comments by Caltrans on the draft 

Geotechnical Design and Materials Report (GDMR) dated November 23, 2011 for the subject 

project in Contra Costa County, California.  

 

The following references are comments as received from Caltrans: 

 

Reference Item 1: Memorandum dated December 19, 2011 from Engineering Services I – 

Materials A, 

Reference Item 2: E-mail dated January 5, 2012 from Hydraulics, 

Reference Item 3: E-mail dated January 11, 2012 from Geology, and 

Reference Item 4:

 

 E-mail dated January 17, 2012 from Materials. 

Reference Item 1 
 

Comment 1: 

Section 8.5.1 Corrosion Investigation 

• The results and summary of Alt Pipe program should be included in the report.  They 

should include the thickness of the pipe/culvert and the type of material. 

http://www.parikhnet.com/�
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PCI Response 1: 

AltPipe analysis was performed using the Caltrans online program Alternative Pipe Version 

6.09.  A summary table has been forwarded to the Designer.  The computer AltPipe analysis 

results and summary table will be included in the revised report.  

 

Comment 2: 

Section 9 Table 14: Summary of Test Results on Subgrade Soil 

• The table does not show all the test results for 1) Atterberg Limits, 2) R-Value, 3) 

Compressive Strength (Lime Treated).  All the boring locations should provide these tests 

results to get the “balanced design” in selecting the appropriate R-Value and to set the 

correct limits of subgrade lime treatment. 

 

PCI Response 2: 

Prior to laboratory testing, all bulk soil samples collected were visually reexamined and 

classified in the lab and those samples showing alike characteristics in the same area were 

grouped together (screening).  This is our normal process for all samples before assigning 

specific laboratory tests.  The R-value and Atterberg Limits tests were assigned to representative 

samples.  Based on the test results, the pavement alignment was grouped into lime treatment (R-

value < 10) and no lime treatment (R-value >= 10) sections.  Additional R-value tests were 

conducted on three soil samples (R-3, R-18 and R-20) and the test results will be added into 

Table 12 (Table 14 in the draft report): Summary of Test Results on Subgrade Soil.   The 

additional tests produced R-values ranging from 10 to 12, which supports the previously 

established limits for lime treatment and no lime treatment sections.  Based on this additional 

refinement, we are of the opinion that we have reasonable data to group the two areas as 

recommended. 
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Comment 3: 

Section 9.3 Recommended Structural Pavement Section 

• A Traffic Index (TI) of 13.5 was provided by the Designer. You should specify how 

many years is the TI.  More importantly, Caltrans Advance Planning and Traffic 

Forecasting should verify if the TI=13.5 is appropriate for these auxiliary lanes. 

 

PCI Response 3: 

Refer to response to Comment 1 of Reference Item 4, TI of 13.5 is for 20 years of design life and 

TI of 14.5 is for 40 years of design life.  

 

Reference Item 2 
 

Comment 1: 

Please include an APC recommendation along with the AltPipe calculations. 

 

PCI Response 1: 

The Designer, Mark Thomas & Company, Inc. is to address this comment.  We performed 

AltPipe analyses and the results have been forwarded to the Designer and will be included in the 

revised report. 

 

Reference Item 3 
 

Comment 1: 

Site Plans do not label the locations of the retaining walls, sound walls and overhead sign. Please 

correct. 

 

PCI Response 1: 

The locations of above-mentioned structures will be indicated on the Site Plans in the revised 

report. 



Mark Thomas and Company, Inc. 
Job No: 2011-124-GDR 
March 23, 2012 
Page 4 

 

Comment 2: 

Page 6 – Section 4.4 Regional Geology and Seismicity reads: “…Coast Range geomorphic 

province…terminates…on the north by South Fork Mountain.”  The coast range province 

extends into Oregon and South Fork Mountain is north of the Great Valley Province.  Please 

correct. 

 

PCI Response 2: 

The phrase will be corrected in the revised report. 

 

Comment 3: 

Page 13 – Section 7.1.1 Lithology states “…The subject was considered and was determined to 

be not applicable for the project.”  Rock was encountered in numerous borings, so it is 

applicable, please describe. 

 

PCI Response 3: 

Discussions on Lithology will be included in the revised report. 

 

Comment 4: 

Page 13 – Section 7.2 Subsurface – Sound walls presents approximate depths at 25.5 to 31.5 feet, 

actual depths 26.5 to 31.5 feet. 

 

PCI Response 4: 

Borings A-11-101 through A-11-104 were drilled to depths ranging from 25.5 to 31.5 feet for 

Sound Wall No. 1.  The report will be amended to reflect correct depths. 

 

Comment 5: 

Page 17 – Section 7.2 Subsurface – Retaining wall No. 2 presents approximate shallow depth at 

26.5, but boring A-11-110 is 16.5 feet deep. 
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PCI Response 5:  

Discussions on subsurface conditions beneath the retaining walls will be included in a separate 

Foundation Report for retaining walls. 

 

Comment 6: 

Page 19-20 – Section 7.2 Structural Pavement Sections – the lab data for 21, 5 feet borings is not 

included. 

 

PCI Response 6: 

The laboratory test data is presented in Table 14 in draft GDMR:  Summary of Test Results on 

Subgrade Soil in the revised report.  Table 14 will be changed to Table 12 with additional data in 

the revised report. 

 

Comment 7: 

Page 21 – Section 7.3.2 Groundwater – Boring A-11-145 is mentioned in Table 6: Summary of 

Groundwater Information, this boring log is not attached. 

 

PCI Response 7: 

Boring A-11-145 was originally drilled for overhead sign structure at approximate Sta. 248+00 

southbound.  Since the associated structure has been removed from the modified plan, the boring 

log was removed from the LOTBs too.  The boring log of A-11-145 will be presented in the 

LOTBs in the revised report. 

 

Comment 8: 

Page 22 – Section 7.4.1 Ground Motions – Table 7 – Greenville Fault Zone (March Creek – 

Greenville section) is stated at 8.8 miles from the project site, it is 9.8 miles from the project site. 

Greenville Fault Zone (Clayton section) is 8.8 miles from the project site. 
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PCI Response 8: 

Table 7 will be revised to show Greenville Fault Zone, Clayton section, Fault ID 351 (8.8 mi) 

and Marsh Creek – Greenville section, Fault ID 352 (9.8 mi). 

 

 Reference Item 4 
 

Comment 1: 

The GDMR should provide pavement design options for both the 20 year (TI=13.5) and 40 year 

(TI=14.5) PCCP design. 

 

PCI Response 1: 

The PCCP pavement design option for 20 years (TI=13.5) is presented in the draft GDMR.  We 

have provided a memorandum including recommendations for both PCCP pavement design 

options for 20-year (TI=13.5) and 40-year (TI = 14.5) design life.  The recommendations will be 

included in the revised report.  

 

Comment 2: 

Then the designer should run a Life Cycle Cost Analysis (LCCA) between the 20-year and 40-

year PCCP design that will be provided in the GDMR.  The design period for this project should 

depend on the lowest LCCA (costs) between the two PCCP designs. 

 

PCI Response 2: 

The Designer, Mark Thomas & Company, Inc. is to address this comment. 
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MATERIALS TESTING JOB NO.: 2011-124-WAL

ROUTE 680 AUXILIARY LANE PROJECT - SEGMENT 2 
CONTRA COSTA COUNTY, CALIFORNIA

PLATE NO.: 4A

Source: 2007 Caltrans Deterministic PGA Map
Legend
351 - Greenville fault zone (Clayton section) (Mmax = 6.6)
352 - Greenville fault zone (Marsh Creek - Greenville section) (Mmax=6.6)
150 - Mount Diable Thrust (Mmax=6.6)
216 - Pleasanton fault (Mmax=6.7)
321 - Calaveras fault zone (Northern Calaveras section) (Mmax=7.4)
354 - Hayward fault zone (Southern Hayward section) (Mmax=7.3) FAULT MAP

Approximate
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Site Information Recommended Response Spectrum

Latitude: 37.7925

Longitude -121.9829

VS30 (m/s) = 305 0.0 0.721 1.000 1.000 0.721

Z 1.0 (m) = N/A 0.1 1.187 1.000 1.000 1.187

Z 2.5 (km) = N/A 0.2 1.419 1.000 1.000 1.419

0.3 1.511 1.000 1.000 1.511

2.8 0.5 1.463 1.000 1.000 1.463

1.0 0.994 1.200 1.000 1.193

2.0 0.523 1.200 1.000 0.628

3.0 0.320 1.200 1.000 0.384

Governing Curve: 4.0 0.224 1.200 1.000 0.269

Envelope of: 5.0 0.175 1.200 1.000 0.210

Source:

1. Caltrans ARS Online tool (V.1.0.4, http://dap3.dot.ca.gov/shake_stable/)

2. USGS Deaggregation 2008 beta (http://eqint.cr.usgs.gov/deaggint/2008/index.php)

3. Caltrans Geotechnical Services Design Manual (Version 1.0) 

Note:

Refer to "Probablistic Response Spectum Spreadsheet" (attached) for development of the recommended ARS curve.

PARIKH CONSULTANTS, INC.
GEOTECHNICAL ENGINEERING
MATERIALS TESTING Project No.: 2011-124-WAL Plate No.: 5

Rte. 680 Auxiliary Lane Project - Seg. 2

Final Adjusted 
Spectral 

Acceleration (g)
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Basin Effect

Adjusted for 
Near Fault Effect

SA Base 
Spectrum (g)

(1) Calaveras fault zone (Northern Calaveras section) (Fault ID: 321, Fault Type: RLSS)

(2) Caltrans ARS Online Probablistic Curve
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APPENDIX B 
 

 

 

 

 



 
LABORATORY TESTS 

 
Classification Tests 
The field classification of the samples was visually verified in the laboratory according to the Unified 
Soil Classification System.  The results are presented in “Log of Test Borings”, Appendix A. 
 
Moisture-Density 
The natural moisture contents and dry unit weights were determined for selected undisturbed samples 
of the soils in general accordance with California Test Method 226.  This information was used to 
classify and correlate the soils.  The results are presented at the appropriate depths on the "Lab 
Summary", Plates B-2A through B-2E. 
 
Unconfined Compression Tests 
Strength tests were performed on selected undisturbed samples. Unconfined compression tests were 
performed in general accordance with California Test Method 221.  The results are presented at the 
appropriate depths on the "Lab Summary", Plate B-2A through B-2E. 
 
Atterberg Limits 
The Atterberg Limits (California Test Method 204) were determined on selected samples of the fine-
grained materials.  These results were used to classify the soils, as well as to obtain an indication of 
the effective strength characteristics and expansion potential.  The tests results are presented on Plate 
B-3. 
 
Grain Size Classification 
Grain size classification tests (California Test Method 203) were performed on selected samples of 
granular soil to aid in the classification.  The results are presented on Plates B-4A and B-4B, “Grain Size 
Distribution Curves”. 
 
Corrosion Tests 
Corrosion tests were performed on selected samples to determine the corrosion potential of the soils.  
The pH and minimum resistively tests were performed according to California Test Method 643.  
The tests were performed by Sunland Analytical.  The test results are presented on Plates B-5A and 
B-5F. 
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PLATE B-5F



 

 

 

 

 

 

APPENDIX C 
 

 

 

 

 























































































































 

 

 

 

 

 

APPENDIX D 
 

 

 

 

 













 

 

 

 

 

 

APPENDIX E 
 

 

 

 

 











 

 

 

 

 

 

APPENDIX F 
 

 

 

 

 







Geotechnical ■ 
Environmental ■ 

Materials Testing ■ 
Construction Inspection ■ 

2360 Qume Dr., Ste A, San Jose CA 95131 ● (408) 452-9000 ● FAX (408) 452-9004 ● www.PARIKHNET.com 
 

 
 

To: Mark Thomas and Company, Inc.    
1960 Zanker Road 
San Jose, CA 95112 
 

Date: February 21, 2012
Job No.: 2011-124-WAL 

Attn.: Mr. Po Chen 
 

From:  Peter Haoli Wei, P.E., G.E.; James B. Baker, CEG; Gary Parikh, P.E., G.E. 666  
 

Sub:   Response to Caltrans Review Comments 
Route 680 Auxiliary Lane Project - Segment 2  
Contra Costa County, California 

 
 
Mr. Chen: 
 
This memorandum presents our responses to the review comments by Caltrans on the draft 

Foundation Report (FR) for the subject project in Contra Costa County, California. Parikh 

Consultants, Inc. (PCI) previously prepared a draft foundation report on January 4, 2012. The 

responses to the comments have been incorporated, as applicable, in the revised report that is 

being prepared at this time. 

 

The following reference is comments as received from Caltrans: 

 

Memorandum dated February 15, 2012 from Office of Geotechnical Design – West, 

Geotechnical Services, Division of Engineering Services 

 

Comment 1: 

 Page 2, Section 3.0 “Assuming normal construction procedures are followed.” This is 

meaningless. 

 

PCI Response 1: 

Comment will be incorporated. The section has been revised in the revised report. 

  



Mark Thomas and Company, Inc. 
Job No: 2011-124-WAL 
February 21, 2012 
Page 2 

 

Comment 2: 

 Page 3, Section 4.0 Table 2 – Can you give station and offsets of the borings in this table? 

 

PCI Response 2: 

Comment will be incorporated. The station and offsets of the reference borings for each retaining 

wall are included in Table 2 in the revised report. 

 

Comment 3: 

 Page 4, Section 6.0. Why is the Alquist-Priolo map not referenced in this section? It is 

not mentioned until Section 10.3. The Calaveras Fault and a mapped “area of massive 

landslides” lie within a few hundred feet of the project, yet no mention at all is mad of 

this in the Foundation Report. This is an egregious omission and must be corrected. 

 Discuss the location of the fault, the mapped landslides, and potential impacts to the 

project in detail. Do the slides extend into the project area? Could the toe of a slide cross 

in to the project boundaries? 

 See comments on Section 6.2 and address the issue of fat clay and expansive soils with 

respect to possible slide planes in the project area. 

 The bedrock geologic map and/or the Alquist Priolo map should be presented and 

discussed here, not just the Quaternary geologic map. 

 

PCI Response 3: 

Comment will be incorporated. Discussions on quaternary geology, bedrock geology, mapped 

faults, mapped landslides, geologic investigations of nearby and summary of geologic hazards 

are included in Section 6.1 of the revised report.  

 

Comment 4: 

 Page 5 – There is no fault on the map on Plate 3. Add another geologic map that includes 

the fault. 

 



Mark Thomas and Company, Inc. 
Job No: 2011-124-WAL 
February 21, 2012 
Page 3 

 

 

PCI Response 4: 

Comment will be incorporated. Refer to PCI Response 3, additional geologic maps and fault 

maps and discussions are included in the revised report. 

 

Comment 5: 

 Page 5 – Section 6.2 “the Highway was constructed by cutting into native slopes…” 

Describe in detail any potential unstable slopes. Where cuts are exposed, describe their 

condition, stability and age. When were they cut, and how have they held up? 

 Fat clay and moderately – highly expansive soils were found in the borings. Discuss this 

as an indicator of unstable slopes or landslides. How can this be understood with respect 

to potential landslides in the project area? 

 

PCI Response 5: 

Comment will be incorporated. Discussions on slope cutting and fat clay are included in Sec. 6.2 

of the revised report. 

 

Comment 6: 

 Page 6 – Section 7.0 In Table 3, provide the date when the groundwater levels were 

measured. 

 

PCI Response 6: 

Comment will be incorporated. Groundwater levels were measured during drilling. The dates of 

measuring are included in Table 3 in the revised report. 

 

Comment 7: 

 Page 7 – Section 10.1 In Table 5, Give the deterministic PGA. 

 

 



Mark Thomas and Company, Inc. 
Job No: 2011-124-WAL 
February 21, 2012 
Page 4 

 

PCI Response 7: 

Comment will be incorporated. Deterministic PGAs are included in Table 5 in the revised report. 

 

Comment 8: 

 There are no horizontal borings for the RW#2 soil nail wall. Please address the assumed 

soil parameters. 

 

PCI Response 8: 

We have forwarded the cross sections and LOTBs of RW #2 to Mr. Hooshmand Nikoui, Chief, 

Office of Geotechnical Design West, Geotechnical Services, Division of Engineering Services 

for review. Mr. Nikoui reviewed the borings and their locations and concluded that they are 

adequate for the purpose intended and there is no need for horizontal borings. (E-mail of 

February 21, 2012 is attached). 
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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 new 
National Pollutant Discharge Elimination System (NPDES) Construction General Permit 
(CGP), Number CAS000002, adopted on September 2, 2009. 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 new Construction 
General Permit (CGP), which became effective as of July 1, 2010; to provide general guidelines 
for contractors to bid on the project; to aid in developing the Storm Water Pollution Prevention 
Plan (SWPPP) of the project; and to highlight information necessary to file Project 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 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 Attachment C 
of this document for details. 
 
A risk assessment was done for the I680 Segment 2 Auxiliary Lanes Project (EA 04-
2285H1), and the Project was determined to be RL 2. 
 
RL 2 projects will be subject to monitoring and sampling requirements, plus Numeric Action 
Levels (NALs) for pH and turbidity. All projects will have to upload storm water data into 
SMARTS, such as Notices of Intent (NOIs), SWPPPs, annual reports, and monitoring data. 
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2       GENERAL PROJECT INFORMATION 
 
2.1 Location 
 

The project is located in central Contra Costa County along Interstate 680 (I680) between the 
Crow Canyon Road and Sycamore Valley Road interchanges.  The project lies within the City of 
San Ramon and the Town of Danville.  See Vicinity Map, Attachment A. 
 
2.2 Major Engineering Features 
 
The project consists of adding new auxiliary lanes and shoulders to the northbound and 
southbound directions of I680.  This project is Segment 2 of I680 Auxiliary Lane Project.  
Segments 1 and 3 of the project have already been constructed.  

The project proposes the following improvements: 
• I680 widening 
• 2:1 to 4:1 (H:V) embankment and 2:1 (H:V) cut slopes 
• Drainage improvements 
• Signing and pavement delineation 
• Construction of retaining walls 
• Construction of sound walls 

 
2.3 Receiving Water Bodies 
 
The Project Site is located within the San Ramon Creek watershed, a subwatershed of the Walnut 
Creek Watershed, which encompasses 93,556 acres in central Contra Costa County.  

The direct receiving water body for this project is San Ramon Creek.  This creek generally 
parallels the project and flows from south to north.   

Other drainage features that are adjacent to the I680 Auxiliary Lanes Project and in the project 
vicinity include: San Ramon Creek, Sycamore Creek, and Green Valley Creek.  San Ramon 
Creek travels roughly 8 miles north of the project site before its confluence with Walnut Creek.  
From the terminus of San Ramon Creek, Walnut Creek travels approximately 12 miles north 
where it discharges into Suisun Bay.  

There are no Drinking Water Reservoirs and/or recharge facilities within the project limits. 

The Clean Water Act (CWA) Section 303(d) List of Water Quality Limited Segments (hereto 
known as “303(d) List”) is a list of water bodies that do not meet water quality standards. The 
State Water Resources Control Board (SWRCB, San Francisco Bay Region) developed this list 
and it is also approved by the United States Environmental Protection Agency (US EPA).  These 
regulations require that the responsible jurisdictions establish a ranking system, by priority, for 
water bodies on the list; also, action plans need to be developed, such as Total Maximum Daily 
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Loads (TMDLs), in order to improve water quality.  The 303(d) List is typically revised every 
two years.   

San Ramon Creek is not listed on the 303(d) List of Water Quality Limited Segments.  Walnut 
Creek is listed on the 303(d) list with Diazinon as the Pollutant of Concern. 
 

2.4 Climate and Rainfall 
 
A National Oceanic and Atmospheric Administration (NOAA) weather station located in 
Livermore, approximately 13 miles southeast of the Project site, was used to obtain precipitation 
data (Attachment B). 
 
Rainy days per year (assumed equal to precipitation 0.10 inches or greater): 35.4 days 
 

Qualifying rain events per year (precipitation 0.5 inches or greater):              9.0 days 
 
2.5 Soils and Geology 
 
The soil on the proposed site, as mapped by the Natural Resources Conservation Service, 
consists mainly of Cropley Clay, Conejo Clay Loam, Diablo Clay, Clear Lake Clay, and 
Garretson Loam.  The Preliminary Geologic Evaluation for the project states that the I680 
Auxiliary Lanes Project will not result in adverse geologic impacts.  Design of the roadways and 
structures is in accordance with regulatory standards and design guidelines to address seismic 
risk.  These include Caltrans Seismic Design Criteria and Caltrans Highway Design Manual.  A 
Geotechnical Design and Materials Report (GDMR) has been prepared by Parikh Consultants, 
Inc. in November, 2011.  Soil data collection together with site specific borings and 
penetrometer data has been conducted to determine foundation requirements.  Soil laboratory test 
data has been conducted to determine site specific geotechnical design parameters.   
 
2.6   Hazardous Waste 
 
Recent studies have identified total lead in shallow soils near roadways attributed to the use of 
lead in gasoline, which was phased out beginning in the mid-1970s.  Lead concentrations in 
shallow soils near roadways are affected by two factors:  traffic volumes and wind patterns.  No 
ADL sampling was conducted as part of the ISA, but there may be a potential for exposed soils 
near roadways in the study area to have elevated concentrations of total and/or soluble lead due 
to the age and frequency of use of the project corridor by diesel trucks and vehicles using leaded 
gasoline prior to the mid1970s.  Soils exceeding hazardous waste thresholds will be classified as 
a hazardous waste, once excavated, and could require special handling and disposal procedures.  
Soil with elevated lead concentrations could also be a health hazard to construction workers, who 
may have direct contact with soils during project construction activities.   
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In addition, there are two adjoining leaking underground storage tanks, PCF Gas Station at 1990 
San Ramon Valley Boulevard and San Ramon Gasoline at 2108 San Ramon Valley Boulevard.  
These properties have been identified to have petroleum hydrocarbon impacts to soil and 
groundwater that may have impacted adjacent Caltrans ROW and represent a moderate risk to 
the design and construction of the planned I-680 improvements.  Based on the project limits and 
proposed construction activities, environmental impacts at other identified and potentially 
contaminated private properties within the project ESA represent a low risk to the design and 
construction of the planned I-680 improvements.   

Other potential sources of hazardous waste include asbestos containing soundwall material, lead 
containing paint and yellow thermoplastic and paint striping.  Asbestos containing pipe and 
treated wood may also be encountered during construction of the auxiliary lanes. 

2.7 Existing (Pre-Construction) Control Practices 
 
There are no existing treatment BMPs within the project limits. 
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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 RL of 
the Project. This Project has a Medium Site Sediment Risk Factor and a High Receiving 
Water Risk Factor; the combined risk is Level 2 (See Attachment C). 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 adopted NPDES permit “Fact 
Sheet” (Section J.1.a pg. 28): 
 
Equation 1 - Sediment Risk Equation 
A = (R)(K)(LS)(C)(P) 
 
Where: 
 
R = Runoff erosivity factor 
K = Soil erodibility factor 
LS = Length-slope factor 
C = Cover 
P = Management operations and support practices 
A = Rate of sheet and rill erosion (tons/acre) 
 
The rainfall runoff erosivity factor (R) was determined from the United States Environmental 
Protection Agency (EPA) “Rainfall Erosivity Factor Calculator for Small Construction Sites.” 
The erosivity index value for the Project was determined to be 43.6. 
 
The soil erodibility factor (K) was determined from the United States Department of Agriculture 
Natural Resources Conservation Services “Web Soil Survey.” A weighted average of the soil 
erodibility factor by area was used; this value is 0.22.  
 
The length-slope factor (LS) was determined by examining the original grade delineated on the 
Typical Cross Sections included in the Contract Project Plans. Based on these cross sections, the 
weighted average LS factor was determined to be 3.37. 
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The cover factor (C) and management operations and support practices (P) are given values of 
1.0 by the adopted NPDES permit to simulate bare ground conditions.  
 
Based on these factors, the rate of sheet and rill erosion (A) is 32.33 tons per acre. Because this 
value is greater than 15 tons per acre and less than 75 tons per acre, the project is classified as 
having a medium sediment risk. 
 
3.1.2  Receiving Water Body Risk 
 
The receiving water body risk is classified as high because Walnut Creek has the beneficial uses 
of SPWN, COLD and MIGR. 
 
3.1.3  Combined Risk 
 
With a medium sediment risk and a high receiving water body risk, the combined Risk Level is 
Level 2. 
 
3.2  Notice of Termination (NOT) 
 
The CGP provides both revised and new requirements for completion and approval of the NOT. 
The NOT requirements are presented in Section II.D of the new CGP permit “Order.” 
These requirements include demonstrating through photos, computational proof or other 
“custom methods,” such as results of testing and analysis, that the terms of the NOT have been 
satisfied. 
 
While these methods of demonstrating compliance are at the option of the contractor, should 
the RWQCB determine that the visual photos do not adequately show compliance, further 
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 following forms have been developed by the Division of Construction as of 09/2010: 
 

• CEM-2030 “Stormwater Site Inspection Report” 
Visual inspection monitoring form 

 
• CEM-2034 “Stormwater Best Management Status Report” 

Identifies BMP types and quantities to be installed on a weekly basis 
 

• CEM-2035 “Stormwater Site Inspection Report Corrective Actions Summary” 
Describes actions taken for existing BMP failures 

 
• CEM-2045 “Rain Event Action Plan-Highway Construction Phase” 
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REAP to be used during active work phase 
 

• CEM-2046 “Rain Event Action Plan-Plant Establishment Phase” 
REAP to be used during plant establishment phase 

 
• CEM-2047 “Rain Event Action Plan-Innactive Project” 

REAP to be used for inactive work phase 
 

• CEM-2090 “Notice of Completion of Construction” 
Describes efforts to show compliance with NOT requirements 
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4  RUN-ON DISCHARGES 
 
Run-on discharges are off-site storm water flows that can potentially run onto the site. The 
calculations are based on a rainfall intensity for a 2-year, 1-hour event per the Caltrans 
Computational Sheet for Determining Run-on Discharges. The runoff coefficient is calculated 
using an impervious/pervious surface map found in the Storm Water Data Report (SWDR).  The 
area calculations use the watershed delineations provided in the Drainage Report for this project.  
See Attachment D for calculations. 
 
The runoff coefficient is 0.68. 
 
The rainfall intensity for a 2-year, 1-hour event is 0.50 in/hour. 
 
The total drainage area for the project is 76 acres. 
 
The Site Area Run-on Discharge is 25.84 ft^(3)/s 
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5 PROJECT 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 this 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 permit. 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 (NOI) 
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. ATS location (if applicable) 
m. Locations of sensitive habitats, watercourses, or other features which are not to be 

disturbed 
n. Locations of all post-construction BMPs 
o. 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 
 

3.  SWPPP 
 
4.  Risk Assessment 
 

1. The Standard Risk Assessment includes utilization of the following: 
a. Receiving water Risk Assessment interactive map  
b. EPA Rainfall Erosivity Factor Calculator Website  
c. Sediment Risk interactive map 
d. Sediment sensitive water bodies list 
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2. The Site-Specific Risk Assessment includes the completion of the hand calculated R value 
Risk Calculator 

 
 

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: 

• Vicinity Map 
• Risk Assessment 
• Temporary Water Pollution Control Plans (Site Map) 

 
5.2     Storm Water Pollution Prevention Plan 
 
The contractor for the Project is required to prepare a Storm Water Pollution Prevention Plan 
(SWPPP) because the Project involves disturbing more than 1 ac of soil. The SWPPP must 
include the following information: 

• Active areas of cut and fill 
• Areas of soil disturbance (temporary and permanent) 
• Locations of storage areas for waste, vehicles, access, etc. 
• Locations of all runoff BMPs 
• Locations of all erosion control BMPs 
• 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) 
 
The NOI must be submitted once the contractor submits the SWPPP. 
 
5.4     Site Maps 
 
Registration requirements can be met by the inclusion of the Temporary Water Pollution Control 
Plans (Attachment E).  Please note that the attached plans are not fully inclusive site maps and 
will need additional information to be considered complete: 

• Discharge locations 
• Sampling locations 
• Storage locations 
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575

Climatography
of the United States

No. 20
1971-2000

U.S. Department of Commerce

National Oceanic & Atmospheric Administration

National Environmental Satellite, Data,

and Information Service

National Climatic Data Center

Federal Building

151 Patton Avenue

Asheville, North Carolina 28801

www.ncdc.noaa.gov

Station: LIVERMORE, CA

Elevation:    480 Feet
 

Lat: 37

6

42N Lon: 121

6

47WClimate Division: CA 4 NWS Call Sign:

COOP ID: 044997

Precipitation (inches)

Precipitation Totals Mean Number
    of Days (3)

Precipitation Probabilities (1)

Probability that the monthly/annual precipitation will be equal to or less than the
indicated amount

Means/

Medians(1)
Extremes Daily Precipitation

Monthly/Annual Precipitation vs Probability Levels

These values were determined from the incomplete gamma distribution

Month Mean
Med-

ian
Highest

Daily(2)
Year Day

Highest

Monthly(1)
Year

Lowest

Monthly(1)
Year

 >=
0.01

 >=
0.10

 >=
0.50

 >=
1.00 .05 .10 .20 .30 .40 .50 .60 .70 .80 .90 .95

   Jan  2.99  1.94  3.45 1952   12  6.64 1995   .30 1976 10.1  6.2  1.9   .7   .28   .49   .90  1.31  1.77  2.28  2.89  3.65  4.70  6.44  8.14

   Feb  2.77  2.71  2.93 1963    1  7.30 1998   .15 1997  9.2  6.2  2.1   .5   .28   .48   .86  1.25  1.67  2.14  2.69  3.38  4.32  5.89  7.42

   Mar  2.47  2.32  2.00 1937   21  6.66 1995   .06 1997  9.9  6.4  1.4   .3   .18   .34   .66   .99  1.37  1.81  2.33  3.00  3.92  5.47  7.00

   Apr   .96   .76  1.80 1958    3  3.51 1983   .15 1997  5.7  3.0   .3 @   .13   .21   .35   .48   .62   .77   .95  1.17  1.46  1.93  2.39

   May   .43   .18   .82 1990   28  2.00 1998   .00+ 1992  3.1  1.3   .1   .0   .00   .00   .00   .03   .10   .19   .31   .49   .74  1.21  1.70

   Jun   .09   .04   .60 1995   16   .70 1995   .00+ 1996   .9   .3 @   .0   .00   .00   .00   .00   .00   .02   .06   .11   .17   .27   .38

   Jul   .03   .00   .67 1980    2   .70 1980   .00+ 2000   .2   .1 @   .0   .00   .00   .00   .00   .00   .00   .00   .00   .00   .07   .21

   Aug   .08   .00   .50 1983   19   .91 1976   .00+ 1998   .5   .2 @   .0   .00   .00   .00   .00   .00   .00   .00   .00   .04   .25   .50

   Sep   .24   .04  1.53 1959   19  1.48 1982   .00+ 1997  1.4   .6   .1 @   .00   .00   .00   .00   .00   .04   .11   .22   .40   .74  1.09

   Oct   .84   .58  2.17 1962   13  2.98 1972   .00+ 1995  3.3  1.8   .6   .1   .00   .03   .12   .24   .37   .54   .74  1.01  1.39  2.05  2.71

   Nov  1.88  1.37  3.05 1950   19  5.44 1983   .01 1995  7.7  4.4  1.2   .2   .06   .14   .33   .57   .85  1.20  1.64  2.23  3.06  4.52  6.00

   Dec  2.04  1.96  3.26 1955   23  5.37 1995   .10 1989  8.4  4.9  1.3   .2   .25   .41   .70   .98  1.28  1.62  2.01  2.49  3.14  4.21  5.25

   Ann  14.82  13.37  3.45
Jan

1952
  12   7.30

Feb

1998
   .00+

Jul

2000
 60.4  35.4   9.0   2.0   6.77   8.08   9.88  11.35  12.71  14.08  15.54  17.21  19.32  22.50  25.38

+ Also occurred on an earlier date(s) (1) From the 1971-2000 Monthly Normals
# Denotes amounts of a trace (2) Derived from station’s available digital record: 1930-2001
@ Denotes mean number of days greater than 0 but less than .05 (3) Derived from 1971-2000 serially complete daily data

** Statistics not computed because less than six years out of thirty had measurable precipitation Complete documentation available from:  
www.ncdc.noaa.gov/oa/climate/normals/usnormals.html

114-B
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Entry

43.6

0.22

3.37

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

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

K Factor Value

LS Factor Value

Medium

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. 

32.32504

Site-specific K factor guidance

LS Table



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 visit the link 
below) or has a USEPA approved TMDL implementation plan for sediment?:

http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml

OR
A.2. Does the disturbed area discharge to a waterbody with designated beneficial uses of 
SPAWN & COLD & MIGRATORY? (For help please review the appropriate Regional Board 
Basin Plan)

http://www.waterboards.ca.gov/waterboards_map.shtml

Region 1 Basin Plan

Region 2 Basin Plan

Region 3 Basin Plan

Region 4 Basin Plan

Region 5 Basin Plan

Region 6 Basin Plan

Region 7 Basin Plan

Region 8 Basin Plan

Region 9 Basin Plan

Yes High



Low Medium High

Low Level 1

High Level 3

Project Sediment Risk: Medium 2

Project RW Risk: High 2

Project Combined Risk: Level 2

Combined Risk Level Matrix

Sediment Risk
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Risk Level Determination

Weighted ave 
by Length

Table 
Value

P Line LS (ft) SS LSxSS LN (ft) SN LNxSN ΣL S LS
240+00 0 72.41 0 0 72 0% 0.05
245+00 0 86.32 4.61% 3.98 86 5% 0.68
250+00 32.83 6.94% 2.28 29.13 14.35% 4.18 62 10% 1.2
255+00 16.18 19.59% 3.17 33.52 12.83% 4.3 50 15% 1.64
260+00 20.42 9.75% 1.99 31.05 21.45% 6.66 51 17% 2.1
265+00 9.33 0.43% 0.04 60.75 11.59% 7.04 70 10% 1.2
270+00 43.4 18.18% 7.89 9.47 187.65% 17.77 53 49% 7.2
275+00 51.59 38.05% 19.63 27.49 5.09% 1.4 79 27% 5.58
280+00 73.59 49.61% 36.51 56.06 10.56% 5.92 130 33% 10.35
285+00 68.55 48.85% 33.49 60.56 20.51% 12.42 129 36% 10.35
290+00 43.74 34.80% 15.22 30.48 17.91% 5.46 74 28% 4.44
295+00 9.85 4.47% 0.44 32.08 37.50% 12.03 42 30% 3.22
300+00 24.06 17.04% 4.1 21.19 63.28% 13.41 45 39% 4.24
305+00 27.47 34.33% 9.43 20.04 34.38% 6.89 48 34% 4.24
310+00 26.63 43.86% 11.68 17.26 23.17% 4 44 36% 4.24
315+00 23.88 21.86% 5.22 17.55 34.36% 6.03 41 27% 3.22
320+00 85.42 5.27% 4.5 18.33 29.79% 5.46 104 10% 1.92
325+00 9.63 5.61% 0.54 61.46 13.90% 8.54 71 13% 1.87
330+00 9.3 3.01% 0.28 43.44 18.83% 8.18 53 16% 2.21
335+00 9.68 2.27% 0.22 46.98 5.11% 2.4 57 5% 0.58
340+00 18.97 3.43% 0.65 0 19 3% 0.21

Weighted Average LS = 3.37

Weighted LS Factor Calculation
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MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Map Units

Special Point Features
Blowout

Borrow Pit

Clay Spot

Closed Depression

Gravel Pit

Gravelly Spot

Landfill

Lava Flow

Marsh or swamp

Mine or Quarry

Miscellaneous Water

Perennial Water

Rock Outcrop

Saline Spot

Sandy Spot

Severely Eroded Spot

Sinkhole

Slide or Slip

Sodic Spot

Spoil Area

Stony Spot

Very Stony Spot

Wet Spot

Other

Special Line Features
Gully

Short Steep Slope

Other

Political Features
Cities

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Map Scale: 1:11,000 if printed on B size (11" × 17") sheet.

The soil surveys that comprise your AOI were mapped at 1:24,000.

Warning: Soil Map may not be valid at this scale.

Enlargement of maps beyond the scale of mapping can cause
misunderstanding of the detail of mapping and accuracy of soil line
placement. The maps do not show the small areas of contrasting
soils that could have been shown at a more detailed scale.

Please rely on the bar scale on each map sheet for accurate map
measurements.

Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL:  http://websoilsurvey.nrcs.usda.gov
Coordinate System:  UTM Zone 10N NAD83

This product is generated from the USDA-NRCS certified data as of
the version date(s) listed below.

Soil Survey Area:  Contra Costa County, California
Survey Area Data:  Version 8, Jul 22, 2008

Date(s) aerial images were photographed:  6/13/2005

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor shifting
of map unit boundaries may be evident.
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Web Soil Survey
National Cooperative Soil Survey
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Map Unit Legend

Contra Costa County, California (CA013)

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

Cc CLEAR LAKE CLAY 11.5 13.4%

CeB CONEJO CLAY LOAM, 2 TO 5 PERCENT
SLOPES

8.0 9.3%

ChA CONEJO CLAY LOAM, CLAY SUBSTRATUM, 0
TO 2 PERCENT SLOPES

8.6 10.0%

CkB CROPLEY CLAY, 2 TO 5 PERCENT SLOPES 33.0 38.4%

DdD DIABLO CLAY, 9 TO 15 PERCENT SLOPES 11.6 13.5%

GaA GARRETSON LOAM, 0 TO 2 PERCENT
SLOPES

9.1 10.5%

TaD TIERRA LOAM, 9 TO 15 PERCENT SLOPES 4.3 5.0%

Totals for Area of Interest 86.1 100.0%

Soil Map–Contra Costa County, California

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

9/2/2011
Page 3 of 3



Map unit symbol Map unit name Rating Acres in AOI Percent of 
AOI

Cc Clear Lake Clay 0.2 11.5 13.4%

2.30

CeB Conejo Clay Loam, 2 to 5 
percent slopes

0.2 8.0 9.3%

1.60

ChA Conejo Clay Loam, Clay 
Substratum, 0 to 2 
percent slopes

0.2 8.6 10.0%

1.72

CkB Cropley Clay, 2 to 5 
percent slopes

0.2 33.0 38.3%

6.60

DdD Diablo Clay, 9 to 15 
percent slopes

0.2 11.6 13.5%

2.32

GaA Garretson Loam, 0 to 2 
percent slopes

0.32 9.1 10.6%

2.91

TaD Tierra Loam, 9 to 15 
percent slopes

0.32 4.3 5.0%

1.38

86.1 100.0% 18.83

0.22Weighted K Factor

K Factor ‐ Rock Free

Summary by Map Unit — Western Riverside Area, California

Totals for Area of Interest



 

 

National Pollutant Discharge Elimination 
System (NPDES) 
Recent Additions | Contact Us | Print Version  Search NPDES:   

EPA Home > OW Home > OWM Home > NPDES Home >  

Basic Information 
  
eNOI 
  
Municipal MS4s 
  
Construction Activities 
  
Industrial Activities 
  
Road-Related MS4s 
  
Menu of BMPs 
  
Green Infrastructure 
  
Urban BMP Tool 
  
 
 
Stormwater Home

 

NPDES Topics Alphabetical Index Glossary About 

Rainfall Erosivity Factor Calculator for Small 
Construction Sites

Facility Information
 

Facility Name: 680 Auxiliary Lanes

Start Date: 10/01/2012

End Date: 11/30/2013

Latitude: 37.7933

Longitutde: -121.9813

 

 

Erosivity Index Calculator Results
 

AN EROSIVITY INDEX VALUE OF 43.6 HAS BEEN DETERMINED FOR THE CONSTR
PERIOD OF 10/01/2012 - 11/30/2013. 

 

A rainfall erosivity factor of 5.0 or greater has been calculated for your site and period of 
construction. You do not qualify for a waiver from NPDES permitting requirements.

     Sta

 

Office of Water | Office of Wastewater Management | Disclaimer | Search EPA 

 

EPA Home | Privacy and Security Notice | Contact Us 

Last updated on August 07, 2009 3:37 PM  

URL:http://cfpub.epa.gov/npdes/stormwater/LEW/erosivity_index_result.cfm 

 

Page 1 of 1EPA NPDES - Welcome to the Lower Erosivity Index Calculator
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E: Existing beneficial use    E*: Water quality objectives apply; water contact recreation is prohibited or limited to protect public health      P: Potential beneficial use      
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SOLANO COUNTY, continued 
Volanti Slough       E   E   E   E E E  
Montezuma Slough       E   E  E E E E E E E E
Nurse Slough       E   E  E E   E E E  
Denverton Slough       E   E  E E   E E E  
Denverton Creek             E E E E E E  
CONTRA COSTA COUNTY 

Alhambra Creek         E   E E  E E E E  
    Franklin Creek         E   E E E E E E E  
    Arroyo del Hambre         E      E E E E  
Peyton Slough     E  E   E  E E   E E E  
Pacheco Creek               E E E E  
Walnut Creek         E   E E E E E E E  
    Grayson Creek         E   E E  E E E E  
    Pine Creek         E   E E E E E E E  
        Galindo Creek         E      E E E E  
    San Ramon Creek               E E E E  
        Bollinger Canyon Creek         E     E E E E E  
        Las Trampas Creek         E    E  E E E E  
            Tice Creek             E  E E E E  
            Lafayette Creek         E      E E E E  
                Lafayette Reservoir  E     E  E     E E E E* E  
Hastings Slough          E   E   E E E  
Mt. Diablo Creek         E   E E E E E E E  
    Mitchell Creek         E   E E E E E E E  
    Donner Creek         E     E E E E E  
Mallard Slough (Contra Costa)       E   E  E E   E E E  
Kirker Creek             E  E E E E  
New York Slough       E   E  E E   E E E E
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Attachment D 

Run‐on Discharge 

Calculations 

 

 

 

 

 

 



Computational Sheet for Determining Run-on Discharges 

 
Existing Site Conditions 

Area Runoff Coefficient = .68  (A) 

     

Area Rainfall Intensity = 0.50 in/hr  (B) 

     

Drainage Area  = 76 Acres  (C) 

     
Site Area Run-on Discharge (A) x (B) x (C) = 25.84 ft3/sec  (D) 

 



Computation Sheet for Determining Runoff Coefficients 

 
 

Total Site Area = 17.92 Acres  (A) 
 
 
Existing Site Conditions 

Impervious Site Area 1 = 5.06 Acres (B)
    

Impervious Site Area Runoff Coefficient 2, 4 = .95 (C)
    

Pervious Site Area 3 = 12.86 Acres (D)
    

Pervious Site Area Runoff Coefficient 4 = .25 (E)
    

Existing Site Area Runoff Coefficient
   

(A)
EDCB 

 = .45 (F) 

 
 
 
Proposed Site Conditions (after construction) 

Impervious Site Area 1 = 10.94 Acres  (G) 
     

Impervious Site Area Runoff Coefficient 2, 4 = .95  (H) 
     

Pervious Site Area 3 =  6.98 Acres  (I) 
     

Pervious Site Area Runoff Coefficient 4 = .25  (J) 
     

Proposed Site Area Runoff Coefficient
   

(A)
JIHG 

 = .68  (K) 

 
 

1. Includes paved areas, areas covered by buildings, and other impervious surfaces. 
2. Use 0.95 unless lower or higher runoff coefficient can be verified. 
3. Includes areas of vegetation, most unpaved or uncovered soil surfaces, and other pervious areas. 
4. Refer to local Hydrology Manual for typical C values. 

 



Attachment E 

Temporary Water Pollution 

Control Drawings 
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