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Important Information About Your
Geotechnical Engineering Report

Subsurface problems are a principal cause of construction delays, cost overruns, claims, and disputes

The following information is provided to help you manage your risks.

Geotechnical Services Are Performed for
Specifi c Purposes, Persons, and Projects
Geotechnical engineers structure their services to meet the specifi c needs of 
their clients. A geotechnical engineering study conducted for a civil engineer 
may not fulfi ll the needs of a construction contractor or even another civil 
engineer. Because each geotechnical engineering study is unique, each geo-
technical engineering report is unique, prepared solely for the client. No one 
except you should rely on your geotechnical engineering report without fi rst 
conferring with the geotechnical engineer who prepared it. And no one - not 
even you - should apply the report for any purpose or project except the one 
originally contemplated.

Read the Full Report
Serious problems have occurred because those relying on a geotechnical 
engineering report did not read it all. Do not rely on an executive summary. 
Do not read selected elements only.

A Geotechnical Engineering Report Is Based on
A Unique Set of Project-Specifi c Factors
Geotechnical engineers consider a number of unique, project-specifi c factors 
when establishing the scope of a study. Typical factors include: the client’s 
goals, objectives, and risk management preferences; the general nature of the 
structure involved, its size, and confi guration; the location of the structure 
on the site; and other planned or existing site improvements, such as access 
roads, parking lots, and underground utilities. Unless the geotechnical engi-
neer who conducted the study specifi cally indicates otherwise, do not rely on 
a geotechnical engineering report that was:
• not prepared for you,
• not prepared for your project,
• not prepared for the specifi c site explored, or
• completed before important project changes were made.

Typical changes that can erode the reliability of an existing geotechnical
engineering report include those that affect:
• the function of the proposed structure, as when it’s changed from a
  parking garage to an offi ce building, or from alight industrial plant
 to a refrigerated warehouse,

• elevation, confi guration, location, orientation, or weight of the
 proposed structure,
• composition of the design team, or
• project ownership.

As a general rule, always inform your geotechnical engineer of project 
changes - even minor ones - and request an assessment of their impact. 
Geotechnical engineers cannot accept responsibility or liability for problems 
that occur because their reports do not consider developments of which they 
were not informed.

Subsurface Conditions Can Change
A geotechnical engineering report is based on conditions that existed at the 
time the study was performed. Do not rely on a geotechnical engineering 
report whose adequacy may have been affected by: the passage of time; by 
man-made events, such as construction on or adjacent to the site; or by natu-
ral events, such as fl oods, earthquakes, or groundwater fl uctuations. Always 
contact the geotechnical engineer before applying the report to determine if it 
is still reliable. A minor amount of additional testing or analysis could prevent 
major problems.

Most Geotechnical Findings Are Professional
Opinions
Site exploration identifi es subsurface conditions only at those points where
subsurface tests are conducted or samples are taken. Geotechnical engineers 
review fi eld and laboratory data and then apply their professional judgment 
to render an opinion about subsurface conditions throughout the site. Actual 
subsurface conditions may differ-sometimes signifi cantly from those indi-
cated in your report. Retaining the geotechnical engineer who developed your 
report to provide construction observation is the most effective method of 
managing the risks associated with unanticipated conditions.

A Report’s Recommendations Are Not Final
Do not overrely on the construction recommendations included in your  re-
port. Those recommendations are not fi nal, because geotechnical engineers 
develop them principally from judgment and opinion. Geotechnical engineers 
can fi nalize their recommendations only by observing actual



subsurface conditions revealed during construction. The geotechnical engi-
neer who developed your report cannot assume responsibility or liability for 
the report’s recommendations if that engineer does not perform construction 
observation.

A Geotechnical Engineering Report Is Subject to
Misinterpretation
Other design team members’ misinterpretation of geotechnical engineer-
ing reports has resulted in costly problems. Lower that risk by having your 
geotechnical engineer confer with appropriate members of the design team 
after submitting the report. Also retain your geotechnical engineer to review 
pertinent elements of the design team’s plans and specifi cations. Contractors 
can also misinterpret a geotechnical engineering report. Reduce that risk by 
having your geotechnical engineer participate in prebid and preconstruction 
conferences, and by providing construction observation.

Do Not Redraw the Engineer’s Logs
Geotechnical engineers prepare fi nal boring and testing logs based upon 
their interpretation of fi eld logs and laboratory data. To prevent errors or 
omissions, the logs included in a geotechnical engineering report should 
never be redrawn for inclusion in architectural or other design drawings. 
Only photographic or electronic reproduction is acceptable, but recognize 
that separating logs from the report can elevate risk.

Give Contractors a Complete Report and
Guidance
Some owners and design professionals mistakenly believe they can make 
contractors liable for unanticipated subsurface conditions by limiting what 
they provide for bid preparation. To help prevent costly problems, give con-
tractors the complete geotechnical engineering report, but preface it with a
clearly written letter of transmittal. In that letter, advise contractors that the
report was not prepared for purposes of bid development and that the report’s 
accuracy is limited; encourage them to confer with the geotechnical engineer 
who prepared the report (a modest fee may be required) and/or to conduct ad-
ditional study to obtain the specifi c types of information they need or prefer. 
A prebid conference can also be valuable. Be sure contractors have suffi cient 
time to perform additional study. Only then might you be in a position to give 
contractors the best information available to you, while requiring them to at 
least share some of the fi nancial responsibilities stemming from unantici-
pated conditions.

Read Responsibility Provisions Closely
Some clients, design professionals, and contractors do not recognize that
geotechnical engineering is far less exact than other engineering disciplines. 
This lack of understanding has created unrealistic expectations that have led 

to disappointments, claims, and disputes. To help reduce the risk of such 
outcomes, geotechnical engineers commonly include a variety of explanatory 
provisions in their reports. Sometimes labeled “limitations” many of these 
provisions indicate where geotechnical engineers’ responsibilities begin 
and end, to help others recognize their own responsibilities and risks. Read 
these provisions closely. Ask questions. Your geotechnical engineer should 
respond fully and frankly.

Geoenvironmental Concerns Are Not Covered
The equipment, techniques, and personnel used to perform a geoenviron-
mental study differ signifi cantly from those used to perform a geotechnical 
study. For that reason, a geotechnical engineering report does not usually re-
late any geoenvironmental fi ndings, conclusions, or recommendations; e.g., 
about the likelihood of encountering underground storage tanks or regulated 
contaminants. Unanticipated environmental problems have led to numerous 
project failures. If you have not yet obtained your own geoenvironmental in-
formation, ask your geotechnical consultant for risk management guidance. 
Do not rely on an environmental report prepared for someone else.

Obtain Professional Assistance To Deal with Mold
Diverse strategies can be applied during building design, construction, op-
eration, and maintenance to prevent signifi cant amounts of mold from grow-
ing on indoor surfaces. To be effective, all such strategies should be devised 
for the express purpose of mold prevention, integrated into a comprehensive 
plan, and executed with diligent oversight by a professional mold prevention 
consultant. Because just a small amount of water or moisture can lead to 
the development of severe mold infestations, a number of mold prevention 
strategies focus on keeping building surfaces dry. While groundwater, wa-
ter infi ltration, and similar issues may have been addressed as part of the 
geotechnical engineering study whose fi ndings are conveyed in-this report, 
the geotechnical engineer in charge of this project is not a mold prevention 
consultant; none of the services performed in connection with 
the geotechnical engineer’s study were designed or conducted 
for the purpose of mold prevention. Proper implementation of 
the recommendations conveyed in this report will not of itself 
be suffi cient to prevent mold from growing in or on the struc-
ture involved.

Rely on Your ASFE-Member Geotechnical
Engineer For Additional Assistance
Membership in ASFE/The Best People on Earth exposes geotechnical engi-
neers to a wide array of risk management techniques that can be of genuine 
benefi t for everyone involved with a construction project. Confer with your 
ASFE-member geotechnical engineer for more information.

8811 Colesville Road/Suite G106, Silver Spring, MD 20910
Telephone:’ 301/565-2733     Facsimile: 301/589-2017

e-mail: info@asfe.org       www.asfe.org

Copyright 2004 by ASFE, Inc. Duplication, reproduction, or copying of this document, in whole or in part, by any means whatsoever, is strictly prohibited, except with ASFE’s specifi c 
written permission. Excerpting, quoting, or otherwise extracting wording from this document is permitted only with the express written permission of ASFE, and only for purposes 

of scholarly research or book review. Only members of ASFE may use this document as a complement to or as an element of a geotechnical engineering report. Any other fi rm, 
individual, or other entity that so uses this document without being anASFE member could be committing negligent or intentional (fraudulent) misrepresentation.
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REVISED SUPPLEMENTAL ENGINEERING GEOLOGIC AND GEOTECHNICAL 
RECOMMENDATIONS REPORT 

JAMES DONLON BOULEVARD ALIGNMENT EXTENSION 
MIDDLE ALIGNMENT (C2-LOW) ALTERANTIVE 

PITTSBURG, CALIFORNIA 
 

1 INTRODUCTION 

 
This report presents our revised supplemental engineering geologic and geotechnical 
recommendations for the James Donlon Boulevard Alignment Extension in accordance 
with our scope of work presented our July 29, 2011 proposal1 (File No. 120125) and our 
April 26, 2012 request for budget increase letter2 (File No. 120125). This report was 
previously issued as a draft on September 6, 2012. 
 
The findings, discussions, and recommendations contained in this report apply to the 
currently proposed alignment, identified as the Middle Alignment (C2-Low) which has 
been selected for final design. All stations referenced in this report are based on the 
stationing system for the Middle Alignment (C2-Low) as presented on the grading 
prepared by RBF for the noted alignment. The conclusions and recommendations 
presented in this report are intended to supplement the conclusions and 
recommendations contained in our referenced January 9, 2008 report, and where 
conflicts arise they are to supersede relevant discussions and recommendations 
contained in our January 9, 20083 report. The discussions and recommendations 
presented in our January 9, 2008 report remain applicable to the project where they are 
not in conflict with this supplemental report. 
 
  

                                                           
1 Titled Proposal to Updated Geotechnical Investigation Report, James Donlon Boulevard Extension, 
Pittsburg, California. 

2 Titled Request for Budget Increase to Provide Preliminary Retaining Wall Evaluation, Update 
Geotechnical Investigation Report, Proposed James Donlon Boulevard Extension, Pittsburg, California. 

3 Titled Geological and Geotechnical Investigation Report for the Proposed Buchanan Road Bypass in 
Pittsburg, California, dated January 9, 2008 (File No. 75856/PWGEO). 
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1.1 PROJECT LOCATION AND DESCRIPTION 

The general location of the proposed James Donlon Boulevard roadway alignment 
extension is shown on Plate 1, Site Vicinity Map. The Middle Alignment (C2-Low) is 
shown on Plate 2, Aerial Site Plan. 
 
The proposed James Donlon Boulevard extension project will consist of constructing an 
approximately 1.6-mile long section of new roadway. The new roadway will extend from 
Kirker Pass Road, marking the western project limit, to the western property line of the 
planned Sky Ranch residential development, which marks the eastern terminal point of 
the roadway extension alignment. The proposed alignment extension will be an 
east/west, limited-access arterial roadway in the undeveloped hills south of the City of 
Pittsburg (City). We understand that east of the western property line of the Sky Ranch 
development the roadway alignment will be constructed by others. 
 
Besides the roadway and associated drainage facilities, other project features 
associated with the proposed roadway extension will include the following: 
 

 Five culverts along five stream crossings; 

 Two bridges across the Kirker Creek channel; 

 Cut slopes that measure more than 190 feet in height and embankment fills with 
heights exceeding 160 feet; and 

 Several hundred lineal feet of retaining walls are anticipated. 

 
The roadway alignment extension is anticipated to encounter geologic materials 
consisting of alluvium, colluvium/slope wash, active and dormant landslides, Tulare 
formation claystone, Lawlor Tuff, Neroly formation sandstone and siltstone, Cierbo 
formation sandstone, and Kirker formation tuffaceous siltstone and sandstone materials.   
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1.2 BACKGROUND AND DOCUMENT REVIEW 

Kleinfelder previously prepared a report titled Geological and Geotechnical Constraints 

Evaluation Report for the Proposed Buchanan Road in Pittsburg, California, dated 
September 20, 2002 (File 16656/GE1). Our 2002 report evaluated three optional 
alignments (Northern, Central, and Southern) developed by the City and RBF 
Consulting (RBF). Our evaluation was based on field mapping by our Certified 
Engineering Geologist (CEG) and review of aerial photographs and published and 
unpublished geologic and seismic reports and maps covering the site area. Our 2002 
report concluded that the Central Alignment would require the least amount of mitigation 
needed to address the geologic, seismic, and geotechnical constraints and 
considerations identified during our evaluation. No subsurface exploration was 
performed as part of our noted 2002 assessment. 
 
The City and RBF subsequently selected the Central Alignment and prepared a 
preliminary grading scheme, which they provided to us. Kleinfelder conducted a 
subsurface exploration program as part of a design-level geotechnical investigation that 
was designed to identify and characterize the subsurface conditions along the selected 
Central Alignment extension and to evaluate the feasibility of the noted grading scheme 
and the stability of cut and fill slopes proposed along the alignment. The results, 
conclusions, and recommendations of our study were presented in a report titled 
Geological and Geotechnical Investigation Report for the Proposed Buchanan Road 

Bypass in Pittsburg, California, dated January 9, 2008 (File No. 75856/PWGEO). 
 
Since the issuance of our referenced 2008 report, the above-noted and previously 
selected Central Alignment has been re-labeled as "Alignment (C1)" and is referred to in 
this report as such. In addition to Alignment (C1), four additional alignment alternatives 
to Alignment (C1) have been developed by RBF and the City. They are identified as 
“Alignment (C1-Low)”, "Middle Alignment (C2)", "Middle Alignment (C2-Low)", and 
"Northern Alignment (C3)". Three of these additional alternative alignments extend 
east/west in a parallel fashion to Alignment (C1) and are situated immediately to the 
north of it.  Alignment (C1-Low) generally matches Alignment (C1), but its overall 
elevations are lower. Note that the current version of Alignment (C1) includes minor 
modifications to the original grading plan included in our 2008 report. 
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It is important to note that the Middle Alignment (C2) and the Northern Alignment (C3) 
do not extend along the entire length of the proposed Alignment (C1) and are only 
shown on topographic base maps generated by RBF and transmitted to us on 
December 12, 2011 to extend between approximate Stations 30+00 and 74+00 of 
Alignment (C1). However, topographic base maps transmitted to us by RBF on 
February 9, 2012 for the Middle Alignment (C2-Low) show the noted alignment to 
extend along the entire length of proposed Alignment (C1). Beyond Stations 30+00 and 
74+00 of Alignment (C1), the alignments for alternatives C1 and C2-Low are generally a 
match. Please note that Reference Station 10+00 marks the western terminal end of the 
roadway extension and is located at the intersection of Alignment (C1) with Kirker Pass 
Road based on project plans prepared by RBF. 
 
Further discussion of the five alignment options is presented in the following documents: 
 

 Report titled Engineering Geologic and Geotechnical Feasibility Report, Four 

Proposed James Donlon Boulevard Alignment Extension Alternatives, Pittsburg, 

California, dated March 7, 2012 (File No. 123561/PWGEO); and 

 Letter titled Limited Geological and Geotechnical Feasibility Study for Proposed 

Stream Crossing Alternative Original Alignment C1-Low, James Donlon 

Boulevard Extension Project, Pittsburg, California, dated May 31, 2012 (File No. 
123561/PWGEO). 

 
Based on the conclusions and recommendations presented in our above-referenced 
March 7, 2012 report and May 31, 2012 letter and additional recommendations provided 
by other members of the project design team the Middle Alignment (C2-Low) has been 
selected by RBF and the City for the final design of the project. 
 
In addition to the reports discussed above, Kleinfelder has recently issued two 
preliminary foundation reports for two planned bridges to span the Kirker Creek channel 
near the western end of the project. These reports are titled as follows: 
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 Foundation Report, James Donlon Boulevard Bridge, James Donlon Boulevard 

Extension, Pittsburg, California, dated July 20, 2012 (File No. 123066/PWGEO); 
and 

 Final Foundation Report, Ramp Bridge, James Donlon Boulevard Extension, 

Pittsburg, California, dated May 22, 2012 (File No. 123066/PWGEO). 

 

1.3 PURPOSE AND SCOPE OF SERVICES 

Our current scope included the following items: 
 

 Background and document review including published geologic and seismic 
literature, aerial photographs, and our referenced reports prepared in 2002 and 
2008; 

 Review of the Middle Alignment (C2-Low) layout and its proposed grading 
magnitude; 

 Field reconnaissance of the alignment by our CEG and one of our Registered 
Geotechnical Engineers; 

 Evaluation of rock outcrop cut reduction; 

 Evaluation of the feasibility of steepening the slope gradient for the proposed fill 
embankment proposed between approximately Stations 60+00 and 70+00 using 
earth reinforcement; 

 Preliminary evaluation of proposed retaining walls at the western limit of the 
alignment; 

 Preparation of plans depicting the recommended remedial grading limits, 
keyways, and subdrain lines; 

 Recommendations for additional field investigation; and 

 Preparation of this report presenting our supplemental findings and 
recommendations. 

 

1.4 AUTHORIZATION 

This supplemental engineering geologic and geotechnical study was performed in 
accordance with our contract with RBF dated October 6, 2011. 
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2 FIELD RECONNAISSANCE AND GEOLOGIC MAPPING 

 
Our Certified Engineering Geologist (CEG), Sadek M. Derrega, visited the site on 
December 1, 2, and 13, 2011 to conduct a limited field reconnaissance along the entire 
proposed alignment. Particular attention was given to the west end of the alignment 
where the two proposed bridges will cross the Kirker Creek channel and the two 
prominent proposed cut and fill areas planned along the alignment. Our Geotechnical 
Engineer (GE), Cristiano Melo, also participated in the December 13, 2011 field 
reconnaissance.   
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3 SUPPLEMENTAL FIELD EXPLORATION 

 
We performed a supplemental field exploration as part of our work to collect site-specific 
subsurface information for the two proposed bridges that will cross Kirker Creek channel 
and also to evaluate the subsurface conditions for the proposed fill along the west 
approach to the Ramp Bridge. Our exploration did not pertain to the actual C-2 Low 
alignment beyond the noted bridges to the east and we are only including the 
subsurface information and laboratory testing results herein for completeness purposes. 
 
Our field investigation was performed in two phases with hollow stem auger borings 
drilled on November 29 and 30, 2011 and a test pit excavated on December 1, 2011. 
We drilled four (4) soil borings (designated B-1 through B-4) to depths ranging from 
approximately 27 to 52 feet below existing ground surface. One test pit (designated TP-
1) was excavated to a maximum depth of approximately 5 feet. The boring and test pit 
locations are shown on the Remedial Grading Plan, Plate 3A. 
 

3.1 BORINGS 

The soils were classified in general accordance with the Unified Soil Classification 
System presented on the Boring Log Legend, Plate A-1 in Appendix A. Logs of the 
borings are presented on Plates A-2 through A-5. Water level readings, where 
encountered or observed, were taken at each boring prior to grouting. Prior to sealing 
the samples, strength characteristics of the cohesive soil samples recovered were 
evaluated using a hand-held pocket penetrometer. The results of these tests are shown 
adjacent to the samples on the boring logs. 
 

3.2 TEST PIT 

The test pit was excavated using a rubber-tired backhoe equipped with a 30-inch wide 
bucket. Excavation depth was about 5 feet below existing grade and the length of the 
test pit was about 10 feet. The test pit log is presented in on Plate A-6 in Appendix A. 
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3.3 LABORATORY TESTING 

The laboratory testing program included unit weight and moisture content, Atterberg 
limits, unconsolidated-undrained triaxial, consolidation testing. Most of the laboratory 
test results are presented on the boring logs. The results of the Atterberg Limits, 
unconsolidated-undrained triaxial, and consolidation tests are presented graphically on 
Plates B-1 through B-12, in Appendix B. 
 
Corrosion test results are presented in Plate B-13 in Appendix B. Based upon the 
resistivity measurements, both samples were classified as “severely corrosive” by 
CERCO. For additional discussion regarding corrosivity, please refer to CERCO’s report 
in Appendix B and to Section 8.8 of our January 9, 2008 report. 
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4 SLOPE STABILITY ANALYSIS 

 
The purpose of our slope stability analysis was to evaluate the possibility of steepening 
the proposed south-facing prominent cut slopes extending between approximately 
Stations 18+00 to 29+00 and Stations 46+50 to 61+00 in order to reduce the magnitude 
of the planned cuts and impacts to the rock outcrop areas near these planned cut 
slopes. These slopes are currently proposed to be cut at approximate gradients of 
2H:1V. As part of our analysis, we developed two slope stability cross sections 
(identified as 1-1’ and 2-2’ in Appendix C) through representative portions of these 
slopes. Slope Stability Cross Section 1-1’ was performed at approximately Station 
24+30 and Slope Stability Cross Section 2-2’ was performed at approximately Station 
51+70. Factors of safety computed via slope stability analysis are dependent on the 
slope configuration, geologic model and the strength parameters of the various geologic 
units used as well as the elevation of the groundwater table. 
 
We analyzed the stability of the subject slopes for static (long-term) and seismic (short-
term) conditions. A brief discussion of our slope stability methodology is presented 
below. 
 

4.1 SELECTED SOIL STRENGTH PARAMETERS  

Our slope stability analysis considered six different bedrock units consisting of: Tertiary 
Tulare formation (map symbol Ttu), Tertiary Lawlor Tuff (map symbol Tlt), Tertiary 
Neroly formation (map symbol Tn), Tertiary Cierbo formation (Tc), Tertiary Kirker 
formation – Volcanic Tuff (Tkt), and Tertiary Kirker Formation – Tuffaceous Sandstone 
(Tks). The unit weight and strength parameters used in our slope stability analysis are 
listed in Table 4.1-1 below, and on the individual stability runs presented on Plates C-1 
through C-6 in Appendix C. The parameters used in our analysis were obtained from 
Section 7.1 of our January 9, 2008 report with one exception, which consisted of 
lowering the cohesion value for the Tertiary Cierbo formation to 1,000 psf from the 
previously-used cohesion value of 1,750 psf, based on recent experience with the noted 
formation. 
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Table 4.1-1: Unit Weight and Strength Parameters 
 

Unit 
Description 

Unit 
Weight (pcf) 

Cohesion 
(psf) 

Phi** 
(psf) 

Tertiary Tulare formation (Ttu) 125 800 20 

Tertiary Lawlor Tuff (Tlt) 115 500 36 

Tertiary Neroly formation (Tn) 120 1,750 25 

Tertiary Cierbo formation (Tc) 120 1,000* 25 
Tertiary Kirker formation – Volcanic 
Tuff (Tkt) 

115 1,000 25 

Tertiary Kirker formation – Tuffaceous 
Sandstone (Tks) 

115 1,000 25 

Notes: 
* Based on our experience, this value was intentionally lowered from the 1,750 psf provided in Section 

7.1 of our January 9, 2008. 
** Phi = internal angle of friction. 
 

 

4.2 GROUNDWATER 

For our slope stability analyses, the groundwater level was assumed to be about 10 and 
50 feet below the ground surface for long-term (static) conditions and about 50 feet 
below the ground surface for short-term (seismic) conditions. 
 

4.3 ANALYSIS METHODOLOGY 

The Morgenstern-Price (half-sine function) method and the slope stability program 
SlopeW were used to perform our analyses. The Morgenstern-Price method is a limit-
equilibrium method that rigorously satisfies static equilibrium. The seismic slope stability 
analysis was based on the pseudo-static method. Based on the methodology provided 
by the Southern California Earthquake Center (SCEC, 2002) and Special Publication 
117A (CGS, 2008), we used a horizontal seismic coefficient of 0.16 in our analyses for 
seismic conditions. This value was based on an estimated maximum horizontal 
acceleration of 0.42g, an estimated mode magnitude and distance of M6.6 and 14½ km, 
respectively, of the causative earthquake, and a displacement threshold of 15 
centimeters. The earthquake parameters used to estimate the seismic coefficient were 
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based on a 10 percent probability of exceedance in 50 years (equivalent to 475-year 
return period) based on the USGS’s online deaggregation tool available at 
https://geohazards.usgs.gov/deaggint/2008/. 
 

4.4 SLOPE STABILITY RESULTS 

According to SCEC (2002)4 and Special Publication 117A (CGS, 2008)5, slopes are 
considered stable when their factors of safety (FOS) are greater than or equal to 1.5 
and 1.0 under static and seismic conditions, respectively. Our slope stability results are 
presented graphically on Plates C-1 through C-6 in Appendix C and are summarized in 
Table 4.4-1 below. 

Table 4.4-1: Slope Stability Results 
 

Cross Section 
(Approximate 

Station) 

Slope 
Gradient 

Used 
Condition 

Approximate 
Groundwater 
Level Used 

(feet) 
FOS Plate Number 

1-1’ 
(Sta. 24+30) 

1.75H:1V Static 50 1.6 C-1 

1.75H:1V Static 10 1.3 C-2 

1.75H:1V Seismic 50 1.2 C-3 

2-2’ 
(Sta. 51+70) 

1.5H:1V Static 50 1.6 C-4 

1.5H:1V Static 10 1.4 C-5 

1.5H:1V Seismic 50 1.2 C-6 
 
 
Based on our slope stability results, the proposed south-facing prominent cuts may be 
steepened to 1.75H:1V between approximate Stations 18+00 and 29+00 and to 
1.5H:1V between approximate Stations 46+50 and 61+00. Although Plates C-2 and C-5 
indicate FOS values lower than 1.5, these values are associated with an assumed 
groundwater level of about 10 feet below the ground surface. We believe that this 
assumed groundwater level is very conservative and it is unlikely to occur at these 
slopes even during above-average wet years. Based on our previous and recent 

                                                           
4 Southern California Earthquake Center (SCEC), 2002, Recommended Procedures for Implementation of 
DMG Special Publication 117, Guidelines for Analyzing and Mitigating Landslide Hazards in California. 
5 California Geological Survey (CGS, 2008), Guidelines for Evaluating and Mitigating Seismic Hazards in 
California, Special Publication 117A, 2008. 

https://geohazards.usgs.gov/deaggint/2008/
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subsurface exploration points, and the elevation of the nearby prominent drainage 
courses and creeks, we believe that even assuming a groundwater level of 50 feet 
below the ground surface for the pertinent slopes is conservative and deeper 
groundwater levels could be used in our analysis. 
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5 ROCK OUTCROP REDUCTION 

 
As is noted in the “Slope Stability Analysis” section above and in the “Corrective 
(Remedial) Grading” section below, we have recommended cutting the two prominent, 
relatively high south-facing cut slopes (Approximate Stations 18+00 to 29+00 and 
46+50 to 61+00) to steeper gradients than those proposed on the civil grading plans. 
Our recommendations were made based on the favorable bedding, nature of the Neroly 
formation, and our slope stability analysis results. The steepening of the two noted 
slopes will help reduce the magnitude of the initially planned cuts and will reduce 
encroachment onto rock outcrops. 
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6 DRAINAGE TERRACES (BENCHES) 

 
Refer to the “Corrective (Remedial) Grading” section on next page. 
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7 CORRECTIVE (REMEDIAL) GRADING 

 
Corrective (remedial) grading is needed almost along the entire length of the selected 
C-2 Low alignment. All proposed fill and cut slopes where overexcavation and rebuilding 
is recommended will need to be supported on keyway excavations that extend a 
minimum of 10 feet into the underlying bedrock or firm unyielding soil.  The keyway 
depth may need to be adjusted based on the engineering geologist’s observations in the 
field during grading. Plate 4 shows a typical fill slope buttress detail, while Plate 5 
presents a typical keyway buttress fill for cut slope reconstruction.   
 
Perforated subdrain pipes encased in Caltrans Class 2 permeable material will need to 
be placed along the entire length of the keyway heels and directed to provide positive 
gravity flow where approximately delineated on the attached Remedial Grading Plans 
(Plates 3A and 3B). Plate 6 presents typical subdrain details for keyway and canyon fill 
areas. Subdrain pipe sections should be glued where they intersect, or where they are 
raised for cleanouts, 45-degree angled connectors should be installed. Subdrain lines 
should be added above the base of the keyway elevation at approximate intervals of 
about 25 vertical feet of fill. Subdrain pipe Type SDR-35 should be used where fill 
thickness is less than about 30 feet vertically. Where the fill thickness exceeds 30 
vertical feet, subdrain pipe Type SDR-23.5, with thicker walls, should be used instead. 
For fill areas planned within v-shaped drainage courses, all the recommended lateral 
tributary perforated subdrain pipes should be connected to a solid 12-inch diameter 
subdrain collector pipe that extends along the axis of the swale in a parallel fashion to 
the perforated line recommended along the axis of drainage swale and daylighted 
further down the drainage swale. The upper ends of the solid collector pipes should be 
capped and the lower ends of all subdrain lines (solid or perforated) should be fitted with 
grates to prevent animal access and debris introduction. 
 
Fill placement and preparation of areas to receive fill should be performed in 
accordance with the recommendations presented in our January 9, 2008 report. 
 
In general, the keyway widths recommended and shown on Plates 3A and 3B for both 
proposed fill slope areas and cut slope areas to be overexcavated and rebuilt, measure 
about half of the vertical height of the proposed slopes. This selected keyway width 
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aspect ratio is based on slope stability analysis, experience gained on previous mass 
grading projects, and on the type of soil and fill material to be derived from the bedrock 
formations in this general area. We anticipate the depth of the keyway excavations to 
extend about 10 feet into the underlying bedrock or into firm unyielding soils. Actual 
keyway depths will need to be established by our engineering geologists in the field 
during grading based on the encountered subsurface conditions. 
 
Remedial grading details pertaining to each proposed fill and cut slope location are 
discussed below starting from the west end of the project and are approximately 
delineated on Plates 3A and 3B. The approximate grading limits are also delineated on 
the noted plates. 
 
It is important to note that the width of the fill buttresses proposed at cut slope areas,  
where we recommend such slopes be overexcavated and rebuilt, should be maintained 
the same as that of the recommended keyway width throughout their entire height.  This 
implies that the temporary backcut slope should be cut at the same gradient as the final 
slope face (2H:1V). 
 

7.1 PROPOSED FILL SLOPES (BETWEEN APPROXIMATE STATIONS 29+00 
AND 35+00) 

The roadway alignment at this location will cross a prominent drainage swale that drains 
northward. Fill placed across the drainage swale will create south- and north-facing fill 
slope portions that will measure approximately 65 and 75 feet in vertical height, 
respectively. The two fill slopes will be wedge-shaped and their widths will increase with 
height. As is delineated on Plate 3A, we are recommending that the south-facing fill 
slope portion planned along the south side of the roadway be supported on a 30-foot 
wide keyway excavation while the north-facing fill slope portion to the north of the 
roadway is supported on a 40-foot wide keyway excavation. 
 
Perforated subdrain pipes should be placed along the heels of both keyway excavations 
and also be extended along the axis of the drainage swale daylighting to the north of the 
north-facing slope portion. The outfall pipe to be located beyond the toe of the north-
facing fill slope portion should be non-perforated, solid, and rigid. A non-perforated, 
solid subdrain collector pipe should be extended along the axis of the drainage course 
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(parallel to the axial perforated subdrain line) and all tributary perforated subdrain lines 
should be connected to this collector pipe as shown on Plate 3A. Perforated subdrain 
pipes Type SDR-35 should be installed within the keyway excavations while Type SDR-
23.5, with thicker walls, should be installed along the axis of the swale where the fill 
depth increases as previously discussed. Subdrain cleanout risers should be installed at 
all upper/terminal ends of the perforated pipes where approximately delineated on Plate 
3A. 
 
Because the proposed north- and south-facing fill slopes are not very wide along their 
toes, we are recommending a single, 12-foot wide drainage terrace (bench) at mid-
height, which would facilitate the surficial drainage along the planned slope faces and 
allow for equipment access. A concrete V-ditch should be constructed along the inboard 
side of the drainage bench. 
 
This planned fill area will be underlain by Neroly and Cierbo sandstone formations, 
which are well consolidated and granular. In addition, we anticipate the bedrock 
materials to be present at relatively shallow depths along the swale axis. Accordingly, 
we do not anticipate relatively thick wet and soft alluvial sediments to be present along 
the drainage course axis. Subsequent settlement of the supporting soils/bedrock 
induced by fill placement is not anticipated to be significant. Refer to Section 8.3.3 of 
our January 9, 2008 report for further discussion of anticipated settlements in deep fill 
areas. 
 

7.2 PROPOSED FILL SLOPES (BETWEEN APPROXIMATE STATIONS 38+50 
AND 47+00) 

The roadway alignment at this location will cross a second prominent drainage swale 
that also drains northward. Fill placed across the drainage swale will create south- and 
north-facing fill slope portions that will measure approximately 80 and 100 feet in 
vertical height, respectively. The two fill slopes will be wedge-shaped and their widths 
will increase with height. As is delineated on Plate 3A, we are recommending that the 
south-facing fill slope portion planned along the south side of the roadway be supported 
on a 40-foot wide keyway excavation while the north-facing fill slope portion to the north 
of the roadway is supported on a 50-foot wide keyway excavation. 
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Perforated subdrain pipes should be placed along the heels of both keyway excavations 
and also be extended along the axis of the drainage swale daylighting to the north of the 
north-facing slope portion. The outfall pipe located beyond the toe of the north-facing fill 
slope portion should be non-perforated, solid, and rigid. A non-perforated, solid subdrain 
collector pipe should be extended along the axis of the drainage course (parallel to the 
axial perforated subdrain line) and all tributary perforated subdrain lines should be 
connected to this collector pipe as shown on Plate 3A. Subdrain pipes Type SDR-35 
should be installed within the keyway excavations while Type SDR-23.5, with thicker 
walls, should be installed along the axis of the swale where the fill depth increases as 
previously discussed. Subdrain cleanout risers should be installed at all upper/terminal 
ends of the perforated pipes where approximately delineated on Plates 3A and 3B. 
 
A single, 12-foot wide drainage terrace (bench) is recommended at mid-height of the 
approximately 80-foot high, south-facing fill slope portion proposed along the south side 
of the roadway, which would facilitate the surficial drainage along the planned slope 
face and allow for equipment access. 
 
For the north-facing fill slope portion planned to the north of the roadway, we are 
recommending that a 12-foot wide drainage bench be constructed at mid-height. In 
addition, two 6-foot wide drainage benches should also be constructed; one between 
the top of the planned fill slope and the noted 12-foot wide drainage bench (at mid-
height) and the second between the toe of the slope and the noted 12-foot drainage 
bench (at mid-height). 
 
Concrete V-ditches should be constructed along the inboard side of all drainage 
benches. 
 
This planned fill area will be underlain mostly by the Neroly and Cierbo sandstone 
formations, except for the southernmost portion of the keyway excavation for the south-
facing slope, which will encroach onto the Kirker volcanic tuff bedrock. All three bedrock 
formations are well consolidated although the Kirker volcanic tuff materials are expected 
to be highly expansive and corrosive when broken down mechanically. Accordingly, fill 
materials generated from the Kirker Tuff should be placed at depth and not near the 
ground surface where the roadway pavement and improvements are planned. We 
anticipate the bedrock materials to be present at relatively shallow depths along the 
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swale axis. Based on this information, we do not anticipate relatively thick, wet and, soft 
alluvial sediments to be present along the drainage course axis. Subsequent settlement 
of the supporting soils/bedrock induced by fill placement is not anticipated to be 
significant. Refer to Section 8.3.3 of our January 9, 2008 report for further discussion of 
anticipated settlements in deep fill areas. 
 
The southern and southwestern portions of the planned fill in this area will encroach on 
several relatively shallow and active landslides, the largest of which is labeled as 
Landslide 2 on Plate 3A.  These landslides are not anticipated to impact the planned fill 
construction and special measures should not be needed before or during the planned 
grading. 
 

7.3 PROPOSED FILL SLOPES (BETWEEN APPROXIMATE STATIONS 60+00 
AND 70+00) 

The roadway alignment at this location will cross the third and most prominent drainage 
swale, which also drains northward. Fill placed across the drainage swale will create 
south- and north-facing fill slope portions that will measure approximately 120 and 160 
feet in vertical height, respectively. The two fill slopes will be trapezoidal-shaped and 
their widths will increase with height. As is delineated on Plate 3B, we are 
recommending that the south-facing fill slope portion planned along the south side of 
the roadway be supported on a 60-foot wide keyway excavation while the north-facing 
fill slope portion to the north of the roadway is supported on a 70-foot wide keyway 
excavation. 
 
Perforated subdrain pipes should be placed along the heels of both keyway excavations 
and also be extended along the axis of the drainage swale daylighting to the north of the 
north-facing slope portion. The outfall pipe located beyond the toe of north-facing fill 
slope portion should be non-perforated, solid, and rigid. A non-perforated, solid subdrain 
collector pipe should be extended along the axis of the drainage course (parallel to the 
axial perforated subdrain line) and all tributary perforated subdrain lines should be 
connected to this collector pipe as shown on Plate 3B. Subdrain pipes Type SDR-35 
should be installed within the keyway excavations while Type SDR-23.5, with thicker 
walls, should be installed along the axis of the swale where the fill depth increases as 
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previously discussed. Subdrain cleanout risers should be installed at all upper/terminal 
ends of the perforated pipes where approximately delineated on Plates 3A and 3B. 
 
For both south- and north-facing slope portions, we are recommending that a single, 12-
foot wide drainage terrace (bench) be constructed at mid-height, which would facilitate 
the surficial drainage along the planned slope faces and allow for equipment access. In 
addition, two 6-foot wide drainage benches should be constructed; one between the top 
of the planned fill slope and the noted 12-foot wide drainage (at mid-height) bench and 
the second between the toe of the slope and the noted 12-foot drainage bench (at mid-
height), for both the south- and north-facing fill slope portions. 
 
Concrete V-ditches should be constructed along the inboard side of all drainage 
benches. 
 
The planned fill in this location is shown on Plate 3B to have an approximate gradient of 
2H:1V. Our proposed remedial grading scheme, which includes the locations of the 
keyway excavations and subdrain pipes, is shown along the toe of the noted slopes. 
However, as part of our current study (and as discussed later in this report), we 
evaluated the feasibility of constructing mechanically stabilized (reinforced) earth 
geosynthetic fill slopes with approximate gradients of 1H:1V. If this alternative is 
implemented, the position of the toes of both the south- and north-facing slopes could 
be shifted significantly towards the roadway. Accordingly, the position of the keyway 
excavations and associated subdrain lines would also need to be shifted although the 
keyway geometries will mostly remain unaltered. 
 
We mapped a relatively large landslide deposit, delineated as Landslide 3 on Plate 3B, 
along the east-facing western swale bank and generally extending between Station 
64+00 and the axis of the swale near Station 66+90. This landslide, which occurred in 
the Neroly sandstone is considered dormant and is not showing signs of current 
movement. We do not anticipate that a significant concentration of soft landslide 
material or water seepages will be encountered during grading within the landslide 
limits. Hence, we believe the potential for subsequent settlement of the supporting 
soils/bedrock induced by fill placement is considered to be very low in this area. 
However, the area will still require preparation to receive fill in accordance with our 
January 9, 2008 report recommendations. The fill placement atop and around the 
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mapped landslide mass should effectively encapsulate it and should reduce the risk for 
it to reactivate in the future. 
 
Furthermore, during our repeated site reconnaissance and mapping visits to the site, we 
observed bedrock outcrops exposed along the axis of the drainage swale, which 
indicates that the central portion of the swale lacks relatively deep soft alluvial sediment. 
 
Nearly this entire proposed fill area will be underlain by the favorable Neroly sandstone 
and Lawlor Tuff materials, which are well consolidated and granular. However, the 
northeast corner of the keyway excavation to underlie the toe portion of the north-facing 
fill slope planned to the north of the roadway is anticipated to be underlain by clay-rich 
Tulare formation sediments. Nonetheless, if the 1H:1V slope gradient configuration is 
selected and the keyway excavation in that area is shifted southward, then the entire fill 
area (including the keyway) should be underlain by favorable Neroly and Lawlor 
bedrock materials. 
 

7.4 PROPOSED FILL SLOPES (BETWEEN APPROXIMATE STATIONS 78+50 
AND 87+50) 

The roadway alignment at this location will cross near the head of a fourth, less 
prominent northward-trending topographic swale that also drains northward. Fill placed 
across the drainage swale will create south- and north-facing fill slope portions that will 
measure approximately 50 and 80 feet in vertical height, respectively. The two fill slopes 
will be oval-shaped and their widths will increase with height. As is delineated on Plate 
3B, we are recommending that the south-facing fill slope portion planned along the 
south side of the roadway be supported on a 30-foot wide keyway excavation while the 
north-facing fill slope portion to the north of the roadway is supported on a 40-foot wide 
keyway excavation. 
 
Perforated subdrain pipes should be placed along the heels of both keyway excavations 
and also extended along the axis of the drainage swale daylighting to the north of the 
north-facing slope portion. The outfall pipe beyond the toe of the north-facing fill slope 
portion should be non-perforated, solid and rigid. A non-perforated, solid subdrain 
collector pipe should be extended along the axis of the drainage course (parallel to the 
axial perforated subdrain line) and all tributary perforated subdrain lines should be 
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connected to this collector pipe as shown on Plate 3B. Subdrain pipes Type SDR-35 
should be installed within the keyway excavations while Type SDR-23.5, with thicker 
walls, should be installed along the axis of the swale where the fill depth increases as 
previously discussed. Subdrain cleanout risers should be installed at all upper/terminal 
ends of the perforated pipes where approximately delineated on Plate 3B. 
 
A single 6-foot wide drainage bench, which would facilitate the surficial drainage along 
the planned slope face and allow for equipment access, is recommended across the 
approximately 50-foot high, south-facing fill slope portion proposed along the south side 
of the roadway. In addition, a single, 12-foot wide drainage bench at mid-height is 
recommended across the approximately 80-foot high, north-facing fill slope portion 
proposed along the north side of the roadway. 
 
Concrete V-ditches should be constructed along the inboard side of all drainage 
benches. 
 
This entire planned fill area will be underlain by the clay-rich Tulare formation 
sediments, which are considered expansive. 
 
The proposed fill prism is planned across a topographic swale and measures to 
maintain the natural runoff flow northward within the drainage swale should be 
considered and implemented to prevent damming of the noted swale. 
 
A dormant landslide labeled as Landslide 5 on Plate 3B is mapped downslope of a 
north-facing fill slope proposed in this area.  The lower edge of the planned keyway in 
this area does not encroach on the southern limit of the noted landslide and the 
landslide has not shown signs of reactivation during the last ten years.  Based on this 
information, we are not recommending that this landslide be mitigated and depending 
on the exposed conditions during grading, the edge of the keyway opposite the 
landslide may need to be deepened during construction.  
 
The recommended keyway excavation for the south-facing slope will encroach onto a 
dormant landslide deposit labeled as Landslide 4 on Plate 3B. The keyway excavation 
should penetrate the landslide debris and be founded into in-place bedrock materials. 
Our engineering geologist should be provided the opportunity to assess the depth of the 
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planned keyway excavation and the noted landslide during grading to evaluate the 
needed depth of excavation. The landslide materials mapped within the fill limits should 
be overexcavated and replaced with engineered fill during grading prior to the 
placement of the fill material.  The removal of the landslide debris and excavation for the 
proposed keyway across the landslide should be staged and performed in two sections 
with the first half subdrained and backfilled before the second half is excavated to 
reduce the risk of having the mass mobilize during grading. Our 2008 report indicated 
the need for an encatchment berm on the south side of the roadway, especially along 
the western margin of the landslide where the landslide limit is near grade.  However, 
after further evaluation it is our opinion that the south-facing fill slope to be constructed 
across the lower portion of the landslide will function as an encatchment berm and it 
should suffice to collect subsequent debris before it reaches the roadway.  This 
conclusion is based on the minimal depth of the landslide along its western limit and the 
anticipated northeast direction of failure, which is controlled by the topography. 
 
We anticipate the bedrock materials to be present at relatively deeper depths reaching 
up to about 10 feet below the ground surface in this area. We do not anticipate soft 
alluvial sediments to be present along the drainage course axis or where the keyways 
are planned. Subsequent settlement of the supporting soils/bedrock induced by fill 
placement is not anticipated to be significant.   
 

7.5 PROPOSED FILL SLOPES (BETWEEN APPROXIMATE STATIONS 89+00 
AND 97+20) 

This is the easternmost fill area proposed for the roadway alignment and it will cross 
one of the most prominent northward-trending drainage courses within the project limits. 
Fill placed across this northward-flowing drainage course will also create south- and 
north-facing fill slope portions that will measure between approximately 80 and 90 feet 
in vertical height. The south-facing slope portion will also be constructed across a less 
prominent drainage swale that forms a tributary to the more prominent northward-
flowing drainage course. The two fill slopes will be oval-shaped and their widths will 
increase with height. As is delineated on Plate 3B, we are recommending that the 
south-facing fill slope portion planned along the south side of the roadway be supported 
on 30- and 40-foot wide keyway excavations (across the tributary swale and the more 
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prominent course, respectively) while the north-facing fill slope portion to the north of 
the roadway be supported on a 50-foot wide keyway excavation. 
 
Perforated subdrain pipes should be placed along the heels of both keyway excavations 
and also extended along the axis of the drainage course and the tributary swale 
daylighting to the north of the north-facing slope portion. The outfall pipe beyond the toe 
of the north-facing fill slope portion should be non-perforated, solid, and rigid. A non-
perforated, solid subdrain collector pipe should be extended along the axis of the 
drainage course (parallel to the axial perforated subdrain line) and all tributary 
perforated subdrain lines should be connected to this collector pipe as shown on Plate 
3B. Subdrain pipes Type SDR-35 should be installed within the keyway excavations 
while Type SDR-23.5, with thicker walls, should be installed along the axis of the swale 
where the fill depth increases as previously discussed. Subdrain cleanout risers should 
be installed at all upper/terminal ends of the perforated pipes where approximately 
delineated on Plate 3B. 
 
A single 12-foot wide drainage bench, which would facilitate the surficial drainage along 
the planned slope face and allow for equipment access, is recommended across the 
approximately 80- to 90-foot high, south- and north-facing fill slope portions proposed 
along the south and north sides of the roadway. Concrete V-ditches should be 
constructed along the inboard side of all drainage benches. 
 
As is shown on Plate 3B, this entire planned fill area will be underlain by the clay-rich 
Tulare formation sediments, which are considered expansive. 
 
The proposed fill prism is planned across a prominent drainage course and its 
associated tributary topographic swale and measures to maintain the natural runoff flow 
northward within the drainage course and swale should be considered and implemented 
to prevent damming of the noted drainage courses. 
 
The planned fill prism will overlie several relatively smaller landslide deposits that are 
considered active. Most of these landslides are erosional features created by the 
seasonal flow along the prominent drainage course, which undercuts and undermines 
the toe of the west-facing bank of the noted swale. The axis of the swale and the 
mapped surficial slope failures should be overexcavated and any soft sediment present 
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within their limits removed prior to fill placement. Our engineering geologist should be 
provided the opportunity to assess the depth of the planned keyway excavation to 
evaluate the removal of any soft sediment encountered. 
 
We anticipate the bedrock materials to be present at relatively deeper depths within the 
swale axis in this area. Culvert intakes along the base of the south-facing slope planned 
to the south of the roadway should be raised to help avoid potential blockage due to 
material shedding by the mapped active landslide deposits in that immediate vicinity. 
 

7.6 PROPOSED CUT SLOPES (BETWEEN APPROXIMATE STATIONS 10+50 
AND 13+00) 

This is the westernmost cut proposed and it is an approximately 30-foot high cut 
planned across a topographic knob present along the west side of the proposed James 
Donlon Bridge, which will span the Kirker Creek canyon. The cut slope will encounter 
highly and closely fractured pebbly sandstone belonging to the Cierbo formation, which 
dips adversely northward. As is delineated on Plate 3A, we are recommending that this 
north-facing cut planned along the south side of the roadway be overexcavated and 
rebuilt as a fill slope with a slope gradient not exceeding 2H:1V that is supported on a 
15-foot wide keyway excavation. This selected keyway width is based on an aspect 
ratio of approximately half of the slope height, which is based on slope stability analysis,  
experience gained on previous mass grading projects and on the type of soil and fill 
material to be derived from the bedrock formations in this general area. 
 
A perforated subdrain pipe should be placed along the heel of the keyway excavation 
and be either directed to drain toward the creek channel or along the shoulder of Kirker 
Pass road. The outfall pipe should be non-perforated, solid, and rigid. A subdrain pipe 
Type SDR-35 should be installed within the keyway. A subdrain cleanout riser should be 
installed at the opposite end of the outfall pipe. 
 
The corrective grading for the planned cut slope will result in extending the actual 
grading limit by approximately 15 to 20 feet southward beyond the grading limits shown 
on the civil plans. The approximate limits of the corrective remedial grading are 
delineated on Plate 3A. No mid-slope drainage bench is recommended across the 
north-facing slope face because its height is not anticipated to exceed 30 vertical feet. 
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7.7 PROPOSED CUT SLOPES (BETWEEN APPROXIMATE STATIONS 18+00 
AND 29+00) 

This cut slope will have north- and south-facing portions that vary in vertical height 
between about 60 and 170 feet, respectively. The proposed north-facing, 60-foot high 
cut slope will mostly encounter highly and closely fractured pebbly sandstone belonging 
to the Cierbo formation, which dips adversely northward. As is delineated on Plate 3A, 
we are recommending that this north-facing cut planned along the south side of the 
roadway be overexcavated and rebuilt as a fill slope with a slope gradient not exceeding 
2H:1V that is supported on a 35-foot wide keyway excavation. This selected keyway 
width is based on an aspect ratio of approximately half of the slope height, which is 
based on slope stability analysis,  experience gained on previous mass grading 
projects, and on the type of soil and fill material to be derived from the bedrock 
formations in this general area. The planned roadway, associated off ramp, and the 
planned north-facing cut will encroach on a relatively shallow northeast/southwest-
trending slope wash area. The civil and remedial grading plan scheme proposed in this 
area will most likely remove the majority of the noted deposit.  We do not anticipate that 
the noted deposit will impact the planned grading or improvements. 
 
A perforated subdrain pipe should be placed along the heel of the keyway excavation 
and directed to drain southwestward toward the creek tributary as is shown on Plate 3A. 
If this area is utilized for a borrow site, the subdrain may be directed eastward to 
connect with the subdrain system planned along the abutting fill area situated 
immediately to the east. The outfall pipe should be non-perforated, solid, and rigid if 
directed westward. A subdrain pipe Type SDR-35 should be installed within the keyway. 
A subdrain cleanout riser should be installed at the opposite end of the outfall pipe. 
 
The corrective grading for the planned cut slope will result in extending the actual 
grading limit by approximately 35 to 40 feet southward beyond the grading limits shown 
on the civil plans. The approximate limits of the corrective remedial grading are 
delineated on Plate 3A. A single 6-foot wide drainage bench, which would facilitate the 
surficial drainage along the planned slope face and allow for equipment access, is 
recommended at the mid-height of the slope.  A concrete V-ditch should be constructed 
along the inboard side of all drainage benches. 
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The south-facing, 170-foot high cut slope planned along the north side of the roadway 
will mostly encounter favorably-bedded gray sandstone belonging to the Neroly 
formation except for the southwestern corner of the cut where Cierbo sandstone may be 
encountered. Based on the noted favorable bedrock bedding, the nature of the Neroly 
formation sandstone, our field observations, and our slope stability analysis performed 
as part of this supplemental report, it is our opinion that this south-facing cut planned 
along the north side of the roadway may be steepened to an approximate slope gradient 
not exceeding 1.75H:1V. No remedial grading is needed except for the recommended 
drainage benches discussed below. If a 1.75H:1V slope gradient is implemented, the 
grading limit on the civil plan shown on Plate 3A would shift southward and the 
magnitude of the cut would be decreased. 
 
The planned cut will remove the head section of the mapped slope wash deposit shown 
on Plate 3A. The northward-dipping contact separating the overlying Neroly formation 
sandstone from the underlying Cierbo sandstone mapped along the southwest corner of 
the south-facing cut slope planned along the north side of the roadway may shift 
northward after the cut is made. Depending on the exposed field conditions during 
grading, our engineering geologist may recommend overexcavating and rebuilding that 
slope portion. 
 
A single 12-foot wide drainage bench should be constructed at the mid-slope height 
coupled with two additional 6-foot wide drainage benches: one at the mid-height 
between the top of the slope and the 12-foot wide bench and the other at the mid-height 
between the toe of the south-facing slope and the 12-foot wide drainage bench. 
 

7.8 PROPOSED CUT SLOPE (BETWEEN APPROXIMATE STATIONS 34+00 AND 
38+00) 

This approximately 40-foot high, south-facing slope proposed along the north side of the 
roadway will most likely expose Neroly sandstone that is favorably bedded. Although we 
are not recommending that this cut slope be overexcavated and rebuilt, the planned cut 
may result in shifting the contact with the underlying Cierbo formation northward 
exposing more Cierbo on the cut. Depending on the nature of the exposed conditions 
and the final location of the noted geologic contact, our geologist may recommend 
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overexcavating and rebuilding this south-facing slope. If this cut needs to be rebuilt, a 
15- to 20-foot wide keyway with a subdrain will be needed along the toe of the slope, 
and the subdrain will most likely be combined with the subdrain for the proposed 
adjacent fill slope situated immediately to the west. Whether this cut is rebuilt or not, a 
single 6-foot wide drainage bench should be constructed at the mid-height of this 40-
foot high south-facing slope to facilitate surficial drainage and equipment access.   
 

7.9 PROPOSED CUT SLOPES (BETWEEN APPROXIMATE STATIONS 46+50 
AND 61+00) 

This cut slope will have north- and south-facing portions that vary in vertical height 
between about 90 and 160 feet, respectively. The proposed north-facing, 90-foot high 
cut slope will mostly encounter Neroly sandstone and also highly and closely fractured 
pebbly sandstone belonging to the Cierbo sandstone, both of which dip adversely 
northward. The position of the mapped geologic contact separating the two formations 
and shown on Plates 3A and 3B will most likely shift northward after the cut is made. As 
is delineated on Plates 3A and 3B, we are recommending that this north-facing cut 
planned along the south side of the roadway be overexcavated and rebuilt as a fill slope 
with a slope gradient not exceeding 2H:1V that is supported on a 45-foot wide keyway 
excavation. 
 
A perforated subdrain pipe should be placed along the heel of the keyway excavation 
and directed to drain southwestward toward the adjacent drainage course as shown on 
Plate 3A. The outfall pipe should be non-perforated, solid, and rigid if directed 
westward. Subdrain pipe Type SDR-35 should be installed within the keyway. Additional 
tributary perforated subdrain lines should be installed at about 25 feet in vertical height. 
A subdrain cleanout riser should be installed at all upper ends of the perforated 
subdrain lines as is approximately shown on Plate 3B. 
 
The corrective grading of the planned cut slope will result in extending the actual 
grading limit by approximately 45 to 50 feet southward beyond the grading limits shown 
on the civil plans. The approximate limits of the corrective remedial grading are 
delineated on Plates 3A and 3B. A single 12-foot wide drainage bench, which would 
facilitate the surficial drainage along the planned slope face and allow for equipment 



 
 

123460/PWGEO/(PLE12R0650)/jmk Page 29 of 45 November 30, 2012 
Copyright 2012, Kleinfelder 

access, is recommended at the mid-height of the slope. A concrete V-ditch should be 
constructed along the inboard side of all drainage benches. 
 
The south-facing, approximately 160-foot high cut slope planned along the north side of 
the roadway will mostly encounter favorably-bedded gray sandstone belonging to the 
Neroly formation except for the southwestern corner of the cut where Cierbo sandstone 
may be encountered. Based on the noted favorable bedrock bedding, the nature of the 
Neroly formation sandstone, our field observations, and our slope stability analysis 
performed as part of this update, it is our opinion that this south-facing cut planned 
along the north side of the roadway may be steepened to an approximate slope gradient 
not exceeding 1.5H:1V. No remedial grading is anticipated except for the recommended 
drainage benches discussed below. If a 1.5H:1V slope gradient is implemented, the 
grading limit on the civil plan shown on Plates 3A and 3B would shift southward and the 
magnitude of the cut would be decreased. 
 
The planned cut slope should remove a mapped slope wash deposit in this area shown 
on Plates 3A and 3B.  The northward-dipping contact separating the overlying Neroly 
formation sandstone from the underlying Cierbo sandstone mapped along the 
southwest corner of the south-facing cut slope planned along the north side of the 
roadway may shift northward after the cut is made.  Depending on the exposed field 
conditions during grading, our engineering geologist may recommend overexcavating 
and rebuilding that slope portion. 
 
A single 12-foot wide drainage bench should be constructed at the mid-slope height 
coupled with two additional 6-foot wide drainage benches: one at the mid-height 
between the top of the slope and the 12-foot wide bench and the other at the mid-height 
between the toe of the south-facing slope and the 12-foot wide drainage bench. 
 
The north-facing cut slope portion along the south side of the roadway in the vicinity of 
Station 60+00 is shown to be about 30 feet in vertical height. This slope portion should 
also be overexcavated and rebuilt. A 15-foot wide keyway should be constructed. 
Because this is an elevated area, we are not recommending the installation of a 
subdrain line in this keyway. However, a 6-foot wide drainage bench should be 
constructed at mid-slope height. 
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7.10 PROPOSED CUT SLOPES (BETWEEN APPROXIMATE STATIONS 70+00 
AND 78+00) 

The proposed easternmost cut slopes, which consist of an approximately 200-foot high, 
south-facing slope and a 40-foot high, north-facing slope, are considered the most 
difficult slopes to be graded across the entire roadway alignment. This conclusion is 
based on the following geologic conditions: 
 

 The north-facing slope portion is the highest cut planned along the alignment; 

 Both north- and south-facing slope portions are underlain by and will expose 
landslide-prone Tulare formation; 

 The north-facing cut slope portion will expose adversely bedded Tulare sandy 
claystone; 

 The location of the north-facing cut is situated along the adversely-dipping 
geologic contact separating the overlying Tulare formation from the underlying 
Lawlor Tuff; 

 The northward-dipping Lawlor Tuff unit underlying the proposed north-facing high 
cut is well consolidated, considered stable, and will likely transmit subsurface 
water flows northward beneath the Tulare clayey sediments, which could cause 
them to fail; 

 A relatively large and subdued landslide deposit, the outline of which appears to 
have been rounded and masked by erosion and slope mass wasting, may be 
present in this area; 

 Remedial grading for the north-facing slope portion may need to be as wide as 
100+ feet, which would result in shifting the limit of the grading southward by 
approximately 100 additional feet; and 

 The area lacks specific subsurface information which we consider of utmost 
importance to evaluate the feasibility and stability of the proposed north-facing 
cut. 

 

Based on the above information, we recommend that further investigation of this area 
be performed to assess its subsurface conditions, geologic structure, thickness of 
geologic formations, and its short- and long-term stability. 
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8 PRELIMINARY EVALUATION OF PROPOSED RETAINING WALLS 

 
According to the preliminary retaining wall layout and profile plan titled Exhibit B-4 
shown in Appendix D, prepared by RBF, six retaining walls are planned near the 
western limits of the proposed James Donlon Boulevard Extension project. These walls 
are anticipated to consist of cantilevered, soldier pile and lagging, sheet pile, MSE, and 
cantilevered walls supported on piles. Our preliminary evaluation of these walls is 
discussed below. 
 

8.1 MECHANICALLY STABILIZED WALLS 

As shown in Appendix D, two 190-foot long mechanically stabilized earth (MSE) walls 
(numbered 123 and 127) are proposed along the western approach to the Ramp Bridge. 
These walls are expected to be up to 25 feet high. Based on the available exploration 
points and the geology shown on Plate 3A, the subsurface conditions at the wall 
foundations are expected to consist of Pleistocene age alluvial fan deposits (map 
symbol Qpaf on Plate 3A). These deposits are generally moist, firm to hard in 
consistency, and are comprised of yellowish brown sandy fat to lean clays with varying 
concentrations of sandy and gravelly zones. 
 
Both retaining walls are anticipated to be founded on shallow foundations. Retaining 
wall 127 will be located adjacent to west end of the Ramp Bridge. We expect the Ramp 
Bridge abutment and its wing walls will be supported on deep foundations. Therefore, 
differential settlement between the bridge structure (abutment and wing walls) and 
retaining wall 127 should be expected during construction. Structures supported on 
properly constructed pile foundations typically experience negligible settlement in 
comparison to structures that are supported on shallow foundations. Relatively deep fills 
are planned for the construction of the bridge embankments. These fills can potentially 
experience significant settlements over time. This could result in significant differential 
settlement between pile-supported and shallow foundation-supported structures that 
abut each other, and between pile-supported structures adjacent to deep fill 
embankments. Section 10 of this report (Settlement of Deep Fills) discusses mitigation 
measures for addressing this differential settlement potential. 
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A preliminary allowable bearing capacity of 3,000 pounds per square foot (psf) may be 
used for the conceptual design of spread footings for these retaining walls. A one-third 
increase for transient loads, such as seismic loads, may be used. This preliminary 
bearing capacity is based on the assumption that the footings will be supported on 
engineered fill and/or firm/undisturbed subgrade and will have a minimum embedment 
depth of 3 feet. This bearing capacity will need to be reduced where the wall footings 
are close to a slope. More detailed analysis is needed to allow us to provide a final 
design bearing capacity. 
 
For the design of the retaining walls, we recommend using a minimum soil 
reinforcement length of 70 percent of the wall height with a length of not less than 8 
feet. The wall footings should have a minimum embedment depth of 3 feet or 0.1H 
(where H is the wall height), whichever is greater. The base width for the MSE wall 
should be evaluated at several height sections along the length of the wall using 
applicable software like MSEW©. A minimum horizontal berm of 4 feet, or 0.1H wide, 
whichever is greater, should be provided in front of walls founded on slopes. 
 
Based on the subsurface information available, the proposed MSE walls appear to be 
geotechnically feasible. During the final design phase of the project, site-specific 
geotechnical investigation and laboratory testing should be performed at proposed MSE 
wall locations to confirm the anticipated foundation type discussed above, to assess 
potential geotechnical issues such as estimated settlements, and to provide final 
recommendations. In addition, global stability and sliding analysis should be performed 
to assess the stability of the retaining structures. This report provides recommendations 
for a supplemental investigation for the proposed walls. 
 

8.2 CAST-IN-PLACE WALLS 

Three Cast-In-Place (CIP) retaining walls are proposed for this project as shown in 
Appendix D. These retaining structures consist of Caltrans Standard Type 1 walls 
(cantilevered retaining walls less than 36 feet high). The three walls can be described 
as follows: 
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 Retaining wall 17 is about 590 feet in length and will be located on the west side 
of Kirker Pass Road, opposite the planned exit ramp to James Donlon Boulevard. 
This wall is expected to be up to 15 feet high; 

 Retaining wall 22 is about 375 feet in length and will be located on the east side 
of Kirker Pass Road, south of the intersection with James Donlon Boulevard and 
opposite to MSE wall 123. This wall is expected to be up to 15 feet high; and 

 Retaining wall 34 is about 185 feet in length and will be located on the east side 
of Kirker Pass Road, north of the intersection with James Donlon Boulevard. This 
wall is expected to be up to 10 feet high. 

 
The proposed walls appear to be geotechnically feasible at the proposed locations. 
Based on the available exploration points and the geology shown on Plate 3A, the 
subsurface conditions at the wall foundations are expected to consist of Pleistocene age 
alluvial fan deposits (map symbol Qpaf on Plate 3A), except for the northern segment of 
wall 22, which is expected to overlie the Tertiary Kirker Formation (Volcanic Tuff, map 
symbol Tkt). The Kirker formation (map symbol Tkt) is mainly comprised of marine 
volcanic tuff and tuffaceous sandstone, and mudstone. The tuff is vitric (composed of 
crystals) and lithic (composed of minute rock fragments) and is fissile. The bedrock is 
expected to be weathered and generally rippable, although concretions may be 
encountered, which could require more extensive mechanical equipment to break up, 
such as jackhammer-equipped backhoes and excavators. For additional discussion on 
the rippability of the site soils and bedrock, refer to Section 8.4.4 of our January 9, 2008 
report. 
 
The preliminary plans show that retaining walls 22 and 34 would be founded on shallow 
foundations. Both walls are situated close to sloping ground and measures will likely be 
needed to increase the global stability of the walls. These measures could include, but 
are not limited to, deepening the footings and increasing the footing distance from the 
slope face to shift the footing pressure bulb away from the slope face, thus lowering the 
potential for surcharging the slope. Where the above recommendations cannot be met 
due to topography and design constraints, and global stability minimum requirements 
are not met, deep foundation systems such as cast-in-drilled-hole (CIDH) piers should 
be considered. During the final design phase, a comprehensive stability analysis should 
be performed to evaluate both the static and seismic factors of safety against sliding, 
overturning, eccentricity, and global failure surfaces for these walls. The preliminary 
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retaining wall layout and profile shown in Appendix D indicate retaining wall 17 being 
supported by deep foundations where wall the height is greater than 12 feet. When the 
wall design is finalized and loading information is available, a comprehensive analysis 
should be performed to estimate pile lengths and sizes to accommodate the proposed 
axial and lateral loads. 
 
For preliminary analysis purposes, piles may be estimated to have an embedment 
depth of about 1.5 to 2 times the exposed wall height. This embedment is subject to 
change during the design phase based on several factors such as wall axial and lateral 
loads, number of piles, pile sizes, subsurface conditions, and footing distance to slope 
face. At the time of the preparation of this report and due to the lack of subsurface 
information at the proposed wall locations, the depth to bedrock is not known.  Some of 
the piles may extend into bedrock during installation. The bedrock is expected to be 
weathered and generally drillable, although concretions and hard zones may be 
encountered, which could require more powerful drilling equipment. Depending on the 
depth of bedrock, driven piles may not be a feasible option for deep foundations and 
cast-in-drilled-hole piers may need to be used instead. As part of the additional 
investigation being recommended in this report, the proposed wall locations should be 
explored in order to evaluate the depth and drillability of bedrock, and develop 
geotechnical design parameters for the walls, including deep foundations. 
 
All three proposed CIP retaining walls cross over tributaries to Kirker Creek. Design 
consideration should be given in accommodating the existing/new culvert boxes 
proposed within the walls or passing underneath the walls. Where culverts pass 
underneath the walls, the design team should consider various options so that new 
loading from the proposed retaining wall does not impact the box culverts. For 
preliminary purposes, a 1H:1V imaginary plane projected from the bottom of the 
footings may be used to evaluate the influence zone for surcharge loads imposed by the 
wall footings on the culverts. The final design may include construction of a loading 
platform consisting of reinforced ground improvement (RGI) to transfer the load from the 
wall to deeper soil outside the influence zone of the culvert.  
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8.3 SOLDIER PILE/SHEET PILE WALLS 

Retaining wall 16 is 250 feet in length and will be located on the east side of Kirker Pass 
Road, near the entrance to exit ramp to James Donlon Boulevard. According to the 
preliminary retaining wall layout and profile plan shown in Appendix D, the wall is 
anticipated to consist of a soldier pile or sheet pile wall. This wall is expected to be up to 
10 feet high. 
 
For preliminary analysis purposes, soldier piles usually consist of 2.5- to 3.5-foot 
diameter augered holes with steel, wide-flange beam reinforcing, backfilled with lean 
concrete and/or structural grout. Typical pile spacing is 6 to 8 feet on-center with typical 
embedment depths of 1.5 to 2 times the exposed wall height for cantilever walls. The 
embedment depth should be based on the minimum depth to achieve force and 
moment equilibrium. 
 
The subsurface soil at the proposed wall location is expected to consist of alluvium 
underlain by bedrock. Due to the lack of subsurface data, the depth to bedrock is not 
known at this location. Some of the piles may extend into bedrock during installation. 
The bedrock is expected to be weathered and generally drillable, although concretions 
and hard zones may be encountered, which could require more powerful drilling 
equipment. Depending on the depth of bedrock, sheet piles may not be a feasible option 
for deep foundations and pre-drilled soldier piles may need to be used instead. As part 
of the additional investigation being recommended in this report, the proposed wall 
location should be explored in order to evaluate the depth and drillability of bedrock, and 
develop geotechnical design parameters for the wall, including deep foundations. 
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9 SLOPE GRADIENT OF FILL EMBANKMENT BETWEEN 

STATIONS 60+00 AND 70+00 

 
As requested by RBF, we evaluated the use of a reinforced slope system to increase 
the slope gradient from 2H:1V (horizontal to vertical) to 1H:1V for the proposed roadway 
fill embankment located between Stations 60+00 and 70+00. The embankment height 
ranges from about 120 to 160 feet at this location. As part of our evaluation, we 
discussed the proposed embankment with engineers from TenCate Geosynthetics 
Americas (TenCate), a leading supplier of geosynthetics and industrial fabrics.  With our 
input, TenCate performed a preliminary analysis of the embankment using a 
mechanically stabilized earth geosynthetic system. Based on their preliminary results, a 
1H:1V slope gradient is feasible provided the embankment is reinforced with properly 
designed and constructed geogrid reinforcement. For TenCate’s preliminary analysis, 
they used a geogrid reinforced embankment system composed of Miragrid 24XT and 
Miragrid 8XT for the lower 130 feet and upper 30 feet of the embankment, respectively. 
The geogrid layers were spaced every 3 feet vertically. The geogrid layers used ranged 
between approximately 40 and 200 feet in length. 
 
The design of geosynthetic systems and their properties are supplier dependent. For 
this reason, if RBF and the City wish to further explore this option, we recommend that 
they secure the services of a leading geosynthetics supplier, such as TenCate, to 
develop a design for the mechanically stabilized earth geosynthetic system for this 
embankment. To provide increased surficial slope stability and lower the potential for 
erosion to occur along the embankment slope face, we recommend that a face wrap 
such as Miramesh GR or equivalent be placed between successive geogrid layers. 
 
As previously noted, we recommend that drainage benches be placed across the 
embankment slope faces for drainage purposes and equipment access. A 12-foot wide 
bench is recommended at the mid-height of the embankment slopes and two 6-foot 
wide benches: one at the mid-height between the top of the slope and the 12-foot wide 
bench and the second at the mid-height between the toe of the slope and the 12-foot 
wide bench. A 3-foot wide V-ditch should be installed on each bench. Each bench 
should be sloped at a minimum gradient of 2 percent towards the back to allow water to 
flow towards the V-ditches. We anticipate these benches could be exposed to 
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maintenance equipment traffic in the future. For this reason, surcharge loads for such 
equipment should be incorporated into the design of the mechanically stabilized earth 
geosynthetic system for the embankment. 
 
As an alternative to a geosynthetic system, mechanically stabilized earth (MSE) 
retaining walls could be used to construct the fill embankment. However, to reduce 
loading, the walls would need to be designed in tiers which could affect its cost 
effectiveness. Crib walls may not be considered a viable alternative for steepening the 
embankment’s slopes because these walls are typically not cost-effective to build 
beyond wall heights of about 20 to 30 feet. 
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10 SETTLEMENT OF DEEP FILLS 

 
Section 8.3.3 of our January 9, 2008 report includes a discussion about the amount of 
anticipated/estimated settlement that could take place in deep fill areas of the site, such 
as the fill embankment planned between Stations 60+00 and 70+00 and the fill 
abutments for the proposed bridges, and provides recommendations for mitigating such 
settlement. To reduce the potential for settlement distress on guard rails, catch basins, 
storm drains, pavements, and other structures located within these new fills, 
construction of these improvements should be delayed as much as possible (at least 60 
to 90 days) after the embankments and abutments have been constructed. If this 
waiting period is not feasible from a construction schedule standpoint, we should be 
consulted to provide alternative solutions. 
 
Settlements of deep fills can be reduced by compacting the portion of the fill below a 
depth of 10 feet from finished grade to a minimum of 95 percent compaction at least 2 
percent over optimum moisture content for clayey soils and at near optimum moisture 
content for granular soils. Compaction should be based on the maximum dry unit weight 
per ASTM D1557. In areas of abrupt changes in fill thickness, consideration should be 
given to also using a reinforcing geotextile fabric such as Mirafi RS380i or equivalent at 
the base of the aggregate base layer for pavements and concrete flatwork. 
Consideration should also be given to the implementation of a surcharge program. 
 
To reduce the potential for abrupt changes in surface elevations that could develop 
overtime where bridge decks meet bridge abutments, consideration should be given to 
constructing structural approach slabs at bridge abutments. These slabs help provide a 
smoother transition between the bridge deck and the bridge abutments. The structural 
approach slabs could consist of typical Caltrans structural approach types N (30S), R 
(30S), N (30D), R (30D), and/or N (45D). 
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11 UPDATED SEISMIC DESIGN CRITERIA 

 
The seismic design criteria provided in our January 9, 2008 report was based on the 
2007 California Building Code (CBC), which has since been superseded by the 2010 
CBC. 
 
Portions of the roadway alignment lie within relatively deep alluvium of 30+ feet in 
thickness, such as the west end where the Kirker Creek bridges are proposed, while 
other portions lie or will lie (after cuts) on weathered bedrock. Also, some areas of the 
site will receive a significant amount of fill, such as the large fill embankment proposed 
at Station 67+00. Based on this, we recommend using Site Class C (defined as very 
dense soil and soft rock per Table 1613.5.3 of the 2010 CBC) for the areas of the site 
where shallow bedrock is present and no significant amount of fill (i.e., greater than 10 
feet thick) is planned. Areas of the site covered by more than 10 feet of alluvium or fill 
should be classified as Site Class D (defined as stiff soil profile per Table 1613.5.3 of 
the 2010 CBC). Where the designer is not sure if shallow bedrock is present or not, the 
Site Class that results in more stringent seismic parameters should be used. 
 
According to the 2010 California Building Code (CBC), the mapped spectral response 
accelerations SS and S1 for the site are 1.50g and 0.58g, respectively, which were 
obtained based on the Java ground motion parameter calculator developed by the U.S. 
Geological Survey (USGS, 2011) using ASCE 7. The site coefficients Fa and Fv, which 
are based on Tables 1613.5.3(1) and 1613.5.3(2) of the 2010 CBC, are 1.0 and 1.3, 
respectively, for Site Class C and 1.0 and 1.5, respectively, for Site Class D. 
 
Note that SS and S1 are based on Site Class type B (defined as a rock soil profile per 
Table 1613.5.3 of the 2010 CBC) and therefore need to be multiplied by the site 
coefficients Fa and Fv to obtain the maximum considered earthquake spectral response 
accelerations SMS and SM1, respectively. The design spectral response accelerations 
SDS and SD1 are computed by multiplying SMS and SM1, respectively, by 2/3. Table 11-
1 below presents the seismic parameters for each Site Class. 
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Table 11-1 – 2010 CBC Seismic Parameters 
 

Seismic Parameter Site Class C Site Class D 
Fa 1.0 1.0 

Fv 1.3 1.5 

SMS 1.50 1.50 

SM1 0.75 0.87 

SDS 1.00 1.00 

SD1 0.50 0.58 
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12 RECOMMENDATIONS FOR ADDITIONAL INVESTIGATIONS 

 
As previously discussed, limited subsurface information is available for the western 
limits of the James Donlon Boulevard Alignment where the proposed retaining walls will 
be located. Although bedrock is anticipated in the area, its depth is unknown where the 
walls will be located. The presence of bedrock could affect the type, depth, and 
constructability of the foundations for the walls. Therefore, we recommend performing a 
supplemental field exploration to investigate the proposed wall locations. The 
supplemental investigation would allow us to provide final geotechnical design 
recommendations for the walls and evaluate the depth of bedrock. At this time, we 
recommend performing at least one to two exploration points per wall. 
 
The proposed easternmost cut slopes, which consist of an approximately 200-foot high, 
south-facing slope and a 40-foot high, north-facing slope portions between Stations 
70+00 and 78+00, are considered the most difficult slopes to be graded across the 
entire roadway alignment. This conclusion is based on the following geologic conditions: 
 

 The north-facing slope portion is the highest cut planned along the alignment; 

 Both north- and south-facing slope portions are underlain by and will expose 
landslide-prone Tulare formation; 

 The north-facing cut slope portion will expose adversely bedded Tulare sandy 
claystone; 

 The location of the north-facing cut is situated along the adversely-dipping 
geologic contact separating the overlying Tulare formation from the underlying 
Lawlor Tuff; 

 The northward-dipping Lawlor Tuff unit underlying the proposed north-facing high 
cut is well consolidated, considered stable, and will transmit subsurface water 
flows northward beneath the Tulare clayey sediments, which could cause them to 
fail; 

 A relatively large and subdued landslide deposit, the outline of which appears to 
have been rounded and masked by erosion and slope mass wasting may be 
present in this area; 
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 Remedial grading for the north-facing slope portion may need to be as wide as 
100+ feet, which would result in shifting the limit of the grading southward by 
approximately 100 additional feet; and 

 The area lacks specific subsurface information which we consider of utmost 
importance to evaluate the feasibility and stability of the proposed north-facing 
cut.  

 
Based on the above information, we recommend that further investigation of this area 
be performed to assess its subsurface conditions, geologic structure, thickness of 
geologic formations, and its short and long term stability. 
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13 ADDITIONAL SERVICES AND LIMITATIONS 

 

13.1 ADDITIONAL SERVICES 

The review of plans and specifications and field observation and testing by Kleinfelder 
of earthwork related construction activities are an integral part of the conclusions and 
recommendations made in this report. It is recommended that Kleinfelder be present at 
the pre-bid meeting with the prospective grading contractors to clarify any issues and to 
address any questions regarding the recommendations presented in this report. If 
Kleinfelder is not retained for these services, the Client will be assuming Kleinfelder's 
responsibility for any potential claims that may arise during or after construction due to 
the misinterpretation of the recommendations presented herein and/or our upcoming 
update report. The recommended tests, observations, and consultation by Kleinfelder 
prior to and during construction include, but are not limited to: 
 

 Review of plans and specifications; 

 Observations of earthwork operations spanning site clearing and stripping 
through final grading and utility trench backfill; 

 Observation of foundation excavations and foundation construction; 

 Construction observation and in-place density testing of fills, backfills; and 
finished subgrades; and 

 Regular site visits by our CEG during grading and construction to observe 
keyway excavations, subdrain layout, cut slopes, groundwater seepage, adverse 
bedding and weakness zones exposed during grading, and other geological 
aspects affecting the project, such as landslides. 
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13.2 LIMITATIONS 

The recommendations contained in this report are based on our supplemental field 
observations and subsurface explorations, limited laboratory tests, our present 
knowledge of the proposed construction, and review of previous investigations. It is 
possible that soil/bedrock conditions could vary between or beyond the points explored. 
If soil/bedrock conditions are encountered during construction that differ from those 
described herein, we should be notified immediately in order that a review may be made 
and any supplemental recommendations provided. If the scope of the proposed 
construction, including the proposed loads or structural locations, changes from that 
described in this report, our recommendations should also be reviewed. 
 
We prepared this report in substantial accordance with the generally accepted 
geotechnical engineering practice as it exists in the site area at the time of our study.  
No warranty, either express or implied, is made. The recommendations provided in this 
report are based on the assumption that an adequate program of tests and observations 
will be conducted by Kleinfelder during the construction phase in order to evaluate 
compliance with our recommendations. Other standards or documents referenced in 
any given standard cited in this report, or otherwise relied upon by the author of this 
report, are only mentioned in the given standard; they are not incorporated into it or 
"included by reference", as that latter term is used relative to contracts or other matters 
of law. 
 
This report may be used only by the Client and only for the purposes stated within a 
reasonable time from its issuance, but in no event later than two (2) years from the date 
of the report, or if conditions at the site have changed. If this report is used beyond this 
period, Kleinfelder should be contacted to evaluate whether site conditions have 
changed since the report was issued. 
 
Also, land or facility use, on and off-site conditions, regulations, or other factors may 
change over time, and additional work may be required with the passage of time. Based 
on the intended use of the report, Kleinfelder may recommend that additional work be 
performed and that an updated report be issued. 
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The scope of work for this supplemental subsurface exploration and geotechnical report 
did not include environmental assessments or evaluations regarding the presence or 
absence of wetlands or hazardous substances in the soil, surface water, or groundwater 
at this site. 
 
Kleinfelder conducted subsurface exploration and provided recommendations for this 
project. We understand that Kleinfelder will be given the opportunity to perform a formal 
geotechnical review of the final project plans and specifications. In the event Kleinfelder 
is not retained to review the final project plans and specifications to evaluate if our 
recommendations have been properly interpreted, we will assume no responsibility for 
misinterpretation of our recommendations. 
 
We recommend that all earthwork during construction be monitored by a representative 
from Kleinfelder, including site preparation, footing excavation, placement of engineered 
fill, and trench backfill. The purpose of these services would be to provide Kleinfelder 
the opportunity to observe the actual soil conditions encountered during construction, 
evaluate the applicability of the recommendations presented in this report to the soil 
conditions encountered, and recommend appropriate changes in design or construction 
procedures if conditions differ from those described herein. 



PLATES



APPROXIMATE
PROJECT AREA

REFERENCE:
USGS 7.5 Minute Series (Topographic)

Antioch South Quadrangle, dated 1953, photorevised 1980;
Clayton Quadrangle, dated 1953, photorevised 1980, revised 1994

01800 1800900

APPROXIMATE SCALE (feet)

C
A

D
 F

IL
E

:  
C

:\U
se

rs
\J

S
al

a\
ap

pd
at

a\
lo

ca
l\t

em
p\

A
cP

ub
lis

h_
68

44
\  

   
LA

Y
O

U
T

:  
S

IT
E

-V
IC

P
LO

T
T

E
D

:  
 3

1 
A

ug
 2

01
2,

 2
:4

5p
m

,  
JS

al
a

A
T

T
A

C
H

E
D

 X
R

E
F

S
:  

 X
R

ef
: E

ng
-B

_1
1x

17
_L

_S
ty

le
A

A
T

T
A

C
H

E
D

 IM
A

G
E

S
:  

 Im
ag

es
: 2

01
20

12
01

72
11

2_
00

00
1.

jp
g 

Im
ag

es
: A

R
E

A
 G

E
O

LO
G

Y
 L

E
G

E
N

D
.jp

g 
Im

ag
es

: S
IT

E
-V

IC
.jp

g 
Im

ag
es

: S
IT

E
P

LA
N

.jp
g

FILE NAME:
VIC-PLAN.dwg

DRAWN BY:

CHECKED BY:

DRAWN:

PROJECT NO.

www.kleinfelder.com

The information included on this graphic representation has been compiled from a variety of
sources and is subject to change without notice. Kleinfelder makes no representations  or
warranties, express or implied, as to accuracy, completeness,  timeliness, or rights to the use of
such information. This document is not intended for use as a land survey product nor is it
designed or intended as a construction design document. The use or misuse of the information
contained on this graphic representation is at the sole risk of the party using or misusing the
information.

P
LE

A
S

A
N

T
O

N
, C

A

MIDDLE ALIGNMENT (C2-LOW)
JAMES DONLON BOULEVARD EXTENSION

PITTSBURG, CALIFORNIA

PLATE123460

1

SITE VICINITY MAP
SEPT 2012

JDS

SD



S
U

Z
A

N
N

E
DRIVE

K
IR

K
E

R
 P

A
S

S
 R

O
A

D

N
O

R
T

O
N

V
ILLE

 R
O

A
D

REFERENCE:
Google Earth Pro., Imagery date 10-29-2011

LEGEND

NOTE:  Locations are approximate.

APPROXIMATE PROJECT AREA

0500 500250

APPROXIMATE SCALE (feet)

MIDDLE ALIGNMENT (C2-LOW)

C
A

D
 F

IL
E

:  
C

:\U
se

rs
\J

S
al

a\
ap

pd
at

a\
lo

ca
l\t

em
p\

A
cP

ub
lis

h_
68

44
\  

   
LA

Y
O

U
T

:  
S

IT
E

P
LA

N
P

LO
T

T
E

D
:  

 3
1 

A
ug

 2
01

2,
 2

:4
5p

m
,  

JS
al

a
A

T
T

A
C

H
E

D
 X

R
E

F
S

:  
 X

R
ef

: E
ng

-B
_1

1x
17

_L
_S

ty
le

A
A

T
T

A
C

H
E

D
 IM

A
G

E
S

:  
 Im

ag
es

: 2
01

20
12

01
72

11
2_

00
00

1.
jp

g 
Im

ag
es

: A
R

E
A

 G
E

O
LO

G
Y

 L
E

G
E

N
D

.jp
g 

Im
ag

es
: S

IT
E

-V
IC

.jp
g 

Im
ag

es
: S

IT
E

P
LA

N
.jp

g

FILE NAME:
VIC-PLAN.dwg

DRAWN BY:

CHECKED BY:

DRAWN:

PROJECT NO.

www.kleinfelder.com

The information included on this graphic representation has been compiled from a variety of
sources and is subject to change without notice. Kleinfelder makes no representations  or
warranties, express or implied, as to accuracy, completeness,  timeliness, or rights to the use of
such information. This document is not intended for use as a land survey product nor is it
designed or intended as a construction design document. The use or misuse of the information
contained on this graphic representation is at the sole risk of the party using or misusing the
information.

P
LE

A
S

A
N

T
O

N
, C

A

MIDDLE ALIGNMENT (C2-LOW)
JAMES DONLON BOULEVARD EXTENSION

PITTSBURG, CALIFORNIA

PLATE123460

2

AERIAL SITE PLAN
SEPT 2012

JDS

SD



M
A

T
C

H
 L

IN
E

 A

D

D?

D

D

C-1

SRL-2

SRL-1

B-1

B-2

B-3

B-4

TP-12

TP-11

TP-13

TP-9

TP-10

Qal

Qpaf

Ttu

Tlt

A

D

SR

Tn

Tc

Tkt

Tks

Tmk

B-7

B-4

F-1

A
T

T
A

C
H

E
D

 X
R

E
F

S
:  

 X
R

ef
: 0

12
9-

G
R

B
S

-C
1-

pa
rt

ia
l: 

X
R

ef
: 0

12
9-

G
R

B
S

-C
2-

pa
rt

ia
l: 

X
R

ef
: 0

12
9-

G
R

B
S

-C
3-

pa
rt

ia
l: 

X
R

ef
: 0

12
9-

G
R

B
S

-C
1-

fu
ll:

 X
R

ef
: R

E
C

O
R

D
 S

E
C

T
IO

N
 M

A
P

: X
R

ef
: A

rc
h-

E
_3

6x
48

_L
_S

ty
le

A
: X

R
ef

: 0
12

9-
S

T
B

S
-C

1-
S

T
A

: X
R

ef
: 0

12
9-

S
T

B
S

-C
2-

S
T

A
: X

R
ef

: 0
12

9-
S

T
B

S
-C

3-
S

T
A

: X
R

ef
: 0

12
9-

S
T

B
S

-C
2-

LO
W

 P
R

O
F

IL
E

: X
R

ef
: 0

12
9-

G
R

B
S

-C
2-

LO
W

 P
R

O
F

IL
E

-p
ar

tia
l: 

X
R

ef
: 0

12
9-

G
R

B
S

-C
2-

LO
W

 P
R

O
F

IL
E

-f
ul

l

www.kleinfelder.com

FILE NAME:
BASE_LOW profile-11-2012.dwg

DRAWN BY:

CHECKED BY:

DRAWN:

PROJECT NO.

C
A

D
 F

IL
E

:  
C

:\U
se

rs
\J

S
al

a\
ap

pd
at

a\
lo

ca
l\t

em
p\

A
cP

ub
lis

h_
31

68
\  

   
LA

Y
O

U
T

:  
M

ID
D

LE
 A

-L
O

W
P

LO
T

T
E

D
:  

 2
6 

N
ov

 2
01

2,
 4

:0
4p

m
,  

JS
al

a

The information included on this graphic representation  has been compiled from a variety of
sources and is subject to change without notice. Kleinfelder makes no representations or
warranties, express or implied, as to accuracy, completeness, timeliness, or rights to the use of
such information.  This document is not intended for use as a land survey product nor is it
designed or intended as a construction design document. The use or misuse of the information
contained on this graphic representation  is at the sole risk of the party using or misusing the
information.

P
le

-L
:\2

01
2\

12
P

ro
je

ct
s

MIDDLE ALIGNMENT (C2-LOW)
JAMES DONLON BOULEVARD EXTENSION

PITTSBURG, CALIFORNIA

PLATE123460

3A

REMEDIAL GRADING PLAN
NOV 2012

JDS

SD



M
A

T
C

H
 L

IN
E

 A

C-4

SRL-5

SRL-2

B-5

B-7

B-6

TP-3
TP-1

F-1

TP-18
TP-5

TP-4

TP-6

TP-8

TP-7

TP-19

TP-16

TP-2

Qal

Qpaf

Ttu

Tlt

A

D

SR

Tn

Tc

Tkt

Tks

Tmk

B-7

B-4

F-1

A
T

T
A

C
H

E
D

 X
R

E
F

S
:  

 X
R

ef
: 0

12
9-

G
R

B
S

-C
1-

pa
rt

ia
l: 

X
R

ef
: 0

12
9-

G
R

B
S

-C
2-

pa
rt

ia
l: 

X
R

ef
: 0

12
9-

G
R

B
S

-C
3-

pa
rt

ia
l: 

X
R

ef
: 0

12
9-

G
R

B
S

-C
1-

fu
ll:

 X
R

ef
: R

E
C

O
R

D
 S

E
C

T
IO

N
 M

A
P

: X
R

ef
: A

rc
h-

E
_3

6x
48

_L
_S

ty
le

A
: X

R
ef

: 0
12

9-
S

T
B

S
-C

1-
S

T
A

: X
R

ef
: 0

12
9-

S
T

B
S

-C
2-

S
T

A
: X

R
ef

: 0
12

9-
S

T
B

S
-C

3-
S

T
A

: X
R

ef
: 0

12
9-

S
T

B
S

-C
2-

LO
W

 P
R

O
F

IL
E

: X
R

ef
: 0

12
9-

G
R

B
S

-C
2-

LO
W

 P
R

O
F

IL
E

-p
ar

tia
l: 

X
R

ef
: 0

12
9-

G
R

B
S

-C
2-

LO
W

 P
R

O
F

IL
E

-f
ul

l

www.kleinfelder.com

FILE NAME:
BASE_LOW profile-11-2012.dwg

DRAWN BY:

CHECKED BY:

DRAWN:

PROJECT NO.

C
A

D
 F

IL
E

:  
C

:\U
se

rs
\J

S
al

a\
ap

pd
at

a\
lo

ca
l\t

em
p\

A
cP

ub
lis

h_
31

68
\  

   
LA

Y
O

U
T

:  
M

ID
D

LE
 B

-L
O

W
P

LO
T

T
E

D
:  

 2
6 

N
ov

 2
01

2,
 4

:0
4p

m
,  

JS
al

a

The information included on this graphic representation  has been compiled from a variety of
sources and is subject to change without notice. Kleinfelder makes no representations or
warranties, express or implied, as to accuracy, completeness, timeliness, or rights to the use of
such information.  This document is not intended for use as a land survey product nor is it
designed or intended as a construction design document. The use or misuse of the information
contained on this graphic representation  is at the sole risk of the party using or misusing the
information.

P
le

-L
:\2

01
2\

12
P

ro
je

ct
s

MIDDLE ALIGNMENT (C2-LOW)
JAMES DONLON BOULEVARD EXTENSION

PITTSBURG, CALIFORNIA

PLATE123460

3B

REMEDIAL GRADING PLAN
NOV 2012

JDS

SD



A
T

T
A

C
H

E
D

 X
R

E
F

S
:  

 X
R

ef
: S

ty
le

 A
_0

8x
11

A
T

T
A

C
H

E
D

 IM
A

G
E

S
:  

 Im
ag

es
: S

W
A

LE
.jp

g 
Im

ag
es

: T
op

o 
w

ith
 r

oa
d.

jp
g

FILE NAME:
SBDRNS.dwg

DRAWN BY:

CHECKED BY:

DRAWN:

PROJECT NO.

C
A

D
 F

IL
E

:  
L:

\2
01

2\
12

P
ro

je
ct

s\
12

34
60

-ja
m

es
 D

on
lo

n-
fin

al
\G

R
A

P
H

IC
s\

K
ey

w
ay

\  
   

LA
Y

O
U

T
:  

F
IL

L 
S

LO
P

E
P

LO
T

T
E

D
:  

 3
0 

N
ov

 2
01

2,
 9

:5
2a

m
,  

JS
al

a

www.kleinfelder.com

The information included on this graphic representation  has been compiled from a variety of
sources and is subject to change without notice. Kleinfelder makes no representations or
warranties, express or implied, as to accuracy, completeness, timeliness, or rights to the use of
such information.  This document is not intended for use as a land survey product nor is it
designed or intended as a construction design document. The use or misuse of the information
contained on this graphic representation  is at the sole risk of the party using or misusing the
information.

P
LE

A
S

A
N

T
O

N
, C

A

JAMES DONLON BOULEVARD EXTENSION
PITTSBURG, CALIFORNIA

PLATE123460

4

TYPICAL FILL SLOPE DETAIL
NOV 2012

JDS

SD



NOT TO SCALE

A
T

T
A

C
H

E
D

 X
R

E
F

S
:  

 X
R

ef
: S

ty
le

 A
_0

8x
11

A
T

T
A

C
H

E
D

 IM
A

G
E

S
:

FILE NAME:
KEYWAY.dwg

DRAWN BY:

CHECKED BY:

DRAWN:

PROJECT NO.

C
A

D
 F

IL
E

:  
C

:\U
se

rs
\J

S
al

a\
D

oc
um

en
ts

\_
A

rc
hi

ve
\_

P
R

O
JE

C
T

S
\1

23
46

0 
Ja

m
es

\  
   

LA
Y

O
U

T
:  

La
yo

ut
1

P
LO

T
T

E
D

:  
 2

6 
N

ov
 2

01
2,

 5
:0

6p
m

,  
JS

al
a

www.kleinfelder.com

The information included on this graphic representation has been compiled from a variety of
sources and is subject to change without notice. Kleinfelder makes no representations or
warranties, express or implied, as to accuracy, completeness, timeliness, or rights to the use of
such information. This document is not intended for use as a land survey product nor is it
designed or intended as a construction design document. The use or misuse of the information
contained on this graphic representation is at the sole risk of the party using or misusing the
information.

P
LE

A
S

A
N

T
O

N
, C

A

JAMES DONLON BOULEVARD EXTENSION
PITTSBURG, CALIFORNIA

PLATE123460

5

TYPICAL KEYWAY AND
BUTTRESS FILL FOR

CUT SLOPE RECONSTRUCTION
NOV 2012

JDS

SD



36 IN. MIN

6 IN.

9 IN. MIN

18 IN. MIN

MIRAFI 140N FILTER FABRIC, OR
APPROVED EQUIVALENT
(SEE NOTE 1)

6-IN DIAM PERFORATED PIPE, WITH
PERFORATIONS DOWN SDR-35 (SDR-23.5 IF
FILL HEIGHT IS GREATER THAN 40 FEET)

NOTES:
1.  THE ENGINEERING GEOLOGIST MAY

APPROVE THE USE OF CLASS 2
PERMEABLE MATERIAL WITHOUT
FILTER FABRIC, AS AN ALTERNATIVE,
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APPENDIX A



A-1
PITTSBURG, CALIFORNIA

MIDDLE ALIGNMENT (C2-LOW)
JAMES DONLON BOULEVARD EXTENSION

123460

Silty sand.

BORING LOG LEGEND

Modified California Sampler 2.5 inch O.D., 2.0 inch I.D.

Bulk Sample

CH

MH

FINE
GRAINED
SOILS

Poorly-graded gravels or gravel with sand,
little or no fines.

GP

Organic silts and organic silt-clays of low plasticity.

MAJOR DIVISIONS LTR ID

GRAVEL
AND
GRAVELLY

SILTS
AND
CLAYS

SILTS
AND
CLAYS

HIGHLY ORGANIC SOILS

DESCRIPTION

Peat and other highly organic soils.

Organic clays of medium high to high plasticity.

OL

CL

ML

SAND
AND
SANDY

Shelby Tube 3.0 inch O.D.

California Sampler, 3.0 inch O.D., 2.5 inch I.D.

0800,
5/31

GM

GC

SW

SP

SM

UNIFIED SOIL CLASSIFICATION SYSTEM

PEN

TV:Su

GW

LTRMAJOR DIVISIONS

Well-graded gravels or gravel with sand, little
or no fines.

Approximate water level first observed in boring.  Time recorded in reference to a 24 hour clock.

Inorganic fat clays (high plasticity).

Well-graded sands or gravelly sands, little or
no fines.

Poorly-graded sands or gravelly sands, little
or no fines.

DESCRIPTION

UC
TxUU
CONSOL
R-Value
SE
EI
FS

Blow counts represent the number of blows a 140-pound hammer falling 30 inches required to drive a
sampler through the last 12 inches of an 18 inch penetration, unless otherwise noted.

Approximate water level observed in boring following drilling

COARSE
GRAINED
SOILS

Inorganic lean clays of low to medium plasticity, gravelly
clays, sandy clays, silty clays.

Inorganic silts and very fine sands, rock flour or clayey
silts with slight plasticity.

PROJECT NO.

Silty gravels, silty gravel with sand mixture.

Clayey gravels, clayey gravel with sand mixture.

ID

SC

Inorganic elastic silts, micaceous or diatomaceous or
silty soils.

Pocket Penetrometer reading, in tsf

Torvane shear strength, in ksf

0745,
5/31

Pt

OH

Notes:

Standard Penetration Split Spoon Sampler 2.0 inch O.D., 1.4 inch I.D.

PLATE

LL
PI
%-#200
DS
C
PHI

Liquid Limit
Plasticity Index
Sieve Analysis (#200 Screen)
Direct Shear
Cohesion (psf)
Friction Angle

Unconfined Compression
Triaxial Shear
Consolidation
Resistance Value
Sand Equivalent
Expansion Index
Free Swell (U.S.B.R.)

The lines separating strata on the logs represent approximate boundaries only.  The actual transition may
be gradual.  No warranty is provided as to the continuity of soil strata between borings.  Logs represent the
soil section observed at the boring location on the date of drilling only.

Clayey sand.
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Sandy Fat CLAY (CH), yellowish brown, moist, very hard, low

to medium plasticity, mottled with calcium carbonate, fine to

medium grained sand (Pleistocene Alluvial Fan Deposit)

Trace fine gravel, increase in sand content

Carbonate nodules

Grades to clayey sand

Lean CLAY (CL), light brown, moist, medium plasticity, firm

(Pleistocene Alluvial Fan Deposit)

Sandy Lean CLAY (CL), yellowish brown, moist, firm, fine to

medium grained sand, low plasticity (Pleistocene Alluvial Fan

Deposit)

Silty SAND/Clayey SAND (SM-SC), light yellowish brown,

moist, loose to medium dense, fine to medium grained sand,

charcoal fragments (Pleistocene Alluvial Fan Deposit)

Yellow, medium dense, grades to poorly graded sand

Sandy Lean CLAY (CL), olive gray, moist, hard, low plasticity,

fine grained sand (Pleistocene Alluvial Fan Deposit)

>4.5

>4.5

3.5

1.5

2.3

2.0

17.6

19.0

19.5

106

99

23

28

10

11

11

17

1.97 @

10.0%

LL=51; PI=37

(see Plate B-2)

Corrosion (see

Plate B-13)

TXUU:

C= 7,300 psf

 (see Plate B-3)

TXUU:

C= 2,000 psf

 (see Plate B-4)
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Surface Elevation:

PITTSBURG, CALIFORNIA

LOG OF BORING NO.  B-1

Drilling method:

Logged By: O. Khan

Total Depth:

PROJECT NO.

D
ep

th
,ft

DESCRIPTION

JAMES DONLON BOULEVARD EXTENSION

Hammer Wt:

11/29/11

Automatic Hammer - 140 lbs., 30" drop
Approximately 51.5 ft

MIDDLE ALIGNMENT (C2-LOW)

LABORATORY

M
oi

st
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e

O
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er
 T

es
ts

ts
f

FIELD

Date Completed: 8" Hollow Stem Auger

Driller: Exploration Geoservices

Estimated 279.0 feet (MSL)
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Silty Sand (SM), yellowish brown, moist, medium dense, fine to

medium grained sand, trace fine grained gravel (Pleistocene

Alluvial Fan Deposit)

Sandy Lean CLAY (CL), dark grayish brown, moist, low to

medium plasticity, fine to medium grained sand (Pleistocene

Alluvial Fan Deposit)

Mottled greenish gray and bluish gray, firm, low plasticity,

gypsum, minor amounts or carbonate

Increase in sand content, greenish gray, wet

Iron oxide staining

Boring terminated at a depth of approx. 51.5 feet.

Boring backfilled with cement grout.

13:30

11/29/2011
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C= 2,100 psf

 (see Plate B-5)
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Sandy Lean CLAY (CL), dark yellowish brown, moist, hard, fine

grained sand, medium plasticity, trace carbonate, gypsum

(Pleistocene Alluvial Fan Deposit)

Increase in sand content, mottled with gypsum

Tuff fragments, gypsum fragments, iron oxide staining

Lenses of clayey sand

Low plasticity

Light yellowish brown, firm, fine to medium grained sand, low to

medium plasticity

Silty SAND (SM), yellow, moist, loose, predominantly fine

grained sand  (Pleistocene Alluvial Fan Deposit)

Medium to coarse grained sand with gravel

Lean Clay with SAND (CL), mottled yellowish brown and olive,

moist, soft to firm, low to medium plasticity, fine grained sand,

mottled with gypsum (Pleistocene Alluvial Fan Deposit)

>4.5

4.3

>4.5

2.0-3.0
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 (see Plate B-6)
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Surface Elevation:

PITTSBURG, CALIFORNIA

LOG OF BORING NO.  B-2

Drilling method:

Logged By: O. Khan

Total Depth:

PROJECT NO.

D
ep

th
,ft

DESCRIPTION

JAMES DONLON BOULEVARD EXTENSION

Hammer Wt:

11/30/11

Automatic Hammer - 140 lbs., 30" drop
Approximately 51.5 ft

MIDDLE ALIGNMENT (C2-LOW)

LABORATORY

M
oi

st
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O
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f

FIELD

Date Completed: 8" Hollow Stem Auger

Driller: Exploration Geoservices

Estimated 275.0 feet (MSL)
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Higher sand content

Mottled light brownish gray and light yellowish brown, lower sand

content, mottled with gypsum

Higher sand content, mottled greenish gray to olive gray,

mottled with gypsum

Bluish gray clayey sand lenses

No gypsum

Clayey sand lenses, charcoal fragments, gypsum fragments

Top of a sample was wet. Possibly indicative of perched water

Firm

Boring terminated at a depth of approx. 51.5 feet.

No groundwater encountered at time of drilling.

Boring backfilled with cement grout.

0.5

0.8

1.3

29.9

28.5

91
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 (see Plate B-7)
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Sandy Lean CLAY (CL), yellowish brown, moist, hard, fine

grained sand, medium plasticity, mottled with gypsum

(Pleistocene Alluvial Fan Deposit)

Trace angular gravel

Dark yellowish brown, decrease in sand content,

hard, Tuff fragments

Increase in sand content, gypsum filaments within

Yellowish brown

Sand lens

Dark yellowish brown mottled with olive, iron oxide staining

4.0

3.8

2.5-3.5

2.5-3.0

2.0
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21.5
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Corrosion (see

Plate B-13)

TXUU:

C= 3,300 psf

 (see Plate B-8)

LL=43; PI=29

(see Plate B-2)

TXUU:

C= 2,000 psf

 (see Plate B-9)
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Surface Elevation:

PITTSBURG, CALIFORNIA

LOG OF BORING NO.  B-3

Drilling method:

Logged By: O. Khan

Total Depth:

PROJECT NO.

D
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,ft

DESCRIPTION

JAMES DONLON BOULEVARD EXTENSION

Hammer Wt:

11/30/11

Automatic Hammer - 140 lbs., 30" drop
Approximately 51.5 ft

MIDDLE ALIGNMENT (C2-LOW)

LABORATORY

M
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FIELD

Date Completed: 8" Hollow Stem Auger

Driller: Exploration Geoservices

Estimated 275.0 feet (MSL)
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Trace fine subrounded gravel

Mottled bluish gray to olive gray

Medium to coarse grained sand, transition to clayey sand to

poorly graded sand with clay

Mottled bluish gray and yellowish brown, iron oxide staining

Trace coarse grained sand

Bluish gray, charcoal fragments within

Boring terminated at a depth of approx. 51.5 feet.

No groundwater encountered at time of drilling.

Boring backfilled with cement grout.
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1.0-1.3
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C= 1,300 psf

 (see Plate B-10)
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Sandy Lean CLAY (CL), yellowish brown, moist, very hard, fine

to medium grained sand, low to medium plasticity, caliche, fine

grained gravel  (Pleistocene Alluvial Fan Deposit)

Increase in sand content, grades to clayey sand, occasional

charcoal fragments

Mottled olive yellow and light brownish gray, very soft, medium

plasticity

Poorly Graded Sand with CLAY (SP-SC), yellowish brown,

moist, medium dense, fine to medium grained sand

(Pleistocene Alluvial Fan Deposit)
Wet sampler shoe. Possibly indicative of perched water

Lean Clay with SAND (CL), dark yellowish brown to dark

grayish brown, moist, firm medium plasticity, iron oxide

(Pleistocene Alluvial Fan Deposit)

Mottled with gypsum, firm

Boring terminated at a depth of approx. 26.5 feet.

Boring backfilled with cement grout.
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11/29/2011
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C= 1,900 psf

 (see Plate B-11)

Consolidation

(see Plate B-12)
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PITTSBURG, CALIFORNIA

LOG OF BORING NO.  B-4

Drilling method:

Logged By: O. Khan

Total Depth:
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DESCRIPTION

JAMES DONLON BOULEVARD EXTENSION

Hammer Wt:

11/29/11

Automatic Hammer - 140 lbs., 30" drop
Approximately 26.5 ft
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Date Completed: 8" Hollow Stem Auger

Driller: Exploration Geoservices

Estimated 289.0 feet (MSL)
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UNIT
NO. MATERIALS DESCRIPTION

Dark Brown Sandy Lean Clay to Clayey Sand (CL/SC), dry to moist, fine to medium grained sand,
sandstone fragments floating within soil matrix, low plasticity, pocket penetrometer = 1.3-4.5 tsf
(Residual Soil)

Sandstone, white to pale olive, moderatelly to highly weathered, weak to moderately strong, highly
fractured, friable, fossiliferous, fractures filled with carbonate deposits, fine to medium grained sand
(Cierbo Formation)

LOGGED BY: Omar Khan DATE: 12/1/11
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B-1 3.5 51 15 36

B-1 6.0 17.6 105.7

B-1 16.0 19.0 98.8 1.0

B-1 25.5 19.5

B-1 36.0 23.1 100.9

B-1 45.5 26.3 100.1

B-1 50.5 31.3 92.4

B-2 6.0 18.6 104.1

B-2 15.5 23.5 92.0

B-2

7.5

31.0 29.9 90.7

B-2 45.5 28.5 95.5

B-3 6.0 21.8 102.1

B-3 10.5 43 14 29

B-3 16.0 21.5 97.6

B-3 30.5 27.5 94.0

B-3 46.0 22.9 102.8

B-4 11.0 19.4 101.6

B-4 20.5 31.4 89.6
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SUMMARY OF LABORATORY RESULTS

MIDDLE ALIGNMENT (C2-LOW)
JAMES DONLON BOULEVARD EXTENSION
PITTSBURG, CALIFORNIA
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BORING

MIDDLE ALIGNMENT (C2-LOW)
JAMES DONLON BOULEVARD EXTENSION
PITTSBURG, CALIFORNIA

CH

Yellowish Brown Sandy Fat Clay (CH)

Yellowish Brown Sandy Lean Clay (CL)

SAMPLE DESCRIPTIONPLLL

51

43

3.5

10.5

DEPTH, ft

B-1

B-3

8/31/2012 4:05:46 PM
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or

OH

CL
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or
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SYMBOL

36

29

123460

B-2

Unified Soil Classification
Fine Grained Soil Groups

ML

CL

OL

Inorganic clayey silts to very fine sands

Inorganic clays of low to
medium plasticity

low plasticity

of high plasticity

Inorganic clays of high plasticity

Organic clays of medium to

LL < 50

of slight plasticity

Organic silts and organic silty clays of

Inorganic silts and clayey silts

high plasticity, organic silts

MH

CH

OH

LL > 50Symbol Symbol

*PERFORMED IN GENERAL ACCORDANCE WITH ASTM D 4318 (DRY PREP)
Pursuant to 2006 IBC Section 1704, the results presented in this report are for the exclusive use of the client and the registered design professional in
responsible charge.  The results apply only to the samples tested.  If changes to the specifications were made and not communicated to Kleinfelder,
Kleinfelder assumes no responsibility for pass/fail (meets/does not meet), if provided.



c = ksf

1
Diameter, in DO 2.41
Height, in HO 5.80

ωO 17.6
gdo 105.7

Saturation, % SO 82.6
Void Ratio eO 0.565

Minor Principal Stress, ksf s3 0.5

Maximum Deviator Stress, ksf 14.6
Time to (s1-s3)max, min tf 5.0

9.7
Ultimate Deviator Stress, ksf na
Rate of strain, %/min 'ε 1.0
Axial Strain at Failure, % εf 5.00

Description of Specimen: Yellowish Brown Fat Clay (CH)
Amount of Material Finer than the No. 200, %: nm
LL: nm PL: nm PI: nm GS: 2.65 Assumed Undisturbed Test Method:  ASTM D2850

Membrane correction applied
nm = not measured, na = not applicable

  Plate
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Triaxial Compression Test Report
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7.3
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Normal Stress, σ, ksf

Specimen No.

Deviator Stress @ 15% Axial Strain, ksf (s1-s3)15%

(s1-s3)ult

Depth, ft.:
Date:

123460

B-3

Project No.:

6.0

January 3, 2012

B-1

2C

Boring:
Sample:
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Total

2601 Barrington Ct 
 Hayward, CA 94545 

p| 925.484.1700 
f| 510.887.5932 
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c = ksf

1
Diameter, in DO 2.41
Height, in HO 5.67

ωO 19.0
gdo 98.8

Saturation, % SO 74.7
Void Ratio eO 0.674

Minor Principal Stress, ksf s3 1.0

Maximum Deviator Stress, ksf 3.9
Time to (s1-s3)max, min tf 7.5

3.9
Ultimate Deviator Stress, ksf na
Rate of strain, %/min 'ε 1.0
Axial Strain at Failure, % εf 7.50

Description of Specimen: Light Brown Lean Clay (CL)
Amount of Material Finer than the No. 200, %: nm
LL: nm PL: nm PI: nm GS: 2.65 Assumed Undisturbed Test Method:  ASTM D2850

Membrane correction applied
nm = not measured, na = not applicable
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Triaxial Compression Test Report

Total
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Depth, ft.:
Date:

123460

B-4

Project No.:

16.0

January 3, 2012

B-1

4C

Boring:
Sample:

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

4.50

0.00 5.00 10.00 15.00 20.00

Specimen 1 Specimen 2 Specimen 3

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

9.00

10.00

0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00

Total

3077 Fite Circle 
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kleinfelder.com 

 



c = ksf

1
Diameter, in DO 2.41
Height, in HO 5.75

ωO 23.1
gdo 100.9

Saturation, % SO 95.8
Void Ratio eO 0.639

Minor Principal Stress, ksf s3 2.0

Maximum Deviator Stress, ksf 4.2
Time to (s1-s3)max, min tf 15.0

4.2
Ultimate Deviator Stress, ksf na
Rate of strain, %/min 'ε 1.0
Axial Strain at Failure, % εf 15.00

Description of Specimen: Mottled Greenish Gray and Bluish Gray Sandy Lean Clay (CL)
Amount of Material Finer than the No. 200, %: nm
LL: nm PL: nm PI: nm GS: 2.65 Assumed Undisturbed Test Method:  ASTM D2850

Membrane correction applied
nm = not measured, na = not applicable
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Triaxial Compression Test Report
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2.1
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c = ksf

Specimen Shear Picture

1
Diameter, in DO 2.41
Height, in HO 5.73

ωO 18.6
gdo 104.1

Saturation, % SO 83.8
Void Ratio eO 0.589

Minor Principal Stress, ksf s3 0.5

Maximum Deviator Stress, ksf 8.4
Time to (s1-s3)max, min tf 6.6

6.8
Ultimate Deviator Stress, ksf na
Rate of strain, %/min 'ε 1.0
Axial Strain at Failure, % εf 6.58

Description of Specimen: Dark Yellowish Brown Sandy Lean Clay (CL)
Amount of Material Finer than the No. 200, %: nm
LL: nm PL: nm PI: nm GS: 2.65 Assumed Undisturbed Test Method:  ASTM D2850

Membrane correction applied
nm = not measured, na = not applicable

  Plate

Logo Here
Depth, ft.:

Date:

123460

B-6

Project No.:

6.0

January 3, 2012

B-2

2C

Boring:
Sample:

D
ev

ia
to

r S
tre

ss
, σ

1-
σ3

, k
sf

Water Content, %

Normal Stress, σ, ksf

Specimen No.

Deviator Stress @ 15% Axial Strain, ksf (s1-s3)15%
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c = ksf

Specimen Shear Picture

1
Diameter, in DO 2.40
Height, in HO 5.84

ωO 29.9
gdo 90.7

Saturation, % SO 96.4
Void Ratio eO 0.822

Minor Principal Stress, ksf s3 2.0

Maximum Deviator Stress, ksf 1.5
Time to (s1-s3)max, min tf 12.2

1.5
Ultimate Deviator Stress, ksf na
Rate of strain, %/min 'ε 1.0
Axial Strain at Failure, % εf 12.22

Description of Specimen: Mottled Yellowish Brown Lean Clay with Sand (CL)
Amount of Material Finer than the No. 200, %: nm
LL: nm PL: nm PI: nm GS: 2.65 Assumed Undisturbed Test Method:  ASTM D2850

Membrane correction applied
nm = not measured, na = not applicable
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c = ksf

Specimen Shear Picture

1
Diameter, in DO 2.40
Height, in HO 5.68

ωO 21.8
gdo 102.1

Saturation, % SO 93.0
Void Ratio eO 0.620

Minor Principal Stress, ksf s3 0.5

Maximum Deviator Stress, ksf 6.6
Time to (s1-s3)max, min tf 3.6

5.2
Ultimate Deviator Stress, ksf na
Rate of strain, %/min 'ε 1.0
Axial Strain at Failure, % εf 3.55

Description of Specimen: Dark Yellowish Brown Sandy Lean Clay (CL)
Amount of Material Finer than the No. 200, %: nm
LL: nm PL: nm PI: nm GS: 2.65 Assumed Undisturbed Test Method:  ASTM D2850

Membrane correction applied
nm = not measured, na = not applicable
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c = ksf

Specimen Shear Picture

1
Diameter, in DO 2.41
Height, in HO 5.90

ωO 21.5
gdo 97.6

Saturation, % SO 82.0
Void Ratio eO 0.694

Minor Principal Stress, ksf s3 1.0

Maximum Deviator Stress, ksf 4.0
Time to (s1-s3)max, min tf 4.6

3.1
Ultimate Deviator Stress, ksf na
Rate of strain, %/min 'ε 1.0
Axial Strain at Failure, % εf 4.55

Description of Specimen: Yellowish Brown Sandy Lean Clay (CL)
Amount of Material Finer than the No. 200, %: nm
LL: nm PL: nm PI: nm GS: 2.65 Assumed Undisturbed Test Method:  ASTM D2850

Membrane correction applied
nm = not measured, na = not applicable
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Triaxial Compression Test Report
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(s1-s3)ult

Depth, ft.:
Date:

123460

B-9

Project No.:

16.0

January 3, 2012

B-3

4C

Boring:
Sample:

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

4.50

0.00 2.00 4.00 6.00 8.00

Specimen 1 Specimen 2 Specimen 3

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

9.00

10.00

0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00

Total

2601 Barrington Ct 
 Hayward, CA 94545 

p| 925.484.1700 
f| 510.887.5932 
kleinfelder.com 



c = ksf

Specimen Shear Picture

1
Diameter, in DO 2.41
Height, in HO 5.99

ωO 22.9
gdo 102.8

Saturation, % SO 99.9
Void Ratio eO 0.608

Minor Principal Stress, ksf s3 2.5

Maximum Deviator Stress, ksf 2.7
Time to (s1-s3)max, min tf 14.3

2.6
Ultimate Deviator Stress, ksf na
Rate of strain, %/min 'ε 1.0
Axial Strain at Failure, % εf 14.33

Description of Specimen: Mottled Bluish Gray and Yellowish Brown Sandy Lean Clay (CL)
Amount of Material Finer than the No. 200, %: nm
LL: nm PL: nm PI: nm GS: 2.65 Assumed Undisturbed Test Method:  ASTM D2850

Membrane correction applied
nm = not measured, na = not applicable

  Plate

Logo Here
Depth, ft.:

Date:

123460

B-10

Project No.:

46.0

January 3, 2012

B-3

10C

Boring:
Sample:

D
ev

ia
to

r S
tre

ss
, σ

1-
σ3

, k
sf

Water Content, %

Normal Stress, σ, ksf

Specimen No.

Deviator Stress @ 15% Axial Strain, ksf (s1-s3)15%

(s1-s3)ult

Axial Strain, ε, %

Specimen Type:

In
iti

al

(s1-s3)max

Dry Density, lbs/ft3

Triaxial Compression Test Report

Total
1.3

Sh
ea

r S
tre

ss
, Τ

, k
sf

0.00

0.50

1.00

1.50

2.00

2.50

3.00

0.00 5.00 10.00 15.00 20.00

Specimen 1 Specimen 2 Specimen 3

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

9.00

10.00

0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00

Total

2601 Barrington Ct 
 Hayward, CA 94545 

p| 925.484.1700 
f| 510.887.5932 
kleinfelder.com 



c = ksf

Specimen Shear Picture

1
Diameter, in DO 2.41
Height, in HO 5.66

ωO 19.4
gdo 101.6

Saturation, % SO 81.7
Void Ratio eO 0.628

Minor Principal Stress, ksf s3 0.7

Maximum Deviator Stress, ksf 3.7
Time to (s1-s3)max, min tf 7.3

3.6
Ultimate Deviator Stress, ksf na
Rate of strain, %/min 'ε 1.0
Axial Strain at Failure, % εf 7.32

Description of Specimen: Dark Yellowish Brown Sandy Lean Clay (CL)
Amount of Material Finer than the No. 200, %: nm
LL: nm PL: nm PI: nm GS: 2.65 Assumed Undisturbed Test Method:  ASTM D2850

Membrane correction applied
nm = not measured, na = not applicable
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Job No.: Boring: Run By: MD
Client: Sample: Reduced: PJ
Project: Depth, ft.: Checked: PJ/DC
Soil Type: Olive Brown CLAY Date: 1/5/2012

Ass. Gs = 2.8 Initial Final

31.4 27.4
89.6 99.1

0.952 0.765
92.3 100

Void Ratio:
% Saturation:

Dry Density, pcf:
 Moisture %:

B-4
6C
22James Donlon Extension - 123066

Kleinfelder
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Effective Stress, psf

Strain-Log-P Curve

Consolidation Test
ASTM D2435

Remarks: 

PLATE B‐12



jkilpatrick
Text Box
PLATE B-13



jkilpatrick
Text Box
PLATE B-13(Cont'd)



APPENDIX C



1.6

Name: Tertiary Lawlor Tuff (Tlt) 
Unit Weight: 115 pcf
Cohesion: 500 psf
Phi: 36 °
Piezometric Line: 1 

Name: Tertiary Neroly Formation (Tn) 
Unit Weight: 120 pcf
Cohesion: 1750 psf
Phi: 25 °
Piezometric Line: 1 

Name: Tertiary Cierbo Formation (Tc) 
Unit Weight: 120 pcf
Cohesion: 1000 psf
Phi: 25 °
Piezometric Line: 1 

Cross Section 1-1' - 1.75H:1V Slope
Static Analysis with GWL 50 feet below surface

Name: Tertiary Kirker Formation - Volcanic Tuff (Tkt) 
Unit Weight: 115 pcf
Cohesion: 1000 psf
Phi: 25 °
Piezometric Line: 1 

PLATE C-1
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1.3

Name: Tertiary Lawlor Tuff (Tlt) 
Unit Weight: 115 pcf
Cohesion: 500 psf
Phi: 36 °
Piezometric Line: 2 

Name: Tertiary Neroly Formation (Tn) 
Unit Weight: 120 pcf
Cohesion: 1750 psf
Phi: 25 °
Piezometric Line: 2 

Name: Tertiary Cierbo Formation (Tc) 
Unit Weight: 120 pcf
Cohesion: 1000 psf
Phi: 25 °
Piezometric Line: 2 

Cross Section 1-1' - 1.75H:1V Slope
Static Analysis with GWL 10 feet below surface

Name: Tertiary Kirker Formation - Volcanic Tuff (Tkt) 
Unit Weight: 115 pcf
Cohesion: 1000 psf
Phi: 25 °
Piezometric Line: 2 

PLATE C-2
Distance (feet) (x  1000)
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1.2

Name: Tertiary Lawlor Tuff (Tlt) 
Unit Weight: 115 pcf
Cohesion: 500 psf
Phi: 36 °
Piezometric Line: 1 

Name: Tertiary Neroly Formation (Tn) 
Unit Weight: 120 pcf
Cohesion: 1750 psf
Phi: 25 °
Piezometric Line: 1 

Name: Tertiary Cierbo Formation (Tc) 
Unit Weight: 120 pcf
Cohesion: 1000 psf
Phi: 25 °
Piezometric Line: 1 

Cross Section 1-1' - 1.75H:1V Slope
Seismic Analysis (Kh=0.16) with GWL 50 feet below surface

Name: Tertiary Kirker Formation - Volcanic Tuff (Tkt)
Unit Weight: 115 pcf
Cohesion: 1000 psf
Phi: 25 °
Piezometric Line: 1 

PLATE C-3
Distance (feet) (x  1000)
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1.6

Name: Tertiary Tulare Formation (Ttu) 
Unit Weight: 125 pcf
Cohesion: 800 psf
Phi: 20 °
Piezometric Line: 1 

Name: Tertiary Lawlor Tuff (Tlt) 
Unit Weight: 115 pcf
Cohesion: 500 psf
Phi: 36 °
Piezometric Line: 1 Name: Tertiary Neroly Formation (Tn) 

Unit Weight: 120 pcf
Cohesion: 1750 psf
Phi: 25 °
Piezometric Line: 1 

Name: Tertiary Cierbo Formation (Tc) 
Unit Weight: 120 pcf
Cohesion: 1000 psf
Phi: 25 °
Piezometric Line: 1 

Cross Section 2-2' - 1.5H:1V Slope
Static Analysis with GWL 50 feet below surface

PLATE C-4
Distance (feet)
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1.4

Name: Tertiary Tulare Formation (Ttu) 
Unit Weight: 125 pcf
Cohesion: 800 psf
Phi: 20 °
Piezometric Line: 2 

Name: Tertiary Lawlor Tuff (Tlt) 
Unit Weight: 115 pcf
Cohesion: 500 psf
Phi: 36 °
Piezometric Line: 2 Name: Tertiary Neroly Formation (Tn) 

Unit Weight: 120 pcf
Cohesion: 1750 psf
Phi: 25 °
Piezometric Line: 2 

Name: Tertiary Cierbo Formation (Tc) 
Unit Weight: 120 pcf
Cohesion: 1000 psf
Phi: 25 °
Piezometric Line: 2 

Cross Section 2-2' - 1.5H:1V Slope
Static Analysis with GWL 10 feet below surface

PLATE C-5

Distance (feet)
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1.2

Name: Tertiary Tulare Formation (Ttu) 
Unit Weight: 125 pcf
Cohesion: 800 psf
Phi: 20 °
Piezometric Line: 1 

Name: Tertiary Lawlor Tuff (Tlt) 
Unit Weight: 115 pcf
Cohesion: 500 psf
Phi: 36 °
Piezometric Line: 1 Name: Tertiary Neroly Formation (Tn) 

Unit Weight: 120 pcf
Cohesion: 1750 psf
Phi: 25 °
Piezometric Line: 1 

Name: Tertiary Cierbo Formation (Tc) 
Unit Weight: 120 pcf
Cohesion: 1000 psf
Phi: 25 °
Piezometric Line: 1 

Cross Section 2-2' - 1.5H:1V Slope
Seismic Analysis (Kh=0.16) with GWL 50 feet below surface

PLATE C-6
Distance (feet)

0 100 200 300 400 500 600 700 800
300

400

500

600

700

E
le

va
tio

n 
(f

ee
t)

300

400

500

600

700



APPENDIX D






