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1.0 INTRODUCTION 
 
1.1 PURPOSE AND SCOPE 
 
We prepared this geotechnical report for design of the proposed distribution center at 555 Sally 
Ride Drive in Concord, California. We prepared this report as outlined in our agreement dated 
July 24, 2023. FSRE Industrial Concord LLC authorized us to conduct the following scope of 
services. 
 

• Review available literature, historic aerial images, and published geologic maps covering the 
project site. 

• Subsurface field exploration and laboratory testing. 

• Interpretation of subsurface field exploration data. 

• Evaluation of potential geotechnical concerns.  

• Data analysis and conclusions. 

• Prepare a report summarizing our conclusions and recommendations. 
 
We prepared this report for the exclusive use of our client and their consultants for design of this 
project. If any changes are made in the character, design, or layout of the development, we must 
be contacted to review the conclusions and recommendations contained in this report to evaluate 
whether modifications are recommended.  
 
1.2 PROJECT LOCATION 
 
The approximately 15-acre project site is located at 555 Sally Ride Drive in Concord, California; 
Figure 1 displays a Site Vicinity Map. The site is undeveloped land bounded by Sally Ride Drive 
and Marsh Drive. Most of the site is relatively flat and generally ranges in elevation from 
approximately 19 to 20 feet. The ground surface of the western side of the site drops to 
approximately Elevation 16 feet. A drainage channel, with a minimum elevation of approximately 
11 feet, runs northwest to southeast at the northern portion of the site. A Site Plan is provided as 
Figure 2. 
 
1.3 PROJECT DESCRIPTION 
 
The proposed development for this site is a warehouse and distribution center. We received a 
preliminary site plan prepared by Carlson Barbee and Gibson (CBG) dated June 2023. The plan 
shows a 221,600 square-foot building with associated parking areas, utilities, concrete flatwork, 
and bioretention areas. There is a planned detention basin on the northern portion of the site north 
of and adjacent to the existing drainage channel. The civil engineer requested our input on the 
width of the berm between the proposed detention basin and the existing drainage channel. The 
preliminary site plan shows that the berm will be 10 feet wide at the crest and that the detention 
basin side slopes will be 3:1 (horizontal:vertical). The site plan also shows a concrete spillway at 
Elevation 14½ feet located between the basin and channel. 
 
We also received a cut-fill exhibit from CBG on July 28, 2023; this is presented in Exhibit 1.3-1. 
Portions of the proposed building, parking areas, and utility alignments are located within existing 
swales, the construction of which will result in differential fill conditions. We understand that the 
proposed building will have fill up to approximately 7½ feet thick and the parking areas will have 
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fill up to approximately 6 feet thick at the swale location. Other portions of the improvement areas 
will be cut up to 3 feet. 
 
EXHIBIT 1.3-1: Cut-Fill Exhibit 

 
 
1.4 EXISTING GEOTECHNICAL DATA 
 
In 2004, we performed a geotechnical exploration for a jet hanger located adjacent to the subject 
site, across Sally Ride Drive; that previous exploration included drilling three borings 40 to 50 feet 
deep, six Cone Penetration Tests (CPTs) 40 to 50 feet deep, and literature and aerial photograph 
review.  
 
In 2016, Krazan & Associates, Inc. performed a geotechnical exploration for a proposed 
warehouse, located to the south of the subject site; that exploration included drilling eight borings 
10 to 50 feet deep. We assume that these borings were drilled using hollow stem augers.  
 
We used the data from the above previous exploration to increase our understanding of the general 
geotechnical conditions in the area.  

 

2.0 FINDINGS 
 
2.1 SITE BACKGROUND 
 
The site is located in the northern part of the Clayton-Concord valley between Grayson Creek and 
Walnut Creek. The Clayton-Concord valley extends from Mount Diablo about 12 miles south of 
the site to Suisun Bay about 4 miles north of the site. The Walnut Creek 1896 15-minute USGS 
topographical quadrangle map (Figure 3) shows that the site was formerly a poorly drained 
marshy area.  
 
Based on review of aerial images, the area was filled by 1939 and appears to be undeveloped 
farmland. By 1946, Buchanan Field had been constructed and the southeastern portion of the site 
was occupied by associated paved areas and roads. Marsh Drive was constructed by 1979 and 
the neighborhood to the west developed. By the mid-1980s, the paved areas had been removed 
and the site graded to approximately the current configuration, and Sally Ride Drive had been 
constructed. 
 

-·-· MAX FILL 7.5' -·-
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2.2 GEOLOGY AND SEISMICITY 
 
2.2.1 Regional Geology 
 
The site is located in the northern California Coast Ranges, which are a series of northwesterly 
trending uplifted ranges and intervening valleys. The Coast Ranges have been formed by 
Miocene to Quaternary tectonic activity within the San Andreas Fault zone at the boundary 
between the North American and Pacific Plates.  
 
The project site is located in the northern portion of the Clayton-Concord valley, bounded on the 
east by the Los Medanos Hills, and on the west by the Northern East Bay Hills block. The main 
active trace of the Concord fault zone is located along the Walnut Creek flood control channel 
approximately 4 miles east of the site. Bedrock formations in the area consist of folded and faulted 
Cretaceous to Miocene-age marine sediments and Plio-Pleistocene-age non-marine deposits 
Mapping by Helley and Graymer (1997, Figure 4) shows locally elevated areas in north Concord 
and under Tank Farm Hill to be underlain by non-marine sediments (QTu) of Plio-Pleistocene 
age, consisting of semi-consolidated to unconsolidated gravel, sand, silt and clay. Low-lying areas 
in the site vicinity are underlain by Pleistocene alluvial fan deposits and Holocene-aged flood plain 
and basinal deposits. 
 
Structural mapping by Hoffman (1992) and Crane (1995) identifies the Concord Anticline 
underlying the low, northwest-trending ridge about 2 miles east of the site, and the City of Concord 
Anticline underlying similar low hills south of the site. Both structures are shown to have deformed 
the QTu deposits, and both terminate at the trace of the Concord fault. Dibblee (2005) identifies 
an anticline along the crest of Tank Farm Hill.  
 
2.2.2 Site Geology 
 
The subsurface explorations at the site encountered geologic conditions that are consistent with 
regional mapping of the area and the depositional setting of the site (refer to Section 2.4). The 
predevelopment conditions consisted of a low-lying tidal marsh and a portion of Grayson Creek. 
Mapping of Quaternary deposits by Helley and Graymer (1997, Figure 4) shows Holocene alluvial 
fan and basinal alluvium in low-lying areas deposited on Pliestocene alluvium.  
 
2.2.3 Faulting and Seismicity 
 
Because of the presence of multiple active faults, the Bay Area Region is considered seismically 
active. Numerous small earthquakes occur every year in the region, and large (greater than 
Moment Magnitude 7) earthquakes have been recorded and can be expected to occur in the 
future. Figure 5 shows the approximate location of active and potentially active faults and 
significant historic earthquake epicenters mapped within the San Francisco Bay Region. The 
California Geological Survey defines an active fault as one that has had surface displacement 
within Holocene time (approximately the last 11,000 years) (Bryant and Hart, 2007). The 
1,000 highest probability fault sources from the Uniform California Rupture Forecast (Version 3) 
(UCERF3) contributing to the hazard disaggregations are provided in Appendix C. Our Seismic 
Hazard Analysis is discussed in Section 3.4. 
 
The Working Group on California Earthquake Probabilities (WGCEP, 2017) evaluated the 30-year 
probability of a Moment Magnitude 6.7 or greater earthquake occurring on the known active fault 
systems in the Bay Area, including the Concord fault, in UCERF3. UCERF3 estimated an overall 
probability of 72 percent for the Bay Area as a whole, a probability of 14.3 percent for the Hayward 
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fault, 7.4 percent for the Calaveras fault, 6.4 for the Northern San Andreas fault, and 3.5 percent 
for the Concord-Green Valley fault. 
 
Based on the historic seismicity, the proximity of known active faults, and the estimated 
earthquake probabilities for the Bay Area as a whole, it should be expected that the site will 
experience strong seismic ground shaking during the lifetime of the proposed improvements. The 
ground shaking hazard levels at the site are similar to those for most of the Bay Area. 
 
The site is not located within a currently designated Alquist-Priolo Earthquake Fault Zone and no 
known surface expression of active faults is believed to exist within the site; therefore, fault rupture 
through the site is not anticipated. 
 
Based on the U.S. Geological Survey Liquefaction Susceptibility Map (2006), the site is mapped 
within an area classified as having a “moderate” susceptibility to liquefaction. This liquefaction 
susceptibility mapping is based on regional geologic mapping of soil and rock deposits and is not 
based on site-specific exploration or analyses. We performed an evaluation of liquefaction hazard.  
 
2.3 FIELD EXPLORATION AND LABORATORY TESTING 
 
Our field exploration included drilling two borings and advancing five CPTs at various locations 
on the site between January 6 and 7, 2019. The locations of the current explorations are shown 
in Figure 2.  
 
2.3.1 Borings 
 
We performed two borings at the site on January 6, 2019, using a mud rotary wash drilling method 
to depths of approximately 51½ and 75 feet below existing grade. An ENGEO geologist was 
present during the drilling to log the borings.  
 
We obtained bulk soil samples from drill cuttings and retrieved disturbed and relatively 
“undisturbed” soil samples at various intervals in the borings using a 1½-inch-inside-diameter 
(I.D.) standard penetration test (SPT) sampler, 2½-inch I.D. California-type split-spoon sampler 
fitted with 6-inch-long steel liners, or a 3-inch-outside diameter (O.D.) thin-walled Shelby tube. 
We drove the SPT and California-type samplers with a 140-pound auto trip hammer falling a 
distance of 30 inches, and we advanced the Shelby tube sampler using hydraulic push methods. 
We field recorded the penetration of the SPT and California-type sampler into the soil material as 
the number of blows needed to drive the sampler 18 inches in 6-inch increments. The boring logs 
show the number of blows for the last 12 inches the sampler was driven, and we have not 
corrected the blow counts reported on the logs using any correction factors. We pushed the 
Shelby tube samples approximately 32 inches, or less if stiff soil conditions were encountered.  
 
We used our field logs combined with laboratory testing to develop the report logs in Appendix A. 
The logs depict subsurface conditions at the exploration locations for the date of exploration; 
however, subsurface conditions may vary with time. 
 
2.3.2 Cone Penetration Tests 
 
We retained the services of a subcontractor with a CPT rig to advance five CPTs to depths of 
about 50  to 75 feet below the existing ground surface at the locations shown in Figure 2. We 
performed the CPTs in general accordance with ASTM D-5778. Measurements include the tip 
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resistance to penetration of the cone (Qc), the resistance of the surface sleeve (Fs), and pore 
pressure (U) (Robertson and Campanella, 1988). The CPT logs are presented in Appendix A.  
 
2.3.3 Laboratory Testing 
 
To measure Atterberg Limits, gradation, dry density, moisture content, and consolidation 
parameters, we tested samples recovered during drilling activities. Our laboratory test results are 
presented in Appendix B, and select test results are presented on the boring logs in Appendix A.  
 
2.4 SUBSURFACE CONDITIONS 
 
Based on the exploratory borings and CPTs, the subsurface conditions generally consist of 
existing fill, over soft to stiff clay basinal deposits, over alluvial deposits. Following is a more 
detailed description of the soil layers encountered at the site.  
 

• Fill (Qaf) - The explorations encountered 3 to 7 feet of variable fill composed of medium dense 
to dense clayey sand, very stiff to stiff clay, and sandy silt. Records regarding the placement 
and compaction of existing “man-made” fill is not available, as such the existing fill should be 
considered non-engineered. 

• Holocene Basinal Deposits (Qhb) - Below the existing fill, the explorations encountered up 
to 50 feet of soft to stiff, lean to fat clay. This material contains abundant organic material 
including roots and plant matter. 

• Late Pleistocene Alluvium (Qpf) - Below Holocene deposits, the deeper boring and CPT 
encountered mostly medium-dense clayey sand from about 55 to 75 feet below the ground 
surface (bgs). 

• Older Alluvium (QTu) - At a depth of about 75 feet bgs, the deep explorations encountered 
very dense clayey sand. The CPT hit refusal on this layer. 

 
2.5 GROUNDWATER CONDITIONS 
 
We measured groundwater in our borings at depths of approximately 9 feet and 11 feet bgs at 
the time of drilling, before we started mud rotary. We also measured the groundwater level at 
8 feet bgs in 1-CPT04 through a pore pressure dissipation test. We recommend a design 
groundwater depth of 8 feet bgs. 
 
Fluctuations in the level of groundwater may occur due to variations in rainfall, irrigation practice, 
and other factors not evident at the time measurements were made. 
 
2.6 SLOPE STABILITY ANALYSES 
 
The proposed improvements include a detention basin adjacent to an existing drainage channel. 
We performed two-dimensional slope stability analyses on Cross Section A-A’, identified in 
Figure 2, to evaluate the seepage, stability, and seismic vulnerability of the detention basin and 
drainage channel side slopes adjacent to the berm.  
 
We analyzed two hydraulic loading conditions. The first is when the drainage channel is filled to 
Elevation 14½ feet and the detention basin is empty. The second is when the detention basin is 
filled to Elevation 14½ feet and the drainage channel is empty. Based on information from CBG, 
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the spillway design with a crest at Elevation 14.5 feet, these would be the critical loading 
conditions. 
 
2.6.1 Analytical Software 
 
We performed seepage and slope stability calculations using the GeoStudio 2021 software 
programs SEEP/W and SLOPE/W, respectively, for this evaluation. SEEP/W is a two-dimensional 
finite element software program used for seepage evaluations. SLOPE/W is a two-dimensional 
limit equilibrium solution program used for slope stability evaluations. 
 
2.6.2 Subsurface Profile and Parameters 
 
We used the findings from our field exploration to develop shear strength parameters and soil 
stratigraphy along Cross Section A-A’. Our field exploration indicates that the fill we encountered 
is composed of a mix of medium dense to dense clayey sand, very stiff to stiff clay, and sandy 
silt. We performed our analysis considering both sand fill and clay fill materials for the site based 
on variability encountered in our explorations. We used available published information in 
estimating the representative permeability (K) of the soil modeled. We modeled the groundwater 
table at Elevation 11 feet. 
 
2.6.3 Method of Seepage Evaluation 
 
We evaluated the effect that seepage has on the stability of the slope in a steady state seepage 
scenario. The steady-state condition occurs when the water level remains long enough for the 
embankment soil to become fully saturated, resulting in a condition of steady seepage; this is a 
conservative assumption for this project. We used the hydrostatic pressures we developed in 
SEEP/W in SLOPE/W stability calculations. 
 
2.6.4 Method of Slope Stability Evaluation 
 
Our SLOPE/W model utilizes the same modeling interface and framework as our SEEP/W seepage 
analyses. We used Spencer’s method of slices; this analytical method is an iterative solution that 
satisfies both force and moment equilibrium and assumes all slice side forces have the same 
inclination. We prescribed entry and exit limits, each with 10 to 30 equally spaced potential entry 
and exit points, to search the slope for potential circular slip surfaces. We considered 10 radius 
increments, which resulted in approximately 3,800 slip surfaces searched for the drainage channel 
slope and approximately 7,200 slip surfaces searched for the detention basin slope. 
 
We performed the following types of stability analyses. 
 

• Case I: Rapid Drawdown Analysis - The water within the detention basin or drainage 
channel saturates a major part of the slope and then falls faster than the soil can drain. Soil 
strength parameters are based on a three-stage method (Duncan et. al. 1990), which 
considers the lower of drained and undrained strength parameters for low permeability 
material and models excess pore water pressure trapped in a saturated soil subjected to a 
sudden drop in the retained water elevation. 

• Case II: Steady-State Analysis - This is a steady-state, static condition that the slope will 
regularly experience assuming the steady-state seepage conditions described in the seepage 
analysis section. This condition assumes drained soil strength. 
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• Case III: Pseudo-Static Analysis – For this analysis, we considered the detention basin and 
drainage channel as dry. We used Special Publication 117A “Guidelines for Evaluating and 
Mitigating Seismic Hazards in California” and estimated a seismic coefficient of 0.16g based on 
a 6-inch (15-centimeter) threshold of displacement. 
 

2.6.5 Slope Stability Criteria 
 
The factor of safety is defined as the sum of available resisting forces divided by driving forces 
along a failure surface. Our adopted criteria for minimum acceptable slope stability factors of 
safety, based on commonly accepted values for similar projects, are shown in Table 2.6.5-1 
below. 
 
TABLE 2.6.5-1: Minimum Acceptable Slope Stability Factors of Safety 

CASE I: 
RAPID DRAWDOWN 

CASE II: 
STEADY-STATE 

CASE III: 
PSEUDO-STATIC 

1.0 1.5 1.0 

 
2.6.6 Slope Stability Results 
 
Our slope stability analyses results are summarized in Table 2.6.6-1 below and Appendix C. We 
present the lowest factor of safety between the sand fill and clay fill conditions for each analysis 
and indicate the critical condition. 
 
TABLE 2.6.6-1: Slope Stability Analyses Results 

ANALYSIS 
SLOPE 

ANALYZED 
DRAINAGE CHANNEL 
HYDRAULIC LOADING 

DETENTION 
BASIN 

HYDRAULIC 
LOADING 

MINIMUM 
FACTOR OF 

SAFETY 

FILL 
CONDITION 

Case 1: 
Rapid 

Drawdown 

Detention 
Basin 

Empty Elev. 14½ Feet 2.1 Clay 

Drainage 
Channel 

Elev. 14½ Feet Empty 2.0 Clay 

Case II: 
Steady-
State 

Detention 
Basin 

Elev. 14½ Feet Empty 2.0 Sand 

Drainage 
Channel 

Empty Elev. 14½ Feet 1.8 Clay 

Case III: 
Pseudo-
Static* 

Detention 
Basin 

Empty Empty 1.9 Sand 

Drainage 
Channel 

Empty Empty 1.7 Sand 

* We analyzed the slopes for a seismic coefficient of 0.16g 

 
Based on our analyses, the proposed system meets the stability criteria. We performed our 
analysis without incorporating our keyway recommendations presented in Section 4.3. 
 

3.0 CONCLUSIONS 
 
From a geotechnical engineering standpoint, the site is suitable for the proposed development, 
provided the geotechnical recommendations and guidelines provided in this report are 
implemented during project planning, design, and construction. 
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Based on our explorations and analysis and review of available published maps and reports for 
the site, the main geotechnical challenges for the proposed distribution center development are 
compressible soil, expansive soil, and existing fill. These items and other geotechnical issues are 
discussed in the following sections of this report. 
 
3.1 CONSOLIDATION SETTLEMENT OF CLAY DEPOSITS 
 
Settlement at the site can be generated from consolidation of clay deposits due to fill placement 
and/or building loads. We encountered a total of 50 feet of clay basinal deposits, with about 15 to 
20 feet being soft clay. We performed a consolidation test on a soft clay sample obtained from 
Boring 1-B02. Based on the lab test results, we evaluated the potential settlement from additional 
fill and potential building loads. The grading plans show approximately 2 to 7 feet of fill over the 
building footprint. Based on our analysis, we estimate up to 2½ inches differential settlement over 
a distance of 50 feet due to consolidation settlement in the building area. We also estimate up to 
2 inches of total settlement in the areas of the parking lot that will be underlain by deeper fill. Note 
that select portions of the proposed storm drain utility alignment are located within these parking 
lot areas. 
 
Surcharge programs have been successfully implemented to mitigate consolidation settlement in 
many sites across the Bay Area. Surcharge fill would be uniformly placed over areas where 
differential settlement is undesirable to drive pre-consolidation of the marsh deposits. Surcharge 
fill should remain in place until we estimate that the consolidation achieved is sufficient for the 
planned loads, such that the risk of settlement is sufficiently reduced for the planned development; 
this estimation should be based on settlement monitoring. We provide recommendations for the 
surcharge program and monitoring in Section 4.5.1. 
 
3.2 EXISTING FILL 
 
Our exploration encountered existing non-engineered fill material from 3 to 7 feet in thickness on 
the project site. The existing fill may experience vertical movement that is not easily characterized 
and could ultimately be inadequate to effectively support the proposed building loads. Based on 
the proposed development plan, the building pad is planned in an area where we observed 
existing fill.  
 
If conventional shallow footings are used, all existing fill in the building pad should be removed 
and replaced. Alternatively, if only the upper two feet of non-engineered fill is removed and 
replaced, then a rigid mat foundation should be used to address potential differential ground 
performance. 
 
3.3 EXPANSIVE SOIL 
 
A significant geotechnical concern for the project is the presence of highly expansive soil at the 
site. Our laboratory testing results indicate that the shallow site soil has a Plasticity Index between 
28 and 30, which indicates a moderately high expansion potential. Expansive soil shrinks and 
swells when subjected to fluctuations in moisture content. Such soil movement may cause 
heaving and cracking of slabs-on-grade, pavements, and structures founded on shallow 
foundations.  
 
Building damage due to volume changes associated with expansive soil can be reduced by: 
(1) deepening the foundations to below the zone of moisture fluctuation, i.e. by using deep 
footings or drilled piers, (2) using a rigid mat foundation that is designed to resist the settlement 
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and heave of expansive soil, or (3) using conventional shallow footings with an 18-inch-thick 
low-expansive select fill layer under the slab-on-grade. As an alternative to select fill, the upper 
18 inches of soil can be stabilized with lime treatment or cement stabilization.  
 
Successful performance of structures on expansive soil requires special attention during 
construction. It is imperative that exposed soil be kept moist prior to placement of concrete for 
foundation construction. It can be difficult to remoisturize clayey soil without excavation, moisture 
conditioning, and recompaction. At-grade secondary slabs and flat work should be designed for 
expansive soil conditions. Mitigating for secondary slabs and flat work supported on expansive 
soil subject to seasonal moisture variation can be accomplished with proper grading techniques 
and slab sections designed to resist the differential movements.  
 
3.4 SITE-SPECIFIC SEISMIC HAZARD ANALYSIS 
 
The 2022 California Building Code (CBC) utilizes the design criteria set forth in the 2016 ASCE 7 
Standard (ASCE 7-16). Based on the subsurface conditions encountered and shear wave velocity 
measurements presented below, we characterized the site as Site Class D in accordance with the 
2022 CBC. Since the site is a Site Class D and mapped site-specific risk-targeted maximum 
considered earthquake (MCER) spectral response acceleration at 1-second period, S1, is greater 
than 0.2g, we performed site-specific seismic hazard analysis following guidelines of Chapter 21 
of ASCE 7-16. We performed the following steps to develop MCER and Design Earthquake (DE) 
response spectra for this site: 
 

• A probabilistic seismic hazard analysis (PSHA) to develop a risk-targeted maximum rotated 
response spectrum corresponding to a 2-percent probability of exceedance in 50 years 
(2,475-year return period). 

• A site-specific deterministic analysis (DSHA) to develop an 84th-percentile maximum rotated 
response spectrum.  

• Comparison of the DSHA and the Deterministic Lower Limit in accordance with Section 21.2.2 
of ASCE 7-16 and Supplement No. 1. 

• Comparison of the PSHA and the DSHA response spectra to obtain the site-specific MCER 

response spectrum for the site. 

• Multiply the site-specific MCER response spectrum by two-thirds to obtain the site-specific DE 
spectrum for the site.  

 
3.4.1 Probabilistic Seismic Hazard Analysis 
 
3.4.1.1 Fault Database and Probabilistic Model 
 
We performed a probabilistic seismic hazard analysis (PSHA) for the project site for a return period 
of 2,475 years. We utilized the Third California Earthquake Rupture Forecast model (UCERF3). This 
is the most-up-to-date rupture forecast model for the state of California and is required by ASCE 
7-16. We calculated the seismic hazard using the standard methodology for hazard analysis. The 
seismic-hazard calculations can be represented by the following equation, which is an application 
of the total-probability theorem. 

𝐻(𝑎) =∑𝑣𝑖∬𝑃[𝐴 > 𝑎|𝑚, 𝑟] 𝑓𝑀𝑖(m)

𝑖

𝑓𝑅𝑖|𝑀𝑖(r,m)𝑑𝑟𝑑𝑚 
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In this equation, the hazard H(a) is the annual frequency of earthquakes that produce a ground 
motion amplitude A higher than a. Amplitude A may represent peak ground acceleration, velocity 
or displacement, or it may represent spectral pseudo-acceleration at a given frequency. The 
summation in the equation shown extends over all sources (i.e. over all faults and areas). In the 
above equation, νi is the annual rate of earthquakes (with magnitude higher than some threshold 
Mi) in source i, and fMi (m) and fRi|Mi (r,m) are the probability density functions on magnitude and 
distance, respectively. P[A > a|m, r] is the probability that an earthquake of magnitude m at 
distance r produces a ground-motion amplitude A at the site that is greater than a. Seismic 
sources may be either faults or area sources; the specification of source geometries and the 
calculation of fRi|Mi, are performed differently for these two types of sources. 
 
3.4.2 Disaggregation of the Seismic Hazard 
 
We performed a disaggregation of the seismic hazard at periods of 0.01 (PGA), 0.3, and 
0.5 seconds. These disaggregation results are presented in Appendix D. At these periods, the 
hazard is dominated by moment magnitude (MW) 6.80 to 7.35 events that are within 13 miles 
(21 kilometers) of the site. These events are related to the Concord, Franklin, and Hayward faults 
as shown in Table 3.4.2-1.  
 
TABLE 3.4.2-1: Controlling Faults 

FAULT 
CLOSEST DISTANCE TO 

THE SITE  
(miles|km) 

MOMENT MAGNITUDE  
(mw) 

MECHANISM 

Concord 3.92|6.31 6.80 Strike Slip 

Franklin 4.67|7.51 7.23 Strike Slip 

Hayward 12.91|20.77 7.35 Strike Slip 

Calaveras 10.50|16.90 7.14 Strike Slip 
Note: Based on USGS Unified Hazard Too Dynamic Conterminous U.S. 2014 (V4.2.0) 

 

3.4.3 Ground Motion Models and Site Parameters  
 
We used a total of four ground motion models (GMMs) from the Next Generation Attenuation 
West 2 (NGA West 2) project for this project. These include Abrahamson et al. (2014), Boore et 
al. (2014), Campbell and Bozorgnia (2014), and Chiou and Youngs (2014). We performed our 
analysis using all four empirical attenuation equations for a spectral damping of 5 percent and we 
assigned equal weights (0.25) to the results of each in the analysis. These GMMs provide median 
rotated (RotD50) response spectra. We ultimately apply maximum rotation factors to convert 
these RotD50 response spectra to maximum rotated response spectra.  
 
We performed shear wave velocity (VS) measurements in 1-SCPT4 using the downhole seismic 
method specified in ASTM D-7400. We present the CPT log and the VS profile in Appendix A. The 
CPT encountered practical refusal at about 73 feet bgs. We chose to disregard the interval velocity 
estimated at a depth of 73 feet bgs due to the noise shown in the plot of wave arrival time. 
Therefore, the deepest data point was taken at 70 feet bgs. To calculate the time-averaged shear 
wave velocity over the top 100 feet or 30 meters (VS30), we assumed the VS measured at 70 feet 
remained constant to a depth of 100 feet. Therefore, we estimate the VS30 at the location of 
1-SCPT4 to be 648 feet per second (197 meters per second).  
 
Inputs to the GMMs include VS30; the depth at which VS reaches 3,330 feet per second (ft/sec) or 
1.0 kilometers per second (km/sec) (z1.0); and the depth at which VS reaches 8,200 ft/sec or 
2.5 km/sec (z2.5). For z1.0 and z2.5, we used the USGS Bay Area Velocity Model (BAVM) Release 8.3.0. 
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This model estimates a z1.0 of 1,995 feet (608 meters) and a z2.5 of 28,133 feet (8.6 kilometers) from 
the ground surface.  
 
3.4.4 Deterministic Analysis 
 
The deterministic seismic hazard analysis (DSHA) involves developing the 84th percentile 
(i.e., lognormal mean plus one standard deviation) maximum rotated response spectrum for a 
spectral damping of 5 percent of critical damping considering characteristic magnitudes of significant 
faults and the attenuation equations. Deterministic analyses do not include background seismicity. 
However, it is important to note that the definition of the characteristic magnitude is ambiguous 
when using the UCERF3 model due to its complexity. Based on our communications with 
developers of UCERF3, in deterministic analysis, “scenario” earthquakes with higher contribution 
to hazard should be used in lieu of “characteristic” earthquake when using UCERF3. To satisfy 
both characteristic and scenario earthquake approaches, we performed the following analyses 
and picked the maximum results as the deterministic spectrum. 
 

• DSHA using UCERF21  
 

• DSHA using the rupture scenarios with contribution of more than 1-percent to hazard based 
on hazard disaggregation and UCERF3.  

 
The results for the DSHA using UCERF3 for the sources presented in Table 3.4.4-1 indicate a 
controlling event on the Concord Fault with a magnitude of 6.80 at a distance of 3.92 miles 
(6.31 kilometers) from the site. However, the results of the DSHA using UCERF2 indicate the 
distance between the fault and site is 2.42 miles (3.90 kilometers). This discrepancy is due to 
fundamental differences between UCERF3 and UCERF2 models. 
 
TABLE 3.4.4-1: UCERF3 Controlling Scenarios Used in DSHA  

SOURCE RRUP (km) MW 
PERCENT CONTRIBUTION 

PGA 0.3 seconds 0.5 seconds 

Concord 6.31 6.80 46.8 36.0 41.7 

Franklin 7.51 7.23 6.0 5.4 7.4 

Hayward 20.77 7.35 4.7 7.2 7.9 

Calaveras 16.90 7.14 2.7 4.1 4.5 

 

Based on this comparison, the deterministic ground motion is controlled by DSHA using UCERF2 
and the controlling scenario is the Concord Fault. 
 
3.4.5 Resulting Base Response Spectra 
 
Following the steps described above, we developed probabilistic and deterministic RotD50 
response spectra. To convert these mean RotD50 response spectra to mean maximum rotated 
response spectra, we applied the maximum rotation factors discussed in Shahi and Baker (2014). 
We also applied the mapped risk factors defined in Section 21.2.1.1 of ASCE 7-16 to the 
probabilistic response spectrum in order to develop a risk-targeted spectrum. We then compared 
the maximum-rotated deterministic response spectrum with the lower limit deterministic response 
spectrum defined in Section 21.2.2 of ASCE 7-16 and Supplement No. 1 to finalize the deterministic 
spectrum.  

 
1 Previous version of UCERF3 that is less complex.  
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Per Section 21.2.3 of ASCE 7-16, the MCER is controlled by the lesser of the maximum rotated and 
risk-targeted probabilistic and the 84th percentile maximum rotated deterministic response spectra. 
Additionally, the MCER and DE are not permitted to be lower than 80 percent of the mapped MCER 
and DE spectra (i.e., the code minimum), respectively. Figure 3.4.5-1 depicts the recommended 
MCER and DE response spectra for the project site. Table 3.4.5-1 presents the numerical values of 
the recommended spectra and Table 3.4.5-2 presents seismic design parameters based on ASCE 
7-16 Section 21.4.  
 
FIGURE 3.4.5-1: Recommended MCER and DE Spectra 
 

 
 
TABLE 3.4.5-1: Recommended MCER and DE Spectra 

PERIOD 
(seconds) 

RECOMMENDED SPECTRAL ACCELERATION (g) 

RISK TARGETED – 
MAXIMUM ROTATED MCER 

MAXIMUM  
ROTATED DE 

0.01 0.81 0.54 

0.02 0.80 0.54 

0.03 0.78 0.52 

0.04 0.81 0.54 

0.05 0.83 0.55 

0.075 0.98 0.66 

0.10 1.12 0.75 

0.187 1.46 0.98 

0.2 1.50 1.00 

0.3 1.75 1.17 

0.4 1.89 1.26 

0.5 1.91 1.27 

0.75 1.73 1.15 
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PERIOD 
(seconds) 

RECOMMENDED SPECTRAL ACCELERATION (g) 

RISK TARGETED – 
MAXIMUM ROTATED MCER 

MAXIMUM  
ROTATED DE 

0.935 1.63 1.09 

1 1.60 1.07 

2 1.07 0.72 

3 0.68 0.46 

4 0.44 0.29 

5 0.29 0.20 

7.5 0.16 0.11 

8 0.15 0.10 

10 0.10 0.06 

 
TABLE 3.4.5-2: Design Acceleration Parameters based on ASCE 7-16 Section 21.4  
 (Latitude: 37.990153 Longitude: -122.061772) 

 PARAMETER VALUE 

Mapped MCER Spectral Response Acceleration at Short Periods, SS (g) 1.61 

Mapped MCER Spectral Response Acceleration at 1-second Period, S1 (g) 0.60 

MCER Spectral Response Acceleration at Short Periods, SMS (g) 1.72 

MCER Spectral Response Acceleration at 1-second Period, SM1 (g) 2.15 

Design Spectral Response Acceleration at Short Periods, SDS (g) 1.14 

Design Spectral Response Acceleration at 1-second Period, SD1 (g) 1.43 

 
3.5 SEISMIC HAZARDS 
 
Potential seismic hazards resulting from a nearby earthquake can generally be classified as 
primary and secondary. The primary effect is ground rupture, also called surface faulting. The 
common secondary seismic hazards include ground shaking, liquefaction, and lateral spreading. 
The following sections present a discussion of these hazards as they apply to the site. Based on 
topographic and lithologic data, the risk of regional subsidence or uplift, landslides, tsunamis, and 
seiches is considered low to negligible at the site. 
 
3.5.1 Liquefaction Analysis 
 
Soil liquefaction results from loss of strength during cyclic loading, such as imposed by 
earthquakes. The soil considered the most susceptible to liquefaction is clean, loose, saturated, 
uniformly graded fine sand below the groundwater table. Empirical evidence indicates that loose 
fine-grained soil including low plasticity silt and clay is also potentially liquefiable. When seismic 
ground shaking occurs, the soil is subjected to cyclic shear stresses that can cause excess 
hydrostatic pressures to develop and liquefaction of susceptible soil to occur. If liquefaction 
occurs, and if the soil consolidates or vents to the surface during and following liquefaction, ground 
settlement and surface deformation may occur.  
 
We analyzed the CPTs to estimate the potential for liquefaction using the software program Cliq 
applying the methodology published by Boulanger and Idriss (2014). We assumed a design 
groundwater level of 8 feet bgs. We used a peak ground acceleration PGAM of 0.68g to perform 
liquefaction analysis based our site-specific seismic analysis and a moment magnitude (Mw) of 

ENGEO 
Expect Excellence 



FSRE Industrial Concord LLC Distribution Center, 555 Sally Ride Drive 
16837.001.001 Geotechnical Exploration Report

 

  
 Page | 14 August 13, 2021 
  Revised August 4, 2023 

7.3 based on the maximum possible earthquake on the Concord Fault. We also applied a 
weighting factor to the calculated volumetric strain using the methods outlined by Cetin et al. 
(2009).  
 
The results of our analysis indicate that liquefaction potential at the site is negligible.  
 
3.5.2 Ground Rupture  
 
Since there are no known active faults crossing the property and the site is not located within an 
Earthquake Fault Special Study Zone, ground rupture is unlikely at the subject property.  
 
3.5.3 Ground Shaking 
 
An earthquake of moderate to high magnitude generated within the San Francisco Bay region 
could cause considerable ground shaking at the site, similar to that which has occurred in the 
past. To mitigate the shaking effects, structures should be designed using sound engineering 
judgment and the 2022 CBC requirements, as a minimum. Seismic design provisions of current 
building codes generally prescribe minimum lateral forces, applied statically to the structure, 
combined with the gravity forces of dead-and-live loads. The code-prescribed lateral forces are 
generally considered to be substantially smaller than the comparable forces that would be 
associated with a major earthquake. Therefore, structures should be able to: (1) resist minor 
earthquakes without damage, (2) resist moderate earthquakes without structural damage but with 
some nonstructural damage, and (3) resist major earthquakes without collapse but with some 
structural as well as nonstructural damage. Conformance to the current building code 
recommendations does not constitute any kind of guarantee that significant structural damage 
would not occur in the event of a maximum magnitude earthquake; however, it is reasonable to 
expect that a well-designed and well-constructed structure will not collapse or cause loss of life in 
a major earthquake (SEAOC, 1996). 
 
3.5.4 Ground Lurching  
 
Ground lurching is a result of the rolling motion imparted to the ground surface during energy 
released by an earthquake. Such rolling motion can cause ground cracks to form in weaker soil. 
The potential for the formation of these cracks is considered greater at contacts between deep 
alluvium and bedrock. Such an occurrence is possible at the site as in other locations in the 
San Francisco Bay region, but based on the site location, the offset will be minor.  
 
3.6 PROPOSED BERM  
 
Based on our slope stability analysis, we take no exceptions to the 10-foot width of the planned 
berm between the proposed detention basin and the existing drainage ditch. We present 
recommendations for keyways and benching of the proposed detention basin in Section 4.3. 
 

4.0 EARTHWORK RECOMMENDATIONS 
 
The relative compaction and optimum moisture content of soil and aggregate base referred to in 
this report are based on the most recent ASTM D1557 test method. Compacted soil is not 
acceptable if it is unstable. It should exhibit only minimal flexing or pumping, as observed by our 
field representative. 
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As used in this report, the term “moisture condition” refers to adjusting the moisture content of the 
soil by either drying if too wet or adding water if too dry. We define “structural areas” as any area 
sensitive to settlement of compacted soil. These areas include, but are not limited to the building 
pad, sidewalks, pavement areas, and retaining walls.  
 
4.1 GENERAL SITE CLEARING 
 
Areas to be developed should be cleared of surface and subsurface deleterious material, 
including existing building foundations, slabs, buried utility and irrigation lines, pavements, and 
debris.  
 
Following clearing, the site should be stripped to remove surface organic material. Organics 
should be stripped from the ground surface to a depth of at least 2 to 3 inches below the surface. 
Strippings should be removed from the site or, if considered suitable by the landscape architect 
and owner, use them in landscape fill.  
 
Within the development areas, excavations resulting from demolition and stripping, which extend 
below final grades, should be cleaned to firm undisturbed soil as determined by our field 
representative. No loose or uncontrolled backfilling of depressions resulting from demolition and 
stripping is permitted. The surface should then be scarified, moisture conditioned, and backfilled 
with compacted engineered fill. The requirements for backfill material and placement operations 
are the same as for engineered fill. 
 
4.2 EXISTING FILL REMOVAL 
 
Our exploration encountered existing non-engineered fill material from 3 to 7 feet in thickness on 
the project site. The existing fill could undergo vertical movement that is not easily characterized 
and could ultimately be inadequate to effectively support the proposed building loads. Based on 
the proposed development plans, the building pad will be situated in areas where existing fill was 
observed.  
 
If the desired foundation system is spread footings, then, we recommend complete removal and 
recompaction of the existing fill extending to 5 feet laterally beyond the building pad. If the fill is 
free of debris and deleterious matter, it may be reused as engineered fill at the site.  
 
Alternatively, a rigid mat foundation can be utilized for the proposed structure without complete 
removal and replacement of the existing fill. If the upper 2 feet of soil below the building pad is 
removed and replaced, and the 12 inches of subgrade below the base of excavation is scarified 
and recompacted, then the mat foundation can be designed for a differential settlement of 1 inch 
over 50 horizontal feet due to the remaining existing non-engineered fill.  
 
Overexcavated fill can be processed and then replaced as engineered fill as described in 
Section 4.8. 

 
4.3 KEYWAYS AND SLOPE REBUILD 

 
We anticipate that grading within the proposed berm width will not be allowed. Also, the north and 
east portions of the proposed detention basin are located adjacent to existing Sally Ride Drive, 
and grading should not be performed within the street right-of-way. If we receive permission to 
access these areas, we can update our recommendations. 

ENGEO 
Expect Excellence 



FSRE Industrial Concord LLC Distribution Center, 555 Sally Ride Drive 
16837.001.001 Geotechnical Exploration Report

 

  
 Page | 16 August 13, 2021 
  Revised August 4, 2023 

For the proposed detention basin, we recommend that the cut slope of the basin be overexcavated 
and recompacted as engineered fill to optimize slope performance. The reconstructed cut slopes 
should be supported on toe keyways. The depth of the keyways should be a minimum of 3 feet 
below lowest adjacent grade with a minimum width of 9 feet. Figure 6 shows a typical detail for 
keyways and slope rebuild. A representative from our firm should observe the keyway excavations 
prior to placement of engineered fill. Keyway dimensions may be subject to change depending on 
actual field conditions encountered but should not encroach into the existing street right-of-way 
or future berm limits. Prior to backfilling the keyway excavations, the bottoms should be ripped, 
processed, moisture conditioned and compacted as engineered fill in accordance with 
Section 4.8.  

 
4.4 EXPANSIVE SOIL TREATMENT 
 
Due to the relatively high expansion potential of the on-site soil, if conventional shallow footing 
foundations are used, then we recommend that select non-expansive or low-expansive fill material 
compose the upper 24 inches of the building pad to an area extending 5 feet out from the building 
perimeters, or to the adjacent curb where walkways or loading docks are planned.  
 
As an alternative to importation of select fill, the upper 18 inches of on-site soil can be lime treated. 
From a planning perspective assume that the lime mix will consist of 3 to 5 percent lime; this 
percentage should be confirmed based on lab testing. However, if the site soil is mixed with 
vegetation stripping, the percentage of the lime should be increased based on the percentage of 
the organic content of the soil mixture. We should approve the lime mix. Prior to lime treating the 
subgrade soil, chemical testing should be performed to determine the suitability of lime treatment 
and the actual percentage of lime required. After lime mixing, the lime-soil mixture should be allowed 
to fully hydrate (mellow) for at least 24 hours prior to compaction.  
 
The treated subgrade should then be compacted in accordance with Section 4.8. Mixing and 
compaction operations should not be conducted during rainy weather. Measures should be 
implemented to avoid ponding of surface water on the building subgrade. During curing, the 
moisture of the treated subgrade should be maintained. 
 
The soil conditions at the time of grading should be evaluated to determine if scarification and 
recompaction of the soil below the special treatment zone are necessary. If site grading is 
conducted during the winter or spring months, it is possible that the soil will have sufficient natural 
moisture to reduce swell potentials to acceptable values. 
 
4.5 CONSOLIDATION SETTLEMENT MITIGATION 
 
4.5.1 Surcharge Program 
 
We encountered compressible basin deposits up to approximately 20 feet thick in our explorations 
at the site. A surcharge program is likely the most cost-effective option for mitigating the 
anticipated consolidation settlement. A surcharge program involves the placement of temporary 
fill, uniformly blanketing portions of the site until the desired degree of consolidation has occurred, 
as determined by a site-specific settlement-monitoring program. Depending on the construction 
schedule, implementation of a surcharge program may be accelerated in some areas by installing 
wick drains, which allow rapid pore pressure dissipation. 
 
We recommend a surcharge height of approximately 5 to 10 feet for areas within the building 
footprint. If our settlement estimate in Section 3.1 for parking lot and storm drain utility areas is 
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unacceptable, we recommend a surcharge height of approximately 5 feet in those areas. When 
the civil plans and building loads are finalized, we can perform an in-depth analysis to refine the 
surcharge height recommendations. 
 
These surcharge heights, which are heights above planned finished grade, assume the surcharge 
program duration will be 9 to 12 months. If a shorter surcharge duration is desired, wick drains 
can be used to accelerate pre-consolidation. To establish a uniform stress distribution in the 
basinal deposits, the surcharge fill placement should extend beyond the actual building footprints 
and site-improvement areas. We recommend that the top of the surcharge be located at least 5 
feet horizontally beyond the actual building footprints and sloped at least 1:1 (horizontal:vertical). 
Surcharge fill should not be placed within 5 feet of the top of the drainage channel. Following 
surcharge removal, we estimate residual settlement of the basin deposits will be small and the 
distribution center can be supported on shallow foundations. 
 
We recommend that deep settlement plates be installed to monitor settlement during the 
surcharge program. The settlement plates should be surveyed at regular intervals until we 
determine that the desired level of pre-consolidation has been achieved. The survey of the 
settlement plates should be tied to benchmarks established well beyond the zone of surcharge 
influence and should not be performed with GPS survey techniques. We should determine the 
number and location of the settlement monitoring plates when the surcharge staging has been 
determined. 
 
4.5.2 Cellular Concrete  

 

An alternative to surcharge would be removal of existing fill and replacing the excavated soil with 

lightweight cellular concrete. At a minimum, the cellular concrete should have a compressive 

strength of at least 40 psi and a maximum unit weight of 30 pounds per cubic foot (pcf). We 

recommend the thickness of existing fill removed and replaced with cellular concrete to be 6½ to 

8½ feet for areas within the building footprint. If our settlement estimate in Section 3.1 for parking 

lot areas is unacceptable, we recommend the thickness of existing fill removed and replaced with 

cellular concrete to be 2½ to 4 feet. When the civil plans and building loads are finalized, we can 

perform an in-depth analysis to refine the cellular concrete thickness recommendations. 

 

Unless specifically designed for thicker lifts, the cellular concrete lift height should be limited to 

3 to 4 feet in thickness to limit the risk of collapsing under its own weight; the cellular concrete 

should be allowed to cure at least 12 hours before placing the next lift. If any collapse occurs, the 

resulting cellular concrete will be heavier than planned, therefore, the entire lift of material will 

need to be removed and disposed of prior to placing the next lift. We recommend we be retained 

to observe the cellular concrete backfill on a full-time basis to monitor the unit weight and collect 

samples for compressive strength testing. 

 
4.5.3 Ground Improvement  
 

Another alternative for consolidation settlement mitigation would be ground improvement using 

Drilled Displacement Columns (DDCs) in the building area. DDCs are a rigid inclusion form of 

ground improvement method that transfers vertical loads at the ground surface through a grout 

column embedded in competent material. First, a hollow-tipped, displacement auger is drilled to 

the desired depth of improvement, displacing soil laterally with advancement. Once the desired 

depth is reached, the auger is slowly raised while simultaneously injecting grout under high 
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pressure to form a well-defined cement column. Steel rebar may be inserted within the column to 

increase shearing resistance, if the design indicates it is needed. Depending on design 

requirements, spacing of DDC elements may range from 5 to 7 feet on center. DDCs are not 

intended to be relied upon for uplift resistance as they are not attached to the building foundation. 

 

Due to the soft basinal deposits at the project site, we recommend evaluating the DDC elements 

under kinematic loading from seismic wave propagation. If the elements are potentially subject to 

hinging from lateral soil movement, rigorous analysis of post-hinge settlement be performed, or 

inclusion of steel reinforcement be considered, to reduce potential loss of vertical support due to 

loss of vertical continuity. 

 

DDCs have negligible construction vibration and a relatively quiet construction method. DDCs are 

a displacement corrective treatment method and typically generates less than 3 percent in volume 

of soil being improved. This ground improvement method is proprietary and should be designed 

by a design-build or specialty contractor. We should be provided with the opportunity to review 

the design to confirm assumed soil profile and shear strengths are in conformance with site 

conditions. If ground improvement is used for settlement mitigation of the building, then surcharge 

or cellular concrete should still be used in the parking lot. 

 
4.6 OVER-OPTIMUM SOIL MOISTURE CONDITIONS 
 
The contractor should anticipate excessively over-optimum (wet) soil moisture conditions during 
winter or spring grading, or during or following periods of rain. Wet soil can make proper 
compaction difficult or impossible. Wet soil conditions can be mitigated by:  
 
1. Frequent spreading and mixing during warm dry weather. 
2. Mixing with drier material. 
3. Mixing with a lime, lime-flyash, or cement product; or 
4. Stabilizing with aggregate, geotextile stabilization fabric, or both. 

 
We should evaluate Options 3 and 4 prior to implementation. 
 
4.7 ACCEPTABLE FILL  
 
On-site soil material is suitable as fill material provided it is processed to remove concentrations 
of organic material (soil which contains more than 2 percent organic content by weight), and 
debris. Imported fill material should meet the Select Import Fill Material Requirements in Appendix 
E. We should be allowed to sample and test proposed imported fill material at least 10 days prior 
to delivery to the site. 
 
4.8 FILL COMPACTION 
 
The contractor should perform subgrade compaction prior to fill placement to provide adequate 
bonding with the initial lift of fill. The contractor should first scarify the exposed soil to a depth of 
at least 8 inches then moisture condition and compact the subgrade in accordance with the 
requirements listed in Table  4.8-1. The lift thickness should not exceed 8 inches or the depth of 
penetration of the compaction equipment used, whichever is less. The compaction 
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recommendations in Table  4.8-1 should be used for the placement and compaction of subgrade 
and fill. 

 
TABLE  4.8-1: Earthwork Compaction and Moisture Content Requirements 

FILL DEPTH OR 
MATERIAL 

MINIMUM RELATIVE 
COMPACTION (%) 

MINIMUM RELATIVE 
COMPACTION (%)  

UPPER 6 INCHES OF FILL 
OR UPPER 24 INCHES OF 

PAVEMENT AREAS 

MINIMUM MOISTURE 
CONTENT 

NON-EXPANSIVE SOIL 
(PERCENTAGE POINTS 

ABOVE OPTIMUM)* 

On-site material 87 to 92 95 4 

Select Import  90 95 2 

Lime Treated 
Subgrade 

90 95 3 

Aggregate Base 95 -- Optimum 

 
The relative compaction and optimum moisture content of soil and aggregate base referred to in 
this report are based on the most recent ASTM D1557 test method. We recommend that the fill 
be compacted at higher than optimum moisture contents, as shown above, to minimize the effects 
of swell and/or hydrocompression. The term “moisture condition” refers to adjusting the moisture 
content of the soil by either drying if too wet or adding water if too dry. Compacted soil is not 
acceptable if it is unstable. It should exhibit only minimal flexing or pumping, as observed by our 
field representatives. 
 
4.9 UNDERGROUND UTILITY BACKFILL 
 
The contractor is responsible for conducting trenching and shoring in accordance with CALOSHA 
requirements. We recommend that utility trench backfilling be done under our observation.  
 
Pipe zone backfill (i.e., material beneath and immediately surrounding the pipe) may consist of a 

well-graded import or native material less than ¾ inch in maximum dimension. Trench zone 

backfill (i.e., material placed between the pipe zone backfill and the ground surface) may consist 

of native soil. Pipe and trench zone back fill should be compacted according to the 

recommendations in Section  4.8. 

 

Where import material is used for pipe zone backfill, we recommend it consist of fine- to medium-

grained sand or a well-graded mixture of sand and gravel and that this material not be used within 

2 feet of finish grades. In general, uniformly graded gravel should not be used for pipe or trench 

zone backfill due to the potential for migration of: (1) soil into the relatively large void spaces 

present in this type of material and (2) water along trenches backfilled with this type of material. 

Where utility trenches pass under a building perimeter, they must be provided with an impervious 

seal consisting of native material or concrete. The impervious plug should extend at least 2 feet 

to each side of the crossing. This is to reduce surface-water percolation into the material under 

foundations and pavements where such water would remain trapped in a perched condition, 

allowing clay to develop their full expansion potential. 
 
Care should be exercised where utility trenches are located beside foundation areas. Utility 
trenches constructed parallel to foundations should be located entirely above a plane extending 
down from the lower edge of the footing at an angle of 45 degrees. Utility companies and 
Landscape Architects should be made aware of this information. 
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Compaction of trench backfill by jetting should not be allowed at this site. If there appears to be a 

conflict between The City or other agency requirements and the recommendations contained in 

this report, this should be brought to the Owner’s attention for resolution prior to submitting bids. 

 
4.10 LANDSCAPE FILL 
 
In landscape areas, the contractor should process place and compact fill in accordance with 
Sections 4.7 and  4.8, except compact to at least 85 percent relative compaction (ASTM D1557).  
 
4.11 SITE DRAINAGE 
 
The project civil engineer is responsible for designing surface drainage improvements. Regarding 
geotechnical engineering issues, we recommend that finish grades be sloped away from buildings 
and pavements to the maximum extent practical to reduce the potentially damaging effects of 
expansive soil. The latest California Building Code Section 1804.3 specifies minimum slopes of 
5 percent away from foundations for pervious surfaces. Where surface improvements restrict 
meeting this slope requirement, we recommend that specific drainage requirements be 
developed.  
 
As a minimum, we recommend that roof downspouts should be discharged into closed conduits 
and directed away from foundations to appropriate drainage devices. Do not allow water to pond 
near foundations, pavements, or exterior flatwork. 

 

4.12 REQUIREMENTS FOR LANDSCAPING IRRIGATION 

 

Vegetation should not be planted immediately adjacent to the structure. If planting adjacent to the 

building is desired, we recommend using plants that require very little moisture with drip irrigation 

systems. 

 

Sprinkler systems should not be installed where they may cause ponding or saturation of 

foundation soil within 5 feet of the building walls. Ponding or saturation of foundation soil may 

cause soil swelling, consequent loss of strength, and movements of the foundation and slabs. 

 

Irrigation of landscaped areas should be strictly limited to that necessary to sustain vegetation. 

Excessive irrigation could result in saturation, weakening, and possible swelling of foundation soil. 

The Landscape Architect and prospective owners should be informed of the surface drainage 

requirements included in this report. 

 

If, at any time, the drainage or irrigation requirements cannot be followed, it is very important that 

the foundation soil be protected from adverse wetting caused by poor drainage. This can be 

accomplished by installing perimeter subdrains. 

 
4.13 STORMWATER BIORETENTION AREAS 
 
We recommend that bioretention areas be planned a minimum of 5 feet away from structural site 
improvements, such as buildings, streets, retaining walls, and sidewalks/driveways. When this 
is not practical, bioretention areas located within 5 feet of structural site improvements should be 
constructed with (1) structural side walls capable of withstanding the loads from the adjacent 
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improvements and (2) a waterproofing system designed to reduce the potential for moisture 
transmission into the subgrade soil beneath the adjacent improvement. 
 
Site improvements located adjacent to bioretention areas that are underlain by base rock, sand, 
or other imported granular materials, should be designed with a deepened edge that extends to 
the bottom of the granular material. We may recommend additional design considerations for 
bioretention areas adjacent buildings greater than three stories, streets steeper than 3 percent, 
or design elements subject to lateral loads (such as from impact or traffic patterns). 
 
We recommend we be retained to review design plans and provide testing and observation 
services during construction of stormwater bioretention features. 
 

5.0 FOUNDATION RECOMMENDATIONS 
 
We developed foundation recommendations using data obtained from our field exploration, 
laboratory test results, and engineering analysis. The three major geotechnical hazards at the site 
are consolidation settlement of the compressible clay soil, settlement of the existing fill, and 
expansive soil.  
 
There are two grading and shallow foundation options for the proposed structure if the 
consolidation settlement is mitigated with a surcharge program or lightweight fill. 
 
1. If the non-engineered fill is completely removed and recompacted, we recommend 

conventional shallow footings combined with slabs-on-grade to support the proposed 
structure. The upper 24 inches below the slab-on-grade should be low-expansive select fill.  

2. If only the upper 2 feet of non-engineered fill is completely removed and recompacted, we 
recommend rigid mat foundations to support the proposed structure. The foundation should 
be designed for 1 inch of differential settlement over 30 feet and expansive soil conditions. If the 
upper 24 inches of soil below the mat is not composed of low expansion select fill, then the mat 
should be designed for expansive soil conditions.  

 
5.1 SPREAD FOOTINGS  
 
The proposed structures can be supported on spread footings bearing in compacted fill if the 
consolidation settlement is mitigated with surcharge or lightweight fill and the upper 24 inches 
below the slab-on-grade is low-expansion select fill.  
 
The exterior walls should have continuous footings and the interior column should be founded on 
isolated spread footings. Footings should have a minimum depth of embedment of 36 inches; the 
depth should be measured from the lowest adjacent finished grade. Footings can be designed 
using an allowable bearing capacity of 2,000 pounds per square foot for load combinations of 
dead-plus-live load. For evaluation of loads that include wind and seismic, this allowable bearing 
capacity can be increased by one-third. 
 
The maximum allowable bearing pressure is a net value; the weight of the footing may be 
neglected for design purposes. Footings located adjacent to utility trenches should have their 
bearing surfaces below an imaginary 1:1 (horizontal:vertical) plane projected upward from the 
bottom edge of the trench to the footing. 
 
Footings founded in expansive soil may be subjected to detrimental uplift forces along the sides 
of the footings. To help reduce the potential for uplift pressures in expansive soil, footing 
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excavations should be relatively smooth with vertical sides. If the excavations become V-shaped, 
the sides of the footings should be formed to reduce the potential for uplift forces on the footings. 
Footing excavations should be kept moist prior to placing foundation concrete. Footing trenches 
should be cleared of all loose material, and soil exposed in the footing trench excavations should 
not be allowed to desiccate prior to concrete placement. Our representative should observe the 
footing trench excavations prior to concrete placement. 
 
5.1.1 Interior Concrete Floor Slabs 
 
Simply reinforced slabs-on-grade can be used in conjunction with conventional shallow footings 
if (1) all the non-engineered fill has been removed and replaced and (2) the upper 24 inches of 
the building pad is composed of select fill, lime treated soil, or cement treated soil.  
 
Interior concrete floor slabs should be at least 6 inches thick underlain by 4 inches of clean 
crushed rock. Crushed rock should have 100 percent passing the ¾-inch sieve and less than 5 
percent passing the No. 4 Sieve. As a minimum, the slab reinforcement should consist of No. 4 
bars spaced 18 inches on center each way. 
 
Some cracking of the slabs-on-grade should be anticipated at the site because of concrete 
shrinkage and the expansive nature of the on-site soil. Frequent control joints should be provided 
to control the cracking. As a general guideline, control joints can be 5 to 10 feet apart. Added steel 
or slab thickness would also serve to improve the performance of the slabs. 
 
Subgrade material should not be allowed to desiccate between grading and the construction of 
the concrete slabs.  
 
5.1.2 Waterstop 
 
If a two-pour system is used for footings and slab, the cold joint between the exterior footing and 
slab-on-grade should be located at least 4 inches above adjacent finish exterior grade. If this is 
not done, then we recommend the addition of a waterstop between the two pours to reduce 
moisture penetration through the cold joint and migration under the slab. Use of a monolithic pour 
would eliminate the need for the waterstop.  
 
5.2 RIGID MAT FOUNDATION 
 
Alternatively, if only the upper 2 feet of undocumented fill is removed and recompacted, the 
proposed structure should be supported on a conventionally reinforced rigid mat foundation. Rigid 
mat foundations should be designed for 1 inch of differential settlement over 30 feet. 
 
Rigid mats should be designed for an average allowable soil pressure of 1,500 pounds per square 
foot (psf) or 2,000 psf for concentrated loads. These values may be increased by one-third when 
considering total loads, including wind or seismic loads.  
 
For preliminary consideration, A modulus of subgrade reaction (Kv1) of 75 pounds per cubic inch 
(pci) can be used for structural slab design. This Kv1 value is based on a square foot area and 
should be adjusted for the planned mat size. The coefficient of subgrade reaction, KB, for a 
rectangular loading area of a specific dimension may be evaluated using the following equation. 
 

KB = Kv1 0.75[(B+1)/2B]2 
 
where B is the width or diameter of the area of the mat being evaluated, measured in feet 
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Once the bearing pressures are calculated by the project Structural Engineer, we can collaborate 
with them to evaluate the optimal value of subgrade moduli; this collaboration may be an iterative 
process. We also recommend a minimum mat thickness of 12 inches; the actual thickness of the 
mat should be selected by the project Structural Engineer.  
 
5.2.1 Rigid Mat Expansive Soil Parameters 
 
If the upper 18 inches of the building pad is not select fill or lime or cement treated, then the rigid 
mats should be designed using an edge cantilever length of 6 feet with a random interior 
unsupported span of 20 feet in addition to the 1 inch of differential settlement. 
 
 
5.3 FOUNDATION LATERAL RESISTANCE 
 
Where spread footings are used, lateral loads may be resisted by friction along the base and by 
passive pressure along the sides of the foundations. We recommend the following values for 
design:  
 

• Passive Lateral Pressure: 250 pounds per cubic foot 

• Coefficient of Friction: 0.25 
 

Passive pressure can be used if the area in front of the foundation is level for a distance of at 
least 10 feet or three times the depth of foundation, whichever is greater. The upper 1 foot of soil 
should be excluded from passive pressure computations unless it is confined by pavement or 
concrete slab. These ultimate values should be used with an appropriate factor of safety selected 
based on load combination and analysis methodology. These values can be combined if one is 
reduced by ½ to account for the strain incompatibility of mobilizing the peak values.  
 
 
5.4 SLAB MOISTURE VAPOR REDUCTION 
 
When buildings are constructed with concrete slab-on-grade or structural mats, water vapor from 
beneath the slab will migrate through the slab and into the building. This water vapor can be 
reduced but not stopped. Vapor transmission can negatively affect floor coverings and lead to 
increased moisture within a building. When water vapor migrating through the slab would be 
undesirable, we recommend the following to reduce water vapor transmission upward through the 
slab-on-grade or mat foundation. 
 
1. Install a vapor retarder membrane directly beneath the slab or mat. Seal the vapor retarder at 

all seams and pipe penetrations. Vapor retarders should conform to Class A vapor retarder in 
accordance with ASTM E 1745-97 “Standard Specification for Plastic Water Vapor Retarders 
used in Contact with Soil or Granular Fill under Concrete Slabs.”  

a) If a non-structural slab-on-grade floor is used, the vapor retarding membrane should 
be placed over 4 inches of clean, crushed, ¾-inch rock that will serve as a capillary 
break. 

b) If the structural engineer specifies a layer of clean sand or pea gravel over the vapor 
retarder under mat foundations, then they should have a thickened edge that is at least 
12 inches wide to cut off the flow of water between the bottom of the mat and the vapor 
retarding membrane. The edge should be thickened at least by the thickness of sand 
or gravel specified. 
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2. Concrete should have a concrete water-cement ratio of no more than 0.50. 

3. Inspection and testing should be provided during concrete placement to check that the proper 
concrete and water cement ratio are used. 

4. Slabs should be moist cured for a minimum of 3 days or use other equivalent curing specific 
by the structural engineer.  

 

6.0 EXTERIOR FLATWORK 
 
Exterior flatwork includes items such as concrete sidewalks, steps, and outdoor courtyards 
exposed to foot traffic only. Provide a minimum section of 6 inches of concrete over 4 inches of 
aggregate base compacted in accordance with Section 4.8. Thicken flatwork edges to at least 
10 inches to help control moisture variations in the subgrade and place reinforcement within the 
middle third of the slab to help control the width and offset of cracks.  
 
Exterior flatwork should be constructed structurally independent of the foundation system. This 
allows slab movement to occur with a reduced potential for foundation distress. The subgrade 
material under exterior flatwork should be uniform. Where exterior flatwork construction is 
planned, care must be exercised in attaining a near-saturation condition of the subgrade soil 
before concrete placement, and the subgrade should not be allowed to dry prior to concrete 
placement. 
 
Exterior flatwork should be designed specifically for their intended use and loading requirements. 
Cracking of conventional slabs should be expected because of concrete shrinkage and the 
expansive soil at the site. Exterior flatwork should be reinforced for control of cracking, and 
frequent control joints should be provided to control the cracking. Such reinforcement should be 
designed by the Structural Engineer. In our experience, welded wire mesh may not be sufficient 
to control slab cracking. As a minimum, secondary slabs-on-grade should be reinforced with No. 3 
bars spaced 16 inches on center each way. 
 

7.0 PAVEMENT DESIGN 
 
7.1 FLEXIBLE PAVEMENTS 
 
Using estimated traffic indices for various pavement loading requirements and an assumed 
R-value of 5 for a clayey subgrade, we developed the following recommended pavement sections 
using Chapter 630 of the Caltrans Highway Design Manual (including the asphalt factor of safety), 
presented in the table below. The civil engineer should determine the appropriate traffic indices 
based on the estimated traffic loads and frequencies. 
 

TABLE 7.1-1: Preliminary Flexible Pavement Design 

TRAFFIC INDEX (TI) 
PAVEMENT SECTION 

AB (inches) AC (inches) 

4.0 8 2½  

5.0 10 3 

6.0 13 3½  

7.0 16 4 

Notes: AB is aggregate base Class 2 Material with minimum R = 78 
 AC is asphalt concrete 
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These sections are for estimating purposes only; actual sections should be based on R-Value 
tests performed on samples of actual subgrade material recovered at the time of grading. 
Pavement construction and all material should comply with the requirements of the Standard 
Specifications of the State of California Department of Transportation, Civil Engineer, and 
appropriate public agency.  
 
7.2 RIGID PAVEMENTS 
 
Concrete pavement sections can be used to resist heavy loads and turning forces in areas such 
as fire lanes or trash enclosures. Final design of rigid pavement sections, and accompanying 
reinforcement, should be performed based on estimated traffic loads and frequencies. We 
recommend the following minimum design sections for rigid pavements: 
 

• Use a minimum section of 6 inches of Portland Cement concrete over 6 inches of Caltrans 
Class 2 Aggregate Base. 

• Concrete pavement should have a minimum 28-day compressive strength of 3,500 psi. 

• Provide minimum control joint spacing in accordance with Portland Cement Association 
guidelines. 

 
7.3 PAVEMENT CONSTRUCTION  
 
Pavement construction and all material should conform to the specifications and requirements of 
the Standard Specifications by the State of California, Department of Transportation (Caltrans), 
latest edition, City of Concord requirements, and the following minimum requirements. 
 

• The contractor should compact finished subgrade and aggregate base in accordance with 
Section  4.8.  

• Subgrade soil should be in a stable, non-pumping condition at the time aggregate base material 
are placed and compacted. 

• Adequate provisions must be made such that the subgrade soil and aggregate base material 
are not allowed to become saturated. 

• Aggregate Base should meet the requirements for ¾-inch maximum Class 2 AB in accordance 
with Section 26 of the latest Caltrans Standard Specifications.  

• Asphalt paving material should meet current Caltrans specifications for asphalt concrete. 
 

7.4 CUTOFF CURBS 
 
Saturated pavement subgrade or aggregate base can cause premature failure or increased 
maintenance of concrete pavements. This condition often occurs where landscape areas directly 
abut and drain toward pavements. If pavement cutoff barriers are considered, they should be 
placed where pavement areas lie downslope of irrigated landscape areas should extend to a 
depth of at least 2 inches below the aggregate base layer. Cutoff barriers may consist of 
deepened concrete curbs or deep-root moisture barriers.  
 
If reduced pavement life and greater than normal pavement maintenance are acceptable to the 
owner, then the cutoff barrier may be eliminated.  
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8.0 CONSTRUCTION MONITORING 
 
Our experience and that of our profession clearly indicate that the risk of costly design, 
construction, and maintenance problems can be significantly lowered by retaining the design 
geotechnical engineering firm to: 
 
1. Review the final grading and foundation plans and specifications prior to construction to 

evaluate whether our recommendations have been implemented, and to provide additional or 
modified recommendations, as needed. This also allows us to check if any changes have 
occurred in the nature, design or location of the proposed improvements and provides the 
opportunity to prepare a written response with updated recommendations. 

 
2. Perform construction monitoring to check the validity of the assumptions we made to prepare 

this report. Earthwork operations should be performed under the observation of our 
representative to check that the site is properly prepared, the selected fill material is 
satisfactory, and that placement and compaction of the fill has been performed in accordance 
with our recommendations and the project specifications. Sufficient notification to us prior to 
earthwork is important.  

 
If we are not retained to perform the services described above, then we are not responsible for 
any party’s interpretation of our report (and subsequent addenda, letters, and verbal discussions). 

 

9.0 LIMITATIONS AND UNIFORMITY OF CONDITIONS 
 
This report presents geotechnical recommendations for design of the improvements discussed in 
Section 1.3 for the 555 Sally Ride Drive, Distribution Center project. If changes occur in the nature 
or design of the project, we should be allowed to review this report and provide additional 
recommendations, if any. It is the responsibility of the owner to transmit the information and 
recommendations of this report to the appropriate organizations or people involved in design of 
the project, including but not limited to developers, owners, buyers, architects, engineers, and 
designers. The conclusions and recommendations contained in this report are solely professional 
opinions and are valid for a period of no more than 2 years from the date of report issuance. 
 
We strived to perform our professional services in accordance with generally accepted principles 
and practices currently employed in the area; there is no warranty, express or implied. There are 
risks of earth movement and property damages inherent in building on or with earth materials. 
We are unable to eliminate all risks or provide insurance; therefore, we are unable to guarantee 
or warrant the results of our services. 
 
This report is based upon field and other conditions discovered at the time of report preparation. 
We developed this report with limited subsurface exploration data. We assumed that our 
subsurface exploration data is representative of the actual subsurface conditions across the site. 
Considering possible underground variability of soil, rock, stockpiled material, and groundwater, 
additional costs may be required to complete the project. We recommend that the owner establish 
a contingency fund to cover such costs. If unexpected conditions are encountered, notify us 
immediately to review these conditions and provide additional and/or modified recommendations, 
as necessary.  
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Our services did not include excavation sloping or shoring, soil volume change factors, flood 
potential, or a geohazard exploration. In addition, our geotechnical exploration did not include 
work to determine the existence of possible hazardous material. If any hazardous material is 
encountered during construction, notify the proper regulatory officials immediately. 
 
This document must not be subject to unauthorized reuse, that is, reusing without our written 
authorization. Such authorization is essential because it requires us to evaluate the document’s 
applicability given new circumstances, not the least of which is passage of time.  
 
Actual field or other conditions will necessitate clarifications, adjustments, modifications, or other 
changes to our documents. Therefore, we must be engaged to prepare the necessary 
clarifications, adjustments, modifications, or other changes before construction activities 
commence or further activity proceeds. If our scope of services does not include on-site 
construction observation, or if other persons or entities are retained to provide such services, we 
cannot be held responsible for any or all claims arising from or resulting from the performance of 
such services by other persons or entities, and from any or all claims arising from or resulting 
from clarifications, adjustments, modifications, discrepancies or other changes necessary to 
reflect changed field or other conditions. 
 
We determined the lines designating the interface between layers on the exploration logs using 
visual observations. The transition between the materials may be abrupt or gradual. The 
exploration logs contain information concerning samples recovered, indications of the presence 
of various materials such as clay, sand, silt, rock, existing fill, etc., and observations of 
groundwater encountered. The logs also contain our interpretation of the subsurface conditions 
between sample locations. Therefore, the logs contain both factual and interpretative information.  
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FAT CLAY (CH), olive brown (2.5Y 4/3), stiff, wet [BASIN
DEPOSIT].

becomes sandy, fine-grained sand, well-rounded fine
gravel.

becomes light greenish gray (GLEY 1 5/1 10GY), with
some 1 cm x 1 cm hard carbonate nodules.

becomes dark olive (5Y 3/2)
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FAT CLAY (CH), olive brown (2.5Y 4/3), stiff, wet [BASIN
DEPOSIT].

becomes soft to medium stiff

becomes very stiff

becomes stiff

Boring terminated at 51.5 feet below ground surface.
Groundwater encountered at 10 feet below ground
surface.
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LEAN CLAY WITH SAND (CL), very dark grayish brown
(10YR 3/2), very stiff, moist [FILL].

CLAYEY GRAVEL (GC), yellowish brown (10YR 5/4),
dense, moist [FILL].

LEAN CLAY WITH SAND (CL), very dark greenish gray
(GLEY 1 5G/1), medium stiff, moist, fine-grained sand
[BASIN DEPOSIT].

FAT CLAY (CH), very dark greenish gray, soft, moist
[BASIN DEPOSIT].
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FAT CLAY (CH), very dark greenish gray, soft, moist
[BASIN DEPOSIT].

LEAN CLAY WITH SAND (CL), very dark greenish-gray,
medium stiff, moist, fine-grained sand [BASIN DEPOSIT]

Clay making drilling difficult, squeezing rods.
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LEAN CLAY WITH SAND (CL), very dark greenish-gray,
medium stiff, moist, fine-grained sand [BASIN DEPOSIT]

CLAYEY SAND (SC), dark bluish gray, medium dense,
fine- to medium-grained sand, fine gravel [LATE
PLEISTOCENE ALLUVIUM].
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CLAYEY SAND (SC), dark bluish gray, medium dense,
fine- to medium-grained sand, fine gravel [LATE
PLEISTOCENE ALLUVIUM].

becomes greenish gray, very dense

Boring terminated at 75 feet below ground surface.
Groundwater encountered at 9 feet below ground surface.
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*SBT/SPT CORRELATION: UBC-1983
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SOUNDING
SOUNDING
CUSTOMER: Engeo
OPERATOR: David
CONE ID: DDG1501
LOCATION: Concord Air Fieldr

JOB NUMBER: 1000-1
HOLE NUMBER: 1-CPT3
TEST DATE: 1/7/2020 10:15:55 AM
COMMENT: Auto Enhance On
FILENAME: 1-CPT3.cpt

COMMENT: 
GPS (LAT,LON,ALT): 0.00,0.00,0.0

Depth
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Tip COR
(tsf)
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Sleeve Stress
(tsf)
0 7

F.Ratio
(%)
0 12

Class. FR
(Rob. 1990)

 1          Sensitive, fine grained         
 2           Organic soils - peats          
 3        Clays - clay to silty clay        

 4 Silt mixtures - clayey silt to silty clay
 5  Sand mixtures - silty sand to sandy silt
 6     Sands - clean sand to silty sand     

 7          Gravelly sand to sand           
 8    Very stiff sand to clayey sand **     
 9       Very stiff, fine grained **        

*SBT: Robertson 1990; **Overconsolidated or Cemented; *SBT/SPT CORRELATION: UBC-1983
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SOUNDING
SOUNDING
CUSTOMER: Customer
OPERATOR: David
CONE ID: DDG1501
LOCATION: Concord Air Fieldr

JOB NUMBER: 1000-1
HOLE NUMBER: 1-CPT4
TEST DATE: 1/6/2020 10:25:51 AM
COMMENT: Auto Enhance On
FILENAME: 1-CPT4..cpt

COMMENT: 
GPS (LAT,LON,ALT): 0.00,0.00,0.0

Depth
(ft)

Tip Stress UNC
(tsf)
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Sleeve Stress
(tsf)
0 7

Ratio
(%)
0 12

Pore Pressure
(psi)
-20 100

SBT FR
(RC 1983)

 1   sensitive fine grained   
 2      organic material      
 3            clay            

 4     silty clay to clay     
 5  clayey silt to silty clay 
 6  sandy silt to clayey silt 

 7  silty sand to sandy silt  
 8     sand to silty sand     
 9            sand            

 10    gravelly sand to sand   
 11 very stiff fine grained (*)
 12   sand to clayey sand (*)  

*SBT/SPT CORRELATION: UBC-1983
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SOUNDING
SOUNDING
CUSTOMER: Customer
OPERATOR: David
CONE ID: DDG1501
LOCATION: Concord Air Fieldr

JOB NUMBER: 1000-1
HOLE NUMBER: 1-CPT4
TEST DATE: 1/6/2020 10:25:51 AM
COMMENT: Auto Enhance On
FILENAME: 1-CPT4..cpt

COMMENT: 
GPS (LAT,LON,ALT): 0.00,0.00,0.0

Depth
(ft)

Tip COR
(tsf)
0 1000

0

10

20
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40
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80

90

Sleeve Stress
(tsf)
0 7

F.Ratio
(%)
0 12

Class. FR
(Rob. 1990)

 1          Sensitive, fine grained         
 2           Organic soils - peats          
 3        Clays - clay to silty clay        

 4 Silt mixtures - clayey silt to silty clay
 5  Sand mixtures - silty sand to sandy silt
 6     Sands - clean sand to silty sand     

 7          Gravelly sand to sand           
 8    Very stiff sand to clayey sand **     
 9       Very stiff, fine grained **        

*SBT: Robertson 1990; **Overconsolidated or Cemented; *SBT/SPT CORRELATION: UBC-1983

0 9

Seismic Velocity
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0 1200
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SEISMIC TEST

Geo-Ex 
.. ,,t, ... ,,, f,H t• J t.J•Ju1 clflllll 

virgil@geoexsubsurface.com
Typewritten text
        1-CPT4

virgil@geoexsubsurface.com
Typewritten text
  



virgil@geoexsubsurface.com
Typewritten text
1-

virgil@geoexsubsurface.com
Typewritten text
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507<2>=9�J7>;8H]4_]�57<8/H�507<2>=9�U<<797>=2;8/Z;K7�F8>;G8/e721>/�07>;8H�;/�@7=>I\WVa
Pie; 
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 !"##$!#"%&'(�)'(%$&*+%'$,-./012�-23� �-./012 4562 0 7 89 :.; :<3 <= >?@AABCDEFGHIAJ KLMNOP QQRST@UVWUCX�YJZ TRAS TRTJ SRTT SJJR[S\]̂ A_R̀a[]b SÀRSA S\R_JcdLedCX�fbUg�YJZ J[R__ _RJa JRAS SJJRJaT]̂ A_R\\a]b JAaRT[ ARà@UVNCd�@UMNd�fhdCiOLg�YSZ _R[T TRJ\ JR[J SJJR[_T]̂ A_R̀J̀]b S̀[RaQ JR̀QHCdVijkV�YSZ _RaS _RS[ SR\a SJJRSS\]̂ A_R̀Q[]b JJSR_[ JR\T@djdEOCdM�fbUg�Y[Z STR̀[ _R[S JRJa SJJR[Q̀]̂ A_R\QJ]b S_TRSa JR[a@UVWUCX�YSZ _RaT TRaQ SRT̀ SJJR[aQ]̂ A_R̀̀T]b QAR_T SR\J@jdLNUV�Y[Z R̀[A TR\[ SR̀\ SJSR̀TJ]̂ A_R̀_T]b `̀R\A SRQJlCOOV�mdjjOL�YTZ SSRJA TRa_ SR̀T SJJRS[[]̂ A\R[QS]b AJ̀R\Q SR[T?@AABCDEFGHIAS KLMNOP A\Raa@UVWUCX�YJZ TRAS TRT̀ SRTa SJJR[S\]̂ A_R̀a[]b SÀRSA S_RJAcdLedCX�fbUg�YJZ J[R__ _RJa JRAS SJJRJaT]̂ A_R\\a]b JAaRT[ ARa_HCdVijkV�YSZ _RaS _RS_ SR\A SJJRSS\]̂ A_R̀Q[]b JJSR_[ JRaQ@djdEOCdM�fbUg�Y[Z STR̀[ _R[A JRJa SJJR[Q̀]̂ A_R\QJ]b S_TRSa JR[a@UVWUCX�YSZ _RaT TRaa SRT̀ SJJR[aQ]̂ A_R̀̀T]b QAR_T SR_a@jdLNUV�Y[Z R̀[A TRT_ JR[S SJSR̀TJ]̂ A_R̀_T]b `̀R\A SRQ̀@UVNCd�@UMNd�KnOdC�oUVO�fWUVVOWNUCg�YAZ _RaT _R[̀ SR\T SJJRSQa]̂ A_R̀_\]b JàRQ_ SRQ[lCOOV�mdjjOL�YTZ SSRJA TRaT SR̀T SJJRS[[]̂ A\R[QS]b AJ̀R\Q SRS_?@AABCDEFGHIAS�fUpNg lCkX \R_̀qUkVNKUrCWOHkVkNOs�tSJJR[TJu�A\R[JJ TRAJ aRQ\ JRS[ SJJR[TJ]̂ A\R[JJ]b [R[[ SRaaqUkVNKUrCWOHkVkNOs�tSJJR[TJu�A\R[JJ TRAJ aRQ\ JRS[ SJJR[TJ]̂ A\R[JJ]b [R[[ SRaa?@AABCDEFGHIAJ�fUpNg lCkX \RQ̀qUkVNKUrCWOHkVkNOs�tSJJR[TJu�A\R[JJ TRAJ aRQ_ JRS[ SJJR[TJ]̂ A\R[JJ]b [R[[ SRa_qUkVNKUrCWOHkVkNOs�tSJJR[TJu�A\R[JJ TRAJ aRQ_ JRS[ SJJR[TJ]̂ A\R[JJ]b [R[[ SRa_

4 



��������� �����	
��
�
�
�����

��������	
�����
�	�����������
�
�
�����	�
����	� ���

 !"#$%�&'(')%�*++,
- ./012
3454�67898:;<=9�51>?7@�A�B=>2CD1=E7�F=G=>HI�J>8:>=KJ97=I7�H8�/82�1I7�2C;I�2889�28�8L2=;/�:>81/H�K82;8/�0=>=K727>�?=917I�M8>�2C7�H7I;:/�<8H7>7M7>7/<7�H8<1K7/2I�<8?7>7H�L@�2C7�3454�57;IK;<�N7I;:/�O=0I�P7L�2889I�Q74:4R�2C7./27>/=2;8/=9�S1;9H;/:�T8H7�=/H�2C7�U5TB�V�8>�WX�52=/H=>HY4�ZC7�?=917I�>721>/7H�L@�2C7�2P8=009;<=2;8/I�=>7�/82�;H7/2;<=94BH;2;8/N@/=K;<[�T8/27>K;/81I�3454�\]XW�Q10H==̂2;21H7N7<;K=9�H7:>77I_V4̀̀]Xa_8̂/:;21H7N7<;K=9�H7:>77IR�/7:=2;?7�?=917I�M8>�P7I27>/�98/:;21H7IAX\\4]bXVV\5;27�T9=IIXc]�KdI�QNdB�L81/H=>@Y

507<2>=9�J7>;8H]4a]�57<8/H�507<2>=9�U<<797>=2;8/Z;K7�F8>;G8/e721>/�07>;8H�;/�@7=>I\WVa
Pie; 
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GENERAL INFORMATION 
 
 

PREFACE 
 
These supplemental recommendations are intended as a guide for earthwork and are in 
addition to any previous earthwork recommendations made by the Geotechnical Engineer. If 
there is a conflict between these supplemental recommendations and any previous 
recommendations, it should be immediately brought to the attention of ENGEO. Testing 
standards identified in this document shall be the most current revision (unless stated 
otherwise).  
 

DEFINITIONS 
 

BACKFILL Soil, rock or soil-rock material used to fill excavations and trenches. 

DRAWINGS Documents approved for construction which describe the work. 

THE GEOTECHNICAL 
ENGINEER 

The project geotechnical engineering consulting firm, its employees, or its 
designated representatives. 

ENGINEERED FILL 

Fill upon which the Geotechnical Engineer has made sufficient observations 
and tests to confirm that the fill has been placed and compacted in 
accordance with geotechnical engineering recommendations. 

FILL 
Soil, rock, or soil-rock materials placed to raise the grades of the site or to 
backfill excavations. 

IMPORTED MATERIAL Soil and/or rock material which is brought to the site from offsite areas. 

ONSITE MATERIAL Soil and/or rock material which is obtained from the site. 

OPTIMUM MOISTURE 
Water content, percentage by dry weight, corresponding to the maximum 
dry density as determined by ASTM D-1557. 

RELATIVE COMPACTION 

The ratio, expressed as a percentage, of the in-place dry density of the fill 
or backfill material as compacted in the field to the maximum dry density of 
the same material as determined by ASTM D-1557. 

SELECT MATERIAL 
Onsite and/or imported material which is approved by the Geotechnical 
Engineer as a specific-purpose fill. 
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PART I - EARTHWORK 
 
 

1.0 GENERAL 
 
1.1 WORK COVERED 
 
Supplemental recommendations for performing earthwork and grading. Activities include:  
 

 Site Preparation and Demolition 
 Excavation 
 Grading  
 Backfill of Excavations and Trenches 
 Engineered Fill Placement, Moisture Conditioning, and Compaction  

 

1.2 CODES AND STANDARDS 
 
The contractor should perform their work complying with applicable occupational safety and 
health standards, rules, regulations, and orders. The Occupational Safety and Health Standards 
(OSHA) Board is the only agency authorized in the State to adopt and enforce occupational 
safety and health standards (Labor Code § 142 et seq.). The owner, their representative and 
contractor are responsible for site safety; ENGEO representatives are not responsible for site 
safety.  
 
Excavating, trenching, filling, backfilling, shoring and grading work should meet the minimum 
requirements of the applicable Building Code, and the standards and ordinances of state and 
local governing authorities. 
 
1.3 TESTING AND OBSERVATION 
 
Site preparation, cutting and shaping, excavating, filling, and backfilling should be carried out 
under the testing and observation of ENGEO. ENGEO shall be retained to perform appropriate 
field and laboratory tests to check compliance with the recommendations. Any fill or backfill that 
does not meet the supplemental recommendations shall be removed and/or reworked, until the 
supplemental recommendations are satisfied.  
 
Tests for compaction shall be made in accordance with test procedures outlined in ASTM 
D-1557, as applicable, unless other testing methods are deemed appropriate by ENGEO. These 
and other tests shall be performed in accordance with accepted testing procedures, subject to 
the engineering discretion of ENGEO.  
 

2.0 MATERIALS 
 
2.1 STANDARD 
 
Materials, tools, equipment, facilities, and services as required for performing the required 
excavating, trenching, filling and backfilling should be furnished by the Contractor. 
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2.2 ENGINEERED FILL AND BACKFILL 
 
Material to be used for engineered fill and backfill should be free from organic matter and other 
deleterious substances, and of such quality that it will compact thoroughly without excessive 
voids when watered and rolled. 
 
Unless specified elsewhere by ENGEO, engineered fill and backfill shall be free of significant 
organics, or any other unsatisfactory material. In addition, engineered fill and backfill shall 
comply with the grading requirements shown in the following table: 
 

TABLE 2.2-1: Engineered Fill and Backfill Requirements 

US STANDARD SIEVE  PERCENTAGE PASSING 

3" 100 

No. 4 35–100 

No. 30 20–100 

 
Earth materials to be used as engineered fill and backfill shall be cleared of debris, rubble and 
deleterious matter. Rocks and aggregate exceeding the maximum allowable size shall be 
removed from the site. Rocks of maximum dimension in excess of two-thirds of the lift thickness 
shall be removed from any fill material to the satisfaction of ENGEO. 
 
ENGEO shall be immediately notified if potential hazardous materials or suspect soils exhibiting 
staining or odor are encountered. Work activities shall be discontinued within the area of 
potentially hazardous materials. ENGEO shall be notified at least 72 hours prior to the start of 
filling and backfilling operations. Materials to be used for filling and backfilling shall be submitted 
to ENGEO no less than 10 days prior to intended delivery to the site. Unless specified 
elsewhere by ENGEO, where conditions require the importation of low expansive fill material, 
the material shall be an inert, low to non-expansive soil, or soil-rock material, free of organic 
matter and meeting the following requirements:  
 

 
TABLE 2.2-2: Imported Fill Material Requirements 

GRADATION (ASTM D-421) 

SIEVE SIZE 
PERCENT 
PASSING 

2-inch 100 

#200 15 - 70 

PLASTICITY (ASTM D-4318) Plasticity Index  < 12 

ORGANIC CONTENT (ASTM D-2974) Less than 3 percent 

 
A sample of the proposed import material should be submitted to ENGEO no less than 10 days 
prior to intended delivery to the site. 
 
2.3 SUBDRAINS 
 
A subdrain system is an underground network of piping used to remove water from areas that 
collect or retain surface water or subsurface water. Subsurface water is collected by allowing 
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water into the pipe through perforations. Subdrain systems may drain and discharge to an 
appropriate outlet such as storm drain, natural swales or drainage, etc.. Details for subdrain 
systems may vary depending on many items, including but not limited to site conditions, soil 
types, subdrain spacing, depth of the pipe and pervious medium, as well as pipe diameter.  
 
2.4 PIPE 
 
Subdrain pipe shall conform with these supplemental recommendations unless specified 
elsewhere by ENGEO. Perforated pipe for various depths shall be manufactured in accordance 
with the following requirements: 
 
TABLE 2.4-1: Perforated Pipe Requirements 

PIPE TYPE STANDARD 
TYPICAL SIZES 

(INCHES) 
PIPE STIFFNESS 

(PSI) 

PIPE STIFFNESS ABOVE 200 PSI (BELOW 50 FEET OF FINISHED GRADE) 

ABS SDR 15.3  4 to 6 450 

PVC Schedule 80 ASTM D1785 3 to 10 530 

PIPE STIFFNESS BETWEEN 100 PSI AND 150 PSI (BETWEEN 15 AND 50 FEET OF FINISHED GRADE) 

ABS SDR 23.5 ASTM D2751 4 to 6 150 

PVC SDR 23.5 ASTM D3034 4 to 6 153 

PVC Schedule 40 ASTM D1785 3 to 10 135 

ABS Schedule 40/DWV ASTM D1527 & D2661 3 to 10  

PIPE STIFFNESS BETWEEN 45 PSI AND 50 PSI* (BETWEEN 0 TO 15 FEET OF FINISHED GRADE) 

PVC A-2000 ASTM F949 4 to 10 50 

PVC SDR 35 ASTM D3034 4 to 8 46 

ABS SDR 35 ASTM D2751 4 to 8 45 

Corrugated PE AASHTO M294 Type S 4 to 10 45 

*Pipe with a stiffness less than 45 psi should not be used.  

 
Other pipes not listed in the table above shall be submitted for review by the Geotechnical 
Engineer not less 72 hours before proposed use.  
 
2.5 OUTLETS AND RISERS 
 
Subdrain outlets and risers must be fabricated from the same material as the subdrain pipe. 
Outlet and riser pipe and fittings must not be perforated. Covers must be fitted and bolted into 
the riser pipe or elbow. Covers must seat uniformly and not be subject to rocking. 
 
2.6 PERMEABLE MATERIAL 
 
Permeable material shall generally conform to Caltrans Standard Specification unless specified 
otherwise by ENGEO. Class 2 permeable material shall comply with the gradation requirements 
shown in the following table. 
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TABLE 2.6-1: Class 2 Permeable Material Grading Requirements 

SIEVE SIZES PERCENTAGE PASSING 

1" 100 

3/4" 90 to 100 

3/8" 40 to 100 

No. 4 25 to 40 

No. 8 18 to 33 

No. 30 5 to 15 

No. 50 0 to 7 

No. 200 0 to 3 

 
2.7 FILTER FABRIC 
 
Filter fabric shall meet the following Minimum Average Roll Values unless specified elsewhere 
by ENGEO. 
 
  Grab Strength (ASTM D-4632) .............................................. 180 lbs 
  Mass per Unit Area (ASTM D-4751) ..................................... 6 oz/yd2 
  Apparent Opening Size (ASTM D-4751) ........ 70-100 U.S. Std. Sieve 
  Flow Rate (ASTM D-4491) ............................................ 80 gal/min/ft2 
  Puncture Strength (ASTM D-4833) .......................................... 80 lbs 
 
Areas to receive filter fabric must comply with the compaction and elevation tolerance specified 
for the material involved. Handle and place filter fabric under the manufacturer's instructions. 
Align and place filter fabric without wrinkles. 
 
Overlap adjacent roll ends of filter fabric in accordance with manufacturer’s recommendations. 
The preceding roll must overlap the following roll in the direction that the permeable material is 
being spread. Completely replace torn or punctured sections damaged during placement or 
repair by placing a piece of filter fabric that is large enough to cover the damaged area and 
comply with the overlap specified. Cover filter fabric with the thickness of overlying material 
shown within 72 hours of placing the fabric. 
 
2.8 GEOCOMPOSITE DRAINAGE 
 
Geocomposite drainage is a prefabricated material that includes filter fabric and plastic pipe. 
Filter fabric must be Class A. The drain shall be of composite construction consisting of a 
supporting structure or drainage core material surrounded by a geotextile. The geotextile shall 
encapsulate the drainage core and prevent random soil intrusion into the drainage structure. 
The drainage core material shall consist of a three-dimensional polymeric material with a 
structure that permits flow along the core laterally. The core structure shall also be constructed 
to permit flow regardless of the water inlet surface. The drainage core shall provide support to 
the geotextile.  
 
A geotextile flap shall be provided along drainage core edges. This flap shall be of sufficient 
width for sealing the geotextile to the adjacent drainage structure edge to prevent soil intrusion 
into the structure during and after installation. The geotextile shall cover the full length of the 
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core. The geocomposite core shall be furnished with an approved method of constructing and 
connecting with outlet pipes. If the fabric on the geocomposite drain is torn or punctured, replace 
the damaged section completely. The specific drainage composite material and supplier shall be 
preapproved by ENGEO. 
 
The Contractor shall submit a manufacturer's certification that the geocomposite meets the 
design properties and respective index criteria measured in full accordance with applicable test 
methods. The manufacturer's certification shall include a submittal package of documented test 
results that confirm the design values. In case of dispute over validity of design values, the 
Contractor will supply design property test data from a laboratory approved by ENGEO, to 
support the certified values submitted.  
 
Geocomposite material suppliers shall provide a qualified and experienced representative onsite 
to assist the Contractor and ENGEO at the start of construction with directions on the use of 
drainage composite. If there is more than one application on a project, this criterion will apply to 
construction of the initial application only. The representative shall also be available on an as-
needed basis, as requested by ENGEO, during construction of the remaining applications. The 
soil surface against which the geocomposite is to be placed shall be free of debris and 
inordinate irregularities that will prevent intimate contact between the soil surface and the drain. 
 
Edge seams shall be formed by utilizing the flap of the geotextile extending from the 
geocomposite's edge and lapping over the top of the fabric of the adjacent course. The fabric 
flap shall be securely fastened to the adjacent fabric by means of plastic tape or 
non-water-soluble construction adhesive, as recommended by the supplier. To prevent soil 
intrusion, exposed edges of the geocomposite drainage core edge must be covered.  
 
Approved backfill shall be placed immediately over the geocomposite drain. Backfill operations 
should be performed to not damage the geotextile surface of the drain. Also during operations, 
avoid excessive settlement of the backfill material. The geocomposite drain, once installed, shall 
not be exposed for more than 7 days prior to backfilling. 
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PART II - GEOGRID SOIL REINFORCEMENT 
 
 
Geogrid soil reinforcement (geogrid) shall be submitted to ENGEO and should be approved 
before use. The geogrid shall be a regular network of integrally connected polymer tensile 
elements with aperture geometry sufficient to permit significant mechanical interlock with the 
surrounding soil or rock. The geogrid structure shall be dimensionally stable and able to retain 
its geometry under construction stresses and shall have high resistance to damage during 
construction to ultraviolet degradation and to chemical and biological degradation encountered 
in the soil being reinforced. The geogrids shall have an Allowable Tensile Strength (Ta) and 
Pullout Resistance, for the soil type(s) as specified on design plans.  
 
The contractor shall submit a manufacturer's certification that the geogrids supplied meet plans 
and project specifications. The contractor shall check the geogrid upon delivery to ensure that 
the proper material has been received. During periods of shipment and storage, the geogrid 
shall be protected from temperatures greater than 140°F, mud, dirt, dust, and debris. 
Manufacturer's recommendations in regard to protection from direct sunlight must also be 
followed. At the time of installation, the geogrid will be rejected if it has defects, tears, punctures, 
flaws, deterioration, or damage incurred during manufacture, transportation, or storage. If 
approved by ENGEO, torn or punctured sections may be repaired by placing a patch over the 
damaged area. Any geogrid damaged during storage or installation shall be replaced by the 
Contractor at no additional cost to the owner. 
 
Geogrid material suppliers shall provide a qualified and experienced representative onsite at the 
initiation of the project, for a minimum of three days, to assist the Contractor and ENGEO 
personnel at the start of construction. If there is more than one slope on a project, this criterion 
will apply to construction of the initial slope only. The representative shall also be available on 
an as-needed basis, as requested by ENGEO, during construction of the remaining slope(s). 
Geogrid reinforcement may be joined with mechanical connections or overlaps as 
recommended and approved by the manufacturer. Joints shall not be placed within 6 feet of the 
slope face, within 4 feet below top of slope, nor horizontally or vertically adjacent to another 
joint. 
 
The geogrid reinforcement shall be installed in accordance with the manufacturer's 
recommendations. The geogrid reinforcement shall be placed within the layers of the 
compacted soil as shown on the plans or as directed. The geogrid reinforcement shall be placed 
in continuous longitudinal strips in the direction of main reinforcement. However, if the Contractor 
is unable to complete a required length with a single continuous length of geogrid, a joint may be 
made with the manufacturer's approval. Only one joint per length of geogrid shall be allowed. This 
joint shall be made for the full width of the strip by using a similar material with similar strength. 
Joints in geogrid reinforcement shall be pulled and held taut during fill placement. 
 
Adjacent strips, in the case of 100 percent coverage in plan view, need not be overlapped. The 
minimum horizontal coverage is 50 percent, with horizontal spacing between reinforcement no 
greater than 40 inches. Horizontal coverage of less than 100 percent shall not be allowed 
unless specifically detailed in the construction drawings. Adjacent rolls of geogrid reinforcement 
shall be overlapped or mechanically connected where exposed in a wrap around face system, 
as applicable. 
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The Contractor may place only that amount of geogrid reinforcement required for immediately 
pending work to prevent undue damage. After a layer of geogrid reinforcement has been 
placed, the next succeeding layer of soil shall be placed and compacted as appropriate. After 
the specified soil layer has been placed, the next geogrid reinforcement layer shall be installed. 
The process shall be repeated for each subsequent layer of geogrid reinforcement and soil. 
Geogrid reinforcement shall be placed to lay flat and pulled tight prior to backfilling. After a layer 
of geogrid reinforcement has been placed, suitable means, such as pins or small piles of soil, 
shall be used to hold the geogrid reinforcement in position until the subsequent soil layer can be 
placed. 
 
Under no circumstances shall a track-type vehicle be allowed on the geogrid reinforcement 
before at least 6 inches of soil have been placed. Turning of tracked vehicles should be kept to 
a minimum to prevent tracks from displacing the fill and the geogrid reinforcement. If approved 
by the Manufacturer, rubber-tired equipment may pass over the geosynthetic reinforcement at 
slow speeds, less than 10 mph. Sudden braking and sharp turning shall be avoided. During 
construction, the surface of the fill should be kept approximately horizontal. Geogrid 
reinforcement shall be placed directly on the compacted horizontal fill surface. Geogrid 
reinforcements are to be placed as shown on plans, and oriented correctly.  
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PART III - GEOTEXTILE SOIL REINFORCEMENT 
 
 
The specific geotextile material and supplier shall be preapproved by ENGEO. The contractor 
shall submit a manufacturer's certification that the geotextiles supplied meet the respective 
index criteria set when geotextile was approved by ENGEO, measured in full accordance with 
specified test methods and standards.  
 
The contractor shall check the geotextile upon delivery to ensure that the proper material has 
been received. During periods of shipment and storage, the geotextile shall be protected from 
temperatures greater than 140°F, mud, dirt, dust, and debris. Manufacturer's recommendations 
in regard to protection from direct sunlight must also be followed. At the time of installation, the 
geotextile will be rejected if it has defects, tears, punctures, flaws, deterioration, or damage 
incurred during manufacture, transportation, or storage. If approved by ENGEO, torn or 
punctured sections may be repaired by placing a patch over the damaged area. Any geotextile 
damaged during storage or installation shall be replaced by the Contractor at no additional cost 
to the owner. 
 
Geotextile material suppliers shall provide a qualified and experienced representative onsite at 
the initiation of the project to assist the Contractor and ENGEO personnel at the start of 
construction. The geotextile reinforcement shall be installed in accordance with the 
manufacturer's recommendations. The geotextile reinforcement shall be placed within the layers 
of the compacted soil as shown on the plans or as directed, secured with staples, pins, or small 
piles of backfill, placed without wrinkles, and aligned with the primary strength direction 
perpendicular to slope contours. Cover geotextile reinforcement with backfill within the same 
work shift. Place at least 6 inches of backfill on the geotextile reinforcement before operating or 
driving equipment or vehicles over it, except those used under the conditions specified below for 
spreading backfill. 
 
Adjacent strips, in the case of 100 percent coverage in plan view, need not be overlapped. The 
minimum horizontal coverage is 50 percent, with horizontal spacing between reinforcement no 
greater than 40 inches. Horizontal coverage of less than 100 percent shall not be allowed 
unless specifically detailed in the construction drawings. Adjacent rolls of geotextile 
reinforcement shall be overlapped or mechanically connected where exposed in a wraparound 
face system, as applicable. 
 
The contractor may place only that amount of geotextile reinforcement required for immediately 
pending work to prevent undue damage. After a layer of geotextile reinforcement has been 
placed, the succeeding layer of soil shall be placed and compacted as appropriate. After the 
specified soil layer has been placed, the next geotextile reinforcement layer shall be installed. 
The process shall be repeated for each subsequent layer of geotextile reinforcement and soil. 
 
Geotextile reinforcement shall be placed to lay flat and be pulled tight prior to backfilling. After a 
layer of geotextile reinforcement has been placed, suitable means, such as pins or small piles of 
soil, shall be used to hold the geotextile reinforcement in position until the subsequent soil layer 
can be placed. Under no circumstances shall a track-type vehicle be allowed on the geotextile 
reinforcement before at least six inches of soil has been placed. Turning of tracked vehicles 
should be kept to a minimum to prevent tracks from displacing the fill and the geotextile 
reinforcement. If approved by the Manufacturer, rubber-tired equipment may pass over the 
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geotextile reinforcement as slow speeds, less than 10 mph. Sudden braking and sharp turning 
shall be avoided. 
 
During construction, the surface of the fill should be kept approximately horizontal. Geotextile 
reinforcement shall be placed directly on the compacted horizontal fill surface. Geotextile 
reinforcements are to be placed within three inches of the design elevations and extend the 
length as shown on the elevation view unless otherwise directed by ENGEO.  
 
Replace or repair any geotextile reinforcement damaged during construction. Grade and 
compact backfill to ensure the reinforcement remains taut. Geotextile soil reinforcement must be 
tested to the required design values using the following ASTM test methods. 
 
TABLE III-1: Geotextile Soil Reinforcements 

PROPERTY TEST 

Elongation at break, percent ASTM D 4632 

Grab breaking load, lb, 1-inch grip (min) in each direction ASTM D 4632 

Wide width tensile strength at 5 percent strain, lb/ft (min) ASTM D 4595 

Wide width tensile strength at ultimate strength, lb/ft (min) ASTM D 4595 

Tear strength, lb (min) ASTM D 4533 

Puncture strength, lb (min) ASTM D 6241 

Permittivity, sec-1 (min) ASTM D 4491 

Apparent opening size, inches (max) ASTM D 4751 

Ultraviolet resistance, percent (min) retained grab break load, 500 hours ASTM D 4355 
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PART IV - EROSION CONTROL MAT 
 
 
Work shall consist of furnishing and placing a synthetic erosion control mat and/or degradable 
erosion control blanket for slope face protection and lining of runoff channels. The specific 
erosion control material and supplier shall be pre-approved by ENGEO.  
 
The Contractor shall submit a manufacturer's certification that the erosion mat/blanket supplied 
meets the criteria specified when the material was approved by ENGEO. The manufacturer's 
certification shall include a submittal package of documented test results that confirm the 
property values. Jute mesh shall consist of processed natural jute yarns woven into a matrix, 
and netting shall consist of coconut fiber woven into a matrix. Erosion control blankets shall be 
made of processed natural fibers that are mechanically, structurally, or chemically bound 
together to form a continuous matrix that is surrounded by two natural nets.  
 
The Contractor shall check the erosion control material upon delivery to ensure that the proper 
material has been received. During periods of shipment and storage, the erosion mat shall be 
protected from temperatures greater than 140°F, mud, dirt, and debris. Manufacturer's 
recommendations in regard to protection from direct sunlight must also be followed. At the time 
of installation, the erosion mat/blanket shall be rejected if it has defects, tears, punctures, flaws, 
deterioration, or damage incurred during manufacture, transportation, or storage. If approved by 
ENGEO, torn or punctured sections may be removed by cutting out a section of the mat. The 
remaining ends should be overlapped and secured with ground anchors. Any erosion 
mat/blanket damaged during storage or installation shall be replaced by the Contractor at no 
additional cost to the Owner. 
 
Erosion control material suppliers shall provide a qualified and experienced representative 
onsite, to assist the Contractor and ENGEO personnel at the start of construction. If there is 
more than one slope on a project, this criterion will apply to construction of the initial slope only. 
The representative shall be available on an as-needed basis, as requested by ENGEO, during 
construction of the remaining slope(s). The erosion control material shall be placed and 
anchored on a smooth graded, firm surface approved by the Engineer. Anchoring terminal ends 
of the erosion control material shall be accomplished through use of key trenches. The material 
in the trenches shall be anchored to the soil on maximum 1½ foot centers. Topsoil, if required 
by construction drawings, placed over final grade prior to installation of the erosion control 
material shall be limited to a depth not exceeding 3 inches. 
 
Erosion control material shall be anchored, overlapped, and otherwise constructed to ensure 
performance until vegetation is well established. Anchors shall be as designated on the 
construction drawings, with a minimum of 12-inch length, and shall be spaced as designated on 
the construction drawings, with a maximum spacing of 4 feet. 
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Kenneth  L. Finger, Ph.D. 

Consulting Paleontologist 
 

18208 Judy St., Castro Valley, CA 94546-2306           510.305.1080           klfpaleo@comcast.net 
 
September 27, 2021 
 
Dana DePietro 
FirstCarbon Solutions 
1350 Treat Boulevard, Suite 380 
Walnut Creek, CA 94597 
 
Re: Paleontological Records Search for the FSRE Industrial Concord Project 

(26480001.1), Contra Costa County 
 
Dear Dr. DePietro: 
 
As per the request of Madelyn Dolan, I have performed a paleontological records search for the 
FSRE Industrial Concord in unincorporated Contra Costa County. The 15.5-acre project site is 
west-adjacent to Buchanan Field Airport, where it is bounded by Sally Ride Drive to the east and 
March Drive to the west. Its PRS location is W½, SW¼, Sec. 26, T2N, R2W, Walnut Creek 
quadrangle (USGS 7.5-series topographic maps). The applicant proposes to build an e-commerce 
fulfillment center warehouse building totaling 97,989 square feet and an 8,192 square foot office 
building for a total gross square footage of approximately 106,181 square feet. 
 

Geologic Units 
On adjoined parts of the Dibblee and Minch 
(2005, 2006) geologic maps shown here, the 
entire of both the project site (yellow outline) 
and the half-mile search area (dashed black out-
line) are on Holocene alluvium (Qa). Numerous 
older units are mapped outside the search area. 
 
 

Geologic Units Shown on Adjacent Map 
Qa Alluvium (Holocene) 
Tbr Briones Sandstone (late Miocene) 
Tsr? San Ramon Formation (Oligocene?) 
Tkm Markley Sandstone Member of the Kreyenhagen 

Formation (late Eocene) 
Tkn Nortonville Shale Member of the Kreyenhagen 

Formation (late Eocene) 
Tds Domengine Sandstone (middle Eocene) 
Tmg Meganos Formation (early Eocene–Paleocene) 
Tmz? Martinez Formation? (early Eocene–Paleocene) 
Kps  Panoche Formation sandstone & shale (late Creta-

ceous) 
Kp Panoche Formation shale with thin interbeds of 

sandstone (Late Cretaceous) 

Qa 



Paleontological Records Search: FSRE Industrial Concord Project (26480001.1) K.L. Finger 
 

 2 

Paleontological Records Search 
The University of Museum of Paleontology (UCMP) database lists hundreds of significant pale-
ontological localities in Contra Costa County. Closest to the project site, at more than a mile to 
the southwest, are two late Pleistocene localities (Pacheco 1 and 2), which yielded an astounding 
composite Rancholabrean assemblage of 6,930 specimens (see Tomiya et al., 2011), including 
boney fish, amphibians, reptiles, birds, bats, rabbits, shrews, moles, rodents, gray fox, raccoon, 
American black bear, Yesterday’s camel, Jefferson’s ground sloth, Harlan’s ground sloth, Amer-
ican mastodon, and mammoth. Despite the distance between these two localities and the project 
site, Pleistocene deposits likely underlie the surficial Holocene layer of the project site.  
 
Paleontological Assessment and Mitigation Recommendations 
The proposed project site is situated on Holocene alluvium, which is too young to be fossilifer-
ous. I therefore do not recommend a paleontological walkover survey of the site. Potentially fos-
siliferous rocks ranging from Miocene to Cretaceous are mapped on the outskirts of the half-mile 
search area but is impossible to tell which extend in the subsurface to the project site. Regardless,  
they most likely are too deeply buried to be impacted by project-related excavations. The thick-
ness of the surficial Holocene layer is unknown, but late Pleistocene alluvium is probably subja-
cent to the. I therefore do not recommend any additional paleontological mitigation for this pro-
ject at this time. Prior to commencement of any ground-disturbing construction activities, how-
ever, I recommend having a professional paleontologist provide the construction crew with a 
brief orientation to significant paleontological resources so they can recognize any that may be 
encountered and take the appropriate steps to ensure their preservation. 
 

Should any earth-disturbing construction-related activities uncover any significant fossils, those 
activities should be diverted at least 15 feet away from the discovery until a professional 
paleontologist assesses the find for possible salvage. The construction crew should not attempt to 
remove such finds as they could be quite fragile, in which case they would require special 
treatment for their intact recovery. The paleontologist will reconsider paleontological monitoring 
of excavations would be appropriate. 
 
Sincerely, 
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