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Dear Ms. Robbins:

We are pleased to submit our geotechnical investigation report and geologic hazards assessment for the
planned expansion of Liberty High School within the Liberty Union School District in Brentwood, California.
The enclosed report describes the geotechnical investigation performed and presents our geotechnical
recommendations for foundations, retaining walls, pools, tennis courts, utilities, storm water
management, earthwork and pavements.  A geologic and seismic hazards assessment is included as
Appendix D to this report.

In summary, it is our opinion that the site does not pose significant geotechnical concerns that would
preclude the planned development provided the recommendations presented in our report are
incorporated in design and construction. The main geotechnical concerns for the project site are the
presence of moderately expansive surface clays and soils subject to moderate collapse potential. The
buildings can be supported on spread footings, deepened to mitigate the moderately expansive soils at
the site. Depending on the sensitivity of the buildings to soil collapse settlement, the affected buildings
could instead be supported on mat foundations. The building floor slabs will need to be supported on
“non-expansive” or lime-treated soils to reduce the impact of expansive soils at the site.

These and other geotechnical recommendations pertaining to the proposed project are discussed in the
report.  The apparent geologic hazard for the project, other than those mentioned above, is the potential
for strong ground shaking, which is typical of the entire San Francisco Bay Area.  A summary of the geologic
hazards is presented in the main text of this report and a detailed Geologic and Seismic Hazards
Assessment that complies with Title 24 of the California Building Code is included in Appendix D.
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Conclusions and recommendations presented in the enclosed report are based on limited subsurface
investigation and laboratory testing programs. Consequently, variations between anticipated and actual
subsurface soil conditions may be found in localized areas during construction. If significant variation in
the subsurface conditions is encountered during construction, BSK should review the recommendations
presented herein and provide supplemental recommendations, if necessary.

Additionally, design plans should be reviewed by our office prior to their issuance for conformance with
the general intent of our recommendations presented in the enclosed report.

We appreciate the opportunity of providing our services to you on this project and trust this report meets
your needs at this time. If you have any questions concerning the information presented, please contact
us at (925) 315-3151.

Respectfully Submitted,
BSK Associates, Inc.

Danaige Tower, EIT Carrie L. Foulk, PE, GE #3016
Senior Staff Engineer Senior Geotechnical Engineer

Cristiano Melo, PE, GE 2756
Geotechnical Group Manager

Martin B. Cline, CEG #2084 Roxanne Renedo, GIT, PhD
Senior Engineering Geologist Staff Geologist
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1. INTRODUCTION

This report presents the results of our geotechnical investigation for the planned expansion of the Liberty
High School campus within the Liberty Union School District. A Vicinity Map showing the location of the
project site is presented on Figure 1. Our investigation has been performed for the Liberty Union School
District (LUSD) and was coordinated with Ms. Liz Robbins of LUSD. This report contains a description of
our site investigation methods and findings, including field and limited laboratory data. It provides
geotechnical recommendations for the project and also presents a geologic and seismic hazards
assessment for the campus. This report supersedes previous geotechnical investigation report(s), if any,
issued by BSK for this specific project.

1.1 Project Description

The proposed project will include construction of two new maintenance and operations buildings with
new paving and chain link fencing; a concessions/ ticket booth building and restrooms; new home
bleachers; an aquatic center including a new pool, bleachers, locker rooms, a score board, and chain link
fencing; new tennis courts; new relocatables; and new asphalt paving. In addition, backstops, foul ball
netting, dugouts, bullpens and batting cages will be constructed in the current baseball field area. We
have based our services on the conceptual site plans1, provided by Quattrocchi Kwok Architects, dated
December 14, 2017. The Site Exploration Plan, Figure 2, shows the approximate locations of planned
improvements and the approximate location of our exploration points overlain on a Google Earth image
of the existing campus.

We anticipate that the new buildings will be one-story high and will be either prefabricated or will consist
of wood frame construction supported on a shallow foundation system. Exterior and interior wall loads
are anticipated to be about 1 to 2 kips per lineal foot and column loads less than 30 kips.

Although a grading plan is not currently available for the project, we anticipate that site grades will remain
close to existing elevations and that cuts and fills during construction will be limited to less than 3 feet.
However, we anticipate that the area of the new home bleachers may have to be cut about 5 feet to
match surrounding grades. Excavations for the removal of existing and installation of new underground
utilities are expected to be up to 5 feet deep. Excavation/backfill for the existing and new pools is expected
to be up to 15 feet deep.

If the actual project description differs significantly from that anticipated above, we should be notified so
that we may review our scope of services and recommendations for applicability.

1Plans entitled “M&O/Transportation Site Plan – Option 2, Ball Fields – Option 2, and Aquatics & Tennis Conceptual
Site Plan”, dated December 14, 2017.
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1.2 Approach and Scope of Services

The purpose of this investigation was to explore and evaluate the subsurface conditions at the site in order
to provide geotechnical input for the design and construction of the planned improvements for this
project. The scope of services, as outlined in our October 17, 2017 proposal (File Number: GL17-15819),
consisted of field exploration, laboratory testing, engineering analysis, and preparation of this report. A
geologic and seismic hazards evaluation for the entire school campus was also performed concurrently
and is presented in Appendix D.

This investigation specifically excludes the assessment of site environmental characteristics, particularly
those involving hazardous substances.
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2. SITE INVESTIGATION

2.1 Field Exploration

Exploration locations and frequency were chosen to meet the requirements of the Division of State
Architect (DSA) and the 2016 California Building Code, which require a minimum of two borings per
building and at least one per every 5,000 square feet of foundation footprint area.

Our field investigation was performed on February 5, 2018 to evaluate the subsurface conditions at the
site for the planned construction. The field investigation consisted of drilling nine (9) borings and
advancing five (5) Cone Penetrometer Tests (CPTs) at the approximate locations shown on Figure 2.
Middle Earth Geo Testing of Hayward, California was subcontracted to provide CPT services and
Exploration GeoServices of San Jose was subcontracted to provide drilling services. Two bulk samples were
obtained in future pavement areas for Resistance (R)-value testing for use in pavement design.

Prior to subsurface exploration, Underground Service Alert (USA) was contacted to provide utility
clearance and each exploration location was cleared for detectable underground utilities by GeoTech
Utility Locating of Moraga, California. A drilling permit was obtained from Contra Costa County
Environmental Health Department (County). Upon completion of the field investigation, the borings and
CPTs were backfilled with grout and capped with Quikrete in paved areas. Excess cuttings generated
during drilling were disposed of at the site in unimproved areas near the locations of the borings.

The locations of the borings and CPTs were estimated by our field representative based on rough
measurements from existing features at the site. Elevations shown on the boring logs were estimated
using the elevation information available on Google Earth Pro. As such the elevations and locations of the
borings and CPTs should be considered approximate to the degree implied by the methods used.

2.1.1 Auger Borings

The borings were drilled, using a truck-mounted drill rig, to depths of approximately 5 to 25 feet below
the existing ground surface (BGS). The borings were logged by an engineer of BSK Associates (BSK) in
accordance with the ASTM Standard D2488, 2017, “Standard Practice for Description and Identification
of Soils (Visual-Manual Procedure).”

Relatively undisturbed samples of the subsurface materials were obtained using a split spoon sampler
fitted with stainless steel (SS) liners. The general diameter measurements of the sampler are 3-inches
outside diameter (O.D.), and about 2.5-inches inside diameter (I.D.). A Standard Penetration Test (SPT)
sampler (1.4-inch I.D and 2-inch O.D.), which produces disturbed samples, was also used to sample the
subsurface materials. The samplers were driven by the force of a 140-pound, semi-automatic trip
hammer, dropping 30-inches. The successive blow counts were recorded for 6-inch penetration intervals
until the sampler advanced 18-inches. The blow counts for each interval are reported on the final boring
logs. After the sampler was withdrawn from the borehole, the soil samples, each contained by the
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approximately 6-inch long SS liners, were removed from the sampler, sealed to reduce moisture loss,
labeled, and returned to our laboratory. Prior to sealing the samples, strength characteristics of the
cohesive soil samples recovered were evaluated using a hand-held pocket penetrometer. The results of
these tests are shown on the boring logs.

Laboratory testing and review of the field soil characterizations were completed after the subsurface
investigation. Final soil classification was determined through the judgement of a responsible
Geotechnical Engineer supplemented with laboratory testing at various intervals, in general accordance
with the ASTM Standard D2487, 2011, “Standard Practice for Classification of Soils for Engineering
Purposes (Unified Soil Classification System).”

A summary of the Unified Soil Classification System (USCS), adapted by ASTM D2487 and D2488 is
presented in Appendix A, Figure A-1. The Soil Description Key and Log Key are presented on Figures A-2
and A-3. Sample classifications, blow counts recorded during sampling, and other related information are
presented on the boring logs within Appendix A. Strength, collapse potential, and indexing laboratory test
results appear on the final boring logs. Discussion of the subsurface conditions encountered at the site is
presented in the “Subsurface Conditions” section of this report.

2.1.2  Cone Penetration Tests

We advance five (5) CPTs to approximately 50 feet BGS. The CPTs were performed using an integrated
electronic cone system in accordance with ASTM D3441, 2016, “Standard Test Method for Mechanical
Cone Penetration Testing of Soils.” The cone has a tip area of 15 square centimeters, a friction sleeve area
of 150 square centimeters, and a ratio of end area friction sleeve to tip end area equal to 0.80.  The cone
bearing (Qc) and sleeve friction (Fs) were measured and recorded during the tests at 5 centimeters (about
2 inch) depth intervals.

The cone system was pushed using a 50,000-pound, all-wheel drive, CPT rig, having a down pressure
capacity of approximately 20 tons. The information gathered from the CPTs was used for identifying
potential liquefiable and soft soils and for foundation design. The CPT data (cone resistance, friction ratio,
pore pressure, and soil behavior type) versus penetration depth below the existing ground surface,
generated with CPT Liquefaction Assessment Software (Cliq)2, are presented in Appendix C.

The stratigraphic interpretation of the CPT data was performed based on relationships between cone
bearing and sleeve friction versus penetration depth. The friction ratio (Rf), which is sleeve friction divided
by cone bearing, is a calculated parameter which is used to infer soil behavior type. Generally, cohesive
soils (clays) have high friction ratios, low cone bearing and generate large excess pore water pressures.
Cohesionless soils (sands) have lower friction ratios, high cone bearing and generate small excess pore
water pressures.  The interpretation of soil properties from the cone data has been carried out using

2 Cliq v2.0 by Geologismiki
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correlations developed by Robertson et al, 19903, and Lunne, Robertson & Powell, 19974.  It should be
noted that it is not always possible to clearly identify a soil type based on cone bearing (Qc) and sleeve
friction (Fs). In these situations, experience and judgment and an assessment of the pore pressure
dissipation data should be used to infer the soil behavior type.

2.2 Laboratory Testing

Laboratory tests were performed on selected soil samples to evaluate their physical characteristics and
engineering properties. The laboratory testing program included dry density and moisture content,
Atterberg Limits, unconsolidated-undrained triaxial compression (TXUU), direct shear, collapse potential,
and R-value tests. Most of the laboratory test results are presented on the individual boring logs. The
results of the Atterberg limits, TXUU, direct shear, collapse potential, and R-Value tests are also presented
graphically in Appendix B.

Analytical testing was performed on samples of near-surface soils in borings B-1 and B-9 to assist in
evaluating the corrosion potential of the on-site soils. The corrosivity testing was performed by CERCO
Analytical of Concord, California using ASTM methods as described in CERCO Analytical’s report. The
corrosion results are presented at the end of Appendix B.

3 Robertson P.K., 1990. Soil classification using the cone penetration test. Canadian Geotechnical Journal, 27(1):
151-158
4 Lunne, T., Robertson, P.K., and Powell, J.J.M 1997. Cone penetration testing in geotechnical practice, E & FN Spon
Routledge, 352 p, ISBN 0-7514-0393-8.
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3. SITE CONDITIONS

3.1  Site Description

Liberty High School is located at 850 2nd Street in Brentwood, California. The campus is located within a
mixed-use area of residential and commercial retail. The site occupies three separate parcels. The main
school buildings, tennis courts, swimming pool, and parking lots within the southern and western side of
the campus occupy one parcel. The athletic fields and parking lots which take up the northeastern portion
of the campus occupy a second parcel. The unimproved field on the far eastern side of the campus that is
bounded by Larkspur Lane and Oak Street, occupy a third parcel. This field has been covered with well
compacted gravel. The three parcels have a combined area of approximately 46 acres. The site is
essentially flat at an elevation of about 71 feet according to Google Earth Pro. The ground surface at the
bleachers is approximately 5 feet above the surrounding ground surface.

3.2 Subsurface Conditions

The underlying stratigraphy of the campus is interbedded fine-grained, alluvial soils. Based on our
exploration, this alluvium consists of alternating layers of clays, silts and clayey/silty sands. The clays and
silts are typically firm to hard and exhibit low to medium plasticity. The clayey/silty sands are generally
medium dense with a high clay and silt content. The laboratory test results are indicative of soils with
medium expansion potential when subjected to changes in moisture content. The near surface soils are
also moderately susceptible to collapse upon saturation according to our test results.

Free groundwater was observed at depths between about 15 and 22 feet BGS in our borings and CPTs.
According to geologic mapping by the California Geological Survey, historic high groundwater is about 15
feet BGS along the east edge of the campus and deepens to about 20 feet BGS on the west edge of the
campus. It should be noted that groundwater levels can fluctuate several feet depending on factors such
as seasonal rainfall, groundwater withdrawal, and construction activities on this or adjacent properties.

The above is a general description of soil and groundwater conditions encountered at the campus. For a
more detailed description of the soils encountered, refer to the boring logs in Appendix A and CPT logs in
Appendix B.

It should be noted that subsurface conditions can deviate from those conditions encountered at the
boring and CPT locations. If significant variation in the subsurface conditions is encountered during
construction, it may be necessary for BSK to review the recommendations presented herein and
recommend adjustments as necessary.
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4. DISCUSSION AND CONCLUSIONS

4.1 General

Based on the results of our field investigation, it is our opinion that the proposed improvements are
geotechnically feasible and that the site may be developed as presently planned.  This conclusion is based
on the assumption that the recommendations presented in this report will be incorporated in the design
and construction of this project. The main geotechnical concerns for the project site are the presence of
moderately expansive surface clays and soils subject to moderate collapse potential. While these soils
pose additional challenges to the proposed improvements, there are conventional methods which can aid
in mitigating the effects of these existing conditions.

4.2 Anticipated Settlements

The subsections below present our estimated elastic, collapse-induced, liquefaction-induced, and
dynamic compaction settlement estimates for the project. For design purposes, these settlements should
be assumed to be cumulative.

4.2.1 Elastic Settlement

We estimate elastic settlement will be up to approximately ½-inch. However, most of this settlement is
expected to occur during construction. Differential elastic settlement is expected to be about half of the
total estimated elastic settlement over a horizontal distance of approximately 30 feet.

4.2.2 Soil Collapse Potential

Soil samples obtained within the upper approximately 6 feet below ground surface consisted primarily of
lean clay with varying amounts of sand. Some of the samples were observed to be porous. This can be
indicative of the soil having a collapse potential, meaning the soil can undergo immediate settlement upon
saturation. Saturation could occur due to many reasons such as a flooded adjacent landscaping area, a
leaky pool, or a leaking underground utility. Therefore, we performed collapse potential testing on three
samples obtained from depths of about 3 to 6 feet in borings B-2, B-6, and B-7. According to our test
results, the surficial soils at the site have negligible to moderate collapse potential, with estimated
settlements as shown in the table below. Mitigation measures are discussed in the “Foundations” section
of this report.
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BORING NO. (AREA OF CAMPUS) ESTIMATED
SETTLEMENT

DIFFERENTIAL
SETTLEMENT*

B-2 (Aquatic Center/Relocatables) 2¼ inches 1½ inches
B-6 (Concession/Ticket Booth & Restroom) negligible negligible
B-7 (Maintenance & Ops Buildings) 1¼ inches ¾-inch
*Over an approximate horizontal distance of 30 feet.

4.2.3 Soil Liquefaction

Liquefaction is a condition where saturated, granular soils undergo a substantial loss of strength and
deformation due to pore pressure increase, resulting from cyclic stress application induced by
earthquakes. In the process, the soil acquires mobility sufficient to permit both horizontal and vertical
movements if the soil is not confined. Soils most susceptible to liquefaction are loose, clean, uniformly
graded, silt and fine sand, as well as some lean clay deposits. Based on the subsurface exploration
performed for the investigation, the site is underlain by interbedded alluvial soils consisting primarily of
firm to hard sandy and silty clays, and medium dense clayey sand.

We evaluated liquefaction potential across the site in our current CPTs for the project (CPT-1 through CPT-
5) using the methods proposed by Boulanger and Idriss (2014)5. For our analyses, we used peak ground
accelerations of 0.50g associated with an earthquake magnitude of M6.52. These values were obtained
from the mapped 2016 CBC seismic parameters and deaggregation analysis as presented in Appendix D.
As discussed above, historically high groundwater is anticipated to be about 15 feet BGS, so we used a
conservative groundwater level in our analyses of 14 feet BGS to account for fluctuations in the
groundwater table. All 5 CPTs predicted magnitudes of potential liquefaction-induced settlement of less
than ½-inch based on the design level event. The results of these analyses are presented in Appendix C.

As noted in Special Publication 117A6, “Guidelines for Evaluating and Mitigating Seismic Hazards in
California, 2008”, CGS states that “ it is very difficult to reliably estimate the amount of localized differential
settlement likely to occur as part of the overall predicted settlement: localized differential settlements on
the order of up to two-thirds of the total settlements anticipated should be assumed unless more precise
predictions of differential settlements can be made” . This would approximate our predicted differential
settlement to less than 1/3 inch. Based on Youd and Garris (1995)7, we believe that the potential for
ground surface disruption (such as sand boils, ground fissures, etc.) to occur at site is low due to at least

5“Boulanger, R. W., and Idriss, I. M. (2014). “CPT and SPT based liquefaction triggering procedures.” Report No.
UCD/CGM-14/01, Center for Geotechnical Modeling, Department of Civil and Environmental Engineering,
University of California, Davis, CA, 134 pp.
6 California Geological Survey (2008), Guidelines for Evaluation and Mitigating Seismic Hazards in California, Special
Publication 117A.
7 Youd, T. L. and Garris, C. T. (1995), Liquefaction-Induced Ground-Surface Disruption, Journal of Geotechnical
Engineering, ASCE, Vol. 121, No. 11, November, pp. 805-809.



Geotechnical Investigation Report BSK Project No. G17-238-11L
Liberty High School Campus Expansion April 11, 2018
Brentwood, California 9

18 feet of non-liquefiable clayey soils above the thin (less than 1 foot thick) sandy layers and the lateral
discontinuity of the liquefiable layers.

4.2.4 Dynamic Compaction/Seismic Settlement

Another type of seismically induced ground failure, which can occur as a result of seismic shaking, is
dynamic compaction, or seismic settlement. Such phenomena typically occur in unsaturated, loose
granular material or uncompacted fill soils. Due to the composition and apparent relative density of the
soils above the water table within the maximum depth of our exploration, we estimate settlements on
the order of less than ¼ inch due to dynamic compaction/seismic settlement. These settlements are
shown on the CPT liquefaction plots in Appendix C.

4.3 Geologic and Seismic Hazards Summary

As required by the State of California in Title 24 of the California Building Code, a geologic and seismic
hazard evaluation is needed for school developments. BSK has provided an evaluation of the campus,
along with a discussion of the geology of the site and its vicinity in a separate geologic and seismic hazards
assessment report presented in Appendix D. In this assessment, we conclude that the planned structures
are free of most geologic and seismic hazards except for those discussed above and the potential for
strong ground shaking, which is typical of the entire San Francisco Bay Area.

4.3.1 Faulting and Seismic Shaking

The San Francisco Bay Area is seismically dominated by the active San Andreas Fault system. This fault
system movement is distributed across a complex system of generally strike-slip, right-lateral parallel and
sub-parallel faults including, among others, the Greenville, Concord, and Hayward faults.

The site is not located within an Alquist-Priolo Earthquake Fault Zone and no mapped active fault traces
are known to transverse the site. Nevertheless, the site is located in a seismically active area of California.
We expect the site to be subjected to substantial ground shaking due to a major seismic event on the
active faults in the Bay Area and surrounding regions during the design life of the project.

In 2015, scientists and engineers released a new earthquake forecast for the State of California8. It updates
the earthquake forecast made for the greater San Francisco Bay Area by the 2007 Working Group for
California Earthquake Probabilities. According to this recent study, there is a 72 percent probability that
one or more magnitude M6.7 or greater earthquakes will occur in the San Francisco Bay Area in the next
30 years (2014 to 2044).

8 Field, E.H., and 2014 Working Group on California Earthquake Probabilities (2015), UCERF3: A new earthquake
forecast for California’s complex fault system: U.S. Geological Survey 2015–3009, 6 p.,
https:/ /dx.doi.org/10.3133/ fs20153009.
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As has been demonstrated recently by the 1989 (M6.9) Loma Prieta, the 1994 (M6.7) Northridge, and the
1995 (M6.9) Kobe earthquakes, earthquakes of this magnitude range can cause severe ground shaking
and significant damage to modern urban environments. Therefore, the design of the campus expansion
should incorporate the seismic design parameters presented in the “2016 CBC Seismic Design Parameters”
section of this report.

4.3.2 Expansive Soils

We performed Atterberg limits tests on near surface samples obtained from approximate depths ranging
from 1½ to 9 feet BGS from borings B-1, 2, 4, 5, 6, and 7 which resulted in liquid limits ranging of 31 to 45
and plasticity indexes ranging from 14 to 26. These results are consistent with our visual observation of
the near surface soils in the nine borings drilled for this project and are indicative of soils having a
moderate expansion potential when subjected to change in moisture content.
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5. RECOMMENDATIONS

Presented below are recommendations for foundations, seismic considerations, slabs-on-grade, pools,
tennis courts, retaining walls, earthwork, construction considerations, site drainage, and pavements for
this project.

5.1 Foundations

In general, the proposed buildings and bleachers can be supported on shallow foundations and the tennis
court lighting and fences can be supported on drilled piers. If desired, the bleachers can also be supported
on drilled piers as recommended below. Depending on the sensitivity of the buildings to soil collapse
settlement, the affected buildings could instead be supported on mat foundations as discussed below.

5.1.1 Shallow Footings

Based on our investigation, the loads for the proposed buildings and bleacher footings can be supported
by continuous perimeter footings and isolated interior footings bearing on native undisturbed soil or
engineered fill provided that the bottom of the footing excavations have been checked by a BSK
representative. The recommended allowable soil bearing pressures in pounds per square foot (psf) are
presented below.

STRUCTURE FOUNDATION ALLOWABLE BEARING
CAPACITY

Bleacher Footings 2,500 psf
Concession/Ticket Booth & Restroom Footings 2,500 psf
Maintenance & Operations Buildings Footings 3,500 psf
Aquatics Building & Portables Footings 3,500 psf

These values include a factor of safety of at least 3. Footings should be embedded a minimum of 18 inches
and be a minimum of 12 inches wide. The minimum footing embedment depth should be measured below
lowest adjacent grade which is defined as the bottom of slab on the interior or finished grade on the
exterior. Allowable soil bearing pressures may be increased by one-third for transient loads such as wind
and seismic loads.

Minimum bearing pressure on footings should be 1,500 psf. If the bearing pressure is less than 1,500 psf,
the footing should be overexcavated at least 6 inches and the resulting excavation should then be replaced
with “non-expansive” fill or a 2-sack sand-cement slurry.

Where footings are located adjacent to below-grade structures or near major underground utilities, the
footings should extend 9 inches below a 2H:1V (horizontal to vertical) plane projected upward from the
structure footing or bottom of the underground utility to avoid surcharging the below grade structure and
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underground utility with building loads. If it is not possible to deepen footings below this influence zone,
the utility should be backfilled with a 1-sack sand-cement slurry mix within the influence zone. Also, where
utilities cross under the perimeter footings line and enter “ interior” space, the trench backfill should consist
of a vertical barrier of impervious type material as explained in the “Earthwork” section of this report. In
addition, where utilities cross through footings, flexible waterproof caulking should be provided between
the sleeve and the pipe. Utility plans should be reviewed by BSK prior to trenching for conformance to
these requirements.

Concrete for footings should be placed neat against firm native soil or engineered fill. The footing
excavations should not be allowed to dry before placing concrete. If shrinkage cracks appear in the footing
excavations, the excavations should be thoroughly moistened to close all cracks prior to concrete
placement. The footing excavations should be monitored by a representative of BSK for compliance with
appropriate moisture control and to confirm the adequacy of the bearing materials. If soft or loose
materials are encountered at the bottom of the footing excavations, they should be removed and replaced
with lean concrete or engineered fill. BSK should also be present during the overexcavation. Unit prices for
such overexcavation and backfilling should be obtained during contractor bidding for this project.

5.1.2 Drilled Piers

New drilled piers to support bleachers (if applicable), tennis court lighting, backstops, fencing, etc. should
be at least 18 inches in diameter, spaced at least three pier diameters apart (center to center) or axial
capacity reductions may be necessary, and extend at least 5 feet below grade. The piers should be
designed using the allowable skin friction values shown in the table below. These values include a factor
of safety of 2 and may be increased by one-third for resisting total loads, including wind and seismic. For
resistance to uplift loads, the weight of the piers and the skin friction between the piers and supporting
soils may be used. Uplift loads for short-term conditions should not exceed 2/3 of the allowable downward
skin friction. The upper 1 foot of soil should be ignored for calculation of skin friction unless the ground
surface is confined by paving or a slab.

STRUCTURE FOUNDATION ALLOWABLE PIER SKIN
FRICTION

Bleacher, Backstops, Chain Link Fencing,
Foul Ball Netting, & Misc. Ball Field
Improvements

300 psf, 1’ to 10’ BGS
500 psf, 10’ to 50’ BGS

Tennis Court Lighting Piers, Aquatic
Center Bleachers, Fencing & Score Board 500 psf

We recommend steel reinforcement and concrete be placed within about 4 to 6 hours upon completion
of each drilled pier hole; as a minimum, the holes should be poured the same day they are drilled. The
steel reinforcement should be centered in the drilled hole. Concrete used for pier construction should be
discharged vertically into the holes to reduce aggregate segregation. Under no circumstances should
concrete be allowed to free-fall against either the steel reinforcement or the sides of the excavation
during construction. Our borings indicate that shallow drilled piers can be drilled with a standard flight
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auger using a standard rig with Kelly bar, subject to access restrictions. The bottom of the drilled holes
should be cleaned such that no more than 2 inches of loose soil remains in the hole prior to placement of
concrete. A representative from BSK should be present to observe drilled holes to confirm bottom
conditions prior to placing steel reinforcement.

If groundwater is encountered within the drilled pier holes, no more than 6 inches of standing water
should be present during concrete placement. Otherwise, the water needs to be pumped out or the
concrete needs to be placed into the hole using tremie methods. If tremie methods are used, the end of
the tremie pipe must remain below the surface of the in-place concrete at all times. In order to develop
the design skin friction value previously provided, concrete used for pier construction should have a slump
of 6 to 8 inches.

If groundwater is present within the depth of the sandy layers encountered in some of our borings during
installation of the piers, such layers could be subjected to caving. This could require the use of temporarily
casing or the slurry displacement method during installation of the piers. If temporary casing is used
during construction in lieu of the slurry displacement method, it should consist of smooth-walled steel
casing. Corrugated metal pipe (CMP) should not be permitted as casing because it results in excessive
voids and/or disturbance of the surrounding soil during removal of the casing. If the piers are installed
using slurry, then the concrete should be placed using tremie methods and the end of the tremie pipe
must remain a minimum of 5 feet below the surface of the in-place concrete at all times.

5.1.3 Mat Foundations

If the settlements discussed in the “Anticipated Settlements” section above are too large for conventional
shallow footings for the planned structures, consideration should be given to supporting the pertinent
structures on mat foundations. The mats should have a minimum depth at the edges of 18 inches. It is
anticipated that the mat foundations will impose a modest bearing pressure (less than 500 psf). If isolated
areas of imposed stress concentrations occur, the mats may be designed for an allowable bearing pressure
of 1,500 psf within these isolated areas. The allowable bearing pressure value may be increased by 1/3
for short term seismic and wind loads. The bearing capacity value includes a factor of safety of at least 3.
We recommend that the mat be underlain by at least 6 inches of compacted Caltrans Class 2 aggregate
base. This underlayment material would serve as a leveling course and would reduce the risk for the
exposed soils at the bottom of the mat excavation to dry out prior to concrete placement.

5.1.4 Resistance to Lateral Loads

Lateral loads applied against footings may be resisted by a combination of friction between the foundation
bottoms and the supporting subgrade, and by passive resistance acting against the vertical faces of the
foundation. The frictional and passive resistance may be assumed in design to act concurrently. An
allowable friction coefficient of 0.30 between the foundations and supporting subgrade soils may be used.
For passive resistance at this site, an allowable equivalent fluid pressure (unit weight) of 300 pounds per
cubic foot (pcf) may be used against the sides of foundations. The friction coefficient and passive pressure
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values include factors of safety of about 1½. We based these lateral load resistance values on the
assumption that the concrete for footings are either placed directly against undisturbed soils or that the
voids created from the use of forms are backfilled with material such as flowable fill or lean concrete.

Resistance to lateral loads for drilled piers can be provided by passive resistance against the piers using
an allowable rectangular pressure of 1,000 psf. The passive resistance may be applied to a width of twice
the diameter of the piers. Piers should be spaced at least 6 diameters apart (center to center) or lateral
resistance capacity reductions may be necessary. The passive pressure value includes a factor of safety of
about 1½.

The passive pressure may be increased by one-third for wind and/or seismic loading. Passive resistance in
the upper foot of soil cover below finished grades should be neglected unless the ground surface is
confined by concrete slabs, pavements, or other such positive protection.

5.1.5 Modulus of Subgrade Reaction

A modulus of subgrade reaction, KV1, of 115 pounds per square inchper inch (pci) of deflection (based on
a one square foot bearing plate) is considered applicable to the new footings, grade beams or mat
foundations. The modulus of subgrade reaction is typically reduced for foundation or slab sizes larger than
1 square foot. For various slab sizes, the subgrade modulus may be calculated using the following
formulas:

Square:

Rectangular:

Where:

KV1 is the modulus of subgrade reaction for a 1 square foot plate (in units of pci);
B is the width of the foundation or slab (in units of feet);
m is the ratio of the foundation or slab length divided by its width (unitless); and
KS and KR are the adjusted modulus of subgrade reaction based on the actual dimensions of the
foundation or slab (in units of pci).

If a computer program is used to design the foundations for this project and it requires the input of a
modulus of subgrade reaction for the site, the designer should check whether the program requires input
of the unadjusted (i.e., KV1) or adjusted (i.e., KS or KR) modulus of subgrade reaction.

5.2 2016 Seismic Design Criteria

The seismicity of the region surrounding the site is discussed in the “Faulting and Seismicity” section of
this report. From that discussion, it is important to note that the site is in a region of high seismic activity
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and will likely be subjected to major shaking during the life of the project. As a result, structures to be
constructed on the site should be designed in accordance with applicable seismic provisions of the
building codes. For details about the seismic design criteria to be used for this project and how it was
developed, please refer to the geologic and seismic hazards assessment report in Appendix D.

5.3 Slabs-on-Grade

Slabs-on-grade for this project will consist of concrete floor slabs and exterior flatwork. The near-surface
soils are moderately expansive and will be subject to shrink/ swell cycles with fluctuations in moisture
content. To reduce these potentially adverse effects, we recommend that interior concrete slabs and
exterior flatwork be underlain by 18 inches and 6 inches (12 inches for the pool deck) of “non-expansive”
engineered fill, respectively, placed on subgrade prepared as described in the “Earthwork” section of this
report. The properties of this “non-expansive” fill should also meet the criteria listed in the “Earthwork”
section of this report. See below for additional criteria for interior floor slabs.

High calcium quicklime treatment of the in-situ soils is recommended as an alternative to “non-expansive”
fill. If this alternative is utilized, extensive quality control is needed as well as laboratory testing to evaluate
the appropriate lime treatment mixture. The client needs to understand the risk of this approach if
selected, as quicklime treatment requires extensive quality control. For estimating purposes,
approximately 12 inches (the upper 6 inches of the 18-inch “non-expansive” fill needs to consist of crushed
drain rock as discussed in the next section of this report) and 6 inches (12 inches for pool deck) of soil
would need to be treated for interior slabs and exterior flatwork, respectively, provided that the moisture
content of the soils below that is at least 3 percent over optimum moisture. Our experience has indicated
that about 5 percent high calcium quicklime by weight is typically needed for treatment. We may elect to
perform additional laboratory tests to refine this estimate prior to lime-treatment operations at the site.
The negative impact of quicklime treatment on future vegetation should be considered in whether it
should be used, and what mitigation measures are needed.

The “non-expansive” fill or quicklime-treated soil should extend a minimum horizontal distance of 5 feet
beyond all building areas, where feasible, including the outer edge of perimeter footings and footings
extending beyond perimeter walls, where flatwork is planned. The horizontal limits of treatment can be
reduced to 3 feet elsewhere, such as for exterior flatwork. The over-build of the quicklime-treatment can
be eliminated where landscaping is planned; however, it is important that the lime-treatment extends to
the edge of the structural improvements. Therefore, special care should be exercised during surveying
and staking of the building limits during construction. It is important that placement of this material be
done as soon as possible after compaction of the subgrade to prevent drying of the native subgrade soils
and that slabs be constructed as soon as possible after “non-expansive” material or lime-treated soil is
placed, as subgrades will dry out even through “non-expansive” fills or quicklime-treated soil. A
representative of BSK should be present to observe the condition of the subgrade and observe and test
the installation of the “non-expansive” engineered fill or quicklime-treated soil prior to slab construction.
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Where “non-expansive” fill or quicklime-treated soil is removed to install utilities inside the building or
underneath exterior flatwork, this layer should be replaced with new imported “non-expansive” fill or
flowable fill.

5.3.1 Interior Floor Slabs

Concrete floor slabs should be supported on at least 6 inches of crushed drain rock to enhance subgrade
support for the slab. This material should be considered part of the required minimum of 18 inches of
“non-expansive” fill. If this material is desired to be used as a capillary break, it should be ¾ inch maximum
size with no more than 10 percent by weight passing the #4 sieve. It is important that placement of this
material and concrete be done as soon as possible after compaction of the “non-expansive” or lime-
treated subgrade materials to reduce drying of the subgrade.

Floor slabs should have a minimum thickness of 5 inches. A Structural Engineer should design reinforcing
and slab thickness. Special care should be taken so that reinforcement is placed at the slab mid-height.
The floor slab should be separated from footings, structural walls, and utilities and provisions made to
allow for settlement or swelling movements at these interfaces. If this is not possible from a structural or
architectural design standpoint, it is recommended that the slab connection to footings be reinforced such
that there will be resistance to potential differential movement.

5.3.2 Floor Slab Moisture

Subsurface moisture and moisture vapor naturally migrate upward through the soil and, where the soil is
covered by a building or pavement, this subsurface moisture will collect. To reduce the impact of the
subsurface moisture and potential impact of future introduced moisture (such as landscape irrigation or
precipitation) the current industry standard is to place a vapor retarder on the compacted crushed rock
layer. This membrane typically consists of visqueen or polyvinyl plastic sheeting at least 15 mils in
thickness. It should be noted that although vapor barrier systems are currently the industry standard, this
system may not be completely effective in preventing floor slab moisture problems. These systems
typically will not necessarily assure that floor slab moisture transmission rates will meet floor-covering
manufacturer standards and that indoor humidity levels be appropriate to inhibit mold growth. The design
and construction of such systems are totally dependent on the proposed use and design of the proposed
building and all elements of building design and function should be considered in the slab-on-grade floor
design. Building design and construction have a greater role in perceived moisture problems since sealed
buildings/ rooms or inadequate ventilation may produce excessive moisture in a building and affect indoor
air quality.

Various factors such as surface grades, adjacent planters, the quality of slab concrete and the permeability
of the on-site soils affect slab moisture and can control future performance. In many cases, floor moisture
problems are the result of either improper curing of floors slabs or improper application of flooring
adhesives. We recommend contacting a flooring consultant experienced in the area of concrete slab-on-
grade floors for specific recommendations regarding your proposed flooring applications.
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Special precautions must be taken during the placement and curing of all concrete slabs. Excessive slump
(high water-cement ratio) of the concrete and/or improper curing procedures used during either hot or
cold weather conditions could lead to excessive shrinkage, cracking, or curling of the slabs. High water-
cement ratio and/or improper curing also greatly increase the water vapor permeability of concrete. We
recommend that all concrete placement and curing operations be performed in accordance with the
American Concrete Institute (ACI) manual.

It is emphasized that we are not floor moisture proofing experts. We make no guarantee nor provide any
assurance that use of capillary break/vapor retarder system will reduce concrete slab-on-grade floor
moisture penetration to any specific rate or level, particularly those required by floor covering
manufacturers. The builder and designers should consider all available measures for floor slab moisture
protection.

Exterior grading will have an impact on potential moisture beneath the floor slab. Recommendations for
exterior drainage are provided in the “Site Drainage and Storm Water Infiltration” section of this report.

5.3.3 Exterior Concrete Flatwork

Exterior concrete flatwork for this project will consist of the pool deck and other sidewalk and flatwork
areas surrounding the new buildings. As previously discussed, the near-surface soils exhibit a moderate
expansion potential and can be subject to shrink/ swell cycles with fluctuations in moisture content. Some
of the adverse effect of swelling and shrinking can be reduced with proper moisture treatment. The intent
is to reduce the fluctuations in moisture content by moisture conditioning the soils, sealing the moisture
in, and controlling it. Near-surface soils should be moisture conditioned according to the
recommendations in Appendix E. In addition, all exterior concrete slabs should be supported on a
minimum of 6 inches (12 inches for pool deck) of “non-expansive” imported soil, quicklime-treated on-
site soils, Class 2 Aggregate Sub-Base (ASB), or Class 2 Aggregate Base (AB). Even with the 6 to 12 inches
of “non-expansive” material, some movement of exterior slabs may occur. Where concrete flatwork is to
be exposed to vehicle traffic, the upper 6 inches of fill should be Class 2 Aggregate Base as specified in the
current California Department of Transportation Standard Specifications. This may need to be increased
if concrete flatwork is to be exposed to heavy truck traffic.

Pedestrian concrete flatwork should have a minimum thickness of 4 inches and minimum reinforcing of
#4 bars at 18 inches on center along expansion joints. Vehicular concrete should be designed as discussed
in the “Concrete Pavements” section of this report. Final design of exterior concrete flatwork is the
responsibility of the civil or structural engineer for the project.

Exterior flatwork will be subjected to edge effects due to the drying out of subgrade soils. To protect
against edge effects adjacent to unprotected areas, such as vacant or landscaped areas, lateral cutoffs,
such as inverted curbs that extend at least 2 inches below the aggregate base or “non-expansive” layer
into the subgrade soils, are recommended. Alternatively, a moisture barrier at least 80 mils thick
extending at least 6 inches below the aggregate base or “non-expansive” layer into the subgrade soils
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could be installed at the edge of the flatwork. Because of the expansive soils, flatwork should have control
joints on no greater than 8 feet centers.

Prior to construction of the flatwork, the upper 12 inches of “non-expansive” fill, quicklime-treated soil,
ASB or AB, should be moisture conditioned to near optimum moisture content. If the “non-expansive”
fill, ASB or AB is not covered within 30 days after placement, the soils below this material will need to be
checked for appropriate moisture of at least optimum. If the moisture is found to be below this level,
the flatwork areas will need to be moisture conditioned until the proper moisture content is reached.
Where flatwork is adjacent to curbs, reinforcing bars should be placed between the flatwork and the
curbs. Expansion joint material should be used between flatwork and curbs, and flatwork and buildings.

5.3.4 Effect of Plants on Foundation and Flatwork Performance

Because of the moderately expansive nature of the on-site soils, trees and other large plants can
significantly contribute to differential settlement of a foundation, flatwork and other paved areas. The
roots of trees and large plants can absorb the moisture from the soil, causing the soil to shrink much faster
than other soil areas exposed to the weather. The soil where the moisture is lost more rapidly will sink
lower than the surrounding soil, causing differential settlement in overlying or adjacent improvements.
Certain trees and plants are known to be more hydrophilic (water-loving) than others. Research studies
indicate that a tree should be at least as far away from a building as the mature height of the tree to
minimize the effect of drying caused by the tree. If this is not possible, consideration should be given to
installing a root barrier between areas planted with trees and nearby foundations and flatwork.

If lime-treatment is used at the site in lieu of imported “non-expansive” fill, consideration should be given
to installing a vertical barrier, such as a moisture or root barrier, along the boundaries between lime-
treated soil and landscaping to reduce the risk that lime-treated soil would have a long-term adverse
effect on the nearby landscaping.

A plant and tree specialist should be consulted to avoid the issues described above.

5.4 Retaining Walls

It is our understanding that short retaining walls less than 6 feet high may be used at the site. These walls
may also be supported on continuous spread footings as discussed in the “Foundations” section above.

The retaining walls should be designed to resist static earth pressures due to the adjacent soil, and any
surcharge effects caused by loads adjacent to the walls.  It is recommended that the walls be designed for
the lateral earth pressures presented in the table below, which are expressed as equivalent fluid
pressures.
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LATERAL EARTH PRESSURES FOR MODERATELY EXPANSIVE ON-SITE SOILS
WITH BACKFILL SLOPES OF 6 TO 1 (HORIZONTAL TO VERTICAL) OR LESS

Earth Pressures Equivalent Fluid Density, pcf

Active 45
At-rest 65

Passive (allowable) 300

The passive pressure includes a factor of safety of about 1½.

Walls whose tops are not free to deflect (such as elevator pits) should be designed for an at-rest earth
pressure condition, while an active case can be applied for walls that are free to deflect at the top. These
values are unfactored, apply to horizontal backfill, and do not include hydrostatic pressures that might be
caused by groundwater or water trapped behind the walls.

5.4.1 Retaining Wall Drainage

Retaining walls higher than 2 feet should be either designed to resist hydrostatic pressures or be well-
drained to reduce the potential for hydrostatic pressures to develop behind the walls. A typical drainage
system for a cantilevered wall may consist of a 1- to 2-foot wide zone of Caltrans Class 2 Permeable
material immediately behind the wall with a perforated pipe at the base of the wall discharging to a storm
drain or other appropriate discharge facility via gravity flow. As an alternative, a prefabricated drainage
board may be used in lieu of the Class 2 Permeable material. Where conditions allow for the use of weep
holes, they may be used in lieu of the perforated pipe. The holes should be a minimum of 3 inches in
diameter and spaced at 4 feet or less on-center. Filter fabric or wire mesh should be placed over the holes
at the backside of the wall to inhibit the permeable material, if used in lieu of a drainage board, from
washing through the holes. The drainage zone behind retaining walls should be capped with a minimum
12-inch thick layer of properly compacted onsite clayey soil to reduce the risk of surface runoff discharging
into the wall drain.

5.4.2 Surcharge Loads

Surcharge loads caused by vehicular and/or construction traffic adjacent to the walls may be assumed to
consist of a rectangular distributed uniform pressure of 100 psf acting over a depth of 10 feet below the
ground surface of the retained soil. A rectangular distribution with a uniform pressure equal to one-third
of the surcharge pressure should be used for unrestrained walls (active earth pressure condition), while a
uniform pressure equal to one-half of the surcharge pressure should be used for restrained walls (at-rest
earth pressure condition). The wall designer should evaluate whether this surcharge is appropriate for the
expected traffic loading. Additional analyses during design may be needed to evaluate the effects of non-
uniform surcharge loads such as point loads, line loads, or other such presently undefined surcharge loads.
In that case, we should be consulted for supplemental geotechnical recommendations.



Geotechnical Investigation Report BSK Project No. G17-238-11L
Liberty High School Campus Expansion April 11, 2018
Brentwood, California 20

5.5 Swimming Pool

5.5.1 Lateral Earth Pressures

The expansion potential of the near surface soils will need to be considered in the design of the pool.
From a geotechnical viewpoint, a pool with rigid side walls to be constructed at an expansive soil site
should be designed for two different loading conditions. The first condition is the pool filled with water
and no surrounding earth support. This will enable the structure to function where loss of lateral support
due to possible soil shrinkage occurs. Under this condit ion, the pool walls should be designed to resist the
full hydrostatic pressures imposed by the pool water without lateral support in the upper 5 feet below
the deck grade.

The second loading condition will occur when the pool is empty, such as when the pool is first constructed
or when it is drained for maintenance. An equivalent fluid pressure of 65 pcf for a restrained condition
(at-rest condition) is recommended for this case due to the expansive soils. This equivalent fluid pressure
does not include hydrostatic pressure. If a drainage system similar to that recommended in the “Retaining
Wall Drainage” section above is not installed behind the pool walls, then hydrostatic pressures should be
included in the design of the pool walls. Any surcharge pressures due to adjacent foundation footings,
structures, landscape mounds, etc., should be added to the lateral earth pressures. Passive pressure and
a friction coefficient are provided in the “Resistance to Lateral Loads” section above.

Free groundwater was observed between depths of about 15 to 23 feet below existing grade during our
investigation. However, local groundwater levels can fluctuate depending on factors such as seasonal
rainfall, groundwater withdrawal, and construction activities on this or adjacent properties. The effect of
these time dependent factors could not be determined at the time of our investigation, but the
groundwater may impact the proposed pool. Because of the potential for variation in the groundwater
table, we conservatively recommend that high groundwater design level be assumed at a depth of 10 feet
BGS when considering potential hydrostatic uplift forces on the pool.

Prior to placement of the concrete or gunite, the exposed subgrade should be moisture conditioned to at
least 2 percent over optimum moisture content. The sides and bottom of the pool excavation should be
wetted several times a day to reduce drying and shrinkage. If shrinkage cracks develop on the sides of the
excavation, they will be difficult to mitigate without removing and replacing the soil.

5.5.2 Subdrains and Dewatering Systems

Because the pool may extend below the groundwater design level or leaking water from the pool may be
trapped below the bottom of the pool long-term, we recommend that an under-drain system be installed
below the bottom of the pool. It should consist of a minimum 6-inch thick layer of Caltrans Class 2
Permeable Material (graded filter rock) without fabric. A pressure relief valve should be installed in the
low point of the pool to allow discharge from the under-drain if the pool is drained. As an alternative to a
pressure relief valve, a perforated PVC drain pipe (Schedule 40 or greater and at least 4 inches in diameter)
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can be installed (with the perforations facing down) along the bottom of the low point of the under-drain.
The perforated pipe should discharge to a sump or vertical relief well located within the pool deck area
outside of the pool footprint. The water discharged to the relief well or sump should be pumped to the
storm drain system to prevent buildup of hydrostatic pressures when the pool is drained.

5.6 Demolition

5.6.1 Existing Improvements

As part of the demolition process, existing foundations and other improvements should be removed.
Excavations from removal of foundations, the pool, underground utilities or other below ground
obstructions should be cleaned of loose soil and deleterious material and backfilled with properly
compacted fill. As discussed in the “Earthwork” section of this report, following stripping and removal of
deleterious materials, areas of the site to receive fill should be scarified to a minimum depth of 12 inches,
moisture-conditioned, and recompacted as indicated in Appendix E. This process should be observed and
tested by a BSK representative.

5.6.2 Existing Utilities

Active or inactive utilities within the construction area should be protected, relocated, or abandoned.
Pipelines that are 2 inches in diameter or less may be left in place beneath improvements provided they
are cut off and capped at the perimeter of the improvement. Pipelines larger than 2 inches in diameter
within the planned improvements should be removed or filled with a 1-sack sand-cement slurry mix.
Active utilities to be reused should be carefully located and protected during demolition and during
construction.

5.7 Earthwork

Earthwork at the site will generally consist of subgrade preparation and placement of concrete slabs and
pavements (including possible lime treatment), excavation and backfill of demolished foundations, backfill
of the existing pool, excavation of the new pool, and excavation, removal, and backfill for existing and
new underground utility line trenches. We anticipate that the required grading will consist of cuts and fills
up to 3 feet to create building pads and grade the site to drain. However, we anticipate that the area of
the new home bleachers may have to be cut about 5 feet to match surrounding grades. Excavations for
the removal of existing underground utilities and installation of new ones are expected to be up to 5 feet
deep and excavation/backfill for the existing and new pools is anticipated to be up to 15 feet deep. BSK
should review the final grading plans for conformance to our design recommendations prior to
construction bidding. In addition, it is important that a representative of BSK observe and evaluate the
competency of existing soils or new fill underlying structures, the pool, concrete flatwork, and pavements.
In general, soft/ loose or unsuitable materials encountered should be overexcavated, removed, and
replaced with compacted engineered fill material.
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5.7.1 Site Preparation and Grading

Prior to the start of grading and subgrade preparation operations, where appropriate, the site should first
be cleared and stripped (minimum of 3 inches deep) to remove all surface vegetation, organic laden
topsoil and debris generated during the demolition of existing pavements, concrete slabs and flatwork,
foundations, the pool, and landscaping located within the site. Stripped topsoil from landscaped areas
may be stockpiled for later use in landscaping areas; however, this material should not be reused for
engineered fill.

Following stripping, removal of deleterious materials, and overexcavation (if required), the site should be
scarified to a minimum depth of 12 inches, moisture conditioned, and recompacted as indicated in
Appendix E. Scarification and recompaction should extend laterally a minimum of 5 feet beyond the limits
of structures and 3 feet beyond flatwork and pavement, where achievable.

All fills should be compacted in lifts of 8-inch maximum uncompacted thickness. A summary of compaction
requirements of the projects is presented in Appendix E. Laboratory maximum dry density and optimum
moisture content relationships should be evaluated based on ASTM Test Designation D1557 (latest
edition).

All site preparation and fill placement should be observed by a BSK representative. It is important that,
during the stripping and scarification process, our representative be present to observe whether any
undesirable material is encountered in the construction area and whether exposed soils are similar to
those encountered during our field investigation.

5.7.2 Lime Treatment

Lime-treatment of the in-situ soils (if used) should be performed using high calcium quicklime. Extensive
quality control is needed as well as laboratory testing to evaluate the appropriate lime treatment mixture.
Our experience has indicated that about 5 percent high calcium quicklime by dry unit weight of the soil is
typically needed for treatment. For design purposes, an insitu dry unit weight of 105 pcf may be assumed.
The negative impact of lime-treatment on future vegetation should be considered.

The high calcium quicklime treatment operation should be conducted in general accordance with Section
24 of the Caltrans Standard Specifications, 2015 edition. Quicklime-treatment typically consists of
spreading the required amount of quicklime over the area to be treated, followed by initial mixing of the
quicklime and water within the soil section to be treated. This initial mixing is then allowed to sit for a
period of about 24 hours or longer to permit the resulting chemical reaction to break down the material
and change it chemically. Following this “mellowing” period, the soil-quicklime section is re-mixed and
additional water, if needed, is added. It is important that adequate water be added before final mixing to
ensure complete hydration of the quicklime and to bring the soil moisture content to at least 3 percent
above the optimum moisture content before compaction takes place.
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After the quicklime-treated pad/subgrade is compacted, it should be allowed to harden (cure) until loaded
dump trucks and other construction equipment can operate on it without rutting the surface. Throughout
this curing period, the surface of the quicklime-treated soil should be kept moist to aid in strength gain.
Alternatively, the quicklime-treated surface can be covered with 4 to 6 inches of capillary break or
aggregate base material.

It is very important that the general steps outlined above be performed in a manner that introduces
sufficient water to the soil-quicklime mix to allow the quicklime to thoroughly hydrate and react
chemically with the soil subgrade. Likewise, it is equally important that proper curing of the quicklime-
treated section take place.

5.7.3 Fill Material

Except for organic laden soil, the on-site soil is suitable for use as general engineered fill if it is free of
deleterious matter. Maximum particle size for fill material should be limited to 3 inches, with at least 90
percent by weight passing the 1-inch sieve. Proper granular bedding and shading should be used beneath
and around new utilities (if applicable). Where imported “non-expansive” material is required, it is
recommended that it be granular in nature, adhere to the above gradation recommendations and
conform to the following minimum criteria:

IMPORTED “NON-EXPANSIVE”  FILL CRITERIA
Plasticity Index 15 or less
Liquid Limit Less than 30%
% Passing #200 Sieve 8 % – 40%

Highly pervious materials such as pea gravel or clean sands are not recommended for use as general fill
because they permit transmission of water to the underlying soils. Imported fill material should not be
any more corrosive than the on-site soils and should not be classified as being more corrosive than
"moderately corrosive." Prior to transporting proposed import materials to the site, the contractor should
make representative samples of the material available to BSK at least 10 working days in advance to allow
us enough time to confirm the material meets the above requirements. All on-site or import fill material
should be compacted to the recommendations provided for engineered fill in Appendix E.

Due to the expansive soil content within the on-site soils, proper moisture conditioning is important. The
moisture conditioning should be performed in accordance with Appendix E. Where low expansion
potential soils or aggregate base in paved areas is used, it should immediately be placed over the prepared
subgrade to avoid drying of the subgrade. Prior to placement of the capillary break or crushed rock
material over the “non-expansive” or lime-treated fill subgrade for the building pads, the subgrade should
be moisture conditioned to the moisture content indicated in Appendix E. The subgrade for exterior
concrete flatwork should be conditioned to the required moisture content prior to their construction and
may require additional conditioning if allowed to dry.
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5.7.4 Weather/Moisture Considerations

If earthwork operations and construction for this project are scheduled to be performed during the rainy
season (usually November to May) or in areas containing saturated soils, provisions may be required for
drying of soil or providing admixtures, such as lime-treatment, to the soil prior to compaction. Conversely,
additional moisture may be required during dry months. Water trucks should be made available in
sufficient numbers to provided adequate water during earthwork operations.

Since portions of the site are currently capped with concrete slabs or AC pavement, the moisture content
of the subgrade soils in these areas may be significantly above the optimum moisture content. This
occurrence is usually caused by the migration of irrigation water from landscaped areas into the aggregate
base material and/or the entrapment of subsurface moisture underneath slab and pavement areas. As a
result, the subgrade soils may need to be dried prior to undergoing recompaction. It is recommended that
any landscape watering in the area be turned off at least two weeks prior to the start of grading activities
at the site. If site grading is performed during the rainy months, the site soils could become very wet and
difficult to compact without undergoing significant drying. This may not be feasible without delaying the
construction schedule. For this reason, drier import soils could be required or lime treating may be needed
if construction takes place during winter months.

5.7.5 Excavation and Backfill

We anticipate that excavation for the foundations, the pool, and utility trenches can be made with either
a backhoe or trencher, or similar earthwork equipment. Where trenches or other excavations are
extended deeper than 5 feet, the excavation may become unstable and should be evaluated to monitor
stability prior to personnel entering the trenches. Shoring or sloping of any trench wall may be necessary
to protect personnel and to provide stability. All trenches should conform to the current OSHA
requirements for work safety. It is the contractor’s responsibility to follow OSHA temporary excavation
guidelines and grade the slopes with adequate layback or provide adequate shoring and underpinning of
existing structures and improvements, as needed. Slope layback and/or shoring measures should be
adjusted as necessary in the field to suit the actual conditions encountered, in order to protect personnel
and equipment within excavations.

Care should be taken during construction to reduce the impact of trenching on adjacent structures and
pavements (if applicable). Excavations should be located so that no structures, foundations, and slabs,
existing or new, are located above a plane projected 2:1 (horizontal to vertical) upward from any point in
an excavation, regardless of whether it is shored or unshored, unless the adjacent surcharge loads are
accounted for in the shoring design.

At the time of this geotechnical investigation, free groundwater was observed in some of our borings and
CPTs at depths of approximately 15 and 23 feet BGS. However, the actual depth at which groundwater
may be encountered in trenches and excavations may vary. As a minimum, provisions should be made to
ensure that conventional sump pumps used in typical trenching and excavation projects are available
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during construction in case groundwater is found to be higher than observed during our investigation,
and/or if substantial runoff water accumulates within the excavations as a result of wet weather
conditions.

Backfill for trenches and other small excavations beneath slabs should be compacted as noted in Appendix
E. Special care should be taken in the control of utility trench backfilling under structures and flatwork/slab
areas. Poor compaction may cause excessive settlements resulting in damage to overlying structures and
slabs.

Where utility trenches extend from the exterior into the interior limits of a building, lean concrete or a 2-
sack sand-cement slurry should be used as backfill material for a distance of 2 feet laterally on each side
of the perimeter footing centerline to reduce the potential for the trench to act as a conduit to exterior
surface water. In addition, where utilities cross through exterior footings, flexible waterproof caulking
should be provided between the sleeve and the pipe. Utility trenches located in landscaped areas should
be capped with a minimum of 12 inches of compacted on-site clayey soils.

5.8 Site Drainage

Proper site drainage is important for the long-term performance of the planned structure. The site should
be graded so as to carry surface water away from the building foundations at a minimum of 2 percent in
paved areas and 5 percent in landscaped areas to a minimum of 10 feet laterally from the buildings, as
required by the 2016 CBC. In addition, all roof gutters should be connected directly into the storm
drainage system or drain onto impervious surfaces provided that a safety hazard is not created.

5.9 Pavements and Tennis Courts

5.9.1 Asphalt Concrete Pavements

Pavements for this project will consist of asphalt-paved parking and driveways. We have developed our
pavement designs assuming the pavement subgrade soil will be similar to the near surface soils described
in the boring logs. If site grading exposes soil other than that assumed, or import fill is used to construct
pavement subgrades, we should perform additional tests to confirm or revise the recommended
pavement sections for actual field conditions.

Asphalt pavement sections for this project have been calculated using Caltrans Flexible Pavement Design
Method.  Based on our R-value testing in the area of the planned parking, we have used an R-value of 5
in our analyses and we have developed the pavement sections presented in the table below. Various
alternative pavement sections for various different Traffic Indices (TIs) are presented. Each TI represents
a different level of use. The owner or designer should determine which level of use best reflects the
project and select appropriate pavement sections. Three alternative pavement sections are given for the
various TIs in the following table. They include 1) asphalt over aggregate base, 2) asphalt over aggregate
base over aggregate subbase, and 3) asphalt over aggregate base over lime-treated soils.
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ASPHALT CONCRETE PAVEMENT DESIGN
Design R-Value = 5

Alternative 1 Alternative 2 Alternative 3

Traffic index AC AB AC AB ASB AC AB LTS
4.0 2.5 7.5 2.5 4.0 4.0 2.5 4.0 12.0
4.5 2.5 9.0 2.5 4.5 5.0 2.5 4.0 12.0
5.0 2.5 11.0 2.5 5.0 6.5 2.5 4.0 12.0
5.5 3.0 12.0 3.0 5.5 7.0 3.0 4.5 12.0
6.0 3.0 13.5 3.0 6.5 8.0 3.0 4.5 12.0
6.5 3.5 14.5 3.5 6.5 9.0 3.0 6.0 12.0

Note:  Thicknesses shown are in inches.
             AC  = Type B Asphalt Concrete
             AB  = Class 2 Aggregate Base (Minimum R-Value = 78)
             ASB = Class 2 Aggregate Subbase (Minimum R-Value = 50)
             LTS = Lime-Treated Subgrade (Minimum R-Value = 50)

If the lime-treating alternative of the building pads and flatwork is considered, the third alternative may
be the most cost effective for the asphalt-paved areas. This alternative, shown above, would consist of
lime-treating the existing subgrade prior to placement of the pavement section. This would result in a
reduced asphalt concrete and aggregate base sections, as shown in Alternative 3 in the above table.

5.9.2 Tennis Courts

Subgrade soils underlying the tennis courts should be scarified to a minimum depth of 12 inches, moisture
conditioned, and recompacted as indicated in Appendix E. Scarification and recompaction should extend
laterally a minimum of 3 feet beyond the court surface, where achievable. The tennis court surfacing
should be a minimum of 2 inches of asphalt concrete underlain by at least 8 inches of aggregate base that
is moisture conditioned and compacted as indicated in Appendix E. If landscaping is placed immediately
adjacent to the tennis courts, a vertical barrier should be installed between the courts and the landscaping
as discussed in the Exterior Flatwork section of this report.

If the ground surface of the tennis courts is to be raised above the surrounding grade, consideration
should be given to installing a continuous reinforced concrete band along the perimeter of the courts to
provide lateral confinement and lower the potential for soil creep and vertical soil movement along the
edges of the courts.

5.9.3 Concrete Pavements

If used, Portland Cement Concrete (PCC) pavement should have a minimum thickness of 6 inches
supported over 6 inches of Caltrans Class 2 aggregate base over subgrade prepared per Appendix E. The
aggregate base and subgrade for PCC pavements should be properly moisture conditioned and
compacted. Construction joints should be located no more than 12 feet apart in both directions. Concrete
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compressive strength should be tested in lieu of third point loading for rupture strength. A minimum 28-
day compressive strength of 3,000 pounds per cubic foot (psi) should be specified for the concrete mix
design. The PCC pavement should be continuously reinforced using No. 4 bars (or larger) spaced no more
than 18 inches on center in both directions. Steel reinforcement should be located near the mid-thickness
of the concrete slab. Final design of the PCC pavement is the responsibility of the civil or structural
engineer for the project.

5.9.4 Pavement Drainage

Similar to slabs-on-grade, pavement subgrades will require mitigation of the expansive surface soils. We
recommend that pavement subgrades be scarified to a depth of at least 12 inches, moisture conditioned
and recompacted per Appendix E.

Paved areas should be sloped and drainage gradients maintained to carry all surface water to appropriate
collection points. Surface water ponding should not be allowed anywhere on the site during or after
construction. We recommend that the pavement section be isolated from non-developed areas and areas
of intrusion of irrigation water from landscaped areas, unless these areas are located at least 10 feet
laterally from the pavement. Concrete curbs should extend a minimum of 2 inches below the baserock
and into the subgrade to provide a barrier against drying of the subgrade soils, or reduction of migration
of landscape water, into the pavement section. Alternatively, a moisture barrier at least 80 mils thick that
extends at least 6 inches below the aggregate base or “non-expansive” layer into the subgrade soils could
be installed immediately behind concrete curbs.

In addition, we recommend that all pavements conform to the following criteria:

All trench backfills, including utility and sprinkler lines, should be properly placed and adequately
compacted to provide a stable subgrade, in accordance with the compaction recommendations
in Appendix E.
If Alternative 3 above is selected for the pavement section, wherever lime-treated soil is removed
to install utilities inside paved areas, this layer should be backfilled with aggregate base.
An adequate drainage system should be provided to prevent surface water or subsurface seepage
from saturating the subgrade soil.
The asphalt concrete, aggregate base, and aggregate subbase materials should conform to
Caltrans Specifications, latest edition.
Placement and compaction of pavements should be performed in accordance to appropriate
Caltrans procedures.
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5.10 Storm Water Runoff Mitigation

Storm water runoff regulations require pretreatment of runoff and infiltration of storm water to the extent
feasible. Typically, this results in the use of bioretention areas, vegetated swales, infiltration trenches, buried
storm water detention/ infiltration galleries, or permeable pavement near or within parking lots and at the
location of roof run-off collection. These features are not well-suited to the moderately expansive clay soils
present at this site due to their relatively low permeability9, which does not allow significant infiltration over
short time periods. In addition, allowing water to pond on expansive clay soils can cause the soils to swell,
which can cause distress to pavements, slabs, and lightly loaded structures.

Implementation of storm water infiltration criteria will likely result in increased distress and reduced service
life of pavement and flatwork if not carefully designed in clay soils.  In general, bioretention areas, vegetated
swales and infiltration areas should be located in landscaped areas and well away from pavements,
buildings, and slopes.

If it is not possible to locate these infiltration systems at least 10 feet away from buildings and pavements,
alternatives that isolate the infiltrated water, such as flow-through planters with underdrains, should be
considered. Improvements should be located such that there is at least 1 foot of horizontal distance between
the edge of improvements and the top edge of the bioswale excavation for every 1 foot of vertical bioswale
depth. If this is not possible, then concrete curbs for pavements or lateral restraint for exterior flatwork
located directly adjacent to a vertical bioswale cut should be designed to resist lateral earth pressure per
the recommendations in the “Retaining Walls” section of this report, or they should be adequately keyed
into the native soil or should be engineered to reduce the potential for rotation or lateral movement of the
curbs.

Due to the potential adverse effects on project performance, we should review the geotechnical aspects
of the storm water infiltration system and its location prior to issuing the plans to bidding.

5.11 Corrosivity Results

Soil samples were collected during our field investigation at depths of approximately 2 and 2½ feet below
the ground surface in borings B-1 and B-9, respectively, and were submitted for corrosion testing. The
samples were tested by CERCO Analytical, a State-certified laboratory in Concord, California, for redox
potential, pH, resistivity, chloride content, and sulfate content in accordance with ASTM test methods.
The test results are presented at the end of Appendix B. Also included is the evaluation by CERCO
Analytical of the corrosion test results. Because we are not corrosion specialists, we recommend that a
corrosion specialist be consulted for advice on proper corrosion protection for underground piping which
will be in contact with the soils and other design details.

9 Infiltration testing and/or laboratory permeability testing was not performed due to the dominant presence of
moderately expansive clays blanketing the site.
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Based upon the resistivity measurements, the samples tested classified as "corrosive" by CERCO
Analytical. They recommend that all buried iron, steel, cast iron, ductile iron, galvanized steel, and
dielectric coated steel or iron be properly protected against corrosion depending upon the critical nature
of the structure. They also recommend all buried metallic pressure piping, such as ductile iron firewater
pipelines, should be protected against corrosion.

CERCO also indicated that the sulfate ion concentrations in the test results are sufficient to potentially be
detrimental to reinforced concrete structures and cement mortar-coated steel. Therefore, they
recommend that concrete that comes into contact with the site soils use sulfate resistant cement such as
Type II, with a maximum water-to-cement ratio of 0.55.

The above are general discussions. A more detailed investigation may include more or fewer concerns and
should be directed by a corrosion expert. BSK does not practice corrosion engineering. Consideration
should also be given to soils in contact with concrete that will be imported to the site during construction,
such as topsoil and landscaping materials. For instance, any imported soil materials should not be any
more corrosive than the onsite soils and should not be classified as being more corrosive than "moderately
corrosive." Also, onsite cutting and filling may result in soils contacting concrete that were not anticipated
at the time of this investigation.

5.12 Plan Review and Construction Observation

We recommend that BSK be retained by the Client to review the final foundation and grading plans and
specifications before they go out to bid. It has been our experience that this review provides an
opportunity to detect misinterpretation or misunderstandings prior to the start of construction.

Variations in soil types and conditions are possible and may be encountered during construction. To
permit correlation between the soil data obtained during this investigation and the actual soil conditions
encountered during construction, we recommend that BSK be retained to provide observation and testing
services during site earthwork and foundation construction. This will allow us the opportunity to compare
actual conditions exposed during construction with those encountered in our investigation and to provide
supplemental recommendations if warranted by the exposed conditions. Earthwork should be performed
in accordance with the recommendations presented in this report, or as recommended by BSK during
construction. BSK should be notified at least two weeks prior to the start of construction and prior to
when observation and testing services are needed.
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6. ADDITIONAL SERVICES AND LIMITATIONS

Our services were performed in a manner consistent with that level of care and skill ordinarily exercised
by other members of BSK’s profession practicing in the same locality, under similar conditions and at the
date the services are provided. Our conclusions, opinions and recommendations are based on a limited
number of observations and data. It is possible that conditions could vary between or beyond the data
evaluated. BSK makes no other representation, guarantee or warranty, express or implied, regarding the
services, communication (oral or written), report, opinion, or instrument of service provided.

This report may be used only by the District (Client) and the registered design professional in responsible
charge and only for the purposes stated for this specific engagement within a reasonable time from its
issuance, but in no event later than two (2) years from the date of the report.

Our services were performed based on project information provided by the Client. If the Client does not
retain BSK to review any plans and specifications, including any revisions or modifications to the plans and
specifications, BSK assumes no responsibility for the suitability or misinterpretation of our
recommendations. In addition, if there are any changes in the field to the plans and specifications, the
Client must obtain written approval from BSK’s engineer that such changes do not affect our
recommendations. Failure to do so will vitiate BSK’s recommendations.

The scope of services was limited to drilling and sampling nine borings and advancing five CPTs at the site,
laboratory testing, and preparation of this recommendations report. It should be recognized that
definition and evaluation of subsurface conditions are difficult. Judgments leading to conclusions and
recommendations are generally made with incomplete knowledge of the subsurface conditions present
due to the limitations of data from field studies. The conclusions of this assessment are based on
subsurface exploration including 9 borings drilled to a maximum depth of 25 feet BGS, 5 CPTs advanced
to a depth of 50 feet BGS, laboratory testing, and engineering analyses.

Recommendations contained in this report are based on our field observations and subsurface
explorations, limited laboratory tests, and our present knowledge of the proposed construction. It is
possible that soil or groundwater conditions could vary beyond the point explored. If soil or groundwater
conditions are encountered during construction that differ from those described herein, the Client is
responsible for ensuring that BSK is notified immediately so that we may reevaluate the recommendations
of this report. If the scope of the proposed construction, including the estimated structure loads, and the
design depths or locations of the foundations, changes from that described in this report, the conclusions
and recommendations contained in this report are not considered valid unless the changes are reviewed,
and the conclusions of this report are modified or approved in writing, by BSK.

As the geotechnical engineering firm that performed the geotechnical evaluation for this project, BSK
should be retained to confirm that the recommendations of this report are properly incorporated in the
design of this project, and properly implemented during construction. This may avoid misinterpretation
of the information by other parties and will allow us to review and modify our recommendations if
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variations in the soil conditions are encountered. As a minimum BSK should be retained to provide the
following continuing services for the project:

Review the project plans and specifications, including any revisions or modifications;
Observe and evaluate the site earthwork operations to confirm subgrade soils are suitable
for construction of foundations, slabs-on-grade, pavements and placement of engineered
fill;
Confirm engineered fill for the structures and other improvements is placed and
compacted per the project specifications; and
Observe shallow foundation and drilled pier excavations to confirm conditions are as
anticipated.

The scope of services for this subsurface exploration and geotechnical report did not include
environmental assessments or evaluations regarding the presence or absence of wetlands or hazardous
substances in the soil, surface water, or groundwater at this site.

This report, and any future addenda or reports regarding this site, may be made available to bidders to
supply them with only the data contained in the report regarding subsurface conditions and laboratory
test results at the point and time noted. Bidders may not rely on interpretations, opinion,
recommendations, or conclusions contained in the report. Because of the limited nature of any subsurface
study, the contractor may encounter conditions during construction which differ from those presented in
this report. In such event, the contractor should promptly notify the owner so that BSK’s geotechnical
engineer can be contacted to confirm those conditions. We recommend the contractor describe the
nature and extent of the differing conditions in writing and that the construction contract include
provisions for dealing with differing conditions. Contingency funds should be reserved for potential
problems that may arise during earthwork and foundation construction.
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D1.0 INTRODUCTION

This report presents the geologic and seismic hazards assessment prepared in accordance with the 2016
California  Building  Code  (CBC),  CCR  Title  24,  Chapters  16A  and  18A  requirements  for  a
Geotechnical/Engineering Geologic Report. The assessment was performed in conformance with the
California Geological Survey (CGS) Note 48 (2013).

D1.1 Purpose and Scope of Services

The purpose of the geologic and seismic hazards assessment is to provide the Client with an evaluation of
potential geologic or seismic hazards that  may be present  at the site or due to regional influences. BSK
Associate’s (BSK) scope of services for this assessment included the following:

1. Review of published geologic literature, and current investigation at the site;

2. Evaluation of the data collected and preparation of geologic cross sections;

3. Evaluation of potential geologic hazards affecting the site; and

4. Determination of Site Class and code-based seismic design parameters.

The observations and conclusions presented in this report specifically exclude the assessment of
environmental characteristics, particularly those involving hazardous substances, and a high-pressure
pipeline risk evaluation.

D1.2 Site Location

As shown on the Area Topographic Map, Figure D-1, Liberty High School (Site) is located at 850 2nd Street
in Brentwood, Contra Costa County, California. A map of the Site is shown on the Site Plan, Figure D-2.

The Site coordinates are approximately:

Latitude 37.9358ºN Longitude 121.6914ºW

The school is located in an area with residential and commercial properties.

D1.3 Site Topography

The project area is generally low relief with an elevation of approximately 70 to 75 feet.

D1.4 Groundwater Conditions

The Site is located within the Tracy sub-basin of the San Joaquin groundwater basin (CDWR, 2003). Free
groundwater was observed in the borings performed for our concurrent geotechnical investigation for the
campus expansion between depths of approximately 15 and 23 feet below the ground surface (BGS). The
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estimated groundwater depth measured in the cone penetration test (CPT) probes advanced at the Site
concurrently with our  recent  borings ranged from about  15 to 20 feet  BGS. According to the Seismic
Hazard Zone Report for the Brentwood Quadrangle (CGS, 2018b), historic high ground water at the Site is
between 10 and 20 feet. It should be noted that groundwater levels can fluctuate several feet depending
on factors such as seasonal rainfall, groundwater withdrawal, and construction activities on this or
adjacent properties.
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D2.0 GEOLOGIC SETTING

The Site is located in the California Delta region of the Great Valley geomorphic province near the eastern
boundary of the Coastal Ranges geomorphic province. The Great Valley is a 400-mile long, low-relief,
alluvial plain which runs north-south through California. The valley contains alluvial sediments which have
been deposited almost continuously for the past 160 million years. The Site is located in the upland region
of the southwest portion of the San Joaquin River Delta complex. To the west, the area transitions to the
Coastal Ranges province that is characterized by northwest trending ridges and valleys that are typically
highly folded with numerous faults (CGS, 2002).

As shown on the Geologic Map, Figure D-3, the Site is mapped as Quaternary alluvium, which includes
alluvial gravel, sand, silt, and clay of valley areas; specifically, the authors map the area as alluvial loam
(Dibblee and Minch, 2006).

Nearby active faults include the Greenville Fault zone located approximately 9 miles southwest of the Site,
the  Concord  Fault  located  approximately  16  miles  west  of  the  Site,  the  Las  Positas  Fault  located
approximately 17 miles south of the Site, and the Green Valley Fault zone located approximately 24 miles
northwest of the Site.

D2.1 Subsurface Conditions

Subsurface conditions are described in the 2018 geotechnical investigation report prepared by BSK and to
which this geologic and seismic hazards report is appended. The Site was the subject of a current field
investigation of nine hollow-stem auger borings which ranged in depth from approximately 5 to 25 feet
BGS and five CPTs completed to a depth of approximately 50 feet BGS. The underlying stratigraphy
consists predominantly of clay and silty clay. Minor silty sand (loose to medium dense) and sandy silt (firm
to hard) layers were observed in the upper 20 feet in borings.

The Geologic Cross Sections, shown on Figure D-4, present the current surface topography and the
subsurface conditions inferred from the current borings and CPTs performed at the Site.
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D3.0 GEOLOGIC/SEISMIC HAZARDS

The types of geologic and seismic hazards assessed include surface ground fault rupture, liquefaction,
seismically induced settlement, slope failure, flood hazards, and inundation hazards.

D3.1 Fault Rupture Hazard Zones in California

The purpose of the Alquist-Priolo Geologic Hazards Zones Act, as summarized in CDMG Special Publication
42 (SP 42) (Bryant and Hart, 2007), is to "prohibit the location of most structures for human occupancy
across the traces of active faults and to mitigate thereby the hazard of fault-rupture." As indicated by SP
42, "the State Geologist  is required to delineate ‘Earthquake Fault  Zones’  along known active faults in
California. Cities and counties affected by the zones must regulate certain development ‘projects’ within
the zones. They must withhold development permits for sites within the zones until geologic
investigations demonstrate that the sites are not threatened by surface displacement from future
faulting.”

The Site is within the Brentwood 7.5 Minute Quadrangle in Contra Costa County. Alquist-Priolo
Earthquake Fault Zones have not been prepared for this quadrangle. As shown on the Alquist-Priolo
Earthquake Fault Zone Map, Figure D-5, the closest Fault-Rupture Hazard Zone is associated with the
Greenville fault zone located approximately 9¼ miles southwest of the Site (CDMG, 1982).

D3.2 State of California Seismic Hazard Zones (Liquefaction and Landslides)

Zones of Required Investigation, referred to as "Seismic Hazard Zones" in CCR Article 10, Section 3722,
are areas shown on Seismic Hazard Zone Maps where site investigations are required to determine the
need for mitigation of potential liquefaction and/or earthquake-induced landslide ground displacements.

The Site is not located in an Earthquake-Induced Landslide Hazard Zone. The Site is, however, partially
located in a state-delineated Liquefaction Hazard Zone, as shown on the Liquefaction Hazard Zone Map,
Figure D-6 (CGS, 2018).

The results of our liquefaction analyses are presented in the section titled “Soil Liquefaction” of the
geotechnical report.

D3.3 Slope Stability and Potential for Slope Failure

The Site and surrounding area are of low relief; therefore, we conclude that the risk of landsliding within
the Site is negligible.
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D3.4 Flood and Inundation Hazards

An evaluation of flooding at the Site includes review of potential hazards from flooding during periods of
heavy precipitation and flooding due to a catastrophic dam breach from up-gradient surface
impoundments.

D3.4.1 Flood Hazards

Federal Emergency Management Agency (FEMA) flood hazard data was obtained to present information
regarding the potential for flooding at  the Site. As shown on the FEMA Flood Hazard Map, Figure D-7,
according to FEMA Flood Hazard Map Layer (Panel 06013C0362G), dated 3/21/2017, the Site lies in Zone
X outside of the 100-year floodplain.

D3.4.2 Inundation Hazards - Dams

According to GIS data obtained from California Emergency Management Agency (Cal-EMA), the Los
Vaqueros Reservoir is located near the Site; however, the Site is outside of the inundation zone (Dam
Inundation GIS data from Cal-EMA, dated 2013).

D3.5 Volcanic Hazards

According to the United States Geological Survey (USGS) Bulletin 1847, the Site is not located in an area
that would be subject to hazards from volcanic eruptions (Miller, 1989).

D3.6 Corrosion

Please refer  to the section titled “Corrosivity Results”  in the geotechnical  report  for  discussion of  the
corrosivity of the Site soils.

D3.7 Expansive Soils

As discussed in the geotechnical report, the near-surface soils encountered within the current borings at
the Site consist of lean clay which exhibits a moderate expansion potential.

D3.8 Contra Costa County General Plan and Safety Element

The Safety Element of the Contra Costa County General Plan (2004) maps the Site as in an area of generally
moderate to low liquefaction potential.



Geologic and Seismic Hazards Assessment Report BSK Project No. G17-238-11L
Liberty High School Campus Expansion March 7, 2018
Brentwood, California 6

D3.9 Tsunami Hazard

According to the Tsunami Inundation Map for Emergency Planning (Cal-EMA, 2009), the Site is not located
in a California State Tsunami Hazard Zone.

D4.0 SEISMIC HAZARD ASSESSMENT

D4.1 Seismic Source Deaggregation

Figures D-8 and D-9, Regional Fault Map and Local Fault Map, respectively, present the major faults that
may impact the Site in the future. Seismically-induced ground motion at a site can be caused by
earthquakes on any of the sources surrounding the site. Deaggregation of the seismic hazard was
performed using the USGS Unified Hazard Tool. The deaggregation determination, at the maximum
considered earthquake hazard level, results in distance, magnitude, and epsilon (ground-motion
uncertainty) for each source that contributes to the hazard.

Results of the deaggregation based on a probabilistic model developed by the USGS (Dynamic:
Conterminous U.S. 2008 (v3.3.1)) indicates that the most extreme seismic source that contributes to the
peak ground acceleration is from a rupture of multiple segments of the Calaveras fault. The modal
magnitude of 6.52 at a distance of 23 km is consistent with the general design earthquake ground motion.
For liquefaction and seismic settlement calculations, a magnitude of 6.52 should be used.

D4.2 Historical Seismicity
The project Site and its vicinity are located in an area characterized by high seismic activity. A number of
large earthquakes have occurred within the Site region during historic time (since 1800). The Historical
Earthquake Map, Figure D-10, presents earthquake magnitudes of significant earthquakes based on the
National Seismic Hazard Model (NSHM) Earthquake Catalogs. This earthquake catalog is for the Western
United States and provides a listing for all known M  2.5 earthquakes. Some of the significant  regional
earthquake events include the 1980 M5.8 Livermore earthquake located approximately 7 miles southwest
of  the Site,  the 1868 M6.8 earthquake that  originated on the Hayward Fault  approximately 28 miles
southwest of the Site, and the 1892 M6.6 Dunnigan Hills earthquake located approximately 36 miles north
of the Site.

In March 2015, scientists and engineers released a new earthquake forecast for the State of California
which was compiled by the USGS, the Southern California Earthquake Center, and the CGS with support
from the California Earthquake Authority (Field et al., 2014). It updates the earthquake forecast made for
the greater San Francisco Bay Area by the 2007 Working Group for California Earthquake Probabilities.
According to this recent study, there is a 72 percent probability that one or more magnitude M6.7 or
greater earthquakes will occur in the San Francisco Bay Area within the next approximately 30 years
(between 2014 and 2044). As has been demonstrated recently by the 1989 (M6.9) Loma Prieta, the 1994
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(M6.7) Northridge, and the 1995 (M6.9) Kobe earthquakes, earthquakes of this magnitude range can
cause severe ground shaking and significant damage to modern urban environments.

D4.3 Earthquake Ground Motion, 2016 California Building Code

D4.3.1 Site Class

Based on Section 1613A.3.2 of the 2016 CBC, the Site shall be classified as Site Class A, B, C, D, E or F based
on the site soil  properties and in accordance with Chapter  20 of  ASCE 7-10.  The average shear wave
velocity of the upper 50 feet was interpreted from the CPT test hole data using CPeT-IT v.2.0 developed
by GeoLogismiki. This program correlates CPT data to shear wave velocity using correlations based on
Lunne, Robertson, and Powell (1997). The time-weighted average of the shear wave velocity of the upper
50 feet for each CPT test hole was calculated as per ASCE 7-10 equation 20.4-1, and then extrapolated to
a depth of 100 feet following Boore (2004) as presented in Wair et al. (2012). The average shear wave
velocity of the upper 100 feet for the 5 CPT test holes is 623 feet per second. Therefore, as per Table 20.3-
1 of ASCE 7-10, the Site is Class D (Stiff soil). See attached supporting calculations which present the CPeT-
IT output spreadsheets with the time-weighted averaging columns added (yellow highlighting).

D4.3.2 Seismic Design Criteria

The 2016 CBC utilizes ground motion based on the Risk-Targeted Maximum Considered Earthquake
(MCE). The Risk-Targeted MCE is defined in the 2016 CBC as the most severe earthquake effects
considered by this code, determined for the orientation that results in the largest maximum response to
horizontal ground motions and with an adjustment for targeted risk. Ground motion parameters in the
2016 CBC are based on ASCE 7-10, Chapter 11.

The USGS has prepared maps presenting the Risk-Targeted MCE spectral acceleration (5% damping) for
periods of 0.2 seconds (SS) and 1.0 seconds (S1). The values of SS and S1 can be obtained from the USGS
Ground Motion Parameter Application available at:
http:/ /earthquake.usgs.gov/designmaps/us/application.php.

Table D-1 presents the spectral acceleration parameters produced for Site Class D by the USGS Ground
Motion Parameter Application and Chapter 16 of the 2016 CBC based on ASCE 7-10.
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TABLE D-1
SPECTRAL ACCELERATION PARAMETERS

RISK TARGETED MAXIMUM CONSIDERED EARTHQUAKE
Criteria Value Reference

MCE Mapped Spectral Acceleration (g) SS = 1.500 S1 = 0.510 USGS Mapped Value
Site Coefficients (Site Class D) Fa = 1.000 Fv = 1.500 ASCE Table 11.4
Site Adjusted MCE Spectral Acceleration (g) SMS = 1.500 SM1 = 0.764 ASCE Equations 11.4.1-2
Design Spectral Acceleration (g) SDS = 1.000 SD1 = 0.510 ASCE Equations 11.4.3-4

D4.3.3 Seismic Design Category

The long period spectral response acceleration coefficient, S1, is less than 0.750g. Therefore, as per Table
11.6-1 of ASCE 7-10, the Site lies in Seismic Design Category D, based on Risk Category III.

D4.3.4 Geometric Mean Peak Ground Acceleration

As per Section 1803A.5.12 of the CBC, peak ground acceleration (PGA) utilized for dynamic lateral earth
pressures and liquefaction, shall be based on a site-specific study (ASCE 7-10, Section 21.5) or ASCE 7-10,
Section 11.8.3. The USGS Ground Motion Parameter Application, based on ASCE 7-10, Section 11.8.3,
produced the values shown in Table D-2 based on Site Class D.

TABLE D-2
GEOMETRIC MEAN PEAK GROUND ACCELERATION

MAXIMUM CONSIDERED EARTHQUAKE
Criteria Value Reference

Mapped PGA (g) PGA = 0.500 USGS Mapped Value
Site Coefficients (Site Class D) FPGA = 1.000 ASCE Table 11.8-1
Geometric Mean PGA (g) PGAM = 0.500 ASCE Equation 11.8-1

D4.4 Seismically Induced Ground Failure

D4.4.1 Liquefaction

Liquefaction is a condition where saturated, granular soils undergo a substantial loss of strength and
deformation due to pore pressure increase as a result of cyclic stress application induced by earthquakes.
It is generally accepted that the four following conditions need to be met in order for liquefaction to occur
during ground shaking:

The subsurface soils are in a relatively loose state,
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The soils are saturated,
The soils have low plasticity, and
Ground shaking is of sufficient intensity to act as a triggering mechanism.

When liquefied, the soil acquires mobility sufficient to permit both horizontal and vertical movements if
the soil is not confined. Soils most susceptible to liquefaction are loose, clean, uniformly-graded silt and
fine sand, as well as some lean clay deposits. In addition, after soil liquefies, dissipation of the excess pore
pressures can produce volume changes within the liquefied soil layer, which can result in ground surface
settlement.

The Site is underlain by alluvial soils consisting of primarily of lean clay with layers of silt and sand
(sometimes loose) throughout the observed depth. Based on our analysis, we conclude that liquefaction-
induced settlement of some of the sand and silt  layers to be a minor hazard at the Site. The results and
discussion of our liquefaction analyses are presented in the “Soil Liquefaction” section of the geotechnical
report.

D4.4.2 Lateral Spreading

Lateral spreading is a potential seismic hazard commonly associated with liquefaction where extensional
ground cracking and settlement occur as a response to lateral migration of subsurface liquefiable material.
This phenomenon typically occurs adjacent to free faces, such as slopes and creek channels. Liquefaction-
induced settlement is considered to be a minor hazard at the Site (see above section for additional
discussion). In addition, there are no free faces in the vicinity of the Site and the depth to the potentially
liquefiable layers identified in our CPTs (refer to Appendix C of the geotechnical report) is significant;
therefore, the potential for lateral spread to occur at the Site is considered to be low.

D4.4.3 Dynamic Compaction (Seismic Settlement)

Another type of seismically-induced ground failure, which can occur as a result of seismic shaking, is
dynamic compaction (seismic settlement). This phenomenon typically occurs in unsaturated, loose
granular material or uncompacted fill soils. Due to the composition and apparent relative density of the
soils above the water table within the maximum depth of our exploration, we estimate settlements on
the order of less than ¼ inch due to dynamic compaction/seismic settlement. These settlements are
shown on the CPT liquefaction plots in Appendix C of the geotechnical report.
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APPENDIX E

SUMMARY OF COMPACTION RECOMMENDATIONS
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SUMMARY OF COMPACTION RECOMMENDATIONS

Area Compaction Recommendations
(See Notes 1, 2, 3, 4, 6)

Subgrade Preparation and
Placement of General
Engineered Fill, Including
Imported Fill

Compact upper 12 inches of subgrade and entire fill to a minimum of 90
percent compaction at near optimum content for granular soils and to a
minimum of 90 percent compaction at a minimum of 2 percent over
optimum moisture content for clayey soils.

Lime-Treated Soil

Trenches5

Compact lime-treated on-site soils to a minimum of 90 percent
compaction and at least 3 percent over optimum moisture content.

Compact trench backfill to a minimum of 90 percent compaction at near
optimum moisture content for granular soils and to a minimum of 90
percent compaction at a minimum of 2 percent over optimum moisture
content for clayey soils. Where trenches will be under flatwork or paving,
the upper 12 inches should be compacted as recommended below for
flatwork and pavement. Proper granular bedding and shading should be
used beneath and around new utilities.

Exterior Flatwork Compact upper 12 inches of subgrade to a minimum of 90 percent
compaction at near optimum moisture content for granular soils and to
a minimum of 90 percent compaction at a minimum of 2 percent over
optimum moisture content for clayey soils. Compact aggregate base to a
minimum of 90 percent compaction at near optimum moisture content.
Where exterior flatwork is exposed to vehicular traffic, compact upper
12 inches of subgrade to a minimum of 92 percent compaction and
aggregate base to a minimum of 95 percent compaction.

Pavements Compact upper 12 inches of subgrade to a minimum of 95 percent
compaction at near optimum moisture content for granular soils and to
a minimum of 92 percent compaction at a minimum of 2 percent over
optimum moisture content for clayey soils. Compact aggregate base to a
minimum of 95 percent compaction near optimum moisture content.

Notes:
(1) Depths are below finished subgrade elevation.
(2) All compaction requirements refer to relative compaction as a percentage of the laboratory standard described

by ASTM D 1557.
(3) Fill material should be compacted in lifts not exceeding 8 inches in loose thickness.
(4) All subgrades should be firm and stable.
(5) In landscaping areas only, the percent compaction in trenches may be reduced to 85 percent.
(6) Where fills are greater than 7 feet in depth below finish grade, the portion below a depth of 7 feet should be

compacted to a minimum of 95 percent compaction.


