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1.0 INTRODUCTION

The following report provides geotechnical recommendations for the proposed Science,
Technology, Engineering, and Mathematics (STEM) Facility to the San Diego State University
campus in Brawley, California. The general location of the site is shown in Figure 1A, Site Location.
The campus location is shown in more detail in Figure 1B, Site Vicinity. The approximate locations
of the subsurface explorations that we completed at the site are shown in Figure 2, Exploration
Locations.

1.1 Scope of Services

Our geotechnical services were provided in general accordance with the provisions of the
referenced proposal (Group Delta, 2023). The purpose of this work was to characterize the
geotechnical constraints to site development, and to provide recommendations for grading and
design of the new foundations, slabs, utilities, retaining walls, drainage improvements and
pavements. The recommendations provided herein are based on subsurface investigation, the
findings from laboratorytests, our engineering analyses, and our previous experience at the site
and with similar geologic conditions‘in the site vicinity. In summary, we provided the following
services for this project.

° A visual reconnaissance of the surface characteristics of the site and surrounding
areas, and a review ofthe relevant reports listed in the References section of this
report.

° A subsurface exploration of the site including three geotechnical borings and five

Cone Penetration Test (CPT) soundings<along with shear wave velocity
measurements. The exploration locations are shoewn on Figure 2. The Boring
Records and CPT data are provided in the figures of Appendix A.

° Laboratory tests were conducted on soil samples collected.from the geotechnical
borings. Laboratory tests included moisture content, dry density, sieve analysis,
Atterberg Limits, Expansion Index, soil corrosivity, uncanfined compressive strength,
and consolidation. The laboratory test results are summarized in Appendix B.

° Engineering analysis of the field and laboratory data to develop geotechnical
recommendations for site preparation, remedial earthwork, foundation, pavement
and retaining wall design, soil reactivity, site drainage, and moisture protection.

° Preparation of this report summarizing our findings, conclusions and providing
geotechnical recommendations for the proposed STEM facility.

N
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1.2 Site Description

The Brawley Campus of San Diego State University (SDSU) is located at 560 State Route 78 (SR-78)
in Brawley, California. The campus in situated within the Imperial Valley about 15 miles south of
the Salton Sea, as shown on Figure 1A, Site Location. The campus is located immediately north of
SR-78, east of Willis Road and west of McConnell Road, as shown on Figure 1B, Site Vicinity. The
campus contains an existing single-story building surrounded by asphalt concrete paved parking
areas, landscape areas, and shade structures. The location of the proposed STEM facility is
predominantly dirt surfaced and extends into a portion of the site that is currently used for
agriculture purposes. The approximate site limits are shown on Figure 2, Exploration Locations.

The SDSU Brawley campus is relatively flat-lying and located more than 130-feet below mean sea
level. The campus is surrounded by active agricultural fields. These fields are irrigated by a complex
system of canals and drains thatare maintained by the Imperial Irrigation District (1ID), such as the
Moorhead Canal to the east of the site shown in Figure 1B. The crops are drained through a series
of shallow subdrains which carry excess irrigation water laterally into open drainage channels such
as the Wills Drain One to the east anddateral One to the southwest (see Figure 1B). One of these
open drainage channels runs east-west through the center of the site.

13 Proposed Development

We understand that the proposed STEM facility.will consist of a two-story structure constructed
within the boundaries of the site limits shown onFigure 2, Exploration Locations. The building will
likely consist of a tilt-up concrete or steel-framed structure supported on conventional shallow
reinforced concrete foundations or a post-tensioned slab«#Other new site improvements may
include new sidewalks and pavement areas, as well as various new landscape areas, subsurface
utilities, and retaining walls.

2.0 FIELD AND LABORATORY INVESTIGATION

The following sections describe the current and prior field and laboratory investigations performed
near the proposed development.

2.1 Current Investigation

Our current field investigation included performing three geotechnical borings (B-1 through B-3)
and five Cone Penetration Test (CPT) soundings (CPT-6 through CPT-10) on February 17, 2023. The
maximum depth explored was about 85 feet below grade. The CPTs were advanced using a 30-ton
truck mounted CPT rig, and the borings were completed using truck-mounted drill rig using hollow-
stem auger and rotary wash methods. Bulk, Shelby tube, disturbed Standard Penetration Tests
(SPT), and less disturbed modified California samples were collected from the borings and were
subsequently transported to our laboratory for further visual evaluation and laboratory testing. The
exploration locations are shown on Figure 3. The Boring Records and CPT data are provided in
Appendix A.
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Shear wave velocity measurements were collected at the location of sounding CPT-10 at 5-foot
depth intervals to the maximum depth explored. The interval shear wave velocity data is presented
in Appendix A and indicates an average shear wave velocity (Vs3o) of 190 m/s (or 625 ft/s) in the
upper 100 feet.

The laboratory testing program included gradation and hydrometer analyses and Atterberg Limits
to aid in material classification according to the Unified Soil Classification System (USCS). Tests
were also conducted to help evaluate the soil expansion and corrosivity potential. Unconfined
compressive strength and consolidation tests were also performed to evaluate the undrained shear
strength and compressibility parameters of the underlying clayey materials. The laboratory test
results are shown in Appendix B.

2.1 Prior Investigation

Group Delta previously performed a geotechnical investigation for an addition located on the east
side of the existing structure at the site (Group Delta, 2022). The subsurface exploration program
included five CPT soundings (CPT-1 thfough CPT-5) on March 229, 2022. The maximum depth
explored was about 88 feet belowgrade. Shear wave velocity measurements were collected at
the location of sounding CPT-5 at 5-foot depth intervals. The interval shear wave velocity data is
presented in Appendix A and indicates an average shear wave velocity (Vs30) of 185 m/s (or 610
ft/s) in the upper 100 feet. Bulk soil samples were collected at each CPT sounding location for
laboratory testing and geotechnical analysis.

The laboratory testing program included gradation and hydrometer analyses and Atterberg Limits
to aid in material classification according to the'Unified Soil Classification System (USCS). Tests
were also conducted to help evaluate the soil expansion@nd.corrosivity potential. The maximum
density and optimum moisture content of a bulk soil sample were determined and used to help
remold a fill sample for shear testing.

The CPT locations are shown on Figure 2, Exploration Locations. The CPT data and laboratory
testing data are provided in Appendix C, Data from Prior Geotechnical Study. Salient findings from
this prior investigation are incorporated in the following sections of this report.

3.0 GEOLOGY AND SUBSURFACE CONDITIONS

The site is located within the north-central portion of the Salton Trough, a topographic and
structural depression bound to the north by the Coachella Valley and to the south by the Gulf of
California. The Salton Trough is a region of transition from the extensional tectonics of the East
Pacific Rise to the transform tectonic environment of the San Andreas system. Late Cenozoic
extension of the Gulf of California formed this deep topographic and structural depression.
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The Salton Trough is an actively growing rift valley in which sedimentation has almost kept pace
with tectonism (Elders, 1979). As rifting continued, the Colorado River delta filled the trough, and
conditions gradually changed from marine, to deltaic, to subaerial river and lake deposits. Today,
the Mesozoic-age crystalline basement rocks of the trough are covered by about 15,000 feet of
Cenozoic marine and nonmarine sedimentary deposits.

Thessiteis located in an area that has been covered by lakes during the Quaternary time. The most
recent of the lakes that formed in the Salton Trough was known as Lake Cahuilla, which was formed
by flooding of the Colorado River and existed until approximately 300 years ago (Elders, 1979). The
old shoreline of Lake Cahuilla can be traced along the Santa Rosa Mountains north of the site, and
averages about 40 feet above mean sea level. The site is underlain at depth by hundreds of feet of
lacustrine (lake) deposits, overlain by shallow fill.

The general geology in the site vicinity is shown on Figure 3, Geology. A geotechnical cross section
of the site is provided in Figure 4. Logs interpreting the subsurface conditions we encountered in
the geotechnical borings and CPT soundings during the current investigation are provided in
Appendix A, and logs from prior investigation are provided in Appendix C. The geologic materials
encountered at the site are described below.

3.1 Lacustrine Deposits

The entire site is underlain by deep lacustrine deposits associated with the ancestral Lake Cahuilla.
The lacustrine sediments are estimated to be wellover 100 feet thick (Kovach et al., 1962). The lake
sediments are typically fine grained, and generally consist of interbedded clays (Unified Soil
Classification Symbol CL and CH), with thin lenses of silt (ML)and occasional beds of silty sand (SM).
The granular soils within the lake deposits are typicallysmedium dense in consistency. The clays
range from low to high plasticity, and range in consistency from soft to,stiff.

Laboratory tests indicate that the surficial clays have a high to very high expansion potential and
severe soluble sulfate and chloride contents. The estimated undrained shear strength (Su) for the
predominately clayey lacustrine deposits typically ranges from about 0.75 to 2 kips per square foot
(ksf). The fine-grained lacustrine deposits would therefore be considered medium stiff to stiff in
consistency. Shear wave velocity measurements at the location of sounding CPT-10 indicated an
average shear wave velocity of about 625 ft/s (or 190 m/s).

Several roughly 2- to 3-foot thick beds of silty sand (SM) were encountered in the explorations at
depths ranging from between 18 to 28 feet below existing grade. An approximately 10-foot thick
layer of sandy materials was also interpreted in CPT-10 from depths between approximately 50 to
60 feet. These layers were also encountered in previous explorations performed to the west (Group
Delta, 2022). The CPT tip resistance in these sandy layers generally exceeded 120 tons per square
foot (tsf), and SPT-corrected blow counts generally ranged between 20 and 35, which is indicative
of a medium dense to dense material. Our analyses indicate that these zones of material are
potentially liquefiable under high seismic demand, as described in the Earthquake Induced Ground
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Failure section of this report. The location and extent of these continuous, potentially liquefiable,
granular lacustrine deposits are also shown in the Geotechnical Cross Section, Figure 4.

3.2 Fill

Approximately one to two feet of fill and/or disturbed agricultural soil were encountered in each of
our explorations. Similarly, a few feet of fill were encountered in our prior explorations performed
to the west (Group Delta, 2022). The surficial materials generally consist of fat clay (CH) with little
or no sand. The fill soils have a high to very high potential for expansion and are considered
severely corrosive. At the location of CPT-1 within the parking lot area, the existing pavement
section consisted of 3 inches of asphalt concrete over 12 inches of aggregate base. Note that the
existing pavements are cracked due to the highly expansive nature of the subgrade.

3.3 Groundwater

Groundwater was measured at a depth of approximately 10 feet below existing site grades. Pore
pressure dissipation tests.were also conducted within the CPT soundings. The equilibrium pore
water pressure measured by these tests was used to estimate the groundwater elevations. These
dissipation analyses indicate that the groundwater levels at the site vary from a depth of about 8 to
12 feet below existing site grades. Note'that groundwater levels do fluctuate over time due to
changes in groundwater extraction, irrigation, or antecedent rainfall. It should also be noted that
changesin rainfall, irrigation practices (particularlyrelated to agricultural areas around and within
the site that are flood irrigated), or site«drainage may produce seepage or locally perched
groundwater conditions at any depth within the fill or lacustrine deposits underlying the site.

4.0 GEOLOGIC HAZARDS

The site is located within the Salton Trough of the Colorado Desert geomorphic province, which is
one of the most seismically active areas in California, as shown on Figure 5A, Fault Locations. The
Salton Trough is the zone of transition between the ocean floor spreading regime in the Gulf of
California and the right-lateral, strike-slip regime of the San Andreas system. Geologic hazards at
the site are related to the potential for strong ground shaking due to an earthquake on one of
several nearby active faults, as well as the potential for associated soil liquefaction and dynamic
settlement. Each of the potential geologic hazards is described in more detail below.

4.1 Strong Ground Motion

The site is in a seismically active area. There are several active faults in the site vicinity that have
produced moderate to large earthquakes within the past 100 years. The Imperial Fault Zone
ruptured with a magnitude 6.9 earthquake in 1940, and again with a magnitude 6.4 earthquake in
1979 (USGS, 1982). The trace of the ground rupture from the 1940 earthquake was located about 5
miles east of the site (see Figure 3 and Figure 5B for the approximate 1940 ground rupture
location). Additionally, there are several other known active faults close to the site, including the
Superstition Hills and Superstition Mountain fault zones to the northwest, and the Laguna Salada
and Cerro Prieto fault zones to the south (see Figures 3 and 5A). The Superstition Hills fault
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experienced a magnitude 6.7 earthquake in 1987 (Magistrale et al., 1989). In 2010, a magnitude 7.2
earthquake occurred on the Laguna Salada fault zone south of the international border (Gonzalez-
Ortega et al., 2014). These earthquakes caused damage to structures throughout Imperial Valley,
including soil liquefaction, settlement, and surficial slumps along the Imperial Irrigation District
canal and drains (USGS, 1982; Gonzalez-Ortega et al., 2014; Holzer et al., 1989).

The new building will likely be subjected to numerous small to moderate magnitude earthquakes,
as well as occasional larger magnitude earthquakes from nearby active faults over its expected life
span. The resulting strong ground motions associated with this hazard may be managed by
structural design per the governing edition of the California Building Code and California State
University (CSU) Seismic Requirements (CSU, 2020). Seismic design parameters are provided in the
Recommendations section of this report.

4.2 Ground Rupture

Ground rupture results,from movement on an active fault reaching the ground surface. The site is
not located within an Alquist-Priolo Active Fault Zone and no known active faults are present in the
immediate site vicinity, as shown onFigure 5B, Alquist-Priolo Special Studies Zones. Potential for
ground rupture from active faulting should/'therefore be considered low.

4.3 Earthquake-Induced Ground Failure

Potentially liquefiable soils underlie the site.Figure 3, Geology, illustrates that the site is mapped in
an area underlain by Quaternary Lake Deposits (i.e., Lacustrine Deposits) that are known to be
potentially susceptible to liquefaction and its secondary effects(e.g., earthquake-induced ground
failure).

4.3.1 Background

Liquefaction is the sudden loss of soil shear strength within saturated, loose to medium dense,
sands and non-plastic silts. Liquefaction is caused by the build-up of pore water pressure during
strong ground shaking from an earthquake. Secondary effects of liquefaction are sand boils,
settlement and instabilities within sloping ground that occur as lateral spreading, seismic
deformation and flow sliding. Lateral spreading is the horizontal deformation of gently sloping
ground (slope less than 6 percent), and seismic deformation is the horizontal movement of more
steeply sloping ground, both of which can occur during strong ground shaking. Flow sliding is an
overall instability of more steeply sloping ground that can occur following or near the end of strong
ground shaking, depending on its duration. Associated with liquefaction is seismic compaction,
which is the densification of loose to medium dense granular soils that are above groundwater. Of
these, liquefaction-induced settlement and seismic compaction are considered more likely to occur
given the site surface and subsurface conditions, as discussed below.
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4.3.2 \Vertical Settlement Analyses

4.3.2.1 Volumetric Settlements

The computer program CLiq (GeolLogismiki, 2019) was used to perform liquefaction triggering
calculations using several CPT-based methods, including those recommended by the NCEER
Workshops (Youd and Idriss, 2001) and Boulanger and Idriss (2014). ClLig also calculates the
estimated free-field volumetric settlement (below groundwater) and seismic compaction (above
groundwater). The analyses adopted the following input parameters:

Peak Ground Acceleration (PGAM): ooeveeeveeeiieeiieiececeeeeeeeeeann 0.6g
Earthquake Magnitude (MW): .......ouviviieiiiiieeeee e, 6.7
Groundwater Level:.......cccoeeeeeeeeennnns 10 feet Below Ground Surface

The PGAm was evaluated using the maximum of the: 1) most recent version of the CSU Seismic
Requirements (CSU, 2020), and; 2) maximum considered earthquake geometric mean (MCEg) peak
ground accelerationadjusted for Site Class effects (PGAw) obtained from the ASCE 7 Hazard Tool
(ASCE, 2023) in accordance with ASCE 7-16 (ASCE, 2017) and the 2022 California Building Code (CBSC,
2022). The controlling magnitude used in.the liquefaction evaluation was selected by reviewing
deaggregation results obtained from the USGS Unified Hazard Tool (USGS, 2023). A design
groundwater level of 10 feet below ground surface was adopted based on our groundwater
measurements and our interpretation of the soil saturation of in-situ soil samples and CPT pore
pressure dissipation test data.

The analyses were performed using data collected from the recent CPTs performed at the site (CPT-6
through CPT-10). The correlated CPT parameters were compared to the results of our field and
laboratory testing collected from borings B-1 through B-3. The)CPT Soil Behavior Type (SBT)
correlated from the CPT data was adjusted to best fit the observations, classifications, and material
properties of the soils within the borings.

In accordance with Special Publication 117A (CGS, 2008) and general geotechnical engineering
practices, a factor of safety against liquefaction of 1.3 was adopted in the analyses, and the
liguefaction analyses was limited to a depth of 60 feet to incorporate the potentially liquefiable layer
that extends down to 60 feet.

The liquefaction settlement analyses include depth weighting proposed by Cetin et al. (2009), which
consists of a simple linear weighting factor that weights the volumetric strain with depth. This
reduces the impact of volumetric strains at large depths. The weighting starts at one at the ground
surface and reduces to zero at the weighting limit depth, selected to be the depth of analysis for this
project (i.e., 60 feet).
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4.3.3 \Vertical Settlement Summary

Based on the results of the triggering analyses there are several potentially liquefiable zones within the
subsurface profile. In general, the potentially liquefiable soils consist of occasional thin beds that are
generally less than 2-foot-thick each, but some up to 4-feet thick locally. The estimated liquefaction-
induced volumetric settlement is approximately 1-inch or less at each exploration location. The
estimated liquefaction-induced differential settlement is approximately 0.5-inch or less over a
horizontal distance of 30 feet.

4.3.4 Instability of Sloping Ground

Since the site is essentially level and the buildings are not located immediately adjacent to sloping
ground, the potential for significant liquefaction-induced lateral displacement should be low.

4.4 Landslides

Evidence of ancient landslides or slope instabilities was not observed during our literature review
or site reconnaissance and the site ‘is essentially level. Provided that our geotechnical
recommendations are properly implemented during construction, it is our opinion that slope
instability does not adversely impact thesproposed development.

4.5 Tsunamis, Seiches, and Flooding

The distance between the subject site and'the gulf/precludes damage due to seismically induced
waves (tsunamis) or seiches within the Gulf of California. The Salton Sea is located about 15 miles
north of the site at more than 230 feet below mean sea level, which is more than 100-feet below
the existing site elevations. The Alamo River is located about one mile east of the site, and the New
River is located about 3 miles northwest of the site (see Figure 5B). However, the normal water
surface elevations in these rivers are roughly 20 to 40 feet below site grades. Further, the site is
mapped in Federal Emergency Management Agency (FEMA) zone designated; “Areas determined
to be outside the 0.2% annual chance floodplain” (FEMA, 2008). Consequently, the potential for
earthquake induced or other flooding at the site is considered to be low. However, the flooding
hazard at the site should be evaluated by the project civil engineer.
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5.0 GEOTECHNICAL CONDITIONS

Fill and lacustrine deposits underly the site, as discussed in the Geology and Subsurface Conditions
section of this report. Geotechnical conditions associated with these units are discussed below.

5.1 Expansive Soils

Laboratory tests indicate the surficial soils at the site should have a “High” to “Very High” Potential
Expansion. The results of three Expansion Index tests conducted on bulk soil samples obtained
from the ground surface to a depth of about 5 feet below existing grades ranged from 92 to 132,
averaging 113 with a median of 116 (i.e., High Potential Expansion). Appendix B provides the test
results. Similar Expansion Index test results were obtained from samples collected from our prior
investigation to the west of the site, as shown in Appendix C (Group Delta, 2022).

5.2 Compressible Soils

Compressible soils underlie the site. Most of these soils are clay that should experience some time
dependent consolidation settlement (i.e.; long-term settlement). There are also beds of non-plastic
silty sand and silt that should settleelastically with the initial fill and structure loading (i.e., short-
term settlement). In general, the clay has.a medium to high plasticity and we interpret it to be
relatively stiff and slightly overconsolidated from consolidation testing, pocket penetrometer tests,
unconfined compressive strength testing, CPT interpretations, and Plasticity Index data. The in-situ
moisture contents are generally near the Plastie'Limit and the Liquidity Indices are less than 0.7,
which indicate relatively stiff and low compressibility soils.

Provided minimal fill placement is needed at the site to achieve.the proposed finish grades and
foundation loading is limited to the bearing pressures provided in the Recommendations section of
this report, most of the long-term settlement should occur in a relatively short time following initial
loading. However, there are zones of thick clay that could experience'some time dependent
consolidation settlement if significant loading from fill or foundation leads are proposed for the
project. The estimated settlement magnitude and duration associatedwith proposed fill placements
and foundation loads should be evaluated during the design development phase of the project to
evaluate the potential impact to the project.

5.3 Reuse of Onsite Soils

Soils generated from onsite excavations are anticipated to consist of lean and fat clay (CL and CH)
and are not considered suitable for re-use as compacted fill without specific recommendations [see
the Post-Tensioned Slabs (Case B — Existing Clay) section of this report]. Imported fill is anticipated
to be needed to replace the highly expansive materials underlying the proposed structures,
flatwork, and pavements. Recommendations for imported fill are provided in the
Recommendations section of this report.
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6.0 CONCLUSIONS

The proposed STEM Facility appears to be feasible from a geotechnical perspective, provided that
appropriate measures are implemented during design and construction. Several geotechnical
conditions exist on site that need to be addressed.

° Laboratory tests indicate that the surficial soils at the site have a high to very high potential
for expansion (Expansion Index greater than 90). The use of thickened foundations and
slabs underlain by at least five feet of imported granular non-expansive compacted fill could
reduce the potential for future distress to the building associated with soil expansion.
Alternatively, a post-tensioned slab-on-grade could be used to support the new building.
Alternative post-tension slab design parameters are provided for slabs bearing on either
imported select sand or compacted on-site clay.

° The site is underlain predominantly by clay soils that are considered compressible.
Placement of new fill and foundation loads will induce time dependent settlement. Given
that little information is currently available about the proposed structure and site grading,
the settlement magnitude and‘duration associated with proposed fill placements and
foundation loads should be evaluated during the design development phase of the project
to evaluate potential impacts.

° Soils derived from onsite excavations are not considered suitable for reuse as engineered
fill without specific recommendations. Laboratory tests indicate the fill soils primarily
consist of lean and fat clay (CL and CH) with a high to very high expansion potential. To
reduce the potential for heave related distress, we recommend placing and compacting
imported non-expansive granular material beneath structures, pavements, flatwork, and
other heave-sensitive improvements.

° Groundwater was encountered at the site at depths ranging from about 8 to 12 feet below
existing surface grades. The site is also located in an area of high seismic activity, and the
potential does exist for relatively minor earthquake induced liquefaction settlement of the
granular lacustrine deposits beneath the site. The use of thickéned and heavily reinforced
conventional building foundations or post-tensioned slabs could help to reduce the
potential for distress to the building associated with post-liquefaction settlement (as well as
soil expansion).

. Laboratory tests indicate that the clayey surficial soils at the site present a severe risk of
sulfate attack and are also very corrosive to buried metals. The recommended placement of
two to five feet of imported sand beneath the sidewalks and building slabs-on-grade could
help to reduce the potential for sulfate attack and corrosion. However, sulfate resistant
Type V cement is recommended for use at the site. Various corrosion control measures may
also be needed for buried metal structures. A corrosion consultant may be contacted.

° The site is situated within a zone of high seismic activity. The strong ground shaking hazard
may be mitigated by structural design in accordance with the applicable provisions of the
governing California Building Code and minimum CSU Seismic Requirements. The potential
for flooding at the site should be addressed by the project civil engineer.
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7.0 RECOMMENDATIONS

The remainder of this report presents recommendations for earthwork construction and the design
of the proposed improvements. These recommendations are based on empirical and analytical
methods typical of the standards of practice in southern California. If these recommendations do
not cover a specific feature of the project, please contact our office for revisions or amendments.

7.1 Plan Review

We recommend that grading and foundation plans be reviewed by Group Delta prior to finalization.
We anticipate that substantial changes in the development may occur from the preliminary design
concepts used for this investigation. Such changes may require additional geotechnical evaluation,
which may result in substantial modifications to the remedial grading and foundation
recommendations provided inithis report.

7.2 Excavation and Grading Observation

Foundation and grading excavations_should be observed by the project geotechnical consultant.
During grading, the geotechnical engineer’s representative should provide observation and testing
services continuously. Such obseérvations:are considered essential to identify field conditions that
differ from those anticipated by this investigation, to adjust designs to the actual field conditions,
and to determine that the remedial grading is accomplished in general accordance with the
recommendations presented in this report«The recommendations provided in this report are
contingent upon Group Delta Consultants providing these services. Our personnel should perform
sufficient testing of fill and backfill during grading and improvement operations to support our
professional opinion as to compliance with the compaction recommendations.

7.3 Earthwork

Grading and earthwork should be conducted in general accordance with the requirements of the
current California Building Code, CSU Grading Ordinances, and the earthwork recommendations
provided within this report. The following recommendations are provided regarding specific
aspects of the proposed earthwork. These recommendations should be considered subject to
revision based on the conditions observed by the geotechnical consultant during the grading
operations.
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7.3.1 Site Preparation

General site preparation should begin with the removal of deleterious materials, including any
existing structures, vegetation, turf, contaminated soil, trash, and demolition debris. Existing
subsurface utilities or groundwater wells that underly the proposed improvements should be
properly abandoned and relocated outside of the proposed building footprint. Excavations
associated with abandonment operations should be backfilled and compacted as described in Fill
Compaction Section of this report. Wells, if present, should be abandoned per local and State
guidelines. Alternatively, abandoned utilities may be grouted with a two-sack sand-cement slurry
under the observation of the project geotechnical consultant.

7.3.2 Improvement Areas

At least two feet of import granular compacted fill with an Expansion Index less than 20 is
recommended beneath new concrete sidewalks and exterior flatwork areas. To accomplish this
objective, the uppertwo feet/of soil below slab subgrade (i.e., bottom of the slab) should be
excavated and removed fromthe site. The over-excavation should include the soil within 2-feet of
the sidewalk perimeter (measuredchorizontally). The resulting excavation surface should be
scarified to a depth of 12 inches, brfought to 3-percentage points or more above optimum moisture
content and compacted to at least 90 percent of the maximum dry density per ASTM D1557. The
excavation bottom should then be backfilled to the planned slab subgrade elevations using an
imported non-expansive granular material _and ‘be compacted in accordance with the
recommendations in the Fill Compaction section below. Subgrade compaction should be conducted
immediately prior to placing concrete or base.

7.3.3 Building Areas

The clayey lacustrine deposits beneath the proposed building consist oflean clay (CL) and fat clay
(CH) that have a “high” to “very high” expansion potential. We recommend that clayey soil beneath
the proposed building be removed to 5 feet below the finish pad elevations (i.e., below the bottom
of the slab) or 3 feet below the bottom of foundations, whichever is deeper. The remedial
excavations should extend at least 5 feet horizontally beyond the perimeter of the proposed
building, including any isolated pad footings that are outside of the building footprint. However,
the excavations should not pass below a 1:1 plane extending down and out from the bottom
outside edge of any existing foundations to avoid undermining and potential distress to existing
structures. The resulting excavation surface should be scarified to a depth of approximately 12
inches, brought to 3-percentage points or more above optimum moisture content, and compacted
to at least 90 percent of the maximum dry density at per ASTM D1557. The excavation should then
be backfilled to the planned slab subgrade elevations using an imported non-expansive (Expansion
Index less than 20) granular material and be compacted in accordance with the recommendations
in the Fill Compaction section below.
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7.3.4 Fill Compaction

Fill and backfill should be placed and compacted at or slightly above optimum moisture content per
ASTM D1557 using equipment capable of producing a uniformly compacted product. The maximum
loose lift thickness should be 8 inches, unless performance observed and testing during earthwork
indicates a thinner loose lift is needed, or a thicker loose lift is possible, up to a loose lift thickness
of 12 inches.

The minimum recommended relative compaction is 90 percent of the maximum dry density per
ASTM D1557. Sufficient observation and testing should be performed by the project geotechnical
consultant during grading so that an opinion can be rendered as to the compaction achieved. Rocks
or concrete fragments greater than 6 inches in maximum dimension should not be used in
compacted fill.

Atwo-sack sand and eement slurry may be used as an alternative to compacted fill soil. It has been
our experience that slurry is often useful in confined areas which may be difficult to access with
typical compaction equipment. A .minimum 28-day compressive strength of 100 psi is
recommended for the two-sack sand and cement slurry. Samples of the slurry should be fabricated
and tested for compressive strength during construction.

7.3.5 Import Soil

Imported fill sources should be observed andtested by the project geotechnical consultant prior to
hauling onto the site to evaluate the suitability for use. In general, imported fill materials should
consist of granular soil with 100 percent passing the 3-inch sieve, more than 70 percent passing the
%-inch sieve, and less than 35 percent passing the No. 200 sieve based on ASTM C136, and have an
Expansion Index less than 20 based on ASTM D4829.“Import soils should also have a negligible
potential for sulfate attack (i.e., sulfate content less than 0.1 percent). Samples of the proposed
import should be tested by the geotechnical consultant to evaluate‘the suitability of these
materials for their proposed use.

Additional testing per the guidelines provided by the Department of Toxic Substances Control
(DTSC, 2001) is required by the Owner prior to accepting soil for import. The test results should
meet the most stringent State and Federal residential screening levels including the most up-to-
date DTSC Modified Screening Levels (DTSC-SLs) and United States Environmental Protection
Agency Regional Screening Level (RSL).

DY

AN GROLUP DELTA 2023-03-27 SDSU Brawley STEM Facility Draft GeoRpt (Group Delta 23-0017).doc
=



Report of Geotechnical Investigation Project No. SD725A
SDSU Brawley STEM Facility March 27, 2023
San Diego State University Page 14

7.3.6 Subgrade Stabilization

All excavation bottoms should be firm and unyielding prior to placing fill. In areas of saturated or
“pumping” subgrade, a geogrid such as Tensar TX7 (or approved similar) may be placed directly on
the excavation bottom, and then covered with at least 12 inches of minus %-inch aggregate base.
Once the excavation is firm enough to attain the recommended compaction within the base, the
remainder of the excavation may be backfilled using either compacted soil or aggregate base. If
wet soil conditions are encountered where further excavations are needed, an additional 12-inches
of free draining open graded material (such as minus %-inch crushed rock) should be placed
between the stabilizing geogrid and the compacted well graded aggregate base. The open graded
material should be completely enveloped in filter fabric (such as Mirafi 140N or approved similar).

7.3.7 Temporary Excavations

Temporary excavationsS may be needed to construct the planned improvements. Excavations
should conform to Cal/OSHA guidelines (2021). In general, we recommended that temporary
excavations be inclined nasteeper thand :1 for heights up to 5 feet. Vertical excavations should be
shored. Any excavations that encounter groundwater seepage should be evaluated on a case-by-
case basis.

The design, construction, maintenance, and monitoring of all temporary slopes is the responsibility
of the contractor. The contractor should have a competent person evaluate the geologic conditions
encountered during excavation to determine permissible temporary slope inclinations and other
measures as required by Cal/OSHA. The below assessment of Cal/OSHA Soil Types for temporary
slopes is based on preliminary engineering classifications of material encountered in widely spaced
explorations.

Based on the findings of our subsurface investigation, the following Cal/OSHA Soil Types may be
assumed for planning purposes.

PRELIMINARY CAL/OSHA SOIL TYPES

Geologic Unit Cal/OSHA Soil Type
Fill Type B?
Lacustrine Deposits Type B!

L. This assumes that no groundwater seepage or caving is encountered in the excavations.

DY

AN GROLUP DELTA 2023-03-27 SDSU Brawley STEM Facility Draft GeoRpt (Group Delta 23-0017).doc
=



Report of Geotechnical Investigation Project No. SD725A
SDSU Brawley STEM Facility March 27, 2023
San Diego State University Page 15

7.4 Surface Drainage

Foundation and slab performance depends greatly on how well surface runoff drains from the site.
The ground surface should be graded so that water flows rapidly away from structures and top of
slopes without ponding. The surface gradient needed to achieve this may depend on the prevailing
landscaping. Planters should be designed and built so that water will not seep into the foundation,
slab, pavement, or other heave/settlement structure areas. If roof drains are used, the drainage
should be channeled by pipe to the storm drain system, or discharge at least 10 feet from buildings.
Irrigation should be limited to the minimum needed to sustain landscaping, and consideration
should be given to utilizing drought tolerant landscape to further minimize water used for
irrigation. Existing drainage channels through the proposed site should be re-routed and graded do
drain away from improvement areas. Excessive irrigation, surface water, water line leaks, or rainfall
may cause perched groundwater to develop within the underlying soil.

7.5 Storm Water Management

We anticipate that variousbioretentionibasins, swales or pervious paver block pavements may be
proposed to promote on-site infiltration for storm water Best Management Practice (BMP). In
order to help evaluate the feasibility of on-site infiltration, the infiltration rate of the on-site soil
may be estimated using borehole percolation or double ring infiltrometer tests conducted within
the planned BMP areas. However, our experience indicates that infiltration testing in clay soils
should resultin a “No Infiltration” condition per the'applicable BMP Design Manual. An infiltration
rate of less than 0.01 inches per hour is estimated'based on previous infiltration tests we have
conducted in similar clay soils. The clays typically have a permeability of 107 to 10° cm/s
(essentially impermeable).

7.6 Seismic Design

Structures should be designed in general accordance with the governing seismic provisions of the
2022 California Building Code, as well as the minimum seismic design requirements of the
California State University (CSU, 2020). Field testing consisting of shear wave measurementsin CPT-
10 resulted in average shear wave velocity in the upper 30 meters (Vs30), or 100 feet, of
approximately or 190 m/s (625 ft/s). Based on these measurements, the Site Classification using
Chapter 20 of ASCE 7-16 would be Site Class D. The following preliminary seismic design parameters
are recommended by the California State University Seismic Requirements (CSU, 2020) for the site.
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CSU - SDSU IMPERIAL CAMPUS SEISMIC DESIGN PARAMETERS

Hazard Level Parameter Site Class D
PGAp 0.40
Spbo 0.40
BSE-1N
Sps 1.00
So1 0.68
PGAm 0.59
Smo 0.60
BSE-2N
Swms 1.50
Sm1 1.02

7.7 Foundation Recommendations

The foundations for the new buildings should be designed by the project structural engineer using
the following geotechnical.parameters. These are only minimum criteria, and should not be
considered a structural design, or to preclude more restrictive criteria of governing agencies or the
structural engineer. The following recommendations should be considered preliminary, and subject
to revision based on decisions made during design development and the conditions observed by
the geotechnical consultant during grading.

7.7.1 Conventional Foundations

The following recommendations assume that remedial grading will be conducted for the building
pad area as recommended in the Earthwork Section, and thatithe building pad grade will be
underlain by at least 5-feet of imported granular non-expansive compacted fill (Expansion Index of
20 or less). Conventional shallow foundations would be considered appropriate for this condition,
as shown in Figure 6.

Allowable Bearing: 2,000 psf (allow % increase for short-term wind or seismic
loads)

Minimum Footing Width: 12 inches
Minimum Footing Depth: 24 inches below lowest adjacent soil grade

Minimum Reinforcement: Two No. 5 bars at both top and bottom in continuous footings
7.7.2 Post-Tensioned Slabs

Two different post-tensioned slab foundation design conditions are summarized below. Case A
provides recommendations assuming the building will be underlain by at least 5-feet of imported
granular non-expansive compacted fill, and Case B assumes that a post-tension slab foundation may
be designed to bear directly on recompacted expansive on-site clay. The following recommendations
are provided using the Post-Tensioning Institute (PTI) Document PTI DC10.5-19 (2019).
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7.7.2.1 Case A — Select Fill

For Case A, we have assumed that remedial grading will be conducted per our recommendations,
and that the proposed building will be underlain by at least 5-feet of imported granular non-
expansive compacted fill in accordance with the Earthwork Section of this report, overlying the
existing expansive clay. The following post-tension slab foundation design parameters are
considered applicable to buildings that will be underlain by such conditions. Note that these
recommendations should be considered preliminary, and subject to revision based on the as-
graded conditions observed by the geotechnical consultant during fine grading of the site.

Post-Tension Slab Design Parameters (Case A):

Moisture Variation Distance, em: Center Lift: 5.5 feet
Edge Lift: 2.5 feet

Differential Soil Movement, ym: Center Lift: 0.7 inches
Edge Lift: 1.2 inches

Allowable Bearing: 2,000 psf at slab subgrade

7.7.2.2 Post-Tensioned Slabs (Case B — Existing Clay)

As an alternative to remedial grading to replace the highly expansive clays with imported sand as
described in Case A above, a post-tension slabfoundation may be designed to bear directly on the
highly expansive on-site clay. For Case B, the undocumented fill soils underlying the proposed
structure should be excavated and replaced as a uniformly compacted fill beneath the building (as a
minimum). The undocumented fill depth is anticipated to extend approximately two to three feet
below existing grades at the site. The clayey fill soil shouldbe compacted to at least 90 percent
relative compaction at 3-percentage points or more above optimum maisture content per ASTM
D1557. The following post-tension slab foundation design parameters are considered appropriate
for a building underlain by recompacted clayey fill soils.

Post-Tension Slab Design Parameters (Case B):

Moisture Variation Distance, em: Center Lift: 5.5 feet
Edge Lift: 3.0 feet

Differential Soil Movement, ym: Center Lift: 2.5 inches
Edge Lift: 4.0 inches

Allowable Bearing: 2,000 psf at slab subgrade
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7.7.3 Settlement

Total and differential settlements of the proposed structure due to the allowable bearing loads
provided above are not expected to exceed 1.5 and 0.75 inches in 30 feet, respectively. In addition
to static settlement, the site may experience post-liquefaction total and differential settlements on
the order of approximately 1-inch and 0.5 inches in 30 feet, respectively, as discussed in
Earthquake Induced Ground Failure Section.

7.7.4 Lateral Resistance

Lateral loads against the structure may be resisted by friction between the bottoms of footings and
slabs and the underlying soil, as well as passive pressure from the portion of vertical foundation
members embedded into compacted fill. A coefficient of friction of 0.25 and a passive pressure of
250 psf per foot of depthamay be used for level ground conditions.

7.8 On-Grade Slabs

Conventional concrete building slabs should be at least 6 inches thick and should be reinforced with
at least No. 3 bars on 12-inch centers, each way. Slab thickness, control joints, and reinforcement
should be designed by the project structural engineer and should conform to the requirements of
the current California Building Code and based on the proposed slab loading.

7.8.1 Moisture Protection for Slabs

Moisture protection should comply with requirements of the current CBC, American Concrete
Institute, and the desired functionality of the interior ground level spaces. The project Architect
typically specifies an appropriate level of moisture protection considering allowable moisture
transmission rates for the flooring or other functionality considerations.

Moisture protection may be a “Vapor Retarder” or “Vapor Barrier” that use,membranes with a
thickness of 10 and 15 mil or more, respectively. The membrane may be'placed between the concrete
slab and the clean sand or finished subgrade immediately below the slab, provided it is protected from
puncture and repaired per the manufacturer’'s recommendations if damaged. Note that the CBC
specifies that a capillary break such as 4 inches of clean sand be used beneath building slabs (as defined
and installed per the California Green Building Standards), along with a Vapor Retarder.

7.9 Exterior Slabs

Exterior slabs and sidewalks subjected to pedestrian traffic and light vehicle loading (e.g., golf carts)
should be at least 4 inches thick and underlain by 2-feet of imported granular non-expansive
compacted fill in accordance with the Improvement Areas section of this report. Control joints
should be placed on a maximum spacing of 10-foot centers, each way, for slabs, and on 5-foot
centers for sidewalks. The potential for differential movements across the control joints may be
reduced by using steel reinforcement. Typical reinforcement would consist of 6x6 W2.9/W2.9
welded wire fabric placed securely at mid-height of the slab.
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7.10 Earth-Retaining Structures

Backfilling retaining walls with expansive soil can increase lateral pressures well beyond normal
active or at-rest pressures. Retaining walls should be backfilled with import granular material with
an Expansion Index of less than 20. The on-site soils do not meet this criterion. Retaining wall
backfill should be compacted to at least 90 percent relative compaction based on ASTM D1557.
Backfill should not be placed until the retaining walls have achieved adequate strength. Heavy
compaction equipment should not be used. Retaining wall foundations should be designed using
the recommendations included in the Shallow Foundations section of this report.

7.10.1 Cantilever Walls

Cantilever retaining walls with level granular backfill may be designed using an active earth pressure
approximated by an equivalentfluid pressure of 35 pounds per cubic foot (pcf). The active pressure
should be used for walls free to yield at the top at least ¥ percent of the wall height. Retaining walls
that are located adjacent to vehicular traffic areas may be designed to resist a uniform lateral
surcharge pressure of 100:pounds perssquare foot (psf), resulting from a typical 300 psf traffic
surcharge acting behind the wall. Retainingwalls should contain adequate drainage to relieve the
buildup of hydrostatic pressures..Our recommended wall drainage details are shown in Figure 7.

7.11 Preliminary Pavement Design

For all pavement areas, the upper 12 inches ofclayey/subgrade soil (below the pavement aggregate
base section) should be removed. This removal should extend 2 feet or more beyond the outside
edge of the pavement perimeter measured horizontally. The résulting excavation surface should be
scarified immediately prior to constructing the pavements, brought to optimum moisture, and
compacted to at least 90 percent of the maximum dry density at 3-percentage points or more
above optimum moisture content per ASTM D1557. The excavation:bottom should then be
backfilled to the planned pavement subgrade (i.e., bottom of the aggregate base section) using an
imported non-expansive (expansion index less than 20) granular soil (i.e:, subbase). Aggregate base
and subbase should be compacted to 95 percent relative compaction at or slightly above optimum
moisture content per ASTM D1557. Aggregate base should conform to the Standard Specifications
for Public Works Construction (SSPWC), Sections 200-2.2, -2.4, or -2.5 (PWSI, 2021). Asphalt
concrete should conform to Section 203-6 of the SSPWC and should be compacted to 91 and 97
percent of the Rice density per ASTM D2041 (PWSI, 2021).

7.11.1 Asphalt Concrete

Based on our previous experience, we anticipate that the clayey on-site soils have an R-Value of 5
or less. Preliminary asphalt concrete pavement design was conducted using the Caltrans Design
Method (2018). We anticipate that a Traffic Index ranging from 5.0 to 6.0 may apply to new
pavement areas. The project civil engineer should review the assumed Traffic Indices to determine
if and where they may be applicable. Based on the minimum R-Value of 5 and the assumed range
of Traffic Indices, the following pavement sections would apply.
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SUMMARY OF PRELIMINARY ASPHALT CONCRETE PAVEMENT SECTIONS

TRAFFIC ASPHALT BASE SUBBASE

PAVEMENT TYPE INDEX SECTION SECTION SECTION!
Passenger Car Parking 5.0 3 Inches 10 Inches 12 Inches
Light Truck Traffic Areas 6.0 4 Inches 12 Inches 12 Inches

1) NOTE: One foot of imported granular non-expansive subbase should be placed beneath the pavement section to reduce the potential for
cracking due to soil heave/shrink behavior.

7.11.2 Portland Cement Concrete

Concrete pavement design was conducted in general accordance with the simplified design
procedure of the Portland €Cement Association (1984). This methodology is based on a 20-year
design life. For design, it'was assumed that aggregate interlock would be used for load transfer
across control joints,. The concrete was assumed to have a minimum flexural strength of 600 psi.
The flexural strength of the pavement concrete should be confirmed during construction using
ASTM C78. For concrete pavement desigh, the subgrade materials were assumed to provide “low”
support, based on our experience with similar materials. Using these assumptions and the same
traffic indices presented previously, we.recommend that the PCC pavement sections at the site
consist of at least 6 inches of concrete/placed over 6 inches of compacted aggregate base over 12
inches of imported granular non-expansive subbase (Expansion Index less than 20).

Crack control joints should be constructed for PCCpavements on a maximum spacing of 10 feet,
each way. Concentrated truck traffic areas, such as trash truckaprons and loading docks, should be
reinforced with number 4 bars on 18-inch centers, each way.

7.12 Pipelines

The planned addition may include various pipelines such as water, stormdrain and sewer systemes.
Geotechnical aspects of pipeline design include lateral earth pressuresfor thrust blocks, modulus of
soil reaction, and pipe bedding. Each of these parameters is discussed below.

7.12.1 Thrust Blocks

Lateral resistance for thrust blocks may be evaluated using a passive pressure value of 250 pounds
per square foot (psf) per foot of embedment, assuming a triangular distribution and level ground
conditions. This value may be used for thrust blocks embedded into compacted fill soils as well as
the underlying lacustrine deposits, provided that these soils are located above the groundwater
table.

7.12.2 Modulus of Soil Reaction

The modulus of soil reaction (E’) is used to characterize the stiffness of soil backfill placed along the
sides of buried flexible pipelines. For the purpose of evaluating deflection due to the load
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associated with trench backfill over the pipe, a value of 700 pounds per square inch (psi) is
recommended for the general conditions, assuming granular bedding material is placed around the
pipe and the soils are located above the groundwater table.

7.12.3 Pipe Bedding

Typical pipe bedding as specified in the Standard Specifications for Public Works Construction may
be used. As a minimum, we recommend that pipes be supported on at least 4 inches of granular
bedding material such as minus %-inch crushed rock, disintegrated granite or granular materials
with a Sand Equivalent of 20 or more. Where open graded material (e.g., %-inch minus crushed
rock) is used as bedding and shading around and above the pipe, we recommend that open graded
material should be completely enveloped in filter fabric (such as Mirafi 140N).

Where pipeline or trench‘excavations exceed a 15 percent gradient, we do not recommend that
open graded rock be used for bedding or backfill because of the potential for piping and internal
erosion. For sloping utilities, wé recommend that coarse sand with a Sand Equivalent of 20 or more
or sand-cement slurry be used for the bédding and pipe zone. The slurry should consist of a 2-sack
mix having a slump no greater than& inches.

7.13 Reactive Soils

In order to assess the sulfate exposure of concrete ini€ontact with the site soils, samples were tested
for pH, resistivity, water-soluble sulfate and.chloride/content, as shown in Appendix B. The sulfate
test results indicate that the on-site soils present a severe potential for sulfate attack based on
commonly accepted criteria (Bentivegna et al., 2020). A negligible sulfate content is recommended
for any imported soils and should be confirmed through laboratory.testing prior to import.

The saturated resistivity and chloride content of the near surface soils are.indicative of a corrosive
to very corrosive soil with respect to buried metals based on commonly accepted criteria (Caltrans,
2021). Typical corrosion control measures should be incorporated inta'the project design, such as
providing minimum clearances between reinforcing steel and soilyand sacrificial anodes for any
buried metal structures. A corrosion consultant may be contacted for specific recommendations.
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8.0 LIMITATIONS

This report was prepared using the degree of care and skill ordinarily exercised, under similar
circumstances, by reputable geotechnical consultants practicing in similar localities. No warranty,
express or implied, is made as to the conclusions and professional opinions included in this report.

The findings of this report are valid as of the present date. However, changes in the condition of a
property can occur with the passage of time, whether due to natural processes or the work of
humans on this or adjacent properties. In addition, changes in applicable or appropriate standards
of practice may occur from legislation or the broadening of knowledge. Accordingly, the findings of
this report may be invalidated wholly or partially by changes outside our control. Therefore, this
report is subject to review and should not be relied upon after a period of three years.
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NOTATIONS

Holocene fault displacement (during past 10,000 years) without historic
record. Geomorphic evidence for Holocene faulting includes sag ponds, scarps
showing little erosion, or the following features in Holocene age deposits: offset
stream courses, linear scarps, shutter ridges, and triangular faceted spurs.
Recency of faulting offshore is based on the interpreted age of the youngest
strata displaced by faulting.

Late Quaternary fault displacement (during past 700,000 years).
Geomorphic evidence similar to that described for Holocene faults except )
features are less distinct. Faulting may be younger, but lack of younger overlying i
deposits precludes more accurate age classification. b

Quaternary fault (age undifferentiated). Most faults of this category show
evidence of displacement sometime during the past 1.6 million years; possible
exceptions are faults that displace rocks of undifferentiated Plio-Pleistocene age.
See Bulletin 201, Appendix D for source data.

Late Cenozoic faults within the Sierra Nevada including, but not restricted
to, the Foothills fault system. Faults show stratigraphic and/or geomorphic
evidence for displacement of late Miocene and Pliocene deposits. By analogy,
late Cenozoic faults in this system that have been investigated in detail may have
been active in Quaternary time (Data from PG&.E, 1993.)

Pre-Quaternary fault (older than 1.6 million years) or fault without
recognized Quaternary displacement. Some faults are shown in this category
because the source of mapping used was of reconnaissance nature, or was not
done with the object of dating fault displacements. Faults in this category are not
necessarily inactive.

Reference: Jennings, C.W. (1994). Fault Activity Map of Callifornia and Adjacent Areas, CDMG Geologic Data Series, Map No. 6.
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