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EXECUTIVE SUMMARY

Miller Pacific Engineering Group was retained by Laulima Rohnert Station, LLC to perform a
geotechnical investigation for the planned Station Avenue mixed-use development located at 6400
State Farm Drive in Rohnert Park, California. We understand that project details are not yet fully-
developed; however, the project generally would consist of developing 30 acres with 270
apartments, 445 residential units, approximately 130,000 square feet of office and 120,000 square
feet of retail. No significant below-grade structures are currently anticipated. Ancillary
improvements are expected to include extensive exterior hardscape/flatwork and asphalt paving,
new underground utilities, new site drainage, landscaping, lighting, and other improvements
“typical” of such developments. No structural information is available at this time; however, we
understand the structures will likely be a maximum of five stories and, as such, are anticipated to
impose moderate to heavy foundation loads.

The purpose of our investigation was to explore subsurface conditions within the proposed
development area, and to develop geotechnical criteria for planning, design and construction of the
proposed improvements. Based upon the site reconnaissance, subsurface exploration and other
information detailed within this report, we conclude the site conditions are suitable for the proposed
improvements from a geotechnical standpoint. Primary geotechnical considerations for the project
include the following:

o The geotechnical investigation included six cone penetration tests and eight borings to evaluate
subsurface conditions. Based on the exploration and mapped geology, the project site is
located within Holocene age alluvial fan deposits and is underlain with variable soils to depths
in excess of 100 feet. In general, subsurface conditions are primarily medium stiff to very stiff
clays with interbedded lenses of medium dense to dense clayey and silty sands. Groundwater
is relatively shallow and is estimated to be between 6 and 14 feet below the ground surface.

e The site is near several active faults and will likely experience strong seismic shaking associated
with future earthquakes. The improvements will need to be designed to resist relatively high
seismic loads in accordance with provisions of the 2016 California Building Code or other codes
in effect when final design occurs.

o Near surface soils exhibit high plasticity and high expansion potential. Lime treatment is
recommended to a depth of 36 inches below buildings and 18 inches below pavement and
flatwork areas to reduce the expansion potential of the surficial soils.

¢ Building settlements could occur due to the consolidation of underlying medium stiff clay layers
and liquefaction of sandy soils. More detailed settlement analyses (based on laboratory testing
of site soils and planned building loads) should be performed once building layouts and
structural loads are available.

o Based on the subsurface conditions and available building information, foundation options
include either shallow foundations provided potential total and differential settlement are
acceptable. Alternatively, a deep foundation system that extends into stiff clays and dense
sands is appropriate for the site conditions and expected building loads. With deep foundations,
static and seismic settlements would be minimized.

These and other considerations are discussed in greater detail in the remainder of this report. This
report should be reviewed in its entirety when making decisions concerning the findings of this
investigation.



GEOTECHNICAL INVESTIGATION

STATION AVENUE MIXED-USE DEVELOPMENT
6400 STATE FARM DRIVE

ROHNERT PARK, CALIFORNIA

1.0 INTRODUCTION

This report presents the results of our design-level Geotechnical Investigation for the planned
Station Avenue mixed-use development. As shown on Figure 1, the project site is located within
an approximately 30-acre parcel (APN 143-051-072) at 6400 State Farm Drive in in Rohnert Park,
California.

Our work was performed in accordance with Phase 2 of our Agreement for Professional Services
dated April 13, 2018. We previously prepared a Preliminary Geotechnical Investigation for the
site which provided preliminary geotechnical criteria for planning and design (Miller Pacific, 2018).
The purpose of our design-level investigation was to explore subsurface conditions and to develop
geotechnical criteria for design and construction of the proposed improvements. The scope of
our services includes:

e Review of available, published geologic mapping and geotechnical background
information from our files, the City of Rohnert Park, and any geologic/geotechnical
background information supplied by you.

¢ Review of aerial photographs to evaluate previous site development.

o Subsurface exploration consisting of six cone penetration tests and eight test borings
located within the general vicinity of the planned improvements.

e Evaluating relevant geologic hazards including seismic shaking, expansive soils,
liquefaction, settlement, and other hazards.

e Engineering analyses to develop design-level geotechnical recommendations and design
criteria related to foundations, site grading, seismic design and other geotechnical-related
items.

e Preparing a Geotechnical Investigation report which summarizes the subsurface
exploration, evaluation of relevant geologic hazards, and geotechnical recommendations
and design criteria.

This report completes our Phase 2 services for the project. Subsequent phases of work should
include geotechnical plan review and observation and testing of geotechnical-related work items
during construction.

2.0 PROJECT DESCRIPTION

While planning and preliminary design are still underway, we understand the project is expected

to consist of a mixed-use, residential/commercial development consisting of 28 new buildings and

related improvements. Based on our review of preliminary drawings, the southern portion of the

site will include several buildings for multi-family residential use while new structures on the

northern portion of the site will provide office, retail and hotel space. While detailed structural

information is not yet available, the new structures will be up to five stories in height and will likely
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induce moderate to heavy foundation loads. A new, four-story parking structure is also planned
near the southeast portion of the site and will provide parking for the surrounding residences. No
significant below-grade structures are currently anticipated.

Ancillary improvements will include a central courtyard area with associated landscaping and
exterior hardscape, new underground utilities, pavements for new roads and parking areas, site
drainage and other improvements typical of such developments. A new park and community area
are also planned along the south side of the development. Site grading is expected to include cuts
and fills of a few feet as required to achieve the design grades for the new roadways, parking areas,
building pads and other improvements. The proposed improvements are shown on the Site Plan,
Figure 2.

3.0 SITE CONDITIONS

3.1 Regional Geology

The project site is located within the Coast Ranges geomorphic province of California. It is typified
by generally northwest-trending ridges and intervening valleys that formed as a result of movement
along a group of northwest-trending fault systems, including the San Andreas Fault. Bedrock
geology within the San Francisco bay area is dominated by sedimentary, igneous, and metamorphic
rocks of the Jurassic-Cretaceous age Franciscan Complex. Most of Franciscan rock types are
composed of sandstone and pervasively sheared shale. It also includes less common rocks such
as chert, serpentinite, basalt, greenstone, and exotic low- to high-grade metamorphic rocks,
including phyllite, schist, and eclogite.

The project site is located within level terrain in central Rohnert Park, just east of Highway 101
and north of Copeland Creek. Regional geologic mapping by the California Geological Survey
(CGS, 2003) indicates the site is underlain by Holocene-age alluvial fan deposits (map symbol
Qhff). Alluvial deposits generally are described as unconsolidated soils deposited by fluvial
(water) processes. Soils within this unit are predominantly clayey with interbedded lenses of silt,
sand and gravel. A Regional Geologic Map and descriptions of the mapped geologic units are
presented on Figure 3.

3.2 Seismicity

The project site is located within the seismically active San Francisco Bay Area and will therefore
experience the effects of future earthquakes. Earthquakes are the product of the build-up and
sudden release of strain along a “fault” or zone of weakness in the earth's crust. Stored energy
may be released as soon as it is generated, or it may be accumulated and stored for long periods
of time. Individual releases may be so small that they are detected only by sensitive instruments,
or they may be violent enough to cause destruction over vast areas.

Faults are seldom single cracks in the earth's crust but are typically composed of localized shear
zones which link together to form larger fault zones. Within the Bay Area, faults are concentrated
along the San Andreas Fault zone. The movement between rock formations along either side of
a fault may be horizontal, vertical, or a combination, and is radiated outward in the form of energy
waves. The amplitude and frequency of earthquake ground motions partially depends on the
material through which it is moving. The earthquake force is transmitted through hard rock in
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short, rapid vibrations, while this energy becomes a long, high-amplitude motion when moving
through soft ground materials, such as Bay Mud.

3.2.1 Regional Active Faults

The California Geological Survey (previously known as the California Division of Mines and
Geology) defines a “Holocene-active fault” as one that had surface displacement within
Holocene time (the last 11,700 years). CGS further defines a “pre-Holocene fault” as a fault
whose recency of past movement is older than 11,700 years. Similarly, an “age-
undetermined fault” is defined as a fault whose age of most recent movement is not known
or is unconstrained by dating methods or limitations in stratigraphic resolution. CGS has
mapped various faults in the region as part of their Fault Activity Map of California (CGS,
2010). Many of these faults are shown in relation to the project site on the attached Active
Fault Map, Figure 4.

The nearest known Holocene-active fault is the Rodgers Creek Fault located approximately
5.6 kilometers (3.5 miles) to the northeast. Mapping by the California Geological Survey also
shows the Tolay Fault located about 3.2 kilometers (2.0 miles) south of the site. The Tolay
Fault is characterized as a Quaternary fault; however, the age of displacements along the
fault zone are undifferentiated.

3.2.2 Historic Fault Activity

Numerous earthquakes have occurred in the region within historic times. The results of our
USGS earthquake search catalogue indicates that at least five earthquakes with a Richter
Magnitude of 5.0 or larger have occurred within 100 kilometers (62 miles) of the site between
1900 and 2018. The approximate locations of many of these earthquakes are shown on the
Historic Earthquake Map, Figure 5.

3.2.3 Probability of Future Earthqguakes

The site will likely experience moderate to strong ground shaking from future earthquakes
originating on any of several active faults in the San Francisco Bay region. The historical
records do not directly indicate either the maximum credible earthquake or the probability of
such a future event. To evaluate earthquake probabilities in California, the USGS has
assembled a group of researchers into the “Working Group on California Earthquake
Probabilities” (USGS 2003, 2008, 2013) to estimate the probabilities of earthquakes on active
faults. These studies have been published cooperatively by the USGS, CGS, and Southern
California Earthquake Center (SCEC) as the Uniform California Earthquake Rupture
Forecast, Versions 1, 2, and 3. In these studies, potential seismic sources were analyzed
considering fault geometry, geologic slip rates, geodetic strain rates, historic activity, micro-
seismicity, and other factors to arrive at estimates of earthquakes of various magnitudes on
a variety of faults in California.

Conclusions from the most recent UCERF3 and USGS indicate the highest probability of an

earthquake with a magnitude greater than 6.7 originating on any of the active faults in the

San Francisco Bay region by 2043 is assigned to the Hayward/Rodgers Creek Fault system.

The Rodgers Creek Fault is located approximately 5.6 kilometers (3.5 miles) northeast of the

site and is assigned a probability of 33 percent. The San Andreas Fault, located
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approximately 26.6 kilometers (16.5 miles) west of the site, is assigned a 22 percent
probability of an earthquake with a magnitude greater than 6.7 by 2043. Additional studies
by the USGS regarding the probability of large earthquakes in the Bay Area are ongoing.
These current evaluations include data from additional active faults and updated geological
data.

3.3 Site History

In addition to available geotechnical and geologic reference information, we reviewed several
historic aerial photographs and topographic maps to assess site history. Aerial photographs were
taken from Google Earth aerial imagery. The photographs were taken between 1993 and 2018
and show that the site has experienced little to no significant changes during that time. Based on
reference data, the site was a hayfield in 1976 and was developed for State Farm in the late
1970’s.

3.4 Surface Conditions

The project site encompasses an approximately 30-acre parcel located about a quarter-mile east
of Highway 101. The site is bounded to the east by the Rohnert Park SMART station and
associated parking lot, to the south by Enterprise Drive, to the west by State Farm Drive and to
the north by Rohnert Park Expressway. The former, approximately 300,000-square foot State
Farm Insurance office building exists toward the center of the property and the areas surrounding
the existing structure were developed as asphalt-paved parking areas and driveways. The
southeast corner of the site is currently occupied by the City of Rohnert Park’s Corporation Yard
which consists of two single-story buildings surrounded by paved driveways and parking areas.

The ground surface is level to gently sloping with surface elevations ranging from about 100 to
105 feet'. The northern portion of the site is largely undeveloped and is landscaped with a few
mature trees and low grasses. Much of the site is secured by fencing and vehicle access is
provided by driveways located on the west and south sides of the property. Existing surface
conditions throughout the property and surrounding areas are shown on Figure 6.

3.5 Reference Geotechnical Data

Several subsurface explorations have been conducted by Miller Pacific and other Consultants as
part of the original and current site development or other nearby projects. Prior to completing our
subsurface exploration, we reviewed the following reports:

Harding-Lawson Associates, Geologic/Seismic Hazards Study and Soil Investigation,
State Farm Insurance Company, Northern California Office, Rohnert Park, California,
Commission Number 5521-622D, March 8, 1976.

Miller Pacific Engineering Group, Preliminary Geotechnical Investigation, Rohnert Station
Mixed-Use Development, 6400 State Farm Drive, Rohnert Park, California, June 19, 2018.

' Surface elevations based on Google Earth Aerial imagery accessed on September 7, 2018.
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Moore & Taber, Preliminary Soils Investigation, Northbay Savings and Loan Site, Rohnert
Park, California, September 20, 1977.

Winzler & Kelly, Groundwater Monitoring Well Installation and Fourth Quarter 2007
Groundwater Monitoring Report, Rohnert Park Corporation Yard, 600 Enterprise Drive,

Rohnert Park, California, CSDHS Case #0001092, NCRWQCB, January 31, 2008.

3.6 Field Exploration and Laboratory Testing

As part of our preliminary investigation, we previously explored subsurface conditions near the
proposed improvements with six CPTs at the approximate locations shown on Figure 6. The
CPTs were advanced to depths ranging from about 65 to 115 feet below ground surface on March
29, 2018. Cone penetration testing is an exploration technique that provides a continuous profile
of data throughout the depth of exploration. CPTs are particularly useful in defining stratigraphy,
relative soil strength and in assessing liquefaction potential. This test method has been
standardized and is described in detail by the ASTM D3441. The method generally consists of
pushing an instrumented cone-tipped probe through the ground at a controlled rate and
measuring tip resistance (at the front of the cone) and frictional resistance (along the sides of the
cone). The data is processed by a computer to estimate engineering properties such as soil type,
relative density, and strength. A CPT Soil Interpretation Chart and CPT plots of interpreted
subsurface conditions from our previous exploration are shown in Appendix A, Figures A-1 to A-
7.

We explored subsurface conditions near the proposed improvements as part of this design-level
investigation on August 8, 9 and 10, 2018 with eight borings at the approximate locations shown
on Figure 6. The borings were excavated using truck-mounted drilling equipment to approximate
depths ranging from 3.5 to 51.5 feet below ground surface. The borings were logged by our Field
Engineer and samples were obtained for classification and laboratory testing. We prepared
boring logs based on soil descriptions in the field, as well as visual examination and testing of the
soil samples in our laboratory. The boring logs from our design-level field investigation are
presented in Appendix A, Figures A-8 to A-20.

Laboratory testing of soil samples from the exploratory borings included determination of moisture
content, dry density, Atterberg limits, expansion index, unconfined compressive strength, soil-lime
proportioning, gradation, and the amount of material passing a No. 200 sieve. The results of our
laboratory tests are presented on the boring logs with the exception of the sieve analyses,
Atterberg limits, soil-lime proportioning and expansion index and which are presented on Figures
A-21 through A-25. Our laboratory testing program is discussed in greater detail in Appendix A.

The approximate locations of the nearby borings and monitoring wells from the previous
geotechnical investigations noted in Section 3.5 are shown on the Exploration Plan, Figure 6. The

boring logs and monitoring well data from the previous investigations are included in Appendix B.

3.7 Subsurface Conditions

The interpreted subsurface conditions encountered are generally consistent with the mapped

geologic conditions at the site (CGS, 2003). Based on our subsurface exploration and reference

data, the site is generally underlain by deep alluvial deposits composed of primarily medium stiff
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to very stiff clayey soils containing variable amounts of silt, sand and gravel. Several layers of
medium dense to dense sandy soils were also encountered in the CPTs and borings generally
between 10 to 15 feet below ground surface. The thickness of these sandy soil layers varied from
about three to four feet.

The near-surface soils generally consist of dark gray to black, medium stiff to stiff clay. The clay
is locally known as adobe and exhibits high plasticity and very high expansion potential. Borings
3, 5 and 6, located close to the existing building, encountered three to six feet of sandy fill soils
which were presumably placed beneath the new buildings during the original site development to
mitigate expansive soil conditions beneath the existing structures.

3.8 Groundwater

Groundwater was encountered at Borings 1 and 8 at approximately 13 feet below ground surface.
Because the borings were not left open for an extended period of time, a stabilized depth to
groundwater may not have been observed. Groundwater elevations fluctuate seasonally, and
higher groundwater levels may be present during and after periods of intense and/or sustained
rainfall.

A cursory search of the State Water Resources Control Board’s Geotracker website indicates that
groundwater monitoring wells were installed as part of previous environmental studies near the
southeast corner of the site (Winzler and Kelly, 2008). The monitoring data from these studies
was collected from 1987 to 2004 and indicates the groundwater level varied from about 6 to 24
feet below ground surface. Therefore, for analysis purposes, we assumed that groundwater is
located at five feet below the ground surface.

40 GEOLOGIC HAZARDS

This section summarizes our review of commonly considered geologic hazards and discusses
their potential impacts on the planned improvements. The primary geologic hazards which could
affect the proposed development include strong seismic ground shaking, expansive soils,
liquefaction, and seismic densification. Other geologic hazards are judged less than significant
regarding the proposed project. Geologic hazards, potential impacts and mitigation measures
are discussed in further detail in the following sections.

4.1 Fault Surface Rupture

Under the Alquist-Priolo Earthquake Fault Zoning Act, the California Division of Mines and
Geology (now known as the California Geological Survey) produced 1:24,000 scale maps
showing known active and potentially active faults and defining zones within which special fault
studies are required. The nearest known active fault to the site is the Rodgers Creek Fault located
approximately 5.6 kilometers (3.5 miles) to the northeast. The site is not located within an Alquist-
Priolo Special Studies Zone. We therefore judge the potential for fault surface rupture in the
development area to be low.

Evaluation:  Less than significant.
Mitigation: No mitigation measures are required.



4.2 Seismic Shaking

The site will likely experience seismic ground shaking similar to other areas in the seismically
active Bay Area. The intensity of ground shaking will depend on the characteristics of the
causative fault, distance from the fault, the earthquake magnitude and duration, and site-specific
geologic conditions. Estimates of peak ground accelerations are based on either deterministic or
probabilistic methods.

Deterministic methods use empirical attenuation relations that provide approximate estimates of
median peak ground accelerations. A summary of the active faults that could most significantly
affect the planning area, their maximum credible magnitude, closest distance to the center of the
planning area, and probable peak ground accelerations are summarized in Table 1. The
calculated accelerations should only be considered as reasonable estimates. Many factors (e.g.,
soil conditions, orientation to the fault, etc.) can influence the actual ground surface accelerations.

Table 1 — Deterministic Peak Ground Accelerations for Active Faults

Moment
Magnitude for Closest Median Peak .

Characteristic Estimated Ground Median PGA

Fault Earthquake Distance (km) Acceleration (g) +1 Std Dev (g)
Rodgers Creek 7.3 5.6 0.37 0.61
San Andreas 8.0 26.6 0.22 0.36
Maacama 7.4 20.7 0.21 0.34
Hayward 7.3 44 1 0.12 0.20
West Napa 6.6 30.4 0.11 0.19

Reference: Abrahamson & Silva, Boore & Atkinson, Campbell & Bozorgnia, and Chiou & Youngs 2008
NGA models using Vsso = 270 m/s.

Probabilistic Seismic Hazard Analysis analyzes all possible earthquake scenarios while
incorporating the probability of each individual event to occur. The probability is determined in
the form of the recurrence interval, which is the average time for a specific earthquake
acceleration to be exceeded. The design earthquake is not solely dependent on the fault with the
closest distance to the site and/or the largest magnitude, but rather the probability of given seismic
events occurring on both known and unknown faults.

We calculated the peak ground acceleration for two separate probabilistic conditions, including
the two percent chance of exceedance in 50 years (2,475-year statistical return period) and the
ten percent chance of exceedance in 50 years (475-year statistical return period). The peak
ground acceleration values were calculated utilizing the USGS Unified Hazard Tool. The results
of the probabilistic analyses are presented below in Table 2.




Table 2 — Probabilistic Peak Ground Accelerations for Active Faults

Probability of Statistical Peak Ground
Exceedance Return Period Magnitude Acceleration (g)
2% in 50 years 2,475 years 7.0 0.77
10% in 50 years 475 years 7.0 0.47

Reference: USGS Unified Hazard Tool accessed on June 14, 2018.

Ground shaking can result in structural failure and collapse of structures or cause non-structural
building elements (such as light fixtures, shelves, cornices, etc.) to fall, presenting a hazard to
building occupants and contents. Compliance with provisions of the most recent version of the
California Building Code (2016 CBC) should result in structures that do not collapse in an
earthquake. Damage may still occur, and hazards associated with falling objects or non-structural
building elements will remain.

The potential for strong seismic shaking at the project site is high. Due to their proximity and
historic rates of activity, the Rodgers Creek, San Andreas and Maacama Faults present the
highest potential for severe ground shaking. The significant adverse impact associated with
strong seismic shaking is potential damage to structures and improvements.

Evaluation:
Mitigation:

Less than significant with mitigation.

Minimum mitigation includes design of new structures in accordance with the
provisions of the 2016 California Building Code or subsequent codes in effect when
final design occurs. Recommended seismic design coefficients and spectral
accelerations are presented in Section 5.1 of this report.

4.3 Liguefaction and Related Effects

Liquefaction refers to the sudden, temporary loss of soil shear strength during strong ground
shaking. Liquefaction-related phenomena include liquefaction-induced settlement, flow failure,
and lateral spreading. These phenomena can occur where there are saturated, loose, granular
deposits. Recent advances in liquefaction studies (ldriss & Boulanger, 2008 & 2010) indicate that
liquefaction can occur in granular materials with a relatively high fines content provided the fines
exhibit a plasticity less than seven. As shown on Figure 7, the project site is mapped within an
area susceptible to liquefaction (Association of Bay Area Governments, 2018). Additionally,
several layers of medium dense to dense sandy soils were also encountered at variable depths
in Borings 1 and 8. The thickness of these sandy soils varied from about three to four feet.

Lateral spreading refers to a specific type of liquefaction-induced ground failure characterized
primarily by horizontal displacement of surficial soil layers as a consequence of liquefaction of a
subsurface granular layer (Youd, 1995). Lateral spreads generally move down gentle slopes or
slip toward a free face such as an incised river channel. From the available subsurface data, it
does not appear that potentially liquefiable deposits are continuous across the site. The site is
relatively level and is located more than 500 feet north of Copeland Creek and 800 feet south of
Hinebaugh Creek. Therefore, the potential for lateral spreading is considered to be low.



4.3.1 Liquefaction Evaluation

To evaluate soil liquefaction, the seismic energy from an earthquake is compared with the
ability of the soil to resist pore pressure generation, known as the Cyclic Resistance Ratio
(CRR). The earthquake energy is termed the cyclic stress ratio (CSR) and is a function of the
maximum considered earthquake peak ground acceleration and depth. Soil resistance to
liquefaction is based on its relative density, and the amount and plasticity of the fines (silts
and clays). The relative density of cohesionless soil is correlated with the Standard
Penetration Test (SPT) blow count data measured in the field and corrected for hammer
efficiency, overburden and percent fines to determine the (N1)eo,cs value.

We analyzed the potential for liquefaction utilizing the data from our CPTs and test borings
and the procedures outlined by Idriss and Boulanger (2008 & 2010). We also evaluated
liquefaction potential from the CPT soundings utilizing the software program Clig 2.0,
developed by Geologismiki (2006) in conjunction with methods prescribed by Robertson
(2009). For our evaluation, we considered a magnitude 7.3 earthquake producing a PGA of
0.64 g, which corresponds to the PGAwm value as defined in the ASCE 7-13 Section 18.1 and
discussed further in Section 5.1 in this report. We also assumed a groundwater depth of five
feet below ground surface based on the historic groundwater data. The results of our
liquefaction analyses indicate the sandy alluvial soil layers encountered at about 10 to 15 feet
below ground surface are susceptible to liquefaction under the estimated peak ground
acceleration.

4.3.2 Estimated Post-Liquefaction Settlement

We estimated the amount of post-liquefaction settlement utilizing the procedures outlined by
Idriss and Boulanger (2008 & 2010). The results of our post-liquefaction settlement analyses
indicate total settlements up to two inches, and one inch of differential settlement over 50 feet,
may occur during a strong seismic event.

Additionally, we utilized procedures outlined by Ozocak and Sert (2010) to calculate the
Liquefaction Potential Index (LPI), which is a gauge to determine if liquefiable layers will
impact the ground surface. LPI is a function of the thickness, depth, and factor of safety of
liquefiable layers within a soil column. The resulting LPI value corresponds to a relative
potential for surface deformation impacting the ground surface. Typically, an LPI value less
than 5 indicates a low risk of surface manifestation while values between 5 and 15 indicate a
moderate risk. LPI values greater than 15 indicate a major or high probability of liquefaction
impacting the ground surface. The results of our analyses indicate the LPI for the site ranges
from about 1 to 10, correlative with a “minor” to “moderate" probability of surface
manifestation.

Based on our analyses, as described above, it is our opinion that liquefaction presents a low to
moderate risk of damage to the planned improvements. The proposed improvements should be
designed to accommodate the estimated liquefaction-induced settlement.

Evaluation:  Less than significant with mitigation.
Mitigation: Foundation systems should be designed to withstand up to two inches of total and

one inch of differential settlement over 50 feet. Further discussion of foundation
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systems and design criteria to mitigate the effects of liquefaction are provided in
Section 5.3. Additionally, flexible utility connections should be required to allow for
movement without rupturing if liquefaction does occur.

4.4 Settlement

Significant settlements can occur when new loads are applied to soft, compressible soils or loose,
granular soils. The rate and magnitude of potential settlements are dependent on the new loads
that are applied, the stress history of subsurface soils, the presence of drainage layers, the
thickness and compressibility of subsurface materials, and other factors.

Based on our subsurface exploration, the site is underlain by deep alluvial soils which consist
primarily of medium stiff to very stiff clay containing variable amounts of silt, sand and gravel.
Consolidation testing completed as part of the previous investigation by Harding-Lawson indicates
the shallow clayey soils are over-consolidated. Additionally, the stress history of the alluvial
deposits was evaluated using correlations with CPT data (Mayne and Kemper, 1988). The CPT
correlations provide estimated values of over consolidation ratio (OCR) for the alluvial soils.
These correlations indicate the clayey soils within the upper 40 feet are generally
overconsolidated with an estimated OCR of two or greater, while soils at greater depths are
slightly overconsolidated to normally consolidated.

While detailed structural information is not yet available, the new structures will be up to five
stories in height and will likely induce moderate to heavy foundation loads. We anticipate the
highest new building loads and risk of settlement will be associated with the four-story parking
structure planned near the southeast portion of the site. We performed a preliminary evaluation
of building settlements using assumed values for new building loads and compressibility
properties for the clayey alluvial soils. Our preliminary settlement evaluation is discussed further
under Section 5.3. Based upon the results of our preliminary analyses, we judge there is a
moderate risk of damage to the planned improvements due to settlement.

Evaluation:  Less than significant with mitigation.

Mitigation: Alternatives to reduce the potential for settlement could include minimizing new fill
and building loads, using load balancing to reduce the net loading imposed on the
clayey soils, or using deep foundations to transfer loads to the deeper soils.
Additional subsurface exploration and laboratory testing should be performed to
further evaluate the compressibility properties of subsurface soils. A detailed
settlement analysis should also be performed once grading plans, building layouts
and structural loads are available. Additional discussion regarding anticipated
settlements, mitigation measures, and optional foundation systems is presented in
subsequent sections of this report.

45 Seismic Densification

Seismic ground shaking can induce settlement in unsaturated, loose, granular soils. Settlement
occurs as the loose soil particles rearrange into a denser configuration when subjected to seismic
ground shaking. Varying degrees of settlement can occur throughout a deposit, resulting in
differential settlement of structures founded on such deposits. Based on our exploration,
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subsurface soils primarily consist of medium stiff to very stiff clays. Therefore, the risk of seismic
densification impacting the new structures is generally low.

Evaluation:  Less than significant.
Mitigation: No mitigation measures are required.

4.6 Expansive Soils

Soil expansion occurs when clay particles interact with water causing seasonal volume changes
in the soil matrix. The clay soil swells when saturated and then contracts when dried. This
phenomenon generally decreases in magnitude with increasing confinement pressures at
increasing depths. These volume changes may damage lightly loaded foundations, concrete
slabs, pavements, retaining walls and other improvements. Expansive soils also cause soil creep
on sloping ground.

Laboratory testing indicates the clayey surface soils exhibit a high plasticity and a very high
expansion potential. Therefore, the risk of damage to the planned improvements due to
expansive soils is high.

Evaluation:  Less than significant with mitigation.

Mitigation: Expansive soil mitigation measures can include removal and replacement with
select (imported) soils or lime treatment to reduce expansion potential. Lime
treatment is frequently performed in Sonoma County and is likely a cost-effective
option for improved site performance when compared to removing and replacing
with imported soil. Recommendations for lime treatment are provided in Section
5.2 of this report. Additionally, building foundations should be designed to account
for some expansive soil movement as discussed under Section 5.4.

4.7 Erosion

Sandy soils on moderately steep slopes or clayey soils on steep slopes are susceptible to erosion
when exposed to concentrated surface water flow. The potential for erosion is increased when
established vegetation is disturbed or removed during normal construction activity.

The work area is relatively level and the proposed improvements indicate that much of the site
will be covered with new buildings, pavements, or concrete flatwork. Therefore, erosion is not
considered to be a significant long-term geologic hazard. However, care should be taken during
construction to prevent excess erosion when the soils are exposed.

Evaluation:  Less than significant with mitigation.

Mitigation: Mitigation measures include designing a site drainage system to collect surface
water and discharging it into an established storm drainage system. The project
Civil Engineer of Architect is responsible for designing the site drainage system
and, an erosion control plan could be developed prior to construction per the
current guidelines of the California Stormwater Quality Association’s Best
Management Practice Handbook.
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4.8 Flooding

The project site is located at elevations ranging from about 100 to 105 feet above sea level and
is not mapped within a FEMA-designated flood hazard area (Federal Emergency Management
Agency, 2008). Therefore, large scale flooding is not considered a significant hazard at the project
site. The project Civil Engineer or Architect is responsible for site drainage and should evaluate
localized flooding potential due to maximum credible rainfall events.

Evaluation:  Less than significant with mitigation.

Mitigation: The project Civil Engineer is responsible for site drainage and should evaluate
localized flooding potential and provide appropriate storm drainage design.

5.0 CONCLUSIONS AND RECOMMENDATIONS

Based on the results of our investigation, we conclude the site conditions are suitable for the
proposed improvements. The primary geotechnical considerations for design and construction
will include designing new structures to resist strong seismic ground shaking, designing
foundations to accommodate settlements due to new static loads and potential liquefaction, and
providing mitigation for expansive soils. Additional discussion and recommendations addressing
these and other considerations are presented in the following sections.

5.1 Seismic Design

Minimum mitigation of ground shaking includes seismic design of new structures in conformance
with the provisions of the most recent edition (2016) of the California Building Code. The
magnitude and character of these ground motions will depend on the earthquake and the site
response characteristics. Based on the interpreted subsurface conditions and close proximity of
the Rodgers Creek Fault, we recommend the CBC coefficients and site values shown in Table 3
be used to calculate the design base shear of new improvements as applicable.
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Table 3 — 2016 California Building Code Seismic Design Criteria

Parameter Design Value
Site Class D
Site Latitude 38.3467°N
Site Longitude -122.7033°W
Spectral Response (short), Ss 1.659 g
Spectral Response (1-sec), S 0.654 g
Site Coefficient, Fa 1.0
Site Coefficient, Fv 1.5
Spectral Response (Short), Sus 1.659 g
Spectral Response (1 sec), Su1 0.980 g
Design Spectral Response (short), Sps 1.106 g
Design Spectral Response (1 sec), Sp1 0.654 g
MCEg PGA Adjusted, PGAwm 0.64 g
Seismic Design Category D

Reference: USGS US Seismic Design Maps, accessed on September 17, 2018.

Due to the presence of relatively thin layers of loose sandy soils that are potentially liquefiable,
we judge the classifies as “Site Class F” per the 2016 California Building Code. However, per the
CBC and section 20.3.1 of ASCE 7-10 standard, a non-linear site-specific response analysis (i.e.,
SHAKE) is not required since it is anticipated that the proposed buildings will have a fundamental
period of less than 0.5 seconds. Therefore, we recommend classifying the site as “Site Class D”
for design purposes. We should be consulted if it is determined that the fundamental period of
any of the proposed structures is greater than 0.5 seconds.

5.2 Site Grading

We anticipate that site grading will be limited to cuts and fills of a few feet in height as required to
achieve the finished grades for the new buildings, roadways and other improvements. Site
grading and earthwork should be performed in accordance with the recommendations and criteria
outlined in the following sections.

5.2.1 Site Preparation

Clear pavements, old foundations, over-sized debris, grass, brush, roots, and organic
material from areas to be graded. Debris and rocks larger than six inches and vegetation
are not suitable for structural fill and should be removed from the site. Existing foundations
and utilities which are to be abandoned as part of the work should be removed from
structural areas (e.g., below building pads or roadways). In non-structural areas, utilities
could be abandoned in place provided cement grout completely fills all voids in the utility.

Based on our subsurface exploration and previous investigations within the site vicinity, we
anticipate that near-surface soils are expansive throughout the site. One exception may
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include beneath the former building where several feet of fill appears to have been placed
during the original site development. Site preparation should include removing any
expansive soils or loose fill material from within new building areas. The removal should
extend a minimum of five feet laterally beyond the new building footprints and to a minimum
depth of 36 inches. The soils that are removed should be replaced with compacted fill that
conforms to the requirements outlined in Section 5.2.2. Lime treatment or other soil
modification techniques may be used as an alternative to removal and replacement of
expansive soils. The use of lime treatment is discussed further in Section 5.2.4.

We recommend subgrade soils beneath new pavements and exterior slabs areas be lime
treated or removed and replaced with select fill to a minimum depth of 18 inches. Lime
treatment will reduce the expansion potential and improve the strength and stiffness of the
subgrade soils, thereby reducing the required thickness of new pavements and concrete
slab. If lime treatment or removal and replacement are not used, the subgrade surface
should be scarified to a depth of 12 inches, moisture conditioned to above the optimum
moisture content, and compacted as described in Section 5.2.2. Relative compaction refers
to the in-place dry density of soil expressed as a percentage of the maximum dry density,
as determined by ASTM D1557. The subgrade should be firm and unyielding when proof-
rolled with heavy, rubber-tired construction equipment. If soft, wet or otherwise unsuitable
materials are encountered at subgrade elevation during construction, we can provide
supplemental recommendations to address the specific condition.

5.2.2 Fill Materials, Placement and Compaction

Fill should consist of non-expansive materials that are free of organic matter, have a Liquid
Limit of less than 40 (ASTM D 4318), a Plasticity Index of less than 15 (ASTM D 4318), and
a minimum R-value of 20 (California Test 301). The fill material should contain no more
than 50 percent of particles passing a No. 200 sieve and should have a maximum particle
size of four inches. The onsite clayey soils are likely not suitable for reuse as fill due to their
high plasticity and expansion potential. Any imported fill material needs to be tested to
determine its suitability.

Fill materials should be moisture conditioned to above the optimum moisture content prior
to compaction. Properly moisture conditioned fill materials should be placed in loose,
horizontal lifts of eight inches or less and uniformly compacted to the relative compaction
shown in Table 4.
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Table 4 — Compaction Requirements

Relative
Soil Type Location Compaction
On-site, untreated Landscaped areas 85%

On-site, untreated | Concrete slabs and walkways (no vehicle traffic) 88 t0 92%

On-site, untreated Parking lots, driveways and pavements 95%
Lime treated soil Upper 18 inches below new pavements 95%
Lime treated soil Below buildings and all other lime treated soil 92%

Imported Fill Upper 18 inches below new pavements 95%
Imported Fill Below buildings and all other imported fill 92%

5.2.3 Excavations

Based on our subsurface exploration, excavations for underground utilities and other
improvements will encounter predominantly medium stiff to very stiff clayey soils. Layers of
medium dense sandy and gravelly soils may also be encountered within the alluvium
(generally below a depth of ten feet) as well as within the fill beneath the former building
area. We anticipate the clayey soils will exhibit firm behavior in unsupported excavations,
while sandy and gravelly soils will be susceptible to flowing below groundwater and running
to fast raveling above groundwater. Definitions of the various ground behaviors are
presented in the Tunnelman’s Ground Classification for Soils, Figure 8. The clayey soils
generally classify as OSHA Type B soils while the sandy and gravelly soils classify as Type
C.

Temporary support of excavations will be required to ensure the safety of workers and to
reduce the potential for failure of the excavation sidewalls and damage to surrounding
improvements. Excavation stability and the structural design of temporary shoring should
be made the sole responsibility of the Contractor. The selected support system should be
designed to resist later pressures from earth, hydrostatic and construction surcharge loads.
As a minimum, shoring systems should be designed based on the criteria provided in Table
5. Excavations deeper than five feet may encounter groundwater and could require
temporary dewatering. If required, the design of temporary dewatering systems should be
made the sole responsibility of the Contractor.
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Table 5 — Shoring Design Criteria

Parameter Design Value
Active Earth Pressure, Unrestrained’ 50 pcf
Active Earth Pressure, Restrained? 35 x H psf
Lateral Passive Resistance’ 300 pcf
Minimum Surcharge Pressure®# 125 psf

Notes:

(1) Equivalent fluid pressure.

(2) Rectangular distribution, H is wall height in feet

(3) Apply surcharge load to upper 5 feet of shoring.

(4) Surcharge load to be adjusted at the discretion of the Contractor’s shoring designer.

5.24 Lime Treatment

As an alternative to removal and replacement, lime treatment can be used to improve the
near-surface expansive soils. Treating the soils with lime will reduce the expansion potential
and increase the strength, thereby reducing the required thickness of new asphalt pavement
sections. Lime treated soils also perform relatively well during wet weather conditions which
helps facilitate site grading and construction throughout the rainy season. A disadvantage
of lime treatment is that it will increase the soil pH which may adversely affect future
landscaping at the site. If lime treatment is used, treated soils may need to be removed
from planned landscaping areas to allow for future planting.

We performed one soil-lime proportioning test to estimate the optimum lime content for
treatment. The test was performed using on-site soils and high-calcium quicklime provided
by Griffin Soil Stabilization. The test results are shown in Appendix A and indicate that a
minimum of five percent high-calcium lime by weight should be mixed with the on-site soils
to the treatment depth. As a basis for determining the amount of applied lime, a dry unit
weight of 90 pounds per cubic foot should be assumed. Because different lime contractors
use different types of lime and quality of the lime may also vary from one contractor to
another, the lime percentage may need to be adjusted if Griffin’s high-calcium lime is not
used at the project site. Also, the addition of lime will tend to “fluff up” the on-site soils both
because of the volume of lime added and also because lime will tend to lower maximum unit
weights, increasing the volume.

If used, lime treatment should be performed in accordance with Section 24 of the 2015
Caltrans Standard Specifications. The recommended minimum treatment depth is 36
inches under buildings and 18 inches in pavement and concrete flatwork areas. The lime-
treatment should extend at least five feet beyond building pads, and three feet beyond
flatwork and pavement areas.

Within planned treatment areas, soil preparation should consist of thoroughly moisture
conditioning the expansive soil to at least three percent above the optimum moisture content
to close shrinkage cracks for the full depth of the treatment zone. Treated soil materials
should be moisture-conditioned to near optimum moisture content, spread in loose lifts of
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up to 18-inches thick (based on approval of compaction equipment by the Geotechnical
Engineer) and compacted as described above.

5.3 Preliminary Settlement Evaluation

We completed a preliminary analysis to estimate potential settlements that may occur due to new
building loads. The preliminary building settlements were estimated using the following
assumptions:

e The clayey alluvial soils within the upper 40 feet are overconsolidated with an OCR of 2.0
while deeper soils are normally consolidated. These values were estimated using the
CPT correlations and reference consolidation tests discussed previously.

o The upper 40 feet of clayey alluvial soils have a compression index (Cc, strain-based) of
0.10 and recompression index (Cr, strain-based) of 0.008. These values were estimated
from the consolidation test results from Harding-Lawson’s previous site investigation. The
Cc and Cr values for deeper soils were estimated to be 0.15 and 0.05, respectively.

o Columns are supported on footings sized at three feet by three feet with bearing pressures
of 2,000 pounds per square foot and are spaced at 20 feet.

o Wall loads are supported on two-foot-wide continuous footings with bearing pressures of
2,000 pounds per square feet.

¢ ‘“Immediate” settlements were estimated using elastic theory with a constrained modulus
(Es) of 150 kips per square foot.

e Settlement due to secondary compression was neglected in our preliminary analysis.

Using these assumptions, we estimate that up to about two inches of total settlement and one
inch of differential settlement over a distance of 50 feet may occur due to the new loads. A
detailed settlement analysis for the various structures should be performed once building layouts
and loads are better characterized. This should include an evaluation of settlements for the
parking garage where the most significant new loads are anticipated. Additional subsurface
exploration and laboratory testing should also be performed to further evaluate the compressibility
properties of subsurface soils and further calibrate the model used in our analysis.

5.4 Foundation Design

Based on our investigation, we judge a relatively rigid shallow foundation system consisting of
interconnected continuous footings, post-tensioned slabs or mat slabs would be appropriate for
the new residential and commercial structures. As discussed under Section 5.2, building pads
should either be lime treated or capped with non-expansive fill to reduce expansion potential.
Geotechnical design criteria for spread footings are presented below in Table 6 and criteria for
post-tensioned or mat slabs are presented in Table 7.
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Table 6 — Spread Footing Design Criteria

Parameter Design Value

Minimum Embedment 18 inches

Minimum Width 18 inches

Allowable Bearing Pressure'? 3,000 psf
Allowable Base Friction Coefficient 0.35

Allowable Lateral Passive Resistance? 300 pcf

Maximum Unsupported Interior Span 6 feet
Maximum Unsupported Edge Span 3 feet

(1) Value represents a net pressure (i.e. weight of foundation and backfill over the foundation can
be neglected). Increase design values by 1/3 for total design loads including seismic.

(2) Controlled by settlement. Additional analyses will be required to check settlements using actual
building layouts and structural loads.

(3) Equivalent fluid pressure, not to exceed 3,000 psf. Neglect upper six inches unless confined by
concrete.

Table 7 — Rigid Mat Slab or Post-Tensioned Slab Design Criteria

Parameter Design Value
Modulus of Subgrade Reaction — Non-Treated 75 Ib/in®
Modulus of Subgrade Reaction — Lime Treated 225 Ib/in3
Minimum Thickness at Edge of Slab’ 12 inches
Maximum Unsupported Interior Span? 6 feet
Maximum Unsupported Edge Cantilever? 3 feet
Edge Moisture Variation (em), Center Lift 6 feet
Edge Moisture Variation (em), Edge Lift 3 feet
Differential Soil Movement (ynm), Center Lift 0.5inch
Differential Soil Movement (ym), Edge Lift 0.5inch

(1) Actual thickness, load distribution, and unsupported spans must be determined by Structural
Engineer to reduce deformations to acceptable levels.
(2) Assumes rigid slab behavior with idealized fixed end conditions.

As discussed in the previous section, foundations should be designed to account for up to two
inches of total settlement and one inch of differential settlement over 50 feet. Load balancing
may be considered as a means of reducing the potential settlements for the new buildings. This
approach would include overexcavating beneath the structure and replacing a portion of the soil
that is removed with lightweight material consisting of lava rock, cellular concrete or geofoam.
Alternatively, load balancing could be achieved by creating below-grade areas (e.g. basements
or underground parking) in which removal of soil would offset new building loads and result in
lower net pressures.
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We anticipate that building loads for the planned parking garage will be larger than the other
structures and a deep foundation will likely be required to reduce potential building settlements.
Various deep foundation alternatives are judged to be appropriate, including torque-down piles,
auger-cast piles, drilled piers or driven piles. Alternatively, ground improvement with rammed
aggregate piers or similar systems could be used to increase the bearing capacity and stiffness
of the subsurface soils. A brief overview of these foundation systems is provided below.

Torque-Down Piles - Torque down piles are full displacement, steel pipe piles that consist
of a large-diameter steel shaft with a closed-ended, conical tip and helix. The pile is
“screwed” into the ground to depth and the steel shaft displaces the surrounding soil as it
advances. The piles are typically filled with grout after installation. Torque-down piles
achieve vertical capacity through friction between the soil and the steel pipe and end
bearing of the closed-ended tip.

Augercast Piles — Augercast piles are installed by rotating a continuous flight, hollow
shaft auger to displace the soil to a specified depth. High strength cement grout is pumped
under pressure through the hollow shaft as the auger is slowly withdrawn. Reinforcing is
typically installed while the cement grout is still fluid or through the hollow shaft of the
auger prior to the withdrawal and grouting process.

Drilled Piers — Drilled piers are a larger-diameter system (typically 18 to 24 inches in
diameter) which consist of excavating a hole to a desired depth, installing a steel
reinforcing cage, and filling the hole with concrete. Drilled piers can be constructed in a
variety of soil conditions; however, the drilled hole may need to be supported with drilling
fluid or casing as required by ground conditions.

Driven Piles - Driven piles are steel or precast concrete piles driven with a large pile
hammer until a suitable driving resistance and bearing capacity is achieved. Drilled piles
often generate significant noise and vibrations which may preclude their use at the site. If
driven piles are selected, pre-drilling would likely be required to reduce vibrations and
minimize impacts to nearby utilities and other improvements.

Compacted Aggregate Piers — Compacted aggregate piers are a ground improvement
method which consists of drilling out and replacing compressible soil with compacted
aggregate. The compacted aggregate piers help to create a stronger “composite”
aggregate pier/soil matrix which increases bearing capacity and soil stiffness and
decreases compressibility.

For the purposes of evaluating the various foundation systems, key factors associated with each

alternative are summarized in Table 8. We can consult with the design team to provide
supplemental criteria for foundation design once a system has been selected.
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Table 8 — Comparison of Key Factors for Deep Foundation Alternatives

Estimated Vertical
Assumed Capacity®? Noise and
Foundation Type (kips) Vibrations Spoils
Torque-Down Piles .

(12.75-in-diam) 45t0 75 Low None to Minor
Auger.casft Piles 7510 110 Low Minor to Moderate

(18-in-diam)

Drilled Piers R

(24-in-diam) 55 to 90 Low Significant

Drlvgn I?lles 45t0 75 Significant Minor to Moderate

(12-in-diam)

Compacted 4,000 psf Moderate to Sianificant
Aggregate Pier (bearing capacity) Significant 9

(1) Estimated allowable capacity with factor of safety of 2.0.

(2) Assumes foundation will extend to estimated depths of 40 to 50 feet. Higher capacities could be achieved
if foundations are extended deeper.

5.5 Retaining Walls

Retaining walls are not currently anticipated for the development. If needed, basement walls and
site retaining walls should be preliminarily designed to resist lateral pressures from earth and
surcharge loads, as shown in Table 9. Retaining walls that can slightly deflect at the top can be
designed using the unrestrained criteria shown below. Walls that are structurally connected and
not allowed to deflect (e.g., tied-back walls) are restrained and are commonly designed using a
uniform active earth pressure distribution rather than an equivalent fluid pressure.

Table 9 — Active Earth Pressure for Retaining Wall Design

Unrestrained?3 Restrained3+
Backfill Lime Treated or , Lime Treated or .
Inclination’ Select Fill Untreated Soils Select Fill Untreated Soils
Level 30 pcf 50 pcf 30 x H psf 35 x H psf
3:1 40 pcf 60 pcf 35 x H psf 40 x H psf
2:1 50 pcf 70 pcf 40 x H psf 45 x H psf

Notes:
(1) Interpolate earth pressures for intermediate slopes
(2) Equivalent fluid pressure
(3) Wall design should account for a seismic surcharge of 12 x H (in psf) in addition to active pressure
(4) Rectangular distribution, H is wall height in feet

Wall drainage is required for all retaining walls taller than 3 feet. Wall drainage should consist of
Caltrans Class 1B permeable material within filter fabric or Caltrans Class 2 permeable material.
A composite drainage panel such as Miradrain 6000 (or approved equivalent) could also be used.
The drainage should be collected in a 4-inch perforated PVC drain line at the base of the wall and
discharged to an appropriate discharge location. The permeable material should extend at least
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12 inches from the back of the wall and be continuous from the bottom of the wall to within 12
inches of the ground surface. A schematic retaining wall backdrain detail is shown on Figure 9.

5.6 Interior Concrete Slabs-On-Grade

Reinforced concrete slab-on-grade floors are judged to be appropriate for the site conditions. The
concrete slabs-on-grade may be poured monolithically or separated with a cold joint. We
recommend that interior concrete slabs have a minimum thickness of five inches and be
reinforced with steel reinforcing bars (not mesh) with rebar extending through crack control joints.
Slabs should be placed on a moist subgrade to reduce potential for future expansive behavior.
The project Structural Engineer should specifically design the concrete slabs, including locations
of crack control joints.

To reduce the potential for moisture to move upward through the slab, a four-inch layer of clean,
free draining, %-inch angular gravel should be placed beneath interior concrete slabs to form a
capillary moisture break. The gravel must be placed on a properly moisture conditioned and
compacted subgrade that has been approved by the Geotechnical Engineer. A plastic membrane
vapor barrier, 15 mils or thicker, should be placed over the compacted base rock. The vapor
barrier shall meet the ASTM E1745 Class A requirements and be installed per ASTM E1643.
Eliminating the capillary moisture break and/or plastic vapor barrier may result in excess moisture
intrusion through the floor slabs resulting in poor performance of floor coverings, mold growth, or
other adverse conditions.

We note that over time, placing sand between the vapor barrier and concrete is becoming less
common because of elevated interior moisture contents. If sand is used, it should be dry, and if
it is not used, the slab should be carefully designed with a lower water-cement ratio (generally
less than 0.45) since eliminating the sand can cause cracking or “curling” of the new concrete.
For slabs that are not sensitive to moisture vapor, we recommend at least four inches of Class 2
aggregate base (Caltrans, 2015) compacted to 95 percent relative compaction.

5.7 Exterior Concrete Slabs

Exterior concrete walkway slabs and other concrete slabs that are not subjected to vehicle loads
should be a minimum of four-inches-thick and underlain with four inches or more of Class 2
aggregate base. The aggregate base should be moisture conditioned to near optimum and
compacted to at least 95 percent relative compaction. The upper eight inches of subgrade on
which aggregate base is placed should be prepared as previously discussed under Section 5.2.

Where improved performance is desired (i.e., reduced risks of cracking or small movements),
exterior slabs can be thickened to five inches and reinforced with steel reinforcing bars (not
welded wire mesh). We recommend crack control joints no farther than six feet apart in both
directions and that the reinforcing bars extend through the control joints. Some movement or
offset at sidewalk joints should be expected as the underlying soils expand and shrink from
seasonal moisture changes.

22



5.8 Site and Foundation Drainage

New grading could result in adverse drainage patterns causing water to pond around the
development. Careful consideration should be given to design of finished grades at the site. We
recommend that the building areas be raised slightly and that the adjoining landscaped areas be
sloped downward at least 0.25 feet for five feet (five percent) from the perimeter of building
foundations. Where hard surfaces, such as concrete or asphalt adjoin foundations, slope these
surfaces at least 0.10 feet in the first five feet (two percent).

Roof gutter downspouts may discharge onto the pavements, but should not discharge onto
landscaped areas immediately adjacent to the buildings. Provide area drains for landscape
planters adjacent to buildings and collect downspout discharges into a tight pipe collection system
that discharges well away from the building foundations. Site drainage should be discharged
away from the building area and outlets should be designed to reduce erosion. Site drainage
improvements should be connected into an established storm drainage system.

5.9 Underground Utilities

Excavations for utilities will generally encounter a combination of medium dense to dense sand
and medium stiff to very stiff clayey soils containing variable amounts of sand and gravel.
Groundwater may be encountered at shallow depths. Trench excavations having a depth of five
feet or more must be excavated and shored in accordance with OSHA regulations, as discussed
in Section 5.2.3.

Unless otherwise recommended by the pipe manufacturer, pipe bedding and embedment
materials should consist of well-graded sand with 90 to 100 percent of particles passing the No.
4 sieve and no more than five percent finer than the No. 200 sieve. Crushed rock or pea gravel
may also be considered for pipe bedding. Provide the minimum bedding thickness beneath the
pipe in accordance with the manufacturer's recommendations (typically three to six inches).
Trench backfill may consist of on-site soils, provided that the soil meets the fill criteria outlined in
Section 5.2.2 or imported aggregate baserock. Trench backfill should be moisture conditioned,
placed in thin lifts and compacted to at least 90 percent. Use equipment and methods that are
suitable for work in confined areas without damaging utility conduits.

5.10 Pavements

We have calculated pavement sections in accordance with Caltrans procedures for flexible
pavement design (Caltrans, 2015). Our calculations assume an R-value of five for untreated soils
and 60 for lime treated soils. If lime treatment is used, additional laboratory testing should be
performed prior to construction to confirm the assumed R-value for the treated soils is appropriate.

We have provided a range of Traffic Indices from 4.0 to 8.0 depending on the expected traffic
loads for a twenty-year design life. In general, areas expected to experience loading from heavy
vehicles should be designed using the higher Traffic Index, while parking areas and other lightly-
loaded areas can utilize a thinner pavement section based on the lower Traffic Index. The
recommended pavement sections are presented in Table 9.
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Table 9 — Preliminary Asphalt-Concrete Pavement Sections

Untreated Subgrade Lime Treated Subgrade’
(R-value = 5) (R-value = 60)
Asphalt Aggregate Asphalt Aggregate
Traffic Index Concrete Base Concrete Base
(inches) (inches) (inches) (inches)
4.0 2.5 8.0 2.0 4.0
5.0 3.0 10.0 3.0 5.0
6.0 4.0 12.0 3.5 6.0
7.0 5.0 14.0 4.0 7.0
8.0 6.0 16.0 5.0 8.0

(1) Calculated using a minimum lime treatment depth of 18 inches.

The aggregate base and asphalt concrete should conform to the most recent version of Caltrans
Standard Specifications and should be compacted to at least 95 percent relative compaction.
Additionally, the aggregate base should be firm and unyielding under heavy, rubber-tired
construction equipment. If heavier truck traffic or “superior” performance is desired, the thickness
of the aggregate base and asphalt thickness may be increased.

6.0 SUPPLEMENTAL GEOTECHNICAL SERVICES

Following review and consideration of this report, we should consult with the project team
regarding the “preferred” foundation type for the new structures. Supplemental exploration and
lab testing should be performed to evaluate the compressibility of subsurface soils. When building
layouts and structural loads are available, a detailed settlement analysis should also be performed
to refine the estimated building settlements presented in this report.

As project plans near completion, we should review them to confirm that the intent of our
recommendations has been sufficiently incorporated. During construction, we should be present
intermittently to observe and test geotechnical portions of the work. We anticipate this will include
observation and/or testing of foundation excavations, moisture conditioning and compaction of
subgrade soils, fill placement and compaction, lime treatment (if used), and other geotechnical-
related work items. The purpose of our observation and testing is to confirm that site conditions
are as anticipated, to adjust our recommendations and design criteria if needed, and to confirm
that the Contractor’s work is performed in accordance with the project plans and specifications.

7.0 LIMITATIONS

We believe this report has been prepared in accordance with generally accepted geotechnical
engineering practices in the northern San Francisco Bay Area at the time the report was prepared.
This report has been prepared for the exclusive use of the Laulima Rohnert Station, LLC and/or
their assignees specifically for this project. No other warranty, expressed or implied, is made. Our
evaluations and recommendations are based on the data obtained during our subsurface
exploration program and our experience with soils in this geographic area.
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Classification

Firm

Raveling | Slow
raveling

Fast
raveling

Sgueezing

Running | Cohesive -
running

Running

Flowing

Swelling

Tunnelman's Ground Classification for Soils'

Behavior

Heading can be advanced without initial support,
and final lining can be constructed before
ground starts to move.

Chunks or flakes of material begin to drop out of
the arch or walls sometime after the ground has
been exposed, due to lcosening or to over-
stress and "brittle" fracture (ground separates or
breaks along distinct surfaces, opposed to
squeezing ground). In fast raveling ground, the
process starts within a few minutes, otherwise
the ground is slow raveling.

Ground sgueezes or extrudes plastically into
tunnel, without visible fracturing or loss of
continuity, and without perceptible increase in
water content. Ductile, plastic yield and flow due
to overstress.

Granular materials without cohesion are
unstable at a slope greater than their angle of
repose (+- 30° —35°). When exposed at steeper
slopes they run like granulated sugar or dune
sand until the slope flattens to the angle of
repose.

A mixture of soil and water flows into the tunnel
like a viscous fluid. The material can enter the
tunnel from the invert as well as from the face,
crown, and walls, and can flow for great
distances, completely filling the tunnel in some
cases.

Ground absorbs water, increases in volume, and
expands slowly into the tunnel.

1 Modified by Heuer (1974) from Terzaghi (1950)

Typical Soil Types

Loess above water table; hard clay, marl,
cemented sand and gravel when not highly
overstressed.

Kesidual seils or sand with small amounts of
binder may be fast raveling below the water
tale, slow raveling above. Stiff fissured clays
may be slow or fast raveling depending upon
degree of overstress.

Ground with low frictional strength. Rate of
squeeze depends on degree of overstress.
Occurs at shallow to medium depth in clay of
very soft to medium consistency. Stiff to hard
clay under high cover may move in
combination of raveling at excavation surface
and squeezing at depth behind surface.

Clean, dry granular materials. Apparent
cohesicn in meist sand, or weak cementation
inany granular soil, may allow the material to
stand for a brief period of raveling before it
breaks down and runs. Such behavior is
cohesive-running.

Below the water table in silt, sand, or gravel
without enough clay centent to give significant
cohesion and plasticity. May also occur in
highly sensitive clay when such material is
disturbed.

Highly preconsolidated clay with plasticity
index In excess of about 30, generally
containing  significant  percentages  of
montmorillonite.
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APPENDIX A
SUBSURFACE EXPLORATION AND LABORATORY TESTING

A. SUBSURFACE EXPLORATION

We explored subsurface conditions near the proposed improvements with six CPTs and eight soil
borings at the approximate locations shown on Figure 6. The CPTs were pushed to depths
ranging from about 55 to 116 feet below ground surface while the borings were excavated to
depths ranging from about 3.5 to 51.5 feet below ground surface using truck-mounted drilling
equipment. The subsurface conditions encountered during our exploration are summarized and
presented on the CPT and boring logs, Figures A-1 through A-20. The depth to groundwater was
noted during drilling and measured before backfilling the borings.

“Undisturbed” samples were obtained from the soil boring using a 3-inch diameter, split-barrel
Modified California Sampler with 2.5 by 6-inch tube liners or a Standard Penetration Test (SPT)
Sampler. The samplers were driven by a 140-pound hammer at a 30-inch drop. The number of
blows required to drive the samplers 18 inches was recorded and is reported on the boring logs
as blows per foot for the last 12 inches of driving. The samples obtained were examined in the
field, sealed to prevent moisture loss, and transported to our laboratory.

B. LABORATORY TESTING

We conducted laboratory tests on selected intact samples to classify soils and to estimate
engineering properties. The following laboratory tests were conducted in general accordance with
the test method cited:

o Laboratory Determination of Water (Moisture Content) of Soil, Rock, and Soil-Aggregate
Mixtures, ASTM D 2216

e Density of Soil in Place by the Drive-Cylinder Method, ASTM D2937

¢ Unconfined Compressive Strength of Cohesive Soil, ASTM D2166

e Standard Test Methods for Liquid Limit, Plastic Limit, and Plasticity Index, ASTM D4318
¢ Expansion Index of Soil, ASTM D4829

¢ Amount of Material in Soils Finer than No. 200 (75-um) Sieve, ASTM D1140

¢ Particle-Size Distribution (Gradation) of Soils Using Sieve Analysis, ASTM D6913

e Standard Test Method for Using pH to Estimate the Soil-Lime Proportion Requirements for
Soil Stabilization, ASTM D6276

The moisture content, dry density, amount of material passing a No. 200 sieve and unconfined
compression test results are shown on the exploratory boring logs, whereas the Atterberg Limits,
Expansion Index, gradation and Soil-Lime Proportion test results are shown on Figures A-21
through A-25.

The exploratory boring logs, description of soils encountered, and the laboratory test data reflect
conditions only at the location of the boring at the time they were excavated or retrieved.
Conditions may differ at other locations and may change with the passage of time due to a variety
of causes including natural weathering, climate and changes in surface and subsurface drainage.
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MAJOR DIVISIONS

DESCRIPTION

CLEAN GRAVEL

SYMBOL
GW Hists

Well-graded gravels or gravel-sand mixtures, little or no fines

N —
= g GP Poorly-graded gravels or gravel-sand mixtures, little or no fines
os
o GM Silty gravels, gravel-sand-silt mixtures
8 ° GRAVEL
Z .g with fines GC Clayey gravels, gravel-sand-clay mixtures
<< c
X © ogoa0008000e0e
(O SW sscossascesesed Well-graded sands or gravelly sands, little or no fines
wX | CLEAN SAND B
(£ 0 SP Poorly-graded sands or gravelly sands, little or no fines
<o
o = o -
Q0o SAND SM #| Silty sands, sand-silt mixtures
with fines ,
SC % Clayey sands, sand-clay mixtures
s
0 ML Inorganic silts and very fine sands, rock flour, silty or clayey fine sands or clayey silts
> with slight plasticity

= ® SILT AND CLAY : . — .
O © S o Inorganic clays of low to medium plasticity, gravely clays, sandy clays, silty clays,
N o liquid limit <60% CL lean clays
o &
=z % oL Organic silts and organic silt-clays of low plasticity
<
% o MH Inorganic silts, micaceous or diatomaceous fine sands or silts, elastic silts
" 0 SILT AND CLAY
z 9 liquid limit >50% CH Inorganic clays of high plasticity, fat clays
E o 7/ 7,

OH ’/’/’/’://'/', Organic clays of medium to high plasticity
HIGHLY ORGANIC SOILS | PT = Peat, muck, and other highly organic soils

ROCK

Undifferentiated as to type or composition

KEY TO BORING AND TEST PIT SYMBOLS

CLASSIFICATION TESTS

Pl PLASTICITY INDEX

LL LIQUID LIMIT

SA SIEVE ANALYSIS

HYD HYDROMETER ANALYSIS

P200 PERCENT PASSING NO. 200 SIEVE
P4 PERCENT PASSING NO. 4 SIEVE

SAMPLER TYPE

MODIFIED CALIFORNIA

.~ .

STANDARD PENETRATION TEST

x = BE=HA

STRENGTH TESTS

TV FIELD TORVANE (UNDRAINED SHEAR)

uc LABORATORY UNCONFINED COMPRESSION
TXCU CONSOLIDATED UNDRAINED TRIAXIAL
TXUU UNCONSOLIDATED UNDRAINED TRIAXIAL

UC, CU, UU = 1/2 Deviator Stress

SAMPLER DRIVING RESISTANCE

Modified California and Standard Penetration Test samplers are
driven 18 inches with a 140-pound hammer falling 30 inches per

HAND SAMPLER blow. Blows for the initial 6-inch drive seat the sampler. Blows

for the final 12-inch drive are recorded onto the logs. Sampler
refusal is defined as 50 blows during a 6-inch drive. Examples of

ROCK CORE blow records are as follows:

25  sampler driven 12 inches with 25 blows after

% initial 6-inch drive
/ THIN-WALLED / FIXED PISTON DISTURBED OR ) ) )
% BULK SAMPLE 85/7" sampler driven 7 inches with 85 blows after
initial 6-inch drive
NOTE: Test boring and test pit logs are an interpretation of conditions encountered " . ) . }
at the excavation location during the time of exploration. Subsurface rock, 5073 _sa_\r_npler_ drlven. 3 inches W'th 50 bl(_)WS dur_lng
soil or water conditions may vary in different locations within the project site initial 6-inch drive or beginning of final 12-inch
and with the passage of time. Boundaries between differing soil or rock drive
descriptions are approximate and may indicate a gradual transition.
PEG 504 Redwood Blvd.
MILLER PAI:“:": B T— SOIL CLASSIFICATION CHART
ENGINEERING GROUP| e Rohnert Station " NGK
__ T 415/382:3444 6400 State Farm Drive Chocked A— 8
A CALIFORNIA CORPORATION, 2018, ALL RIGHTS RESERVED _ F 415/382-3450 Rohnert Park, California
FILENAME: 2647.001 BL and Lab Results.dwg www.millerpac.com Project No. 2647.001 Date: 9/12/2018 FIGURE




BORING 1 - > E E
T EQUIPMENT:  Truck-Mounted Mobile B53 with 5 S | g 2| E
a S 6-inch Hollow Stem Augers o |_“g W = T @ @
a || S| DATE: 8/8/18 S | 3=|%z| ol = | E
] © . D ST |FW|lxz]| x 1e
g o| m| ELEVATION: 110 feet % SO0 | = ﬁ W L:IEJ L:IEJ
R REFERENCE: Google Earth, 2018 2 | gL128|z2| B 5
L0-0
F 3.5" Asphalt Concrete
_ -+ 19.0" Aggregate Baserock
CLAY (CH)
- dark gray, black, moist, stiff, high plasticity clay
[Alluvium]
_ 16 77 | 378 | UC
- 1 1700
5— 15 84 36.9
2 I 29 81 | 382 | UC
3000
_ Clayey SAND with Gravel (SC)
brown, moist, medium dense, fine sand
=3 10— [Alluvium]
35 101 16.2 P200
_ 20.8%
~ 15 21.0
Sandy CLAY (CH)
v _ brown, moist to wet, stiff, high plasticity
(4= [Alluvium]
15—
v _
-5
grades soft to medium stiff
- 5 81 | 386 | UC
6 - 550
N NOTES: (1) UNCORRECTED FIELD BLOW COUNTS
Y Water level encountered during drilling Ezg METRIC EQUIVALENT DRY UNIT WEIGHT kN/m3= 0.1571 x DRY UNIT WEIGHT (pcf)
¥ Water level measured after drilling (3) METRIC EQUIVALENT STRENGTH (kPa) = 0.0479 x STRENGTH (psf)

(4) GRAPHIC SYMBOLS ARE ILLUSTRATIVE ONLY

MPEG 504 Redwood Blvd.

Checked

T sutezz0 BORING LOG
B i L e e = e
_ T 41573823444 6400 State Farm Drive T E— A_9

A CALIFORNIA CORPORATION, 2018, ALL RIGHTS RESERVED _ F 415/382-3450 Rohnert Park, California
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(4) GRAPHIC SYMBOLS ARE ILLUSTRATIVE ONLY

. | < <
BORING 1 £ - D |<D—( |<D—(
= (CONTINUED) 5| 8| | gl 2] ¢
L $ L Qo o [ [ L LLl
S 5 | 26152 ol = | =
o Y I wl| ez 14 14
» 5! = > EE w |
2 z|g 3 >.% oz | S £ T
= o SO | T = =
g 38|Sla n |62|S0|56| O O
20 Sandy CLAY (CH)
_ brown, moist to wet, stiff, high plasticity
[Alluvium]
i _ CLAY with Sand (CH)
7 light brown, wet, stiff, medium to high plasticity
_ [Alluvium]
25—
g 17 | 90 | 311 | uc
_ 1350
-9
30-
-10 -
35—
grades dark gray, very stiff
-11 20 35.9
- 12
40-
Y Water level encountered during drilling NOTES: (1) UNCORRECTED FIELD BLOW COUNTS
¥ Water level d after drill (2) METRIC EQUIVALENT DRY UNIT WEIGHT kN/m®= 0.1571 x DRY UNIT WEIGHT (pcf)
~ Water level measured after drilling (3) METRIC EQUIVALENT STRENGTH (kPa) = 0.0479 x STRENGTH (psf)
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(4) GRAPHIC SYMBOLS ARE ILLUSTRATIVE ONLY

BORING 1 - s| 5| &
= ~ “| A a
= (CONTINUED) o | & | gl 2| =
a Nt ESlxE A= =
w| =2 o zZE | S & Q
] © D ST |FW|lxz]| x 14
4 a|lao = O|lwE| <u| W L
5. |5|E S |zuw|og|ue| £ | £
g 38|Sla m |62 |20|wvw| O O
40 CLAY with Sand (CH)
_ dark gray, wet, very stiff, medium to high plasticity
[Alluvium]
-13
- 46 | 103 | 22.3
45—
- 14
1, 25 30.3
Bottom of boring at 50.0 feet.
_ Groundwater encountered at 16.0 feet during drilling
and measured at 13.0 feet immediately after drilling
-16  _
55—
-17  —
-18
60—
Y Water level encountered during drilling NOTES: (1) UNCORRECTED FIELD BLOW COUNTS
¥ Water level d after drill (2) METRIC EQUIVALENT DRY UNIT WEIGHT kN/m?3= 0.1571 x DRY UNIT WEIGHT (pcf)
~ Water level measured after drilling (3) METRIC EQUIVALENT STRENGTH (kPa) = 0.0479 x STRENGTH (psf)
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(4) GRAPHIC SYMBOLS ARE ILLUSTRATIVE ONLY

BORING 2 - s| £ 8
T EQUIPMENT:  Truck-Mounted Mobile B53 with 5 S I - R
& < 4-inch Solid Flight Augers S| 8luz| =l @ @
@) | DATE: 8/9/18 o T ol| F >
w pd -]
g o | @m| ELEVATION: 108 feet % SO0 | o E 5 & L:EJ IEIEJ
g |33 - : xW [O0G | T = =
GEJ “S’_) (7() 5 REFERENCE: Google Earth, 2018 = =128 & CITJ 5 5
-0-0 :
AT Silty SAND with Gravel (SM)
_ byt light brown, dry, medium dense, fine sand
[Fill]
L L 31 | 75 | 220 P200 | SA
_| o Bl 15.6%
B 1 -'5 "
| W 48 | 78 | 204
5- :".:
g ¢l
- CLAY (CH)
2 B light gray, moist, stiff, high plasticity
[Alluvium] 17 99 2511 UC
- Bottom of boring at 7.5 feet. 2850
No groundwater observed during drilling.
3 40-
_4 -
15—
-5
6 20-
I NOTES: (1) UNCORRECTED FIELD BLOW COUNTS
Y Water level encountered during drilling 223 METRIC EQUIVALENT DRY UNIT WEIGHT kN/m3= 0.1571 x DRY UNIT WEIGHT (pcf)
! Water level measured after dr||||ng (3) METRIC EQUIVALENT STRENGTH (kPa) =0.0479 x STRENGTH (pSf)
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(4) GRAPHIC SYMBOLS ARE ILLUSTRATIVE ONLY

BORING 3 = 2 E E
T EQUIPMENT:  Truck-Mounted Mobile B53 with 5 S < gl 2| E
e S 4-inch Solid Flight Augers 8 =2 |6|:J g I:E @ @
o w| 2| DATE: 8/9/18 ~ >-| 352 0] = =
] © D ST |FW|lxz]| x 14
g o| m| ELEVATION: 106 feet* % SO0 | o E ﬁ % L:IEJ L:IEJ
g “S’_, % 5 REFERENCE: Google Earth, 2018 = x| =28 % ('7) 5 5
-0-0 ; -
%74 Clayey SAND with Gravel (SC)
_ light brown, dry, medium dense, fine sand
[Fill]
; 93 | 15.2
L v 10 | 79 | 39.1| UC
1 CLAY (CH) 1150
- dark gray to black, moist, very stiff, high plasticity
[Alluvium]
5~ 21 | 87 | 341
_ Bottom of boring at 5.5 feet.
) No groundwater observed during drilling.
-3 10—
- 4 -
15—
-5
6 20-
S NOTES: (1) UNCORRECTED FIELD BLOW COUNTS
Y Water level encountered during drilling Ezg METRIC EQUIVALENT DRY UNIT WEIGHT kN/m3= 0.1571 x DRY UNIT WEIGHT (pcf)
¥ Water level measured after drilling (3) METRIC EQUIVALENT STRENGTH (kPa) = 0.0479 x STRENGTH (psf)
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(4) GRAPHIC SYMBOLS ARE ILLUSTRATIVE ONLY

BORING 4 - sl £ 8
T EQUIPMENT:  Truck-Mounted Mobile B53 with 5 S | g 2| E
o, < 4-inch Solid Flight Augers o |_“g W = T @ @
a | 4| Z| DATE: 8/9/18 ~ | S| 8z ol = | &
] © D ST |FW|lxz]| x 14
g o| m| ELEVATION: 108 feet* % SO0 | = ﬁ W L:IEJ L:IEJ
g ﬁ’_, % 5 REFERENCE: Google Earth, 2018 = x| =28 % ('7) 5 5
r0-0 = \2" Asphalt Concrete
_ " 110.5" Aggregate Baserock
CLAY (CH)
_ Black, moist, medium stiff, high plasticity clay.
[Alluvium]
L 12 79 | 40.0
B Bottom of boring at 3.5 feet.
No groundwater observed during drilling.
5_
- 2
-3 10—
- 4 -
15—
-5
6 20-
S NOTES: (1) UNCORRECTED FIELD BLOW COUNTS
Y Water level encountered during drilling Ezg METRIC EQUIVALENT DRY UNIT WEIGHT kN/m3= 0.1571 x DRY UNIT WEIGHT (pcf)
¥ Water level measured after drilling (3) METRIC EQUIVALENT STRENGTH (kPa) = 0.0479 x STRENGTH (psf)

504 Redwood Blvd.

O MILLER PAGIFIG| ===

N , CA 94947 H
ENGINEERING BROUP| —Toccc | 600 Stn pam oD e
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BORING 5 = s| £ 8
= EQUIPMENT:  Truck-Mounted Mobile B53 with 5 S < gl 2| E
e S 4-inch Solid Flight Augers 8 =2 |6|:J g E @ @
| wl =| DATE: 8/9/18 ~ S| 52 O = =
] © D ST |FW|lxz]| x 14
g ol 81 ELEVATION: 107 feet* % SO0 | o E 5 % L:IEJ L:IEJ
- — E E * - m O
REFERENCE: Google Earth, 2018 x SO | T = [
g 38|Sla cogie =a m |o2|3So|lan| © O
-0=-0 - -
r724 Clayey SAND with Gravel (SC)
_ 2 brown and gray, moist, medium dense, fine to
: coarse sand [Fill]
Bl ¢ 43 | 111 | 126 | UC
_ ] 1200
Bl s 46 | 104 | 14.2 P200
5- I 19.3%
- CLAY (CH)
L, black, moist, stiff, high plasticity [Alluvium] 17| 78 | 416
- Bottom of boring at 6.5 feet
No groundwater observed during drilling
-3 10—
_4 -
15—
~5
6 20-
. s NOTES: (1) UNCORRECTED FIELD BLOW COUNTS
Y Water level encountered during drilling Ezg METRIC EQUIVALENT DRY UNIT WEIGHT kN/m3= 0.1571 x DRY UNIT WEIGHT (pcf)
¥ Water level measured after drilling (3) METRIC EQUIVALENT STRENGTH (kPa) = 0.0479 x STRENGTH (psf)
= (4) GRAPHIC SYMBOLS ARE ILLUSTRATIVE ONLY
MPEG 504 Redwood Blvd.
MILLER PAGIFIG| === PORMELOS
ENGINEERING GROUP| oo Rohnert Station " NGK
_ T 415/382:3444 6400 State Farm Drive Checked A— 1 5
A CALIFORNIA CORPORATION, 2018, ALL RIGHTS RESERVED _ F 415/382-3450 Rohnert Park, California
FILENAME: 2647.001 BL and Lab Results.dwg www.millerpac.com Project No. 2647.001 Date: 9/12/2018 FIGURE




(4) GRAPHIC SYMBOLS ARE ILLUSTRATIVE ONLY

BORING 6 S sl 2| &
T EQUIPMENT:  Truck-Mounted Mobile B53 with 5 Sl S| gl 2|2
e S 4-inch Solid Flight Augers o -2 W g T @ @
| wl =| DATE: 8/9/18 ~ S| 52 O = =
] © D ST |FW|lxz]| x 14
g o| m| ELEVATION: 105 feet* % SO0 | = ﬁ W L:IEJ L:IEJ
g ﬁ’_, % 5 REFERENCE: Google Earth, 2018 . 5= =8 % ('7) 5 5
-0-0
1 3" Asphalt Concrete
- - d 9" Aggregate Baserock
6" Gravelly Fill
- CLAY (CH)
black, moist, stiff, high plasticity
Ly [Alluvium] 18 | 72 | 452
B Bottom of boring at 3.5 feet
No groundwater observed during drilling
5_
-2
-3 10—
— 4 -
15—
-5
6 20-
I NOTES: (1) UNCORRECTED FIELD BLOW COUNTS
Y Water level encountered during drilling Ezg METRIC EQUIVALENT DRY UNIT WEIGHT kN/m3= 0.1571 x DRY UNIT WEIGHT (pcf)
¥ Water level measured after drilling (3) METRIC EQUIVALENT STRENGTH (kPa) = 0.0479 x STRENGTH (psf)

504 Redwood Blvd.

O MILLER PAGIFIG| ===

N , CA 94947 H
ENGINEERING BROUP| —Toccc | 600 Stn pam oD e
A CALIFORNIA CORPORATION, 2018, ALL RIGHTS RESERVED _ F 415/382-3450 Rohnert Park, California
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BORING 7 - sl £ &
T EQUIPMENT:  Truck-Mounted Mobile B53 with 5 S | Bl Rk
e S 4-inch Solid Flight Augers 8 =2 |6|:J g I:E @ @
| wl =| DATE: 8/9/18 ~ S| 52 O = =
] O . 2 ST | W | xz e v
g o| m| ELEVATION: 103 feet % SO0 | o E ﬁ % L:IEJ L:IEJ
g ﬁ;_) % 5 REFERENCE: Google Earth, 2018 = x| =28 % ('7) 5 5
-0-0
=4 3.5" Asphalt Concrete
_ -] 9.5" Aggregate Baserock
13" Gravelly Fill
- CLAY (CH)
black, moist, stiff, high plasticity 14 2 28.2
] - [Alluvium]
- I 32 | 76 | 36.9
5_ Bottom of boring at 4.5 feet
No groundwater observed during drilling
- 2
-3 10—
- 4 -
15—
-5
6 20-
S NOTES: (1) UNCORRECTED FIELD BLOW COUNTS
Y Water level encountered during drilling Ezg METRIC EQUIVALENT DRY UNIT WEIGHT kN/m3= 0.1571 x DRY UNIT WEIGHT (pcf)
¥ Water level measured after drilling (3) METRIC EQUIVALENT STRENGTH (kPa) = 0.0479 x STRENGTH (psf)

(4) GRAPHIC SYMBOLS ARE ILLUSTRATIVE ONLY

504 Redwood Blvd.

O MILLER PAGIFIG| ===

ENGINEERING GROUP| e Rohnert Station K

_ Tt 3044 6400 State Farm Drive A- 1 7
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BORING 8 S = E E
T EQUIPMENT:  Truck-Mounted Mobile B53 with 5 S | g 2| E
a S 6-inch Hollow Stem Augers o |_“g W = T @ @
&) _ DATE: 8/10/18 ~ S pd 0] > >
Ll n 4 D5
2| © _ . ST | B xz| x x
g o| m| ELEVATION: 110 feet % SO0 | o E ﬁ % L:IEJ L:IEJ
g ﬁ’_, % 5 REFERENCE: Google Earth, 2018 G_JI x| =28 % ('7) 5 5
r0-0 CLAY (CH)
_ black, moist, stiff, high plasticity
[Alluvium]
L 14 | 93 | 198
5 I 21 82 | 26.8
2 Sandy CLAY (CL-CH)
brown, moist, medium stiff, medium plasticity
_ [Alluvium]
-3 10—
10 9 84 36.3 ucC
~ 650
4B 12 | 96 | 25.0
_ 75 Clayey SAND (SC)
brown, wet to saturated, medium dense, fine sand
15 2 [Aluvium] 14 26.3 P200 | sA
Y 25.6%
_ Sandy CLAY (CL-CH)
L 5 brown, moist, very stiff, medium plasticity 18 28.7 P200
_ [Alluvium] 59.9%
- grades wet, stiff
-6
20 14 80 38.8 ucC
1350
. . NOTES: (1) UNCORRECTED FIELD BLOW COUNTS
Y Water level encountered during drilling Ezg METRIC EQUIVALENT DRY UNIT WEIGHT kN/m3= 0.1571 x DRY UNIT WEIGHT (pcf)
¥ Water level measured after drilling (3) METRIC EQUIVALENT STRENGTH (kPa) = 0.0479 x STRENGTH (psf)

(4) GRAPHIC SYMBOLS ARE ILLUSTRATIVE ONLY

MPEG 504 Redwood Blvd.

Checked

T sutezz0 BORING LOG
B i L e e = e
_ T 41573823444 6400 State Farm Drive T E— A_ 1 8
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(4) GRAPHIC SYMBOLS ARE ILLUSTRATIVE ONLY

BORING 8 = s| £ &
= < | O a
= (CONTINUED) 5| & 2| &l 2|0
N —Q I - [ L L
0 |lw|= 5 | z=1352 ol = | F
o @ I wl| ez o 14
o |zZ|a 2 | 2o|bE | < w [ o
HIEHE S | zu|cs|BE| £ | &
£ Q0 |aln ) as | =0 | ww]| O ()
20 Sandy CLAY (CL-CH)
_ brown, wet, stiff, medium plasticity
[Alluvium]
_7 —
- Silty CLAY (CL-CH)
o5 brown, wet, stiff, medium plasticity
[Alluvium] 15 90 320 | UC
_ 1500
-8
o grades blue-gray
30~ 17 | 92 | 314 | uC
_ 1450
-10 —
35~ 26 | 107 | 224 | uc
: 1150
- 11
- 12
40-
Y Water level encountered during drilling NOTES: (1) UNCORRECTED FIELD BLOW COUNTS
¥ Water level d after dril (2) METRIC EQUIVALENT DRY UNIT WEIGHT kN/m®= 0.1571 x DRY UNIT WEIGHT (pcf)
= Water level measured after drilling (3) METRIC EQUIVALENT STRENGTH (kPa) = 0.0479 x STRENGTH (psf)
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(4) GRAPHIC SYMBOLS ARE ILLUSTRATIVE ONLY

BORING 8 = 2 E E
= < “ a a
= (CONTINUED) s | S | &l 2| =
a = = | EZ|xE sl E =
wl = zZE | S & O
| O 2 I wl| x= o 14
» = > EE w |
O % g o) >-% g z | & | T T
o e ol T = =
g 38|Sla n |62|S0|56| O O
40 Silty CLAY (CL-CH)
_ blue-gray, wet, stiff, medium plasticity
[Alluvium]
-13  _
45— ] Clayey SAND (SC)
1  blue-gray, wet, dense, fine to coarse sand 73 102 | 235 | UC | P200| SA
[Alluvium] 1850 |43.1%
L 14
_ CLAY (CH)
Blue-gray, moist, stiff, high plasticity clay, trace
_ sand. [Alluvium]
- 15
50—
N 24 32.1
_ Bottom of boring at 51.5 feet.
Groundwater observed during drilling at 13.0 feet.
-16  _ Groundwater measured at 13.0 feet immediately after
drilling.
55—
17~
- 18
60—
Y Water level encountered during drilling NOTES: (1) UNCORRECTED FIELD BLOW COUNTS
¥ Water lovel d after dril (2) METRIC EQUIVALENT DRY UNIT WEIGHT kN/m®= 0.1571 x DRY UNIT WEIGHT (pcf)
~ Water level measured after drilling (3) METRIC EQUIVALENT STRENGTH (kPa) = 0.0479 x STRENGTH (psf)
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_ o - - o o
S obbh oy N® ¢ L2 2 888 € 8
M N+~ «~ ™M «— ™ *+ HF H *+ H H = H *
100 T
%0 \ | \\
80 \
70 \ \
'—
5 A\
m \
'%J 60 \
> \\‘
m
14 \
Y 50 A
L
: \\\,
o h
o 40
o
N
30 \ \
\\ \
20
N
10
0
100.00 10.00 1.00 0.10 0.01
GRAIN SIZE IN MILLIMETERS
SYMBOL SAMPLE SOURCE CLASSIFICATION

—_—— B2 at 2.0 ft

—a— B8 at 13.5 ft

—_—l B8 at 45.0 ft

Clayey GRAVEL with Sand (GC)

Clayey SAND (SC)

Clayey SAND (SC)
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MILLER PACIFIC ENGINEERING GROUP

ATTERBERG LIMITS TEST (ASTM D 4318)

80

®Boring: 1,3 &4 at0to 4 ftft

70 1| mBoring: 6,7 & 8 at 0 to 4 ft ft

dark gray to black

|
60 - CH
<
X 50 -
L
o
Z
> 40
E
o 4 /
30
< /
_1
o
20 - / MH or OH
10 - /
P CowL — ML or OL
0 T T T T
0 10 20 30 40 50 60 70 80 90 100
LIQUID LIMIT (%)
e Liquid Plastic Limit| Plasticity
Sample Classification Limit (%) (%) Index (%)
Boring: 1,3&4 at 0to4 ftft |CLAY (CH) 91 29 69
dark gray to black
Boring: 6,7&8at 0to4ftft [CLAY (CH) 84 21 63

PI = 0-3: Non-Plastic

Pl = 3-15: Slightly Plastic

Pl = 15-30: Medium Plasticity
PI = >30: High Plasticity

MPEG 504 Redwood Blvd.

Mlll[n Pm:““: P ATTERBERG LIMITS TEST RESULTS

h ENGINEERING EROUP| 52 Rohnert Saton

6400 State Farm Drive
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EXPANSION INDEX (ASTM D4829)

Project Name: ROHNERT STATION Tested By: NAR Date:  9/11/2018
Project Number: 2647.001 Sample Source: B1, B3, & B4 (Composite) at 2.0 to 4.0 ft
Sample Description: CLAY (CH)
Sample Height before Saturation (in.): 1.000
Sample/Ring Diameter: (in.): 4.000
Sample Volume before Saturation (cu.ft.): 0.007272 200 Ty
Ring Number: El-4 1 [
Ring Tare (gm): 367 180 +— [~
Weight Ring + Moist Soil (gm): 693.2 T [ <
=
Approx. Moisture Content (%): 18.0% 160 T :;
Estimated Specific Gravity (2.60-2.70): 2.68 9
Approx. El Dry Density (pcf): 90.0 1 [
Approximate Saturation: 50.0% 140 1
Dial Readings with 1000 psf Load: 1 [ ]
Start Time: 3:39 Dial Reading TO: 0.0000 »
Time 1: 3:48 Dial Reading T1:__ 0.1000 o 120 | |~
Time 2: 4:30 Dial Reading T2: 0.2034 -g =
Time 3: 6:45 Dial Reading T3: 0.2129 - 1 [ %
Time 4: 7:34 Dial Reading T4: 0.2131 S
Time 5: 12:00 Dial Reading T5: _ 0.2137 - 100 1
c I I
Final Height of Sample (in.): 1.214 ©
Q
Pan Identification: 19T AN B
E
Weight of Ring + Wet Soil + Pan (gm): 1226.0 1 | §
Pan Tare (gm): 4448 60 1
Weight of Ring + Dry Soil + Pan (gm): 1089.3 T [
Initial Moisture Content: _ 17.5% 40 | =
Initial Dry Density (pcf): 841 =3
Prepared Sample Saturation: 47.6%
20 +
g
Percent Expansion: 21.4% 3
T | 2
(]
Final Moisture Content: 49.3% 0 >
Final Dry Density (pcf): 69.3
El 5o: 210
Potential Expansion Very High

504 Redwood Blvd.

Suite 220

EXPANSION INDEX TEST RESULTS
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EXPANSION INDEX (ASTM D4829)

Project Name: ROHNERT STATION Tested By: NAR Date:  9/11/2018
Project Number:  2647.001 Sample Source: B6, B7, & B8 (Composite) at 2.0 to 4.0 ft
Sample Description: CLAY (CH)
Sample Height before Saturation (in.): 1.000
Sample/Ring Diameter: (in.): 4.000
Sample Volume before Saturation (cu.ft.): 0.007272 200 T
Ring Number: EI-3 1 [
Ring Tare (gm): 366.2 180 1 —
Weight Ring + Moist Soil (gm): 707.8 T [ 2
2
Approx. Moisture Content (%): 17.0% 160 — — i
Estimated Specific Gravity (2.60-2.70): 2.68 §
Approx. El Dry Density (pcf): 90.0 T1 [
Approximate Saturation: 50.0% 140 1 [—
Dial Readings with 1000 psf Load: 1 |1
Start Time: 2;10 Dial Reading TO: 0.0000 %
Time 1: 217 Dial Reading T1:__ 0.0679 o 120 1
Time 2: 7:20 Dial Reading T2: 0.2340 -g <
Time 3: 9:15 Dial Reading T3: 0.2343 -_— TT1 [ '%
Time 4: 11:00 Dial Reading T4: 0.2345 g
Time 5: 11:15 Dial Reading T5: _ 0.2345 - 100 1—
[ 1 | [
Final Height of Sample (in.): 1.235 ©
Q.
Pan Identification: 18T S O T
§
Weight of Ring + Wet Soil + Pan (gm): 1242.0 T1 || g
Pan Tare (gm): 443.2 60 1
Weight of Ring + Dry Soil + Pan (gm): _ 1100.6 T1 |1
Initial Moisture Content: 17.3% 40 1 =
Initial Dry Density (pcf): 88.3 I B
Prepared Sample Saturation: 51.9%
20 |-
8
Percent Expansion: 23.5% 1] | =
>
(]
Final Moisture Content: 48.6% 0 =
Final Dry Density (pcf): 715
El 50~ 238
Potential Expansion _Very High

Suite 220
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E T S Environmental -Soil, Water & Air Testing & Monitoring
Technical Services  -Analytical Labs

975 Transport Way, Suite 2 “Foxiical Bipson
Petaluma, CA 94954 Serving people and the environment
(707) 778-9605/FAX 778-9612 so that both benefit.

e-mail: entech@pacbell.net

SOIL LIME TREATMENT REPORT

To: Scott Stephens Date: September 26, 2018
Miller Pacific Engineering Group Lab #: 07888-1
504 Redwood Blvd., Suite 220 Received: September 18, 2018

Novato, CA 94947 Tech(s): S. Santos
Lab Supervisor: D. Jacobson
Sample of: very drk gray clay Lab Director: G.S. Conrad, Ph.D.
(B1,B3,B4 @ 0.0’-4.0") Sample ID(s): RS1/RP

Site Location: Rohnert Station, Rohnert Park, California.

RESULTS
SAMPLE LIME ADDITION SAMPLE pH
ID by Percent (-log[H+])
RS1la/RP 2.0% 10.85
RS1b/RP 3.0% 12.01
RS1c/RP 4.0% 12.21
RS1d/RP 5.0% 12.35
RSle/RP 6.0% 12 .46
Native Raw' Soil, Redetiion  ————iemmoioo > 1595
Liming Material Reaction =—————————e—_ 24| k2,54
COMMENTS

This procedure determines soil PHs based on a series of lime additions to
a soil that are needed to arrive at the required reaction (of pH 12-13)
for a soil to be considered lime stabilized. In this case, with the
native clay soil beginning at nearly pH 8, the quantity of this lime that
is needed to reach a minimum of PH 12 would be right at 3%. However,
note that the amount required to reach optimal recommended pH (of 12.4)
to assure sufficient stabilization is in the 5.0%-6.0% range (i.e., about
5.5%) . [Please Note: The quick lime itself has a pH of only slightly over
12.5, so that is why more than 3%-4% would be needed in this case. 1In
other words, because the pH of the liming material itself is not that
much higher than optimal lime stabilized PH (@ 12.4), it takes a little
more of this liming material (Griffin Soil) than what might otherwise be
needed. ]

504 Redwood Blvd.

o MILLER PAGIFIG | === SOIL LIME PROPORTION TEST RESULTS

Novato, CA 94947 Rohnert Station T
[ “ E I N [ [ n I “ E n n “ ll F _ T 415/382:3444 6400 State Farm Drive —th’jGK A—2 5
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APPENDIX B
DATA FROM PREVIOUS GEOTECHNICAL INVESTIGATIONS



HARDING & LAWSON ASSOCIATES, 1976



LOG OF BORING 1

Equipment 6" Flight Auger

Elevation 100.5* Date 1/8/76

104 L[

BLACK CLAY (CH)
stiff, moist

GRAY-BROWN SANDY SILT (MH)
very stiff, moist

BROWN SILTY SAND (SM)

medium dense, wet

(no free water encountered)

LOG OF BORING 2

Equipment 6" Flight Auger

Elevation 101.2 Date 1/8/76

PR %
Shear Strength (Ibs/sq ft) S o o7
N - S2§ 2%
8 8 8 g E:t . FE
S 8 8 & o =2288s8¢&
CU 58p (43.1) 18 |17.9
***Remolded triaxial
compressidn, 4 27.8
clapsificat|on,
compactioh and
resistance |value fests 24
(se¢ Plateg 31, 27, 28,
34 find 35 1| 267 95
154
17 25.1 89
Class|ficatidn test 37 28.8 88
(see Plate 27)

18 10.7 118

38 .

15+

BLACK CLAY (CH)
stiff, moist, with shrinkage
cracks to 2!

GRAY-BROWN SANDY CLAY (CH)

stiff, moist

GRAY-BROWN GRAVELLY SAND

(SP) - medium dense, wet

.GRAY-BROWN SANDY SILTY
GRAVEL (GM) - dense, wet

(no free water encountered)

. *Elevation Datum: Elevation
shown on Topographic Map by
Geo-Graphic Aerial Survey,
undated '

**Field blow count converted to
standard penctration blows/foot

HARDING - LAWSORN ASSOCIATES
@ Consulting Engineers and Geologiats

LOG OF BORINGS 1 & 2 |PLATE

State Farm Insurance Company 12
! - Northern California Office
| Job No,_1013,005.02 Appr:C % Date 1/14/76 Rohnert Park, California

40




| s £ 8 _ LOG OF BORING 3
Shear Strength (Ibs/sq ft) S oo Sz .
; X S5¢ 27 ]
S 8 o o £ = 4::-’ .2 ‘F& 8. Equipment 6" Flight Auger =
%4 151 § § o 'n_'g § S &4 3 8 Elevation 101.8 Date  1/8/76
0 BLACK CLAY (CH)
19 stiff, moist
v
i GRAY-BROWN SANDY SILT (MH)
16 26.8 83 5 % stiff, moist :
27 J[: i
AN GRAY-BROWN GRAVELLY SILTY
SAND (SM) - medium dense,
104 FE wet :
(no free water encountered)
154
LOG OF BORING 4
Equipment 6" Flight Auger
Elevation 103.8 Date _ 1/8/76
[ CU 580 43.1) x| 10 | 23.4 BLACK CLAY (CH)
*Remo|ded trifixial c mpressjon, stiff, moist, with shrinkage
classiffication, comdaction cracks to 2"
and resistande valud tests | 26
(see fflates 3], 27, 8, GRAY SANDY SILT (MH)
34 and 35) 28 34.1 8 very stiff, moist
24 |94 o A BROWN SILTY GRAVELLY SAND
) 107 (SM) = medium dense, wet
(no free water encountered)
157
HARDING - LAWSON ASSOCIATES ' S PLATE
@ Consulting Engincers and Geologists LOG OF BOR INGS 384
: State Farm Insurance Company E@
Job No._ 1013,005.02 ApPrE pate 1/14/76 Northern California Office )

Rohnert Park,

California

4



38 | 34.2 80 ]X
5

s £ T LOG OF BORING 5 ..
Shear Strength (lbs/sq ft) § = &=
. S 5F 2T e
£ 2 2 = o Equipment 6" Flight Auger
2 28888 8 Eevotion  102.5  pare 1/878
T BLACK CLAY (CH) —"
' 4 stiff, moist, with shrinkage
15 ik % cracks to 3'
A
1
GRAY-BROWN SANDY SILT (MH)
% 1270 94 5 very stiff, moist
24 10.2 96 ?J # BROWN SILTY GRAVELLY SAND
10- At (SM) = medium dense, moist
(no free water encountered)
154
) LOG OF BORING 6 ‘.
Elevation 102.5 Date 1/8/76
0 BLACK CLAY (CH)
15 stiff, moist

GRAY-BROWN SANDY SILT (MH)
very stiff, moist

BROWN SILTY GRAVELLY SAND
(SM) = loose, wet

15
- Percent pasging 7 21.6 98
No. (4 sievg = 94 i
Percent pasging
No. [200 sidve =27

(no free water encountered)

HARDING-LAWSON ASSOCIATES

D

1013,005.02

Consulting Engineers and Geologista

Job No Appr. 77T Datem_

LOG OF BORINGS 5a&4 |PLATE

State Farm Insurance Company
Northern California Office
Rohnert Park, California

42




~ [y
5 & 4.
Shear Strength (Ibs/sq ft) RS “s’ e ; )
- ; < c )
| g z g x.g -‘E. g_
s 28888 3
0_._

LOG OF BORING 7

6" Flight Auger
]00.6 mfe

Equipment

1/6/76

Elevation

oupl
W
NN
o O
e
N
N

BLACK CLAY (CH)
stiff, moist, with shrinkage
cracks to 1, 5!

36

LIGHT BROWN SANDY SILT (MH)
very stiff, moist

2L 1 7.4 103 H|}

GRAY-BROWN SILTY GRAVELLY
SAND (SM) - medium dense,

moist
107 |1k GRAY GRAVELLY SAND (SP)
38 6.2 118 o dense, moist
BROWN SANDY SILT (ML)
17 29.4 9] 15t medium stiff, wet
(no free water encountered
' LOG OF BORING 8 .
Equipment 6" Flight Auger
Elevation 100.6 Date__ 1/7/76
o iy

11 29.2 73

BLACK CLAY (CH) ,
stiff, moist, with shrinkage
cracks to 2'

. !
S

LIGHT BROWN SANDY SILT (MH)
stiff, moist '

LIGHT BROWN SILTY SAND (SM)

25

medium dense, moist

16 | 17.6 104 00

GRAY-BROWN SANDY GRAVEL (GP)

18 1297 o9 ,5-%

-SL-

medium dense, moist

LIGHT GRAY~-BROWN SANDY SILT
(ML) - stiff, wet
water level 1/7/76

b

HARDING - LAWSON ASSOCIATES

Consulting Engincers and Geologists

Job No___ 1013, 005. 02

Appr:_ﬂ_"f-:.—i Date. ]/_]4/7 6

LOG OF BORINGS 788 |PLATE

State Farm Insurance Company
Northern California Office
Rohnert Park,

California
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| 5 & & _ LOG OF BORING ¢
Shear Strength (Ibs/sq ft) £ o ‘2': &< .
" Zifa D — -, 3
' S S S S %’ R 4::-’ >\.5 ‘~§_ g Equipment 4w Flight Auger .
¥ 8 & £ o = 253885 Elevation__101.3 _ Date 17778
! T BLACK CLAY (CH) -
/ stiff, moist
22 28.4 y '
GRAY-BROWN SANDY SILT (MH)
1000 (26.8) *54 very stiff, moist
| ( == 12 :gg ;’f £ LIGHT BROWN SILTY SAND (si)
3000 (26.8) - ) S INES medium dense, moist
“Percent passipg o[ wet below 7!
No. 200 sievie = 26 of |«
(see P|ate 29| for 34 [ 19.6 107, BT BLUE SILTY SAND (SM)
di h d THL T
irect|shear flest datf) dense, wet
BROWN SANDY SILT (ML)
18 stiff, wet
154
r _
(no free water encountered)
204
l s
I 301
[ 35-
J | 40
l HARDING-LAWSON ASSOCIATES PLATE
| @ Consulting Engincers and Geologists LO G OF BORING 4
{ State Farm Insurance Company E@
! Northern California Office
Job NO__lQ_]?_LOOS. 02 . Appri& Date_.]_/_l_‘f_/Zé_ Rohnert Park, California
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-
|

5 £ 3. LOG OF BORING 10
Shear Strength (Ibs/sq ft) © o < -
o o o o f ¢ 2 = 4 quipment 7" Hollow-Stem Auger
S S 8 S o 6 6 & E —
= & ~ - o = gu oo 8 Elevation 101.2 Date 1/5/76
[ . BLACK CLAY (CH)
' 12 22.5 9 stiff, moist
? 29 -
| BROWN SANDY SILT (MH)
| vupsoo | ety 25.7 95 57 R4l RISH
LS sl BROWN SILTY SAND (sM)
s medium dense, wet
"] percef% passihg 14 | 271 97 104411 BROWN SANDY SILT (ML)
No. 200 sievie = 63 % stiff, wet
J__J,_L \7Z water level 1/6/76
(% GRAY-BROWN CLAYEY SANDY
: ﬁ/_ safurated
BROWN SANDY CLAY (CL)
; stiff, saturated
with some gravel to 27"
14
B 34.9
BLUE SANDY CLAY (CL)
l 21 31.6 very stiff, saturated
1
b 40J
' HARDING - LAWSON ASSOCIATES

&

Consulting Engincers and Geologists

_Appr: £ ]5 Date]\/]li/7“6

PLATE

17

LOG OF BORING 10
State Farm [nsurance Company
Northern California Office
Rohnert Park, Coliforniq

Job No._1013,005.02
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s & % LOG OF BORING 1]
Shear Strength (Ibs/sq ft) § ¢+ ~ < o
o %‘ "g 4:___-’ x'g' :g_ TEL Equipmenf__é" Flight Auger
2 26 8838 8 Elevation 1004 1/6/76
.-.___-_-——n___.
12 0 BLACK CLAY (CH) '
stiff, moist
2 [ 8 g LIGHT GRAY-BROWN SANDY S|LT
. ST} (ML) - very stiff, moist
!
i :
' Rl GRAY-BROWN GRAVELLY SAND
Il | Percedit passihg 23 15.8 105 l ® (SP) = medium dense, wet
; No. 4 sieve = 66, 104 ] .
7 Perce11f pcssilng -
§ No. 300 sieye = 5
J | LIGHT BROWN SANDY SILT (ML)
22 29.8 90 stiff, wet
154 '
20- (no free water encountered)
254
304
354
40-
HARDING - LAWSON ASSOCIATES e PLATE
: @ Consulting Engineers and Geologists LOG OF 8 ORING 11
g State Farm Insurance Company E‘g
) Northern California Office
lJob No._]_q]_:,g_'gg_&o‘? p— Appr:é‘[f’_DateM- Ro_hnerr Park, California
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s £ 8 _ LOG OF BORING 12 s R 0%
Shear Strength (Ibs/sq ft) § o - ‘;’: = o ' Shear Strength (Ibs/sq ft) § o O:’ = =
E <9 s £ —Ed' Equipment 7" Hollow-Stem Auger E éf_) g = %_
= C s € 8 & sc O E
a 395888 &  Elevation_ 100.7 Date__ 1/5/76 = 23 S8 & 3§ (Continuation of Log)
0 40 ——e
BLACK CLAY (CH) 14 |37.6 82 H LIGHT BROWN SANDY SILT (ML)
16 24.5 92 stiff, moist ! stiff, saturated
' LIGHT BROWN SANDY SILT (MH)
Consblidatidn test 25 131.5 90 very stiff, moist ! 1
(see Plate 3B) - ‘ 24 | 356 g5 45 -
27 | 18.8 104 LIGHT BROWN SILTY SAND (SM)
dense, wet :
105 30 50ﬁ
('--” \V4 water level 1/6/76
15 _ BROWN SANDY SILT (ML) 554
19 340 85 _g | stiff, saturated |
/ | 60 -
14 367 83 20F -
7 GRAY-BROWN SANDY CLAY (CL)
12 25 / stiff, saturated 657
2 27 84 30‘=? very stiff below 30 70 -
35 / Ehy
|
a0 b 80
HARDING - LAWSON ASSOCIATES PLATE
@ Consulting Engineers and Geologists LOG OF BORING 12
: _ State Farm Insurance Company 19
Northem California Office
Job No__1013,005,02 Appr:éﬁ’_DateLM_/Zé__ Rohnert Park, gq”fcl)rniq




Shear Strength (Ibs/sq ft)

3000
2000
1000
Blows/foot

4000

UU 11[50 (38 20

‘(see Pjate 30?

8) XTI

™
b

31

24

15

12

24

26

17

28

Content (%)

Moisture

2.0

14.9

35.8

20.5

21.7

88

107

84

— LOG OF BORING 13
S |
= 'E. Equipment 6" Flight Auger
A & Elevation 101.2 Date_ 1/6/76
0 BLACK CLAY (CH)
stiff, moist
LIGHT GRAY-BROWN SANDY SILT
57 : (MH) - very stiff, moist
21 GRAY-BROWN SILTY GRAVELLY
1. SAND (SM) - dense, moist
1014 |.
EI
W] GRAY-BROWN SANDY SILT (ML)
155 stiff, wet:
(no free water encountered)

LOG OF BORING 14
Equipment 6" Flight Auger
Elevation 102.1 Date 1/6/76

BLACK CLAY (CH)
stiff, moist, with shrinkage
cracks to 1, 5"

BROWN SANDY SILT (MH)
very stiff, moist

GRAY-BROWN SILTY GRAVELLY
SAND (SM) - medium dense, ‘wet

LIGHT BROWN SANDY SILT (ML)
stiff, wet

(no free water encountered)

D

HARDING-LAWSON ASSOCIATES

Consulting Engincers and Geologists

| Job No__1013,005.02

ApprF5 Date. 1/14/76

PLATE

LOG OF BORINGS 13&14

State Farm Insurance Company

Rohnert Park,

"Northern California Office
California

20
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Shear Strength (Ibs/sq ft)

Blows/foot
Moisture

14

42

33

32

16

11.4

29.1

Cons
(see |

blidatid
Plate 32

n test

)

14
27

22

18

23.2

Content (%)

Dry

24,1

11.5

Density (pcf)
o Depth (ft)

L
Q
E
o]

(%]

LOG OF BORING 15

.
——

Equipment 6" Flight Auger

Elevation

1/6/76

N

(AR

10

ET

‘i
e — e e
. D ER e

113

94 15783

BLACK CLAY (CH)
stiff, moist to wet

LIGHT BROWN SANDY SILT (MH)
very stiff, moist

LIGHT BROWN SILTY SANDY
GRAVEL (GM) -~ dense, moist

GRAY-BROWN SILTY SANDY
GRAVEL (GP-GM) - dense, moist

LIGHT BROWN SANDY SILT (ML)
stiff, wet

(no free water encountered)

LOG OF BORING 16
6" Flight Auger

IO].S mfe

Equipment
Elevation

1/6/76

21

NS

BLACK CLAY (CH)

stiff, moist, with shrinkage
cracks to 1, 5"

*
EiF

LIGHT BROWN SANDY SILT (MH)
stiff, moist

LIGHT BROWN SILTY SANDY
GRAVEL (GM) - medium
dense, moist

LIGHT BROWN SANDY SILT (ML)
stiff, wet

(no free water encountered)

HARDING - LAWSON ASBSOCIATES

&

Consulting Engincers and Geologists

Job NoJ_Ol_g_'__O_O_s' 02

Apprz£5 DateM

PLATE

21

LOG OF BORINGS 15816
State Farm [nsurance Company

Northern California Office
Rohnert Park,

Cadlifornia
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4

Shear Strength (lbs/sq ft)

&
o S S '8 E
o
§ 8 § B o @
i 580 (38.9) | mrxd 16
(see Platp 30)
22
-y | Percept passing 17
| No. 200 sieye =24
|
17
|
3
18
] 28
; 18
14

£ 3. LOG OF BORING 17
0 . o
Falied '
'g -g 2 = '!é. Equipment 6" Flight Auger
28888 8 Elevation_ 101.7 Date_ 1/6/76
0 // .. BLACK CLAY (CH) T
26.4 90 E/ stiff, wet
i LIGHT BROWN SANDY SILT (MH)
5 very stiff, moist
LIGHT BROWN SILTY SAND (SM)
;ﬁ - medium dense, moist
17.9 100 [
10 ||
é.f. GRAY-BROWN SANDY GRAVEL (GP)
99 medium dense, wet
8.3 g ST LIGHT BROWN SANDY SILT (ML)
154 ] stiff, wet
(no free water encountered)
C LOG OF BORING 18
Equipment 6" Flight Auger
Elevation 102.5 Date_ 1/6/76
0 BLACK CLAY (CH)
: stiff, moist, with shrinkage
26.9 7 m% cracks to 2.0
/
31.3 84 o LIGHT GRAY-BROWN SANDY SILT
’ 57 (MH) - very stiff, moist
T BROWN SILTY SAND (SM)
22.2 9% 70‘%' . medium dense, moist
AL GRAY-BROWN CLAYEY SANDY
fgg GRAVEL (GC) - medium dense
26,1 102 1549~ oA saturated
27.2 % [T BROWN SANDY SILT (ML)
stiff, wet
(no free water encountered)

" HARDING - LAWSON ASSOCIATEGS

&

Consulting Engineers and Geologiste

| o No_1013,005.02

w

Appr:i<*75_ Date 1/14/76

State Farm Insurance Company

Northern California Office
Rohnert Park,

LOG OF BORINGS 17&18

PLATE

22

California
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1
1

] . R T _ LOG OF BORING 19 -
" Shear Strength (Ibs/sq ft) S ¢ - i = :
[ Q
s g g g % % ‘g B "-E Ell Equipment 6" Flight Auger
1] ) & = o « § S S8 A8 & Elevation 100.0 Date_ 1/6/76
- 0
] // BLACK CLAY (CH)
7 / stiff, moist, with shrinkage
i 13 24,2 84 F:/ cracks to 2!
- ‘ [/
" uu 7o g BROWN SANDY SILT (MH)
) | i 22 32.7 87 E very stiff, moist
S
i1}
| 1] BROWN SILTY GRAVELLY SAND
I8 SM) - medium dense, .wet
: 18 1041 ( /
i 26,5 97 2HE
3
i ; with pockets of brown sandy
- : i | silt (ML), stiff below 14
25 | 257 99 PE}
| (no free water encountered)
| LOG OF BORING 20
l Equipfnenf 6" F“ghf Auger
3
el Elevation 101.4 Date_ 1/6/76
‘ . BLACK CLAY (CH)
] 18 38.7 78 stiff, moist to wet
1
19 BROWN SANDY SILT (MH)
1 3 stiff, moist
33 (271 9 K
| R GRAY-BROWN SILTY SANDY
= Qi GRAVEL (GM) - dense, moist
Hog =131
1.9 112 O
| 4 ST BROWN SILTY SAND (SM)
7 1 medium dense, wet
: " | 15-:TTT] GRAY-BROWN SANDY SILT (ML)
= e stiff, wet y
i " (no free water encountered)

l HARDING - LAWSON ASSOCIATES

&

Consulting Engincers and Geologists

¥ 4ob No. 1013, 005. 02

Appric/f= Dateld_‘i/ﬁ_

LOG OF BORINGS 19820 |PLATE
State Farm Insurance Company ":ﬁ
Northern California Office MY
Rohnert Park, California
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s 8 3 LOG OF BORING 21
Shear Strength (Ibs/sq ft) 8 o = SE
& - E ‘3 a::—’ x.g‘ 'ﬁ 'E_ Equipment 7" Hollow~-Stem Auger
'c% § S &8 a8 Elevation 102.7 Date 1/5/76 .
o-..—
BLACK CLAY (CH)
12 33.1 83 stiff, moist
14 | 274 90 F
Wil
33, H BROWN SANDY CLAYEY SILT (MH)
very stiff, moist
I : =1 BROWN SILTY SAND (SM)
ﬁfgcr‘?néop:;se :/r;g= 3’1 19 21.2 103 10-45.|. medium dense, wet
i |
8.1 GRAY-BROWN SANDY GRAVEL
4 17.0 112 15_E “ 0 - \ (GP) - dense, saturated
@9 water level 1/6/76

BROWN SANDY CLAY (CL)

medium stiff, saturated

10 28.1 97

N
AT

\F

stiff, with some pockets

19 of clayey sand (SC) below 23"

NNV

BLUE-GRAY SANDY CLAY (CL)

22 37.1 83 very stiff, saturated

NS

30+

351
40-
HARDING - LAWSORN ASSOCIATES PLATE
. . . LOG OF BORING 2]
Consulting Engincers and Geologists - "
@ State Farm Insurance Company 2@
Northern California Office
Job No. 1013, 005. 02 Appr:2/5_Date V1476 Rohnert Park, California
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s & 8. LOG OF BORING 22
Shear Strength (Ibs/sq ft) 9 o o - < o
.o ? 2 2 F -;g_ 'g'_ Equipment 6" Flight Auger
‘S >
s 3 S 588 § Elevation ~ 103.2 Date 1/6/76
°T] BLACK CLAY (CH)
26 27.4 90 stiff, moist
BROWN SANDY SILT (MH)
65 [30.4 85 5 very stiff, moist
14 1081l BROWN SILTY SAND (SM)
A medium dense, moist
BROWN SANDY SILT (ML)
stiff, moist
154
24
(no free water encountered)
20
25 -
30
35
40

| HARDING - LAWSON ASSOCIATES
| @ Consulting Engincers and Geologists

Job No, 1013,005.02

AppriZs%_Date_ V/14/76

LOG OF BORING 22 FEATE
State Farm Insurance Company 25

Northern California Office
Rohnert Park , California
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MAJOR DIVISIONS

TYPICAL NAMES

ow o LL GRADED GRAVELS, GRAVEL - SAND MIXTURES
CLLAN GRAVELS Aﬁ b
WITH LITTULE O
L] GRAVELS NO FiNes e POORLY GRADED GRAVILS, GRAVEL - SAND
- 5 aP L@ | waxruars
roXa
0 B | MOt AN naLr T sirv ceaves, rooLy ceanto caavee - SAND -
& COARSE PRACTION oM S IMIRTURES
15 LARGER THAN GRAVELS WITH ?
(=] NO. 4 3IEVE 5122 OVIR 17% FiNES i
wr ecC 4] CLAYEY GRAVILS, POORLY GRADED GRAVEL - SAND -
¥ ¥ A CLAY MixTurts
o E . Sw ..... WELL GRADED SANDS, GRAVELLY SANDS
(4] - CLEAN SANDS s : ’
WITH LITTLE OR
wi SANDS NO FINES o « o
73 ;_ 3P | . o | POORLY GRADED SANDS, GRAVILLY SANDS
m “. -
MORE THAN HALP o
g R | comst macnon SM ["[o{"le| S1LTY SANDS, POORLY GRADED SAND - 3117
O 2 IS SMALLB THAN SANDS WITH | B | mixTomes
NO. 4 SIEVE SIZE OVER 17% FINES v
sc CLAYEY SANDS, POORLY GRADZD SAND - CLAY
MIXTURE §

INORGANIC SILTS AND VERY FINE SANDS, ROCK

-t
[+, ] § ML FLOWR, SILTY Of CLAYEY FINE SANDS, OR
-2 CLAYEY SILTS WITH SLIGHT PLASTICITY
o) B SILTS AND CLAYS INORGANIC CLAYS OF LOW TO MEDIUM PLASTICITY,
Pr cL GRAVELLY CLAYS, SANDY CLAYS, SILTY CLAYS,
i LIQUAD LIMIT LESS THAN 30 LEAN CLAYS
1mimn B )
o = OL ['|!|!|l] ORGANIC CLAYS AND ORGANIC SILTY CLAYS OF
Wws Il tow pasticiTy
E g bl
o MH INORGANIC SILTS, MICACEOUS OR DIATOMACIOUS
= FINE SANDY OR SILTY SOILS, ELASTIC SILTS
3 SILTS AND CLAYS Y,
w cH' INORGANIC CLAYS Of HIGH MASTICITY,
> g LIQUID LIMIT GREATER THAN 50 / FAT CLAYS
o
[ OH //:f,' ORGANIC CLAYS OF MEDIUM TO HIGH PLASTICITY,
§ ' B orGaNIC st
yoRrs
by
HIGHLY ORGANIC SOILS 3] PEAT AND OTHER MIGHLY ORGANIC SOILS

UNIFIED SOIL CLASSIFICATION SYSTEM

SAMPLE DESIGNATION

E Seik or Cl.tnlll:.llon Seample

. H'Uallnwbcd' Semple

[SZSTS752N vANE SHEAR TEST
F e Fleld
L = Laberartary

1000 (30.0) [ binecy suean vesy

I €O = Contolidated - Drained
Molsture Conrent after Tout (%)

Strass Nermal 1o Shaar Plane (pof)

STRENGTH_TESTS
T

1000 (30.0) XX W

T

.

UNCONFINED COMPRESSION TEST

TRIAXIAL COMPRESSION TEST
UU = Uncontolidated - Undrained
CU = Contolidated - Undralned
CD = Contellidatad - Drained

/2 Devletar Strass (pe?)
Melsture Content after Test (%)
Ceonllnlng Strass - UJ (psf)

KEY TO TEST DATA

&

HARDING - LAWSON ASSOCIATES

Consulting Engincers and Geologists

SOIL CLASSIFICATION CHART

|
|

Job No. 1013,005.02

.. Appr& A~ Date ]/] 4/76

AND

KEY TO TEST DATA

State Farm Insurance Company

‘NO2470
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&

Consulting Engincers and Geologists

PLASTICITY CHART

Job No. 101 :_3’ 005_'.02

—_ApprE S Dale___z_/i/_z(l_

State Farm ‘Insuronce Company
Northern California Office
Rohnert Park,

California

27

60
CH /
2 50 © |
& 7 |
> ' / |
w |
O 40 pd .
£ cL e |
|
- pd |
—— & |
= /\A Line
3 20 P |
& .
CL - ML / MH or OH
ML-cu )| A
10 Q} 17
SSS™"ML o0 oL
_0 ] ML |~ %‘ !
10 20 30 40 50 60 70 80 90 100 |
LIQUID LIMIT (%) i
Symbol Classification and Source Liquid Plastic Plasticity % Passing
Limit (%)] Limit (%)| Index (%) | #200 Sieve
O] BLACK CLAY (CH) 82 29 53 92
‘ Boring 1 of 0.5' t0 2.0' combined '
with Boring 4 ot 0.5' to 1. 5'
o GRAY-BROWN SANDY CLAY (CH) | 52 24 28 69
Boring 2 ot 3.0' to 4. 5"
HARDING - LAWSON ASSOCIATES PLATE

N02420

55



150 T I
TEST METHOD
ASTM D]557-70(C)
140
Reference Line - 100% Saturation
for 2,70 Specific Gravity
- \
o
© 120
N
B
=
(%)
&
o 110 \
>
o
(&)
o AN
80
0 10 20 30 40
MOISTURE CONTENT (%)
N Optimum Maximum Dry
Symbol Sample Source Classification Moisture (%) | Density (pcf)
0) Boring 1 ot 0.5 t0 2.0" BLACK CLAY (CH) 19.5 104
combined with
Boring 4 ot 0.5' to 1. 5
HARDING-LAWSON AssociaTES COMPACTION TEST DATA | PLATE
Consulting Engincers and Geolagists State Farm Insurance Compony -.
Northern California Office 2 (:3
" Job No. 101 3,00.’_5.02 Apprcrs Datel{‘}/?b_ Rohnert Park, Californig @
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3

|
A i

[P

«
f
S

Py % \360
A——|L
s B
8 Es
3 x <
'g | & /]
B =
= foXc)) § |~
= v
a OGO o E /
2 2 a° « .
[¥9]
& ¢° z //
w
. © f
o cO /|
w
1 0]
O A 0 1 2 3
0] or(-)GCC)GDOO NORMAL STRESS (psf x 1000)
0007 .
OO Test Type: Consolidated Drained Contro)leq_Deflection
0 S Gs 2.60 (assumed)
0 05 .10 A5 0,20
Test No A B C
HORIZONTAL DEFORMAT’ON(IH) Heighf (m) ] .OO 'l .OO
< | Moisfure Content 15.0 % |(17.7 < %
f‘;; Void Ratio 0.767 10.780
| Saturation 31 % oY % %
= Dry Density (pcf) Q2 91
- Time for 50%
by <02 = C:)Tlsol?(;otiono(min.) less than|1
‘z‘ A = Time for 959%
S 0 2| consolidation (min) - o
w ©
7 B @ Void Ratio aft
g -02 \\\ Consolidolion 0.74210.717
x L]
t:;; — | Moisture Content 26.8 % |26.8 % %o
—- E Void Ralio 0.742 0.686
Saturation 100 ¢4 ]100 % %
Normal Stress (psf) 1000 3000
Moximum Shear (psf) 640 2450
0 .05 .10 .15 .20 Time fo Foilure (min ) 45 20
HORIZONTAL DEFORMATION (in.) Sample Source Bor.ing Q at 5.5
Classification Light Brown Silty Sand (SM)
@' 36"
c':
HARDING - LAWSON ASSOCIATES DIRECT SHEAR TEST REPORT PLATE

@ Consulting Engincers and Geologists

Job No. _IO] 3,005.02

Appr: &5 Datem

State Farm Insurance Company
Northern California Office

Rohnert Park, California
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AXIAL STRAIN (%)

3
g
S Olo B O
8 OOF o OCJ > 2
R o &
il w
o 2 =1 £
[ V) w
(4 f
; 0] E 1 // \
wi
e =
o
S 1Ppeod o 00 ©9A A,J \
5 e / /\
w
ST \ \
0
0 1 2 3 4
0 NORMAL STRESS (psf x 1000)
0 5 10 15

Test Type: Unconsolidated-undrained  ¢oqrg1gg: Strain

Soturation Method:_Backpressure

6s 2.70 (assumed)

Tesi No ) A B C
- Diometer (in.) 2.43 2.43
5] Height (in) 5.85 [ 5.80
[ S| Moisture Content 26.49,130.8 9, %
| Void Ratio 0.867 [0.926 '
Safuration 82 9%| 90 % %
Dry Density (pcf) 20 88 ]
| Moisture Content 38.9 %|38.8 % %
< = | Void Ratio 1.052_ [1.029 ‘
3 S| Soturation 100 %100 % Y% | -~
w a| Pressure (psf) 580 1150
7 S| Moisture Content 38.9 9%, [38.8 9, %
i3 i£ | Void Ratio 1.052 [1.029
o 01 Major Prin.Stress (psf) 1680 13800
o OzMinor Prin_Siress (psf) 580 1150
o . 2
a. Time to Failure (min) 16 16
AXIAL STRAIN (%) Sample Source: A—Bor, 17 ot 1.3, B-Bor. 13 ot 2.5
Classification:  Black Clay (CH)
g = )
C =
HARDING-LAWSON ASSOCIATES PLATE

TRIAXIAL COMPRESSION TEST REPORT

State Farm Insurance Company
Northern California Office

Consulting Engincers and Geologists

&

30

{s0b 1, 1912,005.02

Appri<Fs Dale 2/]7(7__6___ Rohnert Park, California

58




SHEAR STRESS (psf x 1000)

3
[e)
(@]
o
= 9
a
W
o
&
o o)
= )OOOO
oS |
>
(Y8}
(]
0
0 5 10 15

AXIAL STRAIN (%)

of

3

0/

PORE PRESSURE (psf)

AXIAL STRAIN (%)

<] ™~

)

0 1

2

3

NORMAL STRESS (psf x 1000)

Test Type: Consolidated-undrained Controlled: Strain

Saturation Method:__Backpressure

6s 2.75 (assumed)

Test No. A =* B C
Diameter (in) 2.43
Height (in.) 5.80
S| Moisture Content 23.2 % % %
ié Void Ratio 0.886
Saturation 2 Y % %
Dry Density (pcf) 21 '
| Moisture Content 43.1 % % Y|
= [ Void Ratio 1.175
S| Saturation 100 % % %
@/ Pressure (psf) 580
S| Moisture Content 43,1 9, % %
i | Void Ratio 1.175
01 Major Prin.Stress (psf) 1920
Oz Minor Prin.Stress (psf) 580
Time to Failure (min) 2

Somple Source: Boring 1 at 0.5' to 2.0' combined with

Boring 4 of 0.5' to 1.5'

Classification:

Black Clay (CH)

*Remolded to 88% relative compaction and approximatély
4% over optimum moisture content, based on compaction
test data presented on Plate 28.

HARDING - LAWSON ASSOCIATES

&

Consulting Engineers and Geologists

TRIAXIAL COMPRESSION TEST REPORT

PLATE

Job No.__lg ]3' 005. 9?~__ Appr=/£3 _Date __2ﬂ_7ﬂ

State Farm Insurance Company
Northern California Office

Rohnert Park, Cadlifornia
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PRESSURE (psf x 1000) :
3 4 5 10 20 30 40 50

,8600" 0.2 030405 I o 2 -
~ T~
SN N
.8400_‘"'"“"1'-_-()-35_____ A e AN :): ) 1] B
| HH PP N
N~
.820 N AN
N N
; \\\\\
i .800 N 5\
v A\
SN \
760 \
N
Jd L
S 740 = \
|5 PN \
! g N
1e .720 ~ \
> ~—
N
.700 ~
¥ N \
~L t\
. .680 N
i & \\
.660 nil \
' O N \
SN
N
| \
1 .620
0.i 0.2 0.3 0405 | 2 3 4 5 o) 20 30 40 50
TYPE OF SPECIMEN  Undisturbed BEFORE TEST AFTER TEST
DIAMETER (in.) 2,43 HEIGHT(in) 0,80 MOISTURE CONTENT wo | 23.2 % | we 29.1 %
Ijh OVERBURDEN PRESS., Py 210 psf | VOID RATIO eo| 0.846 ef 0.782
' PRECONSOL. PRESS., P, 8000 psf | SATURATION So | 74 % | Sy 100 %
COMPRESSION INDEX, C, 0.26 DRY DENSITY Ya| 91 pct | Yda| 95 pct
LL — PL - Pl - Gs 2.70 (assumed)
CLASSIFICATION  Black Clay (CH) SOURCE  Boring 16 ot 1.8
| HARDING - L '
~‘ AWSON ASSOCGIATES | oNsOLIDATION TESTREPORT | PLATE

@ Consulting Engincers and Geologists
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PRESSURE (psf x 1000)

&

Consulting Engincers and Geologists
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~
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0.1 0.2 0.3 0405 I 2 3 4 5 10 20 30 40 50
TYPE OF SPECIMEN  Undisturbed BEFORE TEST AFTER TEST
DIAMETER (in) 2,43 HEIGHT(in) (.80 MOISTURE CONTENT wol| 31.5 Yo | wy 28.4 %
OVERBURDEN PRESS., Py psf | voID RATIO eo| 0.878 er | 0.764
PRECONSOL. PRESS,, P, pst | SATURATION So | 97 % | S¢ 100 %
COMPRESSION INDEX, €, DRY DENSITY Ya| 90 pcf | Yd| 96 pet
LL = P -- 6s 2.70 (assumed)
CLASSIFicaTiON  Light Brown Sandy Silt (MH) SOURCE Boring 12 at 4.0"
HARDING-LAWSON ASSOCIATES CONSOLIDATION TEST REPORT | PLATE

State Farm Insurance Company

Job No.
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©  EXUDATION PRESSURE (psi)

&

Consulling Engincers and Geologists

RESISTANCE VALUE TEST DATA

800 600 400 300 200 0
%0 ¢
80 -
70
& 60
w
D
< 50
>
(T8}
z
< 40
"
N
@ 30
20
10 O |
| —® l \O\
0 -J/ * _ .
0 100 200 300 400 500
® EXPANSION PRESSURE (psf)
Specimen No, 1 2
Moisture Content (%) 33.6 34.3
Dry Density (nsf) 87 84
Exudation Pressure (osi) 330 200
Expansion Pressure (psf) 305 160
Resistance Value (R) * 10 7
TEST DATA
*Water extruded under mold of pressures
shown; therefore, R-value is less than 5
Sand | Expansi
Sample Source Classification Equ?:ulenf ;r'::::r':n R value
Boring 1 at 0.5' to0 2.0 BLACK CLAY (CH)
-4 combined with 7 245 less than 5
| Boring 4 ot 0.5'to 1,5
HARDING-LAWSON ASSOCIATES PLATE

Job No. !_0_13' 005. 02

- Appreglis. Date 2_/4/16_“

State Farm Insurance Company
Northern California Office
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©  EXUDATION PRESSURE (psi)
800 600 400 300 200 0
90 i
- 80 i
@ O |
70 -\\
260 - i'\
1y ' \
-
-
] <>( 50 & 2
w
z
40
<
[ Y
A
W 30
20
10
|
| ’ “
! 0 100 200 300 400 500 -
! ®  EXPANSION PRESSURE (psf)
:_A Spacimen No. 1 2 3 4 —
_ |_Moisture Content (35) 37.5 3.1 35.0 33.9
Dry Density (osf) 83 84 85 86
_,__Exudation Pressure (osi) 190 300 385 490
 |_Expansion Pressure (psf) 0 0 0 0
) Resistance Value (R) 50 63 64 72
[ TEST DATA
_L
! Sand " | Expansi
Sample Source Classification Equ?\:]clenf :z:::r':n R value
"Boring 1 of 0.5' to 2,0' | BLACK CLAY (CH)
/combined with with 4%, by dry weight, lime added 13 0 63
[Boring 4 ot 0.5' to 1,5 in laboratory (cured 3 days)
PLATE
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&

Consulting Engincers and Geologists

RESISTANCE VALUE TEST DATA
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MOORE & TABER, 1977



MOORE & TABER NORTHERN CALIFORNIA

CONSULTING ENGINEERS AND GEOLOGISTS 577/176
TEST BORING LOG
TYPE 3%" Auger ELEVATION 97.8 BORING Ne 1

Very stiff black silty clay with

( S) 89 119 28 12.5] 1
rootlets.

105 122 |26 [1.4)2

Hard gray very fine to fine sandy
clayey silt.

S/ 100 (26 (41 12.513

1.6 108 |19 |31 (1.4} 4
Very stiff gray and blue-gray clayey
fine and fine to coarse sand and
very fine sandy clay. ‘
4,0 94 {30 |22 |L.4}5
Stiff gray very fine sandy clayey

silt.

("v;‘%’v. v":’ - . - k; ‘r — .:N. " e - o o Q»ﬁg‘f{ 5’:{»9 TR Mj TR
“A>\s\§fgg'J”ffﬁ"7C"WT,»g;waQﬁ: s
N - iz G NS N
9 X

88 34 |14 [1.4]6

. No free groundwater surface
encountered.

s The boring logs show subsurface con-
» ditiong at the dates and locations
indicated, and it is not warranted
that they are representative of sub-
surface conditions at other locations
and times. :
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Figure-1
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MOORE & TABER NORTHEAN CALIFORRNIA
CONBULTING ENGINEERS AND GEOLOGISTS

577/76
TEST BORING LOG /
TYpE 3% Auger ELEVATION 7.1 BORING Ne 2

wedld N

1.l Stiff black silty clay with rootlets.
2.0 109 119 (17 il.4}1

(s} 97 |25 |63 |2.5|2

Hard gray very fine to fine sandy
clay with some cemented nodules;
grading to semicompact/dense gray
clayey fine to coarse sand with fine
gravel.

105 |21 |20 (1.4]3

104 |18 |40 |1.4] 4 1

157 CL| Very stiff gray very fine sandy

clayey silt.

Ul

94 129 |23 |1.4

. i i T
*<¥%?*G%;%ﬁ§i¢i'%‘f*ifﬁﬁiﬁigf
N

No free groundwater surface
encountered.

Unconfined Compressive
{TSF)

149) -

Be

0 0 nd
ﬁ 0 ]
| B —~ o 1] b -
8 EE §“E§$ %
of ol 23| R :
g Sl WEl P S0l 6 x b e
SIEFEIRRE-SEER T

=| 5 o £ = = a
SERERENEIE tyooedny PT Dare 8/24/17

Figure-l
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MOORE & TABER NORTHERN CALIFORNIA

CONSULTING ENGINEERS AND CEOLOGISTS

577/176

TEST BORING LOG

BORING Ne 3

TYPE 3%" Auger ELEVATION 97.5
- ] J‘\}ZL Very stiff/stiff black silty clay
(5)105 20 132 2.5] 1 \\ with rootlets.
9.9 92 |26 |20 {1.4]2 {;
)fZL Stiff to very stiff gray very fine
o sandy clayey silt.
(s) 86 |33 |29 2.5|3 o
:;{'i.—_-—._-..—_-_—.---—--—--—.-——-——_-n———.~~—:¢
122 |11 |63 {1.4|4 ! {i
§ -25C| Dense to very dense gray slightly
Nl | clayey fine gravelly fine to coarse
acHt sand grading to fine to coarse
“6-3W . .
N sandy fine gravel.
120 lO ,.50+lx,4 5 §—4°:
N ;;CL Stiff to very stiff gray to blue-
ey gray very fine to fine sandy clay. -
95 {29 |18 |1.4] 6] .10 };
|
90 133 31 11.41 71 - 1¢ 4?;
B No free groundwater surface
u encountered.
4]
> -
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col o]z 8] & w e =
O 4] ]l W D4l golao| Wizl
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Dwl ol E=El 57 gﬂ%:q&@:
& g |2 1a 1318 FPT 8/24/11
Figure-l1
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MOORE & TABER NORTHERN CALIFORNIA

CONSULTING ENGINEERS AND CGEOLOGISTS 577/76
TEST BORING LOG
TYPE  3%" Auger ELEVATION  97.1 BORING Ne 4
Stiff black silty clay.
6.2 96 121 |18 1.4} 1
6.8 98 124 |24 11.4]2 Very stiff gray very fine sandy

clayey silt to semicompact clayey

silty very fine-fine sand with
scattered gravel.

95 |27 119 |1.4}3

No free groundwater surface
= encountered.
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WINZLER & KELLY, 2008



J:\D2086 — Rohnert Park\02056—06-009 Corp Yard 600 Enterprise Drive\CAD 02056—06—-009\SITE MAP.dwg 12~10-07 12:42:28 PM NCox
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Table 1. Water Level Data and Well Construction Details

Rohnert Park Corporate Yard

600 Enterprise Drive, Rohnert Park, California

Groundwater Bentonite/
Well Date Elevation Depth-to- Top of |ii£i32| S?:gi/":ik Grout
ID (Mean Sea Water Casing Interval
Level) feet
MW-1 5/1/87 92.91 11.35 104.26 8.5-33.5 6.5-33.5 0-4
6/27/89 89.76 14.50
11/9/90 83.98 20.28
1/30/91 81.63 22.63
3/24/92 92.58 11.68
5/2/03 95.08 9.18
2/19/04 96.65 7.61
5/19/04 94.27 9.99
8/25/04 92.65 11.61
Well Abandoned (October 27, 2004)
MW-2 5/1/87 92.21 11.88 104.09 8.5-33.5 6.5-33.5 0-4
6/27/89 90.21 13.88
Well Abandoned (July 1990)
MW-3 5/1/87 92.71 10.04 102.75 8-33.5 6.5-33.5 0-4.5
6/27/89 89.62 13.13
11/9/90 83.77 18.98
1/30/91 81.33 21.42
3/24/92 92.12 10.63
5/2/03 94.79 7.96
2/19/04 96.24 6.51
5/19/04 94.15 8.60
8/25/04 92.54 10.21
Well Abandoned (October 27, 2004)
MW-4 11/9/90 83.43 19.73 103.16 23-28 22-28.5 0-22
1/30/91 80.98 22.18
3/24/92 91.18 11.98
5/2/03 94.08 9.08
2/19/04 95.54 7.62
5/19/04 93.94 9.22
8/25/04 92.24 10.92
11/22/04 92.18 10.98
2/22/05 95.85 7.31
6/3/05 95.29 7.87
3/30/06 97.09 6.07
6/28/06 94.72 8.44
9/19/06 93.46 9.70
10/19/06 93.33 9.83
3/23/07 95.31 7.85
6/14/07 94.07 9.09
8/28/07 92.86 10.30
12/5/07 93.38 9.78
Table 1
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Table 1. Water Level Data and Well Construction Details
Rohnert Park Corporate Yard
600 Enterprise Drive, Rohnert Park, California

Groundwater Bentonite/
Well Date Elevation Depth-to- Top of |ii£i32| S?:gi/":ik Grout
ID (Mean Sea Water Casing Interval
Level) feet
MW-5 11/9/90 82.77 20.98 103.75 26-31 23.5-32 0-23.5
1/30/91 80.27 23.48
3/24/92 90.22 13.53
5/2/03 94.02 9.73
2/19/04 95.33 8.42
5/19/04 93.79 9.96
8/25/04 92.52 11.23
11/22/04 92.01 11.74
2/22/05 95.93 7.82
6/3/05 95.43 8.32
3/30/06 97.30 6.45
6/28/06 94.75 9.00
9/19/06 93.47 10.28
10/19/06 93.31 10.44
3/23/07 95.35 8.40
6/14/07 94.10 9.65
8/28/07 92.87 10.88
12/5/07 93.39 10.36
MW-6 11/9/90 82.6 20.78 103.38 23-31 25-33 0-25
1/30/91 80.12 23.26
3/24/92 89.61 13.77
5/2/03 93.68 9.70
2/19/04 94.84 8.54
5/19/04 93.68 9.70
8/25/04 92.06 11.32
11/22/04 91.86 11.52
2/22/05 95.51 7.87
6/3/05 95.17 8.21
3/30/06 96.97 6.41
6/28/06 94.53 8.85
9/19/06 93.30 10.08
10/19/06 93.10 10.28
3/23/07 95.12 8.26
6/14/07 93.84 9.54
8/28/07 92.66 10.72
12/5/07 93.08 10.30
Table 1
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Table 1. Water Level Data and Well Construction Details
Rohnert Park Corporate Yard
600 Enterprise Drive, Rohnert Park, California

Groundwater Bentonite/
Well Date Elevation Depth-to- Top of Screen Sand Pack Grout
ID (Mean Sea Water Casing Interval Interval Interval
Level) feet

MW-7 11/9/90 82.53 21.82 104.35 24.5-29.5 23.5-30 0-23.5
1/30/91 79.95 24.40
3/24/92 89.53 14.82
5/2/03 93.59 10.76
2/19/04 94.75 9.60
5/19/04 93.56 10.79
8/25/04 91.96 12.39
11/22/04 91.74 12.61
2/22/05 95.56 8.79
6/3/05 95.25 9.10
3/30/06 97.08 7.27
6/28/06 94.58 9.77
9/19/06 93.27 11.08
10/19/06 93.07 11.28
3/23/07 95.21 9.14
6/14/07 93.87 10.48
8/28/07 92.66 11.69
12/5/07 93.04 11.31

MW-8 2/19/04 94.78 8.64 103.42 8-18 7.5-18.5 0-7.5
5/19/04 93.70 9.72
8/25/04 92.13 11.29
11/22/04 91.92 11.50
2/22/05 95.55 7.87
6/3/05 95.20 8.22
3/30/06 97.02 6.40
6/28/06 94.54 8.88
9/19/06 93.33 10.09
10/19/06 93.15 10.27
3/23/07 95.15 8.27
6/14/07 93.88 9.54
8/25/07 92.73 10.69
12/5/07 93.15 10.27

MW-9 2/19/04 94.56 9.41 103.97 8-18 7.5-18 0-7.5
5/19/04 93.61 10.36
8/25/04 92.06 11.91
11/22/04 91.81 12.16
2/22/05 95.34 8.63
6/3/05 95.06 8.91
3/30/06 96.85 7.12
6/28/06 94.44 9.53
9/19/06 93.26 10.71
10/19/06 93.06 10.91
3/23/07 95.02 8.95
6/14/07 93.77 10.20
8/28/07 92.63 11.34
12/5/07 92.98 10.99

Table 1
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Table 1. Water Level Data and Well Construction Details

Rohnert Park Corporate Yard

600 Enterprise Drive, Rohnert Park, California

Groundwater Bentonite/
Well Date Elevation Depth-to- Top of |ii£i32| S?:gi/‘zk Grout
ID (Mean Sea Water Casing Interval
Level) feet
MW-10 | 12/5/2007 93.02 10.80 103.82 95295 | 85295 | 856.0
MW-11 | 12/5/2007 | 94.11 | 1017 | 10428 | 10.0-30.0 | 9.0-300 | 9.0-6.5

Notes: Monitoring wells MW-1 through MW-7 were surveyed on July 18, 2003 by Winzler & Kelly using the

SCWA SA-15 benchmark. Monitoring wells MW-8 and MW-9 were surveyed on March 1, 2004.
Elevations were measured relative to mean sea level. MW10 and MW-11 were installed on November
27, 2007 and surveyed November 29, 2007.

Table 1
Page 4 of 4



	A-1 to A-7.pdf
	Sheets and Views
	2647.001 CPT-CPT CHART
	2647.001 CPT-CPT1
	2647.001 CPT-CPT2
	2647.001 CPT-CPT3
	2647.001 CPT-CPT4
	2647.001 CPT-CPT5
	2647.001 CPT-CPT6


	A-8 to A-20.pdf
	Sheets and Views
	2647.001 BL and Lab Results-SOIL
	2647.001 BL and Lab Results-B1
	2647.001 BL and Lab Results-B1 (2)
	2647.001 BL and Lab Results-B1 (3)
	2647.001 BL and Lab Results-B2
	2647.001 BL and Lab Results-B3
	2647.001 BL and Lab Results-B4
	2647.001 BL and Lab Results-B5
	2647.001 BL and Lab Results-B6
	2647.001 BL and Lab Results-B7
	2647.001 BL and Lab Results-B8
	2647.001 BL and Lab Results-B8 (2)
	2647.001 BL and Lab Results-B8 (3)
	2647.001 BL and Lab Results-SA
	2647.001 BL and Lab Results-PI
	2647.001 BL and Lab Results-EI
	2647.001 BL and Lab Results-EI (2)
	2647.001 BL and Lab Results-Lime Proportioning


	2647.001 Figures.pdf
	Sheets and Views
	2647.001 Figures-SLM
	2647.001 Figures-SP - Design Report
	2647.001 Figures-GM
	2647.001 Figures-AFM
	2647.001 Figures-HFM
	2647.001 Figures-Exploration Plan
	2647.001 Figures-LIQ
	2647.001 Figures-Tunnelmans
	2647.001 Figures-Wall Backdrain





