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Dear Mr. Imbriani:

In accordance with your request, Geocon has performed a geologic and veotechmcal evaluation of the
subject project. The study was conducted to determine the site soil and geologic conditions, and to
identify potential geologic hazards that may impact the property wlth respect to future development.

The accompanying report presents the ﬁndmgs of our prehmmary study with respect to the
geotechnical aspects of site development. In general, 10: -s0il or oeoioglc conditions were encountered
that would preciude development of the property as planned : L

Should you have questions recrardm<y thlS report or 1f we may be of further service, please contact the
undersigned at your convenience. o
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DRAFT GEOLOGIC AND GEOT=CHNICAL EVALUATION
1.0 PURPOSE AND SCOPE

The purpose of this geologic and geotechnical evaluation was to identify the soil and geologic
conditions at the site, determine the presence of geologic hazards and to provide prelimmary
geotechnical recommendations with respect to development of the proposed casino complex at the
project site (see Vicinity Map, Figure 1 in Appendix A). Additional design-level studies, including
additional subsurface exploration, laboratory testing and geotechnical engineering analysis will be

required prior to development of the site improvement plans.

The scope of our study consisted of a review of publisheddgeoiogic literature and other documentation
provided by the project team (see List of References, Section 7.0 of this report), performing a site
reconnaissance, and performing exploratory subsurface ekblorations at the site. Specifically. our study
included the following:

» Reviewed area geologic maps and other literature pertammcy to the site and vicinity.
e Reviewed stereoscopic aerial photographsof the site.” _.“

o Performed field mapping by an en01ne°r1ng treologlst to 1dent1fy the soil and geologic units
and to determme the approx1mate areal extent of the units,

,v

e Notified the local subscnbmg utlhty compames via Underoround Service Alert (USA), as
required by law, to determine the location of underground utilities in the vicinity of
proposed exploratory excavatlon locattons

e Submitted requxslte fees and obtamed a geotechnical boring permit from the Sonoma
Counfy Permxt and’ Resource Management Department (PRMD).

.. _Advanced eleven exploratory borings (Bl through B11) at the site with a truck-mounted
O drill rig equipped with hollow-stem augers. The borings were advanced to approximate
-7 depths ranging from 15 to 50 feet below the ground surface (bgs). The approxrmate
" “exploratory boring locations “are depicted on the Site Plan/Geologic Map, Figure 2 in
Appendix A. The exploratory borings were logged by a California Certified Engineering
Geolocrlst Logs of Ihe exploratory borings are mcluded in Appendix B, Figures B1 through
B13.

e Advanced six cone penetration test (CPT) soundings (CPT-1 through CPT-6) at the site with
a 20-ton CPTrig. The CPT soundings were advanced to approximate depths ranging from
50 to 80 feet bgs. The approximate CPT sounding locations are depicted on the Site
Plan/Geologic Map, Figure 2 in Appendix A. Electronic logs of the CPT soundings are
included in Appendix B.

e Obtamed relatively undisturbed and bulk soil samples from the exploratory borings.
Performed geotechnical laboratory tests on selected soil samples to determine soil index and
engineenng properties including m situ density and moisture content. plasticity
characteristics, consolidation potential, and shear strength parameters. Laboratory test
procedures and results are meluded in Appendix C.
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2.C SiTE AND PRCJECT DESCRIPTION

2.4 Site Description

The proposed project area consists of several parcels totaling approximately 360 acres of agricultural
land located west o US Highway 101, just outside the city limits of Rohnert Park, Caiifornia. The site
1s bounded by Wilired Avenue on the north, Stony Point Road on the east, Rohnert Park Expressway
on the south and residential/commercial/agricultural development on the east. The site boundaries are
depicted on the Site Plan/Geologic Map, Figure 2 in Appendix A. The site is currently being utilized
for agricultural purposes. It is understood that the northern portion of the site is currently being

irrigated with reclaimed water and is routinely harvested for hay crops.

The northwest portion of the site contains a barn structure and other outbuildings -associated with the
agricultural use of the site. The southern portion of the site is bordered by the Laguna de Santa Rosa,
which has been graded into a trapezoidal flood control channel. The site is also traversed by a
northeast-southwest trending flood control channel (Bellevue-Wilfred Channel) which drains into the
Laguna de Santa Rosa. The estimated depth of the Bellevue-Wilﬁed Channel is approximately 12 to 15
feet below the adjacent agricultural land. V - O

Based on our literature and aerial photogfziph reyiéﬂ&’; an ) unngmié& creek previously traversed
north/south across the site and 'ihteréected the Laguna de Santa Rosa east of present-day Stony Point
Road. Remnants of this creek exist§ onsite today, ‘But water is now channeled through the site via the
Bellevue-Wilfred Channel. The Laffuna de Santa Rosa has also been partially realigned from its
original ahgnment The approxxmateformer natural ahgnments of the unnamed creek and the Laguna
de Santa Rosa are deplcted on the Szte PZan/Geolocrzc Map, Figure 2 in Appendix A.

Topograﬁhically, the sitev is ‘essent‘iz(ﬂly"ﬂat and level with the exception of the depressed flood control
drainage channels. The site is located ‘within the lowest portion of the Santa Rosa Plain (ak.a. the
Cotati Valley). The elevation across the site is approximately 90 feet above Mean Sea Level (MSL).
Based on the Federal Emérgency Management Agency (FEMA) Flood Insurance Rate Map, the
majority of the site is witl;jn the 100-year flood zone (1% annual chance of flooding). The northeastern
part of the site is within the 500-year flood zone (0.2% annual chance of flooding). The northwest
portion of the site is not within either the 100-year or 500-year flood zone.

2.2 Project Description

Specific details of ths proposed project have not vet been determined. However, current conceptual
plans call for an approximately 100-acre casino complex including a 600,000 square foot hotel-casimo,
a multilevel parking structure and additional at-grade parking areas. The casmo will likely be multi-
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story with architectural features that may require large spans. The hotel portion of the development 1s
expected o be multi-story, as much as e ten-storv structure. Therefore, we anticipate that foundation
loads wil! be in the moderate to high range, depending on the final configuration of the development.
The multilevel parking structure will likely be a cast-in-place, remforced concrete structure. Access
roads and at-grade parking areas will likely consist of asphalt concrete pavement overlying compacted

aggregate base material.

Site development will also include onsite water and wastewater treatment facilities. The details and
layout of these facilities are currently bemg developed. Domestic water facilities may include onsite
wells, treatment and storage facilities (tanks). Wastewater treatment/disposal facilities may include a

treatment plant, detention basins and/or spray irrigation fields.

s

Project No. $8689-06-02 -3- October 7, 2003
Revised January 15,2004



2.0 SOIL AND GEOLOGIC CONDITIONS

Soil and geologic conditions were identified by observation of exploratory excavations; geologic
mapping, interpretation of stereo aenal photographs and a review of published geologic literature (se
List of References, Section 7.0 of this report).

Sonoma County lies within the Coast Ranges Geomorphic Province. This region is characterized by
northwest-trending mountains and valleys. The site, located in central Sonoma County, lies within the
Santa Rosa Plain (also known as the Cotati Valley). The Cotati’ Valley 1s situated between the
Mendocimo Range on the west and the Mayacamas and Sonoma mountains to the east. The valley 1s
characterized by sediments deposited by streams on floodplains, alluvial deposits and basins. The
valley is part of the Russian River watershed which drains.to the Pacific Ocean, approximately 15
miles west of the site. Sedimentary rocks of the Petaluma Formation and Sonoma group volcanics
constitutes the basement rock underlying the several hundred feet of Quaternary age alluvial sediments.
The site is underlain by Quaternary-aged alluvial soil dep051ts ‘derived from the surrounding highlands.
The alluvial material observed at the site was" (and is) derlved from adjacent formational units. The
alluvium at the site is subdivided into three a luv1al subumts Basin Dep031ts (Qb), Fluvial Deposits
(Qyfo) and alluvial fan deposits (Qof). The oeneral soil types thhm the subunits are similar; however,
there are differences that may affect the enomeermg propemes of the soil. Detailed descriptions are
presented in the following’ sections. The approx1mate lateral extents of the alluvial subunits are

depicted on the Site Plan/Geologic Map, Figure 2 in Appendlx A.

3.1 Basm Depos;ts (Qb)

The interfluvial basin dep051ts are primarily Iocated east of the Bellevue-Wilfred channel (see Site
Plan/Geologzc Map, Flgure} 2 in Appeﬁndlx A). These young, marsh-like basin deposits are primarily
compr‘ised of interbedded «le‘nées of dark brown silty clay with zones of sandy, silty clay and clayey
sand. Although not t,ncountered during our investigation, zones of organic material (decaying plant
matter) may also be present Wlthm these materials. In general, the consistency of the clay material
ranges from stiff to very stiff. The basin deposits are bianketed by a layer of highly expansive clay. The
thickness of this clay layer ranges from approximately two to five feet, beginning at the ground surface.
Desiccation cracks on the order of Y4-inch to 1-% inches wide were observed at the ground surface
within this material at the time of our field investigation (September 2003). In general, the engineering
properties of this material are fair to good. However, if not mitigated, the highly expansive surficial

soil may cause damage to structures and structural pavements founded in this material.
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3.2 Fiuviai Deposits {Qvfo)

The fluvial deposits at the site are primarily located in a thin band west of the Bellevue-Wilfred
Channel, approximately coincident with a former meander of the drainage (see Site Plan/Geologic
Map, Figure 2 in Appendix A). These deposits generally consist of interbedded lenses of silty clay, and
clayey/silty sand. Similar to the basin deposits, & surficial layer of highly expansive clay exists within
these deposits. The thickness of this clay layer is approximately four feet, beginning at the ground
surface. Similar to the basin deposits, the engineering properties of this material are fair to good.
However, if not mitigated, the highly expansive surficial soil may cause damage to structures and
structural pavements founded in this material.

3.3 Alluvial Fan Deposits (Qof)

The alluvial fan deposits at the site are located west ¢f the fluvial and basin deposits, extending to the
west boundary of the site (see Site Plan/Geologic Mép, Figure 2 in Appendix A). These older alluvial
deposits generally consist of clay-rich soils containin5 interbeddec'll'fenses clayey gravels, clayey sand
and sandy clay. In general, the near surface clays are not as: expanswe (only low to medium expansion
potential, based on UBC criteria) as those W1thm the ﬂuvxai or basm deposits. The engineering

properties of this material are generally good

3.4 Groundwater
Groundwater was observed in several. of the exploré.tery excavations during site investigative activities.
Groundwater was encountered between 11 and 19 feet below the ground surface during our

investigation (September 2003)

Based oﬁ the' referenced literatﬁfe‘ reviewed, data from the USGS indicate that groundwater in the
Cotati Valley was hrstorlcally encountered 5 to 20 feet below ground surface. Groundwater data on file
with the Sonoma County Env1ronmental Health Division for an adjacent property located at 5307
Stony Point Road provides an_indication of local shallow groundwater characteristics. Data collected
within shallow monitoring weils}ét the property between November 2000 and March 2003 indicate that
water levels vary seasonally,. with depth to water ranging from approximately 3.6 feet below ground
surface in March 2003,.toward the end of the rainy season, to approximately 8.5 feet below the ground

surface in September, prior to the onset of the rainy season.

It must be noted that fluctuations in the level of groundwater may occur due to variations in rainfall,
temperature, and other factors. Therefore, 1t is possible that groundwater may be higher or lower than

the levels observed during our investigative activities.
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XY GEOLOGIC HAZARDS

Several geologic hazards may potenually affect the site. Table 4.0 provides a list of the potential
geologic hazards associated with the site. Discussion of the items presented in Table 4.0 1s mcluded in
the followmg sections.

TABLE 4.0
SUMMARY OF POTENTIAL GEOLOGIC HAZARDS

Seismic Impacts — Faulting, Liquefaction, Lateral Spreading, Seismic-Induced Flooding
Expansive Soil
Corrosive Soil

1 Regional Subsidence °

| Flooding

4.1 Faulting and Seismicity

The project site is within the seismically active San Francisco Bay Area and moderate to severe ground
shaking is probable during the ant1c1pated life of future development Based on our analyses, no active
or potentially active faults are known to cross the site and the potentla{ for ground surface rupture is
low. In addition, the site is not contained Wlthln a Spemal Studles Earthquake Fault Zone (formerly
referred to as an Aliquist-Priolo Special Studies Zone) Potentxal secondary seismic impacts are
described in the following sectlons ~ o

4.1.1 Deterministic Analy§|s R

The site is located in a sexsmmally actxve reoxon and as such strong ground shaking would be expected
during the lifetime of any constructxon prOJects “Ground shaking at the site could damage buildings and

other structures and pose a threat to occupants B

In order to determmc the dxstance ‘of known “active” and “potentially active” faults to the site, we
reviewed available smsmlc/ceologlc literature (see List of References, Section 7.0 of this report) and
utilized the computer program EQFAULT, Version 3.00 (Blake, 1988, updated 1999) was utilized. A
search radius of 62 miles (100 kilometers) was performed and the ten closest known active faults were
identified. Principal references used within EQFAULT in selecting faults to be included were Jennings
(1973), Anderson (1984) and Wesnousky (1986). In addition to fault location, EQFAULT was used to
deterministically estimate ground accelerations at the site. Attenuation relationships presented by

Sadigh et al. (1997) were used to estimate site accelerations.

The closest active fault to the site is the Rodgers Creek Fault, located approximately 4.8 miles east of
the site. The Rogers Creek Fault has a Maximum Considered Earthquake (MCE) moment magnitude
(M,,) of 7.0. This “ault is considered to be the source of the greatest seismic ground shaking at the size.
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Ine MCE 15 defined as the maximum earthquake that appears capable under the presently known

tectonic rameworlk.

Figure 3 in Appendix A, depicts the major regional faults in the vicinity of the site. Table 4.1 presents a
summary of the significant active faults identified, their distance from the site, and a summary of
potential ground accelerations associated with the MCE for each fault. The information presented on
Table 4.1 was derived from the seismic analyses utilizing EQFAULT with attenuation relationships by

Sadigh et al (1997) used to estimate the peak site accelerations.

TABLE 4.1
DETERMINISTIC SITE PARAMETERS
Maxi : Maximum

Approxiniaie éoi);:inel:'?d Credible Peak
Fault Name Distance from Site | ~ Earthquake Site

(miles). - |" -+- Moment Acceleration

.| Magnitude (IVL,,) (g

Rodgers Creek w48, 7.0 0.36
San Andreas L 14917 - 79 0.26
Maacama 150 T 69 0.17
West Napa S 203 © 65 0.10
Point Reyes : 25.1 6.8 0.12
Hayward o e 278 7.1 0.10
Hunting Creek — Berryessa, = - %% e 9 6.9 0.09
Collayomi " ~ - = i 29.1 6.1 0.06
Concord — Green Valley © = 7, 30.0 6.9 0.08
San Gregorio - . 32.4 7.3 0.10

While a listing of peak accelerations is useful for comparison of potential effects of fault activity in a
region, other considerations are’important in seismic design, including the frequency and duration of

motion and the soil conditions underlying the site.

4.1.2 Probabilistic Seismic Hazard Analysis

The computer program FRISKSP (Blake, 1995, updated 1998) was used to perform a site-specific
probabilistic seismic hazard analysis. The program is a modified version of FRISK (McGuire, 1978)
that models faults as lines to evaluate site-specific probabilities of exceedance of given horizontal
accelerations for each line source. Geologic parameters not included in the deterministic analysis are
included in this analysis. The program operates with the assumption that the occurrence rate of

earthquakes on each mappable Quaternary rault is proportional to the slip rate of the fault. Faulit rupture
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lengtn as a functior. of earthquake magnitude is considered, and esumates of site acceleration are made

using the earthquake magnitude and closes: distance from the site to the rupture zone.

Uncertainty 1s accounted for in each of followmg: (1) earthquake magnitude, (2) rupture iength for a
given magnitude, (3) location of the rupture zone, (4) maximum possible magnitude of a given
earthquake, and (5) acceleration at the site from a given earthquake along each fault. By calculating the
expected accelerations from all earthquake sources, the program calculates the total average annual
expected number of occurrences of a site acceleration greater than a specified value. Attenuation
relationships suggested by Sadigh, et al., (1997) were utilized in the analysis.

The results of the analys:s indicate the following:

e Upper Bound Earthquake ground motion: 0.55g-'i

e Design-Basis Earthquake ground motion: 0. 45g
The Upper Bound Earthquake (UBE) is defined in the- 1998 CBC Chapter 16, as the ground motion
with a 10% chance of exceedance in 100 years. This value corresponds to a return period of
approximately 1000 years (actual statistical retirn perlod 949 years) The Design Basis Earthquake
(DBE) is defined as the ground motion with a 10% chanco of exceedance in 50 years. This value

corresponds to a return period of appronmately 475 years (actual statistical return period = 474.6

years). - . Lk

4.1.3 Liquefaction

Soil liquefaction i1s a condition where* saturated crranular soils near the ground surface undergo a
substantial loss of strength durmg seismic events. Prlmary consequences of liquefaction include ground
surface deformations (sand bods) and ground surface settlement. Soils most susceptible to liquefaction

are 10053, uniformly- Graded sand and loose silts with low cohesion.

Based on the referenced literature revieWed, the potential for liquefaction in the vicinity of the site
varies from very low to high. Based on liquefaction susceptibility maps prepared for the City of
Rohnert Park by William Lettis & Associates in 1994 (see List of References, Section 7.0), the
liquefaction potential at t{he’A site ranges from very low to moderate/high. An adaptation of the
liquefaction susceptibility map prepared by Lettis & Associates is presented as Figure 4 in Appendix
A. The liquefaction susceptibility rating depicted on the Lettis & Associates map is based on general
geologic conditions, rather than site-specific conditions and, in at least one case, they are inconsistent
with site-specific geotechnical studies. A geotechmical study for the adjacent Rancho Feliz Mobile
Home Park prepared in 1996, indicates that the liquefaction potential is very low. The mobile home
park 1s located within a “moderate to high” liquefaction zone on the Lettis & Associates Map.

The subsurface conditions observed durng our field mvestigation at the site consist of interbedded

lavers of primarily clay-rich soils. The site is blanketed wuth a layer of lean to fat clay. Some
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1scontimuous zones of loose to medium dense. clavey sand were encountered below the groundwater
table at differen: depths in the exploratory borings. However, laboratory testing of these clayey sands
mdicates that the fines content (portion of material finer than the No. 200 sieve) are generally 30% or
higher. Based on the regional soil types, the majority of fines are typically clay rather than silt. It is
widely accepted that materials with clay content greater than 20% is not considered liquefiable
(Modified “Chinese Criteria”, after Finn et al, 1994). Additionally, research presented by Isihara
(1985) indicates that the presence of a non-liquefiabie surface layer may prevent the effects of at-depth
liquefaction from reaching the surface.

Based on the above discussion, the potential for liquefaction at the site cannot be completely ruied out.
Our initial investigative effort is based on exploration pomts on a relatively large spacing. Therefore,
the likelihood of variation of subsurface materials between- these exploration points is proportionally

higher. Zones of potentially liquefiable materials may be randomly distributed across the site. Future
design-level geotechnical studies should be conducted to_evaluate, the ‘potential for liquefaction within
the footprints of structural improvements (once determmed) i

Where the design-level geotechnical study mdlcates that condltlons are present that could result in
liquefaction and subsequent damage to structural 1mprovements approprlate feasible mitigation
measures should be developed and Jincorporated into the prOJect desxgn ‘Such mitigation measures may

W
<

include: L ey, e o

¢ Deep foundation systems exteﬁdAim7 beyondtt{he liquefiable layers

e Shallow foundatlon systems remforced to thhstand differential movement

e Sail lmprovement methods densifi cauon dewatering or removal and replacement

4.1.4 Lateral Spreading

Lateral ‘spreading during a seismic ev'érﬁ typically occurs as a form of horizontal displacement of
relatively flat-lying alluvial or sediment deposits toward an open or "free" face such as an open body of
water, channel or excavation. -Generally, in soils this movement is due to failure along a weak plane,
formed within an underlvmg liquefied layer. As cracks develop within the weakened material, blocks
of soil displace laterally towards the free face. Subsurface conditions indicate that potentially
liquefiable sand layers beneath the site are non-existent or isolated; therefore, the potential for lateral

spreading is iow.

4.1.5 Seismically induced Flooding

The project area 15 well protected by distance and topography from tsunami (a great sea wave produced
bv a submarine earthquake) emanating from the Pacific Ocean. The site is not located downstream of

any major dams that could inundate the site as a result of seismic-induced failure.
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4.2 Siope Stabiiity, Landsliides

Witk the exception of the side siopes of the Bellevue-Wilfred Channel, the site is essentially flat and
level. The site is not located adjacent to sloping ground that may be subject to slope instability or
landslides. Development practices will likely require a minimum development setback from the
Bellevue-Wilfred Channel. Therefore, the potential for damage to development due to slope mstability

is low.
4.3 Expansive Soil

Expansive soils are present across the surface of the site. Based on UBC criteria, the expansion rating
of near-surface soil varies from “very low” to “very high” across the site. The UBC expansion rating
for surface samples obtained near the exploratory borings are depicted on the Site Plan/Geologic Map,
Figure 2 mm Appendix A. In general, the near-surface soil conditions are more expansive east of the
Bellevue-Wilfred Channel. If unmitigated, expansive soils subjected to seasonal moisture variations
may cause damage to overlying structures or shallow -~ut111t1es “‘Specific mitigation measures for

expansive soils should be a part of future deswn level geotechmcal studies at the site.

4.4 Soil Corrosivity

One of the three soil samples submltted for corrosion potentlal testmo exhxbltod a low resistivity ¢high
conductivity). Therefore, the soil- may be considered mlldly corrosive to concrete or steel. If corrosion-

sensitive improvements.are pianned consultation w1th a corrosion engineer is recommended.

4.5 Subsidence

3 Lpaiva,

The Rohnert Park/Cotat1 \/allev area of Sonoma County is a large alluvial valley with significant
groundwater storage. ‘As. such, numerous groundwater extraction wells are located within the Cotati
v alley for domestic use. Continued - groundwater withdrawal with limited recharge causes land mass
subsidence, resulting in the lowermcr of the ground surface elevation. Because any subsidence in the
Cotati Valley would be regmnal unlike local differential settlement, it would not likely have a
significant effect on proposed building foundations at the project site or storm/sewer facilities (or other

utilities) that rety on gravity-driven flow.
4.5 rlooding

Based on the Flood Insurance Rate Maps (FIRM) prepared by the Federal Emergency Management
Agency (FEMA), the majority of the site is contained within 100-year or 500-year flood zones. The
exception Is approximately 35 acres located 1n the northwest portion of the site. The approximate flood
zone designations are depicted on the FEMA Flood Zone Map, Figure 5 in Appendix A.
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5.0 CONCLUSIONS ANC RECOMMENDATIONS
£.1 Generai

In our opinion, the soil and geologic conditions at the site do not preclude development of the project
as conceptually proposed, provided appropriate design measures are implemented to mitigate the
geotechnical difficulties at the site. The primary geotechmcal concern at the site is the presence of
highly expansive soil conditions, which can lead to grading, foundation and pavement difficulties. A
secondary concern is the possibility isolated zones of potentially liquefiable soil at random locations
throughout the site. Liquefaction of these zones may cause differential settlemenr of structures founded

above this material. Both concerns may be mitigated with appropriate engineering design.

Table 5.1 presents a summary of the anticipated geotechnical conditions that may impact development
on the project. )

TABLE 5.1 :
PRIMARY GEOTECHNICAL CONDITIONS

Development

Consideration ~Ge0tee}1nxqgl Conditions

Easy excavation characteristics
Difficult clay soils for construction
~ Moderate to extensive site preparation

Grading - o
Earthwork S

- Expansive soil conditions
Shorht potential for isolated liquefaction
Moderate (typical).allowable bearing capacities
Shallow or mtermedlate foundation systems suitable for light structures
‘ Deep foundation systems for heavily-loaded structures
Low to moderate soil corrosion potential

Foundations

. L Easy excavation characteristics

Underground o “Stable trench walls above groundwater table
Utilities * Dewatering required below groundwater table

L Low to moderate soil corrosion potential

) oo . Unstable/pumping subgrade
Pavement : o Expansive soil conditions
‘ o Thicker sections required |

The following sections provide specific discussion of the various areas of site development that may be
impacted by the geological/geotechnical conditions present at the site. These conclusions are
preliminary 1n nature and are intended for planning purposes. Detailed recommendations can be
provided in future geotechnical studies which would be based upon specific site development plans and

more detailed geotechnical information obtained from subsurface studies.
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Grading - Earthwork

Table 2.2, below, summarizes the primary conditions expected during site grading.

TABLE 5.2
ANTICIPATED GRADING CONDITIONS

Lasy excavation characteristics
Moderate site preparation
Difficult clay soils for construction

Import fill soil required '

Detailed descriptions of the conditions listed above are discussed below:

The entire site is underlain by alluvial materials Blaﬁketed by a layer of moderately to highly
expansive clay. In our opinion, grading and"‘ie)i:c“avations at the site may be accomplished with
light to moderate effort with conventibnai ‘heavy- dutyA : grading/excavation equipment.
Excavations are not anticipated to generate oversmed material (greater than six inches in

dimension) or boulders that would requlre specxal handlm0 or exporting from the site.

Depending on the location of the plarmed mlprovements extenswe site preparation may be
necessary. The site is currently being 1moated Wlth reclaxmed water and grazed by cattle.
These agricultural - practlces have resulted m Tow Iymv .depressions containing very soft,
organic-rich soil. In addition, remnants of the former natural creek alignment are still present at
the site. Priorto grading, some of these areas nmay need to cleared and the unstable (soft, wet,

organic) soil removed. Removals may extend on the order of four to six feet below the ground
ST e

surface m,some areas./ Y

Due to the hlgh m01sture content of much of the near-surface soils, construction of engineered
ﬁlls will be challencmo Estabhshm0 a firm base for constructing fills will likely be very
 difficult in some areas, dependmc on the specific conditions. Pumping, unstable subgrade
conditions may be quite common when trying to establish a firm base for building pads or
roadways ‘Stabilization techniques such as bridging with geotextiles or aggregate or the use of

lime treatment may berequired.

The near-surface clay soils are moderately to highly expansive across the site. The presence of
highly expansive soil and its ability to absorb moisture and soften can impact grading costs
especially if grading 1s conducted 1 the winter and early spring months. Rainfall and wet soil
conditions may prohibit efficient grading and limit productive earth moving to the drier

portions of the year.

Grouncwater is not anticipated to significantly affect grading operations if conducted during

the summer and/or fall seasons (dry season). However, groundwater and soil moisture
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conditions could be significantly different during the winter and spring seasons. Grading
auring this ume period will likelv encounter wet matenais resulting in possible excavaton and

fill placemer difficulties.

» Grading durmg the wet season may be accomplished by stabilizing the near-surface soils with
lime. Additional benefits of hme-treatment include reducing expansion potential and
increasing the pavement support characteristics of the soil. We anticipate that the site soils
should react well with the addition of lime. Specific lime-treatment recommendations should
be part of future studies for the site. ‘

¢ Graded building pads that sit through a dry period without completion of the overlying
structure may exhibit shrinkage cracks which may require heavy watering and/or presaturation
to prepare the soil for concrete foundations and 'slabs on grade. Once buildings are in
production, a method should be implemented 0 keep relatively moist soil conditions prior to

foundation excavation and concrete placement.

* Due to the moderate to highly expansion potenﬁél‘of_ _,tﬁe near-surface native sotil, it is possible
that some of the native soils may be deemed unsui’table for use as engineered fill. Therefore,

import fill soil may be required.

5.3 Foundations
The primary geotechnical difficulty “affecting building foundations at the site is the potential for
differential movement caused by expansive soil conditions. Another difficulty could be differential
settlement caused by the liquefaction’of underlying. materials. Both of these difficuities may be
mitigated within the design of the-structiiral foundations.’

Based.on-the conditions énc;ounté;éd, during our investigation, the foundation types listed in Table 5.3
are cohsidered feasible for:developrr'le.r.ft.NOne to three-story, framed structures, with typical foundation
loading (1,500 pounds per lineal foot ‘on the perimeter and up to 100 kips column loads) such as a
casino or hotel, may be considered a light to moderately-loaded structure. Heavily loaded structures
would include multi-story hotel structures exceeding approximately three stories in height and
multistory parking garages. The foundation systems presented are for planning purposes only. Actual

structural loading may dictate different systems or designs.
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TABLIZ £.C
EASIBLE SOUNDATION SYSTEMS

i1

i Anticipated Feasible Foundation Systems !

—_ ‘
Light to | : . . .. ‘ . .
° - Continuous strip footings with 1solated interior footings tied with grade beams

Moderately | D . B S . lat
{ i Oad d u ‘" L t- i C < at
! ed Structures ost-tensioned concrete slab systeny fructural mat stao

Drilled pier system
Heavily Loaded Driven piles
Structures ' Post-tensioned concrete slab system/Structural mat siab
I Continuous strip footings with isolated interior footings tied with grade beams

e Site soils are considered capable of supporting light to moderately loaded structures on shallow
foundation systems. Due to the presence of expansive soil at the site, shallow foundation
systems should be designed to reduce the potential for significant seasonal moisture variation
under buildings. This may be accomplished by providing continuous perimeter strip footings
that extend below the depth of seasonal moisture variation (typically 18 inches or deeper).
Additionally, the foundation elements may need to be reinforced heavier than typical design
dictates.

» Alternatively, the shallow foundation system described above can be designed with
interconnecting grade beams that would help the.foundation system act as a unit rather than
individual foundatlon components acting mdependently (such as isolated spread footings). This
system would help mitigate dlfferentlal movement’ caused by soil expansion or differential
settlement caused by potential hquefactlon

s The use of a post-tensmned ‘concrete tensioned slab or a more heavily-reinforced mat slab
foundation would be another alternative foundation system. The concept would be to isolate
the structure, or a portion of a. structure,. on the ‘mat designed to act as a unit. This will reduce
the potential for portions of'the structure to Tnove mdependently which may result in distress to
the structure. These foundatlon systems would probably be more applicable to moderately
loaded structures;. ‘however, if designed accordingly, they could be used for heavier structures.

e . Heavily-loaded structures can.be supported upon drilled piers which are expected to be
relatively easy to drill to the requlred depths. Drill holes should stand open without significant
caving. Drilled piers could be belled to provide additional downward capacity. Belled piers
would also be efficient at providing uplift resistance, if required. The presence of groundwater
may require casing or’ perlodlc pumping of drilled pier excavations but is not expected to be a
significant item unless pier depths exceed 20 to 30 feet below the existing ground surface.

e Heavily-ioaded structures can likely be supported on piles driven into the alluvium in the depth
range of approximately 30 to 50 feet bgs. Pile driving conditions are anticipated to be favorable
at the site. It is anticipated that tolerable settlement would result for piles loaded in the 45 to 70
Tons per pile range.

e Site soils mav be slightly to moderately corrosive to regular concrete or steel. Further corrosion
study, including consultation with a corrosion engineer, should be a part of future studies at the
site.
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5.4

Underground Utility Construction

The following conditions can be expected for underground utility construction:

TABLE 5.4
ANTICIPATED UNDERGROUND UTILITY CONSTRUCTION CONDITIONS

Easy excavation characteristics
Stable trench walls above groundwater table
Dewatering required below groundwater table
Low to moderate soil corrosion potential

5.5

Trenching with conventional heavy duty excavation equipment is expected to be easy in terms
of excavation difficulty. Trench sidewalls should stand near vertical to depths of at least five
feet, provided it is above the groundwater table. Dewatering of trenches may be required if
excavations extend a significant depth below the groundwater table.

Some stabilization of trench bottoms may be requxred in order to achieve adequate bedding for
gravity lines. This may accomplished by placing coarse aggregates or geotextile fabrics or a
combination of both. Specific- recommendatxons should be part of the future design-level
studies for the site. T :

Backfilling trenches with the e‘(cavated soxl may requ1re significant drying or moisture
conditioning to achieve suitable compaction. These. operatlons may be difficult during the wet
season. Alter natwely, more sultab]e import matenal may-be utilized as backfill.

Site soils may be slightly to moaerately corrosive to regular concrete or steel. Further corrosion
study, including consultatxon w1th a corrosxon envmeer should be a part of future studies at the
site.

ae

Pavemﬁent - Réadwa_yé‘

Table 5.6, below, summarizes the: ant1c1pated conditions at the site with respect to pavement design and

roadwavs

TABLE 5.5
GENERALHZED PAVEMENT CONSTRUCTION CCNDITIONS

Expansive soil conditions
Unstable/Pumping subgrade conditions
Thick pavement sections required

Expansive soil conditions are the primary geotechnical difficulty with respect to pavement and
roadway design and construction. Expansive soil conditions may be mitigated by removal and
replacement with non-expansive material, lime-treatment, or design of pavement sections to
withstand the potential swelling pressures caused by expansive soil.
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¢ If the expansive soils are not stabilized. we recommenc thar pavements be limited to flexible
pavement, such as asphalt concrete or interiocking paving stones. Rigi¢ pavements. such as
Portland cement concrete could be used: however, the probability of damage due to differential
subgrade movement would be significantly higher than that for flexible paving.

o Establishing a firm base for pavement subgrades will likely be very difficult in some areas,
depending on the specific conditions. Pumping, unstable subgrade conditions may be quite
common when trying to establish a firm base for roadways. Stabilization techniques such as
bridging with geotextiles or aggregate may be required..

e Due to the poor pavement support characteristics of the native clay soils, pavement sections
will likely be very thick. To reduce overall pavement thicknesses. lime treatment of subgrade
materials 1s recommended. Specific lime-treatment recommendatxons should be part of future
studies for the site. o

S.6 Design-L.evel Geotechnica!l Study

Prior to finalization of the grading and development. ‘pl‘ans for the project a design-level geotechnical
investigation addressing the specific grading, structural foundatlon and development plans should be

performed. The design-level geotechnical study should mclud .’,detalled liquefaction analysis in areas

planned for structural improvements; s1te-spec1ﬁc oradmg ommendations (including remedial
grading and expansive soil mitigation), foundation type selectlon and geotechnical design parameters

for all proposed structures.

ey L

s
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8.C LIMITATIONS AND UNIFORMITY OF CONDITIONS

The purpose of this geologic and geotechnical feasibility investigation was to identify the soil and
geologic conditions at the site, determine the presence of geologic hazards and to provide preliminary
geotechmical recommendations with respect to developmen: of the proposed casino complex at the
project site. Additional design-level studies, mcluding additional subsurface exploration. laboratory
testing and geotechnical engineering analysis will be required prior to development of the site
improvement plans.

The recommendations of this report pertain only to the site investigated and are based upon the
assumption that the soil conditions do not deviate from those disclosed in the investigation. If any
variations or undesirable conditions are encountered[lduring construction, or if the proposed
construction will differ from that anticipated herein,.‘_Géocon should be notified so that supplemental
recommendations can be given. The evaluation or idéﬁiii‘t}cation of the potential presence of hazardous
or corrosive materials was not part of the scope of serviééfs“}arqvijded“by Geocon.

This report is issued with the underste{ﬁdihg’:that it is the’fés‘ponsibi lity of the owner, or of his
representative, to ensure that the information and recommendatxons contamed herein are brought to the
attention of the architect and encmeer for the pl‘O)eCt and mcorporated into the plans, and the necessary

steps are taken to see that the. contractor and subcontractors carry ‘out such recommendations in the
field. R s

The findings of this repor’t are vahd as’ of ‘the- present date However, changes in the conditions of a
property can occur: w1th the passage of time, whether they be due to natural processes or the works of
man on thxs or adjacent propertles In addition, changes in applicable or appropriate standards may
oceur, whether they result from lealslatxon or the broadening of knowledge. Accordingly, the findings
of this’ report may be mvahdated whol]y or partially by changes outside our control. Therefore,

this report is subJect to review and should not be relied upon after a period of three years.

o

Project No. $8689-06-02 -17- October 7, 2003
Revised January 15, 2004



=~y

.0 LIST OF REFERENCES

t. Dyett & Bhatia, Rohnert Park General Plan, Revised Draft Environmental Impact Report,
State Clearinghouse No. 99062114, Prepared for the City of Rohnert Park Department of
Planning and Community Development, May 2000.

!\)

The Huffman-Broadway Group, Draft Phase I Environmental Site Assessment. 360-Acre
Agricultural Property, Rohnert Park, Califormia, November 2003

(OS]

Huffman, M.E. and Armstrong, C.F., Geology for Planning in Sonoma County, including
Greensfelder, R W. Seismicity, Ground Shaking and quuefactzon Potential, California
Division of Mmes and Geology, dated 1980. :

4. Jennings, C.W., Fault Activity Map of C’alifornia%i;;z;ﬁcﬁacent Areas, Califbmia Division of
Mines and Geology, dated 1994. -

5. Parson, Harland, Bartholomew & Associates, Czty ofRohne' ',Park Wz{ﬁ‘ed/DowdelZ Village
Specific Plan, Draft Envzronmental Impact Report, Iune 1;1999

8. United States Geologlcal Survey, topograp‘ i map, Cotan Callforma Sheet (SW/4 Santa Rosa
13’ Quadran;,le) 1954 (photorev1sed 1980)."?‘ ,

«s

9. Youd, T.L. and Hoose S.N;, HlStOI’lC Ground Fazlures in Northern California Triggered by
Earthquakes Umted States Geologlcal SurveyJProfesswnal Paper 993, dated 1978.

Project Na. $8689-06-02 -18- October 7, 2003
Revised January 15, 2004



APPENDIX 4




| < 8mbiz | vOgTamnuBr 1 20og0-6898C

m dVW INGZ G001: VWS

BILIOJIIED "Alunoy) BLIOLOS
! AEd Lsutiow

. D, 108l0.d souise) uonelg

|

H

H - T o= B Tae T .
* I LR S SN
| INT SLAYITASNOD
|

[NODOHD |

2007 19q0100 pajep Aydebojoyd [eusy

; S
- 3U0Z paold JE3A-00S | |

|

T —_II‘I'._
= 3U07 PO 1B3A-001 | i
- b2
AiEpUNOg U7 POCHS BILWIXGIALY o e e —
" AILpUnog 8115 108[01g e e
- e ERER
%
- = A .
A By HAe
E. SR > Ml U R

: e e &
O e R




 8Inbiy v00T AlBnuer | z0-g0-6R98S
dVA ALINBILHdIOSNS NOILOY4AND!T

EiLIojIeD ‘Alunoz Bwouog
Hied UBudoy

.S 108lo.d scuisen uongg

? N ODORD |

1994 Ul 9)£28 x0iddy
———__—]
{005

O HY g SSINISNE

i~ ,Ny«\‘iwﬂ.x.ﬂu..‘u‘ f

3 R
3
_
3

4 Ze o~ .(m
4 #
m 200z 4890100 pajep Aydesboloyd [eusy

I

w. 1894S 000'001 | BILIONED BOBN 8Y] Ul
E . Aupgqudsasng vonoeganbiy pue ABojosg Aeusaieny

Buimoys sdepy b66| S81L100SSY B SINaT WM 83Inog

-

UBIH 0} A1IBPON MmN
moyhisn TA
Aiepunog A1igndaosng uckoLienbr ALWIX0IAdY ——— .

fiepunog 8)iS 108[01g ——mm s

v ON3931

-€
IV QI UMD




£ onb | 100z Aenuep

¢0-90-6898S

BiLOjR) ‘AIUno) BWOUOS
“ied pauyoy

«D 109[01d soulse) uoyels

dVI LINVd TYNOID3Y

km%n CEL6-2G8 916 X¥d ~8116-268 916 ANOHJ
o C¥iS6 VO 'YAOGHOOD OHONVH- 008 34iINS ~ HA AITIVA G109 p9tLe
&

g

"ONI ‘SLNVLINSNOD

NODOHD

>>c_m§

oJs|ouely

@

uojjeaa’y sys
ajewxoiddy

SBYI Ut 8j8ag
e s ——

0¢ 0l 0

N

—N.8¢




Z ainbigy

i v00T Adenuen

20-g(-
dVKW 2196703y , NVid 3Lis

] BILIONES “Aluncy, BlCuOg
e Liaugog

6898%

| 2., 10810.4 Souisen yongo

L
) \mx\\?.flt R

— .
A T e ——,

1884 Ui 91B9g xorddy

H;

(RO 1837,
mme

Lo Y
HO e N HY e SSINISNE
i T Py

2002 1890100 pajep Aydeiboroyd jeusy

Buney uoisuedx3 pog ngp HOIH

W 184028 9 pyns as,c00
vEAUS 11706 pasaye fdaag Jo sasua| Butuieiuco
-

SHOS You-ALp spupjdn Buuapioq syisodsp vgy [BATY  jom

Aep Kis 9 s ‘pues auiy
10 Ajurew pasoduion 8z1s uib ajqeuea Jng auy Aq
PazusEgs (qp,) SIS0Uap wIseq usamiag saans Swyoj

‘(D) suey 1Al o aBpa 1aino ay) e siisodap |eian;4 0JAp

Janew oiueblo w oy wog Acp Allis % Aep yiep pauos
Apood Auiew ‘susodap utseq ayij-yslew feranjy ey

q0
11U03 9160j08g jLWKOIddY e
401esoT Buipunog jsa UolRIaUsd U0Q ajewixolddy ®-1ag
uoieao Butiog Aiciesordxg ajewWwixolddy S
Alepunog a)ig 108000g e

ON39T31

S
=TT IS g3 ImeT




APPENDIX A

MAPS AND ILLUSTRATIONS

T a7 S s N
R PANEW

2 5

e

For

N

RTINS
)} "f-{'&vi .
A

7.2



Millbras

Ave.

Horn Ave.

Ave

Rd.

=

=1 Lowell Ave.
GraVeﬂste,n

0 /2

—————

Scale in Miles

o
=
@
=
=

Wilfred

- Mountain Shadows )
Golf Course .-~ K /

Hwy.

Business  Park
Dr.

‘ «Moumazn\
N 3 Shadows <. -
LN Golf N
.~ Course

Rohnert
@ Park
Stadium

Exowy . |
S—
ROHNERT
3 PARK
@S
£
=
(=]
e (4]
[}
g /—\
Z Arlen  Dr <.
& > S
=
& s
Southwest
‘ o
O
v S
< C°c>' 20
Z %, oS

CONSULTANTS,INC.
3160 GOLD VALLEY DR ~ SUITE 800 -RANCHO CORDOVA CA 95742
PHONE 916 852-9118 — FAX 916 852-9132

&

Station Casinos Project "G"

| S8689-06-02 | January 2004 |

Rohnert Park,
Sonoma County, California

VICINITY MAP

Figure 1




APPENDIX q



APPENDIX B

FIELD INVESTIGATION

The field investigation was performed during the period of September 10 through September 19,
2003. The field investigation consisted of the excavation of 11 exploratory borings (B! through B11),
and 6 Cone Penetration Test (CPT) soundings (CPT! through CPT6) at the approximate locations
shown on Figure 2.

The exploratory borings were excavated using a CME 75 truck-mounted drill er using 8-inch
diameter hollow-stem augers. Sampling was accomplished using an automatic 140-pound hammer
with a 30-inch drop. Samples were obtained with a three-inch outside diameter, split spoon sampler
(California Modified Sampler). The number of blows required to drive the California Modified
sampler the last 12 inches of the 18-inch sampling interval were recorded on the boring logs. The
blow counts presented on the logs have been correlated;fo equiVa}ent Standard Penetration Test (SPT)
blow counts. Upon completion, the borings were backfilled’ thh grout in accordance with Sonoma

County Permit and Resource Management- reqmrements

S,

The soil conditions encountered in the trenches and bormgs were vxsually examined, classified, and
logged in general accordance w1th the American Soc1ety for Test1n<T and Materials (ASTM) Practice
for Description and Identlﬁcatxon of-Soils (Visual — Manual Procedure D2488-90). The logs of the
exploratory borings are presented in. Appendlx B, Mgures B1 through B13.

wats

The CPT soun’dings were ad‘\fanced using a 20- tor}Cone Penetration rig. CPT parameters including
tip resistance (qc), sleeve friction.(f; ) and dynamic pore pressure (U) were measured at 5-cm intervals
as the cone was advanced: Incorporatmc this data with the Robertson and Campanella (1988) method,
soil behavior types were obtained, thus estimating the subsurface geologic conditions. Logs of the

CPT soundings are inciuded in this appendix.
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Ik ; EQUIPMENT CME 75 e T
: I
| . | 1‘ MATERIAL DESCRIPTION ’
-0 | R . ALLUVIUM | |
i i ' L// B : Soft, moist. light brownish gray (2.3Y 6/2), Silty CLAY. - i i
: C surface desiccation cracks 1/2" wide : "
- a ;,J/ yd - becomes stiff, very silty : _
: %,? p CL - EI'=39 (low)
- . YAy AN TV=6.5pp=15 L
B33 I' o ‘ P12 973 | 238
L 4 B ’ //, — {
| % l
- , uy _
2 //‘

TV=0.51,pp = 1.0

.

92.7 | 27.1

|
(@)
l
3
o)
D
N

Suff to very stiff, very moist, olive gray (5Y 4/2), Sandy lean ST
CLAY

CL

—
(o]

974 | 27.6

I
~
|
N
AN \\ \\ OO

N

|
f
|
I
|
|
l
|
I
|
l
\
I
|
|
i
I
I
|
!
l
|
|
l
|
|
I
i
i
| IS Y A A S R B *—I D
|

- 16 - 19
g - sand content decreases
L _B3-16.3 e - very clayey 20 102.4 | 24.6
R3-17 = i i L
i \ BORING TERMINATED AT 17.5 FEET
|
I
! |
i i
H 1
| ' " |
i 1 i
! I |
o
il |
P : |
I {
[ 1 |
. ‘ |
| P . | J
| | ; e
| L | !
! L L !
Figure B2 Log cf Boring B3, page 1 of 1 GEO_NO_WELL PROJG GPJ 10/01/03
1 —
l - . — . - SAMPLING UNSUCCESSFUL l] STANDARD PENETRATION TEST . DRIVE SAMPLZ {(UNDISTURSED)
| SAMPLZ SYNMBOLS
; 3 DJISTURBRED OR 2AG SAMPLE : CHUNK SAMPLE !__ ‘VATER TL.BLE CR SEEPAGE

WOTE  THE LOC OF SUBSL %FACT CONDITIONS SEQWN HEREON APPLIES ONLY 4T “HE 3PECIFIC ECRING OR TRENCH LOC “TiOM AND AT THE DATE INDICATED IT IS NOT W ARRANTED T BE REPRESENTATIVE OF
TUBSURF ACE CONDITIONS AT OTHER LUCATIONS AND TIMES AL, ELOW COUNTS HAVE BEEN CONVERTED 7O EQUIV ALENT STANDARD PENZTRATION TEST (SPT) BLOW CCUNTS



PROJECT NC  S8689-06-07
| i ? = . —_
; g o= - BORING B4 Zo~ls !
POPETTE |G j: ; z “ SOl == ; ‘ i‘ ~
AR = 2 S | ELEV.(MSL)  NA DATE COMPLETED __ 9/10/63  2ZZ | £7
=43 ! E :;1 LSCS ‘ — ;éz E -;:; |
| | 'z | EQUIPMENT CME 75 | E2E| 5
| ! : - L
| ] | MATERIAL DESCRIPTION | i |
- 0 - RARITIY
| I ALLUVIUM ’ i |
L — N Soft, damp. very dark grayish brown (2.5Y 3/2), Sily CLAY L t
| Voo - EI = 127 (high) | ‘ !
PN I ///;/,1 ‘ - becomes stiff L |
- 3 ////// // (:H i i‘
» 1B4-25 R - becomes very stiff, moist o160 999 | 217
B4-3 B0 ] !
Ly [ S R S
( L S Very stiff, moist, light vellowish brown {2.5Y 6/3), Sandy ’
L _ ey lean CLAY L
! o CL ;
- _B4-5.5 g L 25 964 | 17.8
¢ " 'pis R p " |
- - ////{ -
I 8 - '"/*J;m—h'_‘_"__._:'_—“'_'_.’——:"__’“:__*_;—'__h'.- ******** - T T -
Vs Stiff, very moist, olive gray (5Y 4/2), Sandy CLAY, with
L _ / some thin interbedded lean clay seams -
— 10 - //‘ L
Bs-10f 4 | CL 9
- - -
- 12 /! -
j‘
I o IR NN SR
Medium dense, very moist to wet, Sandy CLAY, trace plant
L remains L

99.0 | 276

BORING TERMINATED AT 16.5 FEET

GEO_NO_WELL PROJG GPJ 10/01,05

l _- ~ } SAMPLING UNSUCCIZSSFUL ! sTanDaRD PENETRATION TEST B orivesauels ovoistuREED ]

I SAMPLESYMBOLS _ !

| "% DISTURBED OR BAG SAMPLE A caunk saMmeLs ¥ VATER TABLZ OR SEEPAGE |

[ |
NOTE THE LOG GF SURSU £ CONDITTONS SHOWN HEREON APPLIES ONLY AT THE SPECIFIC CORING OR TRENCH LGCATION AND AT "HE DATE INDICATED NOT WARR “NTED TS BE REPRISENTATIVE OF

WBSURFLCL CONDY

TiO%S AT OTHER LOC  TIOMS AND TRLES

~LL BLOW COUNTS HAVE BEEN CONVERTED TO EQUIV ALENT STANDARD PENETRATION

TEST (SPTYBLOW CCUNTS



PROJECT NC

g2
oc
N
(@]
P
o
(,;/’ N

3

i

i
v

:
!
|
|
I

; | | |
'z |5 | BORINGBS ;~, B
. DEPTF SAMPLE ; ; | 2 : ,fOL, ‘ : z = :% ::
| Fiw N L= 2 ““Q‘CS CELEV.(MSL) NA DATE COMPLETED 9/10/02 | = ==
‘ 7B ' EQUIPMENT CME 75 2] 22
: T | - -
| | ! MATERIAL DESCRIPTION ; | 1
ro s ALLUVIUM |
L _ L | Soft, moist. very dark grayish brown (2.5Y, 3/2), Siltv CLAY, | ;
j Ve moderate plasticity } ! :
Lo v - EI =90 (ugh) : - ’ i
A I CH - becomes very stiff \
N | e _
Bs-3 B TV > 1.0, pp > 4.5 18 | 1102 127
-4 - lL//i’-‘A4v__A- _______________________________ I S
: ‘/ s Very stiff, moist, light olive brown (2.5Y 5/3), Sandy lean ‘
L e CLAY/Clayey SAND L
! 3 CL/SC|
- ! 24 107.8 | 193
i | .
g [
- | Stiff, very moist, olive gray (3Y 4/2), Sandy CLAY, with  ~ | |
some thin interbedded lean clay seams ‘
CL L9
_ L
J
" | Stiff, moist, olive gray (3Y 4/2), Silty Sandy CLAY | |
i CL ]
_ TV=359,pp=3.5 15 937 | 292
- Verv moist
BORING TERMINATED AT 16.53 FEET
i
!

Figure B5. Lcg of Boring B5, rage 1 of 1

GEQ_NO_WELL PROJG GPJ 10/01/03

SAMPLE SYNMBOLS

i
[a—

e
X4

SAMPLING UNSUCCESSFUL I sTANDARD PENETRATION TEST B oRivs sAMPLE (UNDISTURBEDY
DISTURBED OR BAG SAMPLE A Nk sampLs ¥ ¥ATER TABLI OR SEEPAGE

NOTE

THE LOG QF SUBSURFACE CONDITIONS SHOWN EEREON APPLIES ONLY AT THE SPECIFIC 3ORING OR TRENCH LOCATION AND AT THE DATE WDICATED [T IS WOT 'V ARRANTTD 792 BE REPRESENTATIVE OF
SUBSURFACE CONDITIONS AT OTHER LCC~TIONS ~ND TIMES  LL BLOW COUNTS BAVE BEEN CONVERTED TO EQU.VALENT STANDARD PENETRATION TIST (SPT) BLLW COUNTS



PROJECT N7 $8689-06-07

| BE] | . ‘
| - 2 BORING Be T —
| DEPTH - S iZ. sow | - = L
E, n SadpLE E ' E ! CLASS i - - o~ - — —r— ' ; ‘ % - E =
o NG = =2 jLL‘ P ZLEV.(MSLY_ NA ATECOMPLETED 9/10/03 =L | ZC
| FEET - = 1525 | — e it = oz %z
j oz | ! Z 1 == 1 2z
L E . EQUIPMENT CME 75 £=2 B ) =%
! b f ‘ . ! -
‘ : | ] | MATERIAL DESCRIPTION | |
o el | ALLUVIOM |
l i A } Firm, damp. light brownish gray (2.3Y 6/2), Silty CLAY _
| ////J ‘ | - becomes stiff ‘
N LA L BI=S8Chehy - NN N
| ;s /J CL/SC ! Very stiff, moist, light olive brown (2.3Y 5/6). Sandyv lean :
i i A | CLAY/Clayey SAND L
~ iy Y ! |
B6-3 S ‘ 21 , 112.6 1 132
-yl ‘
- ‘1 - J e ‘ L'
Yy |
L ! ’/74,‘_ ___________________________ N S
s Stiff, moist, light olive brown (2.5Y 5/6), Sandy CLAY, L8
- 6 moderate to high plasticity -
- .
|
_8 i

L Loose, wet, light olive brown (2.5Y 5/6), Clayey SAND 8
- 12 -
- Beuspeso oo I S R I
- 14 Medium stiff, moist, olive gray (5Y 4/2), Silty CLAY, with L
trace plant fragments i
i BORING TERMINATED AT 15 FEET \

Figure BB, Log of Boring BB, page 1 of 1

GEQ_MO_WELL PROJG GPJ 10/01/03

= ‘ p
- - . _  SAMPLING UNSUCCESSFUL [ STANDARD PENETRATION TEST ' DRIVE SAMPLE (UNDSTURBED) t
SANMPLE SYMBOLS - |

‘ R DISTURBED CR BAG SAMPLE i CHEUNK SAMPLE 1 WATER TABLZ OR SEEPAGE ;

VOTE THE LOG OF SUBSUREACE CONDITIONS SHOWN PEREQN APPLIES ONLY AT THE SPECIFIC BORING OR TRENCH LOC \TION AMD AT TUHE DATE MDICATED T IS NOT " ARRANTED ™ BE REPRESEVTATIVE OF
TUBSURSACZ CONDITIONS AT OTHER LOCATIONS AND T'MES  -LL 3LOW COUNTS BAVE BEEN CONVERTED TO EQUIVALENT STANDARD FENETRATION TEST (80T 2L OW COUNTS



PROJECT NC. S"6“Q O('—O“

= ! L
.z = BORINGE? NI
L DEPTR o o= iz o =g- Z . = %
oo ST 2 cass | oprooee . - e B ErTe iy SRS Z~ 1 22
NG = = ELEV. (MSL.) NA ATe COMPLET=ZD 9/11/03 ol N U
FEST = = wscs — R ==
TOE | EQUIPMENT CME 75 GEE 2 ¢ 2C
i [ : = o -
| : . ; MATERIAL DESCRIPTION § {
) [l N > P ~ i
o | ] A ; ALLUVIUM ; 5 ‘
- - 7 A i Firm, damp, light brownish grav (2.5Y 6/2), Silty CLAY L [} |
! PV [ 5 I
I LA L TV=7,pp=15 : L !
- 4] g // v CL : ‘
_ | /// L
i 'B7-2.5 I/ 4 - becomes stiff © 8 1005 2353
4 J B7-3 ) / /{ ! —_ !
/ A !
f \
I N 1%
B75‘i//// 18 103.2 6
- — -3.0 / — 3.2 22,
6 B7-6 / , ‘ - very sandy
- _ - / - very stiff ‘_
o]
L g 5 / i__
- ye }L
N JB7-10.5 ! _ 12 96.5 | 292
B7-11 A - very sandy and silty )
- 12 — // | TV =10.66, pp=2.5 — l
/ |
- 14 . L ‘
S L
/. |
1 AB7-15.5 AL L - decayed gravelclast e VRN N S
B7-16 / CL ‘Medium dense, very moist, grayish brown (2.3Y 3/2), Sandv ! 106.0 | 20.7
- | | y CLAY -
| g |
- 18 - ! ;
‘ A L
L - iz
i l.*/ —_h.—_—_«—___‘_‘w_et_ ____________________ ——_— e —— — — — -
T | e | “Firm, véry moist to wet, light olive brown (2.3Y 5/6), Sandy . !
| B7-20 [ 41 CL iean CLAY 7
- - | -
o v ///,{ | |
el ' l // ! ! a
s ‘
b _? | l/ // ' ! — Z E‘
oy i ] _ i |
! B7-24j// e 1 ; - very sandy ‘ ! ]
VA .
Figure B7, Log of Boring B7, page 1 of 3 330 _NO_WELL PROJG.GPI 10/01:03
l . - - . i SAMPLING UNSULCCESSFUL [ STANDARD PENETRATION TEST ' ZRIVE SAMPLE (UNDISTURBED)
l SAMPLE SYMBOLS
™1 DISTURBED OR BAG SAMPLE A CHUMK SAMPLE ¥ VATER T \BLI OR SEEPAGE

A

“OTE "L LOG OF SUESURFACE CONDITIONS SHOWN HER EON \PPLIES ONLY AT THE SPECIFIC BORING OR TRENCH LOC \TION 4ND AT THE DATZ INDICATED IT IS NOT "WARRANT™D BE REPRLSENT \TIVE CF

JJ3S REACT CONDIT.ONS 2.f OTEER LOCATIONS ~ND TIMES AL BLOW COUNTS AV E BEEN CONVERTED TO EGUIVALENT STANDARD SENETRATION TEST (§FT) 8LCW CIUNT E



ECT NC  58685-06-07

i [ ez ! i
: Loz 1= - BORING BY SR !
DEPTR )= =l s - i = i
E CosswmIofo= R0 ) i — =% i
Ch T 2 |E SS¥ELEV (MSL)__NA DATE COMPLETED 2L
| FEZT ; ~ ’ g \ (LSCS I - __"2 ;\ ;
f Ef ; EQUIPMENT CME 75 = %
| MATERIAL DESCRIPTION

|
A ; - becomes stiff |
A G| TV=0TSpp=1T -
y ’/’ ‘ ) .
/l r ! - sand content decreases ‘
i | B |
1 ‘:
i ] - i
/ ' |

4 - stiff
TV =0.56, pp = 2.2 13

AN

NI
NN \\\

NN

TV=0535pp=1.2
B7-36

|
0 % \
T
oS

i | H
W
TJ
I
AN
AN
-
W
i
4
(@)

TV=09,pp=17
69.0

N,

<

|
NN\

AN
S e R B

IS DR

R

- becomes very stiff \_
TV=057pp=25

i
|
|
]
i
‘ a
i \
-——I | N o Tod
| ‘ L, 96.7 27.4
- B L
; i i !
! | ! |
- 48 - | | -
i | i
o .
i | ‘
! |
Figure B8, Log of Boring B7. page 2 ¢f 3 (GEO_NO_WELL PROJG GPJ '0401/03
. —— _ SAMPLING UNSUCCESSFUL I sTanuparD reNETRATION TEST B onvesaveL: (UNDISTURBED)
SAMPLE SYMBOLS —
‘¢ DISTURBED OR BAG SAMPLE N CHUNK SAMPLE ! TWATER T-BLE OR SEEPAGE

HOTE

TYE LOG OF SUBSURFACT CONDITIONS SHOWN HERLON APPLIZS ONLY 4T THE SPECIFIC 20RING OR TRENCH LCC ATION AND AT THE DATE INDICATED (T ISMOT ™ ARRAMTID TO BE REIPESENTATIVE CF
SUBSURFACE CONDITIONS AT OTHER LOCATIONS AND TIMES 0 3L OW COUNTS aAVE SEEN COMVERTED TC EQUIVALENT STANDARD PENETRATION TEST (SPT) BLOW COUNTS



PROJZCT NG S8689-06-07

= i
e ' BORING B7 o
| DEPT: : 5 1‘2 o | - = oy
) [ SAMPLE = [R U7 = - EZ
M PO Z PR ETEV (MSL) NA ATE COMPLETED L. oo ==
FEET . o= 1= oruscao ) —_— z !y | £z
: - |2 ! - — .~ = = =Z
i i: } . EQUIPMENT CME 73 =t g b =2c
! ! | | — ~
o | MATERIAL DESCRIPTION ; ,
— 350 = 2] ‘ — ; p
ii// P I O P - hard, calcaresous ‘
L Y , TV =0.5pp=4.0 .
R7-<1 W 1 \ 28 10831 2049

BORING TERMINATED AT 51.5 FEET

Figure B9, Log of Bering B7, page 3 of 3

3E0_NQ_WELL PROJG GPJ

10/01,03

- — e . __ SAMPLING UNSUCCESSFUL [. STANDARD PENETRATION TEST
SAMPLE SYMBOLS
% DISTURBED QR BAG SAMPLT g CHUNK SAMPLE

DRIVE SAMPLE (UNDISTURBED?

"WATER T4ELZ OR SEEPAGE

“OTE ~FE LOG OF SURSUREACE CONDITIONS SHOWN HEREON SPPLIES ONLY AT THE SPECIFIC SORING OR TRENCH LOCATION AND AT “HE DATZ INDICATED I7 1S NCT WARRANTED TO BE REPRESENTATIVE OF

137

CLBSURF +CF CoNDITIONS AT OTFER LOTATIONS AND TIMES

Lo ALOW COUNTS EAVE BEEN CONVERTED TO EQUIVALINT STANDARD PENETRATION TEST(SPT) ZLOW COUNTS




PROJECT NO.  S8589-06-02
| : = : = !
| N - BORING Be R
pePTE | S 12 som =< =
N T = - . e - —rr 5 =% Zc
=T = ELEV. (MSL., NA DATE COMPLET= 8/9/02 oz Do
EET | ot ;*5 (LSCS; i - T ;:__: ::;
T E | EQUIPMENT CME 75 Z2E| &
i : P ! MATERIAL DESCRIPTION : |
-0 N T ALLUVIOM ; *
- ~ ‘/ A i Stiff, dry, dark gray (2.5Y N&/), Silty CLAY, 2" wide - |
" A 1 expansion cracks on surface | | t
I T |t {,/{,//f', : —_ ‘ !
- {\IO REQ i///,/; | CH - becomes moist ‘ 19 [
- _ 3 i - |
| | |
- 4 . -
| BS-4 - EI' =100 (high) [ |
- _1 b — e e — ——— PR S
| SC/CL Medium dense, damp, light brownish gray (2.5Y 6/2), Clayey | i |
. ¢ - B8&55 SAND/Sandy CLAY L 20 1103 196
B8-6 \
— 1’ —
!
F 8 - . |
- i L
- 10 TBs0 I E‘é___ﬁ_m_,__
- _ SC Loose, wet, dark gray (2.5Y N4/), Clayey SAND f_
|
- 12 - -
!f
4 | Stiff, moist, dark gray (2/5Y N4/), Sandy CLAY, lowto ~ _ | |
B8-14 CL moderate plasticity 5

|

|
|

BORING TERMINATED AT 15 FEET

rigure B10, Log of Bering B8, page 1 of 1

GEO_NO_WELL PROIJG GPJ 12/01/03

SAMPLE SYMBOLS

., SAMPLING UNSUCCESSFUL I sTuwoarc eenetRATION TEST
2
&4 DISTURBED OR 2AG SAMPLE N oK sampLs X

ORIVE 3AMPLZ {UNDISTURBED)

VATER TABLZ OR SEEPAGE

NOTE ™HELOG 0= SUBSURFACT CONDITIONS SHOWN HEREON 3PPLIES ONLY AT ~HE SPECIFIC 2ORING OR TRENCH LGC 4TION AND AT THZ DATE INDIC ATED .T IS NOT WARRANTED TO BE REPRESENTSTIVE GF
S JBSURF ' CE COND TIONS - O =ER LOC AT'ONS aMD TIMES  <LL ZLOW COUNTS HAYE BEEN CONVERTED TO EQUIVALENT ST+ NDARD PENETRATION TEST (3PTY ELGW COUNTS




PROJECT NO.  S8689-06-02

i

=

! | ; = |
| ! -z l‘;‘ - BORING B89 P ~
SpTH oz = con i [ R SIS
a2 R O =2 | g~ EZ
o oo =B f“sffsv SIEV.(MSL.;  NA ATE COMPLETED 911/03 1 ZZ% | ZT ==
; e { EQUIPMENT CME 73 ZzEl g | ZE
. ; o | MATERIAL DESCRIPTION | ; |
b ) - — - |
: V] | ALLUVIUM |
B i e 1 Stiff, dry, dark grav (2.5Y N/4), Silty CLAY - !
Bo-1 & | CH | 5 !
5 LIgee L *'
| WL L L -El=139(veryhighh _ SIS N R
n 4 e Stiff, damp, light brownish gray (2.5Y 6/2), Sandy L
| B9-3 s CL/SC CLAY/Clayey SAND L9 994 | 247
4 Y -
4 s |
| ! s .
‘ i // 4 - very moist T
- 6 -BoSS // L 1311069 | 22.0
L _," ) Jv/#;' O U {
B9-7 F/ P CL Stiff, very moist, dark gray (2.5Y N/4), Sandy CLAY [ T
B S
; I i
i vy i
y /// |
: e .

B Bo-1050 12 870 | 276
ﬂ’B—H e ‘ 5

-

sC Loose, wet, dark gray (2.5Y N/4), Clayey SAND 9

[
w

P

G
NS
N

BORING TERMINATED AT 16.5 FEET

Figure B11, Log of Boring BY, page 1 of 1 GEO_NO_WELL PROIG GPJ 10/01/03

1
1

. SAMPLING UNSUCCESSFUL E TANDARD PENETRATION TEST . SRIVE SAMPLE (UNDISTURBED)

SAMPLE SYMBOLS

3 . i
% DISTURBED OR BAG SAMPLE N caoksameiz Y VATER TABLE OR SEEPAGE

NOTE  T¥E 05 OF SUBSURFACT CONDIT'ONS SHOWN HEREON “PPLIES ONLY 1T THE SPECIFIC BORING OR TRENCH LOCATION AND AT THE DATE INDICATED IT IS NCT WARRANTED TO BE REPRSSENTATIVE OF
SUBSURFECL CONVDIT.ONS ~T CTHER LOCATIONS AMD TIMES  ALL BLOW COUNTS hAVE BEEN CONVERTED TO EQUIVALENT STANDARD PENETRATION TEST (SPT) BLOW COLINTS



PROJECT NO.  88689-05-02
{
; - 12 BORING B10 T :
DEPTE | o ZL son | - = e
> | SAMPLE | 5‘ l ."_:‘. ! CUASS vy e r N - - - ?\; | % — = =
Fi‘__‘ LN I E “;““ . ELEV.(MSL) NA DATE COMPLETED 9/11/05 e
£e LoD = usts 0 o o= EE
| PE | EQUIPMENT CME 75 EEET-
L | MATERIAL DESCRIPTION ‘ | 1
I ] ALLUVIUM i ;
i JBlo-o.sgu;,y/: | CH | Stift, damp, dark grav (2.5Y N/4), Silty CLAY _ l |
i s \ - ET1=91 (high) ]
- 2 - = ////// | . ?
! A S
- JBIO-Z.Si /// » Very stiff, damp, light brownish gray (2.5Y 6/2), Sandy I 30 1054 220
|B10-3 W 4 |CL/SC!  CLAY/Clayey SAND |
- 4 o { '/// - ‘
- J / ’ ;
t // | .
¢ -BI0-55 S - becomes stiff _ 15 104.1 | 23.1
B10-6 / \
- B10-6.5 yd ‘_
v J
- 8 — __
> i
- ﬁ L n
y
- 19 71010 2/ | SC | Medium dense, very moist, dark gray (2.5Y N/4), Clayey | 13 | |
S v SAND -
g //// Z ‘
- 12 o S - wet i
- L 7
L i I SO R PR D
t Very stiff, moist, grayish brown, Sandy CLAY
n i . CL L
ISR 2 23 1131 ! 194
| BR10-14 s
[ BORING TERMINATED AT 15 FEET
J :
| i ?
| |
| gy 1 |
| [ |
i i {
e
AN |
I |
i L. ! { !
| IS | |
Figure B12. Log of Bering B10. page 1 of 1 GZ0_NO_WELL PROIG GPJ 10/01i03

:
!
]
L

SAMPLE SYMBOLS

g L]

SAMPLING UNSUCCZESSFUL

DISTURBED OR BAG SAMPLE

| B
A

L4

STANDARD PENETRATION TEST

CHUNK SAMPLE

CRIVE SAMPLE (UNDISTURBED)

‘NATER TABLE OR SEEPAGE

S

NOTE ™HE LOG OF SUBSURFACE CONDITIONS SHOWN HEREON APPLIES ONLY 47 THE SPECIFIC Z0RING OR TRENCH LOCATION 4ND AT THE DATE [DICATED IT IS NO™ \/ARRANTZD TO BE REPRI SENTATIVE OF
“UBSLRF \CZ CONEITIONS ~T OTHER LOC ATIONS ~ND TIMES  ALL 5LOW COUNTS RAVE SEEN CONVERTED TO EQUIVALENT STAND ARD PENETRATION TEST (3°T) BLOW COUNTS



DROJECTNO.  S8689-06-02

o

; c J
| - BORING B11 z - -
PEFTE | anmmLs ‘ = ' z ;oo 1 E) =g f’ E ~ ; E_:
Do s | 2 E S ELEV.(MSL)__NA DATECOMPLETED __ 8/9/03 '=ZZ £0 | Z=
‘ TR EQUIPMENT CME 75 Ezéi = =2
g MATERIAL DESCRIPTION | | |
-0 . ALLUVIUM ‘ | |
N CH Stiff, damp, dark grav (2.5Y N/4), Silty CLAY - | {
~ ——— e e | __E — I
- CL Stiff, damp, light brownish gray (2.5Y 6/2), Sandy Silty I 1 ;‘ o
L CLAY [- 1
r | L 11 919 | 28]
- 4 ! :~ !
6 TV =35.0,pp=3.1 _ 11 | 979 | 27.8
- 8 —
|
L =
L 1o /"1 | Medium dense, very moist, dark gray (2.5Y N/4), Clayev | | | |
7, SC . _SAND - T T B I S S
- CL Stiff, very moist, dark gray (2.5Y N/4), Sandy Silty CLAY =14
/
- 12 p -
ey
- _1 e L
| 7
BSR4 18 | 877 | 135
L BR11- S - becomes very stiff
} \_ TV=068.pp=2.5
| BORING TERMINATED AT 15 FEET
, |
i .
| | |
|
. ,
n i ;
' R | |
| ! ‘
l
I [ | i
| I
| I | ’ |
Figure B13, Log of Boring B11, page 1 of 1 GEO_NO_WELL PROIG GBI 10/01/03
S —\\/YPT — SV‘ IBOLS j SAMPLING UNSUCCESSFUL lj STANDARD PENETRATION TEST . DRIVE SAMPLE (UNDISTURBED)
AL DYV
:E DISTURBED OR BAG SAMPLE : CHUNK SAMPLE 1 "WATER TABLE OR SEFPAGE

NOTE "HE 1.OG OF SUBSLRFACS CONDITIONS SHOWN HEREQON APPLIES ONLY AT THE SPECIFIC BORING OR TRENCH LOCATION AND AT THE DATE INDICATED IT 1S NOT WARRANTED TG BE REPRESENTATIVE OF
JUBSURFACE COMDITIONS 4T DTHER LOCATIONS ANC TIMES  ~LL 3LOW COUNTS HAVE BEEN CONVERTED TO EQUIVALENT STANDAKD PENETRATION TEST (35T) BLOW COUNTS
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APPENDIXC

LABORATORY TESTING

Laboratory tests were performed in accordance with generally accepted test methods of the American
Society for Testing and Matenals (ASTM) procedures. Selected samples were tested for their in-piace
dry density, moisture content, plasticity index, expansion potential, shear strength parameters,
consolidation characteristics, and corrosion potential. The test results and worksheets are included

b

herein. S




WATER CONTENT/DRY DENSITY
ASTM C566/D2216/D2937 or AASHTO T255/T265

Project

Project G

Proj.#

S8689-06-02

Date Tested:

§-22-03

Lab#

CV569

Tested By R Butoand F Thomsen Checked By GL
Sampie®  |[BT-3 ][bample o4 ][51-8 ]{Sample # _] Bl-i1 [bampre 3 ”?}TF
Tare # Tare # Tare # Tare #
Tare wt 183.2 Tare wt 197.3 Tare wt 194 9 Tare wt 190 9
Wet wittare 888.9 Wet wt+tare 1075.8  |Wet wtt+iare 1102.5  ||Wet wt+tare 995.3
Dry wt + tare 8297 Dry wt + tare 980.3 Dry wt + tare 9258 Dry wt + tare 828.5
Wt of water 59.2 Wit of water 95.5 Wt of water 176.7 Wt of water 166.8
Dry wt 636.5 Dry wt. 783 Dry wt 730.9 Dry wt. 637.6
Height 487 Height 5.31 [Height 6 Height 5.45
Diameter 2.4 Diameter 2.4 Diameter 2.4 Diameter 24
Wet Density 120.3 Wet Density 139.3 Wet Density 127.4 Wet Density 124.3
Dry Density 110.1 Dry Density 124.2 ry Density 1026 ry Density 8.9
> Molsture 93% 7o Moisture TZZ% _ ]|7% Moisture [~ 24.2% . |[% Moisture | Z6.2%
Sampie & |[B2-6 Sampie #  |B2-11 [Sample #  |BZ-21 [Sampe # |[Ba-6
Tare # Tare # Tare # Tare #
Tare wt 1921 Tare wt 191.2 Tare wt 197.2 Tare wt 183 3
Wet wt+tare 10194 |Wet wi+tare 1018.3  |Wet wt+tare 882.7 Wet wt+tare 1028 8
Dry wt + tare 8499 Dry wt + tare 8447 Dry wt + tare 630.9 Dry wt + tare 8506
Wt of water 169.5 Wt of water 173.6 Wt of water 251.8 Wt of water 178.2
Dry wt. 657.8 Dry wt. 653.5 Dry wt. 433.7 Dry wt. 657.3
Height 562 Height 5.52 Height 557 Height 597
Diameter 24 Diameter 24 Diameter 2.4 Diameter 2.4
Wet Density 1240 Wet Density 126.2 Wet Density 103.6 Wet Density 117.9
Dry Density 98.6 Dry Density ~ 997 Dry Density 65.6 Dry Density 927
% Moisture || 25.8% ||/ Moisture || Z68% |7 Moisture 58. 1% |70 Moisture™ ||~ 27.1%

Matenal Descriptions (Depth, Location, Source, Classification, etc)

Sample# B1-3 Clayey Sand with Gravel - Brown 4/3 7.5yr

Sample# B1-6 Well Graded Sand with Clay and Gravel - Greyish Brown 5/2 10yr
Sample# B1-11 Clay with Sand - Brown 4/3 1Qyr

Sample# B1-16 Clay - Dark Greenish Grey 4/1 gley 1

Sample# B2-6 Clay - Brown 4/2 7 5yr

Sample # B2-11 Clay with fine Sand - Dark Yellowish Brown 3/4 10yr

Sample # B2-21 Clay - Dark Greenish Grey 3/1 gley 1

Sample # B3-6 Clay with Sand - Dark Yellowish Brown 3/4 10yr

CEBE/T2E5 Nominal Max Size of Aag

22216 Min Mass

1265 Max Zart Size

Notes:

24 100g
8 SQCg
34" 25009

#40

#4 100g

2 300g
1 500g
2 1000g

Wet Density=Wet Wt/453.6/vol of tube

Dry Density=Wet Density/1+ Moisture %

Volume of tube= 3.1415%(r:;)h = inches;
inchesy/1728 fs = volume

GEOCON Inc.

2V UBeais




WATER CONTENT/DRY DENSITY
ASTM C566/D2216/D2937 or AASHTO T255/7265

iPro;ect Project G Proj # $8689-06-02

Date Tested 9-22-03 Lab# CVv569

Tested By R Butoand F Thomsen Checked By GL

Sample #__ |[Bo-11__ JSample s |[Bo-17 [Sampie #__|Ba-25 __ |[oample®  |B45.0
Tare # Tare # Tare # Tare #

Tare wt 167.7 Tare wt 107 2 Tare wt 289.8 Tare wi 296 8

Wet wt+tare 992.9 Wet wt+tare 906.2 Wet wt+tare 1066.1 Wet wt+tare 721.7
Dry wt + tare 821 Dry wt ~ tare 748.2 Dry wt + tare 9296 Dry wt + tare 657 4

Wt of water 171.9 Wt of water 158 Wt of water 136.5 Wt of water 64.3
Dry wi. 623.3 Dry wt. 641 Dry wt. 629.8 Dry wt. 360.6
Hewght 5.39 Height 5.27 Height 531 Helght 315
Diameter 24 Diameter 24 Diameter 2.4 Diameter 24
Wet Density 124.2 Wet Density 127.7 Wet Density 121.5 Wet Density 113.6
Dry Density 974 Dry Density 102.4 Dry Density 899 Lry Density g90.4

% Moisture 5% % Moisture 25 8% Y% Moisture ZT.7% Y% Molsture 8%
{ L I Bl i

ampie # _ |[B2-T6 [[Sampie ® |[B5-3 [Sampie# ~][B5-6 |[>ample# ™ ][B5-T6
Tare # Tare # Tare # Tare #
Tare wt 296.8 Tare wt 298.8 Tare wt 324 Tare wt 32.2
Wet wt+tare 1084.5 Wet wt+tare 1069.9 Wet wt+tare 841.8 Wet wt+tare 8447
Dry wt + tare 914 3 Dry wt + tare 983.1 Dry wt + tare 710.7 Dry wt + tare 661

Wt of water 170.2 Wt of water 86.8 Wt of water 1311 Wt of water 183.7
Dry wt. 617.5 Dry wit. 684.3 Dry wt. 678.3 . |Dry wt. 628.8
Height 5.25 |Height 5.23 Height 5.3 Height 565
Diameter 24 Diameter 2.4 Diameter 2.4 Diameter 2.4

Wet Density 126.3 Wet Density 124.2 . {Wet Density 128.6 Wet Density 1211
Dry Density 95.0 Dry Density 710.2 ry Densily 107.8  [Dry Density 93.7

7 Moisture |[™278% |7 Moisture ||~ T12.7% % Moisture | 19.3% _||% Moisture |[ 29.2%

Material Descriptions: (Depth, Location, Source, Classification, etc )

Sample # B3-11 Sandy Clay - Dark Greenish Grey 3/1 Gley 1

Sample# B3-17 Clay with Sand - Very Dark Grey 3/1 10yr

Sample# B4-25 Clay with Sand - Very Dark Grey 3/1 10yr

Sample# B4-55 Clayey Sand - Brown 5/4 7 5yr

Sample# B4-16 Clay with-Sand - Dark Greenish Grey 3.1 Gley 2

Sample# B5-3 Clayey Sand - Dark Brown 3/2 7.5yr

Sample# B5-6 Clayey Sand - Dark Brown 4/2 7 5yr

Sample # B5-16 Clay with Sand - Greenish Grey 4/1 Gley 2

CSE6/T255 Nommnal Max Size of Aga. |(2216 Min Mass  |T265 Max Part Size | NOtES:
24 2309 #10 20g #40 10g Wet Density=Wet Wt/453.6/vol of tube
e 15009 44 100g #4  100g Dry Density=Wet Density/1+ Maoisture %
<o et " 500g wz' 300g Volume of tube= 3 14159(r:)h = inches.
siar 3003 4" 2500g 1 5C0g inchesy/1728 ft, = volume

4000g :1 12" 10kg 2" 1000g

112" 300Gg 3 S0kg

L GEQCON inc.
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WATER CONTENT / DRY DENSITY

WASTM C566/D2216/02937 ot AASHTO T255/T265
Project Project G Proj ¢ 5868¢-06-02
Date Tested: $-22-03 Lab# CVv5a698
Tested By R Buto and F Thomsen Checked By GL
Sampie # B6-2 Sample # B7-25 {Sample # (BT-G Sample # B7-11
Tare # Tare # Tare # Tare #
Tare wt 334 Tare wt 323 Tare wt 454 Tare wt 328
Wet wi+tare 957 2 Wet wt+tare 8712 Wet wt+tare 682 4 Wet wt+tare 8402
Dry wt + tare 835 4 Dry wt + tare 7129 Dry wt + tare 565 1 Dry wt + tare 657 7
Wt of water 1218 Wt of water 158.3 Wit of water 117.3 Wt of water 1825
Dry wt 802 Dry wit 680.6 Dry wt. 5197 Dry wt. 624 8
Height 6 Height 5.7 Height 424 Height 545
Diameter 2.4 Diameter 24 Diameter 2.4 Diameter 24
Wet Density 129.7 Wet Density 123.9 Wet Density 126.5 Wet Density 1247
Dry Density 112.6 Dry Density 100.5 Dry Density 103.2 Dry Density 98.5
% Moisture 15.2% % Moisture 23.3% % Motsture 22.6% % Moisture 29.2%
Sample#  ||B7-16 Sample #  ||B7-41 Sample #  ||B7-46 lsample #  |[B7-51
Tare # Tare # Tare # Tare #
Tare wt 118 9 Tare wt 33.5 Tare wt 34.7 Tare wt 341
Wet wt+tare 1027 6 Wet wt+tare 7937 Wet wt+tare 912.4 Wet wt+tare 8547
Dry wt + tare 871.7 Dry wt + tare 525.2 Dry wt + tare 723.4 Dry wt + tare 702
Wt of water 155.9 Wt of water 268.5 Wt of water © 189 Wt of water 152.7
Dry wt. 752.8 |Dry wt 4917 Dry wt. 688.7 Dry wt 667.9
Height 598 Height 6 Height 8 Height 534
Diameter 24 Diameter 2.4 Diameter 2.4 Diameter 24
Wet Density 128.0 Wet Density 106.7 Wet Density 123.2 Wet Density 129 4
Dry Density 106.0 Dry Density 69.0 © [Dry Density 96.7 Dry Density 105.3
% Moisture 20.7% hﬁ/o Morsture ” 54.6% % Motsture 27.4% % Moisture 22.9%

Material Descriptions:

(Depth, Location, Source, Classification, etc.)

Sample # B6-3 Clayey Sand - Dark Greyish Brown 4/2 10yr

Sample# B7-25 Clay - Dark Yellowish Brown 4/4 10yr

Sample # B7-6 Clay - Yellowish Brown 5/4 10yr

Samole # B7-11 Clay - Yellowish Brown 5/6 10yr

Sample#  B7-16 Clay with Sand - Brown 5/607 5yr

Sample # B7-41 Clay with Sand - Dark Bluish Grey 3/1 Gley 2

Sample # B7-46 Clay with Sand - Dark Greenish Grey 5/1 Gley 2

Sample # B7-51 Clay - Dark Bluish Grey 4/1 Gley 1

IC288/T255 Nominal Max Size of 269 02218 Min_Mass  |T265 Max Par Size rNOtESZ
#a 5005 #0209 440  10g Wet Density=\Wet Wt/453.6/vol of tube
s 500g t4 1009 #4  100g Dry Density=Wet Density/1+ Moisture %

| e 0009 yg"  s0cg 12" 300g Volume of tube= 3.14159(r:)h = inches,

; oy szecy e 23009 4 £50g inches./1728 ft. = volume

j 40C0g /2" 10kg 2" 10009

) e 2000g s 50kg

GEQCON inc.

rav 03122103




WATER CONTENT / DRY BENSITY

AQTM C566/D2216/02937 or AASHTO T255/T265

Project. Project G Proj # $8689-06-02
Date Tested: $-22-03 Lab#, CVv569
Tested By R. Buto and F, Thomsen Checked By: GL
Samople # —! B8-& Sample # B9-3 ”Sample # —]LBQ-B Sampie # BS-11
Tare # Tare # Tare # Tare #
Tare wt 1181 Tare wt M7 7 Tare wt 119 6 Tare wt 118 2
[wet wt+tare 1016 Wet wt+tare 717 8 Wet wt+tare 929 3 Wet wt+tare 667 7
Dry wt + tare 868 6 Dry wt + tare 599 1 Dry wt + tare 783 4 Dry wt + tare 548 9
t of water 147 4 Wt of water 1187 Wi of water 145.9 Wt of water 118.8
Dry wt 7505 Dry wt 4814 Dry wt 663.8 Dry wt 430.7
Height 573 Height 408 Height 523 Height 417
Diameter 24 Diameter 24 Diameter 2.4 Diameter 24
Wet Density 132.0 Wet Density 123.9 Wet Density 130.4 Wet Density 111.0
Dry Density 110.3 Dry Density 99.4 Dry Density 106.9 Dry Density 87.0
% Maisture 19.6% J% Moisture 24.7%  J|% Moisture 22.0% % Maisture ’ 27.6%
Sample #  |[B10-3 |lsample# ~ |B10-6 ISample#  [[B10-145 Sample#  |B11-3
Tare # ’Tare # Tare # Tare #
Tare wt 1175 [Tare wt 1188 |Tare wt 321 |Tarewt 336
Wet wt+tare 1033 4 Wet wi+tare 10313 Wet wt+tare 892.8 et wi+tare 605 1
Dry wt + tare 868 2 Dry wt + tare 860 2 Dry wt + tare 7531 Dry wt + tare 4798
Wt of water 165 2 Wt of water 171.1 Wi of water 139.7 Wt of water 125.3
Dry wt 750.7 Dry wt 7414 Dry wt 721 Dry wt. 446.2
Height 6 Height 6 Height 537 Herght 408
Diameter 24 Diameter 24 Diameter 24 Diameter 24
Wet Density 128.5 Wet Density 128.1 Wet Density 135.0 Wet Density 117.7
Dry Denstty 105.4 Dry Density 104.1 Dry Density 113.1 Dry Density 919
% Mosture 22.0% % Moisture 23.1%  |I% Moisture 19.4% )% Moisture w 28.1%
Material Descriptions- {Depth, Location, Source, Classification, etc )
Sample # B8-6 Clayey Sand - Very Dark Greyish Brown 3/2 10yr
Sample # B9-3 Sandy Clay - Greyish Brown 4/4 10yr
Sample#  B9-6 Clayey Sand - Dark Yellowish Brown 4/4 10yr
Sample#  B9-11 Clay with Sand - Dark Bluish Grey 4/1 Gley 2
Sample# B10-3 Clayey Sand - Yellowish Brown 5/3 10yr
Sample# B10-6 Clayey Sand - Greyish Brown 5/2 10yr
Sample#  B10-14.5 Clayey Sand - Dark Greenish Grey 3/1 Gley 1
Sampie # B11-3 Clay - Yellowish Brown 5/4 10yr
ICES6/T285 Nominal Max Size of 4ag 02216 Min Mass  |7285 Max Pansize {NOtES!
#4 500g #10  20g #40 10g Wet Density=Wet Wt/453.6/vol of tube
s 1560g #  100g #4  100g Dry Density=Wet Density/1+ Moisture %
| zcom3 38 503 12 2003 Volume of tube= 3.14158(r.)h = inches.
2 £95g 34" CE00g 1 £00g inches./1728 ft.= volume
40305 12" 10xg 2 1000g ‘
i v e 50004 3 £0kg %
i GEQCON Inc. I




WATER CONTENT / DRY BENSITY

ASTM C566/D2216/002837 or AASHTO T255/T265
Project Project G Pro|.# 58889-06-02
Date Tested. 9-22-03 Lab#: CVv589
Tested By R. Buto and F Thomsen Checked By GL
(Samole # B11-€ Sampie # B11-14 5 Sampie # Sample #
Tare # Tare # Tare # Tare #
Tare wt 2133 Tare wt 1859 Tare wt Tare wt
Wet wt+tare 1057 8 Wet wittare 9391.9 Wet wt+tare et wt+tare
Dry wt + tare 8739 Dry wt + tare 7765 Dry wt + tare Dry wt + tare
Wt of water 183.9 Wt of water 2154 Wi of water Wt of water
Dry wt 660.6 Dry wt 580.6 Dry wt. Dry wt
Height 568 Height 567 Height Height
Diameter 24 Diameter 24 Diameter Diameter
\Wet Density 125.2 Wet Density 119.7 Wet Density #DIV/0O! Wet Density #DIV/IO!
Dry Density 97.9 Dry Density 877 Dry Density #DIV/0! Dry Density #DIV/0!
% Moisture 27.8% % Moisture 36.5% % Moisture #DIV/0! % Moisture #DIVIQ!
Sample # I lSample # ]r Sample # j[Sample # ]L
Tare # Tare # Tare # Tare # ]
Tare wt Tare wt Tare wt Tare wt
Wet wt+tare Wet wt+tare Wet wt+tare Wet wt+tare
Dry wt + tare Dry wt + tare Dry wt + tare Dry wt + tare
Wt of water 0 Wt of water Wt of water Q Wt of water 0
Dry wt 0 Dry wt Dry wt. a Dry wt 0
Height Height Height Height
Diameter Diameter Diameter Diameter
\Wet Density #DIV/IOl  |Wet Density #DIV/0!  (Wet Density #DIV/Ol  |Wet Density #DIV/0!
Dry Density #DIV/O!  |Dry Density #DIV/Q!  |Dry Density #DIV/0! Dry Density #DIV/0!
% Moisture #DIVIO!  |1% Moisture #DIV/0!  {|% Moisture #DIV/O! % Moisture #DIV/Q!

Materal Descriptions

(Depth, Location, Source, Classification, etc)

Sample #

B11-6

Clay - Dark Yellowish Brown 4/6 10yr

Sample #

B11-14.5

Clay - Dark Greenish Grey 3/1 Gley 1

Sample #

Sample #

Sample #

Sample #

Sample #

Sample #

GEQCON

ne.

[2556/T255 Nominal Max 3128 ¢r Acq. 22216 Min Mass  |T265 Max PanSize |NOtES!
24 5009 #10 20g 240 10g Wet Density=Wet Wt/453.6/vol of tube
e 1500g 44 s00g #4 1009 Dry Density=Wet Density/1+ Moisture %
g 20303 18 00y ‘2" zoog Volume of tube= 3 14158(r.)h = nches:

‘ i 23005 24" 2300g g 500q inchesy/1728 ft. = volume

! -Cooy ;'f T2t tTkg }: 1000g

; IRy £000g fa 5Ckg l i
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GRAIN gIzp DISTRIBUTION TEST DATA
Client
rrojec o=l .
Proj=cye Numbex: S30iv-de-07
Sample Data
Source: 31-211
Sample No PI-10.5
Zlev. oxr Depth: 10.Z Sample Length {in./cm.):
Location: ’
Description: L=an Clay with sand
Pate: 9-25-03 Natural Moisturs:
Liquid Limit: Plastic Limit: USCS Class.: CL
Testing Remarks:
Mechanical Analysis Data
Initial 2fter wash

Dry sample and tare= 794,30 341.00
Tare = 159.10 159.10
Jory sample welght = ©35.20 181.90
Minus #200 from wash= 71.4 %
Tare for cumulative weight retained= .00

S1leve Cumul. Wt. Percent

retained finer

# 4 0.00 100.0

# 8 0.40 92.9

# 16 1.70 99.7

# 30 4,30 89%.3

# 50 14.40 87.7

# 100 130.00 79.5

# 200 175.80 71.7

Fractional Components

Gravel/Sand based on #4

3and/Fines based on #200

%L

t COBBLES = % GRAVEL = % SAND = 28
$ FINES = 71.7 _

Y - o

’gs= .19

_— e o e

v — = ZECCON CONSULTANTS, INC.




PERCENT COARSER BY WEIGHT
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GRAIN SIZE DISTRIRUTION TEST DaTh
532080 -T0=00
Sample Data
Source: Bi-Bil
Samples No.: EZ L2
Elev. or Depth: 10.5%5 Sample Length {in./cm.}
Location:
escripcion: Clavyey SLATD
ate: 9-25-035 MNatural Moisture:
Ligquid Limit: Plastic Limit: USCs Class.: SC
Testing Remarks:
Mechanical Analysis Data
Initial After wash
Dry sample and tare= 849.10 585.60
Tare = 156.20 156.20
Dry sample weight = 692.80 429.40
Minus #200 from wash= 38.0 %
are for cumulative welight retained= .00
Sieve Cumul . Wt. Parcent
retained finer
7 4 0.00 100.0
# 8 1.390 99.7
# 16 8.80 898.7
# 30 26.90 56.1
# 50 98.10 5.8
# 100 279.90 59.6
# 200 426.00 38.5

Gravel/Sand based on #4
Sand/Fines based on #200

= $ SAND = 61.5

¥ COBBLES = $ GRAVEL

% FINES = 38.5 )
Jgs= £.22 Dgp= 0..5 Dsog= 0.11
s S 3

INC. -
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Client:
Project: zZroject 'C
Project Number: 550688%-06-0C

Samplie Data

Source: Bi1-REl1
Sample No.: B
Elev. or Dept
Location:
Description: Sandy lean CLAT
Date: 9-25-03 Natural Moisture:
» Ligquid Limit: Plastic Limit: USCS Class.: CL
- Testing Remarks:

4
5-10.
h: 10.5 Sample Length (in./cm.):

Mechanical Analysis Data

Initial After wash

Dry sample and tare= 860.90 549.00
Tare = 205.20 205.20
Jry sample weight = 655.70 343.80
Minus #200 from wash= 47.6 %
Tare for cumulative weight retained= .00

Sieve Cumul. Wt. Percent

retained finer

# 4 0.00 100.0

# 8 0.00 100.0

# 16 0.10 100.0

# 30 0.40 99.9

# 50 5.20 99.2

# 100 950.90 86.1

# 200 324.60 50.5

Fractional Components

Gravel/Sand based on #4

" 3and/Fines based on #200

u% COBBLES = % GRAVEL = % SAND
% FINES = 50.5

49.5

dgg= 0.15 Dgp= 0.09

LT T T T GEOCON CONSULTANTS, INC. T T T



aunbi4 T70°90-6898S 0N 19901g]

ﬁ {iti

"ONI ‘SLNVLINSNOD NODOID T D, 0oloig peloig

WO _QO_O_l, _Om.—O_& M
= WIS |

B R S

—— —————n .

o) B . T £057°6 ol 914 [IERGE ‘

T T % NN NOILdI¥0S3a IViYILYIN . Sosn QI1dWYS 31Va | AFT1F/HLLIA| #31dWYS | 308N0S

| _N
#.}.lw- R e __

— 088 0¢l 00 00 o

AV % 1 111S % aNVS % TIAVED % §319800% |
1

e SHILIWITTN NI 3ZIS NIVHO
000 100 10 } 0} 00} 00S

00} 4 ! 0

T i § R e e o B . I N o e
5 o NS i e v
z 2
SO (SRR EUR IO S 1 A+ u R - o o
m =
& o
. Z
@ o5l - |- S : R e e — 05 71
<
o w
O -<
P o e S e B e B i R e e - A e B 1 = IR I I (/=
z m
tu —
IS nnmu
®oog|l —- } |- A e e - e e R 0L =
o

{
|
I
|
|
T
|
}
|
|
|
,r
|

ot - A

0 __7___: | | S

007 0¥} 00F 09 oF0F 0C oF Y TR 2] S 3
HILINOHUAAH SHIBNNN IATIS QEVANVYLS SN SIHONI N ONINIJO 3A3IS SN

Hoday uonnqiisiqg 9zig afdned

ey .

b




p—
UP\A"’L.;.L\‘

o=
W de etda

Client:
Project:
Project Number:

Sample Data

Source: Bi-2=211
Sample No.: B3-16.5
Elev. or Depth: 1¢6.5 Sample Length (in./cm.):
Location: )
Description: Lean Clay
Date: 9-25-03 Natural Moisture:
Ligquid Limit: Plastic Limit: USCS Class.: ML
Testing Remarks: -
Mechanical Analysis Data
Initial After wash

Dry sample and tare= 908.10 320.00
Tare = 206.80 206.60
dry sample weight = 701.30 113.20
Minus #200 from wash= 83.9 %
Tare for cumulative weight retained= .00

Sieve Cumul. Wt. Percent

retained finer

# 4 0.00 100.0

# 8 0.00 100.0

# 16 0.00 100.0

# 30 0.10 100.0

# 50 0.80 98.9

# 100 3.20 99.5

# 200 84.00 88.0

Fractional Components

Gravel/Sand based on #4
3and/Fines based on #200
& COBBLES = % GRAVEL = $ SAND = 12.0
% FINES = 8838.0

~ GECCON CONSULTANTS,

INC.




a.nbig T0-90-6808S  ON 109014

*ONI ‘SINVLINSNOD NOD0OID T g

R RLElTe)

I R A Aep uwo] Apurg O €076 [ S N NS £ O,
1d 11 % WN NOILdIMOS3A TVIMI1LVN SIsN Q3NdNVS 3Lvd | ASTF/HIL3IA| # F1dNYS 304N0s

809 U6t 00 {. 00 LS
1115 % aNVS % TIAVED % S318800 %

|
W
- SYIALIWMIW NI IZIS NIvEO
1000 [ 100 10 } 0l 004 o0g

, T

~lot

AV %

t

@]

&)

-—
—
(=]

o8| - | - +- e e )] - 0z

GHT
c
a
d

_
ElorE

09 e Tl o e S R R — - — e e — -

— oy

RBY W

=

08 -~ | - [ H — — T - e ] oS

g

HOIZM A ¥3NI4 IN

PERCENT COARS

o
[
i
|
|

r
1

t

|

r
|
|
|

!

— 0z

I B e e e L B e o S 1 O 1 5

N 08

ot - =} - e e —— —t— — =

0 b e R

G0c  ovy  0OF 09 e e or 4 w“ _% z_ m N\T Nr ._m W - - mm

HIALINWOHAAH SYIGWNN FATIS GUVANYLS SN SIHONI NI ONIN3dO m\/wm.w,.;m.twtdlilll(‘ o _:

# Joday uonnquysiq 9zis ajoiied |
e LI D TTIT T T T o g —— P ——— vyt - = :




GRAIN 51LL DISTRIBUTION TiST DATA

Client:
Project: rFrorect "3V
Project Number: 55585-0¢-CZ2

Sample Data

Source: BI-R1l
Sample No.: B4-¢

Elev. or Depth: Sample Length (in./cm.):
Location: ’

Description: Sandy lean Clav

Date: 9-25-03 Natural Moisture:

Liquid Limit: Plastic Limit: USCS Class.:

Testing Remarks:

CL

Mechanical Analysis Data

Initial After wash

Dry sample and tare= 8978.50 519.90
Tare = 206.00 206.00
Dry sample weight = 772.50 313.90
Minus #200 from wash= 59.4 %
Tare for cumulative welght retained= .00

Sieve Curmul. Wt. Percent

retained finer

# 4 0.00 100.0

# 8 0.30 100.0

# 16 3.40 99.6

# 30 7.10 99.1

# 50 29.70 96.2

# 100 161.60 79.1

# 200 302.90 60.8

Fractional Components

Gravel/Sand based on #4

Sand/Fines based on #200

3 COBBLES = % GRAVEL = $ SAND = 35.2
% FINES = 60.8

Jgs= 0.1¢

LT T T GROCON CONSULTANTS, TNC.
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Client:
Project: rroiect "
Projectc Number: 5%085-06-02

Sample Data

Source: EB.L-B
Sample No.:

Elev. or Depth: 11 Sample Length (in./cm.):

Location:
Description: clayey S3SAND
Date: 9-25-03 Natural Moisture:

Liquid Limit: Plastic Limit: USCS Class.:

Testing Remarks:

sC

Mechanical Analysis Data

Initial After wash
Dry sample and tare= 810.90 692 .50
- Tare = 216.90 216.90
Dry sample weight = 694.00 475.60
Minus #200 from wash= 31.5 %
Tare for cumulative weight retained= .00
Sieve Cumul. Wt. Percent
retained finer
# 4 0.00 100.90
# 8 0.00 100.0
# 16 1.90 99.7
# 30 27.30 g7.5
# 50 138.10 80.1
# 100 387.20 44,2
# 200 473.70 31.7

Fractional Components

Gravel/Sand based on #4

" Sand/Fines based on #200

% COBBLES = % GRAVEL = $ SAND = 638.3
% FINES = 31.7

Jgs= 0.34 Dgp= 0.2zl Dsgo= 0.17

e ————— o GEOCON CONSULTANTS, INC.
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Prowecc Prxolect VEM
Project Number:

m !

Sample Data

Source: BL-Bil
Sample No.: Z7-Z=
Elev. or Depth: 2

I

Sample Length (in./cm.) :

Location:

Description: Sandy lean CLAY

Date: 9-25-03 Natural Moisture:

Liguid Limit: Plastic Limit: USCS Class.:

Testing Remarks:

Mechanical Analysis Data

Initial After wash

Dry sample and tare= 604 .30 389.10
Tare = 210.50 210.890
Dry sample weight = 393.40 178.20
Minus #200 from wash= 54.7 %
Tare for cumulative weight retained= .00

Sieve Cumul. Wt. Percent

retained finer

.375 inch 0.00 100.0

# 4 3.30 89.2

# 8 10.20 97.4

# 16 23.50 3.9

# 30 £0.50 87.2

# 50 S7.80 75.1

# 100 136.80 65.2

# 200 178.70 54.6

Fractional Components

3ravel/Sand based on #4

Sand/Fines based on #200

% COBBLES = % GRAVEL = 0.8 % SAND = 44.06
% FINES = 54.6

Jgs= 0.52 Dgp= 0.1

o S ——— T T CGEQCON CONSULTANTS, INC.
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Client:
Project: rsrolect "E"
Project Number: S3088-05~(C2

Sample Data

PR

Source: B.L-31%
Sample No.: Bo-5.%

Elev. or Depth: 5.5 Sample Length (in./cm.):
Location: -

Description: clavey SAND

Date: S5-25-03 Natural Moisture:

Ligquid Limit: Plastic Limit: USCS Class.:

Testing Remarks:

sC

Mechanical Analysis Data

Initial After wash

Dry sample and tare= 888.90 554.20
Tare = 186.00 186.0C
Dry sample weight = 702.90 368.20
Minus #200 from wash= 47.6 %
Tare for cumulative weight retained= .00

Sieve Cumul. Wt. Percent

retained finer

.375 inch 0.00 100.0

# 4 0.20 100.0

# 8 1.00 89.9

# 16 4.60 59.4

# 30 17.40 97.5

# 50 81.90 88.4

# 100 243.90 64 .6

# 2C0C 366.30 47.9

Fractional Components

Gravel/Sand based on #4

Sand/Fines based on #200

% COBELES = % GRAVEL = $ SAND
% FINES = 47.9

52.1

ogs= 0.27 Dgp= 0.13 Dgp= 0.06

== =T -— = GECCCON CONSULTANTS, INC. ——————=
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Client:
Project: rrcliect "E"
Prcject Number:

Sample Data

Source: B1-Bll
Sample No.: 3c-10
Elev. or Depth: 10 Sample Length (in./cm.):
Location: )
Description: Craveyv IJAND
Date: $-25-03 Natural Moisture:
Liquid Limit: Plastic Limit: UsSCs Class.: SC
Testing Remarks:
Mechanical Analysis Data
Initial After wash

Dry sample and tare= 433.40 347.70
Tare = 197.70 197.70
dry sample weight = 235.70 150.00
Minus #200 from wash= 36.4 %
Tare for cumulative weight retained= .00

Sieve Cumul. Wt. Percent

retained finer

.75 inch 0.00 100.0

0.5 inch 10.00 95.8

.375 inch 12.60 94.7

% 4 17.10 52.8

# 8 22.80 380.3

# 16 30.20 87.2

# 30 40.10 83.0

# 50 68.10 71.1

# 100 120.20 49.0

# 200 149.30 36.7

Fractional Components

Gravel/Sand based on #4
Sand/Fines based on #200
5 COBBLES = % GRAVEL = 7.2 % SAND = 5¢6.1
% FINES = 36.7
Jjgs= U.77 Dgp= J.z1 Dgp= (.13

GECCON CONSULTANTS, INC.




EXPANSION INDEX TEST
Project No: $8689-06-02 JOB  Project "G ASTM D4E28-88
Sample 71 lDATE 9/17/2003 BY PO
i . | 14)(1728)(2.2045)
; Initial Ht = 1 inches |G, = 2.7 Factor = L7 /f 2 = €.3016
. ! (a)f4.01)° 11000/
Edaw = [1000J{AH] Dry Densnty (pcfi = vy, = (Calc'd Dry Wt, gms) (Factor)
H (Sample ht. in inches)
£/ Y _ (B0-S)f65+EF/,..,) | where w =% moisture in decimal 0-2C VERY LOW
corrected o 220-S S = saturation 1n percent 21-50 LOW
H = initial height 51-80 MEDIUM
Saturation — (100)(w)(Gs)(yd) AH = total change in height 91-130 HIGH
[(Gs)(62.4)]-yd >130 VERY HIGH
TRIAL 1 TRIAL 2
DIAL REV TOTAL DIAL REV TOTAL
DATE TIME LOAD READ | COUNT | EXPAN DATE TIME LOAD READ | COUNT | EXPAN
DRY DRY
15-Sep | 8:46a 1 psi 0.0666 0.0000
8:56a 1 psi 0.0664 -0.0002
WET WET
15-Sep | 9:49a 1 psi 0.0771 0.0105
10:29a 1 psi 0.0784 0.0118
1:28p 1 psi 0.0796 0.0130
5:08p 1 psi 0.0801 0.0135
16-Sep | 6:53a 1 psi 0.0809 0.0143
8:35a 1 psi 0.0809 0.0143
1 psi
TRIAL 1 TRIAL 2 )
Moisture Content Density Moisture Content Density
Before ! After Before After Before After Before [ After
Tare Nao. 7.5 ag Tare No.
Gross Wet Wet +ring 77B.3|Gross Wet Wet +ring
Wt {gm) 3722 6018 |igms) 752 Wt (gm) {gms}
Gross Drv . Ring (gms) 366.4|Grass Dry Ring (gms)
Wt (gm) 335.8 528.9 366.5 a"Wt {gm}
Water Loss 4 Wet Soil 412, A Water Loss Wet Soil
{gmI 36. 72.7 {gms) 385.5 (gm) {gms)
Tare Wt. Calc'd dry Tare Wt. Caic'd dry
(gm) 69 3 180.6 soil {gms} 339.2 339.2 (gmi soll {gms)
Met Dry wt " Dry Dens . Net Dry Wt Dry Dens
(gmi 266 5 338.3 e 102.3 100.9 (g} (pcf)
% Moisture % Moisture
13.7 21.5
Caiculated Saturation (%) 57.0 86.5 |iCalculated Saturation (%)
Total Swell (%; 15 Total Swell (%) f f
lExpansion Inaex raw! 15 Expansion naex (raw) ! j
|Expansion Index {corrected) "8 |[Expansion index {(corrected) f i
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EXPANSION INDEX TEST

|JOB

| ASTM D4828-88

e
r 1

Project Nc: S58685-06-02 Project "G"
|Sample #2 DATE 9/17/2003 BY PQ
.. (4)(1728)(2.2046! -
Initial Ht = 1 inches |G, = 2.7 Factor = }f 0 3018
(1)(4.071° (1000}
Elpw = [(1000J{AH] Dry Density (pcfi = v4 = [Calc'd Dry Wt ams) (Factor)
é H [Sample ht. in inches)
' - — (50-S}65 ~E 1 ..) | where w =% moisture in decimal 0-20 VERY LOW
& /EOUECYEC = £/ raw " _ ~
220-S S = saturation in percent 21-50 LOW
H = initial height 51-90 MEDIUM
Saturation = (100)(wW)(Gs)(vd) AH = total change in height 91-130 HIGH
[{Gs)(62.4)]-vd > 130 VERY HIGH
TRIAL 1 TRIAL 2
DIAL REV TOTAL DIAL REV TOTAL
DATE TIME LOAD READ | COUNT | EXPAN DATE TIME LOAD READ | COUNT | EXPAN
DRY DRY
1 psi 0.0000 15-Sepf11:10a |1 psi 0.0202 0.0000
1 psi 0.0000 11:20a |1 psi 0.0189 -0 0003
WET WET
1 psi 0.0000 11:57a |1 psi 0.0412 0.0210
1 psi 0.0000 1:25p 1 psi 0.0511 0.0309
1 psi 0.0000 5:10p |1 psi 0.0544 0.0342
1 psi 0.0000 16-Sep|6:55a 1 psi 0.0572 0.0370
1 psi 0.0000 10:08a |1 psi 0.0575 0.0373
1 psi 0.0000 11:10a |1 psi 0.0577 00375
1 psi 0.0000
TRIAL 1 TRIAL 2
Moisture Content Density Moisture Content Density
I Before Atter Before After Before After Before After
Tare No. 7.6 Tare No. 64
Gross Wet Wet +ring Gross Wet Wet +ring 609.3
Wt (gm) 431 9 (gms] 558.9 Wt (gm) 1617.6 606 (gms) 577.6
Gross Dry Rirg tgms) Gross Dry Ring (gms) 199
W (gm) 395.7 199.8 Wt (grm) 1431.5 530.8 199
Water Loss 26.2 Wer Soil 359 1 Water Loss 186.1 75 2 Wet Sou 378.6 410.3
{gm) {gms) {gm) (gms}
Tare Wt. - Caxc'd dry N Tare Wt. Calc'd dry
(gl 68. soil (gms) 323.3 323.3 {gm) o] 198.5 sail {gms) 3350 3350
Net Ory w4 oo Drv Dens 97.5 Net Dry Wil 14315 | 3323 |0 Dens 1010 o7+
lgm (pci) {gm) (pct)
% Maisture 11 % Moisture 13.0 22.6
1
Calculated Saturation (%] 411 Calculated Saturation (%] 52.8 83.7 |
Total Swell (%) i Total Swell (%) | 28 f
IExpansion Inaex ‘raw) Expansicn index (raw) i 28 ;
tExpansion Index icorreczed) Expansion Index (corrected) | 39 |

Adjustea Water content to 15 0%




‘Project No: $8689-06-02 JOB  Project g" ASTM D4829-88

. |
iSample #3 DATE 9/12/2003 BY PO ‘(
H .. 1 (4}{1728)({2.2046
i Initial Ht = 1 inches |G, = 27 Factor = *}g . = 03016

(m)(4.07)° (1000}
El, = {(1000j{AH] Dry Density (pcf] = v, = (Calc'd Dry Wt, ams) {Factor)
H [Sarnple ht. in inches)
£ = fj . 150-SI68+E [l | where! w =% maisture in decimal 0-20 VERYLOW
corected o 220-S S = saturation in percent 21-50 LOW
H = initial height 51-90 MEDIUM
Saturation = (100)(wW)(Gs)(yd) AH = total change in height 91 -130 HIGH
[(Gs)(62.4)]-yd >130 VERY HIGH
TRIAL 1 ‘ - . TRIAL 2
DIAL REV TOTAL DIAL REV TOTAL
DATE TIME LOAD READ | COUNT | EXPAN DATE TIME LOAD READ | COUNT | EXPAN
DRY DRY
1 psi 0.0000 16-Sep|10:59a |1 psi 0.0438 0.0000
1 psi 0.0000 11:22a ylpsi | 0.0425 -0.0013
WET WET

1 psi 0.0000 11:37a {1 psi 0.0518 0.0080
1 psi 0.0000 12:32p |1 psi 0.0717 0.0279
1 psi 0.0000 1:28p |1 psi 0.0742 0.0304
1 psi 0.0000 4:30p |1 psi 0.0769 0.0331
1 psi 0.0000 17-Sep{7:25a 1 psi 0.0808 0.0370
1 psi 0.0000 9:32a |1 psi 0.0809 0.0371

1 psi 0.0000 1 psi

TRIAL 1. : ’ - TRIAL 2
Maisture Content Density Moisture Content Density
Before After Before After Before After Before After

Tare No. 7.8 R Tare No. &1

Gross Wet . Wet ~ring Gross Wet 3199 11 Wet +ring . 612.

Wt (gm) 4623 {gms) W1t {gm) 3187.7 611.7 {gms} 879.3 Q’

Gross Dry 125 5 Ring {gms) Gross Dry 2842.9 5371 Ring (gms} a9 8 194.9

Wt tgm) Wt (gm)

Water Loss 6.3 Wet Sail Water Loss 354.8 746 Wet Soil 379.5 412 3

{am) {gms) {gm} {gms)

Tare Wt. . Calc'a ary Tare ‘Nt. Caic'd ary !

{gm) 88 7 soit (gms) (gm) 0 2005 soil {gms) | 337 4 | 337.4
’Net Dry ‘/\/t{ 255 3 Dry‘ Dens Net Dry Wt 2842.9 236.5 DrV;Dens { 101.3 ! ag.-
ltgmi | (pct) (gm! {pct) i
« % Moqsture; 0.3 i i E % Maisture 125 230 {

Caiculatea Saturation %% | ! 1Calcuiated Saturation %) 214 33.5 |
Total Swetl 1%) | Totai Swell (%) 3.8 !

‘Expansicon index raw) i Expansion ‘naex raw) =8

‘E.:pansion \naex carreciea) ‘ Expansion 'naex correcteq) Z8

Aqgiustec ‘Water content 0 12.3%
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. Project No: $8688-06-02 Froject "G" ASTM D48B29-88 |
Sample #5 DATE 9/17/2003 BY PO
.- . 4)j(172 2046,
Initial Ht = 1 inches |G, = 27 L’—'actor - 8g2 2040) = 0.3016
‘ (m){4.01)°{1000)
Ely, = [1000J{AH] Dry Density (pcf) = v4 = [Cale'd Dry Wt, gms) [Factor)
H (Sample ft. in inches)
/ sy 50-SHE5+E [ awe | Where, w =% moisture in decimal 0-20 VERYLOW
E corrected T raw . .
220-8 S = saturation in percent 21-80 LOW
H = initial height 51-90 MEDIUM
. B = i 13
Saturation = (100)(w}(§s)(yd) AH = total change in height 91-130 HIGH
[(Gs)(62.4)]-yd > 130 VERY HIGH
TRIAL T TRIAL 2
DIAL REV TOTAL DIAL REV TOTAL
DATE TIME LOAD READ | COUNT | EXPAN It DATE TIME LOAD READ | COUNT | EXPAN
DRY DRY
1 psi 0.0000 15-Sep|10:41a |1 psi 0.069 0.0000
1 psi 0.0000 10:517a |1 psi 0.0675 -0.0015
WET WET
. H ’)
1 psi 0.0000 11:08a |1 psi 0.1206 0.0516
1 psi 0.0000 11:58a |1 psi 0.1399 0.0709
1 psi 0.0000 1:24p 1T psi 0.145 0.0760
- : i 5
1 psi 0.0000 16-Sep{5:09p 1 psi 0.1503 0.0813
1 psi 0.0000 6:54a |1 psi 0.1592 0.0902
1 psi 0.0000 10:08a |1 psi 0.1597 0.0907
! osi 0.0000 B 10:41a |1 psi 0.1598 0.0908
TRIAL 1 L ) o TRIAL 2
Moisture Content Density Moisture Content Density
L Before After Before After Before After Before After
Tare No. ceo2 : Tare No. AA-2
Gross Wet Wet -+ ring Gross Wet Wet ~ring 580.7
Wt (gmi 323.2 (gms) 536.5 Wt (gm) 1582.8 579.9 (gms) 541.1
Gross Dry | | Ring {gms} ' Grass Dry Ring {gms 1848.8
Wt (g 2892 | 199.8 Wt (gm) 1379.1 484.3 | %98
Watver Loss 94 ‘Wet Sail 336.7 Watyer Loss 2137 95.6 Wet Soii 341 3 290 3
{gmi {gms) {gm) {gms)
I Tare Wt. ICaic'a ary _ \Tare Wt. Caic'd ary e ~
(ami 50.8 llsoi (gms! 294.7 294.7 (g 0 191.2 {1 o (gms) 295.5 295.5
Net Ory ‘Wt o Dry Dens Net Drv Wt} ___ N Dry Dens i
i) | 2381 (och 88.9 (gm) 1379.1 2931 ol | se.s 817 |
| % Moasture: as } % Moisture 15.5 32.6 E
I H ! . ' i
IICalculateg Saturation '%; | 43.0 lICaicuiated Saturation (%] i 17.0 ; 82.9 ¢
|Totat Swell (%) I [Total Swell (°4) ! 3.2 l
|Expansion naex raw) Expansion (naex raw) a2
Expansion inaex correcteal 1 Expansion 'naex ‘correctea)l ag

Agjusieq ‘Vater content 0 "€ 3%



E{ N@SE@N mam c‘?’
Project No: $3689-06-02 JOB Project "G" ‘”___v D4825- 89
\iSample 48 DATE 9/15/2003 E\' PO
.. (4)(1728)(2.2046)
Initial Ht = 1 inches |G, = 27 !(Eactor = T = C 3016
()4, 01)<(100C)
El,., = [(1000){aH) Dry Density (pcfi = 14 = [(Calc'd Dry Wt, amsj (Factor)
H {Sample ht. in inches)
£ - gy . [50-8)(65~F /) | wnerel w =% meisture in decimal 0-23 VERY LOW
orrected e 220-S S = saturation in percent 21-50 LOW
H = ntial height 51-90 MEDIUM
Saturation = (100)(w gs)(yd) AH = {otal change in height {1 81-130 HIGH
[(Gs)(62.4)]-yd >130 VERY HIGH
TRIAL 1 TRIAL 2
DIAL REV TOTAL DIAL REV TOTAL
DATE TIME LOAD READ COUNT | EXPAN DATE TIME LOAD READ COUNT | EXPAN
DRY DRY
16-Sep | 10:26a | 1 psi | 0.0824 0.0000 1 psi
10:36a| 1psi | 0.0821 -0.0003 1 pst
WET WET
11:22a| 1opsi | 0.1048 0.0224 1 psi
12:31p | 1psi | 0.1169 0.0345 1 psi
1:27p | 1ps |0.1238 0.0414 1 psi
4:28p | 1psi | 0.1393 0.0569 1 psi
7:24a | 1pst | 01633 0.0809 1 psi
9:37a | 1psi | 0.164 0.0816 1 psi
12:08p | 1psi | 0.1647 0.0823 1 psi
! 1:57p 1 psi l 0.1652 0.0828
TRIAL 1 TRIAL 2
Moaisture Content Density Moisture Content Density
1 Betore l After Before After Befare After Before After
Tare No. ' 2 ’ 62 Tare No.
Gross Wet . fod Wet +ring ; 778.8|Gross Wet Wet +ring
wit (gm) | 4c5 8 604.5 (gms) 34 Wt fgm) {gms}
Cr:qur:,ry 1‘ 86.3 t 515.7 Fing igms) 266.4 366.4 SJ:T;”[\J)W Ring {gms! E
‘V;/:,er Loss' 19.5 ' a8 3 Z;:S)Sonn 167 6 4004 ?/(\;/rant)er Loss 2/;/::5)80;1 ’
IITare Wt. o Caic ¢ ary . . Tare Wt. Caic'a ary | !
:'(grm % £9.3 ! 884 Neou {gms} 3178 378 {gm) soil {gms) } }
{{Net Ory Nt m o . . |ibrv Dens _ Net Dry Wt | Dry Dens | ! !
Hcrm ! 18 2173 Hoen 95.3 382 {gm) ! (pct) ‘ “, 1
1 | o, |
Ao S(me] . " % Moisture ! i i !
i 15.8 1 28.0 l ] i i i
[ICa|cuiatea Satyration %) 5.7 | 3Z.3 lICalcuiateg Saturation (%;j | !
Totai Swell %, 32 1T otal Sweil %) ‘
:Exgansxon noex raw) 22 1Expansion lhcex 'raw)
'Expansion .naex correcred) 28 iExpansion naex correcied)
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EAPANSION INDEY TEST
Project No: $58688-0¢-02 JOB Project "G" ASTM D4m
Sample B8-4 DATE 9/18/2003 BY PO
| . (41(1728)12. 2046
Initial Ht = i inches |G, = 27 rfacmr = e = 0.3016
‘ {w)i4 01)7 (7000}
'E Law = [1000J(AH]} Dry Density (pcf) = v, = (Calc'd Dry Wt, gms) (Factor]
| H (Sample ht. in inches)
I £y L =EJ (BO-SI65+E£ (... 1 where w =% moisture in decimal 0-20 VERY LOW
; e o 220-S S = saturauen in percent 21-50 LOW
| H = mitial height 51-90 MEDIUM
Saturation = (100} wW)(Gs)(vd) AH = total change in height 91-130 HIGH
[(Gs)(B82.4)]-yd >130 VERY HIGH
TRIAL 1 TRIAL 2
DIAL REV TOTAL DIAL REV TOTAL
DATE TIME LOAD READ | COUNT | EXPAN || DATE TIME LOAD READ | COUNT | EXPAN
DRY DRY
1 psi 0.0000 19-Sep|{2:18p 1 psi 0.0489 0.0000
1 psi 0.0000 2:290 11 psi 0.0488 .0.0001
WET WET
1 psi 0.0000 2:59p |1 psi 0.1206 0.0717
1 psi 0.0000 5:23p |1 psi 0.1399 0.0910
1 psi 0.0000 22-Sep|7:40a 1 psi 0.145 0.0961
1 psi 0.0000 1 psi
1 psi 0.0000 1 psi
! 1 psi 0.0000 1 psi
{
1 psi 0.0000 1 psi
TRIAL 1- TRIAL 2
Moisture Content Density Maisture Content Density
Before After Before After Before After Before After
Tare No. 7.13 Tare No. 1
Gross Wet | Wet —ring cor Gross Wet 2400.9 5 Wet ~ring B32 g
Wt (gm) 419.7 {gms) 875.9 Wt (gm) 2400. 645.6 {gms) 5923 !
Gross Drv . Ring {gms) Gross Dry . Ring {gms} 198,
Wi i 387.8 199.8 Wt g} 2147.8 564.1 199.8 E‘t
Watar Loss 319 j\Net Soi 376.1 Water Loss 253.4 81.5 Wet Soil 1925 £32.7 ]
(gm)} {ligms} (gm) {gmsi} ‘I
Tare Wt. 68 8 Calc'd ary 3419 241.9 Tare Wt. ° 216.4 Calc g ary 2511 151 i
Hgm soil (gms) {gm) soil {gms) !
[Net Dev ey g o Dry Dens 103.1 % Net Iy Wel 1473 za7.7 [PV Dens | 1053 \ 365 |
Memi ! (pc?) (gm) ! {pcf) ! |
‘;% Moxsturei 10.0 ' % Morsture 11.3 234 ] ! i
(Calculated Saturation %, | 423 | Calculated Saturation (% | 53.2 | 8&.1
Total Swetl b | | Total Sweil « %) ‘ 23
Exgansicn .ngex raw) F Expansion inaex :raw) 26
:|E:<Dan510n Ingex correcie \ Expansion inaex 'correcteq)l 00 ‘

a)
Aaiusted '‘Nater content .0 °1



CUNPANSION INDEX TEST

Project No: S8689-06-02 JOB  Project'G" ASTM D4829-83
] e
},Sample BS-1-2 DATE 9/18/2003 BY PO
| » - 4)(1728)(2 2046)

Initial Ht = 1 inches |G, = 27 Factor = = },( = 0.2016
(w}{4.07)(1000)
El,w = (1000)(AH] Dry Density (pcf] = ~y = [Calc'd Dry Wt, ams) (Factor)
H {Sample ht. in inches)
£ Yy _ (80-SI(E5+E 1 ,..,) | where w =% moisture in decimal 0-20 VERYLOW
correcied o 220-S S = saturation in percent 21-50 LCW
H = initial height 51-90 MEDRIUM
Saturation — (100)Y(W)(Gs)(yd) AH = total change in height 91-130 HIGH
[(Gs)(62.4)]-yd > 130 VERY HIGH
TRIAL T TREAL 2
DIAL REV TOTAL DIAL REV TOTAL
DATE TIME LOAD READ | COUNT | EXPAN DATE TIME LOAD READ | COUNT | EXPAN
DRY DRY
. : 1 psi
19-Sep | 11:18a 1 psi 0.0523 0.0000
11:28a| 1ps | 0.0515 -0.0008 1 psi
WET WET
12:06p | 1psi | 0.1476 0.0953 1 psi
2:35p | 1psi |0.1816 0.1292 1 psi
§:24p | 1 psi | 0.1858 0.1335 1 psi
7:39a | 1 psi | 0.1923 0.1400 1 psi
1 psi 1 psi
1 psi 1 psi
1 psi T psi
1 psi
TRIAL 1 : 3! B . TRIAL 2
Moisture Content Density Moisture Content Density
Before After Before After Before After Before After
Tare No. 7.7 ca . Tare No.

Gross Wet A o o Wet+ning 606.9|Gross Wet Wet +ring
Wt igmi 400.2 625 2 (gms; 539.3 - Hwe (gmi (gms)

Gross Dry - - Ring (gms) 366.4|Gross Dry Ring {gms)

Wt igm) 3E83.6 l 509 198.9 Wt (gm)

Water Loss 467 116.2 Wet Soii 340.4 2405 Water Loss Wet Soil
(gm} (gms) {gm) {gms)

Tare Wt. 69.3 219.7 Calc'd ary 292.3 2823 Tare Wt. Calcjd ary

(gm) soll \gms) {gm) soil {gms;

Net Ory th 283.3 2892 Dry Dens ag.2 =73 Net DOry Wt Dry{ Oens 1
(gm) (pcf {gm) (pcf) ‘

% Moisture _ 1% Moisture i
' 16.3 40.2 l | '
[Caiculatea Saturation .%; l 4+8.3 | 82.0 '{Caicuiated Saturation (%) | i

Total Swell %5 : T Total Swetll %) ‘

E<pansion ngex raw) S Expansion Index traw)
[Expansion _ndex corrected) ' "38 '[Expansion Index rcorrecrea)
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EXPANSION INDEX T

i - ==
|Project No: $8689-06-02 JOB  Project " ASTM D4329-88 |
| ———

Sample B10-05 DATE 9/18/2003 BY PO |
.- (4)(1728)(2.2046)
Initial Ht = 1 inches |G, = 2.7 Factor = 82’2 . = 03018
'} (mj(4 07)< (1000
NE e = (1000J(AH] Dry Density (pci) = v4 = [Calc'd Dry Wt, gms) (Factor!
H (Sample ht. in inches)
£/ ey _ (50-S)(65+E[..) | where w =% maisture in decimal 0-20 VERVLOW
corrected o 220-S S = saturation in percent 21-80 LOW
H = mnitial height 51-60 MECIUM
Saturation = (100 (WY(Gs)(yd) AH = total change in height 91-130 HIGH
[(Gs)(62.4)1-vd > 130 VERY HIGH
TRIAL 1 . TRIAL 2
DIAL REV TOTAL DIAL REV TOTAL
DATE TIME LOAD READ | COUNT | EXPAN | DATE TIME LOAD READ | COUNT | EXPAN
DRY DRY
19-Sep | 9:59a | 1psi | 0.035 0.0000 1 ps
10:09a | 1 psi | 0.0347 -0.0003 1 pst
WET WET
10.24a | 1psi | 0.0651 0.0201 1 psi
12:05p | 1psi | 0.0816 0.0466 1 psi
2:34p | 1 psi | 0.0973 0.0623 1 pst
5:25p | 1 psi | 0.1099 0.0749 1 psi
. 1 psi
22-Sep | 7:38a 1 psi 0.1223 0.0873
1 psi 1 pst
1 psi 1 psi
1 psi
B TRIAL * - TRIAL 2 .
Moisture Content Density Moisture Content Density
liBer‘ore After Before After Before After Before After

Tare No ! T cB Tare Nao.

Gross Wet f Wet —~ring ~ 78€|Gross Wet Wet -~ ring

Wt .gmi | aze3 631.9 (gms) 747 €1Wt {grmy {gmsi

S\;f‘sgsn?,ry { 388.1 g3g.2 [|M9 1AM ags s 365‘53‘:7;3” Ring (gms)

:/;/::!r Lossl 47 2 92.7 ;JZ:S)SOH 280 5 4295 gsf)er Loss ;l;/re:S)Sox'l

liTare Wt. e . Caic'd ary - Tare Wt. Calc'd ary |

E(gm: ‘ 70.3 ‘ 2c8 sait fgms} 336.8 3%6.8 {gm) ' soil {gms}

ii\loinry Wt( 217 3 [ 137 3 I(Dprf\:/ﬂDens 018 934 :\lasr:”Dry Wt ) a}r;/;>Dens } ‘
Al g , ! !

LN % M ;

‘ \/loxsture! 20 l -7 g olsture l | '
[Catcuiated Saturation (%) 53.2 1 938.9 iCajculatea Saturation %}

1Total Swell %) 3.8 Total Swell 1%

Expansion inc X rawd 38 Xpansion ingex ‘raw)

\Expansion ina-:x .correctadl 31 Expansion Inaex correctea) !
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CONSOLIDATION TEST

Project Name: Project "G"

Project Number: S8689-06-02 Sample Number: B7-36
CONSOLIDATION TEST RESULTS
. JOB $8689-06-02, BORING B-7, B7-36 METERS
T I ‘ i 7] TR -
1 60C . ‘ ! F ‘ j ‘? °
TR | BENEE
1500 i \ﬂ\ \J | | ; R 4
| M i NS
1400 T ; N\ H : ! 78 =
2 x ‘ T L
§ 1300 'L : } : , j 12 :n:u
S i ‘ 1‘ | ' | Pl S
- [ | o [ >
1200 ; R : SINERE he,
[ | P | o 718
' ( ! | -
1100 !: ! t ' | I | 1 18
R D L
1000 ; f i i i ! ; | i [ L j: »
F ] ) i | 1 | i 24
, EREE | | N
0900 | ] ‘ : 1 : L 26
100 1000 10000 100000 1000000
Log Pressure - PSF
my, coef 50% Consolidation | 90% Consolidation
Axial Veid Axial of vol Ce, tso, Time | Cy, Coeff | tg,, Time | C,, Coeff
Load Ratio Strain | Compres| Comp |to Consol|of Consol|to Consol| of Consol
(psf) (%) (in*/Ib) Index (min) (f21yr) (min) (ft°/yr)
0 1.5864 0.00
250 1.5978 -0.44
500 1.5964 -0.39 0.0000 0.000 0.00 0.00 0.00 0.00
1000 1.5885 -0.08 0.0009 0.026 2.33 43.54 4.83 90.64
2000 1.5702 063 | 0.0010 0.061 2.19 45.87 4.54 95.49
4000 1.5274 2.28 0.0012 0.142 1.99 49.32 4.12 102.68
3000 1.4540 512 0.0010 244 2.78 33.70 5.76 70.16
16000 1.3202 10.29 0.0010 0.444 4.82 17.88 9.97 37.22
32000 1.1519 16.80 0.0007 0.559 8.92 8.47 18.47 17.63
64000 0.9812 23.40 0.0004 0.567 10.34 6.24 2141 | 12.99
5= 2.3 COND AT |[COND AT
‘assumed) START END
OF TEST | OF TEST s
4EIGHT n. | 07500 |  0.3401 '
VCISTURE ZCNTENT (%) | 464 11.3 FTGO'GGIC{ Valley Drive, Suite 800
TRY CENSITY ipeh:1 700 32.0  Rancho Cordova, CA 95742
SATURATICN (%631 80.4 8.3 ét_ei. 916.852-9118 fax: 916.852.9132 i
-~ 1 g ) H

JCIC RATIC '386 . 1.38

3
1




Suniand Analytical
11353 Pyrites Way, Suite 4
Rancho Cordova, CA 93670
(916) 852-855

Date Reported 09/17/2003
Date Submitted 09/11/2003

To: Jeremy Zorne
Geocon
3160 Gold Valley Dr. #800
Rancho Cordova, CA 85742

From: Gene Oliphant, Ph.D. \ Randy Horney 2]
General Manager \ Lab Manager
The reported analysis was requested for the following location:
Location : AG PROPERTY Site ID : 2.

Thank you for your business.

* For future reference to this analysis please use SUN # 40270-78027.

EVALUATION FOR SOIL CORROSION

Soil pH 6.29

Minimum Resistivity 1.05 ohm-cm (x1000)

Chloride 43.6 ppm 00.00436 %

Sulfate 15.6 ppm 00.00156 %
METHODS

pH and Min.Resistivity CA DOT Test #643 Mod. (Sm.Cell)
Sulfate CA DOT Test #417, Chloride CA DOT Test #422



; Suniand Analytical
{ 11353 Pyrites Way, Suite 4

‘ Rancho Cordova, CA 95670
A (916) 852-8557

Date Reported 09/17/2003
Date Submitted 09/11/2003

To: Jeremy Zorne
Geocon
3160 Gold Valley Dr., #3800
Rancho Cordova, CA 95742

From: Gene Oliphant, Ph.D. \ Randy Hornei///z%fj
General Manager \ Lab Manager
The reported analysis was requested for the following location:
Location : AG PROPERTY Site ID : 4.

Thank you for your business.

* For future reference to this analysis please use SUN # 40270-78028.

EVALUATION FOR SOIL CORROSION

Soil pH 5.94

Mipimum Resistivity 0.86 ohm-cm (x1000)

Chloride 57.4 ppm 00.00574 %

Sulfate 24.2 ppm 00.00242 %
METHODS

pH and Mianesiétivity CA DQT Test #643 Mod.(Sm.Cell)
Sulfate CA DOT Test #417, Chloride CA DOT Test #422



f,ﬂ Sunland Analytical

j { 11353 Pyrites Way, Suite 4
A Rancho Cordova, CA 95670

VAN (916) 852-8557

Date Reported 09/17/2003
Date Submitted 09/11/2003

To: Jeremy Zorne
Geocon
3160 Gold Valley Dr. #800
Rancho Cordova, CA 95742

From: Gene Oliphant, Ph.D. \ Randy Horne?//QZD
General Manager \ Lab Manager
The reported analysis was requested for the following location:
Location : AG PROPERTY Site ID : 6.

Thank you for your business.

* For future reference to this analysis please use SUN # 40270-78029.

EVALUATION FOR SOIL CORROSION

Scil pH 5.90

Minimum Resistivity 1.02 ohm—cm (x1000)

Chloride 60.7 ppm 00.00607 %

Sulfate 20.0 ppm 00.00200 %
METHODS

pH and Min.Resistivity CA DOT Test #643 Mod.(Sm.Cell)
Sulfate CA DOT Test #417, Chloride CA DQOT Test #422
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DRAFT

Project No. S8689-06-01
June , 2003

Mr. Joe Imbriani

Station Casinos, Inc.

1151 West Sunset Boulevard
Rocklin, California 95765

Subject: PROJECT “G” -~ PROPOSED SONOMA CASINO
“MIDDLE SECTION” — APNs 068-140-018 AND 068-160-006
SONOMA COUNTY, CALIFORNIA
DRAFT GEOLOGIC AND GEOTECHNICAL FEASIBILITY INVESTIGATION

Dear Mr. Imbriani:

In accordance with your request, Geocon has performed a geologic and geotechnical feasibility
investigation of the subject project. The study was conducted to determine the site soil and geologic
conditions, and to identify potential geologic hazards that may impact the property with respect to
future development. This information will be used to aid in determining a “technically preferred”
location within the site to develop the subject project.

The accompanying report presents the findings of our preliminary study with respect to the
geotechnical aspects of site development. In general, no soil or geologic conditions were encountered

that would preclude development of the property as planned.

Should you have questions regarding this report, or if we may be of further service, please contact the
undersigned at your convenience.

Sincerely,

GEOCON CONSULTANTS, INC.

DRAFT DRAFT DRAFT

Jeremy J. Zorne, PE John D. Mattey, CEG Daniel J. Koelzer, GE
Project Engineer Project Geologist Senior Engineer
JJZ:JDM:DJK :krc

(10) Addressee
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DRAFT GEOLOGIC AND GEOTECHNICAL FEASIBILITY INVESTIGATION

1.0 PURPOSE AND SCOPE

The purpose of this geologic and geotechnical constraints investigation was to identify the soil and
geologic conditions at the site, determine the presence of geologic hazards (if any) and to provide
preliminary geotechnical recommendations with respect to development of the proposed casino
complex at the project site (see Vicinity Map, Figure 1). This information will be used to aid in
determining a “technically preferred” development location within the project site. Additional design-
level studies, including additional subsurface exploration, laboratory testing and geotechnical

engineering analysis will be required prior to development of the site improvement plans.

The scope of our study consisted of a review of published geo]ogic literature and other documentation
provided by the project team (see List of References, Section 7 of this report), performing a site
reconnaissance, and performing exploratory subsurface explorations at the site. Specifically, our study
included the following:

e Reviewed area geologic maps and other literature pertaining to the site and vicinity.
e Reviewed stereoscopic aerial photographs of the site.

e Performed field mapping by an engineering geologist to identify the soil and geologic units
and to determine the approximate areal extent of the units.

e Notified the local subscribing utility companies via Underground Service Alert (USA), as
required by law, to determine the location of underground utilities m the vicinity of
proposed exploratory excavation locations.

e  Submitted requisite fees and obtained geotechnical boring permits from the Sonoma County
Permit and Resource Management Department (PRMD).

e Excavated 13 exploratory test pits (TP1 through TP13) within the eastern portion of the site.
The test pits were excavated to approximate depths ranging from five to ten feet below the
exiting ground surface (bgs). The approximate test pit locations are depicted on the Site
Plan/Geologic Map, Figure 2. The exploratory test pits were logged by a California
Certified Engineering Geologist. Logs of the exploratory trenches are included in Appendix
A, Figures Al through A13.

e Advanced six exploratory borings (B1 through B5 and P1) at the site with an all-terrain
track carrier-mounted drill rig equipped with hollow-stem augers. The borings were
advanced to approximate depths ranging from 30 to 70 feet bgs. Boring P1 was completed
as a temporary piezometer to monitor groundwater conditions within the upper aquifer at
the site. The approximate exploratory boring locations are depicted on the Site
Plan/Geologic Map, Figure 2. The exploratory borings were logged by a California Certified
Engineering Geologist. Logs of the exploratory borings are included mn Appendix A, Figures
Ald4 through A26.

e Advanced five cone penemration test (CPT) soundings (CPT1 through CPTS5) at the site with
a 20-ton CPT rig. The CPT soundings were advanced to approximate depths ranging rom
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98 to 143 feet bgs. The approximate CPT sounding locations are depicted on the Site
Plan/Geologic Map, Figure 2. Electronic logs of the CPT soundings are included in
Appendix A.

e Obtained relatively undisturbed and bulk soil samples from the test pits and exploratory
borings.

¢ Performed geotechnical laboratory tests on selected soil samples to determine soil index and
engineering properties including in situ density and moisture content, plasticity
characteristics, consolidation potential, and shear strength parameters. Laboratory test
procedures and results are included in Appendix B.

» Prepared this report summarizing our findings, conclusions and recommendations regarding
the geotechnical and geologic conditions present at the site and the associated impacts to
development.

3
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2.0 SITE AND PROJECT DESCRIPTION

2.1 Site Description

The proposed project area consists of several parcels totaling approximately 2,100 acres near the
intersection of Lakeville Road and State Route 37 (SR) 37 in southern Sonoma County, California (see
Vicinity Map, Figure 1). Specifically, the following project site areas have been identified:

* West Section — 321 acres of undeveloped, agricultural land identified as Sonoma County
Assessor’s Parcel No. (APN) 068-150-010 located north of SR 37 and west of Lakeville Road.

* North Section — 922 acres of undeveloped agricultural land comprised of several APNs
located north of SR 37 and east of Lakeville Road.

¢ Middle Section — 392 acres of primarily undeveloped agricultural land comprised of APNs
068-140-018 and 068-160-006 located south of SR 37 and east of Reclamation Road (southern
extension of Lakeville Road).

* South Section — 447 acres of undeveloped agricultural land comprised of APNs 068-140-007
and 068-140-008 located south of Reclamation Road.

Presently, the “Middle Section” portion of the project site has been chosen for development of the
proposed casino complex. As previously stated, the Middle Section is comprised of two adjacent APNs
that form an approximately rectangular site totaling approximately 392 acres; however, a central parcel
of approximately 92 acres is excluded from the project. This configuration results in a site that
resembles a pair of eyeglasses. The site is bordered by SR 37 on the north, Reclamation Road on the
west, the inactive Northwestern Pacific Railroad Line (NWPRR) on the south and a vineyard property
on the east. The site configuration is depicted on the Site Plan/Geologic Map, Figure 2 (Map Pocket).

The site is primarily undeveloped with the exception of a barn structure within the southwest corner of
the site and a former dairy facility within the north-central portion of the site. The barn structure is
currently utilized for storing hay bales and agricultural equipment. The dairy facility consists of several
structures including two single-family residences, barns, sheds and miscellaneous outbuildings. The
eastern parcel portion of the site is currently utilized for livestock grazing for approximately 50 cattle
and horses. This portion of the site is covered with grass vegetation. The western parcel portion of the
site 1s currently utilized for hay production. This portion of the site is mowed regularly.

For the purposes of this report. the lowland portion of the site should be considered areas with an
elevation of five feet above MSL or less. The upland portion of the site is considered areas greater than
five feet above MSL. Topographically, the western 60% of the site (lowland portion) is flat and level
with an elevation of approximately mean sea level (MSL). The eastern 40% of the site (upland portion)
gently rises to an elevation of approximately 140 feet above MSL with the highest topographic point

within the extreme northeast portion of the site.
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Several shallow drainage ditches have been cut into the lowland portion of the site. The ditches are
approximately three to five feet deep and divide the site into distinct sections, presumably for
agricultural purposes. The upland portion of the site includes two moderately incised seasonal swales
that drain to the adjacent lowlands to the south. The general site topography (five-foot elevation
contours) is depicted on the Site Plan/Geologic Map, Figure 2.

Several wetland areas have been identified throughout the site. The wetland areas are characterized by
specific vegetation and soil types. In general, the wetlands consist of broad low-lying areas within the
western portion of the site and the seasonal drainage swales within the eastern portion of the site.

Wetlands delineation activities are currently being performed by others at the site.

2.2 Project Description

Specific details of the proposed project have not yet been determined. However, current conceptual
plans call for an approximately 100-acre casino complex including a 300,000 square foot hotel-casino,
two multilevel parking structures and additional at-grade parking areas. The casino will likely be multi-
story (we assume five stories or less) with architectural features that require large spans. Therefore, we
anticipate that foundation loads will be higher than typical for structures of this size. The multilevel
parking structures will likely consist of cast-in-place, reinforced concrete structures. Access roads and
at-grade parking areas will likely consist of asphalt concrete pavement overlying compacted aggregate

base material.

Current conceptual plans have identified four scenarios for development of the casino complex within
the Middle Section. Two scenarios involve development within the lowland areas and two scenarios

mvolve development in the upland areas. The scenarios are described as follows:

e Scenario Al — Development within the lowland central-western portion of the site.
e Scenario A2 — Development within the lowland south-western portion of the site.
e Scenario B1 — Development within the upland central-eastern portion of the site.

e Scenario B2 — Development within the upland north-eastern portion of the site.
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3.0 SOIL AND GEOLOGIC CONDITIONS

The soil conditions observed in the exploratory borings and trenches were logged and classified in
general accordance with American Society for Testing and Materials (ASTM) Standard Practice for
Description and Identification of Soils (Visual-Manual Procedure). This procedure is based on the
Unified Soil Classification System (USCS). The following soil descriptions include the USCS symbol

where appropriate. Details of the field exploration equipment and methods are summarized in
Appendix A.

Four general soil types were observed at the site. The soil types include, in order of increasing age:
artificial fill, bay mud, alluvium and Tertiary-age Upper Petaluma Formation. In general, the alluvium
1s the result of the weathering of formational material. The Bay Mud is the result of sedimentation
within the Bay. The alluvium forms an apron that generally divides the Bay Mud from the formational
material and may interfinger with the Bay Mud. Approximately 60% of the site (about 250 acres) is
underlain by Bay Mud deposits. The remaining 40 % (about 150 acres) is underlain by formational or
alluvial deposits. The estimated lateral extent of the soil types, as determined by geologic field
mapping and exploratory excavations, is depicted on the Site Plan/Geologic Map, Figure 2. Interpreted
generalized cross-sections of the site geology are depicted on Figures 3 through 5. Discussion of the

impacts of soil type on development is included in Section 5 of this report.

3.1 Artificial Fill (af, afbm)

In general, the artificial fill material at the site is located within roadway or railroad improvements
adjacent to the site. This material is mapped as artificial fill (af) and artificial fill placed over bay mud
(afbm). It is assumed that the artificial fill has been placed in accordance with the guidelines of a
construction quality control program with some degree of compaction. Therefore, the engineering
properties of these materials are anticipated to be good. Exploratory excavations within the artificial fill
material were not performed as a part of this study. Further evaluation of the existing artificial fill will
be necessary if structural improvements are planned within this material.

3.2 Alluvium (Qal, Qhf, Qpf)

The alluvial material observed at the site was (and is) derived from adjacent formational units. The
alluvium 1s subdivided into alluvium (Qal), Holocene alluvial fan deposits (Qhf) and Pleistocene
alluvial fan deposits (Qpf). In general, the composition of the different alluvial types is similar. The
alluvium generally consists of dense and stiff mixtures of sand, silt, clay and gravels. Similar to the
Upper Petaluma Formation, portions of the alluvium also contains thin layers of fat, potentially
expanstve clay (CH). The engineering properties of the alluvium is generally good, however, areas
within active dramage swales may contain loose materials that would not be suitable for support of
structures. Further evaluation of alluvium within the existing drainage swales will be necessary if

development 1s planned 1n those areas.
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3.3 Bay Mud (Qhbm)

Holocene age Bay Mud deposits (Qhbm) are present within the lowland portion of the site. In general,
the ground surface of the Bay Mud deposits is at or slightly above sea level. Based on the degree of
consolidation and stratigraphic position, the sediments that comprise the Bay Mud can be subdivided
into three subunits: Younger Bay Mud, Older Bay Mud and an alluvial sand unit that sometimes

separates the two. These three subunits were observed at the site during exploratory activities.

3.3.1 Younger Bay Mud

The Younger Bay Mud at the site generally consists of very soft, saturated silty clay (CH) with varying
amounts of decomposed organics. Very little (if any) fine sand was observed within the samples of the
Younger Bay Mud. The material is firm in the upper five to six feet bgs due to drying and The very soft
consistency of this depos{t was evidenced by Standard Penetratiém Test—(SPT, see Appendix A) blow
counts less than five and very little tip resistance on the CPT cone. The engineering properties of
Younger Bay Mud are very poor. The material has a high moisture content, low dry density, is very
weak and compressible. This material is sensitive, it swells when wet and desiccates when dried.
Furthermore, this material loses approximately 50% of its strength when disturbed.

The Younger Bay Mud at the site extends from the ground surface to a depth up to approximately 60
feet bgs. The deposit is thickest near the southwest corner of the site and gradually diminishes toward
the north and east. The approximate lateral extent of the Younger Bay Mud is depicted on the Site
Plan/Geologic Map, Figure 2. The approximate vertical extent of the Younger Bay Mud is depicted on
the Geologic Cross-Sections, Figures 3 through 5.

3.3.2 Alluvial Interface Sand Deposit

The alluvial sand deposit located at the interface between the Younger and Older May Mud generally
consisted of dense, gravelly, silty, clayey sand (SM, SC). In general, the engineering properties of this
material are good. The granular nature provides increased shear strength.

This deposit was observed to be approximately 10 feet thick within Boring B4 and was interpreted to
be approximately the same thickness in the CPT soundings. The approximate vertical extent of the
alluvial interface sand deposit is depicted on the Geologic Cross-Sections, Figures 3 through 5.

3.3.3 Older Bay Mud

The Older Bay Mud at the site generally consists of stiff to very stiff, silty clay (CL, CH) and clayey
siit (ML). Based on the CPT soundings, the Older Bay Mud extends to depths up to 140 bgs. Unlike the
Younger Bay Mud. the engineering properties of this material are good. The material properties are

usually adequate to support most pile foundations.
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Similar to the Younger Bay Mud deposits, the deposit is thickest near the southwest corner of the site
and gradually diminishes toward the north and east. This material is likely underlain by alluvial sands,
gravels and clays or formational material of similar composition.

3.4 Upper Petaluma Formation (Tpu)

Within the eastern portion of the site, the Upper Petaluma Formation consists of severely weathered
material generally comprised of stiff to hard, silty, sandy lean clay (CL). This material has likely
weathered from sandstone and siltstone. The severe degree of weathering has eliminated any visible
bedding planes within this material. This material exhibits rock-like structure below approximately six
feet bgs; however, the material remained readily excavatable to the backhoe and exploratory drill rig.
The upper one to 1-%; feet of this material consists of highly plastic fat clay (CH) residual soil. We
anticipate that this material has a moderate to high potential for expansion due to seasonal moisture
variations. In general, the plasticity of this material decreases with depth. Other than the expansive
nature of the surfical residual soils, the engineering parameters of this material are quite good. The

estimated lateral extent of the Petaluma Formation is depicted on the Site Plan/Geologic Map, Figure 2.

3.5 Groundwater

Groundwater was observed in several of the exploratory excavations during site investigative activities.
In the lowland areas, groundwater was encountered at depths of approximately two to five feet bgs
within the bay mud deposits. In the upland areas, groundwater and seepage was observed at depths

ranging from approximately 20 to 25 feet within the upland alluvium and formational materials.

The groundwater within the lowland areas is primarily influenced by the adjacent San Pablo Bay.
Therefore, groundwater elevations are expected to remain shallow and not fluctuate significantly
throughout the year. However, the groundwater conditions within the upland areas are primarily
influenced by precipitation and surface drainage discharge. During and immediately following periods
of precipitation, shallow perched groundwater conditions can develop within the alluvial and

formational deposits.

It must be noted that fluctuations in the level of groundwater may occur due to variations in rainfall,
temperature, and other factors. Therefore, it 1s possible that groundwater may be higher or lower than

the levels observed during our investigative activities.
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4.0 GEOLOGIC HAZARDS

Several geologic hazards may potentially affect the site. Table 4.0 provides a brief summary of the
potential geologic hazards associated with both the upland and lowland portions of the site. Discussion
of the items presented in Table 4.0 is included in the following sections.

TABLE 4.0
SUMMARY OF POTENTIAL GEOLOGIC HAZARDS

Development Area Potential Geologic Hazards

Seismic Impacts — ground shaking, liquefaction
Mudwaves
Lowland Area Expa}ps.i ve S(?.i |
Corrosive Soil
Settlement
Subsidence
Seismic Impacts — ground shaking
Upland Area Expansive Soil
Slope Stability, Landslides

4.1 Seismic Impacts

The project site is within the seismically active San Francisco Bay Area and severe ground shaking is
probable during the anticipated life of future development. Based on our analyses, no active or
potentially active faults are known to cross the site and the potential for ground surface rupture is low.
In addition, the site is not contained within a Special Studies Earthquake Fault Zone (formerly referred
to as an Aliquist-Priolo Special Studies Zone).

4.1.1 Ground Shaking

The site is located in a seismically active region, and as such, strong ground shaking would be expected
during the lifetime of any. construction projects. Ground shaking at the site could damage buildings and
other structures and pose a threat to occupants. A critical factor affecting ground shaking intensity at a
site is the geologic material undemeath that site. Deep, loose or soft soils tend to amplify and prolong
the shaking. Due to the differing geologic conditions at the site, ground shaking within the lowland
portion of the site is anticipated to be amplified compared to that of the upland areas. Anticipated peak

site accelerations for both areas of the site are presented below.

In order to determine the distance of Known “active” and “potentially active” faults to the site, we
reviewed available seismic/geologic literature (see List of References, Section 7.0 of this report) and
utilized the computer program EQFAULT, Version 3.00 (Blake, 1988, updated 1999) was unlized. A
search radius of 62 miles was performed and the five closest known active faults were idenufied.
Principal references used within EQFAULT in selecting faults to be included were Jennings (197%),
Anderson (1984) and Wesnousky (1986). In addition to fault location, EQFAULT was used to
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deterministically estimate ground accelerations at the site. Attenuation relationships presented by
Boore et al. (1997) were used to estimate site accelerations.

The results of the seismicity analyses indicate that the potentially active Tolay Fault Zone is located
approximately 1,500 feet northeast of the site. However, based on the literature reviewed for the Tolay
Fault, the fault 1s not considered “sufficiently active and well defined” by the Califormia Geological

Survey (CGS). Therefore, special fault zoning does not apply for this fault zone.

The active Rodgers Creek Fault Zone is located approximately 2.7 miles northeast of the site. The
active Hayward Fault is located about 6.5 miles to the south and the active San Andreas Fault is located
about 18 miles to the west. The Rogers Creek Fault has a Maximum Credible Earthquake (MCE)
moment magnitude (M,,) of 7.0. This fault is considered to be the source of the greatest seismic ground
shaking at the site. The MCE is defined as the maximum earthquake that appears capable under the
presently known tectonic framework.

Table 4.1 presents a summary of the significant active faults identified, their distance from the site, and
a summary of potential ground shaking effects for both the lowland and upland portion of the site. The
information presented on Table 4.1 was derived from the seismic analyses utilizing EQFAULT with

attenuation relationships by Boore et al (1997) used to estimate the maximum credible peak site

accelerations.
TABLE 4.1
DETERMINISTIC SITE PARAMETERS
Maximum | Lowland Areas Upland Areas
Approximate Credible
Fault Name Distan.ce Earthquake Maximum Maximum
from Site Moment | (Credible Peak | Credible Peak
(miles) Magnitude Site Site
(M) Acceleration (g) | Acceleration (g)
Rodgers Creek 2.7 7.0 0.47 0.37
Hayward 6.5 7.1 0.33 0.26
West Napa 11 6.5 0.17 0.13
Concord — Green Valley 18 6.9 0.15 0.11
San Andreas 19 7.9 0.24 0.19
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4.1.2 Liquefaction

Soil liquefaction is a condition where saturated granular soils near the ground surface undergo a

substantial loss of strength during seismic events. Liquefaction can result in ground surface ><
deformations and settlement. Soils most susceptible to liquefaction are loose, uniformly-graded, fine-

grained, sand and loose silts with low cohesion. It is our opmion that the potential for liquefaction ;s:e\’\’"!} g;
shght to nonexistent within the upland portions of the site. Although not observed during our
investigation, Bay Mud deposits within the lowland portion of the site can contain lenses of saturated,
granular material. These materials may be subject to liquefaction during a seismic event. If the lowland
portion of the site is chosen for development of the casino complex, liquefaction potential will be

evaluated during future subsurface studies.

4.1.3 Lateral Spreading

Lateral spreading during a seismic event typically occurs as a form of horizontal displacement of
relatively flat-lying alluvial or sediment deposits toward an open or "free" face such as an open body of
water, channel or excavation. Generally, in soils this movement is due to failure along a weak plane,
formed within an underlying liquefied layer. As cracks develop within the weakened material, blocks
of soil displace laterally towards the free face. Subsurface conditions indicate that potentially
liquefiable sand layers beneath the site are non-existent or relatively thin and isolated; therefore, the

potential for lateral spreading is considered low.

4.1.4 Seismically Induced Flooding

San Pablo Bay 15 well protected from tsunami (a great sea wave produced by a submarine earthquake)
emanating from the Pacific Ocean. The site, located north of undeveloped agricultural land that borders

the Bay, is unlikely to be impacted by tsunami and/or seiche waves.

4.2 Slope Stability, Landslides

According to geologic literature, the Upper Petaluma Formation within the upland area of the project
(see Site Plan/Geologic Map, Figure 2) is prone to landsliding. However, the existing gradients within
this portion of the site are not considered steep enough to present an unstable condition at the current
configuration. Additionally, the formational material encountered mn the exploratory test pits and
borings was severely weathered with no evident bedding planes. However, adverse bedding planes can
ex1st 1n less-weathered portions of this formation. Deep cuts within this material may expose adverse
bedding planes which can lead to unstable slope conditions particularly when saturated and subjected

to seismic activity.
4.3 Mudwaves

Mudwaves can occur when fill embankments are constructed rapidly over a relatively thick layer of
weak Bay Mud. A mudwave is the displacement of the soft Bay Mud supporting an embankment under

the "veight or a new fill load. Due <o the presence of the thick layer of Younger Bay Mud. mudwaves
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are possible within the lowland areas of the site. If the lowland portion of the site is chosen for
development, specific mitigation measures for mudwaves should be a part of future design level
geotechnical studies at the site,

4.4 Expansive Soil

Expansive soils are present across the surface of both the lowland and upland portions of the site. If
unmitigated, expansive soils subjected to seasonal moisture variations may cause damage to overlying
structures or shallow utilities. Specific mitigation measures for expansive soils should be a part of
future design level geotechnical studies at the site.

4.5 Corrosive Soil

Typically, soil is considered corrosive to reinforced concrete and steel if the soluble salt (chloride and
sulfate) content is high. In general, cohesive soils are more corrosive than granular soils, especially
cohesive soils that are close to salt water bodies. Therefore, the Bay Mud materials within the lowland
portion of the site may be potentially corrosive. Soil within the upland portion of the site is less likely
to be corrosive. If the lowland portion of the site is chosen for development, a corrosion evaluation
should be a part of future design level studies at the site.

4.6 Settlement

Total settlement within the lowland area of the site will be comprised of consolidation settlement of the
soft, Younger Bay Mud materials resulting from external loading and long-term subsidence. Based on
the subsurface conditions within the lowland portion of the site, consolidation settlement can be
significant (up to several feet) depending on surface loading conditions. Differential settlement of these
materials may also occur, meaning portions of the site may settle different amounts or at different rates.
If the lowland portion of the site is chosen for development, a detailed settlement analysis should be a
part of future design level geotechnical studies at the site.

4.7 Subsidence

Subsidence of the Bay Mud deposits can be caused by dewatering activities or the decomposition of
organic matter within the Bay Mud. Currently, it is planned install a domestic well within the lowland
portion of the site. The well will withdraw water from a deeper, alluvial aquifer that is expected to be
hydraulically disconnected from the hydrologic conditions in the Younger Bay Mud. We have imnstalled
a prezometer (P1) within the Younger Bay Mud to monitor the groundwater conditions within the Bay
Mud during the planned pump test for the new well. Depending on the results of the monitoring,

subsidence may be an issue that may impact development 1n this area.

Decomposition of organic matter within the Bay Mud 1s a regional, on-going phenomenon. Since Bay
Mud 1s typically an anaerobic environment, the rate of decomposition is typically very slow. Factors

that may increase the rate of decomposition include the introduction of oxygen mto the soil matrix.
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such as from dewatering. Proposed development at the site is not anticipated to significantly alter the
aerobic conditions within the Bay Mud. Therefore, the magnitude of subsiderce from decomposition of

organics is considered to be very low.
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5.0 CONCLUSIONS AND RECOMMENDATIONS

51 Genetral

In our opinion, the soil and geologic conditions at the site do not preclude development of the project
as currently proposed. Depending on the location chosen for development, specific geotechnical
challenges will need to be addressed. Table 5.1 presents a summary of the anticipated geotechnical
conditions that may impact development on the project. The delineation between the lowland and
upland areas is defined in Section 2.1.

TABLE 5.1
PRIMARY GEOTECHNICAL CONDITIONS
Development
Consideration Lowland Area Upland Area
Difficult clay soils for construction Good soils fo? construction
L Moderate excavation characteristics
. Easy excavation characteristics . A .

Grading - Shallow eroundwater Minor, intermittent groundwater
Earthwork . & . Moderate cut/fill required for building

Minor cut/fill required

Import fill soil required pads ‘

Subdrains required
Deep foundations required
. Limited bearing capacities Shallow or intermediate foundation
Foundations . ,
Potential settlement problems systems suitable

Corrosive Soil Potential

Structures Higher seismic loading Lower seismic loading
Dewatering required
Trench wall stability problems
Underground Difficult maintaining slope on Minor dewatering required
Utilities gravity lines Stable trench walls
Flexible utility line materials may
i be required
Pavement Unstable/pumping subgrade Good support conditions
Thicker sections required Cut/fill required

The following sections provide specific discussion of the various areas of site development that may be
impacted by the geological/geotechnical conditions present at the site. These conclusions are
prelimnary in nature and are intended for planning purposes. Detailed recommendations can be
provided in future geotechnical studies which would be based upon specific site development plans and

more detailed geotechnical information obtamed from subsurface studies.
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5.2 Grading - Earthwork

The subsurface conditions present on the site vary significantly from the lowland to the upland areas.
Accordingly, the conditions encountered during earthwork for the project are expected to vary
significantly. Table 5.2, below, summarizes the primary conditions expected during site grading.
Detailed descriptions of the conditions are discussed in the following sections for the different areas.

TABLE 5.2
ANTICIPATED GRADING CONDITIONS

Development Area Anticipated Conditions During Grading

Easy excavation characteristics

Difficult soils to work in — saturated, soft clay
Small cut/fill volumes

Lowland Area Import fill soil required

Very shallow groundwater table

Large shrinkage due to compaction

Corrosive Soil Potential

Moderate excavation difficulty
Good soils to work in
Moderate cut/fill volumes
Subdrains required

Minor groundwater impact
Typical compaction shrinkage

Upland Area

5.2.1 Lowland Area

The lowland portion of the site is flat, level, and is at, or only slightly above, sea level. The lowland
portion of the site is underlain by Bay Mud deposits. Groundwater is very close to the existing ground
surface and the soils are soft, highly plastic clays and organic clays. These soils will present difficult
grading conditions, particularly if grading occurs during the wetter winter or spring months of the year.
Equipment maneuverability is expected to be very difficult in the wet season and adequate but soft mn
the dry season.

Due to the exceptionally low dry densities and corresponding high water contents of the m-situ soils,
construction of engineered fills will be challenging. Due to the proximity of groundwater to the
existing ground surface, establishing a firm base for constructing fills will likely be very difficult in
some areas, depending on the specific conditions. Pumping, unstable subgrade conditions may be quite
common when trying to establish a firm base for building pads or roadways. Proper compaction
requires that the water content be near optimum for compaction to occur. Other than the very-near
surface soils, the in-situ water contents are n the range of 70% to 100%. Typical clay soils have
opumum water contents in the range of 15% to 20%. Drymng this amount of water out of a so1l will not
only require the weather to cooperate, but 1t will also require a sigmificant amount of ume o

accomplish.
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In addition to the exceptionally large water contents are exceptionally small dry densities.
Recompacting the native soils as engineered fill will require raising the dry density (by compaction)
from the current range of 40 to 70 pound per cubic foot (pcf) to approximately 90 to 110 pcf.
Achieving the degree of compaction typically required in construction will likely be difficult due to the
difficulty of compacting over marginally stable soils. Significant increases from a “normal” amount of
shrinkage from cut to fill should be expected if the native soils are used as compacted fill. Also, the
native soils appear to have a significant amount of organic material in the soil matrix. Because of the
organic content, it is possible that some of the native soils in the lowland area may be deemed

unsuitable for use as engineered fill. Therefore, import fill soil may be required.

As discussed 1mn Section 4.5, the native soil within the lowland area is potentially corrosive to
reinforced concrete and/or steel. If the lowland portion of the site is chosen for development, a
corrosion evaluation should be a part of future design level studies at the site.

5.2.2 Upland Area

The upland area primarily consists of the eastern 40% of the site. General earthwork and grading
activities in the upland area are expected to be significantly better than those of the lowland area. Soft
soils, low density soils, high water content soils and organic soils are not expected to be an issue in the
upland area. Depending on the time of year, there may be some groundwater present;, however, it is
expected to be more of an intermittent, or perched water situation. Groundwater interference, if
encountered should be much less severe, since the water may be between layers which may be able to
be contained, cutoff or directed into a subdrain system. Establishing a firm base for construction of fills
will likely be accomplished without difficulty in the upland areas. However, localized areas of soft,
surficial soils may require removal or recompaction. Dewatering can likely be accomplished using
diversion ditches or temporary culverts. Drying wet soils should be much less time consuming than the
lowland area since the in-situ water contents should be relatively close to the optimum water content.
The predominant soil types expected in the upland area will be much more favorable for grading
activities than those in the lowland area. The soils are generally more granular, making fill construction
and achieving compaction much easier. Excavation into the native materials in the upland area will
likely be able to be performed with conventional heavy-duty grading and excavation equipment with a
moderate degree of difficulty. Native formational rock does underlie this area; however, 1t 1s not
expected to become so hard that special grading or blasting would be required for the cuts anticipated
for this project.

Some oversize rock or cemented fragments may be generated during excavation of some of the deeper
cuts withm the formational units. It is anticipated that most of the larger rock fragments can be broken

down to suitable particle sizes by track-walking or standard compaction effort.

h
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In general, cut or fill slopes likely can be constructed at inclinations on the order of 2:1 (horizontal to
vertical). However, there does appear to be a potential for adversely aligned bedding planes in the
underlying rock formation that may impact construction of slopes. This situation should be investigated
in more detail as part of future geologic/geotechnical work on the site. At this point in time, this
condition is not envisioned as a major obstacle, but may require slight flattening of some slopes in the
development or other, more subtle procedures.

5.3 Foundations

Due to the significant variations in the subsurface conditions between the lowland area and the upland
area there will be significant differences in the required foundations for similar structures built in the
two areas. Table 5.3, below, summarizes the anticipated types of foundations that would likely be
necessary for construction of the casino complex in the two areas. More detailed deécriptions of the

foundation systems are presented in the following sections.

TABLE 5.3
GENERALIZED FOUNDATION REQUIREMENTS
Development Area . Anticipated Foundation :gystems
Heavily Loaded Structures Lightly Loaded Structures

Lowland Area Driven precast concrete piles Post-tensioned or structural mat

Post-tensioned or structural mat
Upland Area Iso.lated gnd/ or strip footings Isolated and/or strip footings

Drilled piers

5.3.1 Lowliand Area

The upper 50 to 60 feet of the existing soils within the lowland area are very soft and groundwater is
very close to the surface. Because of these conditions, adequate support of structural loads will be more
complicated than the upland area where stronger soils are present. Because of the potential for
subsidence, low shear strength and low lateral resistance, heavier structural loads will likely require a
deep foundation system for support. These heavy loads may be the result of a larger structure, or they
may result from a larger span within a smaller structure. Vertical loads can likely be supported on piles
driven into the underlying, stiffer Older Bay Mud in the depth range of 60 to 90 feet bgs. It 1s
anticipated that tolerable settlement would result for piles loaded in the 30 to 60 Tons per pile range. It
should be noted that although the vertical loads may be able to be adequately supported by piles, lateral
loads may be a problem. Since the native materials are very soft, the ability to resist 2 horizontal force,
as would be imparted from a pile with moment applied at its top, will be low. Depending on the actual
loading scenario, this may require special structural design to minimize or eliminate lateral loads or
moments applied to piles.

Another design consideration is the possibility of a downdrag force being applied to pile foundations as
a result of subsidence of the Younger Bay Mud (as discussed in Section 4.7). Subsidence could cause a

negative skin friction that increases the downward force on the piles. If the downdrag force 1s small, 1t
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may not cause enough additional downward deflection to be significant. However, if the downdrag is
significant, it may be necessary to design specific measures to minimize the downdrag loading of the
piles. This may include disconnecting the upper portion of piles from the stratum using casing, or
preloading the area to initiate consolidation before the pile is installed.

The use of a structural mat foundation was also listed in Table 5.3 as a possible foundation type. These
foundations could take the form of a post-tensioned slab or a more heavily-reinforced slab foundation.
The concept would be to isolate a structure, or portion of a structure, on the mat and design it to act as a
unit, rather than allowing portions of a structure to move independently which may result in distress to
the structure. This foundation system would probably be more applicable to 1ighﬂy loaded structures;
however, if designed accordingly, it could be used for heavier structures.

5.3.2 Upland Area

The upland area consists of more competent soils and soft rock. Foundations in this area can therefore
consist of more conventional shallow systems for heavy or light structures. Although there may be
some intermittent groundwater, it is not expected that it will be a significant problem for construction
of foundations in dry construction season. If construction does take place during the wetter season,
both surface water and groundwater may be a significant problem. It is anticipated that most
groundwater in this area can be handled by constructing subdrains, creating diversion ditches, small

dewatering systems or pumping directly from foundation excavations.

Larger structural loads could be supported upon drilled piers or driven piles; however, it is anticipated
that drilled piers would be more appropriate since pile driving may be difficult in the deeper zones as
the less-weathered sedimentary rock is penetrated. Drilled piers should be able to be constructed with
reasonable resistance to the required depths. Drill holes should stand open and belling would be

possible, 1f needed for additional capacity.

Isolated spread footings or strip footings would be appropriate for either heavy or lightly loaded
structures. Light loads can likely be supported upon footings extending only one or two feet into the
existing ground. More heavily loaded structures may need to have footings embedded two to five feet
into the existing ground.

54 Structures

Due to the amplification effect of seismic shaking by the Bay Mud, different seismic site accelerations
for the upland and the lowland areas were presented in Section 4.1. Accordingly, the horizontal forces
applied to similar structures will be significantly greater in the lowland area. as compared to that i the
upland area. It is recommended that these differences be evaluated, not only in terms of the risk of

damage. but in terms of the cost of the structure 1n the two areas due to the different design loads.
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5.5 Underground Utility Construlction

Due to the variations in the subsurface conditions between the lowland area and the upland area there
will be significant differences in the trenching conditions and long-term performance of underground
utilities. Table 5.5, below, summarizes the anticipated trenching conditions for the two areas. More
detailed discussion is presented in the following sections.

TABLE 5.5
GENERALIZED TRENCHING CONDITIONS

Development Area Anticipated Trenching Conditions

Easy excavation

Trench wall stability problems

Lowland Area Major dewatering problem below 5 feet
Difficult maintaining slope on gravity lines
Flexible utility line materials may be required

Moderate excavation difficulty
Upland Area Relatively stable trench walls
Minor/intermittent groundwater interference

5.5.1 Lowland Area

Trenching in the lowland area will be very easy in terms of excavation difficulty; however,
groundwater will be a significant problem. Groundwater is typically about two to four feet bgs in most
of the lowland area. This will make most trenches very wet, except for only the very shallow ones.
Inflow to trenches is expected to be relatively large and continuous since the groundwater in this area 1s

a water table, not just intermittent, seasonal water.

Due to the extremely weak, organic soils, trench wall stability will likely be a problem. Shoring of

trench walls will probably be required, even in relatively shallow trenches.

Trench backfill will probably be expensive due to the very high water content, low density and general
unsuitability of the native materials. Import will likely be necessary for much, or possibly, all of the
backfill in this area.

Settlement of Bay Mud could result in adverse flattening of gravity utility slopes and lead to a reversal
of flow direction or inadequate velocities to prevent accumulation within pipes. Second, differential
settlement may also cause separation of utility lines at joints, resulting in leakage or interruption in
service. Standard materals for utility piping, such as polyvinyl chloride (PVC) and remnforced concrete
pipe (RCP) are single walled systems with a limited ability to accommodate large differential
settlernents. The jomts of standard piping materials are typically joined using slip-on couplings with
rubber gaskets. These jomnts are subject to separation and leakage when subjected to differential
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settlement. The use of alternate utility line material or the design of flexible joints may be necessary if

the lowland area is chosen for development.

5.5.2 Upland Area

The upland area is expected to have significantly better conditions for construction of underground
utilities than the lowland areas. Groundwater should not be a problem, or it should only be a minor
problem. It is anticipated that whatever groundwater there may be can be handled relatively
mexpensively by diversion ditches or pumping from sumps within the trenches. Trenching in this area
should be able to be accomplished with a moderate amount of resistance which would increase with
depth. It is expected that conventional equipment will be adequate to perform trenching to standard
utility depths on the order of five to 10 feet bgs. Deeper trenches will likely become more difficult, and
may require larger equipment.

It is anticipated that most materials excavated from the trenches in the upland area will be useable as
backfill in the trench. Rock fragments should break down to suitable sizes with moderate effort.

5.6 Pavement - Roadways

Roadway design and construction will be significantly different between the lowland and upland areas
due to the variations in the subsurface conditions. Table 5.6, below, summarizes the anticipated
differences for roadways in the two areas. A more detailed discussion of the roadway conditions is

presented in the following sections.

TABLE 5.6
GENERALIZED PAVEMENT CONSTRUCTION CONDITIONS
Development Area Anticipated Pavement Area Conditions

Subgrade stability problems
Potential groundwater interference
Lowland Area Minor cut/fill required

Thicker pavement sections
Asphalt concrete pavement only

Stable subgrade soils

Little/seasonal groundwater

Upland Area Cut/fill volumes

Moderate pavement section thickness

Asphalt concrete or Portland cement concrete pavement

5.6.1 Lowland Area

Due to the poor soils and high groundwater present in the lowland area, pavement sections will likely
be significantly thicker in the lowland area compared to those in the upland area. Total pavement
section thicknesses may be in the range of 30 inches, depending on the amount of traffic for which the
roadways are designed. Additional overexcavation of underiying subgrade soils may be required

bevond :he section thickness to establish a firm base for the roadway section.
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Roadways will likely be constructed upon raised embankments which will introduce additional loading
on the weak soils underlying the area. This will almost certainly result in a degree of consolidation
settlement which will take time (on the order of one to 10 years) to complete. The magnitude of these
induced settlements could be relatively large (on the order of 1 to 10 inches or more). Another
phenomenon associated with constructing large area fills on soft Bay Mud is the possibility of
developing what is known as a mudwave (as described in Section 4.3). Due to the exceptionally low
strength of the Bay Mud, a large scale movement can occur in adjacent, unloaded ground. Mudwaves
are slow to develop and may occur over a period of months or years. The risk of developing a
mudwave can be reduced by reducing the loading, applying the load gradually, incremental preloading
of the area, or providing improved drainage within the mudwave area. ‘

Since embankments will likely need to be constructed for roadways, it is likely that a surcharge or
preload fill may be necessary. These surcharge fills would function to initiate consolidation of the
underlying stratum, prior to building the finished structure. This will reduce the ground surface
elevation in the area (requiring fill to make up the lost volume), lower the water content, increase the
dry density and strengthen the underlying materials. All of these results, except lowering the ground
surface elevation, will improve the overall constructibility of the area. In addition to the earthwork
costs of building a preload fill, there is a cost in terms of time. Typically, a surcharge, or preload fill
will need to remain in place for a period of one to three years to accomplish a reasonable degree of soil
improvement. If the fill is in an area where it will be used as a final component of the project, such as a
roadway embankment, then it can be built to the final height and would be known as a preload fill.
Alternatively, if the area is built higher than its finished grade to cause the desired consolidation to
occur more rapidly, then it is known as a surcharge fill. In this case the additional fill height is

temporary and it would ultimately be removed.

Considering the potential problems with constructing pavement areas in the lowland area, it is
recommended that pavement in this area be limited to flexible pavement, such as asphalt concrete.
Rigid pavements, such as Portland cement concrete paving, could be used; however, the probabulity of
damage due to differential subgrade movement would be significantly higher than that for flexible

paving.

5.6.2 Upland Area

It 15 anticipated that the upland area will have much better grading conditions for roadway construction
compared to the lowland area. The subgrade strength should be significantly greater which will result
in substantially thinner pavement sections. It 1s expected that typical total pavement sections mn the
upland area would e 10 to 12 inches thinner than those in the lowland area. Large, exceptionally soft
areas are not expected so establishing a firm base for fills should not require overexcavation. The more
tvpical scenario for base preparation would be basic scarfication and recompaction of the existing
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materials in place. Groundwater should only be a minor hindrance and would likely only be an issue in

the lower swales, and may only be an issue in the winter-spring months of the vear.

Due to the hilly terrain in the upland area, cut/fill volumes will likely be greater than those in the
lowland area. Excavations in this area are expected to be readily accomplished with standard grading
equipment with a moderate amount of difficulty.

Either asphalt or concrete paving would function satisfactorily in the upland area. Long term settlement

or heaving would generally not be exp3ected in this area, reducing the on-going maintenance costs.

5.7 Future Project Plans

Prior to finalization of the grading and development plans for the-property, a design-level geotechnical
investigation addressing the specific grading and development plans should be performed. The
investigation should provide site specific grading recommendations, recommendations for mitigation

of adverse soil conditions and preliminary foundation design criteria.
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6.0 LIMITATIONS AND UNIFORMITY OF CONDITIONS

The recommendations of this report pertain only to the site investigated and are based upon the
assumption that the soil conditions do not deviate from those disclosed in the investigation. If any
variations or undesirable conditions are encountered during construction, or if the proposed
construction will differ from that anticipated herein, Geocon should be notified so that supplemental
recommendations can be given. The evaluation or identification of the potential presence of hazardous

or corrosive materials was not part of the scope of services provided by Geocon.

This report is issued with the understanding that it is the responsibility of the owner, or of his
representative, to ensure that the information and recommendations contained herein are brought to the
attention of the architect and engineer for the project and incorporated into the plans, and the necessary

steps are taken to see that the contractor and subcontractors carry out such recommendations in the
field.

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

BXa)
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APPENDIX 4




APPENDIX A

FIELD INVESTIGATION

The field investigation was performed during the period of May 21 through June 4, 2003. The field
investigation consisted of the excavation of 13 exploratory trenches (T1 through T13), 6 exploratory
borings (B1 through BS and P1), and 5 CPT soundings (CPT1 through CPT5) at the approximate
locations shown on Figure 2. '

The exploratory trenches were excavated with a rubber tire backhoe equipped with an 18-inch bucket.
Relatively undisturbed samples were obtained by driving a 3-inch O.D. hand-held sampler into the
"undisturbed” soil mass with blows from a 5-pound hammer falling 18 inches. The sampler, equipped
with 6-inch by 2-3/8-inch brass sample tubes to facilitate removal and testing, was driven 6 inches

mto the soil. Disturbed samples were also obtained from the excavations.

The exploratory borings were excavated using a CME 850 track carrier-mounted drill rig using 8-inch
hollow-stem augers. Sampling was accomplished using an automatic 140-pound hammer with a 30-
mch drop. Samples were obtained with a three-inch outside diameter, split spoon sampler (California
Modified Sampler). The number of blows required to drive the California Modified sampler the last
12 mches of the 18-inch sampling interval were recorded on the boring logs. The blow counts
presented on the logs have been correlated to equivalent Standard Penetration Test (SPT) blow
counts. Upon completion, the borings were backfilled with grout in accordance with Sonoma County

standards.

The soil conditions encountered in the trenches and borings were visually examined, classified, and
logged 1n general accordance with the American Society for Testing and Materials (ASTM) Practice
for Description and Identification of Soils (Visual — Manual Procedure D2488-90). The logs of the
exploratory trenches are presented in Appendix A, Figures Al through Al3. The logs of the
exploratory borings are presented in Appendix A, Figures Al4 through A26.

The CPT soundings were performed with a 20-ton CPT rig. The piezocone was advanced at a
constant rate of 2 cm/sec. Measurements of tip resistance, sleeve friction and pore water pressure
were obtained at 5-cm intervals. Soil behavior types were determined based on accepted correlations
developed by Robertson and Campanella,1988. Electronic logs of the CPT soundings are included

heremn.
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PROJECT NO. S8689-06-01

& v s i 1A
s |2 BORING B1 B PRENE Il el 2 T 2
DEFTH SAMPLE 3 E soiL LL cdod g« (2) & E ~ = g
MPL a | 2 =
m No € |Z| < | ELEV. (MSL) _ ~25 DATE COMPLETED _ 5/28/03 | 2S%| &5 | £2
FEET £ 13| wsey —_— | 529 | 24 g -
-1 — e
& EQUIPMENT CME 850 GeE) £ | 28
MATERIAL DESCRIPTION
0 CL ALLUVIOM o
- . Stiff, damp, light olive brown (2.5 5/3) Silty CLAY =
pp>4.5,tv>1
1 2 — -
[ | BI3 T 14
- 4 - —
-6 e U IR B
Bl-6 B Very dense, damp, olive brown (2.5Y 4/3), Clayey, Silty, 30
GM/GC
i~ 7 Sandy GRAVEL, pebble size r
- 8 - |
- 10 - very Clayey i
i I B1-11 - trace white non-calcareous mineral, trace shell fragment 28
- 12 - r__
- 14 — L.
- 16 % % 3
B1-16 A? | - less clay, very moist 27
. — DI ﬂ .
o]
L 15 - It ]
] éf é L
L 90 A 1A | | Very stiff, moist, light olive brown (2.5Y 5/3), Silty CLAY, _ | |
B1-20 CL with some orange mottles 20
L - pp=27,tv=0.65 ~
~ 22 L
N 1 Medium dense, wet, olive brown (2.5Y 4/3), Silty SAND L | | |
24
Figure A14, Log of Boring B1, page 1 of 2 GEO_NO_WELL SONOMA GPY 06/06/03
E SAMPLING UNSUCCESSFUL ‘] STANDARD PENETRATION TEST l DRIVE SAMPLE (UNDISTURBED)
SAMPLE SYMBOLS
DISTURBED OR BAG SAMPLE n CHUNK SAMPLE _Y_ WATER TABLE OR SEEPAGE

NOTE: HE LOG OF SUBSURFACE CONDITIONS SHOWN HEREON APPLIES ONLY AT THE SPECIFIC BORING OR TRENCH LOCATION AND AT THE DATE INDICATED IT 1S NOT WARRANTED TO BE REPRESENTATIVE OF
SUBSURFACE CONDITIONS AT OTHER LOCATIONS AND TIMES ALL BLOW COUNTS HAVE BEEN CONVERTED TO EQUIVALENT STANDARD PENETRATION TEST (SPT) BLOW COUNTS




PROJECT NO.  S8689-06-01
24 D= — y
N IS ﬂ i r?' 5
> | BORINGB1 ‘i |7 [il |3 E T —
DEPTH Q |z sow £ [_: 4 U Qo1 & R
N SAMPLE 3 121 cLass _ > % % E o % &
NO 2 |5 @ ELEV.(MSL) ~25 DATE COMPLETED _ 5128/03 | 282 | &5 | 22
FEET S o) (USCS) —_— —_— E E 8 S e % ELE
5 EQUIPMENT CME 850 A > §
MATERIAL DESCRIPTION
- 28 L
| . L
- 30 o
B B1-305 =
B1-31 27

BORING TERMINATED AT 31.5 FEET

Figure A15, Log of Boring B1, page 2 of 2

GEO_NO_WELL SONOMA.GPJ 06/06/03

SAMPLE SYMBOLS

—_
| SAMPLING UNSUCCESSFUL U . STANDARD PENETRATION TEST

. DISTURBED OR BAG SAMPLE i CHUNK SAMPLE

|
Y

DRIVE SAMPLE (UNDISTURBED)

WATER TABLE OR SEEPAGE

NOTE: ~HE LOG OF SUBSURFACE CONDITIONS SHOWN HEREON APPLIES ONLY AT THE SPECIFIC BORING OR TRENCH LOCATION AND AT THE DATE INDICATED 1T IS NOT WARRANTED TO BE REPRESENTATIVE OF
SUBSURFACE CONDITIONS AT OTHER LOCATIONS AND TIMES. ALL BLOW COUNTS HAVE BEEN CONVERTED TO EQUIVALENT STANDARD PENETRATION TEST (SPT) BLOW COUNTS



PROJECT NO. S8689-06-01
. oy T [ T8
o TR RO BRI ‘ L ! ———
% ; BORING BZ “L:J* ! R z\‘ i_j] U (ZD o~ i -
DEPTH SAMPLE S E SOt Wb E2E @B~ ue
m NO £ |Z| oS | BLEV. (MSL) _ ~80 DATE COMPLETED  5128/03 | 252 | &5 | 22
FEET £ 8] wsey —_—— —==—— 525 | 25 | aH
- & > e
& EQUIPMENT CME 850 gEz| 27 | 38
0 MATERIAL DESCRIPTION
" CH PETALUMA FORMATION ]
- | g4 b —+ _ Stff, damp, dark brown, Silty CLAY —
CL Very stiff, damp, light brownish gray (2.5Y 6/2), Sandy Silty
- 2 CLAY ' -
pp=4.0
- tv=0.77 -
- 4 ] f~
- 6 -{B2-55 - very stiff L 25
B2-6 - very sandy
| 8 _ L
- 10 % u
L _ - hard L
B2-11 - oxidation mottles 35
- 12 - L
— 14 — |-
i 1B2-15 | | 28
L 16 L ! - abundant caliche -
- very stiff
- 18 L
o i %_J Tl 7sM 17 7 Dense, wet, dark gray (2.5Y, ) Silty SAND [ [T "]
B2-21 /— Very stitf, motst, grayish brown (2.5Y, 5/2), very Sandy Silty 26
- 22 , CLAY L
CL
1 24 — 7/ -
N i ez | GC_ [ Dense, wet, dark gray (2.5Y N4), Clayey Silty Sandy ]
B2-25 ¢L { _GRAVEL o~ 27
- 26 — Very stiff, moist, grayish brown (2.5Y 5/2), Sandy Silty -
- / CLAY, abundant caliche, some oxidation mottles
Figure A16, Log of Boring B2, page 1 of 2 GEQ_NO_WELL SONOMA GPJ 06/0603
SA‘L\/IPLE SYI\/[BOLS G SAMPLING UNSUCCESSFUL ﬂ STANDARD PENETRATION TEST . DRIVE SAMPLE (UNDISTURBED)
g DISTURBED OR BAG SAMPLE m CHUNK SAMPLE ! . "WATER TABLE OR SEEPAGE

NOTE. THE LOG OF SUBSURFACE CONDITIONS SHOWN HEREON APPLIES ONLY AT THE SPECIFIC BORING OR TRENCH LOCATION AND AT THE DATE INDICATED [T [S NOT *“WARRANTED TQ BE REPRESENTATIVE OF
SUBSURFACE CONDITIONS AT OTHER LOCATIONS AND TIMES ~ ALL BLOW COUNTS HAVE BEEN CONVERTED TO EQUIVALENT STANDARD PENETRATION TEST (SPT) ELOW COUNTS




PROJECTNO.  S8689-06-01
I "y ‘W P i
o IR I : —
- |8 BORINGB2 ([ |2 i} 15 ] S I B
pErTH SAMPLE 3 % so = UG E (22 Z Z~ & <
n No 2 |Z| °S ) ELEV. (MSL)__~80 DATE COMPLETED __ 528/03 | 2£% | 45 | B2
FEET E 2| wses 52 ) 2 £ g &
5 EQUIPMENT CME 850 G248 | x =3
oL [a) O
MATERIAL DESCRIPTION
| pp>4.5
- 28 — tv> 1 L
S _
B 1 R2-31 - hard 40

BORING TERMINATED AT 31.5 FEET

Figure A17, Log of Boring B2, page 2 of 2 GEO_NO_WELL SONOMA.GPJ 06/06/03
D . SAMPLING UNSUCCESSFUL l] STANDARD PENETRATION TEST . DRIVE SAMPLE (UNDISTURBED)
SAMPLE SYMBOLS
E DISTURBED OR BAG SAMPLE m CHUNK SAMPLE !_ ‘WATER TABLE OR SEEPAGE

NOTE THE LOG OF SUBSURFACE CONDITIONS SHOWN HEREON APPLIES ONLY AT THE SPECIFIC BORING OR TRENCH LOCATION AND AT THE DATE INDICATED [T 1S NOT WARRANTED TO BE REPRESENTATIVE OF
SUBSURFACE CONDITIONS AT OTHER LOCATIONS AND TIMES  ALL BLOW COUNTS HAVE BEEN CONVERTED TO EQUIVALENT STANDARD PENETRATION TEST (SPT) BLOW COUNTS




PROJECT NO.  S8689-06-01

2 BORINGB3 ) % i |5 |
5olE NI P T ]
g |z O ESIH IR duc| & S
DEPTH SAMPLE 5 E SOIL = % & = - % <
ol e | R 5| 02 | BLEV.(MSL)__~25  DATECOMPLETED _ 52803 |22 &5 | B2
= 9 > w @] a 3 =
B EQUIPMENT CME 850 98| 27 | 38
] i MATERIAL DESCRIPTION
0 s 3 ALLUVIUM
I // Q// , Stiff, damp, dark brown, Silty CLAY L
P ° /ﬁ_ | GC | Medium dense, damp, olive yellow (2.5Y 6/6), Clayey Silty L | |
// Sandy GRAVEL
| B33 //ef 22
T | B3-s [i% 2 - very sandy and silty, slightly calcareous o F 32
. - // % Ty Yy and siity, slightly
L 157 i
L
L 7% i
RN _
10 - 1l T1[ | 7T Medium dense, damp, light olive brown (2.5Y 5/4, Silty L | |
B3-10 1| Iy SM SAND 22
i
~ 12 | [ | L
- . R [
Bk - very hard drilling
I 1 S Tt AU E
P(L | GM Medium dense, moist, olive yellow (2.5Y 6/6), Silty Sandy r
I
- N2 GRAVEL -
B3-15 [ 23
- 16 - ol P I -
- 18 - Q(JDTF‘ . —
i ) 7|/ 17 SC/SM| ~ Medium dense, damp, olive yellow (2.5Y 6/6), Gravelly Sitty | | | |
- 20 Lo SAND _
B3-20 [ ¢ 25
L L/|/|./ _
- 22 - ;Yﬂ e
A
L i 2 L
- 24 y/,{/ | - L
S 7(/1 — CL_ [ Very stff, moist, grayish brown (2.5Y 5/2), Silty CLAY _ | [ L .
Fol SM Medium dense, moist, olive yellow (2.3Y 6/6), Gravelly Silty
- 26 . h SAND -
B3-26 B ] ‘
Figure A18, Log of Boring B3, page 1 of 2 GEO_NO_WELL SONOMA.GPY 06/06/03
SAL\/IPLE S 3 OLS D . SAMPLING UNSUCCESSFUL ﬂ STANDARD PENETRATION TEST - DRIVE SAMPLE (UNDISTURBED)
?g DISTURBED OR BAG SAMPLE S CHUNK SAMPLE _‘!_ WATER TABLE OR SEEPAGE

NJOTE  THE L.OG OF SUBSURFACE CONDITIONS SHOWN HEREON APPLIES ONLY AT THE SPECIFIC BORING OR TRENCH LOCATION AND AT THE DATE INDICATED IT IS NOT WARRANTED TQ BE REPRESENTATIVE OF
SUBSURFACE CONDITIONS AT OTHER LOCATIONS AND TIMES. ALL BLOW COUNTS HAVE BEEN CONVERTED TO EQUIVALENT STANDARD PENETRATION TEST (SPT) BLOW COUNTS



|

MOISTURE
CONTENT (%)

PROJECT NO.  $8689-06-01
& I R ST
5ok BORING B3 RIS Z | -
Ie) < [N DTS S S S OO =
DEPTH SAMPLE 8 E SOIL Eze | B~
- NO E |Z| °S | ELEV. (MSL)__ ~25 DATE COMPLETED __ 5/28/03 |2£2 | &5
T E o Uscs) _— E g 9] S <
5 EQUIPMENT CME 850 ZEEAN
MATERIAL DESCRIPTION
N i |
— 28 — 4 ! -
— e — e — e e e e _
» 4 CL Very stiff, damp, dark grayish brown (2.5Y 4/2), Siity CLAY L
pp=4.0
30 T30 | 28

— — ——

BORING TERMINATED AT 31.5 FEET

Figure A19, Log of Boring B3, page 2 of 2

GEO_NO_WELL SONOMA GPJ 06/06/03

SAMPLE SYMBOLS

FT

@ . DISTURBED OR BAG SAMPLE

SAMPLING UNSUCCESSFUL

L B
Y

. STANDARD PENETRATION TEST

CHUNK SAMPLE

x

B DRIVE SAMPLE (UNDISTURBED)

'"WATER TABLE OR SEEPAGE

NOTE THE LOG OF SUBSURFACE CONDITIONS SHOWN HEREGN APPLIES ONLY AT THE SPECIFIC BORING OR TRENCH LOCATION AND AT THE DATE INDICATED T IS NOT WARRANTED TO BE REPRESENTATIVE OF
SUBSURFACE CONDITIONS AT OTHER LOCATIONS AND TIMES  ALL BLOW COUNTS HAVE BEEN CONVERTED TO EQUIVALENT STANDARD PENETRATION TEST (SPT) BLOW COUNTS




PROJECT NO. S8689-06-01
o e e N S
] P gy L
x| BORING B4 [y I:0 /4 17 || s —
DEPTH Q x| sown ML e 20 &= R
™ ot | 2 |8 s ELEV. (MSL 0 DATE COM 9/03 3 gl 2= | Se
cper NO = 5| wsc ¢ y) PLETED 5/2 : G | 4 3 5 é
-1 12} <
8 EQUIPMENT CME 850 zd2| 27 | 23
. MATERIAL DESCRIPTION
CH/OH YOUNGER BAY MUD
- - Stiff, moist, dark gray (5Y 4/1), Silty CLAY -
tv=10.55
- 2 -~ -
B | B4-3 - becomes soft o4
-4 tv=10.55 -
v pp=1.5
- wet -
L g B4-55 L.
B4-6 - becomes very soft, oxidation mottles 3
= - tv-4.5 L
pp = 0.57
— 8 — b
- 10 / =
L -1B4-10.5 very dark gray (2.5Y N3) -
B4-11 tv=10.14 0
- 12 pp=0 L
|— 14 — L
i | B4-15 250 psi to push Shelby tube T NA
= —(Shelb -
16 (Shelby tv=10.2
- 1 pp=0 , -
- abundant organics
- 18 - L
" 20 IBa-20 " NA
- —(Shelby .250 psi to push Shelby tube L
— o - -
22 Y tv=10.15
- - pp=0 ~
- 24 — -
L 2g -B4-255 tv=0.19 L
B4-26 pp=0 2

Figure A20, Log of Boring B4, page 1 of 3

GEO_NO_WELL SONOMA.GPJ 06/06/03

SAMPLE SYMBOLS

)

%] DISTURBED OR BAG SAMPLE A

i
{_! . SAMPLING UNSUCCESSFUL

l] STANDARD PENETRATION TEST

CHUNK SAMPLE

. DRIVE SAMPLE (UNDISTURBED)

Y. . WATER TABLE OR SEEPAGE

NOTE. THELOG OF SUBSURFACE CONDITIONS SHOWN HEREON APPLIES ONLY AT THE SPECIFIC BORING OR TRENCH LOCATION AND AT THE DATE INDICATED. IT IS NOT WARRANTED TO BE REPRESENTATIVE OF
SUBSURFACE CONDITIONS AT OTHER LOCATIONS AND TIMES ALL BLOW COUNTS HAVE BEEN CONVERTED TO EQUIVALENT STANDARD PENETRATION TEST (SPT) BLOW COUNTS




PROJECT NO. S8689-06-01

o AN T I
> E BORING B4 S AT ﬂ Zg~| = | =]
DEPTH SAMPLE 8 E SOl - ”} o o . g % E 5 -~ E §
A B £ |5 955 | ELEV.(MSL)__ 0 DATE COMPLETED __529/03 | 2E8 | &5 | B3
5 15 T T ERS | o | BE
& EQUIPMENT CME 850 a8z 2 | 55
MATERIAL DESCRIPTION
- 28 — -
- 30 e -
| - olive gray (5Y 4/2) -
B4-31 %/ tv=0.2 0
— 32 pp=90 n
- 34 -
. 36 B4-355 -
B4-36 - wood and shell fragments 2
L 38 I -
- 40 —~ —
B4-41 - tv=0.03 10
- 42 - pp=0 =
- 44 L
i — | !
- 46 - -
- Z - stiffer drilling N
- 48 - A * | SM ALLUVIUM L
f | | Dense, wet, olive gray (5Y 4/2), Silty SAND
| | |
- 50 o - ’ * |-
. B4-50.5 ﬁ H _
B4-S1 B L ] S0 b
- 50 Pl | ] M Dense, wet, olive gray (5Y 4/2), Silty Sandy GRAVEL |
] |HA ]
©l gl
Figure A21, Log of Boring B4, page 2 of 3 GEO_NO_WELL SONOMA GPJ 060603
SAMPLE SYMBOLS [0 sAmPLING UNSUCCESSFUL Il STANDARD PENETRATION TEST M DRIVE sAMPLE UNDISTURBED)
DISTURBED OR BAG SAMPLE n . CHUNK SAMPLE ! - WATER TABLE OR SEEPAGE

NOTE THE LOG OF SUBSURFACE CONDITIONS SHOWN HEREON APPLIES ONLY AT THE SPECIFIC BORING OR TRENCH LOCATION AND AT THE DATE INDICATED [T IS NOT WARRANTED TO BE REPRESENTATIVE OF
SUBSURFACE CONDITIONS AT OTHER LOCATIONS AND TIMES. ALL BLOW COUNTS HAVE BEEN CONVERTED TC EQUIVALENT STANDARD PENETRATION TEST (SPT) BLOW COUNTS



PROJECT NO.  S8689-06-01

~ Ciy B e .',“r'}
> | B L R .
DEPTH 8 § SOIL ORING B4 o Li é § E = o S
SAMPLE = & v~
Mol e | B |2| e | ELEV. (MsL)_ 0 DATE COMPLETED _ 52903 | 3£2| @5 | 2%
FEET E 3] wses EE— — | &2 3| Se 2 £
3 g
& EQUIPMENT CME 850 GRE| 2 | 25
MATERIAL DESCRIPTION
- 54 | i [ SM Very dense, damp, olive gray (5Y 5/4), Clayey Silty SAND
b - [4 i —
- 56 l | ¥ -
B4-56 @ | | | 56
- . I ) L
[l
58 | l | L
I
L -] | I
CL OLDER BAY MUD
- 60 — saco I Stiff, moist, gray (5Y 5/1), Silty CLAY with oxidation mottles | 14

BORING TERMINATED AT 61.5 FEET

Figure A22, Log of Boring B4, page 3 of 3

GEQ_NO_WELL SONOMA.GFPJ 06/06/03

SAMPLE SYMBOLS

}‘_\ SAMPLING UNSUCCESSFUL

I] .. STANDARD PENETRATION TEST . - DRIVE SAMPLE (UNDISTURBED)

g DISTURBED OR BAG SAMPLE n CHUNK SAMPLE Y  WATER TABLE OR SEEPAGE

NI THE LOG OF SUBSURFACE CONDITIONS SHOWN HEREON APPLIES ONLY AT THE SPECIFIC BORING OR TRENCH LOCATION AND AT THE DATE INDICATED T IS NOT WARRANTED TO BE REPRESENTATIVE OF
OTE. SUBSURFACE CONDITIONS AT OTHER LOCATIONS AND TIMES ALL BLOW COUNTS HAVE BEEN CONVERTED TO EQUIVALENT STANDARD PENETRATION TEST (SPT) BLOW COUNTS



PROJECT NO. S8689-06-01
o bod ey o o
HE BORINGB5 ¢} Iy [ i | Zu| & -
DEPTH Q |3 son 2ol & B &
IN SAMPLE S 12| crass = < % A 2o ok
NO £ 2 ELEV.(MSL.) -5 DATE COMPLETED 52903 | 2=z Do ez
FEET B 8 (USCS) —— 525 ag sl
A %] =~ @)
5 EQUIPMENT CME 850 Gie 2 28
o MATERIAL DESCRIPTION
CH ALLUVIUM
- . Medium stiff, damp, dark gray (5Y 4/1), Silty CLAY -
- 2 o b
- - B5-2.5 ? - oxidation mottles _
B5-3 6
L //é ]
n | oL L
L. g -B5-55 Stiff to very stiff, moist, olive yellow (5Y 6/8), Silty CLAY, |-
B5-6 some oxidation mottles 13
— - tv=2.5 -
pp=15
- 8 — —
- 10 -
- -B5-10.5 - abundant oxidation mottling L
BS5-11 tv=09 18
- 12 - pp=2.5 B
- 14 -
L 16 _Bs-ls.si/ tv=10.9 L
B5-16 pp=3.5 15
- - y —
- 18 - -
L 20 4 g%- | CL | Very stiff, moist, olive (5Y 4/4), Sandy Silty CLAY | I N
tv=>1.0
L B5-20.5 pp=3.4. -
- 24 - [
L _B5-25.5 -
26 B5-26 tv=0.5 20
Figure A22, Log of Boring B5, page 1 of 2 GEO_NO_WELL SONOMA GP! 06/06/03
SAJ,\/IPLE S YMB OLS E . SAMPLING UNSUCCESSFUL l] STANDARD PENETRATION TEST . DRIVE SAMPLE (UNDISTURBED)
3 . DISTURBED OR BAG SAMPLE N\ . CHUNK sAMPLE Y WATER TABLE OR SEEPAGE

NOTE THE LOG OF SUBSURFACE CONDITIONS SHOWN HEREON APPLIES ONLY AT THE SPECIFIC BORING OR TRENCH LOCATION AND AT THE DATE INDICATED [T IS NOT WARRANTED TO BE REPRESENTATIVE OF
SUBSURFACE CONDITIONS AT OTHER LOCATIONS AND TIMES. ALL BLOW COUNTS HAVE BEEN CONVERTED TO EQUIVALENT STANDARD PENETRATION TEST (SPT) BLOW COUNTS




PROJECT NO. S8689-06-01

o . cooc R .
5 |8 RINGB5 . 14 /5 :
DEPTH § ; SOIL BO L Ll Lo d L: é § E E E IS
SAMPLE o) & F o~ <
™ NO £ |Z| ©s | BLEV.(MSL)__ ~5 DATE COMPLETED  5729/03 | Sc2| &5 | 22
FEET S ol uscs) -_— ——— E a o) by g c[:)
- o~
& EQUIPMENT CME 850 sEa| 2 | 38
MATERIAL DESCRIPTION
pp=2.5 T
- 28 L
- 30 -
L -B5-30.5 tv> 1.0 -
Bs.31 pp= 35 22
BORING TERMINATED AT 31.5 FEET
Figure A23, Log of Boring BS, page 2 of 2 GEO_NO_WELL SONOMA.GP] 06/0603
S AMPLE SYMB OL S D SAMPLING UNSUCCESSFUL l] STANDARD PENETRATION TEST . DRIVE SAMPLE (UNDISTURBED)
ﬁ DISTURBED OR BAG SAMPLE ﬂ CHUNK SAMPLE Y  \WATER TABLE OR SEEPAGE

NOTE: THE LOG OF SUBSURFACE CONDITIONS SHOWN HEREON APPLIES ONLY AT THE SPECIFIC BORING OR TRENCH LOCATION AND AT THE DATE INDICATED. IT IS NOT WARRANTED TO BE REPRESENTATIVE OF
SUBSURFACE CONDITIONS AT OTHER LOCATIONS AND TIMES. ALL BLOW COUNTS HAVE BEEN CONVERTED TO EQUIVALENT STANDARD PENETRATION TEST (SPT) BLOW COUNTS



PROJECTNO. $8689-06-01
v, - e
> | BORING P1 AT > N R
DE S I 0 T R RO S8E B S
PTH J £ SOIL =S — oy
N SAMPLE B |21 crass > %: A % e % &
O S 1z ELEV.(MSL.)  ~0 DATE COMPLETED  5/30/03 |2=2| &5 | 22
FEET E & (USCS) R — —_— E % 91 g g fé) E
& EQUIPMENT CME 850 f22| 2 | 28
MATERIAL DESCRIPTION WELL
-0 CH YOUNGER BAY MUD I

~ 10

~ 12

- 14

- 18

~ 20

- 24

— 26

3
&:\\:;\\\ \\\\3
|
Al
s
)
o

P1-1(
(Shel

TN

P1-1?
P1-1

|

|

P1-
Pi-2

A

VA

CH/OH

Firm, damp, olive (5Y 5/6), Silty CLAY

Stiff, moist, olive (5Y 4/4), Silty CLAY, abundant
orange mottles

tv=473

pp=1.2

Very soft, wet, very dark gray (5Y 3/1), Silty CLAY,
oxidizing rootlets

tv=10.17

pp=0

- 225 psi to push Shelby tube
tv=10.18

pp=0

- abundant plant remains
tv=0.15
pp=0

tv=1.5

B DSOSNUSOSUSESY

AWWA‘QWAW

AN

—

Figure A24, Log of Boring P1, page 1 of 3

GEO_WELL SONOMA GPJ 06/06/03

SAMPLE SYMBOLS

D SAMPLING UNSUCCESSFUL [] STANDARD PENETRATION TEST

E DISTURBED OR BAG SAMPLE : CHUNK SAMPLE

B ORrIVE SAMPLE (UNDISTURBED)

Y  WATER TABLE OR SEEPAGE

NOTE THE LOG OF SUBSURFACE CONDITIONS SHOWN HEREON APPLIES ONLY AT THE SPECIFIC BORING OR TRENCH LOCATION AND AT THE DATE INDICATED 1T IS NOT WARRANTED TO BE REPRESENTATIVE OF
SUBSURFACE CONDITIONS AT OTHER LOCATIONS AND TIMES  ALL BLOW COUNTS HAVE BEEN CONVERTED TO EQUIVALENT STANDARD PENETRATION TEST (SPT) BLOW COUNTS




PROJECT NO.  S8689-06-01
o R
DEPTH Q x| son . U'! Loy b . 295 54 g
SAMPLE = 134 ‘ é <& Z e Dk
N NO = |Z| ©4SS | ELEV.(MSL) ~0 DATE COMPLETED 5/30/03 2| as | BE
FEET E (3] wses _— — 52 3 Sg 06: =
s} Za b
5 EQUIPMENT CME 850 AR =5
MATERIAL DESCRIPTION WELL
i pp=0
- 28 — -
~ 30 - L
- | P1-3 tv=1.6 -
P1-3 pp=0 2
- 32 B -
N . -
- 34 — L
3¢ - PI¥ - abundant reduced organics L
P13 tv=0.18 4
- — pp=0.18 -
55 I
B B
- 40 - L
L 1 P4 - abundant plant remains L
Pl tv=0.22 4
~- 42 pp=0.5 -
L 44 L
46 - Pl - abundant plant remains L
P1-4 tv=0.23 5
- - pp= 0.5 I
~ 48 / L
- 50 L
5 - -5 - abundant plant remains -
-5 tv=0.18 a 7
- 59 o PP = 0.25 =
RN =

Figure A25, Log of Boring P1, page 2 of 3

GEO_WELL SONOMA GPJ 06/06/03

SAMPLE SYMBOLS

= SAMPLING UNSUCCESSFUL [ ]

@ DISTURBED OR BAG SAMPLE

STANDARD PENETRATION TEST

N . CHUNK SAMPLE

WM DRIVE SAMPLE (UNDISTURBED)

1 WATER TABLE OR SEEPAGE

ST - ACE CONDITIONS SHOWN HEREON APPLIES ONLY AT THE SPECIFIC BORING OR TRENCH LOCATION AND AT THE DATE INDICATED T IS NOT 'VARRANTED TO BE REPRESENTATIVE OF
NOTE :L}}gs!i?n(;ggzs légilg}TFIO(;lES AT OTHER LOCATIONS AND TIMES ALL BLOW COUNTS HAVE BEEN CONVERTED TO EQUIVALENT STANDARD PENETRATION TEST (SPT) BLOW COUNTS




PROJECT NO. S86895-06-01

a4 .
> |H BORING P1 : . )
S |z SR Pl guc| & S
DEPTH | o S 1z son T R e Li =28 54 R
N ‘ O 19% crass 5= & | Zu =B
NO Z |5 ELEV.(MSL.) __ ~0 DATE COMPLETED 5/30/03 e2 | &5 | Bz
FEET E |g| wsey —_— — 1525 | 92 | 2 o
5 EQUIPMENT CME 850 G498 | = 3 §
54 MATERIAL DESCRIPTION WELL
- 56 - g}; - abundant plant remains and charcoal, very sandy E ot
- 58 — E -
u ] =
L SM ALLUVIUM =
L 60 | | l Dense, wet, very dark gray (5Y 3/1), Gravelly Silty = L
| | ! SAND =
B T P | "-l = | 34
- 62 . ) l E .
B R ) l I \ E I
- 64 [ =
1 =
- — | e A o
L 66 P1-61 _|+I__ S S g U R A
pi-6R | | | SM Dense, moist, olive gray (5Y 5/2), Clayey Silty SAND, = 41
- i | | l reduction mottles =
- 68 - a : I = -
_ i || =
M
- 70 - | | | -
- 4 gy | ‘ L
Pl | 36
BORING TERMINATED AT 71.5 FEET
Figure A28, Log of Boring P1, page 3 of 3 GEO_WELL SONOMA GPI 06/06/03
SAN[PLE SYNIBOLS D . SAMPLING UNSUCCESSFUL ﬂ STANDARD PENETRATION TEST - DRIVE SAMPLE (UNDISTURBED)
@ DISTURBED OR BAG SAMPLE n CHUNK SAMPLE ! - WATER TABLE OR SEEPAGE

NOTE  THE LOG OF SUBSURFACE CONDITIONS SHOWN HEREON APPLIES ONLY AT THE SPECIFIC BORING OR TRENCH LOCATION AND AT THE DATE INDICATED T IS NOT WARRANTED TO BE REPRESENTATIVE OF
SUBSURFACE CONDITIONS AT OTHER LOCATIONS AND TIMES. ALL BLOW COUNTS HAVE BEEN CONVERTED TO EQUIVALENT STANDARD PENETRATION TEST (SPT) SLOW COUNTS
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APPENDIX q




APPENDIX B

LABORATORY TESTING

Laboratory tests were performed in accordance with generally accepted test methods of the American
Society for Testing and Materials (ASTM) procedures. Selected samples were tested for their in-place

dry density, moisture content, plasticity index, expansion potential and shear strength parameters. The
test results and worksheets are included herein.



GEOCON

MOISTURE / DENSITY TESTS

PROJECT NAME:  Sonoma Casino PROJECT NUMBER: S8689-06-01
DATE:6-3-03 TESTED BY: PO LAB NUMBER: 1687 SHEET 1
ORING NO.
BORING N TP-1 TP-3 TP-3 TP-5 TP-6 TP-8 TP-9
PT! SAMPLE (ft
DEPTH OF SAMPLE () 4 1 3 3 3 4 1
SAMPLE DIAMETER (in.
AMPLE DIA U PP 2.4 2.4 2.36 2.4 2.35 2.38

SAMPLE HEIGHT (in.) 5 411 5 5 45 5 5

RE NO.
TAREN AA-15 B-1 AA-13 AA-12 AA-Q AA-14 AA-8

WET WT+TARE (gm.
* om) 854 €67.3 902.8 838.3 582.8 676.4 596.1

DRY WT.+TARE .
| *TARE (gm.) 7077 | 6207 | 7846 | 6864 | 3528 4342 460.5
TARE WT. (gm.)
110.8 | 1379 113 1118 | 1128 1117 110.3
WT. OF WATER (gm.) 146.3 46.6 1182 | 1519 230.0 2422 135.8

WT. OF DRY SOIL (gm.) 596.8 4828 671.6 574.5 | 240.0 322.5 350.2

WATER CONTENT (%) 24.5% | 9.7% 17.6% | 26.4% | 95.8% 75.1% 38.7%

DRY DENSITY (PCF)

[(e]

97 | 989 | 1131 | 1001 | 449 56.7 60.0

Dark grayish brown organic CLLAY, soft, wet
y dark grayish brown organic CLAY,

Very dark grayish brown to dark yellowish

brown FAT CLAY, stiff, moist
Light olive brown lean CLAY, with sand,

firm, moist

Olive gray sandy lean CLAY, firm, moist

Very dark grayish brown to black FAT

CLAY, stiff. damp
firm, moist, abundant small roots

Gray organic CLAY, soft, wet

Ver




MOISTURE / DENSITY TESTS

GEOCON

PROJECT NAME:  Sonoma Casino PROJECT NUMBER: $8689-06-01
DATE: 6-3-03 TESTED BY: PO LAB NUMBER: 1687 SHEET 2 of 2
BORING NO.

TP-9 TP-10 TP-11 TP-12 TP-13
DEPTH OF SAMPLE (ft)

3 1 4 3 1
SAMPLE DIAMETER (in.)
24 2.4 2.41 2.39 2.41

SAMPLE HEIGHT (in.)

5.02 57 4.7 5.05 5
TARE NO.

AA-10 AA-G K-3 AA-11 AA-7
WET WT.+TARE (gm.)

711.2 812.9 891.1 755.9 695.5
JIDRY WT.+TARE (gm.)

491.4 769 787.3 575.8 604.7
TARE WT. (gm.)

112.9 112 135.8 110.8 111.3
WT. OF WATER (gm.) - 219.8 439 | 1038 180.1 90.8
WT. OF DRY SOIL (gm.) 378.5 657.0 | 8515 465.0 483.4
WATER CONTENT (%) 58.1% | 6.7% | 15.9% 38.7% 18.4%
[DRY DENSITY (PCF) - 835 971 | - 115.8 78.2 82.4

Dark gray fat/organic CLAY, firm, moist

Very dark briwb silty fine SAND, med:

Dense, moist

Olive brown lean CLAY, stiff, moist

Dark grayish brown fat CLAY, stiff, moist

Light olive brown silty lean CLAY, stiff,

moist {some organics)
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CONSOLIDATION TEST

Project Name: Sonoma Casino
Project Number: S8689-06-01
Sample Number: TP6-3'

CONSOLIDATION TEST RESULTS

JOB 58689-06-01, BORING TP6, TP86-3' FEET
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Axial Void Axial of vol Ce, tsp, Time | Cy, Coeff| tgo, Time | C, Coeff
Load Ratio Strain | Compres| Comp |to Consol|of Consol|to Consol| of Consol
(psf) (%) (in*/lb) | Index (min) (ft21yr) (min) (f2/yr)
0 2.4607 0.00
100 2.4520 0.25
250 2.4234 1.08 0.0080 0.072 1.07 93.66 2.21 195.00
500 2.3717 2.57 0.0087 0.172 1.30 75.18 2.68 156.52
1000 2.2942 4.81 0.0066 0.258 1.09 86.35 2.25 179.78
2000 2.1890 7.85 0.0046 0.349 0.84 105.35 1.74 219.33
4000 2.0164 12.84 0.0039 0.573
COND AT|COND AT
START END
QOF TEST| OF TEST
HEIGHT (in.)| 0.7500 0.6236
MCISTURE CONTENT (%) 91.4 74.7
DRY DENSITY (pcf): 45.1 54.2
SATURATION (%) 93.0 99.6
VCID RATIC|  2.461 2.016 i
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Daniel S. Caldwell, G.E.

Joseph Michelucci, G.E.

Michelucci & Associates, Inc.

Geotechnical Consultants

Richard Quarry

June 30, 2005
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Blackman Consulting
1224 St. Helena Avenue
Santa Rosa, California 95404

Attention: Mr. Kenneth R. Blackman

Re: Geotechnical Engineering Investigation
Proposed Residential Development
Wilfred Avenue
Rohnert Park, California
Northwest Specific Plan Area

At your request, we have conducted a geotechnical engineering
investigation of the site of the proposed residential development
(Northwest Specific Plan Area) on Wilfred Avenue in Rohnert Park,
California. The purpose of our study was to evaluate the soil and
groundwater conditions beneath the site so that geotechnical

engineering recommendations could be provided for the proposed
development of the property.

This report is based on numerous site reconnaissances, research,
twenty exploratory borings drilled at the site, and laboratory testing
conducted on samples collected from the borings.

We have enjoyed working with you on the project. Please call us if you
have any questions regarding this report.

Very truly yours,
MICHELUCCI! & ASSOCIATES, INC.

Daniel S. Caldwell
Geotechnical Engineer #2006
(expires 9/30/05)

2455 Bennett Valley Rd., Suite B104 e Santa Rosa, California 95404 e  (707) 527-7434 Fax: (707) 527-5664
1801 Murchison Drive, Suite #88 ¢ Burlingame, California 94010 ® (650) 692-0163 Fax: (650) 692-0169



GEOTECHNICAL ENGINEERING INVESTIGATION

Proposed Residential Development
Wilfred Avenue
Rohnert Park, California
Northwest Specific Plan Area

SCOPE

This report presents the results of a geotechnical engineering investigation
of the site of the proposed residential development, located south of Wilfred
Avenue and west of Dowdell Avenue in Rohnert Park, California. The site is
known as the Northwest Specific Plan Area. The purpose of the investigation
was to evaluate the subsurface soil and groundwater conditions so that
geotechnical engineering recommendations could be provided for the
proposed development of the property.

This report includes recommendations for foundation design criteria, site
preparation and grading, slab-on-grade construction, pavement design,
surface drainage, and other aspects of the project that are related to soil
and foundation engineering.

DESCRIPTION OF PROJECT

The site of the proposed residential development encompasses
approximately 95 acres. The property is generally bordered on the east by
Dowdell Avenue, on the south by Business Park Drive, on the west by Langner
Avenue, and on the north by Wilfred Avenue. The majority of the study area
is currently undeveloped. However, several existing homes and associated
buildings are located on the project site along portions of Dowdell Avenue,
Wilfred Avenue, and Labath Avenue. The remainder of the study area
supports a growth of wild grasses and weeds.

The surface topography at the site is generally flat to slightly sloping. The
existing ground surface appears to generally slope down gradually toward the
south. No specific or detailed topographic information was available for the
property at the time of our investigation.



We understand that the property will principally be developed as a residential
subdivision, possibly including low density, medium density, and high density
development. The development of the property may also include the
construction of a park, and an area of mixed use development. The project
will also include underground utilities, residential streets, and other
infrastructure improvements. We understand that residential structures
would typically be one or two story, woodframe construction. It is
anticipated that residential foundations would consist typically of post-
tensioned concrete slabs-on-grade, although drilled pier foundations and
raised wood floors may be used. Details of the mixed use area of the site
are not currently available. However, it is anticipated that any commercial
structures would be supported on conventional spread footing foundations
and would have concrete slab-on-grade lower floors.

It is anticipated that some grading will be required to create building pads and
the new roadways and to develop proper drainage. It is anticipated that cuts
and fills will typically be no more than four to six feet in depth.

FIELD INVESTIGATION AND LABORATORY TESTING

Numerous site reconnaissance's were undertaken by our geotechnical
engineer and staff to evaluate the surface topography and to map the
surface soil visible on the site. Research was undertaken to review published
geologic and fault data relative to the site, and to review files for other
projects our firm has completed in the project area. Subsequent to the
preliminary reconnaissance work, twenty exploratory borings were drilled at
selected locations on the site.

The exploratory borings were excavated at the approximate locations shown
on the site plan sketch, Figure 1. The borings were drilled with a truck or
track mounted, 6 inch diameter solid stem power auger or 8 inch diameter
hollow stem power auger, and were extended to depths ranging from 2.5 to
32 feet. As the borings were drilled, relatively undisturbed samples of the
various soil layers encountered were taken using a 2 or 2.5 inch diameter
sampler or a standard penetration sampler. The sampler was driven into the
ground using a 140 pound weight dropped 30 inches. The resistance to
penetration of the sampler is recorded on the logs of borings. The logs of
the borings, Figures 2 through 21, are the result of editing of the field logs
based on a closer examination of the soil in our laboratory and on the results
of the tests performed on some of the samples. It should be pointed out



that the soil conditions between the exploratory borings had to be estimated
by interpolation, and variations of the soil conditions between the borings are
certainly possible.

The samples that were recovered from the borings were brought to our
laboratory for testing. The laboratory tests performed on some of the
samples included unconfined compressive strength, moisture content, and
dry density determinations. Atterberg Limits tests were conducted on two
samples representative of the surface soil at the site, and an Expansion
Index test was conducted on one representative sample of surface soil.
These tests were used to evaluate the engineering characteristics of the soil
as they relate to expansion potential, compressibility, and liquefaction
potential. The results of the laboratory tests are shown at the
corresponding sample locations on the logs of borings, Figures 2 through 21.
The results of the Atterberg Limits tests are shown on Figure 22, and the
results of the Expansion Index test are shown on Figure 23.

SITE AND SOIL CONDITIONS

The existing ground surface topography on the subject site is nearly level to
slightly sloping. Based on a visual evaluation only, the site appears to slope
down generally toward the south.

The majority of the subject property is currently vacant of structures.
However, several existing homes and associated buildings are located on the
site along portions of Dowdell Avenue, Wilfred Avenue, and Labath Avenue.
The remainder of the site is currently vacant (apparently never developed),
and supports a growth of weeds and wild grasses. We understand that the
property has historically been used for agricultural purposes.

Artificial fill mantles a small portion (perhaps 5 acres) of the surface of the
site near the mid-southern portion of the site along Labath Avenue (see
exploratory boring 11). The fill is typically soft to medium stiff brown to
dark brown silty clay to sandy clay with wood and concrete debris, and varies
from zero to approximately two feet thick.

The natural surface soil consists of medium stiff to stiff dark brown to
black silty clay typically having a thickness of roughly three to five feet. The
natural topsoil has high plasticity and high expansion potential.



Based upon the twenty exploratory borings drilled at the site during our
study, the natural soil conditions beneath the dark brown to black silty clay
topsoil layer consist of alternating layers of stiff gray brown and tan brown
gravelly clayey silt/sandy silt and medium dense to dense brown to dark
brown gravelly silty sand/clayey sand. The soil encountered in the borings is
typical of an alluvial soil deposit. No loose or soft layers were encountered
below a depth of roughly four feet beneath the existing ground surface, to
the maximum depth explored (32 feet).

Groundwater was encountered in some of the exploratory borings at the time
of drilling. It is anticipated that the groundwater level beneath the site will
vary seasonally, and that the groundwater level would be somewhat higher
during the rainy winter months and into the spring.

For a more detailed description of the soil and groundwater conditions
beneath the site, refer to the boring logs, Figures 2 through 21.

SEISMICITY

1. General

The seismic activity of Sonoma County, as well as the entire North Coast
region, is the result of readjustments to opposing forces along various
northwest trending strands of the San Andreas Fault between the North
American and Pacific crustal plate boundary. Release of accumulated
intercrustal stress is accomplished either through intermittent earthquakes
or continuously reduced through aseismic creep along the wide belt of
northwest striking faults, collectively known as the San Andreas Fault
System.

A. Alquist-Priolo_Faults

Nearby faults of the San Andreas system that could potentially produce a
hazardous groundshaking event, and that have been addressed by the
Alquist-Priolo Special Studies Zone (APSSZ) Act of 1972 include: the San
Andreas Fault and the Rodgers Creek Fault.



San Andreas Fault:

The San Andreas Fault, which is located approximately 15 miles southwest of
the site, has produced a maximum historical earthquake of magnitude 8.25.
This fault is considered capable of producing a maximum credible earthquake
of 85 and has an estimated recurrence interval of 100 to 1000 years
(Wesson and others, 1975). The San Andreas Fault is considered responsible
for the magnitude 7.1 Loma Prieta earthquake centered 10 miles north of
Santa Cruz on October 17, 1989. This fault is not confined to a single trace;
it consists of a wide zone of fault planes and is approximately 750 miles in
total length.

Rodgers Creek Fault:

The Rodgers Creek Fault is located approximately 3 miles northeast of the
site. This fault was responsible for a 5.9 magnitude earthquake centered
near Santa Rosa in 1969. The maximum credible earthquake along this fault
is believed to be a magnitude 7.5.

2. Primary Seismic Effects

No faults considered active in the Holocene Epoch have been previously
mapped at the site. Furthermore, we found no geomorphic evidence
suggestive of recent surface rupture during our site visits. Based on these
criteria, we believe that there is little probability of fault rupture occurring
at the surface of the proposed development.

The site will be subject to strong ground shaking during a significant seismic
event on one of the nearby active faults. Structures should be designed for
ground motion in accordance with the latest Uniform Building Code
requirements. For 1997 UBC design purposes, the following criteria should
be assumed: 1) Soil Profile Type Sd; 2) Seismic Source Type A; and 3)
closest distance to known seismic source is 5 kilometers.

3. Secondary Seismic Effects

Due to the presence of sandy soil and high groundwater beneath the subject
site, we have considered the potential for liquefaction to occur at the site
during a seismic event. In general, the soil layers beneath the site are either
dense enough or contain a sufficient percentage of fine grained (clayey) soil



to not be subject to liquefaction. Therefore, in our opinion, the risk of
liguefaction is low.

DISCUSSION AND CONCLUSIONS

In our opinion, the site is suitable for the proposed construction. The upper
roughly three to four feet of the natural topsoil that mantles the sile is soft
and disturbed (disked and/or desiccated), and would be subject to settlement
under the weight of fill or new building loads. Therefore, the existing weak
topsoil will need to be processed (scarified, moisture conditioned, and
recompacted) prior to placing new fill or constructing residential
foundations. The soil below a depth of four feet will not be subject to
settlement under the anticipated loading conditions imposed by the proposed
development.

The natural surface soil at the site has high expansion potential. Expansive
soil shrinks and swells seasonally as the moisture content changes, and this
can cause damage to shallow footings and concrete slabs-on-grade.
Therefore, building foundations should be designed to account for expansive
soil conditions. The use of lime treatment could be considered to reduce the
expansion potential and improve the strength of the surface soil. We can
provide recommendations for lime treatment, if you desire.

We recommend that existing septic tanks (if any), and any loose, disturbed
soil surrounding septic tanks, be removed prior to development. The septic
tank excavations should be backfilled with compacted, engineered fill as
recommended below. We recommend that old leach field areas also be
removed, particularly within proposed building footprint areas and 10 feet
beyond building lines. Any existing wells at the site should be abandoned in
accordance with the Sonoma County Health Depariment standards. We
recommend that when wells are larger than two feet in diameter, the bottom
of the well should be probed to ensure that it is free of excessive soft debris
prior to backfilling the well. Finally, disturbed soil surrounding removed tree
stumps and old foundations (if any) should be overexcavated and replaced
with engineered fill.

In our opinion, post-tensioned concrete slab-on-grade foundations supported
on stiff natural soil or compacted fill may be used for residential
construction.  Alternatively, drilled, cast-in-place, reinforced concrete piers
and concrete grade beams can by used for foundation support. Commercial



structures can be supported on conventional spread footing foundations and
can have conventional concrete slab-on-grade floors, provided that the upper
36 inches of the building pad is composed of select, nonexpansive fill or lime-
treated native soil.

Specific recommendations for geotechnical engineering design criteria are
given in the following section.

RECOMMENDATIONS

1. Grading and Site Preparation

All grading and site preparation should be done under the direct observation
of our field representative and in accordance with the attached "Guide
Specifications for Engineered Fills". It is the contractor's responsibility to
complete the grading in accordance with the job specifications. Our
representative will observe the grading and take a random number of tests
each day in order to provide an opinion to the owner regarding the
conformance of the grading to the specifications. When we feel that the
grading does not meet the specifications, the contractor should rework the
area to our satisfaction.

All engineered fill should be placed in thin lifts not exceeding 6 to 8 inches in
uncompacted thickness, brought to a moisture content that will permit
proper compaction, and each lift should be compacted until a minimum
degree of compaction of 90% is achieved, based on ASTM Test Method
D15657.

The top 6 inches of soil in pavement areas should be compacted to 95%
(ASTM D1557) just prior to placement of the baserock, as discussed below
under "Pavements".

Prior to placing fill, any vegetation and debris should be stripped so that the
site is clean. We estimate that the typical stripping depth will be
approximately 3 inches. Deeper stripping may be required around existing
trees (where they are being removed), or around existing foundations, septic
tanks, leach fields, or other existing features that are being removed. The
stripped material should not be used as engineered fill, but it may be
stockpiled for later use as topsoil in nonstructural areas.



Any cracked or saturated surface soil should be overexcavated and
processed prior to placing fill. We estimate that the depth of desiccation
cracking in mid to late summer may be as much as four feet beneath the
existing ground surface. It is critically important that all desiccated soil be
moisture conditioned, mixed, and recompacted at a moisture content of at
least 3 1o 5 percent over optimum. In addition, any existing fill or weak
surface soil should be overexcavated in the proposed building pad areas prior
to placing new fill or constructing building foundations.

After any necessary overexcavation has been completed, the subgrade
should be scarified, brought to a moisture content of 3 to 5 percent over
optimum, and then it should be compacted to a minimum degree of
compaction of 90% (ASTM D1557). Fill can then be placed on the prepared
subgrade in lifts not exceeding 6 to 8 inches in uncompacted thickness. Each
litt should be brought to a moisture content that will permit proper
compaction, and then be compacted to a minimum degree of compaction of
90% (ASTM D1557). Clayey fill should be placed at a moisture content of 3
to 5 percent over optimum.

Cut and fill slopes (if any) should be constructed no steeper than 3
horizontal to 1 vertical.

Fill placed behind retaining walls (if any) should also be placed in thin lifts not
exceeding 6 to 8 inches in uncompacted thickness, brought to a moisture
content that will permit proper compaction, and then be compacted to a
minimum degree of compaction of 90% (ASTM D1557). Backfill placed within
10 feet of existing retaining walls should be compacted with light weight
(hand operated) compaction equipment to minimize loads on the walls during
construction.

Import fill, if required, should meet the requirements set forth in the
attached "Guide Specifications for Engineered Fill" for either general fill or
select fill. A sample representative of the import material should be

provided to our office prior to the commencement of importation in order
that the necessary laboratory tests can be conducted to verify that the soil
meets the requirements for it's intended use.

It is noted that some of the soils on the site are clayey and may be difficult
to adequately compact when the moisture content is high, particularly during
the winter months. Therefore, it should be anticipated that some spreading



and drying will be necessary in order to achieve proper compaction of clayey
fill.  Conversely, moisture may have to be added to the soil, particularly
during the summer months, to achieve proper compaction.

We estimate that a shrinkage factor of approximately 10 percent would be
appropriate for use in cut/fill volume calculations, for the upper zone of soil
that is processed prior to placing new fill.

It is noted that the recommended moisture conditioning of any desiccated
soil at the surface of the site may have an impact on calculated cut and fill
volumes, due to swell of the desiccated soil upon moisture conditioning.

It is recommended that the surface of all freshly graded areas be protected
with surface vegetation or other erosion control material prior to the first
rainy season to minimize surface soil erosion on the site.

2. Residential Building Foundations

Provided that the site is graded as recommended above, the proposed
residential structures can be supported on post-tensioned concrete slab-on-
grade foundations bearing on engineered fill or stiff natural scil. We
recommend that post-tensioned slabs be designed in accordance with the
Post-tensioning Institute's latest design manual for Design and Construction
of Post-tensioned Slabs on Ground. We recommend that post-tensioned
slabs have a minimum thickness of 12 inches, or greater as required by the
project structural engineer and PTIl design standards. A thickened edge and
intermediate beams should be included for stiffening.

The following soil values may be assumed for design of post-tensioned slabs:
70 percent clay content (montmorillonite) in surface soil; Atterberg Limits
properties (Liquid Limit = 75, Plastic Limit = 18, and Plasticity Index = 57);
depth to constant suction is 6 feet; value of soil suction is 3.6; velocity of
moisture flow is 0.7 inches per month.

We recommend that an allowable soil bearing pressure of 1,000 pounds per
square foot be used. A coefficient of friction of 0.35 can be assumed
between the base of the slab and the soil.

Alternatively, new residential structures may be supported on drilled, cast-
in-place, reinforced concrete pier foundations. Concrete grade beams can be
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used to carry building loads to the piers. We recommend that drilled piers
have a minimum diameter of 12 inches and a minimum depth beneath the
lowest adjacent finished grade of 10 feet. Piers can be designed on the
basis of skin friction acting on that portion of the peripheral area of the pier
that extends below a depth of 48 inches below the lowest adjacent finished
grade (neglect the top 48 inches in vertical support). A skin friction value of
500 psf can be used for combined dead plus live loading. No end bearing
resistance should be assumed in calculating the vertical load bearing capacity
of the piers. The actual embedment depth of each pier should be designed
based upon the allowable skin friction and on the actual building loads carried
by each pier. The plans should show the required embedment of each pier
into supporting soil. For a 12 inch diameter pier extending to the minimum
recommended depth of 10 feet, the vertical load bearing capacity per pier
would be 9,425 pounds.

Building loads can be carried into the piers using reinforced concrete grade
beams extending across the tops of the piers, or carried through timber
framing to isolated piers in the interior of the structures. The grade beams
should be designed to span from one pier to the next, and not rely on the soll
between piers for support. A minimum 4 inch void should be formed beneath
the grade beams (between piers) using an approved forming material to
minimize potential uplift loads against the bottom of the grade beams. Care
should be taken to avoid the formation of enlarged concrete "collars" around
the tops of piers.

Resistance to lateral loads can be generated by passive pressure acting
against 1.5 times the projected area of the pier, starting at a depth of 48
inches below the lowest adjacent finished grade. The passive resistance can
be assumed to be an equivalent fluid pressure of 300 pounds per cubic foot,

3. Commercial Building Foundations

We recommend that in each commercial building area, and extending 5 feet
beyond the building lines in all directions, that the native clayey surface soil
be overexcavated as necessary to allow for the placement of 36 inches of
select, nonexpansive fill beneath the building slabs (30 inches of select fill
and 6 inches of moisture-retarding treatment). After the recommended
overexcavation is completed, the clayey subgrade should be brought to a
moisture content of 3 to 5 percent above optimum, and be compacted to a
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minimum degree of compaction of 90% based upon ASTM D1557. The select
fill should placed in 6 inch lifts and also be compacted to at least 90%.

As an alternative to placing 30 inches of select fill and a 6 inch moisture-
retarding treatment beneath the building floor slab area, the native subgrade
soil can be lime-treated. It is noted that site specific laboratory testing has
not been conducted to provide final design recommendations for lime-
treatment of the native clayey soil. However, based on our experience with
similar soil, the upper 30 inches of native clayey soil beneath the building
area, and 5 feet beyond the building lines in all directions, should be
thoroughly mixed with 5 percent (by weight) high-calcium lime. The lime
treating process will have to be conducted in at least two lifts, each lift
having a thickness of no more than 18 inches. The lime should be mixed into
the native clayey soil using a rotary type mixer. The lime treated soil should
be tested prior to the construction of the slabs to verify that the maximum
plasticity index of the treated soil is 12. A 6 inch thick moisture-retarding
treatment should be placed over the lime-treated pad, as discussed below
under slab-on-grade construction.

If all existing weak surface soil is removed from the building areas, the
proposed commercial structures can be supported on spread footing
foundations bearing on the stiff natural soil or on engineered fill. The
footings should extend to a minimum depth of 24 inches below the lowest
adjacent rough pad grade. The above depth criteria should exclude any
topsoil placed around the foundations for landscaping purposes. Footings
located on or near slopes should be deepened so that a minimum 10 feet of
horizontal confinement is maintained between the face of the footing and the
adjacent slope.

Footings constructed in engineered fill or stiff lime-treated natural soil at
the recommended minimum depth may be designed for a maximum allowable
soil bearing pressure of 1,500 psf for dead loads, and 2,250 psf for dead
plus live loads. An increase of 33% above this value can be used for all loads,
including wind or seismic.

Resistance to lateral loading can be generated by passive pressure against
the front face of the footing and by friction along the base of the footing.
Passive resistance can be assumed to be an equivalent fluid pressure of 300
pcf, neglecting the top one foot below the lowest adjacent finished grade. A
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coefficient of friction of 0.35 can be used. The above are ultimate values,
and a suitable factor of safety should be applied in the design.

Floor slabs can be designed using a modulus of subgrade reaction of 250
pounds per cubic inch, provided that the select fill beneath the slab is
compacted to a minimum degree of compaction of 90 percent (ASTM
D1557). If the upper 12 inches of select fill beneath the slab is compacted
to a minimum degree of compaction of 95 percent, a modulus of subgrade
reaction of 300 pounds per cubic inch may be used. If lime-treated native
soil is used beneath the slabs, and the upper 12 inches of the lime-treated
soil is compacted to a minimum degree of compaction of 95 percent, a
modulus of subgrade reaction of 250 pounds per cubic inch may be used.

It is recommended that a moisture retarding treatment be provided beneath
interior slab-on-grade floors where moisture would be undesirable. A
minimum but commonly used treatment is illustrated on Figure 25. The
moisture retarding treatment can make up the upper 6 inches of the select
fill layer (select fill or lime-treated soil plus moisture retarding treatment
combined thickness should be 36 inches). It should be pointed out that
other, more expensive but possibly more effective, methods have been used
in some cases, and the architect should make the final decision regarding
moisture prevention based on the needs of the project. Our contribution in
this matter is only to point out that moisture will be available at the base of
slabs from the subgrade soil due to groundwater conditions and capillary
rise.

4. General Slab-on-Grade Construction

As discussed, the surface soil on the site is generally high in plasticity and
expansion potential. It is critical that the moisture content of the
compacted building pads be maintained until the concrete slab foundations
are constructed, in order to minimize the post construction swell potential.
Any concrete slabs-on-grade not designed as recommended above for
expansive soil conditions, such as garage slabs or patio/walkway slabs, will be
subject to heave and cracking. We recommend that garage slabs and
exterior slabs be designed somewhat thicker than normal (5 inches minimum)
with steel rebar reinforcing. Slab subgrades should be thoroughly soaked
just prior to construction. Garage slabs should be constructed structurally
separate from the adjacent home foundation to minimize distress at the
connections.
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It is recommended that a moisture retarding treatment be provided beneath
interior slab-on-grade floors where moisture would be undesirable, including
garage slabs. A minimum but commonly used treatment is illustrated on
Figure 25. It should be pointed out that other, more expensive but possibly
more effective, methods have been used in some cases, and the architect
should make the final decision regarding moisture prevention based on the
needs of the project. Our contribution in this matter is only to point out that
moisture will be available at the base of slabs from the subgrade soil due to
groundwater conditions and capillary rise.

It should be pointed out that where the gravel moisture retarding layer is
placed beneath slabs, there is a possibility that water will tend to collect in
the gravel layer and become trapped. If this condition occurs, the potential
for moisture problems in the slab will be increased. One method of
minimizing the potential for this to occur would be to construct a subdrain
trench through and just below the gravel layer so that water collected in this
area can escape. The subdrain should extend at least 12 inches below the
base of the slab and 6 inches below the bottom of the gravel, and would
consist of a 4 inch diameter, perforated pipe surrounded by gravel. Details
of subsurface drains are given in the attached "Guide Specifications for
Subsurface Drains". The subdrain would connect to the recommended
moisture retarding treatment under the slab, and the pipe should lead to a
storm drain or low area on the site. The choice of installing the subdrain
facilities should be based on an evaluation of the detrimental effect, if any,
of dampness in the slab.

5. Surface Drainage

It is important that careful attention be given to surface drainage
considerations on all aspects of the project. We recommend that all roof
rain gutter downspouts be connected to nonperforated pipes that lead to
suitable storm drainage facilities. Surface gradients should be designed such
that there is always a positive slope away from any buildings and away from
pavements. We recommend that the finished ground surface surrounding
homes should have a minimum slope of 4 percent for a minimum distance of
4 feet away from the foundations.

We have observed on past projects that numerous drainage problems in the
form of moisture under buildings and pavement failures have occurred due to
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the design and construction of landscape and irrigation improvements after
the basic grading has been completed. Planting areas that drain toward
pavements cause water to collect in the baserock layer, and this directly
results in pavement failures, even under light traffic. The same
considerations also apply to depressed areas beneath buildings and to gravel
layers beneath floor slabs. Any low areas on the site should be provided with
catch basins that lead by nonperforated pipes to suitable drainage facilities.
We recommend that the soil in crawl spaces (if any) beneath homes be
sloped to drain to one or more outlet points through or beneath the
foundation so water will not become trapped in the crawl space areas. In
general, water should not be allowed to pond at the tops of slopes or to flow
over the faces of slopes.

Details of surface drainage are to be designed by the civil engineer and are
beyond the scope of our assignment. The recommendations of this section
are intended to provide only general guidelines for drainage control
measures.

6. Utility Trench Backfill Construction

If settlement is 1o be avoided, backfill placed in utility trenches should be
compacted to a minimum degree of compaction of 90% (ASTM D1557) from
2 feet above the top of the pipe to the finished grade. In the case that
utility trenches are located in paved areas, the upper 6 inches of backfill
below the pavement subgrade level should be compacted to a minimum
degree of compaction of 95% (ASTM D1557).

Either on-site soil or imported granular fill can be used as trench backfill
material (subject to approval by the governing jurisdiction). It is noted that
if on-site clayey soil is used for trench backfill, jetting would not be expected
to achieve the compaction specification of 90%. We would anticipate that
the on-site silty material would have to be placed in relatively thin lifts and
compacted with a whacker or other mechanical compaction device to achieve
the specified degree of compaction.

As mentioned, imported granular fill material could also be used to backfill
utility trench excavations. Granular fill material would be easier to compact
in small excavations. If granular fill material is used, the fill should be placed
in layers and compacted to a minimum degree of compaction of 90%. It is
possible that jetting of granular backfill, such as sand, in the utility trenches
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would achieve the recommended degree of compaction. Many times, utility
contractors choose to place granular fill in one lift, and then jet the backfill
to achieve the specified degree of compaction. In this case, test pits would
have to be excavated at various levels within the backfill, at some reasonable
spacing along the trench line, so that field density tests could be taken in the
backfill to sample the degree of compaction that is being achieved.

Preparation of the bedding layer of the utility pipes and the placement of
shading and cover over the pipe should be undertaken according to the
standard specifications of the various utility districts, and plumbing
manufacturers that would have jurisdiction over the various utilities.

7. Pavements

The required Traffic Indices for pavement design have not yet been
established for the new streets within the project. Therefore, we are
providing recommended pavement structural sections for design Traffic
Indices of 5.0, 6.0, and 7.0. An "R-value" of 5 is assumed for the expansive
dark brown to black silty clay surface soil at the site. When the street
subgrade elevations are known, and if more favorable soil conditions will be
exposed at the subgrade level, R-value testing can be undertaken to justify a
higher value for final design.

For a Traffic Index of 5.0, we recommend that the pavement structural
section consist of 0.25 feet of asphaltic concrete underlain by 0.85 feet of
Class 2 aggregate base rock. For a Traffic Index of 6.0, the structural
section should consist of 0.30 feet of asphaltic concrete underlain by 1.05
feet of Class 2 aggregate base rock, and for a Traffic Index of 7.0, we
recommend that the pavement structural section consist of 0.35 feet of
asphaltic concrete underlain by 1.25 feet of Class 2 aggregate base rock.
The recommended sections include an increase of 0.20 feet of the gravel
equivalent of the asphalt concrete layer as a safety factor.

It is noted that the above recommended pavement sections could be
significantly reduced if the clayey subgrade soil is lime-treated. Experience
on other projects with similar soil conditions has shown that an 'R'-value in
the range of 40 to 50 can be achieved in lime-treated clayey subgrade soil.
More detailed design recommendations for lime-treatment can be provided, if
this approach is chosen. Detailed design recommendations should be based
on additional site and soil specific laboratory testing.
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Prior to placing the pavement section, the subgrade should be scarified to a
minimum depth of 6 inches, brought to a moisture content that will permit
proper compaction, and then the upper 6 inches should be compacied to a
minimum degree of compaction of 95% (ASTM D1557). It is emphasized that
the compaction of the subgrade soil should be undertaken just before
placement of the baserock and pavement so that the construction activities
will not cause disturbance which could destroy the compaction of the
subgrade. The base rock should also be compacted to a minimum degree of
compaction of 95%.

It should be pointed out that many pavement failures occur on projects
because water collects in the baserock layer beneath the pavements. In
many cases, this water is generated from adjacent landscape water that
percolates in the topsocil layer and then flows laterally under curbs and into
the relatively pervious baserock layer. Careful attention should be given to
the surface drainage gradients to see that water is directed away from the
edges of pavements. A moisture barrier can be constructed at the edges of
pavements to inhibit the flow of surface water to the baserock layer.

Where possible, pavement areas should not be designed with central valley
drainage, but rather they should slope to one side or the other. Valleys in
the middie of pavement areas tend to result in water collecting in the
baserock layer beneath the valley, and this results in pavement failures.

It should also be pointed out that pavements are often subjected to the
heaviest loading conditions during the actual project construction, when
heavy wheel loads of concrete trucks and other equipment cross the
pavements. Therefore, construction scheduling should be considered, and it
may be desirable to plan on a pavement overlay after construction of the
project has been completed so that the finished pavements will be smooth.

In order to minimize the risk of lateral soil creep adversely impacting
pavements, curbs/gutters, and sidewalks, a level bench at least 15 feet wide
should be provided between the edges of pavements or sidewalks and the
tops of any adjacent downslopes, where the slopes are less than 5 feet high.
The purpose of the recommended bench is to provide lateral back-up or
support to the pavements and other improvements to prevent lateral
spreading and damage that can otherwise occur due to soil creep in the
expansive native clayey soil.
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8. Construction Considerations and Review of Plans

It is recommended that the foundation and grading plans for the proposed
development be submitted to our office for review. The purpose of this
review would be to determine that the intent of our recommendations has
been understood and is reflected on the drawings. At that time, any specific
details of the project that may not have been covered by the
recommendations given in this report should be brought to our attention so
that appropriate supplemental recommendations can be made.

It is also recommended that the foundation excavations be examined by our
representative prior to construction of footings or slabs-on-grade. This
would enable us to verify our assumptions regarding the soil conditions and
to see that the foundations are bearing on the recommended material. As
mentioned, all grading work should be performed under our direct
observation.

Proper moisture conditioning during site preparation and grading, and
maintenance of moisture in the soil beneath building pads and pavements, is
critical to the performance of the planned foundations and pavements. We
recommend, therefore, that our representative observe the moisture
condition of pavement subgrade soil just prior to the placement of baserock,
and that our representative observe the moisture condition of building pads
just prior to the placement of the capillary break/vapor barrier and
construction of the concrete floor slabs.

As discussed, it should be anticipated that some of the soil at the site may
be too wet to compact, particularly during the winter months. Therefore,
some spreading and aeration of the soil may be required before proper
compaction can be achieved. Conversely, some of the soil may have to be
moisture conditioned by adding water prior to compaction.

LIMITATIONS

The conclusions and opinions in this report are based on the exploratory
borings that were made on the site, spaced as shown on the site plan skeich,
Figure 1. While in our opinion these borings adequately disclose the soil
conditions across the site, the possibility exists that anomalies or changes in
the soil conditions which were not discovered by this investigation could
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occur between the borings. Should such items be discovered during
construction, our office should be notified immediately so that any
necessary supplemental recommendations can be made.

This study was not intended to disclose the locations of any existing utilities,
seplic tanks, leaching fields, or other buried structures. The contractor or
other people working on the project should locate these items, if any.

This study was not intended to delineate the presence of toxic contamination
in the soil and groundwater at the site. No environmental testing of the soil
and groundwater was undertaken in the present scope of work. In order to
determine if toxic contamination exists in the soil and groundwater at the
site, much more detailed environmental testing and investigation would be
required.

This report was prepared to provide engineering opinions and
recommendations only. It should not be construed to be any type of
guarantee or insurance.
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PROJECT Wilfred Avenue, Rohnert Park BORING NO. 1
BORING SUPERVISOR e TYPE OF BORING DATE OF BORING
) 6" diameter continuous flight power auger 11/16/04
HAMMER WEIGHT 140 pounds, 30 inch drop lol
o | 2 = =
pm | < U = :
SURFACE ELEVATION Not measured HE | 2R | X |z o
: - B 5 é e | B | O B2 & OTHER
. - ~ S
DESCRIPTION OF nE 22 |28 2 |8 | 9
MATERIALS Alv| sv o m = = 5oh
Expansion
Index
Medium stifi dark brown to dark gray brown . Atterberg
silty clay 2 125 38 ) i i Lirnits
2-25" | 30/3" | 97.5 24.0 7803
4
3-25" 30/6" | 100.1 24.6 4586
p .
Stiff to very stiff light brown clayey silt to
sandy clay
8
hd
4-2.5" 46 1046 | 21.8 7166
10
Stiff 1o very stiff light brown sandy clay 12
h4
14
5-spt 17 -
Bottom of boring 15'
16
Job No. 04-SR552 %9 Michelucci & Associates, Inc. Figure 2
A . .




PROJECT Wilfred Avenue, Rohnert Park BORING NO. 2
BORING SUPERVISOR DC TYPE OF BORING DATE OF BORING
6" diameter confinuous flight auger 11/16/04
HAMMER WEIGHT 140 pounds, 30 inch drop i '
% | Z b 5
I AT |
SURFACE ELEVATION Not measured w b 5 K f z o
o i m 2
‘ = 2 2 | %, | BE | 8> -~ OTHER
GROUNDWATER 12.0 ATD . = At} v . gz
2 =8| B8 JEg | B 2% 288
DESCRIPTION OF NE 22 258 ¢ |8 | 2z4
MATERIALS Qls| 5o |om | A | = 5ChH
I
Medium stiff to stiff dark brown to dark .
gray brown silty clay 2 125 38 | 949 | 256 | 6815
4
Stitf dark brown clayey silt to sandy clay 2-25" | 32/8" | 106.5} 20.0 4936
6
Stiff to very stiff light brown clayey silt to
sandy clay
8
|— 3-spt 18 - - -
10
Stiff to very stiff light brown clayey silt to
sandy silt L]
h4RY
14
Stff to very stiff blue gray sandy clay to
sandy silt 4-spt 19 ; A
Bottom of boring 15'
16
—
Job No. 04-SR552 %9 Michelucci & Associates, Inc. Figure 3




PROJECT

Wilfred Avenue, Rohnert Park

BORING NO.

3

BORING SUPERVISOR

TYPE OF BORING

DATE OF BORING

6" diameter continuous flight auger 11/16/04
HAMMER WEIGHT 140 pounds, 30 inch drop 1
TEENE: -
SURFACE ELEVATION Not measured Sl BE | o |2 b
2= a P O S
DW D o S Ex| B | . ge | OTHER
GROUNDWATER ry - B R d] 2 | u 7 TESTS
DEPTH j8e] jcapgial O 9] O E: IS8 @)
- =228 | €| © |BEY | BEZ
DESCRIPTION OF b Z 23 29 | » | 8 Oz g
MATERIALS Al 55 | am| A | =2 505
Medium stiff to stff dark brown to dark
gray brown silty clay N
1-2.5" 33 1014 | 217 8280
4
Siiff light brown clayey silt {o sandy clay
2-2.5" 34/6" 955 25.7 5732
6
8
3-spt 28 - - -
10
Stiff to very stiff hght brown sandy silt to
sandy clay, becoming sandier with depth
12
14
4-spt 16 -
Bottom of bering 15
16
Job No. 04-SR552 %9 Michelucci & Associates, Inc. Figure 4
A e




PROJECT

Wilfred Avenue, Rohnert Park

BORING NO. 4

BORING SUPERVISOR

TYPE OF BORING

DATE OF BORING

6" diameter continuous fiight auger 11/16/04
HAMMER WEIGHT 140 pounds, 30 inch drop 3 ) .
e Z o Z.
gl < o = :
SURFACE ELEVATION Not measured R I Z L
i s z |k ; o8 a4
OTHER
GROUNDWATER 10.5' ATD o5 | 28| o B 8% -
DEPTH “lm| omm | Q i e | By
2| 22 | g8 92 | b £EZ
DESCRIPTION OF izl 22 |29 2 | & | D2
MATERIALS Q|| e | A@ Q = 50h
Medium stiff to stiff dark brown to dark
gray brown silty clay
2
1-2.5" 43 94.9 259 5736
Stiff light gray brown sandy silt to silty clay
4
6
Stiff light brown silty sand to sandy silt,
becoming light gray brown to light olive brown
in color
2-2.5" | 22/6" 97.5 268 5191
8
10
h.4
. 12
Dense to stff blue gray silty sand to
sandy silt - 3-spt op . .
Botiom of boring 13’
14
16
Job No. 04-SR552 % Michelucci & Associates, Inc. Figure 5

.
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PROJECT Wilfred Avenue, Rohnert Park BORING NO. 5
BORING SUPERVISOR WG TYPE OF BORING DATE OF BORING
6" diameler continuous flight auger 11/16/04
IHAMMER WEIGHT 140 pounds, 30 inch drop K . E
b
< | 2 o | H
SURFACE ELEVATION Not measured ol . Z. b
sl |82 |88 & |8 | qud
LL] - =
GROUNDWATER 0.5 ATD . S5 | kE | 2 |4 25 | T
z z A ol = == TESTS
DEPTH m|l omm |9 & 5 5
<8 22 |2 2 | BV | BEZ
DESCRIPTION OF N2l =2 |29l ¢ |8 | 9z
MATERIALS O w»ml vvn m [ = o O F(/—)(
Medium stiff to stiff dark brown to dark
gray brown silty clay 2
B 125" | 42 | 883 | 443 | 565
Dense brown silty clayey medium coarse 4
sand
2-spt 17 - -
6
Stiff to very stiff light brown sandy silt to
sandy clay
8
g 3-spt 31 - - -
Dense light gray brown to yellow brown 10
silty sand with gravel
|
12
Stiff to dense blue gray silty sand 1o
sandy silt
14
Stiff 1o very stiff blue gray sandy silt
4-spt 29 - - -
Bottom of boring 15’
i T
I Job No. 04-SR552 %9 Michelucci & Associates, Inc. Figure 6
- S




PROJECT Wilfred Avenue, Rohnert Park BORING NO. 6
BORING SUPERVISOR WG TYPE OF BORING DATE OF BORING
8" diameter continuous flight auger 11/16/04
HAMMER WEIGHT 140 pounds, 30 inch drop 8 .
v | Z b =
(B2 |9 B
SURFACE ELEVATION Not measured 9D | g | o z o
= =% 3. E | O g OTHER
GROUNDWATER Dry ATD | R B R ™ Z 9 TESTS
foe] m — 2 =~ N
|2 28 |22 8 |BY | 252
DESCRIPTION OF 512l 22 291 & |8 | 95&
MATERIALS oo s | aa | A =) 506
Medium stiff to stiff dark brown to dark
gray brown silty clay 2
4
1-2.5" 32 83.2 27.1 6752
6
Stiff to very stiff light brown sandy siit to
sandy clay, becoming stiffer with depth
8
10
2-spt 13 - - -
12
Stff blue gray sandy silt o sandy clay
with sandier lenses
14
= 3-spt 24 -
Botlom of boring 15
16
| Job No. 04-SR552 %9 Michelucci & Associates, Inc. Figure 7




PROJECT Wilfred Avenue, Rohnert Park BORING NO. 7
BORING SUPERVISOR WG TYPE OF BORING DATE OF BORING
6" diameter continuous flight auger 11/16/04
HAMMER WEIGHT 140 pounds, 30 inch drop bJ . E
1
<E|E |9 |8 |
SURFACE ELEVATION Not measured SR | v9E | o |3 s
g 7 / m v
: k Z3 |8 | B |O Q> o OTHER
GROUNDWATER 9.0 ATD z za | YH| 2 1w z i TESTS
4 R
DEPTH = im | omom O i Be | Bog
s ld 22 | 28| ° | 2F | BEZ
DESCRIPTION OF 5=l 22 129 2 |8 | Q&4
MATERIALS Q| ww | oM o = 506
Medium stiff to stiff dark brown to dark
gray brown silty clay
2
Stiff light brown sandy silt to sandy clay 4
6
Dense light brown silty fine sand
1-spt 19 - -
8
Stiff to very stiff light brown sandy silt
h 4
- 2-spt 21 -
. . 10
Dense light brown to gray brown siity
medium coarse sand with gravel
Stiff to dense dark brown to black sandy 12
silt 1o silty sand
Dense blue gray silty sand to sandy silt, 14
becoming siltier with depth
3-spt 36 -
Bottom of boring 15'
16
Job No. 04-SR552 %9 Michelucci & Associates, Inc. Figure 8




PROJECT Wilfred Avenue, Rohnert Park BORING NO. 8
BORING SUPERVISOR WG TYPE OF BORING DATE OF BORING
8" diameter continuous flight auger 11/16/04
HAMMER WEIGHT 140 pounds, 30 inch drop B _ .
{1
| & U 4
SURFACE ELEVATION Not measured RE B | & E 1
g 7 n > O w
: D o1 E 23 el B o Qe i | OTHER
- =|d| 22 |gg| & | g% | 282
DESCRIPTION OF 222 28 2 | € | 9z2%
MATERIALS Al nwwn o m Q = o U S
Medium stiff dark brown sandy glay 1-2.5" 26 1023 | 21.9 6274
(Possible Fill)
2
Medium stiff to stiff dark brown to dark
gray brown silty clay to sandy clay
(Native) 4 225" | 44 | 867 | 308 9395
Stiff to very stiff light brown to tan sandy silt to
sandy clay /
Botlom of boring 4.5' 6
8
10
12
14
16
Job No. 04-SR552 %9 Michelucci & Associates, Inc. Figure 9
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PROJECT Wilfred Avenue, Rohnert Park BORING NO. g
BORING SUPERVISOR DG TYPE OF BORING DATE OF BORING

6" diameter continuous flight auger 11/117/04
HAMMER WEIGHT 140 pounds, 30 inch drop i _ .
| %1z | S |
I SURFACE ELEVATION Not measured & B £l 2 i
. <t = O v
: . ™ 22 | B8 | E | O a e OTHER
GROUNDWATER 12.0 ATD - ga | =8 2 | Z i TESTS
DEPTH 10.5' 4 hrs after TD ; malomm 9, o =pS AR
o & S ! 5 o
| DESCRIPTION OF S5 22|28 ¢z | & |8EB
MATERIALS A ww | AM@ &) = 506
Medium stiff to stiff dark brown to dark
gray brown silty clay 2
1-2.5" 34 830 33.2 4363
4
Stiff to very stiff light brown clayey silt to " .
sandy silt 2-25 25/ - 19.0
6
8
3-spi 45/8" - -
Dense brown silty gravelly sand to 10
gravelly sandy silt
b4
w12
Stiff ight brown clayey silt {o clayey
sandy silt 14
|
4-spt 16 - - -
Bottom of boring 15'
16
Job No. 04-SR552 % Michelucci & Associates, Inc. Figure 10
N




DEPTH

DESCRIPTION OF

PROJECT Wilfred Avenue, Rohnert Park BORING NO. 10
BORING SUPERVISOR DG TYPE OF BORING DATE OF BORING
8" diameter continuous flight auger 11/17/04
HAMMER WEIGHT 140 pounds, 30 inch diop 8 E‘
Z
<
SURFACE ELEVATION Not measured 2 %
, 3 O OTHER
GROUNDWATER 9.0 ATD R m TESTS
Y 5
2 z
o
& =

DEPTH IN FT.
SAMPLE NUMBER-
SAMPLE DIAMETER
BLOWS PER FT.
DRY DENSITY P.C.F.
%
UNCONFINED
COMPRESSIVE
STRENGTH P.S.F.

SAMPLE

MATERIALS

Medium stiff 1o siiff dark brown to dark
gray brown silty clay N 125" | 25 | 914 | 285 | 3503

some small pebbles (1/4" to 3/8")

14

. 3-spt 25/3" -
Dense brown gravelly silty sand

{(gravels up to 1") 10

12

Stff light brown clayey silt to sandy silt 14

4-spt 29 . - -

4
2-25" | 20/8" | 1032 | 219 5064
Stiff light brown sandy silt to clayey silt with

Bottom of boring 15'

16

Job No. 04-SR552 %‘J Michelucci & Associates, Inc. Figure 11
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PROJECT Wilfred Avenue, Rohnert Park BORING NO. 11
BORING SUPERVISOR DC TYPE OF BORING DATE OF BORING
6" diameter continuous flight auger 11/17/04
HAMMER WEIGHT 140 pounds, 30 inch drop )
&% | 4 =z
B | £ | 2 = ‘
SURFACE ELEVATION Not measured gé 0 9 [ % " a
- b > .
n 52 |8 | E | O a5 e OTHER
GROUNDWATER Dry ATD |, Pa | ¥E | 2 |w z o TESTS
DEPTH ml mm © o % © T m E‘
g 25 | ég | 2 & 5EZ
DESCRIPTION OF 21533 |88 & |8 | 2ze
MATERIALS Ols| v | AM a = 50w
Medium gnﬁ dark brown silty clay with 125" | 25/6" | 1011 | 166 | 11,000+
debns (Fill)
2 2-2.5" 25/6" 88.2 30.9 5255
Medium stiff dark brown to dark gray brown
silty clay (Native)
/
4
Stiff to very stiff light brown sandy silt to
clayey silt
6
Bottom of boring 2.5'
8
10
12
14
16
Job No. 04-SR552 % Michelucci & Associates, Inc. Figure 12




I PROJECT Wilfred Avenue, Rohnert Park BORING NO. 12

BORING SUPERVISOR DG TYPE OF BORING DATE OF BORING
6" diameter continuous flight auger 11/17/04
HAMMER WEIGHT 140 pounds, 30 inch drop 8 _
e & O ™ )
SURFACE ELEVATION Not measured e B E A Z. i
; g 7 s 0 @2
. oy n Dé de | E O /5 A OTHER
GROUNDWATER 0 ATD z 28 | DB 2 2 2 E TESTS
DEPTH 9.0 30 min after 70 . ‘;_,i ‘é E 224 A P z 9
DESCRIPTION OF =12 22 258 & | B | 9zZE
MATERIALS Ale| 5% | am| A = 506
Medium stiff to stiff dark brown 1o dark
gray brown silty clay .
2 1-25 57 104.7 19.9 11,000+
4
2-2.5" 28 91.0 30.0 4140
Stiff light brown clayey silt to sandy silt
6
3-spt 17 - - -
8
h 4
10
Dense brown silty sand to clayey sand
12
4-spt 36 - - -
Bottom of boring 13’
14
10

Job No. 04-SR552 \ %9 Michelucci & Associates, Inc. Figure 13
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PROJECT Wilfred Avenue, Rohnert Park BORING NO. 13
BORING SUPERVISOR WG TYPE OF BORING DATE OF BORING
6" diameter continuous flight auger 11/17/04
HAMMER WEIGHT 140 pounds, 30 inch drop 1 .
_ x % w o | B
2 =D | E '
SURFACE ELEVATION Not measured Wy 0 9 z b
. 4 m ©
3 2 z G | B | O 8z~ OTHER
GROUNDWATER Dry ATD z ) 5 Z I Z 2T TESTS
&, = B
DEPTH m| mm ) i S e I m 5
ZleE| 22 | EE | 2 | B | BEZ
DESCRIPTION OF B E, ?E 5 5 Q o % o ‘é E
MATERIALS O lwl vw Om al = DU w
Medium stiff o stiff dark brown to dark
gray brown silty clay 1-2.5" 42 . ; ) Atterberg
2 Lirmits
4
2-2.5" 28/6" 96.9 24.8 7198
6
Stiff to very stiff light brown sandy silt with
some clay, with occasional sandier lenses! s
3-spt 10 - - -
| 10
12
14
4-spt 29 - - -
Bottom of boring 15'
16

Job No. 04-SR552 \ % Michelucci & Associates, Inc. Figure 14




PROJECT

Wilfred Avenue, Rohnert Park

BORING NO.

14

TYPE OF BORING

DATE OF BORING

BORING SUPERVISOR WG
6" diameter continuous flight auger 11/17/04
HAMMER WEIGHT 140 pounds, 30 inch drop o P
1% | d |§
SURFACE ELEVATION Not measured 58| G SR b
. Lo >_( O (n.
y = 4] O 0B -
GROUNDWATER 9.5 ATD 5 E B | B > de OTHER
Z Z 0 | oz o £ o & TESTS
DEPTH 8] mm ) 58} 5 Loy
sl 22 |2 8 |57 | BEg
DESCRIPTION OF 5121 22 1239 & |8 Oze
MATERIALS Qi vww o m =} = DU w
Medium stiff o stiff dark brown to dark
gray brown silty clay
2
j 1-2.5" 50 86 1 30.6 4338
4
Stiff to very stiff light brown sandy silt with
some clay
p 2-2.5" 44 92.3 27.8 5802
8
3-spt 16 - - -
10
Stiff to dense light brown sandy silt to silty
sand, becoming siltier and stiffer below 11 12
to 12'
= 4-spt 44/9" - - -
14
Bottom of bonng 14'
r 16

Job No. 04-SR552

% Michelucci & Associates, Inc.

Figure 15
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Wilfred Avenue, Rohnert Park

BORING NO. 15

TYPE OF BORING

DATE OF BORING

IBORING SUPERVISOR WG
6" diameter continuous flight auger 11/17/04
HAMMER WEIGHT 140 pounds, 30 inch drop o _ .
| z b z
, RS B B B = :
SURFACE ELEVATION Not measured gn Zn i Z L
: 7 O g
E 2 0 = O o5 n
GROUNDWATER 11.0' ATD Q% =2 R oz OTHER
z ol B ) 5 E TESTS
DEPTH mp mw | 9 o e | Eag
“lg g8 | SE| & |5 | 8Eg
DESCRIPTION OF 212022 128 2 |8 | 9z2¢
MATERIALS Qlw| we | oM & b 506
Medium stiff to stiff dark brown to dark
gray brown silty clay
2 1-25" | 29 718 | 418 -
4
2-2.5" 34 980.5 30.5 4842
Sitiff to very stiff light brown sandy silt with 6
occasional sandier layers
8
3-spt 25 - - -
10
i
h 4 |
12
Dense brown to gray brown silty coarse
sand with pebbles
14
4-spt 38/6" - - -
Bottom of boring 14.5'
16
Job No. 04-SR552 % Michelucci & Associates, Inc. Figure 16




PROJECT Wilfred Avenue, Rohnert Park BORING NO. 16
BORING SUPERVISOR WG TYPE OF BORING DATE OF BORING
8" diameter continuous flight auger 11/17/04
HAMMER WEIGHT 140 pounds, 30 inch drop 1)
wlz | 5 |&
TRE - |
SURFACE ELEVATION Not measured g 2 £ ‘;“ z - B
D = S | B O @ > o OTHER
IC)}IEI())"E;\IDWATER Dry ATD > E A s i % 1 Z % E TESTS
S Tolm oM om o X
=2 22 |£%| 8 |EY | 2EZ
DESCRIPTION OF b 5 2% 59 - o g g e
MATERIALS [aRNRP) v v o m o = o U LET)
Medium stiff to stiff dark brown to dark
gray brown silty clay N
1-2 5" 41 91.7 28.5 7339
Stiff to very stiff light brown sandy silt to 4
sandy clay
6
Dense o very dense brown 1o gray brown 2-2.5" 50 - 15.0
silty ine sand to medium coarse sand
8
Stiff to very stiff light brown sandy silt with 10
some clay
3-25" | 34/6"} 1038 | -22.8 4395
12
Bottom of boring 12'
14
16
Job No. 04-SR552 % Michelucci & Associates, Inc. Figure 17




PROJECT Wilfred Avenue, Rohnert Park BORING NO. 17

BORING SUPERVISOR DC TYPE OF BORING DATE OF BORING
8.0 inch diameter hollow stem auger 12/21/04
HAMMER WEIGHT 140 pounds, 30 inch drop 8 )
o H -
SURFACE ELEVATION Not measured il a A Z. hy
. % 5 sk b O m v
[ 2 B B | O g2 o OTHER
GROUNDWATER 9.5 ATD = Zn H z 1 Z WL TESTS
- = O e8] = o i & E
DEFTH SalE8 [ Be | B | Be | EEC
[ Sy == O A
DESCRIPTION OF =121 22 |83z | B | SER
MATERIALS Dl vwn o m o} = 2 Uw
Medium stiff dark brown to black silty clay
(approximately 3" of imported gray gravel at surface)
5
2 56/9" | 96.4 24.2 3807
Stiff light gray brown to brown sandy clayey silt -
with more sandy lenses 2) 2" 27 91.8 30.8 4315
15
3) spt 19 - - -
Stiff blue gray silty clay with minor sand
20
Stiff blue gray sandy silt with minor clay o 4) spt 20 _ _ _
lenses
25
Stiff blue giay silty sandy clay 1o siity
clay 5) spt 11 - - -
30
Medium stiff blue gray silty clay 6) spt 14 i i )
Bottom of boring 32'
35
Job No. 04-SR552 % Michelucci & Associates Figure 18
B




Ppe——— R
PROJECT Wilfred Avenue, Rohnert Park BORING NO. 18
BORING SUPERVISOR DC TYPE OF BORING DATE OF BORING
8.0 inch diameter hollow stem auger 12/21/04
HAMMER WEIGHT 140 pounds, 30 inch drop 8 . E
9
m .
(ElE | 9 |E
SURFACE ELEVATION Not measured ) & Z H
. m = {: v o ) v
: - K 5% | 8 g O 82 OTHER
g%ngJgDWATER 10.0 ATD z . E @ - R % W é 5 E TESTS
6.5 1Thi/ATD E 20 2 5_3 % ; o é & % % %
DESCRIPTION OF =120 22 (26 ¢ | B |9zE
MATERIALS S| se | BR[| O | = 506
Medium stiff dark brown to black silty clay
5
1) 2" 43 974 24.1 4162
Stiff light brown to tan sandy silt to clayey silt
h 4
i w10
D brown gravelly silt d =
ense gray brown gravelly silty san 2 2 4 983 naa 508
Dense gray brown silty sand with lenses of light 15
gray brown clayey silt
3) spt 82 - - -
Dense gray brown silty sand 20
— 4) spt 19 - - -
Stiff blue gray clayey silt to silty clay 25
5) spt 11 - -
. 30
Dense blue gray clayey and to silty clayey sand
6) spt 30 - -
Bottom of boring 31.5'
35
Job No. 04-SR552 % Michelucci & Associates Figure 19




PROJECT Wilfred Avenue, Rohnert Park BORING NO. 19
BORING SUPERVISOR DC TYPE OF BORING DATE OF BORING
8.0 inch diameter hollow stem auger 12/21/04
HAMMER WEIGHT 140 pounds, 30 inch drop 58] )
| 52 |G |¢
SURFACE ELEVATION Not measured BE B z o E o
i > 2 g E S ni OTHER
GROUNDWATER 100 ATD S5 |« | 3 25 o
Z, Z A B | o=z o Z TESTS
DEPTH — 1) m O o n SR L 1 G
=2 22 &2 | R | & 65 %
DESCRIPTION OF £ AEERE R =4
MATERIALS Rl vw | 0@ A = 505
Medium stiff dark brown to black silty clay
5
1) 2" 39 96.8 24.3 5330
Stiff light gray brown to tan sandy clayey silt with more
sandy lenses
)\ 4ED
) 2) 2" 20 | 948 | 294 | 4213
(Some minor gravels at 13' to 14")
15
Stiff tan sandy silt 1o clayey silt
3) spt 16 96.3 29.2 4213
20
4) spt 21 - - -
Stff blue gray silty clay 1o sandy clay with more
sandy lenses
25
5) spt 19 - - -
30
6) spt 12 - - -
Bottom of boring 31.8'
35
Job No. 04-SR552 % Michelucci & Associates Figure 20




PROJECT Wilfred Avenue, Rohnert Park BORING NO. 20
BORING SUPERVISOR DC TYPE OF BORING DATE OF BORING
8.0 inch diameter hollow stem auger 12/21/04
HAMMER WEIGHT 140 pounds, 30 inch drop 8 .
JE |2 | O : .
SURFACE ELEVATION Not measured 4o | 2| 2 |z B
: as} = e @) ny N
) 5 5 0 o = O B~ OTHER
GROUNDWATER 10.0 ATD - 2 A 2 2 TESTS
o, 8] =~ M
DEPTH =889 | 2| B 2% | ZEC
Bl L& = e 5o Z
DESCRIPTION OF 52122 |28 & |2 | 92E
MATERIALS QAlw| vy | 0@ A 2 50 6
Medium stiff to stiff dark brown silty clay
(AC and approximately 6" imported base
rock at surface)
5
Stiff light gray brown 1o tan clayey sandy
silt, becoming gravelly between 7' and 9.5
w10
15
1) 2" 14 -
Stiff blue gray to gray green silty clay to clayey
silt with lenses of sandy clay to clayey sand
20
2) 2° 19 -
25
3) spt 11 - -
Stff blue gray silty clay with more sandy ienses
30
4) spt 14 . - _
Bottom of boring 31.5'
35
Job No. 04-SR552 % Michelucci & Associates Figure 21




60 A /
/
[n8)]
50 % 1 CLAYSOF
: HIGH PLASTICITY
et = &
£ P&
b B
. B -
Z 40 //
e /
e~
ol
@) .
bt
A /
<
30 /
A v
CLAYS OF HIGH ELASTIC
MEDIUM PLASTICITY ORGANIC SILTS ~ ]
AND CLAY
20 //
CLAYS & CLAYEY /
—  SANDSOF 7
LOW PLASTICITY / CLAYEY SILTS
10 | | | p. | { {
10 20 30 40 50 60 70 80 90
LIQUID LIMIT, LL
CLASSIFICATION TEST RESULTS
ATTERBERG GRAIN SIZES
SAMPLE IDENTIFICATION LIMITS % DRY WT.
5
; 5ol g :
4] O o
= I % DESCRIPTION ) E o >
=] E = =) = v & = Q >~ — |
Z 0 oz |52 | E=| 2 5 S 2 il
g — A a4 d E 5) a v %) &) O
1-1-4 A Dark brown to dark gray brown silty clay 75 57
13-1-4 B Dark brown to dark gray brown silty clay 56 41 J
J
PLASTICITY CLASSIFICATION
Job No. 04-SR552 ? Michelucci & Associates, Inc. Figure 22




UBC EXPANSION INDEX
Wilfred Avenue
Rohnert Park California

Sample: Bulk Sample Adjacent to
Boring #1

Description: Dark brown to dark
gray brown silty clay

Initial

Sample Height (in): 1.0000
Moisture Content (%): 18.3
Dry Density (pcf): 80.8
Void Ratio: 1.083
Saturation (%): 455
Final

Sample Height (in): 1.1282
Moisture Content (%): 479
Void Ratio: 1.354
Saturation (%): 95.6

Expansion Index: 123

Expansion Index Level: HIGH

EXPANSION INDEX LEVELS:

0-20= Very Low
21-50= Low
51-90= Medium
91-130= High
>130= Very High

Job No. 04-SR552

%9 Michelucci & Associates, Inc. Figure

23




GUIDE SPECIFICATIONS FOR SUBDRAINS BEHIND RETAINING WALLS

Slope exterior grade

/ away {rom building

Ground surface

\ Impervious clay cap (12 inch mm )

Limits of {ilter material for

— ]
~
Fd
~
/\/ :
\/ e
AT
A
ASERSERN
s
oSN
fars
i\/\
Wall —— R
e
AN NN " .
N:\:\ 12"min
Moisture proof N
R R
membrane NN
Fard
“"Paraseal" or PN .
) ) T2 sb Filter Maternial
equivalent is ‘o .
P (Drain rock)
recommended AR
NN
oy
SN
P
SN
Faand
NN
.
~
~
~
-~

TYPICAL SECTION
(Not 1o Scale)

/ building walls

Locate perforated pipe

such that collected water can

be adequately discharged;
Elevation of pipe should be at
least 6 inches lower than elevation
of mnterior floor slab

Perforated pipe shall
be placed with
perforations face down

Note:

4" pipe (typ.) - smaller
dia. pipe shall be suitable if
approved by the Soil Engineer.

Subdrain pipe shall be manufactured in accordance with the following requirements:

a. Acrylonitrile-butadiene-styrene (ABS) plastic pipe shall conform to the specifications for ABS
plastic pipe given in ASTM Designation D2282 and ASTM Designation D2751. ABS pipe shall
have a mimmum pipe stiffness of 45 psi at 5% deflection when measured in accordance with

ASTM Method D2412.

b. Polyvinyl chloride (PVC) pipe shall conform to AASHTO Designation M278. PV C pipe shall have
a mimmum pipe stiffness of 50 psi at 5% deflection when measured in accordance with ASTM
Method D2412 except that pipe conforming to F758 shall be suitable. Schedule 40 PVC pipe shall
be suitable. SDR-35 PVC pipe conforming to ASTM D3034 shall be suitable when the thickness of

pipe cover does not exceed 12 feet.

Filter matenal for use in backfilling trenches around and over subdrain pipes and behind
retaiming walls shall consist of clean coarse sand and gravel or crushed stone conforming

{o the {ollowing requirements:

Sieve Size

nu
3/4"
3/8"
#4
#3
#30
#50
#200

% Passing Sieve

100
70 10 100
40 10100
25 1o 50
15 to 45
510 25
0t 20
Qo 3

Class 2 " Permeable Material” conforming (o the State of Califormia Department of
Transportation Standard Specifications, latest edition, Section 68-1.025 shall be

suitable.

Clean, coarse gravel ("drain rock™) shall be suitable, provided the subsurface drain
1s wrapped 1n an acceplable geotextile ("filter fabnic") such as Mirafy 140N.

Job No.

04-SR552
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MOISTURE RETARDANT BENEATH CONCRETE FLOOR SLABS

TYPICAL SECTION

A.MATERI

The mineral

ALS

aggregate for use under floor slabs shall consist of clean rounded gravel

and sand. The aggregale shall be free from clay, organic maiter, loam, volcanic tuff,
and other deleterious substances.

B. GRADATIONAL REQUIREMENTS

The mineral

aggregate shall consist of such sizes that the percentage composition by

dry weight as determined by laboratory sieve (U.S. Series) will conform to the
following gradation:

NOTES:

Percentage Passing

Sieve Size Gravel Sand
A 100
3/4" 90-100
No. 4 0-5 100
No. 50 0-30

The polyethylene membrane should be adequately thick so that it will
not be easily damaged during construction, It should be adequately
detailed so that there are litle or no openings around plumbing at
conduit points and near foundations. Pipe penetrations should be taped

Z, T e e L AT I e e e e e e e e T e

EAE A A S AN S A S A S S N S N T S T T T R T A S A R N Y I A A N Y A Y AV A

e N T T T T T T N e N T T T O N e e N T N O e e N T S e NN CON CR_ETE

P T O A N A R A A S A A B A A A A A N R A NV SV A RV A B N R N A B A Y A

R T T S e e e e N T U N N N N MY SN N N S NN NN N N N N N N S N, SONON NN
m E AR I A A AT A A A S A S G R T T T A TR S T SR A A A S N A S S G R Y A R A A SLAB"ON-
- T N O T Y NN NN B T T e e N N T T T N e e T T YL NN NOYON N N NS
" L A A A S A A A A A A S A B R A A R S B B A A A S S R N N A R N A Y A A 7 4 GRADE
= R N N N N N N N N NN NN NN NN IR
er R a -" /‘ /“ /l/ /‘/‘/ S r S /‘/ /‘ /‘ f‘/) /1/ ./l ,1/1 /‘/ /J/‘ /‘/ s 7 /‘/ s /J/ ’ /J/ A A R G
= .
- 2" SAND

TIYYY A 424y T T H St rervey
Z eteidtely ))()xxx 20 GRS % fx"x o 35 x;/?{/;/(
%) QX ; Sl % e e it el
SRRHA 1%7 ’®:'" 2% SRR et 4u GRAVEL
% XX % 7 g YAKIAK AT,
2 R s
¢ ? $ SRR LA

= % T N A NS

to minimize vapor transmission. The membrane sheets should be adequately lapped.

The sand covering is not a part of the moisture retardant treatment.

It is a normaily used optional component that gives some protection to

the membrane and also aids in curing the concrete. Pea gravel may be used as
a substitute for sand.

The final moisture retardant detail is to be delermined by the project architect
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GUIDE SPECIFICATIONS
FOR ENGINEERED FILL
Page 1 - Job. No. 04-SR552

GENERAL

1. Definition of Terms

FILL...is all soil or soil/rock materials placed to raise the grade
of the site or to backfill excavations.

ON-SITE MATERIAL...is that which is obtained from the
required excavations on the site.

IMPORT MATERIAL...is that hauled in from off-site areas.
SELECT MATERIAL...is a soil material meeting the requirements
set forth in "C(2)" below.

ENGINEERED FILL...is a fill upon which the Soil Engineer has
made sufficient test and observations to enable him to issue a
written statement that in his opinion the fill has been placed and
compacted in accordance with the specification requirements.
AASHTO SPECIFICATIONS. are the Standard Specifications of
the American Association of State Highway Officials latest
revision.

ASTM SPECIFICATIONS...are the Annual Book of ASTM

Standards (Part 19), American Society for Testing and
Materials, latest revision.

MAXIMUM LABORATORY DENSITY...is the maximum density for
a given fill material that can be produced in the laboratory by the
Standard procedure ASTM D1557, "Moisture-Density Relations of
Soils Using a 10-Pound (4.5 kg) Hammer and an 18-inch (457
mm) Drop" (AASHTO Test T-180, "Moisture-Density Relations of
Soils Using 10-Pound Hammer and an 18-Inch Drop").

OPTIMUM MOISTURE CONTENT...is the moisture content at
which the maximum laboratory density is achieved using the
standard compaction procedure ASTM Test Designation D1557
(AASHTO Test -180).

DEGREE OF COMPACTION..is the ratio, expressed as a
percentage, of the dry density of the fill material as compacted
in the field to the maximum dry density for the same material.



GUIDE SPECIFICATIONS
FOR ENGINEERED FILL
Page 2 - Job. No. 04-SR552

Responsibility of the Soil Engineer

The Soil Engineer shall be the Owner's representative to observe
the grading operations, both during preparation of the site and
compaction of any engineered fill. He shall make enough visits to
the site to familiarize himself generally with the progress and
quality of the work. He shall make a sufficient number of field
observations and tests to enable him to form an opinion
regarding the adequacy of the site preparation, the acceptability
of the fill material, and the extent to which the degree of
compaction meets the specification requirements. Any fill where
the site preparation, type of material, or compaction is not
approved by the Soil Engineer shall be removed and/or
recompacted until the requirements are satisfied.

3. Soil Conditions

A soil investigation has been performed for the site by
Michelucci & Associates and a report has been issued by them
dated June 30, 2005 covering that investigation. The contractor
shall familiarize himself with the soil conditions on the site,
whether covered in that report or not, and shall thoroughly
understand all recommendations associated with the grading.

SITE PREPARATION

1. Stripping

Prior to any cutting or filling, the site shall be stripped to a
sufficient depth to remove all grass, weeds, roots, and other
vegetation, including trees and their root systems. The minimum
stripping depth shall be 3 inches. The site shall be stripped to
such greater depth as the Soil Engineer in the field may consider
necessary to remove materials that, in his opinion, are
unsatisfactory. The stripped material shall either be removed
from the site or stockpiled for reuse later as topsoil, but none of
this stripped material may be used for engineered fill.

When trees are removed, the soils loosened by the roots shall be
overexcavated at least to the bottom of the disturbed zone and

to the width of the equipment. These excavations should be
backfilled with engineered fill.



GUIDE SPECIFICATIONS
FOR ENGINEERED FILL
Page 3 - Job. No. 04-SR552

2. Preparation for Filling

After stripping, the weak soils in areas to be filled or in building
footprint areas plus 5 feet beyond building lines shall be
overexcavated to the minimum depth called for on the plans or
that is required by the Soil Engineer in the field. The
overexcavated soils that are clean and free from organic
material can be used later as general engineered fill.

After stripping the surface vegetation and overexcavating the
weak soils to the required depths, the exposed surface shall be
scarified to a minimum depth of 6 inches, watered or aerated as
necessary to bring the soil to a moisture content that will permit
compaction, and recompacted to the requirements of engineered
fill as specified in "D" below. Prior to placing fill, the Contractor
shall obtain the Soil Engineer's approval of the site preparation in
the area to be filled. The requirements of this section may be
omitted only when approved in writing by the Soil Engineer.

MATERIAL USED FOR FILL

1. Requiremenis for General Engineered Fill

All fill material must be approved by the Soil Engineer. The
material shall be a soil or soil/rock mixture that is free of
organic matter or other deleterious substances. The fill material
shall not contain rocks or lumps over 6 inches in greatest
dimension, and not more than 15% by dry weight shall be larger
than 2 1/2inches in greatest dimension. The soils from the

site, except the surface strippings, shall be suitable for use as
fill.

2. Requirements for Select Fill Material Beneath Floor
Slabs

In addition to the requirements of "C(1)" above, select material,
when called for on the plans and for use under floor slabs or in
buttress fills, must conform to the following minimum
requirements:



GUIDE SPECIFICATIONS
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Maximum Plasticity Index 12

3. Environmental Certification for Imported Fill

All imported fill materials, to be used as a select material or
otherwise, shall be free from hazardous contaminants and other
refuse. The contractor shall provide to the owner proper
certification and other documentation as required by the owner
to verify that the imported material is not contaminated with
hazardous substances. The acceptable levels of any
contaminants discovered in the soil shall be determined by the
owner,

PLACING AND COMPACTING FILL MATERIAL

All fill material shall be compacted as specified below or by other
methods, if approved by the Soil Engineer, so as to produce a
minimum degree of compaction of 90%. Fill material shall be

spread in uniform lifts not exceeding 8 inches in uncompacted
thickness.

Before compaction begins, the fill shall be brought to a water
content that will permit proper compaction by either aerating the
material if it is too wet or spraying the material with water if it
is too dry. Each lift shall be thoroughly mixed before compaction
to ensure a uniform distribution of water content. Where
natural clayey soils are used within 3 feet of the finished ground
surface, they shall be placed and compacted at a moisture
content that is 1% to 3% above optimum.

EXCAVATION

All excavations shall be carefully made true to the grades and
elevations shown on the plans. The excavated surfaces shall be
properly graded to provide good drainage during constructicn and
to prevent ponding of water.
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SUBGRADE PREPARATION UNDER FLOOR SLABS

The floor slab area shall be overexcavated to a sufficient depth
to accommodate a 30-inch thickness of select fill, when called
for by the soil engineer. After overexcavating, the exposed
surface shall be scarified, mixed with water, if necessary, and
compacted to a degree of compaction of 90% at a moisture
content 1% to 3% above optimum. The select engineered fill shall
be placed immediately to prevent drying up of the subgrade. The
select fill shall be placed and compacted as in "D" above.

TREATMENT AFTER COMPLETION OF GRADING

After grading is completed and the Soil Engineer has finished his
observation of the work, no further excavation or filling shall be
done except with the approval of and under the observation of
the Soil Engineer. It shall be the responsibility of the Grading
Contractor to prevent erosion of freshly graded areas during
construction and until such time as permanent drainage and
erosion control measures have been installed.



GUIDE SPECIFICATIONS
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DESCRIPTION

Subsurface drains are pipes installed beneath the ground surface
and which collect and convey subsurface drainage water. Unless
otherwise directed by the Soil Engineer in the field, the conduit
shall be placed in a trench, and the trench shall be backfilled with
pervious material. The conduit and pervious material shall meet
the requirements for the materials given in these specifications.
The materials for the subsurface drain and the size of the
trench shall be as shown on the plans or as determined by the
Soil Engineer in the field.

MATERIALS

1. Subdrain Pipe

Subdrain pipe shall be manufactured in accordance with the
following requirements:

a. Perforated corrugated metal pipe shall
conform to the specifications of AASHTO Designation
M36. Corrugated steel sheet used in the fabrication
of the pipe shall have a protective coating of zinc
(galvanizing), aluminum, or aluminum-zinc alloy
conforming to ASTM Designation A760.

b. Acrylonitrile-butadiene-styrene (ABS) plastic
pipe shall conform to the specifications for ABS
plastic pipe given in ASTM Designation D2282 and
ASTM Designation D2751. ABS pipe shall have a
minimum pipe stiffness of 45 psi at 5% deflection

when measured in accordance with ASTM Method
D2412.
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C. Polyvinyl chloride (PVC) pipe shall conform to
ASSHTO Designation M278. PVC pipe shall have a
minimum pipe stiffness of 50 psi at 5% deflection
when measured in accordance with ASTM Method
D2412. Schedule 40 PVC pipe shall be suitable.

2. Pervious Backfill Material

Pervious materials for use in backfilling trenches shall conform
to the requirements of Paragraph "C1" of these specifications.
Pervious material conforming to the requirements of Paragraph
"C2" may be used, provided that the backfill is wrapped in a
suitable geotextile ("filter fabric") meeting the requirements
given in Section "D".

BACKFILL MATERIAL

1. Filter Material
Filter material for use in backfilling trenches around and over
subdrain pipes and behind retaining walls shall consist of clean
coarse sand and gravel or crushed stone conforming to the
following requirements:

Sieve Size % _Passing Sieve
2" 100
3/4" 70 to 100
3/8" 40 to 100
#4 25 to 50

#8 15 to 45
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#30 0 to 40
#50 0 to 20
#200 0to 3

Class 2 "permeable material" conforming to the State of
California Department of Transportation Standard
Specifications, latest edition, Section 68-1.025 shall be suitable.

2. Gravel

Gravel for use in pervious blankets and in backfilling trenches or
wrapped in filter fabric meeting the requirements of Section D of
these specifications shall consist of clean fresh stone
conforming to the following grading requirements:

Sieve Size % _ Passing_Sieve
1" 100
1/2" 50 to 100
#4 40 to 100
#8 0 to 40
#30 0 to 40
#50 0to b

#200 0to 3
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Class 1 "permeable material" conforming to the State of
California Department of Transportation Standard Specifications
Section 68-1.025 shall be suitable.

GEOTEXTILE

Geotextiles for use in subdrains or as directed by the Soil
Engineer shall be of nonwoven, needlepunch construction and
consist of long chain polymeric fibers composed of
polypropylene, polyethylene, or polyamide. The fibers shall be
oriented into a multidirectional, stable network. The geotextile
shall conform to the physical property requirements listed below:

Acceptable Typical
Physical Property Test Method Test Results

Tensile Strength, wet, Ibs  ASTM D1682 90 (minimum)
Elongation, wet, % ASTM D1682 40 (minimum)

Coeftficient of Water Constant Head 0.10 (minimum)
Permeability, cm/sec

Pore Size--EOS, Corps of Engineers 40 (maximum)
U.S. Standard Sieve CW-02215



GUIDE SPECIFICATIONS
FOR SUBSURFACE DRAINS

Page 5 - Job No. 04-SR552

LAYING AND PLACEMENT

The drain pipe and filter material shall be placed as shown on the
plans or as determined by the Soil Engineer in the field. Unless
otherwise directed by the Soil Engineer, perforated pipe shall be
laid with the perforations at the bottom. Corrugated metal pipe
sections shall be joined with couplers.

Subsurface drains shall be placed to the depths, lines, and grades
shown on the plans and as directed by the Soil Engineer in the
field. Subsurface drains shall discharge to a suitable outlet as
defined in the field by the Soil Engineer or as shown on the plans.

After excavating the subsurface drain trench but before placing
the drain pipe, a minimum of 4 inches of filter material shall be
placed on the trench bottom. The filter material shall be rounded
to conform to the curvature of the pipe so that the pipe is
carefully bedded. The trench shall then be backfilled to the top
of the pipe, and the backfill tamped or hand wedged into place to
provide firm support at the sides of the pipe. In general, the
installation shall follow the guidelines of ASTM Designation

D2774, except that compaction of the filter material in the
trench shall not be required.

The contractor shall, at his expense, replace pipes damaged
during the installation or subsurface drains not placed at the

lines and grades called for on the plans or as determined by the
Soil Engineer in the field.

The geotextile shall be placed in the manner and at the locations
shown on the plans. The surface to receive the fabric and/or
the trench into which the fabric is to be placed shall be prepared
to a smooth condition free of obstructions and debris.

The geotextile shall be covered with a permeable material within
two weeks of its placement. Should the fabric be damaged
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during construction, the torn or punctured section shall be
repaired by placing a piece of fabric that is large enough to cover
the damaged area and to meet the overlap requirement.
Adjacent borders of the geotextile shall be overlapped a minimum
of 12 inches or sewn. The preceding roll shall overlap the
following roll in the direction the material is being placed.

CLEANOUTS

At the direction of the Soil Engineer, cleanouts shall be provided
at the ends of pipes and at junctions and connections of
pipelines. Junction angles should be no steeper than 45 degrees
where cleanout pipes connect to the subdrain pipes. Cleanouts
should be provided with lockable caps.



