
 
 
 
 

 
 
 
 

 
APPENDIX D 

PRELIMINARY GEOTECHNICAL 

INVESTIGATION 
  



PRELIM INARY GEOTECHNICAL INVESTIGATION:
PROPOSED MOUNT SIGNAL SOLAR FARM AND ASSOCIATED STRUCTURES

WEST OF DREW ROAD AND SOUTH OF INTERSTATE 8
IMPERIAL COUNTY, CALIFORNIA

Presented to:

US SOLAR HOLDINGS, INC.
6111 Severin Drive
La Mesa, CAr9.,;1,:,94.,;2:.... _

Prepared by:

•

engi"eeriug
16 geotee:hllical

applications
co ns ult ants

375-C Monte Vista Aven ue
Cos ta Mesa , CA 92627

(949) 642-9309

June, 2011
Project No. TS646.1



EGA
co n su l ta n t s

Site: PROPOSED MT. SIGNAL SOLAR FARM
SEELEY. CALIFORN IA

Executive Summary (page 1 of 3}

m ginttring

grouch,,;clll

appliCluions

June 16, 2011
Project No. TS646.1

Based on our pre liminary geotechnical study of the site , our review of available reports and literature and
our experience, it is our opinion that the proposed solar farm and associated construction is feasible from
a geotechnical standpoint. There appear to be no significant geotechnical constraints on-site that cannot
be mitigated by proper planni ng, design, and utilization of sound construction practices.

Our scope of work included the excavation and sampling of twenty-five (25) exploratory borings 10a
maximum depth of 50 feet below existing grade.

The following key elements are conclusions confirmed from this invest igation:

The study area is part of the low-ly ing Salton Trough and is uniformly underlain by 1 to 2 feet of
crop/road surficial fill which is underlain by firm to stiff lacustrine clays with traces of silts and
sands {e l l. The clays have a low permeability: 10-7 em/sec.
The site study area is located approximate ly 35 feet be low mean sea level.
The depth to groundwater across the site predominantl y ranges from 10 to 15 feet.
Laboratory results indicate that the subqrade earth materials possess an Expansion Index rang ing
from very low to medium.
Based on both soi ls lab and field resistivity surveys by HDRlSchiff, the soils are considered to be
severe ly corrosive towa rd ferrous meta ls. We recommend the pier, pipe and cable designs
include the corrosion miUgation mea sures included in Appendix C, herein.

SEISMICITY

The Imperial Fault, which is located about 20 km east of the study area is the governing fault with an
average slip rate of 20 mmlyr and a maximum magnitude of 7.0 (ref: 2003 CDMG).

Seismic Va lues (8-15, si te centroid):
Site Longitude (Decimal Degrees )
Site Latitude (Decimal Degrees)
Site Class Defin ition (Table 1613 .5.2)
Mapped Spectra l Response Accelerat ion at 0.2s Period , SI
Mapped Spectral Respo nse Acceleration at 1s Period,S,
Short Period Site Coefficient at 0.2 Period, F.
Long Period Site Coefficient at ts Period, F.
Adjusted Spectral Response Accelerat ion at 0.2s Period, SMS
Adjusted Spectral Response Acce leration at ts Period, SM'
Des ign Spectral Response Acceleration at 0.2s Period, Sos
Des ign Spec tral Response Acceleration at 1s Period, SOl

SUMMARY OF RECOMMENDATIONS

-115.716
32.7491

D
1.445
0.566
1.0
1.5
1.445
0.849
0.964
0.566

Underpinning of the solar modu le arrays is recommended using galvanized steel piles ('JI.13X9 wide flange
beams) or helical anchors . The following Geotechnical Parameters may be used in the des ign of the
underpinning:
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Design Item

End Bearing Pressure
Passive Lateral Resistence
Coefficient of Friction
Allowable Skin Friction
Uplift Forces

Recom mendat ions

2,000 psf for lacustrine deposits
300 psf per foot
0.35
500 pst between piles and lacustrine deposits
60 percent of the allowable capacity

Coefficients
Active Ka- O.30
Passive Kp=3.60
At Rest Ko=Q.50

The anchors/p iers shall be driven a minimum depth of 6 feet below grade .

For design purposes the upper 1 foot of soils sha ll not be considered for skin tricHon values.

Pile/anchor fixity may be taken at the crop/road fill - competent lacu strin e deposit transition at 1 feet b.g..

A representative sample of the piles/anchors should be latera l joad- and pull-tested prior to con struction.
These tests shall be performed by a qualified testing firm using cal ibrated equipment and an industry
recogn ized test ing procedure. The in situ load test results will provide empirica l data for point-spec ific
actual embedment depths.

The win d pressu re threshold value shall be determ ined by the project design engineer. For comparative
analysi s, ve locity values of 115 mph and 85 mph are provided here in.

Pile Ca paci ti es

VVhen considering an l-l-Pile with a-inch flanges and a 6-inch web:
Ult. Capacity: - 4.2 kips
Allow Capac ily: 4.0 I SF - 2. 1 kips (FICtOf of Safety - 2.0)

Layer Depth So il Type Effect ive Unit Co hes ion Ad hesion Phi
(0) Weight (pel) (psI) (psI) (degrees)

1 0 -1 Crops Topsoil (MUC L) 110 460 460 28

2 I - 12 Stiff Clay w/o free water (Ct.) 110 SOO SOO 28

3 12 - .sO Silly Sand and Sand in perched 120 NA NA 32
groundwater (SMlSP)

Anchor spa cing and dimensions should be determined by the stru ctural engineer.
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The following Geotechnical Parameters may be used in the design of the conventional foundation
construction for the inverter pads andlor associated structures:

Mat Slab Foundation

For the inverter pads and associated structures, if applicable, a mat slab foundation system is
recommended due to the presence of heavy loads and expansive soils. The actual des ign of
the foundation and slabs should be completed by the structura l engineer.

tng inrtring

t,fouchnical

appJiclu iom

Min. Design Item
Mat Foundations:
Allowable Bearing Pressure:
Passive Lateral Resistence:
Mat Slab Th ickness:
Steel Reinforcement:
Coefficient of Frict ion :
Soil Sulfate Content

Recommendations

2.000 psf
300 psI pe r fool
min. 18 inches with thickened edges (+ 6 inches)
NO. 6 bars @ 12M o.c. each way, top and bottom
0.35
Negligible to Severe

Note: As an alternative to the above-referenced mat
slab, manufactured pre-cast pads may be considered
by the project struc tural engineer.

Ground Level Invertor Pad Removals: min. 3 ft. overe xcavation . with 2 ft. envelope. Remove
and re-compact to min. 90 % relative compaction
(based on ASTM: D 1557). We recommend that fill
so ils be placed at moisture contents at least 4 percent
over optimum for cohesive soils and at least 2 percen t
over optimum for granular soils.

Sulfate Content and Cement Type

The resu lts of our laboratory testing indicates that the soluble sulfate content of the on-site soils
likely to come in contact with concrete/steel is neg ligible to severe, based on the USC
classification . As a conservative approach, type V cement and a concrete strength fc of 4,500
psi is therefore recommended for use in concrete in contact with the on-site soils .

Site Preparation

Site preparation includes removal of deleterious materials , existing struc tures, or other
improvements from areas to be SUbjected to fill or structural loads. Deleterious materia ls,
including vegetation, trash, construction debris, and contaminated soils, should be removed
from the site . Existing subsurface utilities that are to be abandoned should be removed and the
excavations back filled and compacted. For the solar arrays we reco mmend plowing or discing
the upper 10 inches and re-co mpacting via tractor/loade rs, or vibratory rollers , mak ing a
minimum sing le pass. Placement of engin eered fiU is not required for anchored arrays.
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Attention:

Subject:

Tommy Nelson, Project Engineer

PRELIMINARY GEOTECH NICAL INVESTIGATION
PROPOSED Mr. S/GNAL SOLAR FARM
AT APPROX. 2000-ACRE SITE LOCATED
WEST OF DREW ROAD AND SOUTH OF INTERSTATE 8
SEELEY, CALIFORNIA

Dear Mr. Nelson,

In accordance with your request we have completed our Preliminary Geotechnical
Investigation for the above referenced photovoltaic solar project. This investigation was
performed to detenmine the site soil conditions and to provide geotechnical parameters for
the proposed construction.

It is our understanding that underpinn ing/anchoring of solar arrays are contemplated. Our
investigation consisted of site-specific document review, subsurface exploration ,
laboratory testing , field resistivity surveys. corrosivity analysis, photographic
documentat ion. geotechnica l analysis of field and laboratory data , and the preparation of
this report including pier/anchor specifications and minimum embedment depths.

Additionally, specifications for the associated improvements including the proposed inverter
pads, are included in this report.

This opportunity to be of service is appreciated. If you have any questions, please call.

Very truly yours,

EGA Consultants, LL

I. c:Jl~=PA""'UC::L.iD~U~RA?:N7:D!-R~C~E~~~~~~
Sr. Project Engineer

Copies: (2) Addfessee
(3) Bum. &McDonneU
(1) Southwestern Power Group
(1) Ms. Erika Hanson. PE
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PRELIMINARY GEOTECHNICAL INVESTIGATION
(PROPOSED MT. SIGNAL SOLAR FARM)
AT APPROX. 2000-ACRE SITE LOCATED

WEST OF DREW ROAD AND SOUTH OF INTERSTATE 8
SEELEY, CALIFORNIA

INTRODUCTION

In response to your request we have completed a preliminary geotechnical investigation
for the proposed Mt. Signal Solar Farm project in the City of Seeley, County of Imperial,
California (see Site Location Map, Figure 1). The purpose of our investigation was to
evaluate the existing geotechnical conditions at the subject site and provide
recommendations and geotechnical parameters for the proposed solar farm re
development.

The approximate 2000 acre, low-lying study area is situated within the southwestern
portion of Imperial County and is delineated in Figures 1 and 2 herein.

This report presents the results of our findings, as well as our conclusions and
recommendations.

SCOPE OF STUDY

The scope of our investigation included the following tasks:

• Review of readily available published and unpublished literature and
documents;

• Geologic reconnaissance and mapping;

• Excavation and sampling of twenty-five (25) exploratory borings, to a
maximum depth of 50 feet below existing grade (b.g.);

• Geotechnical laboratory testing of representative soil samples obtained
from the exploratory borings;

• Field Resistivity Surveys and corrosivity testing by HDR/Schiff and
Associates of Claremont, California;

• Soil Thermal testing of undisturbed soils by Geothermal USA of Dublin,
California.
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• Seismicity, Engineering and geologic analysis including seismicity
coefficients in accordance with the 2010 CBC;

• Liquefaction analysis , engineering and geologic analysis including soil
parameters for recommended pile underpinning for the solar arrays;

• Preparation of this report presenting our findings, conclusions, and
recommendations.

GENERAL SITE CONDITIONS

With the exception of the Westside Elementary School at 2294 Vaughn Road, the site
is currently under agricultural use. A few residential ranch homes, fallow lots, flood
irrigation canals/drains, and alfalfa crops are currently used on the subject site.

The study area is bound to the north by Interstate 8, to the east by Drew Road, to the
west generally by Hyde Road and to the south by Mandrapa Road. The Westside Main
canal and vacant desert lands are located south and adjacent to Mandrapa Road (see
Figures 1 and 2, herein).

A majority of the lots are currently used for alfalfa crops which are flood-irrigated using
a system of canals, drain tiles , and lined "YO ditches . The alfalfa plants yield a low
density root mass, and hence are typically farmed in low permeable clayey soils.

PHOTOGRAPHS

Photographs were taken of the observed site conditions and drilling operations at the
time of our investigation. The original photographs are available in our files for review.

SUBSURFACE EXPLORATION

Our subsurface exploration consisted of the excavation of twenty-five (25) exploratory
borings (B-1 through B-25) to a maximum depth of 50 feet below grade (b.g.).
Representative bulk and relatively undisturbed soil samples were obtained for laboratory
testing. Geologic logs of the soil borings are included in Appendix A.

The borings were continuously logged by a representative of our firm who obtained soil
samples for geotechnical laboratory analysis . The approximate locations of the borings
are shown on Figure 2, Site Plan.

Geotechnical soil samples were obtained using a modified California sampler filled with
2 % inch diameter, 1-inch tall brass rings. Additionally, Standard Penetrometer Tests
(SPT) and pocket penetrometer tests were generally performed at 5 ft. intervals in the

MI. Signal Solar Farm
South cf'Jmerstere 8, Seeley. CA
Proj ect No. TS646 .1
June 16, 20 11 J



majority of the borings. The SPT sample rs were driven 18 inches into the soil by a 140
pound hammer falling 30 inches. The number of blows required to penetrate the last 12
inches is shown in the attached boring logs. Bulk samples were obtained by collecting
representative bore hole cuttings. Locations of geotechnical samples and other data are
presented on the boring logs in Appendix A

The soils were visually classified according to the Unified Soil Classification System.
Classifications are shown on the boring logs included in Appendix A.

LABORATORY TESTING

Laboratory testing was performed on representative soil samples obtained during our
subsurface exploration. The following tests were performed:

•

•

•

•

•

•

•

•

•

•

Soil Classification
(ASTM: D 2487)

Dry Density and Moisture Content
(ASTM: D 2216)

Maximum Dry Density and Optimum Moisture Content
(ASTM: D 1557)

Direct Shear
(ASTM: D 3080)

Sulfate Content
(CA 417)

Expansion Index
(UBC 18-2, ASTM: D 4829)

Grain Size Analysis
(ASTM: D 422)

Atterberg Limits
(ASTM D 4318)

Resistivity (ohm-em) FullSulte - pH, sulfate, chloride. calcium, nitrates, etc.

(ASTM G 57)

Consolidation
(ASTM D 2435)

Mt. Signal Solar f arm
South or Inlen lalc 8, Seeley, CA
Project No. TS646.1
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* Thermal Resistivity
(ASTM D 5334)

Geotechnical test results are shown in Appendix B of this report.

SOIL AND GEOLOGIC COND ITIONS

The site soil and geologic conditions are as follows:

Geologic Setting

According to a United States Geological Survey (USGS) Map of the Mt. Signal
Quadrangle the site is approximately 35 feet below Mean Sea Level (-35 ft. MSL).
The site is located within the Salton Trough, a topographic and structural
depression bound to the north by the Coachella Valley and to the south by the
Gulfof California. The Salton Trough is a region of transition from theextensional
tectonics of the East Pacific Rise to the transform tectonic environment of the San
Andreas system. The Salton Trough is an actively growing rift valley associated
with late Cenozoic extension which formed the Gulf of California. As rifting
continued the Colorado River delta filled the trough and conditions gradually
changed from marine, to deltaic to subaerial river and lake deposits.

The site is located in an area that has been covered by lakes during the
Quaternary time. The Imperial valley is directly underlain by lacustrine (lake)
deposits, which consist of interbedded ienticular and tabular silt, sand, and clay.

A Geologic Map is presented in Figure 5, herein.

The Late Pleistocene to Holocene lake deposits are generally between 15 to 50
feet thick and derived from periodic flooding of the Colorado river which formed
an ancient fresh water lake (Lake Cahuilla). Records indicated approximately 300
years ago the shorelines of Lake Cahuilla raised as high as 40 feet above MSL
(see Figure 5). Older deposits in the region consist of Miocene to Pleistocene
non-marine and marine sediments deposited during intrusions of the Gulf of
California and are located to the west of the site. Basement rock consisting of
Mesozoic granite and Paleozoic metamorphic rocks are estimated to exist at
depths between 15,000-20,000 feet near the center of the basin (Theilig et aI.,
1978, and Elders, 1979).

Deposits to the west of the project site consist of the Pliocene Palm Spring and
Imperial Formations. The Palm Spring Formation consists of non-marine
sandstones and claystones. The Imperial Formation consists of fossiliferous
marine sediments.

Ml. Signal SolarFarm
South of Interstate 8, Seeley. CA
Project No. TS646. 1
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Faulting and Surface Rupture

A review of available geologic records indicates that no active faults cross the
subject property (reference No. 5). A fault zone map is included herein (see
Figure 4).

Surface rupture is the result of movement on an active fault reaching the surface.
The site is not located within an Alquist-Priolo Earthquake Fault Zone, and no
evidence of active faulting was found during our investigation. Consequently,
surface rupture is not considered to be a substantial geologic hazard at the site.

Seismicity

The effects of seismic shaking can be mitigated by adhering to the 2010 Uniform
Building Code or the standards of care established by the Structural Engineers
Association of California.

Based on our review of the "Seismic Zone Map," published by the California
Department of Mines and Geology in conjunction with Special Publication 117,
there are no earthquake landslide zones on or adjacent to the site. Figure 4
shows the location of the site in relation to regional faults and seismicity.

The proposed development shall be designed in accordance with seismic
considerations contained in the 2010 CBC and the County of Imperial
requirements.

Based on Chapter 16 of the 2010 CBC and on Maps of Known Active Near
Source Zones in California and Adjacent Portions of Nevada (ASCE 7 Standard),
the following parameters may be considered:

20I0 CBe Seismic Design Parameters
Mt. Siznal Solar, Seeley, CA {Centroid Borine 6- 15

Site Longitude (Decimal Degrees) - 115.7 16

Site Latitude (Decimal Degrees) 32.7491

Site Class Definition 0

Mapped Spectral Response Accelerationar 0.21 Period, Ss 1.445

Mapped Spectral Response Acceleration at 1s Period, 51 0.566

Short Period Site Coefficient at 0.2 Period, Fa 1.00

Long Period Site Coefficient at Is Period. Fv 1.50

Adjusted Spectral Response Acceleration at0.25 Period,~s f.445

MI.Signal Solar Farm
South of lmerstatc 8, Seeley, CA
Project Nc. T5646.J
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Adjusted Spectral Response Acceleration at Is Period,~I 0.849

Design Spectral Response Acceleration at 0.2s Period, Sos 0.964

Design Spectral Response Acceleration at Is Period Sol 0.566

Liquefaction

Liquefaction of soils can be caused by strong vibratory motion in response to
earthquakes. Both research and historical data indicate that loose, granular soils
are susceptible to liquefaction, while cohesi ve clays are not adversely affected by
vibratory motion. Liquefaction is generally known to occur only in saturated or
near saturated granular soils at depths sha llower than approximately 50 feet. The
soils which predominantly underlie the site are lean, stiff, clays. Liquefaction is not
considered to be a hazard in clays.

Our analysis indicated that sandy zones underlying the lacustrine clays, down to
50 feet in depth may liquefy given the Design Basis Earthquake. Assuming a
groundwater leve l of 5 feet , the total post-liquefaction settlement is estimated to
vary from rough ly 0 to Y, inch at the site. According to state guidelines, a
differential settlement equal to about one-half of the anticipated total liquefaction
sett lement may be conservatively assumed for structural design (SCES, 1999).
Consequently, we may estimate that Y. inch post-liquefaction differential
seftlement may occur across the length of the proposed arrays.

Tsunamis. Seiches

The site is located within the Salton Trough approximately 35 feet below sea level.
This suggests that the potential may exist for inundation in the event of a tsunami
generated from the Gulf of California (from Mexico to the south). However, the
configuration of the Gulf of California, and the higher ground surface elevation
near Calexico, has historically provided an obstruction from such events. There
are no records which indicate that tsunamis have impacted the Imperial Valley in
the last severa l hundred years .

The great distance between the SUbject site and the Gulf of California most likely
precludes damage due to seismically induced waves (tsunamis). However, it is
poss ible that a seiche could occur within one of the shallow reservoirs adjacent
to the proposed arrays. This could result in limited earthquake induced flooding
at the site.

Other Geologic Hazards

Other geologic hazards such as landsliding do not appear to be evident at the
subject or adjacent sites . There is not sufficient topography for soil landslides, soil
creep, or latera l spreading .

Mt. Signal Solar Farm
South of Interstate 8, Seeley, CA
Project No, TS646.1
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FINDINGS

Seepage and Groundwater

Irrigation wate r is supplied to the site from the West Side Main Canal (WSM)
which forms the southern property boundary. At the time of our study , a majority
of the lots we re used for alfa lfa crops which are flood- irrigated using a system of
canals, drain t iles, and lined "V" ditches. The alfalfa plants yield a low density root
mass, and hence are typ ically farmed in low permeable clayey soils.

Groundwaterwas encountered inour test excavations generally between 10to 15
feet below grade (b.g). A depth-to-groundwater contour map is presented as
Figure 3, herein . The contours are based onmeasurements of static groundwater
level during the drilling operations in April, 2011 . Perched levels are expected to
fluctuate with changes in seasons (rainfa ll), canal flow, and irrigation. The
mapped groundwater levels should not be interpreted to represent a permanent
condition.

Subsurface So ils

As encountered in our test borings , the site is underlain by fill/crop, lacustrine
clays, and alluvial soils as follows:

Fill/Crop Soils

Fill and/or crop soi ls were encountered in the upper 1 to 2 feet in each test
boring (8-1 through 8-25). The fill soils consist generally of gray and olive
brown , moist to very mo ist, soft to fi rm, sandy silty clay and clayey silts
(Unified Soil Class ification System Symbol CUMl) with mi ca grains and
rootlets . Th e fill/crop soils are similar in consistency to the surficial lake
deposits from whic h they were derived.

l acustrine Deposits (QI)

The fill/crop soi ls are underlain by lacustrine deposits associated with the
ancient lakes in the area. The lacustrine deposits generally consisted of
lean clay (Cl ) with a few th in beds of sandy silt (Ml ). The lacustrine
deposits were generally moist to saturated , and firm to very stiff in
consistency . The average dry density of the saturated lacustrine clays was
93.4 pet (18 tests) , with an average moisture content of 23.1 percent (89
tests).

Mt. Signal SolarFarm
South of [nterslile II , Seeley, CA
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Alluvium (Oall

The lacustrine deposits are underlain by medium dense to dense,
saturated, fine-gra ined silty sands and sands.

The average moisture content of the alluv ial soils was 26.9 percent (38
tests).

RECOMMENDATIONS and Geotechnical Parameters

Based on our discussions with the project engineers, H-piles are planned to support the
solar arrays. The advantage of this underpinning method, as opposed to cast-in-place
caissons, islesssoildisturbance, lessconcrete, limited access,shorter construction time
and target load capac ity of a representative sample of the piles are verified in the field .
Additionally, adjustab le brackets and lifting bolts allow for future elevation corrections.

Underpinning of the solar module arrays is recommended using galvanized stee l H-piles
(W6X9 wide flange beams) or hel ical anchors. The following Geotechnical Parameters
may be used in the design of the underpinning:

Design Item

End Bearing Pressure
Passive Lateral Resistence
Coefficientof Friction
Allowable Skin Friction
UpliftForces

Recommendations

2,000 pst for lacustrine deposits
300 pstper foot
0.35
500 pstbetween piles and lacustrine deposits
80 percent of the allowable capacity

Coefficients
Active Ka - 0.30
Passive Kp = 3.60
At Rest Ko = 0.50

Prior to dr iving or pushing piles, a check should be made for underground utilities.

Pile Ca pacities

For piles in cohesive clayey soils, the pile capacity is based on adhesion, and is
a function of soi l cohesion, circumference of pile, and pile length.

When considering an H-Pile with 4-inch flanges and a 6-inch web, a
circumference of 20 inches (1.67 ft.) may be cc nsidered and used for the "2 • 1t

• l • R" value in the equations. For a 6 ft. pile length, (Z = 6), and 500 psf
cohesio n (CAlC = 1), pile capacities of 2.1 kips may be assumed (reference:
NAV FAC Design Manual 7.02, 1986).

MI. Signal SolarFarm
South of Interstate 8, Seeley, CA
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Vlt. Capacity: 1.67 x 5 (ft..) x 500 "" 4.2 kips

Allow Capacity: 4.0 I SF "" 2. 1 kips [Using a Factor of Safety = 2.0]

Layer Depth Soil Type Effective Unit Cohesion Adhesion Phi
(n) Weight (pef) (psf) (psf) (deg rees)

, o· , Topsoil Crops (M UCL) ,to 460 460 28

2 1· 12 StiffClay wlo free water(CL) 11 0 SOQ SOQ 28

] 12· SO Silty Sand and Sand inperched 120 NA NA 32
groundwlIter(SMlSP)

The anchors/piles shall be driven a minimum depth of 6 feet below grade.

For design purposes the upper 1 foot of soils shall not be considered for skin
friction values.

Pile/anchor fixity may be taken at the crop/road fill - competent lacustrine
deposit transition at 1 feet b.g..

With respect to uplift capacities, ultimate loads in compression and tension
would be the same , as end bearing is not included in design . However, it would
be prudent to provide some reduction in capacity for uplift.

It is our understanding that lateral load- and pull-tests are planned throughout
the study area prior to construction. These tests shall be performed by a
qual ified testing firm using calibrated equipment and an industry-recognized
testing procedure. The in situ test results will provide empirical data for point
specific actual embedment depths.

Pile spacing and dimensions should be determined by the structural engineer.

Seismic Loading

Note that the allowab le gross axial pile capacities incorporate a safety factor of
approximately 2.0. A one-th ird increase in the pile capacity may be used when
considering short-term wind and seismic loads. The compressive strength of
the pile section should be verified by the project structural engineer.

Pile foundations do not reduce dynam ic settlement. We estimate that a total
dynamic sett lement of up to Y, inch may occur at the site. Current design
philosophies suggest that such sett lement will not decrease the axial pile

MI. Signal Soillf Flinn
South of !ntmllUC 8, Seeley, CA
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capacity . Instead, the pile may experience increased internal stress and
undergo a small fraction of the total dynam ic settlement. The axial capac ities
presented above were not reduced to reflect dragload.

Design for High Winds

The wind pressure threshold value shall be determined by the project design
engineer. However, high wind values of 115 mph and 85 mph are considered
for design of the solar arrays as follows:

Example A: 115 mph Velocity:

Lateral Movement can be Tolerated at Ground Level = 0.5 inches
115 mph 3 Sec Gust = 25 psf Wind Pressure
Modules @ 45 Degrees to Wind, Pressure = 25 x 12 x 6 x 0.7 = 1260 psf
Modules@30 Degrees to Wind, Pressure = 25 x 12 x 6 x 0.5 = 900 pst
Seismic l ateral Loading Factor Approx = 0.20 Gives 160 Ibslateral demand per
panel/module

We recommend the solar modules be constructed with an automatic
safe ty feature . Hence , modules retract and return to stow position when
wind pressures (velocity) reach a pre-established percentage of
maximum.

Example B: 85 mph Velocity:

In comparison to 115 mph:
At 85 mph design wind speed, the reduction ratio = 18.5/34 =.544

Therefore, multiply each value by .544

1260 psf is reduced to686 psf

900 psf is reduced to 490 psf

Therefore, at a design wind speed of 85 mph, and 3 sec gust, there is
no requirement to retract the array.

The following Geotechnical Parameters may be used in the design of the conventional
foundation construction for the inverter pads and/or associated structures:

Mat Slab Foundation

For the inverter pads and associated structures , if applicable , a mat slab
foundation system is recommended due to the presence of heavy loads and
expansive soils. Mat slabs founded in fill materials may be designed for an
allowable bearing value of 2000 psf (for dead-plus-live load). These values

Mt. Signal Solar Farm
South ofl nlerslale 8. Seeley, CA
Project No. TS646.1
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may be increased by one-third for loads of short duration, including wind or
seismic forces. The actual design of the foundation and slabs should be
completed by the structural eng ineer.

Min. Design Item
Mat Foundations:
Allowable Bearing Pressure:
Passive Lateral Resistance:
Mat Slab Thickness:
Steel Reinforcement:
Coefficient of Friction:

Recommendations

2,000 psI
300 psf per foot
min. 18 inches with thickened edges (+ 6 inches)
No. 6 bars@ 12"D.C. each way, top and bottom
0.35

Reinforcement requirements may be increased if recommended by the project
structural engineer. In no case should they be decreased from the previous
recommendations.

Note: As an alternative to the above-referenced mat slab, manufactured pre
cast pads may be considered by the project structural engineer.

Sulfate Content and Cement Type

The results of our laboratory testing indicates that the soluble sulfate content of
the on-site soils likely to come in contact with concrete is negligible to severe,
based on the USC classification . As a conservative approach, type V cement
and a concrete strength f c of 4,500 psi is therefore recommended for use in
concrete in contact with the on-site soils. The maximum water to cement ratio,
by weig ht shall be 0.45 (reference: 2010 USC, Volume 2).

ACI3 18 BUILDING CODE (Table 4.3.1)
Requirements for Concrete Exposed 10 Sulfate-containing Solutions

Sulfate Water soluble Sulfate (SO,) in Cement Type Maximum water- Minimum tc' ,
Exposure sulfate (50 , ) In soil water, ppm cementitlous material normal-weight

percent by weight ratio , by weight, normal and lightweight
weight concrete concrete, psi

Negligible 0.00 ,50, < 0.10 os 50 , <150 -- - -
Moderate 0.10 < SO. < 0.20 150< 50,<1500 1l,IP(MS), 0.50 4000

15(MS),P(M5)
I(PMXMS),
1(5MXM5)

Severe 0.20 S 50, < 2.00 1500<50, < V 0.45 4500
10,000

VerySevere 50. " 2.00 50, "10,000 V plU5 0.45 4500
pozzatan

Ml. Signal Solar Farm
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Field Resistiv ity Survey

Field resistivity surveys were conducted by HDR/Schiff of Claremont,
California. The resistivity tests were performed in the field using the Wenner
Four Pin Method. This procedure gives the average resistivity from the surface
to a depth equal to the pin spacing. Pin spacings of 2.5, 5,20, and 50 feet
were used so that variations with depth were evaluated.

Based on the report by HDRISchiff, the soils are considered to be severely
corrosive toward ferrous metals. Accordingly, protection of buried cast iron or
ductile utility pipes/cables shall be provided based on the corrosion mitigation
measures included in the HDRI Schiff report (see Appendix C, herein).

The results and recommendations are presented in Appendi x C.

Soil Corrosivity Testing

In-situ soil corrosivity testing was conducted by HDR/Schiff of Claremont,
California . The laboratory results correlate with the field resistivily survey, and
hence, the soils are considered to be severely corrosive toward ferrous metals.

The results and recommendations are presented in Appendix C.

Thermal Resistivity Testing

In-situ earth and thermal resistivity testing was conducted by Geothermal USA
of DUblin, California. The thermal test of the site undisturbed soil was
performed in accordance with IEEE standards 81, 442 and ASTM D 5334. The
results (including the therm al dry-out curve) are presented in Appendix C.

Settlement

Utilizing the design recommendations presented herein, we anticipate that the
majority of any settleme nt will occur during construction activities . We estimate
that the total settle ment for the proposed piles, arrays and mat foundations will
be on the order of 1 inch. Differential settlement is not expected to exceed II,
inch across the length of the structures . In addition to the static settlement
estimates, mat foundations may experience dynamic differential settlements on
the order of 1/4 inch

The estimated seismic induced settlement will be mitigated/reduced by the
proposed pile system which is expected to undergo settlement not greater than
II, inch total and 1/8 inch differential between adjacent piles.

MI. Signal Solar Farm
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These sett lement values are expected to be within tolerable limits for properly
desig ned and constructed piles/foundations.

Lateral Load Resistance

Piles/mat foundations founded in competent lacustrine soils or fill materials
may be designed for a passive lateral bearing pressure of 300 pounds per
square foot per foot of depth. A coefficient of friction against sliding between
concrete and soil of 0.35 may be assumed.

Site Preparation

Site preparation includes removal of deleterious materials, existing structures,
or other improvements from areas to be subjected to fill or structural loads.
Deleterious materials, including vegetation, trash, construction debris, and
contaminated soils, should be removed from the site. Existing subsurface
utilities that are to be abandoned should be removed and the excavations back
filled and compacted.

• For the solar arrays we recommend plowing or discing the upper 10
inches and re-compacting via tractor/loaders, or vibratory rollers ,
making a minimum single pass . The arrays shall be anchored by piles
and hence, the placement of engineered fill is not required.

• For the ground level Invertor pads we recommend a min. 3 ft.
overexcavation, with a 2 ft. envelope. We recommend re-compaction to
a min. 90 % relative compaction (based on ASTM: D 1557). We
recommend that fill soils be placed at moisture contents at least 4
percent over optimum for cohesive soils and at least 2 percent over
optimum for granular soils. Removals should expose competent
lacustrine sediments as determined by personnel during grading.

Structural Fills (outside of arrays)

If applicable, after removal of any loose, compressible soils, all areas to receive
fill and/or other surface improvements should be scarified to a minimum depth
of 12 inches and compacted to at least 90 percent relative compaction (based
on ASTM: D 1557).

Lift thicknesses will be dependent on the size and type of equipment used. In
general, fill should be placed in uniform lifts not exceed ing 8 inches.
Placement and compaction of fill should be in accordance with local grading
ordinances under the observation and testing of the geotechnical consultant.

MI. Signal Solar Farm
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Project No. '1'5646.1
June 16, 2011 14



We recommend that fill soils be placed at moisture contents at least 4 percent
over optimum for cohesive soils and at least 2 percent overt optimum for
granular soils (based on ASTM: 0 1557).

We recommend that oversize mater ials (materials over 8 inches) should they
be encountered, be stockpiled and removed from the site.

Construction operations described herein should be performed by a qualified, licensed
subcontractor in compliance with governing regulations and appropriate construction
materials. To verify compliance with guidelines provided in this report, a consultant
should review the proposed plans and recommendations prior to the onset of
construction . The consultant should also observe and evaluate ongoing construction
operations.

LIMITATIONS

The geotechnical services described herein have been conducted in a manner
consistent with the level of care and skill ordinarily exercised by members of the
geotechnical engineering profession practicing contemporaneously under similar
conditions in the subject locality. Under no circumstance is any warranty, expressed
or implied, made in connection with the providlnq of services described herein. Data,
interpretations, and recommendations presented herein are based solely on
information available to this office at the time work was performed. EGA Consultants,
LLC will not be responsible for other parties' interpretations or use of the information
developed in this report.

We do not direct the contractor's operations, and we cannot be responsible for the
safety of others. The contractor should notify the owner if he considers any of the
recomme nded actions presented herein to be unsafe.
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BORIN G LOG LEGEND

8FT · Standard Penetration Split Barrel (1,5"IDxI8"Length, with liners), ASTM 0 1586

5B· Split Barrel Sampler (2S' ID x 18" length, with liners), ASTM D 1586

TW - Thin Wall Tube (Shelby) Sampler, ASTM 01 587

SC - Sand Cone Compaction Test, ASTM D 1556

Nspt- Result of Standard Penetration Test. N represents the number of blows with a 140 lb. hammer
falling 30" to drive a SPT sampler 12" into insltu material.

Neq - Appro ximately equivalent to Nspl but is based upon the number of blows with a 140 lb.
hammerfalling 30" to drive a 5B sampler 12" into insitu materialand calculating an equivalent
standard penetration blow count, .efter R. H. Karol, SoitsandSolis Engineering, Pretenice - Hall, lne. "

Page 23 .

sz - Indicateselevation of free water surface encountered

uses- Unified Soil Classification System - Method ofdefining soil types

USCS - MAJOR DIVISION

Highly Organic Soils

••
• I

••
• I

DESCRIPTION

InorpJDo Ca, . of HighP1M1icity. or f.1 CLoyo

Wei 0racI0dOr.......

Orpnic Clays orOrpnlc Silly Cay>or Low
Platioity

Wol Onodod So...

0rpIIic; Oll)'t ofM<dium 10High PLooti<:ily, ow
OrpUc.UIt

\norpfti< Sill.. Mi<o__• Of our
FinoSondy or Silly Soilt, orEl.ot1k sa..
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........

~ .,-
Sihy orCbycy FmcS....... Of Cbyq Si .. with
S· I Plow"

Saft6.SiIl, Sill)' sa.Io Wei or Poorty Chdc<l....,......
0Iyty Soco.. woa or Poorly Orodod. Son<i-Ooy

OR

ML

OL

CR

GP

SM

GW

CL

SC

SW

GM

PT

MH

GC

SP

Group
Symbol

Clean Sandy Soils
With Little or No

Fines

Sandy Soils With

Fines

Clean Gravley Soils
With Little or No

Fines

Sandy Gravely With
Fines

Silty and Clayey Soils

Liquid Limit Less Than 50%

Silty and Clayey Soils
Liquid Limit Greater Than 50%

Sandy Soils With
Over 50% of the
Coarse Fraction
Smaller Than

NO.4 Sieve Size

Gravely Soils With
Over 500/0 ofThe
Coarse Fraction

Larger Than
No. 4 Sieve Size



LOG OF EXPLORATORY BORING Sheet 1 of 2

iJOb Number: TS646.1 Boring No: B-1

Project Mt. Signal Solar Farm Boring Location: See Figu re 2

See ley , CA Drive Vvt 140 Ibs. 30· drop

Date Started : 4/2612011 Rig: Mob . CME5S w/S- augers

Date Com leted: 4/2612011 Grnd Elev. -35 ft. below MSL

S. mple Direct •
" >T,,,,, E i ~ 1!!

Shear ~

,; ~

• ThinWal I:8J 2 .s-"no -e
• ~ • ~ .~

S " ~~

~ T""" ....... e ie: 0 e ••• .. 2 c, • •
~ ITJ Sl..-d Spit i Stetic~er j

o c ,; • ~t '" ~ -s 0~. • <!l c c
~ Spoon Semple Tob ie ~

~ ..
<!l m , 0

-e .J! e • 0 •c 0 w c, •
~

0 ~

'" "
MLJ Fill/Crop Soil; dry to moist, loose to soft, clayey silt and

I CL siltv ctav w ith trace tlne-crained sand fine .....leas. 22
Ie: Native Lacust rine Deposits : At 1 ft. becomes light 12.0 88.8 1.5 7.

_ olive brown, moist to very moist , firm to very
Cl stiff lean to fat clay and clayey silt with trace fine 2<>

5 sands and fine mica grains. 2<>.1 4 .0

at 7.5 ft. becomes reddish and olive brown. very 23 25.0 2.5 73 8

moist. sti ff silty clay.
10 al l On Becomes wet olive brown fine silty sand wlh clay.

Gro undwater at 12 ft. IS 255 2.5

SM! Native A lluvium Deposits:
SC at 12 ft. becomes gray, med . dense to dense,

15 saturated fine silty sand with trace clay , porous.
/ t7 23 .5 0.75

\
I-

same as above .20 SC 26 17.2 1.5
I /

25 26 .9 2 . 0
SM f.l-

26
at 25 .5 ft. becomes grayish brown, wet, dense.
fine-grained silty sand. 30.1

30 SP
at 30 ft. becomes olive brown, dense , satura ted. 60 21.1 2.75

fine-grained sand , porous.

35 SP same as above.
380 2 1.7 2.5

40
1/ CONTINUES . 40.0 21.2 2.75

I Figure

IEGA Consultants B-1 (a)



LOG OF EXPLORATORY BORING Sheet 2 0( 2

Job Number: T S646.1 Borin g No: B·1
Project: Mt. Signa l Solar Farm Boring Location: See Figure 2

Seeley. CA
Date Started : 4/2612011 Rig: Mob . CME55 wJ8~ augers
Dale Com leted: 4/2612011 Gm d Elev. ·35 ft. below MSL

Sample .. Direct
Type E R x li Shear•t • ThlnWI:lU ~ 2.5" Ring

~

!a I ~ if .s -
~

~ T"'" St:vllfJlc • ..
~ 0 c •.. o ~ J> ~ • c,

t '5 " IZI~ ITI Sl......... SpM ~ stetic WMer .'l • •
~

, • ..
.;; ,

S""""Semple T_ ~
c o

0 !l ~• m , g
0 ~ :;; e-

"
0 0 .n c,

~

40 SP 11 1/ Olive gray, dense, saturated , fine silty sand, 40 21.2 2.75

micaceous.

45 same as above., I 1/ 43 22.2 2.0

same as above. 40 18.8 2.5
50

Total Depth: 50 ft.
Gro undwater at 12 ft.
No Caving

55 Back.filled and Compacted 4126/2011

50

65

70

75

80

Figure

EGA Consultants B-1b



LOG OF EXPLORATORY BORING Sheet 1 of 1

Job Number: TS646.1 Boring No: B-2

Project: Mt. Signal Solar Farm Boring Location: See Figure 2
Seeley, CA Drive V\I1: 40 Ibs. 30" dro p

Date Started: 4/26/2011 Rig: Mob. w/4" augers
Date Com leted: 4/26/2011 Grnd Elev. -35 ft. below MSL

Sample Direct •
'" >

Type

" 8. x
2; Shear gj

~ •
• ThlnWe,n k8J 2 .5" Ring

~• K 1 .s .,; 5 c' ~u, -e r ...be Semele c • ~~ ~
0 es • , ~

c, " ~u c

% ~
, ~ l2J Bulk rn stEmdard Spirt ~ stencW ate r • ~ - ~

.s • 0 c U .~~ SClmple Spoon Selrnpte Tobie a ~

• ~ ~
, u

0 ~ e 0
c x c, •
~

0 w ~a
'"

MLI Fill/Crop Soil: Dry to moist, loose to soft, clayey silt
1 CL / and sutv olav with trace flne-orained sand, fine micas,

X I Native Lacustrine Deposits : At 1 ft. Becomes light 20.5 102.9 43 2,25 26 258

Olive brown, moist to very moist, firm to very
CL ":::: stiff lean to fat clay and clayey silt wlth trace fine 19.8

5 ---' sands and fine mica grains.

7
222

at 7 ft. becom es reddish and olive brown , veryL-
moist, stiff silty clay.

10 5M at 10 ft Becomes wei olive brown fine silty sand with clay.
5C Groundwater at 12 ft.

~ 7 Saturated, dense, fine sand with silt and clay. 35.0

15
Total Depth : 13 ft.
Groundwater at 12 ft.
No Caving
Backfi lled and Compacted 4/26/2011

20

25

30

35

40

I II
Figure

IEGA Consultants B-2



LOG OF EXPLORATORY BORING Sheet 1 of 1

Job Number: TS646.1 Boring No: B-3
Project Mt. Signal Solar Farm Boring Location: See Figure 2

Seeley, CA Drive VVt. : 140 Ibs. 30· drop
Dale Started: 4/2612011 Rig: Mob . CME55 w/S" augers
Date Com leted: 4/2612011 Grnd Elev. -35 ft. below MSL

Sample Direct •.. >
Type

" 8- >
~

Shear ..
li ~

0

!l • ThinWol [8J2 .5" Ring

~
• ~ c ~~ ~ Tube s...,.. " ie: ~ Il c •.s ! .~ " •s - Qs: .. , ~

[2J~. ill steondar d S pit ~ static \IIJ(Iler • .0; ""- ~
3 Spoon Stlmple Ta ble .Q ~ c .~

.0; 0 m m , !l 8.~ e-c 0 ~ u, •
~

"
e,..

Mll Fill/Crop Soil : dry to moist, loose to soft, clayey silt and
1

~
silty clay with trace flne-o rained sand, fine micas. 22
Native Lacustrine Deposits : at 1 ft. becomes tight

CL 17
olive brown, moist to very moist , firm to very
stiff lean to fat clay and clayey silt with trace fine 17 23.5 93.8 2 .0

5 ~ sands and fine mica grains.

I V at 7.5 ft. becomes reddish and olive brown . very 17 28 .5 1.75

moist, stiff silty clay.
10 S M at 10 n. Becomes wet olive brown rille silty saod with clay.

I ./ Groundwater at 14 ft. 13 31.8 2 .0
auve UVlUm erosns:

S PI """' at 12 fl. becomes gray, med. dense to dense,
SC aturated fine silty sand with t race clay, porous. 26 24.8 2.25

15

Total Depth : 15 ft.
20 Groundwater at 14 ft.

No Caving
Backfil led and Compacted 4/26/2011

25

30

Note: Und isturbe d Sample in brass sleeve
obtained at 1.5 ft. fo r Thermal Test ing.

35

40

Figure

EGA Consultants B-3



LOG OF EXPLORATORY BORING Sheel 1 of 1

ob Number: TS646.1 Boring No: B-4
Project: Mt. Signal Solar Farm Boring Location: See Figure 2

Seeley , CA Drive W:: 140 Ibs. 30" drop
Date Started: 4/261201 1 Rig: Mob. CME55 w/S" augers
Dale Com feted: 4/2612011 Grnd Elev. -35 ft. below MSL

Sample

"
Direct •»

Type ,,- '[ i ;; Shea r •
~

00

Ii. . Thln W~" 1Z1 2,5" Ring

i ~ <i 0-

~~ -e Tube 5elmple ~~ ~
0 0 •.E U • 0 c, •

" .~ -t 15 ~ lZJ =ple OJ St &ndard SpIi1 ~ srencWeiler • "
~0 • o o .~00 ~ Spoon SlllmP!e hble ll.

~

l: m m 0 s.Ii e oll •c c, •
~ 0 ~

" "
MLI FilVCrop Soil : dry to moist, loose to soft. clayey silt and

1 CL siltv ctav with trace fine-nrained sand fine micas.

!-L Native Lacustrine Deposits: at 1 ft. becomes light 11 18.9 0.75

'- olive brown , moist to very moist, firm to very
CL stiff lean to fat clay and clayey silt with trace fine

s sands and fine mica grains.
1/ 12 20.5 1.75

at 7 ft. becomes reddish and olive brown, very
moist, stiff silly clay.
at 11 ft Becomes wet olive brown fine silty sand

10
SM ~

with lean clays.

Groundwater at 12 ft. 20 21.5 99.0 1.75

SP, Native Alluvium Deposits:
SC at 12 ft. becomes gray, meet. dense to dense,

15 saturated fine silly sand with trace clay. porous.
1/

"
27.1 2.25

20 24.5 2.'I I 1/
20

Total Depth: 20 ft.
Groundwater at 12 ft.
No Caving

25 Backfilled and Compacted 4126/2011

30

35

40

I II
Figtxe IEGA Consultants B-4



LOG OF EXPLORATORY BORING Sheet 1 of 1

I ~Ob Number: TS646.1 Boring No: B-5
Project: Mt. Signal Solar Farm Boring Location: See Figure 2

Seeley, CA Drive \Nt: 140 1bs. 30" drop
Date Started: 41261201 1 Rig: Mob. CM E55 w/B" augers

Date Com leted: 41261201 1 Gmd Elev. -35 ft. below MSL
samp. .. Direc1 •>
Typo ,; 8. • ;; Shear ••• '"~ • Tt>n W" ~ 2 .5" "no ¥• :!. ~

•

" " ~u, i T...,. """". " • a~ 0 •.c • ·iil ~ • -., u •~ tl ~ IZI~ ITP'''-· - ~ St8ll1c \l'lklter ~ • ~ • !!', • •"- :Ii Spoons._ reee 0
it

~ u ••• m m , u
0 1! ~ e • 0 •

0 e, •
"

w n,
:> ..

MU FilVCrop Soil : Light Brown , dry to mois t, loose to soft ,, CL siltv clav with trace nne-crejned sand fine micas 9 23.0 98.8 1.0

I><
Native Lacustrine Deposits:

CL Olive brow n, moist to very moist, firm to very"-'
stiff lean to fat clay and clayey silt with trace fine

5 ~ sands and fine mica grains.
"-' 17 24.7 96.2 2 .25

at 7 ft. becomes reddish and olive brown, very

I I 1/ moist, stiff silty lean clay.
at 10.5 ft Becomes olive brown fine silty sand " 25.0 2.5

10 with lean clays, very moist.
SM 17 27.4 3 .0

Native Alluvium Deposits:
SPI at 11 fl. . becomes med. gray, med. dense to dense,
sc saturated fine silty sand with trace clay. 17 24.5 2.5

15 ./

Total Depth: 15 fl. .
Groundwater at 13.5 ft .
No Caving

20 Backfilled and Compacted 4126/2011

2'

30

3S

40

I i Figu-e IEGA Consultants B-5



LOG OF EXPLORATORY BORING Sheet 1 of 1

ob Number: TS646.1 Boring No: B-ll
Project: Mt. Signal Solar Farm Boring Location: See Figure 2

See ley, CA Drive W : 140 Ibs. 30· drop
Date Started: 4/2612011 Rig: Mob. CME55w/8~ augers
Date Com leted: 4/2612011 Grnd Elev. -35 ft. below MSL

Sample
~

Direct •>
Type ~ > Shear ••

" " Ii ~ l!i ~

• ~
• Thin W eill IZJ 2 ,5" Ring

i ~ .~ c' ~u,

~
Tube SM'1ple i,':: 0 e •.s o 0 c, • >c .~ +

.~% '0 , ~ lZl~e OJ standard Split ~ S181ic w eter • • " o
j

,
Spoon S emple Telble 0 ~

~
~ ~ ~ .~ a se- •

0 .:l c, •
~ ~

~ ~

MU FilVCrop Soil : Light Brown . dry to mois t, loose to soft ,, CL siltv olav with trace f ine-crained sand fine micas
eL Native Lacustrine Deposits:

Olive brown , moist to very moist, firm to very
stiff lean to fat clay and clayey silt with trace fine

s 1'8:rs sands and fine mica grains. " 20.2 94.5 2.0

at 7 ft . becomes reddish and olive brown , very
moist, stiff silty lean clay.

'0 eLi at 10 ft Becomes olive brown , wet, fine silty sand 14 30.4 2.'I I<,
SM with lean clavs.

SP/~ Nati ve Alluvium Deposits:
se at 11 ft. becomes med. gra y, med. dense to dense,

wet to saturated fine silty sand with trace clay . ,. 31.4 2.75

15

Total Depth : 15 ft.
Groundwater at 12 ft.
No Caving

20 Backfill ed and Co mpacted 4/26/20 11

25

30

3.

40

Figae
EGA Consultan ts B-6



LOG OF EXPLORATORY BORING Sheet 1 of 1

Job Number: T5646.1 Boring No: B-7
Project: Mt. Signal Solar Farm Boring Location: See Figure 2

See ley, CA Drive VI/l.: 140 1bs. 30" drop
Date Sta rted: 412712011 Rig: Mob. CME55 wfS" augers
Date Com feted: 412712011 Grnd Elev. -35 n.belowMSL

Sample DIrect •~ >T,,,, ,; 8- • 1ii
Shear .0

~
w

~ 21.
• ThinWelll I:8:J 2.5" Ring

i ~ .~ " ~~ u Tube Selmp le • i•• ~ € 0 < 0 •c .2

t ''5 ;g [Z] ~mplO ill st6lldar d Split i S1l!11ic Water .'l • " • 2', e < u•• Spoon Sample Tobie ~ ••.'l
w ~ ~

, :l. s'i! ~ l; •oll n, •=> c,
a ~

CL FilVCrop Soil : Ught brown. dry to mois t, soft. clay and, iltv ctav with trace nne-crelned sand. fine mica.
Native Lacust rine Depo sits : at 1 ft. beco mes light
olive brown, moist to very moist. firm to very

CL stiff lean to fat clay and clayey sin with trace fine
5 sands and fine mica grains.

1./ at 6 n. becomes reddish and olive brown, very 17 26.9 2.25

moist, stiff silty clay .

at 11 ft Becomes wet olive brown fine silty sand
10 with lean clays .

./ I' 26.4 2.75

SM r-r-; Groundwater at 13 fl.

s c/ Native Alluvium Deposits:
15 SPI at 13 ft. becomes gray, med. dense to dense, 28 24.1 3.0

saturated fine silty sand with trace clay, porous.

No sample recovery. 44

20 ./

Total Depth: 20 ft.
Groundwater at 13 ft.
No Caving

25 Backfilled and Compacted 4127/2011

30

35

40

Figure

EGA Consultants B-7



LOG OF EXPLORATORY BORING Sheel1 of 1

Job Number: T5646.1 Boring No: B-8
Project : Mt. Sig nal Solar Farm Boring Locati on: See Figu re 2

See ley, CA Drive IM.: 40 Ibs. 30· drop
Date Started: 4/2712011 Rig; Mob. wf4" augers
Date Com leted: 4/27/201 1 Grnd Elev. -35 n. below MSL

Sam ple Direct •
" >

Type
E R ~ ~

Shear •s ~

11. • Th in W e,11 ~2 .5"R ing

i 1'! ~
~ " ~u,

~
Tube S t'lmp lc "[~ 0 c ••• £ c, • •IZJ Bu O I]] Standard SpI~ ~ Static water

o " • as:

'" .i! ~ e s •'a c U .~~
, Sample Spoon S $I1lple T>:'lble l!l

~• '" '"
,

~0 ~ .~ '"0 .ll •
~ e,

~

"
MU Fi IICrop Soi l : Dry to moist , loose to soft , claye y silt

1 C' oft sinv ctav with trace fine-crained sand fine mica
Native Lacustrine Deposits:

lL Light Olive brown, moist to very mo ist, firm to very 29.0

Cl stiff lean to fat clay and clayey silt with trace fine
5 sands . Cohesive. Low poro sity .

rz
27.4

at 7 ft. becomes reddish and olive brown, very
moist, stiff s ilty clay.

29.7

10 SM al 11 It Becomes wei olive brown fine silty sand with clay.
SC Groundwater at 12 n.

'¥.[7 Saturated , dense, fine sand with silt and clay.

15
Total Depth: 13 ft .
Groundwater at 12 n.
No Caving
Backfi lled and Compacted 4/27/20 11

20

2S

30

3S

40

I ~ Figure IEGA Consultants B-8



LOG OF EXPLORATORY BORING Sheet 1 of 1

Job Number: T5646.1 Boring No: B-9
Project: Mt. Signal Solar Farm Boring Location: See Figure 2

Seeley , CA Drive we. 401bs. 30" drop
Date Started : 4/2712011 Rig: Mob. w/4" augers
Date Com feted: 4/27/2011 Grnd Elev. -35 ft. below MSL

Sample .. Direct •>
T,,," ". 8. > ;; Shear ~

-;;
• TtwlWol ~ '"• II ~~ing a ~ .~ " ~~ ~ Tube ;i • i.0 '" • 0 ~ c, •

" U L
~ 'S

~
~

[2]~. rn st
..-

d
-

¥ static \l'lA!der • • ~ -;; • ~T5. ." Spoon Somple Te:blc " ~ 0 ~ c
<'i '" '" '" II 8 .~

.J! e-
0 ~ c, If"

0
~ ..

MU Fill/Crop Soil : Dry to moist , loose to soft. clayey silt
1 I 0 1 and slltv cia" with trace flne-oramed sane nne micas.

Native Lacustrine Deposits : at 1 ft. becomes
Light olive brown, moist to very moist, firm to very

CL stiff lean to fat clay and clayey silt with trace fine
5 12 sands. Cohesive. Low porosity.

22.6

t2 at 7 ft. becomes reddish and olive brown, very

I'- moist, st iff silty clay. 31.9

' 0 SM t2 at 11 ft Becomes wet olive brown fine silty sand with clay.
SC I'- Groundw ater at 12 ft. 28.7

4i:~ 12 ft. Satu rated, den se, fine sand with silt and clay
(A lluvium). 35.0
at 14.5 ft become s more sandy (Alluvium)

15

Total Depth: 15 ft. .
20 Groundwater at 12 ft.

No Caving
Backfilled and Compacted 4/27/2011

2S

30

3S

40

I Figure IEGA Consultants B-9



LOG OF EXPLORATORY BORING Sheet 1 of 1

ob Number: T5646.1 Boring No: B-l0
Project: Mt. Signa l Solar Farm Boring Location: See Figu re 2

See ley, CA Drive W : 1401bs. 30· drop
Date Started: 4/2712011 Rig: Mob. CMESS w /S- augers
Date Com jeted: 4/271201 1 Gm d Elev. -35 ft. below MSL

Sample Direct •
" >

Type ,; '[ • ;; SlM!ar ••
j ~ '"a _ T"" WolI 1:8J~'" ~ •

f <' ~~ -e Tube " < • i.Ii i!' ~ ~ 0 .. c, •
~

c - l"K S ~ 'l 0~o rn standard Spit ~ S1l!ltlc VV81er • • ~ ~ uSpoon Sample T&ble c
~

~

~• m m , 0
c ~ :l! e 0

c on n, •=> 0 c,
~

"
MLI Fill/Crop Soi l : dry, loose to soft , clayey silt and

1 CI sittv clav with trace nne-oratned sand fine micas.
Native Lacustrin e Deposits:

I 1/ Olive brown, moist to very moist, firm 10 very 18
CL st iff lean to fat clay and clayey silt with trace fine

5 sands and fine mica gra ins . Cohesive. 21 12.7 2.0
I /'

LX
at 7.5 ft . becomes reddish and olive brown, very
moist, stiff silty clay. No sample recovered. 22

SM~ at 9.5 ft Becomes wet olive brown fine silty sand

' 0 wit h lean d ays, meet. Dense to dense, mica ceous .
T 1/ No sample recovered . 27

atjve UVlum eoosfts:
SPI at 12 ft. becomes gray , meet. dense to dense,
SC saturated fine silty sand with trace clay. porou s. 3. 18.8 3.0

15 I /'

Total Depth : 15 ft.
Ground water at 10 fl .

20 No Cavi ng
Backfilled and Compacted 4/27/2011

2'

30

35

40

Figure

EGA Consultants B-l 0



LOG OF EXPLORATORY BOR ING Sheet 1 of 1

~Ob Numbe r: TS646.1 Boring No: B-ll
Project: Mt. Signal Solar Farm Boring Location: See Figure 2

Seeley, CA Drive Wt.: 140 Ibs. 30~ drop
Date Started : 412712011 Rig: Mob. CME55W/S" augers
Date Com leted: 4/2712011 Grnd Elev. -35 ft. below MSL

Sample Direel •
'" }Type ;! i • ;; Shear

;; ~
~

• ~
• Ttw"lW al ~ 2 .5-"no ] ~ .i <' ~~ -e TUbe

_.
• • ir ~ • .. 0 • " c, • -" 0 • .~ -R ~

, ~ 0~ rn Standard Spil ~ St 81ic Water ! j ~ ;; 0 i¥ , Spoon Somple To"'" a ~

~ ~
m e- g

Q .:l c, II.~ 0

'" '"
MU Fill/Crop Soil : Light brown, dry to moist, soft, clay

1 sc \ and silt with ine-cralned sand fine micas.
CL \ Native Lacustrine Deposits: At 1 fl becomes

- light olive brown , moist to very moist, firm to very
stiff lean to fat clay and clayey silt with trace fine

5 sands and fine mica grains.
I V 24 24.7 2.75

at 6 ft. becomes reddish and olive brown , very
moist, stiff silty clay.

10 ;;<:
~ at 11.5 ft Becomes wet olive brown fine silty sand 2S 26.5 92.2 3.75

S M with lean clays .

5 CI Native Alluvium Deposits:
15 S PI I /' at 13 ft. become s gray , meet dense to dense. 21 27.4 4.0

~
saturated fine silty sand with trace clay, porous.

5 M Groundwater at 16 n.• more granular.

No sample recovery . 29 3 .0

20 I /'

Total Depth: 20 ft.
Groundwater at 16 ft.
No Caving

25 Backfilled and Compacted 4/27/2011

30

35

40

I II
Figure

IEGA Consultants 6·1 1



LOG OF EXPLORATORY BORING Sheet 1 of 1

Job Number: TS646 .1 Boring No: B-1 2
Project: Mt. Sig nal Solar Farm Boring Location: See Figure 2

Seeley, CA Drive W : 140 Ibs. 30· drop
Date Started: 4/2712011 Rig: Mob. CMESS w/S" augers

Date Com feted: 4/271201 1 Grnd Elev. -30 ft. below MSL

Sample

'"
Ol'oe\ •>

Type c: 8. •
"

Sheaf ••
1i f ~

!l .Tt*lW~. I:8J 2.5- R....

~ ~ ~ • ~u, u Tube """",,c • ~f?: • 0 c.c
" c "

0 c, • -~
~

[ZJ~ rn st..-d SpM il sresc Waler • .~ ~ - r'5 E '5 Spoon Somple Tobie <li • c ~ o
.0; ~ .e m ji ~ 0

1< e- .:l
0

c c, ~~ 0
~

'"
CL Fill/Crop Soil : Light brown, dry to moist, soft , clay and

1 siltv clav with trace flne-orained sand fine micas
Native Lacustrine Deposit s:
Light olive brown, moist to very moist , firm to very

CL stiff lean to fat clay and clayey silt with trace fine
s / sands and fine mica grains. Cohesive. 26 22.2 88.3 1.0 22 288

lX
at 6.5 ft. becom es redd ish and olive brown, very
moist, stiff siny clay.

10
CL ./ at 11.5 ft Becom es firm , very mois t olive brown 17 16.4 2.'

lean clays w ith trace fine sands.

15 2' 27.7 2.'/

SCI Native Alluvium Deposits:
SPI at 16 ft. becomes gra y, med . dense to dense,

saturated fine silty sand with trace clay, porous.
20

/ 17 29.5 2.25

k- Groundwa ter at 22 ft., more granular.
SM~ No sample recovery.

2'

Total Depth: 22 ft.
Groundwater at 25 ft.
No Caving

30 Backfill ed and Compacted 4/27/2011

3'

40

I II
Figure

IEGA Consultants 8-12



LOG OF EXPLORATORY BORING Sheet 1 of 1

Job Number: TS646.1 Boring No: B-13
Project: Mt. Signal Solar Farm Boring Location: See Figure 2

Seeley, CA Drive VVt: 140 lbs. 30" drop
Date Started: 4/2712011 Rig: Mob. CME55w/S" augers
Date Com leted : 4/2712011 Grnd Elev. -35 ft. below MSL

Sample Direct •.. >
T,p' - • Shear ..,; Il. ~ !i ~~ • Thin Wol rgJ 2.5- R",• !l a ~ ~ " ~u, -e Tube """"". ~ • i.c i" • 0 ~ .. .

'3 c c
~ ~

12J~ IT]',.....·- i steee water • .. ~ - ~

" '5 '5 .s • 0 e oj! Spoon Somple Tob ie a ~

~.!i
~ ~ ~

,
5 •

~ ~
0

.ll .. •
~ c,

" ..
MLJ FiJI/Crop Soil : Light Brown, dry to moist, loose to soft,

1 CL sUN olavwith trace fine-arained sand fine micas
CL ~

Native Lacustr ine Deposits; 21 89,9 2.25

~ Olive brown, moist to very moist, firm to very
stiff lean to fat clay and clayey silt with trace fine

5 I <, sands and fine mica grains. Low permeability . 21 24.5 2.5

at 7 n. becomes reddish and olive brown, very
I <, moist, stiff silty lean clay. 21 23.3 3.0

10 CLJ at 10 ft Becomes olive brown, wet, fine silty sand
I <,

5M

~
with lean clays. 17 29.0 2.'

>c . " n . ,''cu. " ' ~, . , ,,eu U •••• ...
15 med. dense to dense siltv sand with trace olav.

Total Depth: 15 ft.
Gro undwater at 12 ft.
No Caving

20 Backfilled and Compacted 4/27/2011

25

30

35

40

I II
Flgufe IEGA Consultants B-13



LOG OF EXPLORATORY BORING Sheet 1 of 1

ob Number: TS646.1 Boring No: B-14
Project: Mt. Signal Solar Farm Boring l ocation: See F)gure 2

Seeley , CA Drive WI.: 140 Ibs. 30~ drop
Dale Started: 4/2712011 Rig: Mob. CME55 w/6~ augers
Date Com feted: 4/271201 1 Grnd Elev. -35 ft. below MSL

Sample

'"
Direct •>

Type ,; i • ii
Shear .0

~ ~
~

~
• Th in Woll I:8J 2 .5" R~.

1 ~ ?i " ~u,

!
Tube Sellmple [~ 0 < •• c ~ .~ c, •

s: ''0 ~ IZJ Bull< ill standard Split g stat ic Waler .'l • - ~

"- , $ eunple Spoon S(lImple Table • ~ U .~
.'l

~ ~ in
~

. [ s~ e
0 .:l c, •

" ~
c,

'"
MLJ Fill/Crop Soil : Ught Brown, dry 10 moist, loose to soft., CL siltv clav with trace fine-a rained sand fine micas
Cl Native Lacustrine Deposits : at 1 ft. becomes

Light olive brown. moist to very moist , firm to very
stiff lean to fat clay and clayey silt wit h trace fine

5

~
sands and fine mica grains. Low permeability.

zo 21.1 97.8 2.5
at 7 ft . becomes reddish and olive brown , very
moist, stiff silty lean clay.

'0 CLJ <, at 10 ft Becomes olive brown , fine silty sand zo 25.6 3.0

SM i:'>L with lean clays , saturated (groundwater) .
sc Native Alluvium Deposits: at 11 ft. med. gray, med.

med . dense 10 dense, silty sand with trace clay.

15 I <, 22 26.3 2.25

Total Depth: 15 ft.
Groundwater at 10 ft.
No Caving

20 Backfilled and Compacted 4/27/2011

25

30

35

40

[
Figure IEGA Consultants 8-14



LOG OF EXPLORATORY BORING Sheet 1 of 1

Job Number: TS646.1 Boring No: B-15
Project: Mt. Signal Solar Farm Boring Location: See Figure 2

Seeley, CA Drive VI/t.: 40 Ibs. 30~ drop
Date Started: 412612011 Rig : Mob. wf4~ augers

Date Com leted: 4/2612011 Gm d Elev. -3 5 ft. below MSL

Sample

'"
Direct

Typo ,.. i ! ;; Shear ~

" • Thln Wetli k8J 2 .5" Ring ~• ~ I ~ .ii <u,
~ Tube Sample • ~ ~~ 0 e

.0

i o ~ .~ 0 •
s: ~ ~ [2J~e rn stanc:lard SpIil ~ static VV8ter • " - ~
-a , Spoon Setmple Table • 0 ~ U w

~
~ m m , ll. s I

~ :Ii e on ~
0 0 n, 0~

"
MU Fil lfCrop Soil : Dry to mois t, loose to soft , clayey silt OPT, CL V and siltv clav with trace flne-orained sand fine micas. 18.8 "''''

V Native Lacustrine Deposits: 23.8 ~

Ligh t Ol ive brown , moist to very moist, firm to very 125.0
CL

~
stiff lean to fat clay and clayey silt with trace fine 23 .0

S sands . Cohesive. Low porosity.

[2 25.9

I'- at 7 ft. becomes reddish and olive brown, very
moist, stiff silty clay.

t2
24.4

10 SM at 11 ft Becomes wet olive brown fine silty sand with clay.
CL I'- Groundwater at 12 ft.

4?~ 12 ft. Saturated, stiff, fine sand with silt and clay . 2S.9

(Alluvium).

17 at 14.5 ft becomes more sandy (Alluvium)

' S 29.2

Total Depth : 15 ft.
20 Groundwat er at 12 ft.

No Cavi ng
Backfill ed and Compacted 4/26/2011

2S

30

3S

40

Figure
EGA Consultants B-15



LOG OF EXPLORATORY BORING Sheet 1 of 1

Job Number: TS646 .1 Boring No: B-16
Proj ect: Mt. Sig nal So lar Farm Boring Location: See Figure 2

See ley, CA Drive VIIt 401bs. 30· drop
Date Started: 4/26 /2011 Rig: Mob. wJ4- augers
Date Com leted: 4/26 /2011 Grnd Elev. -35 ft. below MSL

Sample .. Direct
Type ,; R • :;; Shear

~~ • ThinWol [8]2.5" "no ~• II ~
• .? • ~

u,

~
Tube """",. " ~ I"~ 0 c •.. • ~

u, •e o c • ~~

"
, ~ IZJ~. [O SI..-d SpOt ¥ static WtIIer • <!; ~... i

, Spoon Se mple Table a c
~ U W

• ~ .. .. , II s ~c .;; ..
o .:l c, 0~ 0

~

MLI Fi lie fOp Soil : Dry to moist, loose to soft, clayey silt
1 e, end . . ; tr~ r_p flne-orained sand fine micas.

Native Lacustrin e Deposits:
Light Olive brown , moist to very moist, firm 10 very 29.9

CL stiff lean to fat clay and clayey silt with trace fine
5 lz sands. Cohesive. Low porosit y.

at 6 ft. becomes reddish and olive brown , very 29.7

rz moist, stiff silty clay.

rz
27.9

10 SM at 10 ft Becomes wet olive brown fine silty sand with clay.
SC Groundwater at 13 ft.

~tz 12 ft. Saturated , stiff, fine sand with silt and clay 32.3
(Alluvium) ,
at 14.5 ft becomes more sandy (Alluvium)

15

Total Depth: 15 ft.
20 Gro undwater at 13 ft.

No Caving
Backfill ed and Co mpacted 4/26/2011

25

30

35

40

I II
Figure IEGA Consultants B-16



LOG OF EXPLORATORY BORING Sheet 1 of 1

ob Num ber. TS646 .1 Boring No: B-17
Project: Mt. Signal Solar Farm Boring Location: See Figure 2

Seeley, CA Drive W : 40 1bs. 30· drop
Date Started : 4/2712011 Rig: Mob. w/4n augers
Date Com leted: 4/2712011 Grnd Elev. -35 ft. below MSL

Samp le
~

Direcl
Typo ,; 8- • ;; Shear ~

11 • ThlnWl:l1I ~ 2 .5" Rinu ~ >-
8. 1 ~ .f! • sn

u,

~
r ....l:Ie Se.mple • 1 w

.< ~ 0 s • c, . >-U .9 + ~~ '5 , ~

lZl~c rn Shm dar d Split i St atic W el.er • • ~ ,;a :Ii ~ Spoon 5tlmple Tobie " 0 ~ o w

~
~ ~ ~

, 8. g I'~ • <c
~-a a u, 0~

~

MU FilVCrop Soit : Dry to moist. loose to soft, clayey silt, CL and siltv ctav with trace fine-nrained sand. fin e mica .
Native Lacustrine Deposits:

IL l ight Olive brown, moist to very moist, firm to very 25.8

CL stiff lean to fat clay and clayey sin with trace fine
s

~
sands. Cohesive. Low porosit y. ·

23.8

at 7 n.becomes reddish and olive brown, very

~
moist , stiff silty clay.

25.9

10 SM at 11 ft Becomes wet olive brown fine silty sand with clay.
SC Groun dw ater at 13 ft.

~ tz 12 ft. Saturated , dense , fine sand w ith silt and clay 28.7

I'- (Alluvium).
at 14.5 ft become s mo re sandy (Alluvium)

15

Total Depth: 15 ft.
20 Groundwater at 13 ft.

No Caving
Backfill ed and Co mpacted 4/27/2011

2'

J()

35

40

I FiglMe IEGA Co nsulta nts B-17



LOG OF EXPLORATORY BORING Sheet 1 of 1

Job Number: T8646.1 Boring No: B-18
Project Mt. Signal Solar Farm Boring Location: See Figure 2

Seeley , CA Drive "-"": 140 lbs. 30~ drop
Date Started: 4/2712011 Rig : Mob. CME55W/ S- augers

Date Com leled: 412712011 Grnd EJe\'. -35 ft. below MSL

Sample Direct •
'" >

Typ" i i .. ;; Shear ..
1: • ~

!. . T,.., WaI 1:81~"" g ..
.~

]
" ~~ ~ T.- " c .. ~.Ii ~ .. .. 0 • -a n, • ..~

~ u c

~ - ~ lZJ~o [[] $I...... SpOt ~ stellk:: 'Water • <': .. • ~.ll ~ • c c.il
, Spoon S emple To'" x

~<': m m , ll. 0-e .~ z- 0c o .lI c, •
"

c,
~

'"
Mlf FiJI/Crop Soit : light Brown, dry to moist, loose to soft,

1 CL siltv ctav w ith trace fine-orained sand fine micas
CL Native Lacustrine Deposits: 15 19.3 2 0

I I, Olive brown , moist to very moist, firm to very
stiff lean to fat clay and clayey silt with trace fine

5 X <, sands and fine mica grains . 23 26.1 85.2 3.0

at 7 ft . becomes reddish and olive brown , very
moist, stiff si lty lean clay.

10 Clf at 10 ft Becomes olive brown , wet , fine silty sand 4.0 26.4 4.0
I I'..

SM with lean clays.
5PI

~
Nat ive Allu vium Deposits :

SC at 11 ft. becomes med. gra y, med . dense to dense,
wet to saturated fine silty sand with trace clay .

15 I '" 17 34.2 3.0

Total Depth: 15 ft.
Groundwater at 13 ft.
No Caving

20 Backfill ed and Compacte d 4/27/2011

25

30

35

40

I II
Figure

IEGA Consultants B-18



LOG OF EX PLORATORY BORING Sheet 1 of 1

Job Number: TS646.1 Boring No: B-19
Project: Mt. Signal Solar Farm Boring Location: See Figure 2

Seeley, CA Dri ve W1.: 40 lbs. 30" drop
Dale Started: 4127/2011 Rig: Mob. w/4" augers
Date Com leled: 4/27/2011 Grnd Elev. -35 ft. below MSL

Sample

'"
Direct

T,p' ,; il. x

"
Shear 00•" .-- ~~W1g

~ ~• !. 1 • ~ E "
00

~ li Tube " • So w
.c ~ 8 @

e n . ~

s: - " ~

IZJ~. rn standlWd spit ¥ stlll iCweier .!l i:
" • ~, •"- 0 .i! "5 SfX)Of"l SefT1)le T.bIe ~ e
~ 0 w

00 " "
, a u ~• 1! "

,. 00 -a 0 olI e, 0

" ~

MLI FilVCrop Soil : Dry, loose to soft, clayey silt 13 ' 1.5

1 CL I V and siltv cia" with trace fine-a rained sand fin e micas 1"'.7

:8:
Nat ive Lacustrine Depo sits:
Light Olive brow n, moist to very moist, firm to very 16 24.4 91.5 2.25

CL stiff lean to fat clay and clayey silt with trace fine
S I 1/ sands. Cohesive. Low porosity. 22 25.5 3.0

at 7 ft. becomes reddish and olive brown. very 26 29.S 3.25

moist , stiff siny clay .
32 32.1 3.0

10 SM I V at 11 ft Becomes wet olive brown fine silty sand with clay,
SC Groundwater at 13 ft .

~
12 ft . Saturated, dense, fine sand with silt and clay
(Alluvium),

SM a114.5 ft becomes more sandy (Alluvium)
1S

Total Depth : 15 ft.
20 Groundwater at 13 ft.

No Caving
Backfilled and Compacted 4/27/2011

2S

30

3S

40

FiglKe

EGA Consultants B-19



LOG OF EXPLO RATORY BORING Sheet 1 of 1

ob Number: TS646.1 Boring No: B-20
Project: Mt. Signal Solar Farm Boring l ocation: See Figure 2

See ley, CA Drive W1:: 40 Ibs. 30~ drop
Date Started : 4/2712011 Rig: Mob. wf4~ augers

Dat e Com leted: 4/27 /2011 Grnd Elev. -35 ft. below MSL
Sample

'"
Direct

Type ,; ~ • ;; Shear ~

" • ThlnWellt [g] 2.5" Ring ~ ~• !l i ~ .ii c· ~
~ ~ Tube Se.mple '[ wr ~

0 .~ • ~.< • u, •c e
§. ~ ~ IZl BuO rn 51......' $pl' i steacWater • ~ "

+ ~

'"
Sompl. Spoon 5e.mple Table • 0 ~ o w

2l m m 3 a 0 c:1! .e e- oll
0

=> 0 0 n, 0

"
MU FIll/Crop Soil : Dry to moist , loose to soft , clayey silt

1 c,

1/ and lit eta with I f':. ..... f ine-crained sand fine micas . n

:8 Native Lacustrin e Deposits : 12.4 112.7 3.e
Light Olive brow n, moist to very moist, firm to very

CL I- stiff Jean to fat clay and clayey silt with trace fine
5 ~ sands. Cohesive. Low porosity. 12.5

tz at 7.5 ft . becomes reddish and olive brown , very 20.8

f- moist, sti ff s illy clay.

tz 20.9

1. 5M at 11ft Becomes wei olive brown fine silty sand with clay.
5C f- Groundwater at 14 ft. 2S.a

tz 12 n.Saturated, dense, fine sand with silt and clay
(Alluvium) .

SP ~ at 14.5 nbecomes more sandy (Alluvium)
15

Total Depth : 15 n.,. Groundwa ter at 14 ft.
No Caving
Backfilled and Compacted 4/27/201 1

25

30

35

4.

I II
Figure

IEGA Consultants B-20



LOG OF EXPLO RATORY BORING Sheet 1 of 1

ob Number: T5646.1 Bor ing No : B-21
Project: Mt. Signal So lar Farm Bori ng Location: See Figure 2

See ley, CA Drive W : 40 lbs. 30~ drop
Date Started : 412712011 Rig: Mob . w/4- augers
Date Com feted: 4/2712011 Gmd Elev. -35 ft. below MSL

Sample ., Direct
Type ,; 1 " .. Shear

~li !l .TtW1W~ [8] 2.5- R"" ~ • t ~ "~ ~ Tube """",. • i I'!'" 11 8 e •.Ii ~ .~ " •• - '"~ :& ~
;g lZl~c rn st~d SpM ~ static Wttler • ,0: ..

Spoon Sample Table ~ ~ o w
,0: m m , .. a c or

~ "
0 b

" a 0 w u,

~

MU Fil l/Crop Soil : Dry to moist , loose to soft, clayey silt
1 c, and slttv olav wit h tra ce fme-cratned sa nd fine micas.

1:8
Native Lacustrine Dep osits : At 1.0 ft. becomes
light Olive brown, moist to very moist, firm to ve ry 12 .1 103.9 3.0

CL st iff lean to fat clay and clayey sltt with trace fine
5 7 sands . Co hesive . Low poros ity. 11.5

"-
at 7 n.become s redd ish and olive brown, very 15.9

7 mo ist, stiff siny clay .

/
24.7

' 0 SM at 11 ft Become s wet olive brown gray. fine silty
SC ::; sand with clay. firm to dense. 31.6.: 13 fl Saturated , dense, fine sand with silt and clay.

~
(Alluvium).

5. at 14 .5 ft becomes more sandy (Alluvium) .

' 5

Total Depth : 15 ft.
Groundw ater at 14 ft.

20 No Caving
Backfilled and Compacted 4/27/2011

25

30

35

40

I II
Figure

IEGA Co nsultants B-21



LOG OF EXPLORA TORY BORING Sheet 1 of 1

Job Number. T8646.1 Boring No: B-22
Project: Mt. Sig nal Solar Farm Boring Locati on: See Figure 2

See ley. CA Drive W : 40 Ibs. 30· drop
Dale Started: 412712011 Rig: Mob. w/4- augers
Date Com leted : 4/2712011 Grnd Elev. -35 ft . below MSL

Sample Direct •.. >
Type

" i > ;; Shear ••: ~
~

!l. • Thin W ClI ~ 2.5" . "" ,; •
f " ~~ il T.- """",. e E ii': 0

.~ •.c
"

~ u e, . -s: 'S '5 0~ [O St......d SpOl i S181l ic Waler s • -. + ~"- ~ Spoon Sewnple Table .Q • 0 ~ u
.~

<'i ~ e co '"
, a g

~ .;; e- > •0 w u,
~ 0 c,

" ..
MU Fill/Crop Soil : Dry to moist, loose to soft, clayey silt, CL and slltv clav with trace flne-orained sand, fine micas.

X Native Lacustrine Deposits: At 1 ft. Becomes light 14.0 75.4 2.25

"'" olive brown, moist to very moist, firm to very
CL stiff lean to fal clay and clayey silt with trace fine

5

~
sands and fine mica grains . Cohesive, 16.5
low permeable clay.

tz 23.8

at 8 ft. becomes reddish and olive brown , veryI'-

l7
moist , stiff silty clay. 17.5

I. 5M at 10ft Becomes wet olive brown fine silty sand
SC

I'-
with clay. 19.3tz wet, firm to dense, fine sand with silt and clay.

'"""'E;; 20.2

....1/ Groundwater at 14 ft. 20.5

'5

Total Depth : 15 ft .
Groundwater at 14 ft.

2. No Caving
Backfilled and Compacted 4/27/2011

25

3.

35

4.

I I Figure
EGA Consultants B-22



LOG OF EXPLORATORY BORING Sheet 1 of 1

ob Number. TS646.1 Boring No: B-23
Project: Mt. Signal Solar Farm Boring Locat ion: See Figure 2

Seeley. CA Drive INt 401bs . 30· drop
Date Sta rted: 4126/2011 Rig : Mo b. w/4- augers
Date Com leted: 4126/2011 Grnd Elev. -35 ft. below MSL

Sample
~

Direct •>
T, ,,,

" 1l. • ;; S"e ar .0

11 ~
00

~
• ThinWelll ~ , .5" R~'

i ~ " ~u,

~
Tube Se-mple ~ • i.s ~ 0 " c, .c c .~ •s: '0 a ~ IZJ Bulk OJ Stenclard Split i SIalic W8ter

~
• " ~1i , S_. Spoon Selmple Table 0 ~ u

• 00 .e m m a u '.0 ~ ~
e-

.ll
0 •

0 n, •
" e,

~ ~

MU ~
Fill1Crop Soil : Dry to moist, loose to soft. clayey silt 6.1

1 Cl and silty clay with trace flne-crained sand , fine micas.

:g Native Lacustrine Depo sits : At 1 ft. Becomes light 17.0 71.2 ' .0
olive brown, moist to very moist , firm 10 very

Cl stiff lean to fal clay and clayey silt w ith trace fine
5

~
sands and fine mica grains. Cohesive , 21.8

low permeable clay.

~
at 7 ft. becomes reddish and olive brow n, very 27.6

moist, st iff silty clay .

~
25.6

10 SM at 10 ft Becomes wet, gray brown fine silty sand
SC tz with clay . 28.5

Fi 27.7
Wet, gray, firm to den se , fine sand with silt and clay.

15 17 Groundwater at 15 ft. 28.4

Tota l Depth : 16 ft .
Groundwater at 15 ft.

'0 No Ca ving
Ba ck.filled and Compacted 4/26/2011

zs

30

35

40

I I F~
EGA Co nsultants B-



LOG OF EXPLORATORY BORING Sheet 1 of 1

Job Number: T5646.1 Boring No: B-24
Project: Mt. Signal Solar Farm Boring Location: See Figure 2

See ley, CA Dri ve l.JIA: 40 Ibs. 30" drop
Date Sta rted: 4/26 12011 Rig: Mob. w/4" augers
Date Com leted: 4/26 12011 Grnd Elev. -35 ft. below MSL

Sam ple Direcl •
" >

T,po i 8- • ;; Shear ~• '".. . T..... W&I 1Z12.5""no ~• !l i • if .E " ~~

I
T_ ....... " • i~ 0 c

" U ~ .~
n, . -~ - ~ 1Zl~ CD stlWlClard SptiI ~ st8ll ic~er • .. • .~... ~ •• Spoon Sample T.... " • 0 c
~ u

<!: m m , a 8~ ~ e- •
0 Jj ~ •

" ~
~

"
MU FilVCrop Soil : Dry to mois t, loose to soft, clayey si lt

1 CL and siltv clav with trace flne-urained sand, fine micas.

rz Native Lacustrine Deposits : At 1 ft. Becomes light 10.0

olive brown, moist to very moist . firm to very
CL stiff lean to fat clay and clayey sin with trace fine

5 ::x sands and fine mica grain s. Cohesive.
low permeable clay. 21.7 99.5 3.o

rz at 7.5 n.become s reddish and olive brown , very
moist, stiff silty clay. 28.9

1. 5M l7 at 10 ft Becomes wei , gray brown fine silty sand 17.2I"-
5C t2 with clay.

D 21.5

Wet, gray, firm to dense, fine sand with silt and clay.
Groundwater at 14 fl.. 21.5

15 1/ Becomes more aranular (Alluvium) 28.2

Total Depth: 15 ft .
Gro undwa ter at 14 ft.

2. No Caving
Backfilled and Compacted 4/26/2011

25

3.

35

40

I ~ Figure IEGA Consultants B-24



LOG OF EXPLORATORY BORING Sheet 1 of 2

ob Number: TS646.1 Boring No: B-25
Project: Mt. Signa l Solar Farm Boring Locat ion: See Figure 2

Seeley, CA Drive IM.: 140 Ibs. 30· drop
Date Started: 412712011 Rig: Mob. CME55 w/S- augers

Date Com leted: 4/2712011 Grnd Elev. -35 ft. below MSL

s. rnp. Direct •.. >
Type i • ;; Shear ..

~
1! ~ "'~

• Thin W &1 [gI 2 .s- ."., .. •
f • s~ Tube ....... ~ • c • ~.E ,<- ~

0 0 u, • -u
~ ';i 0~o rn standard Spit ~ SleIlJc WeIer ~ ~ •• .. - l:'~ ~ • c. o'a Spoon Semple Tobie ~ ]I
~

~ ~ ~ ~ ~ sc Q .:l u, If"
0
~ ..

SM FilVCrop Soil : Gray, dry to moist, loose to med. Dense
1 SC fine siltv sand and clav w ith trace fine micas. 9.5

::><:
Native Lacust rine Deposit s: At 1 ft. Becomes gray
and olive brow n, moist to very moist, firm to very 22 2.0

Cl
~

stiff lean to fat clay and claye y silt with trace fine
5 sands and fine mica grains.

SC ./ at 6 ft. becomes redd ish brown , very moist, firm 23 15.1 2.25

sandy clay.

I / 22 22.7 2.5

at 10 ft Becomes gray and brown fine si lty sand
10 and clay.

I 1/ 22 22.2 4.25

SM!
SC GroundWater at 15 n.

15

SM! Native Alluvium Deposits: 31 25.5 3.75

SC at 15 ft . becomes gray, med. dense to den se,
saturated fine silty sand with trace clay , porous.

20 32 25.3 3.0
I / same as above.

25 36 30.4 2.0
I 1/

SM at 25 ft. becomes grayish brown , wet , dense,
fine-grained silty sand.

30 SPI
SC I 1/ at 30 ft. becomes gray, dense to firm, saturated, 23 25.0 2.5

fine-grained silty sand and clay.

35 / Less clayey, more dense (sand interbedding) . 47 24.5 2.75I

40 30 26.9 2.5
I I / CONTINUES ·

I
Figure IEGA Consultants B·25 (a)



LOG OF EXPLORATORY BORING Sheet 2 of 2

ob Number. T5646.1 Boring No: B-25
Project: Mt. Signa l Solar Farm Boring l ocation: See F~ure 2

See ley , CA
Date Started: 412712011 Rig: Mob. CME55 wiSt' augers

Date Com leted: 412712011 Gmd Elev. -35 ft. below MSL

Sample .. Direct
Type .,; i • ;, Shear

Z !I. . TNn WOI 1:8J~ ] • ~ ~ . i~ -e T_ " " i~ ~ 8 • •.. ~ ! .0 c, .
~ ~

lZl~mplC rn Standewd Split ~ St8tic Water <!: • " •
~" S ~ "5 Spoon Somple Tobie .. • • ~

u
<!: m m , !I. 8~ ~ .. •

~ 0 0 w u,
~

40 8M Gray ish brown, dense, saturated, fine silly sand, 30 26.9 2.'
with trace clays, micaceous.

4' No sample recovery. 35 2.'
1/

same as above. 36 26.1 3.0
50 V

Total Depth: 50 ft.
Groundwater at 15 ft.
No Caving

55 Backfilled and Compacted 4/27/2011

60

65

70

75

60

I II
Figure

IEGA Consultants B-25(b)



APPENDIX B:

GEOTECHNICAL LABORATORY TEST RESULTS

By SoilWorks



SoilWorks
Ea rt h Scie nces G ro up

3130 A irway Avenu e

Cosu Mesa . CA 92626

T: 888 -54 .4 .4164

wIN w .IO i I wo rks i n c . com

EGA Consultants
375-C Monte Vista Avenue
Costa Mesa, California 92627

Attention: Mr. David Worthington, C.E.G.

June 7, 2011
Project NO.114-057-10

Subject: Laboratory Test Results
Mt. Signal Solar
Seeley, Ca litornia

Dear Mr. Worthington:

SoHWorks, Inc. performed the requested laboratory tests on soil specimens delivered to

our office for the subject project. The results of these tests are included as an

attachment to this report .

We appreciate the opportunity of providing our services to you on this project. Should

you have any questions, please contact the undersigned .

Sincere ly,

SOILWORKS, INC.

By: -:J=-:j'::},,'j.,

Attachment: Laboratory Test Results
Distribution: Addressee (2 copies)

File: 114-057-10 MI. Signal Solar, Seeley, CA.dDc



EGA Consultants
Laboratory Test Results
Mt. Signal Solar
Seeley, CA

LABORATORY TEST RESULTS

June 7, 2011
Project No.1 14-057-10

Page 2 of 5

Summarized below are the results of requested laboratory testing on samples submitted

to our office.

Dry Density and Moisture Content

Tabulated on Plate A, attached, are the requested results of field dry density and

moisture contents of undisturbed soils samples retained in 2 3/8-inch inside diameter

by one-inch height rings. Moisture only results were obtained from small bulk samples.

Soil Classification

Requested soil samples were classified using ASTM D2487 as a guideline and are

based on visual and textural methods only. These classifications are shown below:

Sample Identification Soil Description Group
Symbol

8-1 @ 5.0' Silty Clay - Olive brown CL

8-1 @ 7.5' Silty Clay - Olive brown CL

8-1 @ 10.0' Silty Fine Sand -Olive brown SM

8-1 @ 15.0' Silty Fine Sand - Olive brown, with clay SM

8-1 @20.0' Clayey fine Sand - Olive brown SC

B-1 @ 25.0' Silty Fine Sand - Olive brown SM

B-1 @ 30.0' Fine Sand - Olive brown SP

8-1 @ 35.0' Fine Sand - Olive brown SP

8-1 @ 40.0' Fine Sand - Olive gray brown SP

8-1 @ 450' Fine Sand -Olive gray SP

8-1 @ 50.0' Fine Sand -Olive gray SP

Soi/Works Earth Sciences Group



EGA Consultants
Laboratory Test Results
Mt. Signal Solar
Seeley, CA

Direct Shear

June 7, 2011
Project No. 114-057-10

Page 3 of 5

Direct shear tests were performed on relatively undisturbed ring samples, identified as

8-2 @ 2.5' and 8-12 @ 5.0', with a direct shear machine of the strain-controlled type.

The controlled rate of strain is 0.005 inch pcr minute. The samples were soaked in a

confined state prior to shearing. Then the samples were sheared under varied loads

ranging from 1.0 ksfto 4.0 ksf. The test results are plotted on Plate 8-1 and 8-2.

Sulfate Content

Selected bulk samples were tested for soluble sulfate content in accordance with Hach

procedure. The test results are shown below:

Samp le Water Soluble Sulfate In Soil Sulfate Exposure
Identification (PercentaQe by welqh t ('!oll (UBC Table 19-A-4l

B-5 @O-4' 0.056 Negligible

8-22 @0-3' 0.051 Negligible

Expans ion Index:

8u lk soil samples were tested for expansion potential following the ASTM D-4829 Test

Procedure. Test results are presented below:

Sample Identifi cation Expansion Index Expansion Poten tial

(UBC 18-1-B)

8-2 @ 0-3' 43 Low

B-20 @ 0-3' 0 Very Low

Soi/Works Earth Sciences Group



EGA Consultants
Laboratory Test Results
Mt. Signal Solar
Seeley, CA

Maximum Dry Density and Optimum Moisture Content

June 7, 2011
Project No. 114-<l57-1 0

Page4 of 5

A maximum dry density and optimum moisture content test was performed on the

requested bulk soil sample in accordance with ASTM: D 1557. The results are shown

below:

Sample Maximum Dry Optimum Moisture
Identi ficat ion Density (pcf) Content (%)

B-15 @0-3' 125.0 8.5

Consolidation

A consolidation test was performed on a relatively undisturbed sample of the soils

identified as B-11 @ 10' to determine the compressibility characteristics. The sample

was soaked during the test to simulate possible adverse field conditions. The test

results are presented on Plate B-3.

Allerberg Lim its Test

The results of Atterberg Limits test on the designated sample are shown below. These

tests were performed in accordance with ASTM: D 4318.

Sampl e Liquid Limit Plasti c Limit Plasti city Index Classification

Identifi cat ion % % %

B-2 @2.5' 41.8 13.2 28.6 CL

Soi/Works Eo rth Sciences Group



EGA Consultants
Laboratory Test Results
Mt. Signal Solar
Seeley, CA

200 Wash Sieve

June 7, 201 1
Project No. 114·057-10

Page 5 of 5

The following samples were tested in accordance with ASTM 0 : 1140 to determine the

amount material finer than the No. 200 sieve by washing as an aid in classification of

soil types. The test result is shown below.

Sample Location Percent Passing

B-1 @ 0-4' 79.0

B-1 @ 6-11' 73.8

B-1 @ 25-35' 30.1

B-25@ 0-5' 9.5

Particl e Size Anal ysi s

Soi l samples were tested in accordance with ASTM: 0 442 test procedure to determine

soil particle size as an aid in classification of soil types. The test results are shown

graphicaliy on Plates B-4 through B-6.

SoilWorksEarth Sciences Group
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Mt. Signal Solar
Seeley, CA

June 7, 2011
Project No.114-057-10

Plate A-I of A·S

PLATE A
LABORATORY MOISTURE f DENSITY TEST RESULTS

Boring Depth Dry Density, pef Moisture, %

B-1 2.5 88.8 12.0
B-1 5.0 • 20.1
B-1 7.5 • 26.0
B-1 10.0 • 25 .5
B-1 15.0 • 23.5
B-1 20.0 • 17.2
B-1 25.0 • 26.9
B-1 30.0 • 21.1
B-1 35.0 • 21.7
B-1 40.0 • 21.2
B-1 45.0 • 22.2
B-1 50.0 • 18.8

B-2 2.5 102.9 20.5
B-2 3.5 • 19.8
B-2 6.0 • 22.2
B-2 10.0 • 35.0

B-3 4 .0 938 23.5
B-3 7.5 • 28 .5
B-3 10.0 • 31.8
B-3 15.0 • 24.8

B-4 2.5 • 18.9
B-4 5.0 • 20.5
B-4 10.0 99.0 21.5
B-4 15.0 • 27.1
B-4 20.0 • 24.5

8-5 2.5 98.8 23 .0
8-5 5.0 96.2 24.7
8-5 7.5 • 25.0
8-5 7.5
8-5 10.0 • 27 .4

Soi/Works, Inc .



EGA Consultants June 7, 2011
la boratory Test Results Project No.114-0S7-10
Mt. Signal Solar Plate A-2 of A-S
Seeley. CA

PLATE A
LABORATORY MOISTURE I DENSITY TEST RESULTS

Boring Depth Dry Densi ty, pef Moisture , %
B-5 15.0 • 24.5

B-6 5.0 94.5 20.2
B-6 10.0 .. 30.4
B-6 15.0 • 31.4

8-7 5.0 • 26.9
8-7 10.0 • 26.4
B-7 15.0 • 24.1

8-8 3.0 • 29.0
B-8 6.0 • 27.4
B-8 8.0 • 29.7

B-9 5.0 • 22.6
B-9 7.0 • 31.9
B-9 9.0 • 28.7
8-9 11 .0 • 35.0

B-10 5.0 • 12.7
8-10 15.0 • 18 8

8- 11 5.0 • 24.7
B-1 1 100 92.2 28.5
8-11 15.0 • 27.4

8-12 5.0 88.3 22.2
8-12 10.0 • 16.4
8-12 15.0 • 27.7
8-1 2 20.0 • 29.5

8-13 2.5 89.9 5.5
8-1 3 5.0 • 24.5
8-13 7.5 • 23.3
8-13 10.0 • 29.0
8-13 15.0 • 28.2

SoilWorks, Inc .



EGA Consultants June 7, 2011
La boratory Test Results Project No.114-0S7-10
Mt. Signal Solar Plate A-3 of A-S
Seeley, CA

PLATE A
LABORATORY MOISTURE I DENSITY TEST RESULTS

Boring Depth Dry Density, pef Moisture, %
B-14 5.0 97.8 21.1
B-14 10.0 • 26 6
B-14 15.0 • 26.3

B-15 1.0 • 18 8
B-15 2.5 • 238
B-15 4.0 • 230
B-15 6.0 • 259
B-1 5 9.0 • 24.4
B-15 12.0 • 25.9
B-15 15.0 • 29.2

B-16 3.0 • 29.9
B-16 60 • 297
B-16 90 • 27.9
B-16 12.0 • 32.3

B-17 3.0 • 25.8
B-17 6.0 • 23.8
B-17 9.0 • 259
B-17 12.0 • 28 7

B-18 25 • 19.3
B-18 50 852 261
B-18 10.0 • 26.4
B-18 15.0 • 34.2

B-19 1.0 • 15.7
B-19 2.5 91.5 24.4
B-19 50 • 255
B-19 7.0 • 29.5
B-19 90 • 32.1

B-20 2.5 112.7 12.4
B-20 5.0 • 12.5
B-20 7.0 • 20.8
B-20 9.0 • 20.9

Soi/Works, Inc.
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Laboratory Test Results Project NO.114-057-10
Mt. Signal Solar Plate A·4 of A-S
Seeley , (A

PLATE A
LABORATORY MOISTURE f DENSITY TEST RESULTS

Boring Depth Dry Density, pef Moisture, %
8-20 11.0 • 25 8

8-21 2.5 103.9 12.1
8-21 5.0 • 11.5
8-21 7.0 • 15 9
8-21 9.0 • 24.7
8-21 11.0 • 316
8-21 13.0 • 294

8-22 2.5 754 14.0
8-22 5.0 • 18 5
8-22 7.0 • 23.8
8-22 9.0 • 17 5
8-22 11.0 • 19.3
8-22 130 • 202
8-22 15.0 • 20 5

8-23 10 • 8.1
8-23 25 712 170
8-23 5 0 • 21.8
8-23 7.0 • 27.6
8-23 9.0 • 25.6
8-23 11.0 • 28.5
8-23 130 • 27.7
8-23 15.0 • 284

8-24 2.5 • 10.0
8-24 5.0 99.5 217
8-24 7.0 • 28.9
8-24 90 • 17.2
8-24 11.0 • 21.5
8-24 13 0 • 21.5
8-24 15 0 • 28.2

8-25 5.0 • 15 1
8-25 7.5 • 22.7
8-25 10.0 • 222

SoilWorks, Inc.



EGA Consultants
Laboratory Test Results
Mt. Signal Solar
Seeley, CA

PLATE A
LABORATORY MOISTURE I DENSITY TEST RESULTS

June 7, 2011
Project No.114·057·10

Plate A~5 of A~5

Boring Depth Dry Density, pet Moisture, %
B-25 15 0 , 255
B-25 20.0

,
25.3

B-25 25.0 ,
30.4

8-25 30.0
,

25.0
8-25 35.0

,
24.5

8-25 40.0
,

269
8-25 50.0

,
26.1

Note ('): Small bulk soil samples tor moisture determination only

Soi/Works, Inc.
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ASTM SIEVE DESIGNAT ION
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Corrosion Control and Condition Assessment fC3A J Deportment

June 14, 2011

EGA CONSULTANTS, LLC .
375-C Monte Vista Avenue
Costa Mesa, CA 92627

viaemail: Worthy lO@aol.com

Attention: Mr. David A. Worthington, C.E.G.

Re: Soil Corrosivity Study
Mt. Signal Solar
Seeley, California
HDRJSchiff # I I-0424SCS

INTRODUCTION

Field and laboratory tests have been completed for the subject project. The proposed construction
consists of a solar power plant located in Seeley, California. Perched groundwater was generally
encountered by the consultant during the drill ing of 25 borings in April of 20 11between 10-15
below grade.

Laboratory tests have been completed on two soil samples provided by EGA Consultants. The
purpose of these tests was to determine the electrical resistivity of the soil forgrounding design and
to determine if the soil might have deleterious effects on underground utility piping and concrete
structures.

For grounding design, soil electrical resistivity values are provided as 'data only' in order to aid
otherengineers in theirdesign.

The scope of this study is limited to a determination of soil corrosivity and general corrosion control
recommendations for materials likely to be used for construction. Our recommendations do not
constitute, and are not meant as a substitute for, designdocuments for the purpose ofconstruction. If
the architects andlor engineers desire more specific information, designs, specifications, or review
ofdesign, HDR[Schiffwill be happy to work with them as a separate phase of this project.

TEST PROCEDURES

The electrical resistivity of the soil was measured in place at five locations using the Wenner f our
Pin Method per ASTM G57. This procedure gives the average resistivity to a depth equal to the
spacing betwee n the pins. Approximate pin spacings of 2.5, 5, 20, and 50 feet were used so that

431 West Basel ine Road , Cla re mo nt, CA 9 171 1
Ph one : 909 .626.0967 · Fa x: 909 .626 .3316
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variations with depth could be eval uated. Strata resisti vities were calculated from resistance data
using the Barnes Procedure. Test results are shown in Table 1. The boring location map provided by
EGA Consultants is included. HDRjSchiff performed Wenner pin tests adjacent to boring locations
B-3 and B-24 (see figureanached). HD RjSchiff petfonned the two Wenner Four pin tests.

The electrical resistivity of each sample was measured in a soil box per ASTM G 187 in its as
received condition and again after saturation with distilled water. Resistivities are at about their
lowest value when the soil is saturated. The pI I of the saturated samples was measured per ASTM
05 1. A 5:I water:so il extract from each sample was chemical1y ana lyzed for the major solub le salts
commonly found in soil per ASTM 0 4327, 0 69 19, and 05 13. Test results are shown in Tabl e 2.

SOIL CORROSIVITY

A major factor in determining soil corrosivity is electrical resistivity. The electrical resistivity of a
soil is a measure of its resistance to the flow of electrical current. Corrosion of buried metal is an
electrochemical process in whic h the amount of metal loss due to corrosion is directly proportional
to the flow of electrical current (DC) from the meta l into the soil. Corrosion currents , following
Ohm's Law, are inversely proportional to so il resistivity. Lower electrica l resistivities result from
higher moisture and soluble salt contents and indicate corros ive soil.

A correlation between electrical resistivity and corrosivity toward ferrous metals is: '

Soil Res istivity
in ohm-centimeters
Greater than 10,000

2,000 to 10,000
1,000 to 2,000

oto 1,000

Corrosivity Category
Mildly Corrosive

Moderately Corrosive
Corrosive

Severely Corrosive

Other soil characteristics that may influence corros ivity towards meta ls are pH, soluble salt content,
so il types, aeration, anaerobic conditions, and site drainage.

The average resistivities and stratum resistiv ities measured in the field were in the mi ldly to severely
corrosive categories.

Electrical resistivities measured in the labora tory were in the mildly corrosive category with as
received moisture. When saturated, the resistiv ities were in the moderately to severely corrosive
categories. The resistivities dropped considerably with added moisture because the samples were
dry as-received.

Soi l pH values varied from 7.6 to 8.1. This range is mildly to moderately alkaline.2 These values do
not particularly increase soil corrosivity .

, Romanoff, Melvin. UndergroundCorrosion, NBS Circular579. Reprinted by NACE. Houston, TX, 1989, pp. 1 6~1 67.

2 Romanoff, Melvin. Underground Conoslon , NBS Circular 579. Reprinted by NACE. Houston, TX, 1989, p. 8.
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The soluble salt content of the samples ranged from low to very high. The soluble salt content was
VeT)' high in the sample frnm boring B-3 @ 0-4' and less in the other. Chloride and sulfate salts
were the predominant constituents. Chloride is particularly corrosive to ferrous metals, and in the
higher concentrations measured in the soil samples, chloride can overcome the corrosion inhibiting
effect of concrete on reinforcing steel. High concentrations of sulfate, as was measured in the soil
samples, can react with components in concrete to cause degradation and reduced strength in a
mechanism known as sulfate attack.

The ammonium and nitrate concentration was high enough to be aggressive to copper.

Tests were not made for sulfide and negative oxidation-reduction (redox) potential because these
samples did not exhibit characteristics typically associated with anaerobic conditions.

This soil is classified as severely corrosive to ferrous metals, aggressive to copper, severe for sulfate
attack on concrete, and aggressive with respect to exposure of reinforcing steel to the migration of
chloride.

CORROSION CONTROL RECOMMENDATIONS

The life of buried materials depends on thickness, strength, loads, construction details, soil moisture,
etc., in addition to soil corrosivity, and is, therefore. difficult to predict. Of more practical value are
corrosion contro l methods that will increase the life of materials that would be subject to significant
corrosion.

The following recommendations are based on the soil conditions discussed in the Soil Corrosivity
section above. Unless otherwise indicated, these recommendations apply to the entire site or
alignment.

Steel Pipe

Implement all the following measures:

I. Underground steel pipe with rubber gasketed, mechanical, grooved end, or other
nonconductive type joints should be bonded for electrical continuity. Electrical continuity is
necessary for corrosion monitoring and cathodic protection.

2. Install corrosion monitoring test stations to facilitate corrosion monitoring and the
application ofcathodic protection:

a. At each end of the pipeline.

b. At each end ofall casings.

c. Other locations as necessary so the interval between test stations does not exceed
1,200 feet.

3. To prevent dissimilar metal corrosion cells and to facilitate the application of cathodic
protection, electrically isolate each buried steel pipeline per NACE Standard SP0286 frnm:

a. Dissimilar metals.
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b. Dissimilarly coated piping (cement-mortar vs. dielectric).

c. Above ground steel pipe.

d. All existing piping.

4. Apply a suitable dielectric coating intended for underground use such as:

a. Polyurethane per AWWA C222 or

b. Extruded polyethylene per AWWA C215 or

c. A tape coating system per AWWA C2 14 or

d. Hot app lied coal tar enamel per AWWA C203 or

e. Fus ion bonded epoxy per AWWA C213.

5. Apply cathodic protection to steel piping as perNACE Standard SPOI69.

June 14,2011
Page -4

NOTE: Some steel piping systems, such as for oil, gas, and high-pressure piping systems. have
spec ial corrosion and cathodic protection requirements that must be evaluated for eacfi specific
app lication.

Iron Pipe

Implement all the following measures:

I. Electrical ly insulate underground iron pipe from dissimilar metals and from above ground
iron pipe with insulating joints per NACE Standard SP0286.

2, Bond all nonconduetive type jo ints for electrical continuity. Electrical continuity is
necessary for corrosion monitoring and cathodic protection .

3, Install corrosion monitoring test stations to facilitate corrosion monitoring and the
application of cathodic protection:

a . At each end of the pipeline.

b. At each end ofany casings.

c. Other locations as necessary so the interval between test stations does not exceed
1,200 feet.

4, Apply a suitable coating intended for underground use such as:

a. Polyethylene encasement per AWWA C I05 j or
b. Epoxy coat ing; or

c . Polyurethane; or

d. Wax tape .

NOTE: The thin factory-applied asphaltic coating app lied to ductile iron pipe for
transportation and aesthetic purposes does not consti tute a corrosion control coating.

5. Apply cathodic protection to cast and ductile iron piping as per NACE Standard SPO I69.
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Copper T ubing

Protect buried copper tubing by one ofthe following measures :

I . Prevention of soil contact. Soil contact may be prevented by placing the tub ing above
ground or encasing the tubing using PVC pipe with solvent-we lded joints.

2. Install ation of a factory-coated copper pipe with a minimum 25-mil
thickness such as Kamco's Aqua Shieldw, Mueller's Streamline
ProtecTM, or equal. The coating must be continuous with no cuts or
defects.

3. Instal lation of 12-mil polyethylene pipe wrapping tape with butyl
rubber mastic over a suitable primer. Protect wrapped copper tub ing
by applying cathodic protection per NACE Standard SP0 169.

Plastic and Vitrified Clay Pipe

I. No special precautions are required for plastic and vitrified clay pip ing placed underground
from a corrosion viewpo int.

2. Protect all metallic fittings and valves with wax tape per AWWA C2 17 or epoxy.

All Pipe

1. On al l pipes, appurtenances, and fittings not protected by cathodic protection, coat bare
metal such as valves, bolts, flange joints, joint harnesses, and flexible couplings with wax
tape per AWWA C2 17 after assembly.

2. Where metallic pipelines penetrate concre te structures such as building floors, vault walls,
and thrust blocks use plastic sleeves, rubber seals, or other dielectric material to prevent pipe
contact with the concrete and reinforcing stee l.

Concrete

l . Protect concrete structures and pipe from sulfate attack in soil with a severe sulfate
concentration, 0.2 to 2.0 percent. Use Type V cement, a maximwn water/cement ratio of
0.45 , and minimum strength of 4500 psi per applicable code.3.4,S,6

2. Chloride levels were measured at levels' where addit ional protective measures are required
for concrete. Protect stee l and iron embedded in concrete structures and pipe from chloride

J 1997 UnifO/m Building Code (UBC) Table 19-A-4

• 2006lntemstional Building Code (IBC) which refsrs toAmerican Concn1fe Institute (ACI-31B) Table 4.3.1

5 2006 International Resident;sI Code (IRC) which refers to Americ8n Cooa1tte Institute (ACI-318) Table 4.3.1

• 2007 C81ifomia Building Code (CBC) which refsrs toAmeric8n Concrete Institute (ACI-3 18) Tab le 4.3.1
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attack. This applies to such items as reinforcing steel and ancho r bolts but not post
tensioning strands and anchors. The protection could be one or a combination of the
following:

a. Protective Concrete - A concrete mix designed to protect embedded steel and iron
that should be based on the following param eters: I) a chloride content oD ,600 ppm
in the soil; 2) the desired service life; and 3) concrete cover. A protective concrete
mix may include a corrosion inhibitor admixture and/o r silica fwne admixture.

b. Waterproof Concrete - Waterproofing for concrete could be a gravel capillary break
under the concrete, a waterproof membrane, and/or a liquid applied waterproof
barrie r coating such as Grace PrePruf~ product. Visqueen, similar rolled barriers, or
bentonite-based membranes are not viable waterproofing systems, from a corros ion
standpo int.

c. Coat Embedded Metal - A coating for embedded steel and iron could be an epoxy
coating applied to the metal . Purple fusion bonded epoxy (FBE) (ASTM A934)
intended for prefabricated reinforcing steel reinforcing steel is suitable. The green
flexible FBE (ASTM A775) is not recommended.

d. Cathodic Protection - Cathodic protection is most practical for pipelines and must be
designed for each application. The amount ofcathodic protection current needed can
be minimized by coating the steel or iron.

3. Due to the high perched ground water encountered at this site, cyclical or continual wetting
may be an issue. Any contact between concrete structures and ground water should be
prevented. Contact can be prevented with an impermeable waterproofing system.

Resistivity for Elect rical G round ing System

I. Refer to Table 1 for average soil resistivity values to depth for design of electrical ground
grids and ground rods for the proposed site.

Stee l Piles

I . Steel piles are most susceptible to corrosion in disturbed soil where oxygen is avai lable.
Further, a dissimilar environment corrosion cell would exist between the steel embedded in
concrete, such as pile caps and the steel in the soil. In the cell, the steel in the soil is the
anode (corroding metal), and the steel in concrete is the cathod e (protected metal). This cell
can be minimized by coating the part of the stee l piles that will be embedded in concrete to
prevent contact with concrete and reinforcing steel.

, Design Manum 303: Conct&te Cylinder Pipe. Ameron. p.65
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Alte mative t : Coated Piles

Coat the piles with coal tar epoxy or polyurethane recommended. by the
manufacturer for the steel piles; apply to 25 mil thickness per manufacturer's
recommendations.

Alterna tive 2: Coat Upper Porti on of Pile

Coat the piles from the top to 10 feet below the water table. For the remainder usc a
corrosion allowance of 0.05 inches.

Alterna tive 3: Bare Piles

Corrosion rates in disturbed soil, such as fill and loose native soil, and/or within 3
feet of the water table are estimated to be 0.006 inches per year for single side
corrosion or 0.167 inches per year for double sided based upon soil similarities to
published. data.s Therefore, for a twenty-five year design life provide a corrosion
allowance of 0.42 inches above what is required for structural capacity for H-piles
and 0.21 inches for pipe piles with sealed bottoms. In undisturbed soil use a
corrosion allowance orO.05 inches.

I. After driving, cutoff, and welding any steel to be welded to the piles, coat exposed steel in
the piles and bare steel welded to the piles to prevent pile/concrete contact and to prevent
electrical contact between the piles and bare steel such as reinforcing steel and anchor bolts.
Abrasive blast and use at least 8 mils dry film thickness of polyurethane or coal tar epoxy
intended for underground use or coat with mastic such as Polyken 900 12-mil tape wrap
with a 1027 primer or equivalent. Irregular shaped surfaces that can' t be coated. with the tape
wrap can be coated with wax tape per AWWA C2 17. The coating should be allowed to cure
at least hard enough to prevent damage by the placement of reinforcing steel and concrete
before those materials are placed.

2. Steel pipe pile interiors may be protected by filling them with concrete or hermetically
sealing the ends.

• Romanoff, Melvin. Underground Corrosion, NBS Circular 579, Reprinted by NACE. Houston. TX, 1989, pp. 19-20, 110.
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Our services have been performed with the usual thoroughness and competence of the engineering
profession. No other warranty orrepresentation, eitherexpressed or implied, is included orintended.

Please call if you have any questions.

Respectfully Submitted,
SCHIFF ASSOCIATES

C ?1:::=#
Ene: Table I-Soil Electrical Resistivity Field Tests

Table 2-Laboratory Tests on Soil Samples
Boring Map
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LOCATION

B-3
North/South Direction

B-3
EastIWest Direction

8-24
NorthlSouth Direction

Table 1 - Soil Resistivity Field Tests

EGA Consunants, LiC
Mt. Sigllal Solar

HDR~cI'ifI#J 1-0424$CS
/ 7-M ay-J I

AVERAGE
MEASURED RESISTIVITY STRATUM

DEPTH RESISTANCE TO DEPTH RESISTIV ITY
(feet) (ohms) (ohm-cm) •(ohm-em)

239
2.5 0.50 • 239 • 305
5.0 0.28 • 268 • 1.609
10.0 0.24 • 460 • 328
20 0.10 • 383

• 2.298
50 0.08 766

• 196
2.5 0.41 • 1% • 307
5.0 0.25 • 239 • 1,755
10 0.22 • 42 1 • 42 1
20 0.11 • 42 1 • 527
50 0.05 • 479

g 1.628
2.5 3.4 • 1.628

2.325
5.0 2.0 • 1,915

7.660
10 1.6 3.064

6,741
20 I.I 4,213

5.076
50 0.49 4,692

CORROSIV IT Y LEGEND (FERROUS METALS)

. Mildly I.:l Modcnncly • Corrosive • Severely

43 1 West Baseline Roa d , Claremont CA 91711
Phone: 909.626.0967 . Fax: 909.626.3316 Page I of 2



fi}~ I $ SCHIFF
www.hdrinc.com

Ccaosion Control and Condition Assessment (C3A) Department

Table 1 ~ Soil Resistivity Field Tests

EGA Consutmnts , 1.I.e
MI. Siglta! Solar

HDRl,Sclliff#1J-0424SCS
/ 7-May-IJ

AVERAGE
M EASURED RESISTIVITY ST RATU M

DEPTH RESISTANCE TO DEPTH RESISTIVITY
LOCATION (feet) (ohms) (ohm-em) (ohm-ern)• 1.963
B-24 2.5 4.1 • 1.963
EastIWest Direction 3.402

5.0 2.6 2,490
3.395

10 1.5 2.873
3.756

20 0.9 3,256
7.695

50 0.52 4,979

CORROSIVITY LEGEND (FERROUS METALS)

. Mildly ,:) Moderately • Corrosive • Severely

431 West Baseline Road, Claremont. CA 9 1711
Phone: 909.626.0967· Fax: 909.626.33 16 Page 2 of 2
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Table 2 - La boratory Tests on Soil Sam ple(s)

EGA ConsulJanlS, LLC
MI. Signal Solar

Your # TS646. / , HDR l,ScI,ih'#J J·04U SW ·
IJ -M ay- IJ

Sample ID B-3
@ 0'-4'
MLlCL

B-24
@ 0'-3'
MU CL

Resist ivity
as-received
minimum

pH

Electrical

Con ductivity

Units
ohm-em
ohm-em

mSlcm

27,600 72,000
141 2,990

7.6 8. 1

5.34 0.11

Chern ical Ana lyses

Cat ions

calcium Cal" mg/kg 2,295 57

magnesium Mg2+ mg/kg 305 II

sodium Nato- mg/kg 4,005 63

potassium K" mg/kg 154 13

Anions

carbonate C0 3
l . mg/kg ND 24

bicarbonate uco,': mglkg 98 55

fluoride F" mg/kg 1.1 0.5

chloride ci" mg/kg 3,54 1 2 1

sulfate S042
• mg/kg 8,573 87

phosphate POt mg/kg ND 2.3

Other Tests

ammonium NH,t mg/kg 32 1.1

nitrate NO] l. mg/kg 115 19

sulfide S" qual n. n.
Redox mV n. n.
Minimum resistivity perCTM 643, Chlorides per GYM 422, Sulfates per eTM 4 17

Electrical conductivity in millisiemensfcm and chemical analysiswere made on a 1:5 soil -to-water extract.
mglkg = milligrams per kilogram (parts per million) of dry soil.
Redox = oxidation-reduction potential in millivolls
ND = not detected
na= not analyzed

431 wes t Baseline Road , Cla remont, CA 91711
Phone: 909.626.0967' Fax: 909 .626.33 16 Pag e I of 1
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GeothermUSA
hUp :/Iwww.geoth erm.nel

6354 Cla rk Ave.
Dublin , CA 94568
Te l: 925-999-9232
Fax: 925-999-8837
info@geoth ermusa.com

May 10, 2011

EGA Consultants
375-C Monte Vis ta Ave
Costa Mesa, CA 92627
Attn : Dav id A. Worthington, PEG

Re: The rma l Ana lysis of Native So il Sample
EI Centro Solar Project - EI Centro, CA

The following is the report of thermal drycut characterization tests conducted on one (1)
undisturbed tube sample of native soil.

The rmal Resi stivity Tests : A laboratory type therma l probe with a thermi stor type
temperature sensor was installed in the sample. A series of thermal resistiv ity
measurements were made to establish the thermal dryout characteristics. The tests
were conducted in acco rdance with IEEE Standard using our Thermal Property Analyzer
Model TPA-2000. The thermal dryout curve is presented in Fig ure 1.

Test Result s '.
Thermal

Moistu re O'yResisti vi ty
Sample to Visual Descri pti on f' e -em /Wi Con tent Densit y

Wet 0 ",
(%) (l b/ft3

)

B-3 @ 1.5 ' Red Brown Silty Clay/Clayey SILT
63 170 13 94with trace micaceous fine sand

Co mments: The thermal characterist ic depi cted in Figure 1 applies for the material at
the test dry dens ity reported above.

Geoth erm USA

-,.G>-4
Nimesh Patel

Please Note: All samples will be disposed of after 5 days from date of report.

COOL SOLUTIONS FOR UNDERGROUND POWER CABLES
TH ERMAL SURVE YS, CORRECTIVE BA CKFILLS & INSTRUMENTATI ON

Serving the electr ic power industry since 1978
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THERMAL DRYOUT CHARACTERISTIC
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Thermal Analysis of Native Soil

EI Centro Solar Project - EI Centro, CA
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Shipper -Company Name: '-'-'-"--'..c=. _

ShIpper -Contact Name: __= '-'-"-'-'''-------''-'-= '-'----'-'-<..:.:.='---''= _

EL.Project Name: '---- _

ELProjec t Location: -'--- _

,
1.5

Sample Depth: _

I

"B-"3 @ /. S
Sample LocatlonllD: _

Sample Collec tion Date:~
Soil Descript ion: Ria. e."'N. $ 'L-r f c.t.A-Y I C<.A-'(€. y '>IL

...., ! TRlt-C€ i« 1<tt-< E"(J US

Does the sample require recompaction: _Yes? V No?

• If the sample requires recompactlon :

1. What is the % com paction required?

a. (85%, 90%, 95% or speci fic density)

2. W hat is the starting moisture content?

a. As Received/In-situ?

b. _ _ Optimum? •&O ll n lll a ,, 11

tl1ginurinl,

,!Ufu hnkal

IIpp!liafiDnS

3

. ~id A. Worthington
Pnnclpal Engineering Geologist

CEG 2124

J7S·CM~nlC Vi ~ta Avenue · Costa Mesa, CA 9U21
DIreCt Line: C94?) 642-9309 Pu :(949)642-1290

E-nuiJ: worthylO@aol.com




