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1.0 INTRODUCTION
11 PROJECT DESCRIPTION

CalEnergy Operating Corporation (CalEnergy) plans to construct a geothermal power
plant comprising three separate units known as Black Rock 1, 2 and 3. The facility will be
located on a 160-acre parcel located approximately 5 miles west of Calipatria in Imperial
County, California. The approximate location of the site is depicted in Figure 1-1 (Vicinity Map).

Each unit of the proposed facility will consist of a generating area and a production area
having identical structural and mechanical components. Each unit will have a gross output of 59
mega watts (MW) and a net output of 53 MW, resulting in a gross combined output of 177 MW
and a net combined output of 159 MW for the entire facility. Based on preliminary equipment
loading data furnished by CalEnergy, we understand that the largest structural loads will be at
the Cooling Tower (7.6 million pounds [Ibs]) and the Condenser/Turbine/Generator structure
(1 million Ibs). Various elements of the project will serve all three units. These common
elements include a control building, fire water and purge water storage tanks, pipe support
structures, a stormwater retention basin, and site access roads. The features of the proposed
facility are depicted in Figure 1-2 (Site Layout). A list of the proposed major structures and
loads, as provided by CalEnergy, is presented in Figure 1-3.

1.2 FUGRO SERVICES

To aid CalEnergy in the development and design of the proposed Black Rock Units 1, 2
and 3 Geothermal Power Plant, Fugro conducted a geotechnical study to provide data and
recommendation relative to site grading and foundation design. The findings and
recommendations for this study, described herein, are applicable for the project description and
project components as known to Fugro as of September 2008. Fugro's recommendations are
based, in part, on our general knowledge of the project area and recent and historical
subsurface explorations that have been conducted in the proposed geothermal power plant
area. Pertinent data and results from previous studies applicable to the project were reviewed
for this study. This report supersedes any prior reports or memoranda prepared by Fugro for
this proposed project.

1.3 PURPOSE AND SCOPE OF SERVICES

The purpose of our study was to explore subsurface conditions at the project site to aid
in the design of the proposed facility. The scope of work included the following:

1.3.1 Data Review, Site Reconnaissance, and Access Coordination

In preparation for the field exploration program, Fugro reviewed boring and CPT logs
and report data from the previous geotechnical study performed by Geotechnics on the north
half of the site, project plans for the current development provided by CalEnergy, and other
documents, maps, and existing geologic literature relevant to the site. Fugro also visited the
site to meet with CalEnergy to locate and stake the borings and CPTs in the field in advance of
mobilizing the drilling crews.

M:\WP\2009\3652.001\RPT1-20-09\RPT 1-20-09.00C 1 1
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1.3.2 Field Exploration

The field exploration program was completed by Fugro in October, 2008, and consisted
of 30 borings and 21 cone penetration test (CPT) soundings. The explorations were
concentrated at the planned locations of major plant components. Further details regarding the
field exploration program are presented in Section 3.0 and in Appendix A.

1.3.3 Laboratory Testing

Laboratory testing was performed on selected soil samples obtained during the field
exploration program. The types and numbers of tests were chosen to help classify and
characterize the subsurface soil and evaluate its engineering properties with respect to the
proposed construction. Further details regarding the laboratory testing program are presented
in Section 4.0 and in Appendix B.

1.3.4 Geotechnical Analyses and Evaluation

Using the data obtained from the field exploration and laboratory testing programs
together with preliminary design and loading information provided by CalEnergy, Fugro
performed geotechnical analyses and evaluations regarding the following topics:

o (Geohazards evaluation consisting of fault rupture, liquefaction potential, seismically-
induced settlement, lateral movements, and expansive/collapsible soils ;
e Ground motions for use in seismic design of structures;

¢ Allowable bearing pressure and settlement analyses for various structural elements
assuming shallow footing or mat foundations;

e Ground improvement procedures to mitigate excessive settlement;

¢ Axial and lateral capacities for driven pile foundations;

o Slope stability for berms or levees;

e Slab and pavement design parameters for various vehicle loading conditions; and
e Corrosion potential for buried concrete and metal.

1.3.5 Engineering Report

Fugro has compiled the results of the geotechnical analyses and evaluations into this
report for use by the design team. The report includes recommendations for the following
information:

¢ Summary of soil and groundwater conditions observed during subsurface exploration
at the site;
o Geohazard evaluation;

e California Geologic Survey (CGS) ground motion parameters for seismic design from
published references including ground acceleration, mapped geologic units, and
nearby faults;

o Criteria for temporary excavations and support, and dewatering, where appropriate;
e Suitability of onsite materials for use as fill or backfill material,

M:\WP\2009\3652.001\RPT1-20-09\RPT 1-20-09.00C 1 2
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e Site preparation including overexcavation recommendations, stabilization measures,
and grading and compaction requirements for fill placement;

o Design of ground improvement procedures where appropriate;

e Design of shallow foundations, where appropriate, including foundation preparation
recommendations, maximum allowable bearing pressures and potential settlement,
resistance to lateral loads, passive soil pressures, and friction coefficients;

o Design of deep foundations, where appropriate, including pile tip elevations,
allowable axial and uplift capacities, lateral load capacity, and pile construction
recommendations;

e Static and dynamic lateral earth pressures for retaining walls;
¢ Requirements for imported soils and fill materials placed behind retaining walls;

e An assessment of slope stability during saturated conditions for the existing levee
along the western border of the site;

o Expansion potential of onsite soils;
o Design of flexible pavement sections for facility driveways and access roads; and
e Corrosion potential (pH, resistivity, sulfate, chlorides) for buried concrete and metal.

Fugro understands that the proposed stormwater retention basin will be unlined, but is
intended to rely primarily on evaporation for disposal of accumulated stormwater. Also, sewage
will be contained in temporary holding tanks prior to collection for offsite disposal, rather than
through an on-site septic and leach field system. Therefore, the percolation characteristics of
site soils were not addressed in this report.

1.4 AUTHORIZATION

This geotechnical study was authorized by CalEnergy in their Consulting Agreement with
Fugro dated October 2, 2008.

15 LIMITATIONS

The conclusions and professional opinions presented in this report were developed by
Fugro solely for CalEnergy for use during the design of foundations and other improvements to
be constructed at the project site. Although information contained in this report may be of some
use for other purposes, it may not contain sufficient information for other parties or uses. If any
changes are made to the project as described in this report, the conclusions and
recommendations in this report shall not be considered valid unless the changes are reviewed
and the conclusions and recommendations of this report are modified or validated in writing by
Fugro.

The scope of services did not include any environmental assessments for the presence
or absence of hazardous/toxic materials in the soil, surface water, groundwater, or atmosphere.
Any statements, or absence of statements, in this report or data presented herein regarding
odors, unusual or suspicious items, or conditions observed are strictly for descriptive purposes
and are not intended to convey engineering judgment regarding potential hazardous/toxic
assessment.

M:\WP\2009\3652.001\RPT1-20-09\RPT 1-20-09.00C 1 3
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In performing our professional services, we have used generally accepted geologic and
geotechnical engineering principles and have applied that degree of care and skill ordinarily
exercised, under similar circumstances, by reputable geotechnical engineers currently practicing
in this or similar localities. No other warranty, express or implied, is made as to the professional
advice included in this report. We recommend that Fugro be retained to review and comment
on the geotechnical aspects of the project plans and specifications before they are finalized.

Users of this report should recognize that the construction process is an integral design
component with respect to the geotechnical aspects of a project, and that geotechnical
engineering is an inexact science due to the variability of natural and man-induced processes,
which can produce unanticipated or changed conditions. Proper geotechnical observation and
testing during construction are imperative in allowing the geotechnical engineer the opportunity
to verify assumptions made during the design process. Therefore, we advise that Fugro be
retained during site grading and foundation construction to observe compliance with the design
concepts and geotechnical recommendations and to allow design changes in the event that
subsurface conditions, or methods of construction, differ from those anticipated.

M:\WP\2009\3652.001\RPT1-20-09\RPT 1-20-09.00C
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2.0 SITE DESCRIPTION

The project site is located on a 160-acre parcel approximately 5 miles west of Calipatria
in Imperial County, California. As depicted on Figure 1-2, the site is bordered by McKendry
Road to the north, Boyle Road to the east, Peterson Road to the south and Severe Road to the
west. The site is divided into two 80-acre parcels separated a dirt road running in the east-west
direction through the middle of the property. At the time of Fugro's field investigation in October
2008, the site was undeveloped and was being used for cultivation of alfalfa.

Generally, the site is relatively flat with a gentle downward gradient from southeast to
northwest. The four roads that form the perimeter of the site, and the access road through the
middle of the site, are all slightly higher in elevation than the adjacent cultivated fields, which
vary in elevation from approximately -221 feet at the southeast corner to -229 feet at the
northwest corner. The access road along the west side of the site separates the property from a
drainage canal situated between the access road and Severe Road, and thereby functions as a
levee or dike preventing the drainage canal water from flowing on to the site. The top of the
access road/levee is about 4 to 8 feet above the adjacent fields.

M:\WP\2009\3652.001\RPT1-20-09\RPT 1-20-09.00C 2 1
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3.0 FIELD EXPLORATION
3.1 PRIOR SUBSURFACE EXPLORATION PROGRAM

A geotechnical investigation was performed on the north half of the site for a project
formerly known as the Salton Sea Unit No. 6 geothermal power plant. The report was prepared
by Geotechnics, dated February 5, 2002 (Project No. 0673-002-00, Document No. 02-0022).
This document, together with the Addendum to Geotechnical Investigation prepared by
Geotechnics, dated March 27, 2002 (Project No. 0673-002-02, document No. 02-0296), was
provided to Fugro by Tobey-Wade Consulting (Tobey-Wade) as authorized by CalEnergy. This
project was postponed and eventually abandoned in favor of the currently proposed facility.

A brief review of the Geotechnics report indicates that the investigation included nine
electric CPT soundings to depths ranging from 50 to 100 feet, and two hollow-stem-auger (HSA)
borings ranging in depth from 58 to 77 feet. The locations of explorations performed as part of
the Geotechnics study are shown on Figure 3-1. Geotechnics found that the site was underlain
by loose sands and soft silts and clays susceptible to liquefaction and settlement and
recommended that ground improvement methods (e.g., stone columns or vibroflotation) plus
driven concrete pile foundations be used to support the facility structures.

As shown on Figure 3-1, the previous exploration program by Geotechnics (2002) for the
former Salton Sea Unit No. 6 project provided only partial coverage of the currently proposed
area of Black Rock Units 1, 2 and 3 power plant. Therefore, an additional exploration program
was requested by CalEnergy and performed by Fugro.

3.2 FUGRO EXPLORATION PROGRAM

Overview. The field exploration program completed by Fugro for the Black Rock Units
1, 2 and 3 Project consisted of borings and CPTs. The locations of borings and CPTs
performed for this study are shown on Figure 3-1. Information for each exploration including the
California State Plane Zone 6 coordinates (in feet), ground surface elevations, and total
exploration depth are tabulated in Table 3-1.

October 2008 Exploration. The field exploration program performed for the Black Rock
Units 1, 2 and 3 project was initiated on October 7, 2008, and was completed on October 17,
2008. The subsurface exploration program consisted of 30 borings to obtain soil samples and
21 CPTs.

Of the 30 borings drilled on site, 23 were performed using a HSA and 7 were performed
using rotary wash (RW) drilling equipment. RW borings were located under or near the planned
locations of major features of the three generating areas. HSA borings were completed under
the proposed locations of ponds, smaller equipment pads and along the access roads. The RW
borings ranged in depth from approximately 50 to 85 feet below ground surface. The HSA
borings ranged in depth from approximately 5 and 25 feet below ground surface. Soil samples
were obtained at various depth intervals in both the RW and HSA borings. A Fugro geologist
prepared a written log of the drilling and sampling conditions and the soil types observed for
each boring. Further details regarding the field exploration program, including the boring logs,
are presented in Appendix A.
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Twenty-one CPTs were advanced at various locations across the site. The depths of the
CPTs ranged from between 25 and 76 feet below ground surface. A total of about 1,330 linear
feet of CPT soundings were performed for this study. A graphic log was generated in the field
for each CPT performed. Further information regarding the CPT and the CPT logs are
presented in Appendix A.

3.3 REFERENCE DATUM

A topographic survey map of the project site was provided by CalEnergy for Fugro's use
in planning and executing the field investigation and engineering analyses. The map was based
on the following data:

Horizontal Datum. California State Plane North American Datum 83 (NAD83), Zone 6
(Feet).

Vertical Datum. The vertical datum reference for this project is North American Vertical
Datum 88 (NAVDB88) (Feet).

3.4 SUBSURFACE OBSTRUCTIONS AND UTILITIES

Fugro notified Underground Service Alert (USA) and coordinated with CalEnergy for
utility identification prior to commencement of the field exploration program. No utilities were
identified at the site at any of Fugro's boring or CPT locations and no subsurface obstructions
were encountered during the Fugro's field exploration program. However, it should be noted
that other buried utilities and structures not located by USA or CalEnergy, or observed by Fugro,
such as irrigation pipelines used for farming activities and pipes or other buried structures used
by CalEnergy for their existing adjacent geothermal facilities, may be present on or adjacent to
the Black Rock project site.

Table 3-1. Subsurface Explorations Summary

Estimated G g Coordinates (feet)
Boring / CPT S?JrlggeeElevrgtliJgn gggﬁlgt;gg gt:tg Cong[:;titlon Ca“fom:\ellASI;aég zone
(feet, NAVD88)
Northing Easting
Rotary Wash Borings
RW-01 -227.5 76.5 10/7/2008 10/8/2008 2004839 6752288
RW-02 -228.0 51.5 10/10/2008 10/10/2008 2004568 6751983
RW-03 -226.0 76.5 10/14/2008 10/14/2008 2004120 6751781
RW-04 -225.9 86.5 10/14/2008 10/14/2008 2004092 6751986
RW-05 -225.6 76.5 10/13/2008 10/13/2008 2004222 6752411
RW-06 -225.0 76.5 10/10/2008 10/10/2008 2004172 6752610
RW-07 -227.0 76.5 10/8/2008 10/8/2008 2004790 6752499
Hollow-Stem Auger Borings
HSA-01 -228.5 6.5 10/15/2008 10/15/2008 2005752 6752870
HSA-02 -228.3 6.5 10/15/2008 10/15/2008 2005656 6752525
HSA-03 -228.9 26.5 10/15/2008 10/15/2008 2005555 6752124
HSA-04 -228.8 6.5 10/15/2008 10/15/2008 2005469 6751158
HSA-05 -224.0 6.5 10/17/2008 10/17/2008 2005837 6754161
HSA-06 -228.1 6.5 10/15/2008 10/15/2008 2005027 6752048
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Estimated G q Coordinates (feet)
stimated Groun . . i i
Boring / CPT | Surface Elevation ggg:ﬁlgte'gg SDt;tg Corgr;tztlon CahfomﬁASI;aStg zone s,
(feet, NAVD88)
Northing Easting
Hollow-Stem Auger Borings
HSA-07 -228.0 6.5 10/15/2008 10/15/2008 2004934 6751075
HSA-08 -223.0 6.5 10/17/2008 10/17/2008 2005823 6755553
HSA-09 -227.5 26.5 10/15/2008 10/15/2008 2004753 6751236
HSA-10 -227.0 6.5 10/15/2008 10/15/2008 2004617 6751677
HSA-11 -227.0 11.5 10/15/2008 10/15/2008 2004291 6751165
HSA-12 -223.0 6.5 10/17/2008 10/17/2008 2004491 6752434
HSA-13 -219.0 6.5 10/17/2008 10/17/2008 2005204 6753571
HSA-14 -226.0 16.5 10/16/2008 10/16/2008 2004317 6751970
HSA-15 -226.2 11.5 10/15/2008 10/15/2008 2003996 6751182
HSA-16 -222.0 16.5 10/16/2008 10/16/2008 2004195 6750966
HSA-17 -226.0 6.5 10/16/2008 10/16/2008 2003936 6751586
HSA-18 -225.8 6.5 10/16/2008 10/16/2008 2003894 6752364
HSA-19 -221.0 16.5 10/18/2008 10/18/2008 2003583 6750967
HSA-20 -224.6 26.5 10/16/2008 10/16/2008 2003443 6752397
HSA-21 -225.8 6.5 10/16/2008 10/16/2008 2003288 6751504
HSA-22 -225.5 11.5 10/16/2008 10/16/2008 2003352 6751853
HSA-23 -225.8 6.5 10/16/2008 10/16/2008 2003270 6752135
Cone Penetration Tests (CPTs)
C-101 -221.0 25.41 10/8/2008 10/8/2008 2005421 6750956
C-102 -228.9 50.19 10/8/2008 10/8/2008 2005697 6752117
C-103 -221.0 25.37 10/8/2008 10/8/2008 2004791 6750954
C-104 -227.9 75.24 10/7/2008 10/7/2008 2004966 6752229
C-105 -227.2 75.31 10/7/2008 10/7/2008 2004829 6752401
C-106 -227.3 50.15 10/7/2008 10/7/2008 2004673 6751827
Cc-107 -227.5 75.25 10/7/2008 10/7/2008 2004748 6752273
C-108 -226.6 75.36 10/7/2008 10/7/2008 2004655 6752567
C-109 -226.2 75.41 10/8/2008 10/8/2008 2004265 6751740
C-110 -225.6 75.37 10/9/2008 10/9/2008 2004312 6752361
C-111 -226.2 75.34 10/8/2008 10/8/2008 2004119 6751643
C-112 -225.7 75.37 10/8/2008 10/8/2008 2003996 6751779
C-113 -225.8 75.29 10/8/2008 10/8/2008 2004171 6751918
C-114 -225.7 75.28 10/8/2008 10/8/2008 2003947 6752088
C-115 -225.8 75.48 10/9/2008 10/9/2008 2004188 6752273
C-116 -225.2 75.43 10/8/2008 10/8/2008 2004134 6752408
C-117 -225.4 75.31 10/9/2008 10/9/2008 2004215 6752530
C-118 -224.9 75.8 10/9/2008 10/9/2008 2004045 6752706
C-119 -221.0 25.26 10/8/2008 10/8/2008 2003867 6750965
C-120 -224.9 50.33 10/8/2008 10/8/2008 2003460 6752247
C-121 -225.9 50.38 10/8/2008 10/8/2008 2004311 6752168
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4.0 LABORATORY TESTING PROGRAM

The purpose of the laboratory testing program was to supplement field classification of
soils and provided relevant physical indices and engineering properties of the subsurface
materials. The primary objectives of the program were to:

¢ Classify and characterize sampled subsurface materials;

e Evaluate the existing in situ conditions; and

e Develop relevant strength and compressibility properties of selected subsurface
materials.

To meet these objectives, various tests were performed on selected samples. Test
types are generally grouped into six categories: classification and index tests, moisture content
and density evaluations, strength tests and estimates, compressibility tests, soil chemical tests
(for corrosion evaluations), and subgrade characterization tests. Classification and index, soil
chemical, and subgrade characterization tests were performed on both disturbed and relatively
undisturbed samples, including 3.0-inch diameter thin-wall push (i.e., Shelby) samples, 2.4-inch
diameter drive (i.e., ring) samples, Standard Penetration Test (SPT), and bulk samples. Density
evaluations, strength tests, and compressibility tests were typically performed only on relatively
undisturbed Shelby and ring samples.

The numbers of the various tests conducted for the Black Rock units 1, 2 and 3 are
listed in Table 4-1.

Table 4-1. Summary of Laboratory Tests Performed on Selected Samples

Laboratory Testing Number of Tests | ASTM Test Designation1
Water Content 81 ASTM D2216
Density 79 ASTM D2937
Grain Size Distribution 3 ASTM D422
Percent Fines #200 Sieve 19 ASTM D1140
Atterberg Limits 22 ASTM D4318
Compaction 3 Cal. 216A?
Consolidation (Incremental Load Control) 6 ASTM D2435
Direct Shear 1 ASTM D3080
R-Value 3 ASTM D2435
Expansion Index 3 ASTM D4828
Corrosivity 5 ASTM D1498
ASTM D4972
ASTM G57
ASTM D4327

'ASTM International (2005)
%Callifornia Department of Transportation Test Designation
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Laboratory test results are tabulated or presented graphically in Appendix B. A tabular
summary of all laboratory tests performed for the Black Rock Units 1, 2 and 3 project is
presented on Figures B-1 through B-6. Various laboratory test results also are tabulated versus
depth on the individual boring logs (Figures A-2 through A-31). Test results that cannot be
conveniently tabulated or plotted versus depth on logs also are provided in Appendix B. Test
results in this category include: grain-size curves, plasticity charts, direct shear, consolidation,
compaction test results and the corrosivity test results performed by a subconsultant laboratory.
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5.0 GEOLOGIC AND SUBSURFACE CONDITIONS
5.1 REGIONAL SETTING
5.1.1 Geomorphic, Physiographic and Structural Setting

Southern California is divided into several physiographic regions, or provinces. The
proposed project area is located in the Colorado Desert Geomorphic Province, which is a low-
lying, barren basin dominated by the Salton Sea. The province is a depressed block that is
bounded by the Mojave Desert Geomorphic Province to the east, and the Peninsular Ranges
Geomorphic Province to the west (CGS, 2002).

The Salton Trough consists of the Coachella Valley to the north of the Salton Sea, the
Salton Sea itself, and the Imperial Valley to the south (see Figure 5-1). The trough widens
toward the southeast due to the nature of the relative plate motion as described in the following
section. As shown on Figure 5-2, the Salton Trough is bounded by the San Andreas fault zone,
Orocopia Mountains and Chocolate Mountains to the east; and the San Jacinto fault zone,
Superstition Hills and Peninsular Ranges to the west. The east wall of the Trough at the San
Andreas fault consists of Precambrian Rocks, Mesozoic plutons, and schists (Figures 5-3 and 5-
4). The west wall consists of Cretaceous plutonic rocks of the Southern California (Peninsular
Ranges) batholith and their metamorphic host rocks (Wallace, 1990, Jennings, 1994).

The structure of the Salton Trough itself can be generally described as a gap in the
crystalline basement between the two walls of the Trough. This deep basin is underlain by a
thick sequence of sediments and volcanic rocks. The volcanic rocks intrude into the
sedimentary section as both silicic rocks that form volcanoes and as mafic rocks that are
penetrated in geothermal wells. The volcanoes are found in areas where spreading is actively
occurring in the Brawley Seismic Zone and Cerro Prieto geothermal area. Rhyolite and
obsidian domes at the Salton Buttes are found in the Brawley Seismic Zone on the southeastern
side of the Salton Sea near the project site, and Cerro Prieto Volcano is present in the Cerro
Prieto geothermal area to the south (Wallace, 1990, Harden, 2004). Inclusions of mid-ocean
ridge basalt have been found within the high-silica volcanic rocks indicating that mid-ocean
ridge magma is interacting with the continental crust beneath the Salton Trough (Harden, 2004).
Heat flow measurements also show that rifting is active in the trough, and the geothermal
gradient is high enough to produce geothermal reservoirs. The proposed project will tap into
one of these geothermal reservoirs.

The Salton Trough is being lengthened by continued right-lateral oblique transtension,
and is being deepened by vertical motion on smaller faults associated with extension in the
seismic zones where rifting is occurring. Thus, the trough is getting bigger and deeper as
sediments accumulate in the large, subsiding basin. This process has been occurring
continuously for the past 4 million years, allowing 5 to 6 kilometers (km) of Pliocene and
Pleistocene sediments to accumulate (Wallace, 1990, Harden, 2004). This sediment thickness
is obtained from numerous geophysical studies and wells drilled in the area (Wallace, 1990).
Thus, "basement rock" or bedrock is at a depth of approximately 15,000 feet in the deepest
portions of the trough. The subsidence in the trough has created a low-lying basin that is up to
approximately 275 feet below sea level. Much of the Salton Trough, including the project site
area, is below sea level.
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5.1.2 Tectonic Setting

The tectonic setting of the Salton Trough is complex and is characterized by a transition
along the Pacific-North American plate boundary from right-lateral strike-slip motion to ridge-
transform divergent motion in the Gulf of California. Tectonic slip is funneled from the wide
plate boundary zone in the northern part of the Salton Trough to the spreading centers in the
Gulf of California to the south. This complex tectonic setting has created unique geomorphic
and structural features in the region.

The Salton Trough marks a shift from a transform plate boundary consisting of the SAF
and the other subparallel faults to the mid-ocean ridge-transform divergent plate boundary
present in the Gulf of California to the south. This transition begins at the southern end of the
Salton Sea (the northern end of the Imperial Valley) where nascent spreading is occurring
between the southern end of the SAF and the northern end of the Imperial Fault (Figure 5-2).
This spreading center (or pull-apart basin), known as the Brawley Seismic Zone, and the Cerro
Prieto geothermal area in Mexico, represent the two northern-most in the series of small
spreading centers offset by right-lateral transform faults which characterize the oblique
spreading that is extending northward from the Gulf of California. The Brawley Seismic Zone is
characterized by high levels of seismicity, as are the Elsinore, San Jacinto, and Imperial faults
(Figure 5-1). The southern San Andreas fault has been seismically dormant in historical time,
but has ruptured several times in the past 2,000 years (Bennett et al., 1996, Harden, 2004).
The project site is located in the western portion of the Brawley Seismic Zone, which is
characterized by geothermal and volcanic activity.

Relative motion between the Pacific and North American tectonic plates is
accommodated primarily along the San Andreas fault (SAF) in California. However, the SAF is
not the sole boundary between the two plates. Instead, relative plate motion is accommodated
across a series of subparallel faults that form a broad boundary zone of deformation over
250 km wide. The relative motion between the Pacific and North American Plates in this
boundary zone is approximately 50 millimeters per year (mm/yr) in a right-lateral sense (Bennett
et al.,, 1996). The SAF, Elsinore, Imperial, Cerro Prieto, Laguna Salada, and San Jacinto faults
are six of the subparallel faults that accommodate most of this motion (see Figure 5-2). While
the displacement between the two tectonic plates occurs primarily along these plate-bounding
faults, the tectonic regime also includes smaller faults and earthquakes associated with a
change in the nature of the Pacific-North American plate boundary.

5.1.3 Stratigraphy

The considerable thickness of sediment that fills the Salton Trough has been deposited
by the Colorado River at different locations that have varied through time. Today, the Colorado
flows south into Mexico depositing sediments in a large delta at the northern tip of the Gulf of
California. However, at least five times in the past 1,000 years, the Colorado River has flowed
directly into the Salton trough, creating the freshwater Lake Cahuilla (Thomas and Rockwell,
1996). The lake would fill up to a level of about 13 meters above sea level before it would begin
to flow out at the south end of the Salton Trough along the New River to the Gulf of California
(Lippincott et al., 2008). The Colorado River would then migrate back to flowing south to the
Gulf of California. During these periods, the lake dried up. This river avulsion sequence last
occurred in about A.D. 1700, which was the last Lake Cahuilla highstand; the lake subsequently
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dried up by about 1750 (Lippincott et al., 2008). This change in flow and depositional patterns
of the Colorado River is depicted in Figure 5-5. The approximate shoreline of Lake Cahuilla is
shown on Figure 5-3: a large portion of the Imperial Valley, including the project site, was under
water during lake highstands. This ancient shoreline is visible at several locations on the
western side of Imperial Valley.

The Salton Trough was periodically inundated by smaller amounts of water until 1905,
when severe flooding caused the Colorado River to overrun its banks and breach existing canal
walls. The water flowed into and accumulated in the low-lying Salton Depression in the center
of the Salton Trough. The river was not diverted back into its channel until 1907, and the Salton
Sea was formed (Harden, 2004). The sea is maintained by water diverted from the Colorado
River and by local inflow via the Alamo and other rivers. The Salton Sea highstand was in
1907; this is depicted on Figure 5-3. The Black Rock project site was under water at that time.

The presence of water in the Salton Trough is evident in the Holocene subsurface
stratigraphy of the region. This stratigraphy is controlled by the presence or absence of the lake
deposits. Therefore the alluvium in the region is a combination of fluvial, lacustrine, and deltaic
sediments deposited during various stages of flow of the Colorado River. The fluvial and deltaic
sediments are typically composed of sands and silts with a small amount of lean clay while the
lacustrine sediments are composed primarily of clays (Thomas and Rockwell, 1996).

5.2 LOCAL GEOLOGIC SETTING

The project site is located adjacent to the southeastern side of the Salton Sea. As
previously discussed, the Salton Sea once covered the project site, but has been slowly
evaporating and becoming more saline. The surface of the Salton Sea has a current elevation
of approximately -227 feet. The Salton Sea has no natural outlet, and its water level today is
maintained primarily by the inflow of agricultural runoff from irrigation in the region via several
sources including numerous small creeks, and the Alamo and New Rivers. Storm water runoff
and effluent are a small component of inflow in addition to agricultural runoff. The Salton Sea
shoreline is approximately a half-mile to the northwest of the site.

The Salton Buttes, an aforementioned volcanic feature of the Brawley Seismic Zone, are
located to the west of the site along the Salton Sea. Obsidian Butte lies just west of the site and
is the western-most of several small, rhyolite and obsidian domes that are arranged in a
northeast trend. These domes are collectively called the Salton Buttes and are approximately
16,000 years old (Harden, 2004). Basalt erupted from mid-ocean ridges have been found in the
domes, indicating that mid-ocean ridge magma is erupting and rifting is occurring beneath this
portion of the Salton Trough (Harden, 2004).

The project site is underlain by late Holocene deposits associated with the presence or
absence of ancient Lake Cahuilla. These deposits are typical of those found in the region as
described above. The soils are composed of a combination of fluvial, lacustrine, and deltaic
sediments. The fluvial and deltaic sediments consist of sands and silts, while the lacustrine
deposits consist primarily of clays. Subsurface conditions are described in detail in the following
section.
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53 SUBSURFACE CONDITIONS
5.3.1 Earth Materials

The subsurface field investigation program consisted of rotary wash borings, HSA
borings and CPT soundings, allowing the subsurface conditions of the site to be explored to a
maximum depth of 85 feet below the ground surface (see Section 3.0 for details of the field
investigation program). Subsurface conditions are described and illustrated in the boring and
CPT logs (see Appendix A). Although the subsurface soils exhibit some variability both
horizontally and vertically, for the purposes of this study they can be divided into layers that are
generally identifiable across the site as depicted in the cross sections (Figures 5-6 through 5-11)
and further described in the idealized soil profile discussed in Section 7 of this report and
presented in Table 7.1. In summary, the project site is underlain by very soft to stiff clays with
some interbedded silts and layers of very loose to dense silty sands.

5.3.2 Groundwater

Groundwater was observed in all of the HSA borings that were drilled to a depth of at
least 10 feet. Free groundwater was initially encountered at a depth of approximately 8-9 feet
across the majority of the site. The groundwater level was re-measured at four HSA boring
locations approximately 36 hours after drilling was completed. The depth to groundwater was
approximately 5 feet in HSA-14, HSA-3, and HSA-9, and was approximately 7 feet in HSA-20.
Based on our observations at the time of the subsurface exploration program for this study, the
depth to groundwater at the site generally appears to be approximately 5 feet below existing
ground surface. However, variations in groundwater levels and soil moisture conditions can
occur as a result of rainfall, runoff, and other factors. Fugro was informed that the alfalfa crop
growing on site had not been irrigated for several weeks prior to the commencement of
subsurface exploration, which likely had an effect on the observed water levels. Therefore, the
soil moisture conditions and groundwater table elevations at this site should be assumed to
fluctuate seasonally due to rainfall, on-site irrigation, local agricultural and industrial activities,
changes in the water level of the Salton Sea and the adjacent drainage canal, and/or other
factors not evident at the time of this study.
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6.0 SEISMIC DESIGN CONSIDERATIONS

The proposed Black Rock Units 1, 2 and 3 project area is within a seismically active
geologic setting in relatively close proximity to several faults and seismic zones as described in
Section 5. Consequently, seismic shaking, fault rupture and liquefaction will need to be
addressed as part of the project final design.

6.1 MINIMUM CODE REQUIREMENTS AND SEISMIC RISK

Fugro understands that the project will be designed in accordance with the 2007
California Building Code (CBC 2007), which went into effect on January 1, 2008, and is based
on the 2006 International Building Code (IBC). The seismic design provisions of the 2006 IBC
are based upon the ASCE 7-05 (ASCE, 2005) seismic design provisions. For seismic design of
structures, CBC 2007 requires that the spectral lateral accelerations be based on mapped
seismic parameters, site-specific procedures, or probabilistic methods.

The scope of this study was limited to providing recommendations based on mapped
seismic parameters. Design spectral response acceleration parameters were assessed using
the map-based acceleration parameters and site coefficients. The site coefficients were
selected based on the site classification, which in turn were based on the soil properties in the
top 100 feet at the site, including any special circumstances, such as the presence of liquefiable
or soft soils.

Due to the presence of relatively loose sand layers underlying the project site,
liquefaction is likely to occur during the design seismic event, as discussed below in Section 6.3.
Therefore, based on the CBC 2007 requirements, the site is classified as Site Class F.
However, the use of design spectral response acceleration parameters developed using the
mapped parameters presented in CBC 2007 is limited to structures having a fundamental period
of vibration (T) equal to or less than 0.5 seconds (ASCE 7-05). To develop design spectral
response parameters for short-period structures (i.e., T < 0.5 seconds) the site coefficients can
be assessed using site class as determined by CBC 2007 requirements without considering
liquefaction, which for the project area is Site Class D. The mapped seismic parameters and
the site coefficients for Site Class D for the current project area are summarized in Table 6-1.

For longer-period structures (i.e., T = 0.5 seconds), a site response analysis is required
by CBC 2007 and ASCE 7-05 to assess the design spectral response acceleration parameters.
However, a site response analysis is not part of the scope of this study.

It should be noted that the special requirements of CBC 2007 for Site Class F would not
apply if liquefaction mitigation measures are implemented as part of the foundation design. For
structures placed on improved soil mitigated to reduce liquefaction potential, the site
classification will be Site Class D and the design spectral response acceleration parameters can
be assessed using applicable seismic design parameters presented in Table 6-1.
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Table 6-1. Summary of 2007 CBC Seismic Design Parameters

Parameter Value
Latitude 33.1657
Site Location
Longitude -115.6272
Occupancy Category (CBC Table 1604.5) 1]
] Ss 1.5
Mapped Acceleration Parameters
S1 0.6
Site Classification? Site Class F/D?
Fa 1.0
Site Coefficients and Site Adjusted Fv 15
Acceleration Parameters for Site Class D Sws 15
Swmi 0.9
Design Spectral Response Acceleration Sbs 1.0
Parameters for Site Class D* Spr 0.6
Seismic Design Category D

Notes:

! Coefficients estimated using the USGS calculator available at
http://earthquake.usgs.gov/research/hazmaps/design/index.php for cited latitude and longitude.

* Site Classification based on the assessed shear wave velocity in top 100 feet.

® Site Class F if no liquefaction mitigation measures are implemented. Site Class D if liquefaction

measures are implemented.

* Values applicable for Site Class F only for structures with fundamental period equal or below 0.5

seconds.

-l-'utann

The ordinates for the recommended horizontal ground motion design spectra for
5 percent damping based on the CBC 2007 mapped acceleration parameters are included in
Table 6-2 and presented graphically in Figure 6-1. The values for Site Class F are presented
only for periods up to 0.5 seconds. A site response analysis using site-specific ground motion
parameters is required by CBC 2007 and ASCE 7-05 to assess the spectral acceleration values

for periods above 0.5 seconds for Site Class F.
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Table 6-2. CBC2007 Recommended Horizontal Ground Motion Design Spectra

Site Class F Site Class D
Period (sec) Spectral Acceleration Spectral Acceleration
(5% Damping) (5% Damping)
PGA 0.400 0.400
0.05 0.675 0.675
0.10 0.900 0.900
0.12 1.000 1.000
0.15 1.000 1.000
0.20 1.000 1.000
0.30 1.000 1.000
0.50 1.000 1.000
0.60 1.000
1.00 A site response analysis using 0.600
150 site specific ground.motion 0.400
parameters is required by
2.00 CBC 2007 and ASCE-7-05 0.300
to assess the spectral
3.00 acceleration values for periods 0.200
4.00 above 0.5 seconds. 0.150
5.00 0.120

6.2 FAULT RUPTURE HAZARD

The proposed project site is located in the western portion of the Brawley Seismic Zone.
This structural depression (or pull-apart basin) is a zone of transition between the northwest end
of the Imperial fault, and the southwest end of the San Andreas fault (see Section 5). The
zone's high seismicity is defined by microseismicity that appears to be due to magmatic
intrusions caused by nascent spreading in the area, and aftershocks following earthquakes on
nearby faults. The Brawley Seismic Zone is characterized by earthquake swarms, generally
less than magnitude 3 or 4 (see Figure 5-2). Recent fault parameters characterize the Brawley
Seismic Zone as a special case area of background seismicity, and not as a strike slip fault, so
it is not modeled as a fault source by CGS (CGS, 2008). It is likely that the slip in this zone is
being translated into regional subsidence and geothermal activity.

As discussed previously, the Brawley Seismic Zone is defined by epicenters of
microseismicity or aftershocks following earthquakes on adjacent active faults rather than from
geologic mapping of surface ruptures and geomorphic features. There are no known faults that
reach the ground surface within the Brawley Seismic Zone. Thus, the site is not within an
Alquist-Priolo Earthquake Fault Zone (Hart and Bryant, 1997). Although stress is being
transferred to the Brawley Seismic Zone from nearby active faults, historic and microseismic
records indicate the stress is released gradually through relatively constant earthquake swarm
activity as described above. In addition, our aerial photographic review did not identify
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lineaments or other linear geomorphic features that trend toward the site, and the exploration
we performed suggests relatively uniform stratigraphy that does not appear to have significant
vertical offset. Therefore, based on the above information, we believe the potential for ground
rupture at the site because of faulting in the Brawley Seismic Zone is considered to be low.

6.3 LIQUEFACTION HAZARD

Liquefaction is the loss of strength that can occur in loose, saturated sand during seismic
shaking. The susceptibility of a granular soil to liquefaction is a function of the gradation,
density, and fines content of the soil. Susceptibility to liquefaction decreases with respective
increases in: a) distribution of grain size, b) soil density, c) fines content, d) clay-size fraction of
the fines, and e) the age of the deposit. The soils under the area of the proposed facility are
geologically recent, with extensive interbedded deposits of loose to medium dense, saturated
sands that are susceptible to liquefaction.

There are a number of potential consequences when liquefaction occurs. When the
shaking continues after the onset of liquefaction, liquefaction can produce a number of ground
effects (e.g., sand boils, settlement, lurching, and lateral displacement). Liquefaction also can
cause a loss of bearing capacity of shallow foundations, and lateral ground spreading. In
general, the longer the duration of strong shaking after the initiation of liquefaction, the greater
the consequences.

Evidence of liquefaction is known to have been observed in the general area of the site
during past earthquakes. Potentially liquefiable soils are typically relatively loose sandy layers
located within fine grained soils encountered underlying the site. There is no surficial evidence
of historic occurrence of liquefaction at the site; however, due to the ongoing agricultural use of
the site, such evidence would not be likely to remain visible for a significant length of time
following any recent earthquakes.

Liquefaction analyses have been performed for this study using the CPT data for Design
Level Earthquake (DLE). The DLE was characterized as having a peak ground acceleration
(PGA) of 0.40g and moment magnitude of 6.5. Since the scope of this study did not include
evaluation of ground motions at the site using site-specific deterministic or probabilistic hazard
assessment, the selection of PGA was based on recommendations provided in ASCE 7-05.
ASCE 7-05 recommends that a PGA equal to Sps/2.5 be used for liquefaction triggering
analyses in absence of site-specific ground motion study, where S is the mapped acceleration
parameter evaluated from CBC 2007. The Sps of 1.0 was evaluated for the project site as
presented in Table 6-1. It should be noted that the CBC based PGA value of 0.40g is
somewhat lower than the PGA value of 0.45g estimated using the CGS online interactive toolset
(http://redirect.conservation.ca.gov/cgs/rghm/pshamap/pshamain.html) for the Black Rock
project location and Site Class D for the 475-year return period presented. The DLE values
based on CBC 2007 are similar to the 475-year return period events; however, small differences
are to be expected since the CBC-based DLE is not directly based on the 475-year return
period event.

The moment magnitude of 6.5 was selected based on the most recent evaluation of the
expected maximum magnitude for Brawley Seismic Zone as presented by the CGS (2008).
Although the Brawley Seismic Zone has been characterized as a zone of earthquake swarms or
microseismicity based on observed recent seismic activity, it is considered capable of producing
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larger seismic events than just the earthquake swarms that have been observed in recent times.
Furthermore, the site is also subject to ground accelerations generated by major seismic events
on other faults in the area, for example the San Andreas fault. It is important to note that the
source of the seismic activity that generates the ground acceleration experienced at a site need
not be located at, or even in close proximity to, the site.

The liquefaction analyses were performed per the NCEER procedure (Youd , Iriss, 2001)
over the entire depth of exploration assuming the groundwater table was at about 5 feet below
the existing ground surface. Ground settlement due to liquefaction was calculated for the DLE
using volumetric strain relationships by Ishihara and Yoshimine (1992). The results of these
analyses for selected CPTs are presented graphically on Figures 6-2 through 6-6 (Subsurface
Liquefaction Cross Sections) corresponding to the geologic cross-section locations shown on
Figure 5-6. A key with definitions of symbols for the CPT liquefaction sections is presented on
Figure 6-2. The results of the liquefaction triggering analysis for all CPTs are presented in
Appendix C.

Figures 6-3 through 6-6 indicate that a significant portion of sandy materials in the upper
30 to 40 feet will likely liquefy during the design level event. These figures also indicate that
some of the deeper sandy layers could also potentially liquefy during the DLE. Figures 6-2
through 6-5 also present the estimated liquefaction-induced settlements. According to Seed
(1979), at most of the sites where some surface evidence of liquefaction has been observed in
the field, the critical layer in which liquefaction is believed to have occurred has been located at
depths of less than 45 feet and the depth of the groundwater table has been less than 15 feet.
However, Seed (1979) states that this should not be construed to indicate that liquefaction
cannot be induced at larger depths due to earthquake shaking.

In the context of this reasoning and published recommendations by the Southern
California Earthquake Center (Martin and Lew, 1999), ground settlement due to liquefaction has
been calculated using the CPT data for the design level earthquake event using volumetric
strain relationships by Ishihara and Yoshimine (1992). Estimated total settlements for the
design level event are presented in Table 6-3, with respect to CPT locations with at least 50 feet
of penetration.
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Table 6-3. Summary of Liquefaction Settlement Estimates

CPT Sei?éim:;f?i r-:-((:)lizls)l CP;If'el?a?)pth Proposed Nearby Structures
C-102 5.5 50 Injection Area - Unit 3
C-104 5.0 75 Miscellaneous Equipment - Unit 3
C-105 6.0 75 Cooling Tower - Unit 3
C-106 5.0 50 Control Building
C-107 6.0 75 Turbine/Generator - Unit 3
C-108 6.5 75 Cooling Tower - Unit 3
C-109 6.5 75 Miscellaneous Equipment - Unit 2
C-110 6.5 75 Miscellaneous Equipment - Unit 1
C-111 8.5 75 Transformer - Unit 2
C-112 6 75 Turbine/Generator - Unit 2
C-113 7.5 75 Cooling Tower - Unit 2
C-114 7.5 75 Cooling Tower - Unit 2
C-115 6.5 75 Transformer - Unit 1
C-116 6.5 75 Turbine/Generator - Unit 1
C-117 6.5 75 Cooling Tower - Unit 1
C-118 6.5 75 Cooling Tower - Unit 1
C-120 5 50 Injection Area - Unit 1
C-121 6 50 Storm Water Retention Basin

Notes:

! Estimated settlements rounded up to the nearest half-inch.

Observations of liquefaction-induced settlements from past earthquakes throughout the
world have shown that settlement from liquefaction is difficult to predict and can vary
significantly over relatively short distances. Current SCEC guidelines recommend that
differential settlement from liquefaction should be conservatively estimated as one-half to two-
thirds the total settlement from liquefaction where sites have variable stratigraphy. Because the
site is relatively flat and subsurface conditions are relatively consistent, we recommend that
differential settlements for design of structures around the site be estimated as about one-half of
the total settlement from liquefaction.

6.4 LATERAL SPREADING POTENTIAL

Estimating lateral movements resulting from seismic events is highly uncertain. Youd
and Bartlett (2002) have developed empirical procedures for estimating lateral movements.
Their empirically-derived procedures for estimating lateral movements depend on earthquake
magnitude, distance between the site and seismic event, thickness of liquefied layer, ground
slope or ratio of free-face height to distance between free-face and structure, fines content, the
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average particle size of the material forming the liquefied layer, and the SPT N-value. The
proposed project site is relatively level and is not adjacent to any significant depressions (e.g.
deep channels, river basins, etc.). Although subsurface conditions at the site consist of silty and
sandy soils that are susceptible to liquefaction, we believe the risk of lateral movement at the
site during a significant seismic event is very low.

6.5 SURFACE EFFECTS FROM LIQUEFACTION

Liquefaction is often accompanied by the development of sand boils and fissures, herein
termed surface effects. Ishihara (1985) produced an empirical procedure to estimate the
thickness of the overlying non-liquefiable layer to prevent level-ground liquefaction-related
damage from surface effects. This procedure was later validated in a study by Youd and Garris
(1995), where it was concluded that the procedure is not appropriate for assessing surface
affects from liquefaction at level ground sites subject to lateral spreading. However, preliminary
field data from the recent earthquakes (1999 Kocaeli [Turkey], 1999 Chi-Chi [Taiwan]) suggest
that the Ishihara procedure may not always be capable of predicting the occurrence of surface
effects.

Since the potential for lateral spreading at the project site is very low (see Section 6.4),
the Ishihara procedure was used to estimate the potential for surface effects occurring at the
site as a result of liquefaction. Review of subsurface conditions throughout the project area and
application of the Ishihara procedure suggests that the site has a potential of experiencing
surface effects if liquefaction at the site were to occur. Surface manifestations of liquefaction
could include sand boils or ground fissures.

M:\WP\2009\3652.001\RPT1-20-09\RPT 1-20-09.00C 6_7



CalEnergy Operating Corporation ‘l'-llGRﬂ
January 20, 2009 (Project No. 3652.001)

7.0 FOUNDATION RECOMMENDATIONS
7.1 INTRODUCTION

Each unit of the proposed facility will consist of a Generating Area and a Production
Area. The structural and mechanical components of each respective area will be identical.
Based on preliminary equipment loading data provided by CalEnergy, we understand that the
largest structural loads will be in the Generating Areas at the cooling tower and the
turbine/generator structures. Although plans showing the dimensions of all the structures and
foundations had not been prepared at the time of this report, Fugro has assumed that the
various mechanical equipment and structures will be grouped as required and supported on
reinforced concrete footing and/or mat foundations. The three units will also share a number of
facilities that include a control building, fire water and purge water storage tanks, and a storm
water retention pond.

Fugro understands that it is planned to raise existing grades in the proposed structure
and road areas a minimum of 1.5 feet above existing grade in order to achieve proper site
drainage conditions. This will create a pad of engineered fill material beneath most structures
and pavements and will help to mitigate some of foundation design and construction issues
associated with the soft ground conditions at this site.

Recommendations are presented below for shallow and deep foundations together with
estimated settlements under static and seismic (i.e., liquefaction) conditions. The structural
designers should select the appropriate foundation type based on the sensitivity of the
structures to the estimated settlements and the level of risk that CalEnergy is willing to accept in
the performance of the facility.

7.1.1 Design Requirements and Considerations

In general, for satisfactory foundation performance, the selected foundation design must
meet the following criteria:

1. Applied structural loads transmitted to the soils through shallow or deep foundations
should not exceed the ultimate bearing capacity (which is a function of the shear
strength) of the foundation soils. Moreover, the applied bearing pressures should not
exceed an allowable bearing pressure determined by dividing the ultimate bearing
capacity by an appropriate factor of safety.

2. The settlements due to compression and consolidation of the underlying soils must
be within tolerable limits of the structure.

Our assessments of and recommendations for bearing capacity and settlement are
presented in the following sections. Any major relocation of equipment or any significant
increase in structural loads or foundation dimensions could result in a revision of these
recommendations. Such changes should be reviewed by Fugro prior to finalizing design or
implementing construction.

7.1.2 Foundation Loads

The expected foundation loads for major structures, such as cooling towers and
turbine/generator structures, were estimated based on the preliminary information provided by
CalEnergy. Based on the available data, the highest foundation loads are expected to be at the
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generator/turbine structures, which are expected to weigh about 1,000 kips each and exert an
average pressure of about 600 pounds per square foot (psf) over a foundation area of 60 feet by
30 feet, and the cooling towers, which are expected to weigh about 7,600 kips each and exert
an average pressure of about 500 psf over a foundation area of 282 feet by 54 feet.

For large-area foundations, the foundation stresses will be transferred relatively deep
into underlying soils. To evaluate the subsurface stress distribution and estimated settlement
under large-area foundations, the computer program UNISETTLE (Unisoft Ltd., 2002) was
used. The Boussinesq elastic stress distribution option in UNISETTLE was selected for the
stress analysis. The Boussinesq theory assumes the subsurface is an isotropic, homogeneous,
linear elastic half-space.

7.1.3 Idealized Soil Profile
Foundation recommendations presented in this section were developed using the
idealized subsurface conditions for major soil groups as listed in Table 7-1.

Table 7-1. Idealized Subsurface Profile for Foundation Recommendations Evaluation

Depth Apparent Undrained
P Total Cohesion / I Residual
to the : . Friction
. . Unit Undrained Strength of
Soil Unit Top of . Angle . ;
Weight Shear Liquefiable
Layer f S h (degrees) Soil
(feet) (pcf) trengt oils
(psf) (psf)
New Compacted Fill 0 120 100 35 -
Shallow Interbedded
Clays, Silts and Sands 3 15 800 0 )
Loose to Medium Dense
Silty Sands 10 120 0 30 250
Clays and Silts 15 120 1,500 0 -
Loose to Medium Dense
Silty Sands 18 120 0 32 550
Clays and Silts 25 115 1,000 0 -
Medium Dense to
Dense Silty Sands 35 125 0 35 )
Clays and Silts
Interbedded with Sands a7 15 1,000 to 1,500 0 )

The shear strength parameters for the idealized subsurface profile were assessed using
the data collected during the field exploration (CPT resistance values and SPT blowcounts), and
results of the shear strength laboratory testing.

7.2 SHALLOW FOOTINGS

Proposed lightly-loaded ancillary buildings and selected equipment may be supported on
shallow foundations. The use of shallow foundations is contingent on the assumption that the
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risks of the anticipated differential static and liquefaction-induced seismic settlements are
acceptable and can be accommodated in the design of the structures. We recommend
minimum footing widths of 24 inches for individual square footings and 18 inches for continuous
strip footings. The footing thickness should be determined by a structural engineer, but should
not be less than 12 inches.

As discussed in subsequent sections of this report, overexcavation and replacement of
existing surficial soils will be performed in all foundation areas of the site and grades will be
raised by at least 1.5 feet above existing elevations. Consequently, all footings should be
founded on at least 12 inches of compacted structural fill at a minimum embedment of 24
inches, relative to the adjacent finished grade or slab elevation, whichever is lower. Where
necessary, areas of overexcavation should be deepened to achieve the minimum
recommended depth of embedment and thickness of structural fill beneath footings.

Existing surficial soils at the site exhibit a moderate expansion potential; however, the
proposed overexcavation and replacement of existing surficial soils, together with proper site
drainage, is expected to mitigate the potential for expansive soil damage to shallow foundations.

7.2.1 Allowable Bearing Pressures

Shallow footings should be proportioned for dead load plus probable maximum live load
so that the maximum net bearing pressure does not exceed the maximum allowable net bearing
pressure. The maximum allowable net bearing pressure of 1,500 psf should be used for
foundation design, and provides a factor of safety greater than 2. A one-third increase can be
applied to maximum bearing pressures for wind-loads. Because of the potential for liquefaction
of the soil below the footings, the recommended maximum bearing pressures should not be
increased for seismic loads.

7.2.2 Estimated Settlement
7.2.2.1 Static Settlement

Settlement estimates were based on the data provided by CPTs located in the project
area and the idealized soil profile presented in Section 7.1.3 using standard settlement
calculations. Estimated total settlements are presented in Table 7-2. Approximately two-thirds
of the estimated static-load settlement is expected to occur during construction as loads are
applied. The remaining estimated static-load settlement is expected to occur within 3 to
6 months of the application of the load. These estimates are based on the recommended
minimum thickness of new structural fill below the bottom of the footings.
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Table 7-2. Summary of Settlement Estimates for Shallow Footings

M:\WP\2009\3652.001\RPT1-20-09\RPT 1-20-09.00C

Foundation Contact | Estimated Total | Estimated Differential Estimated Total Estimated Differential
Type and Pressure |Static Settlement| Static Settlement' |Liquefaction Induced| Liquefaction Induced
Size (psf) (inches) (inches) Settlement (inches) | Settlement * (inches)
footings
(width 2 to 3 1,000 0.8-1.2 <0.8 6-8 3-4
feet) 1,500 1-15 0.5-1
Individual 500 05-1 <05
footings
(less than 5 1,000 1-1.5 05-1 6-8 2-3
feet square) 1,500 15-2 0.5-1
Individual 500 1-15 05-1
footings
(5 to 15 feet 1,000 15-2 0.5-1 6-8 3-4
square) 1500 2-25 1-15

Notes: ' Differential settlements are estimated over a distance of 30 feet

Differential settlements between footings may result from variations in subsurface
conditions, differences in footing size, and variations in loading conditions. The differential
settlements were estimated at about one-third to one-half the total settlement, depending on the
size of the foundation.

Estimated total and differential settlements for shallow footings are based on the
assumption that the foundations are not immediately adjacent to the cooling towers,
turbine/generator structure or other heavy loads. If the subsurface soils beneath the footings
are also subjected to stresses from adjacent heavy structures, then settlements beneath the
buildings may be greater than the estimated settlements presented in the preceding
paragraphs.

7.2.2.2 Liquefaction-Related Settlement

Although large settlements are not expected to occur due to static loads, additional
settlements may occur if loose sand layers liquefy during a large earthquake. As summarized in
Section 6.0, the submerged granular soils are susceptible to liquefaction and additional
settlement may occur due to liquefaction during an earthquake. Seismically induced total
settlements could be as much as 6 to 8 inches over the site, if earthquake-induced ground
accelerations produce extensive liquefaction. Those settlements could be quite variable and
create significant differential settlements over limited distances; therefore, the settlements due
to liquefaction should be expected to vary laterally. The differential settlements can be
estimated at about one-half of the total settlement. Estimated total and differential liquefaction
induced settlements for the shallow footings are presented in Table 7-2.

7.2.3 Lateral Sliding and Passive Resistance

The sliding resistance generated through a soil/concrete interface can be computed by
using an allowable coefficient of friction of 0.25 and the applicable structural load allowed by the
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2007 CBC. A one-third increase may be applied to the allowable coefficient of friction for short-
term loading.

For foundation elements bearing against compacted fill, the allowable passive earth
resistance (neglecting the upper 1-foot) may be estimated using an equivalent fluid weight of
150 pcf. The allowable passive pressure may be used in combination with the frictional
resistance. A one-third increase may be applied to the allowable passive pressure for short-
term loading.

7.3 MAT FOUNDATIONS

Larger facilities such as the cooling towers and turbine/generator structures may be
supported on mat foundations. The use of mat foundations is contingent on the assumption that
the risks of the anticipated differential static and liquefaction-induced seismic settlements are
acceptable and can be accommodated in the design of the structures. To limit the total and
differential liquefaction induced seismic settlements, ground improvement measures can be
implemented, as discussed in more detail in Section 7.5.

As discussed in subsequent sections of this report, overexcavation and replacement of
existing surficial soils will be performed in all foundation areas of the site. Consequently, all mat
foundations should rest on at least 12 inches of compacted structural fill at a minimum
embedment of 24 inches, relative to the adjacent finished grade or slab elevation, whichever is
lower. Where necessary, areas of overexcavation should be deepened to achieve the minimum
recommended depth of embedment and thickness of structural fill beneath mat foundations.

7.3.1 Allowable Bearing Pressures

Mat foundations should be proportioned for dead load plus probable maximum live load
so that the maximum net bearing pressure does not exceed the maximum allowable net bearing
pressure. A maximum allowable net bearing pressure of 1,500 psf may be used for foundation
design, and provides a factor of safety greater than 2. A one-third increase can be applied to
maximum bearing pressures for wind-loads. Because of the potential for liquefaction of the soil
below the footings, the recommended maximum bearing pressures should not be increased by
one-third for seismic loads.

7.3.2 Estimated Settlement
7.3.2.1 Static Settlement

Estimated total settlements are presented in Table 7-3. Settlement estimates were
based on soil profiles and data as interpreted from the CPTs located in the proposed cooling
tower and turbine/generator locations and consolidation test results from samples obtained from
the borings. Estimated contact pressures are based on structural loads and assumed
foundations dimensions as interpreted from data provided by CalEnergy and described in
Section 7.1.2 of this report. About one-third of the estimated static-load settlement is expected
to occur during construction as loads are applied. The remaining estimated static-load
settlement is expected to occur within six to nine months of the application of the load.
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Table 7-3. Settlement Estimates for Selected Major Structures on Mat Foundations

; Estimated Estimated Estimated Estimated
Estimated CPTs Total Differential Total Differential
Mat Foundation Contact ) i Static Static Liquefaction | Liquefaction
Location Pressures Used mn Induced Induced
Analysis | Settlement | Settlement 3
(psf) (inches) (inches)2 Settlement Settlement
(inches) (inches)
. . CPT-117
Cooling Tower - Unit 1 500 CPT-118 25-3 15-2 6.5-7 3-35
. . CPT-113
Cooling Tower - Unit 2 500 CPT-114 2.8-3.2 1.8-2.2 8-85 4-45
. . CPT-105
Cooling Tower - Unit 3 500 CPT-108 25-3 15-2 6-6.5 3-35
Turbine/Generator 600 CPT-116 | 2-25 1-15 6.5 35
Unit 1
Turbine/Generator 600 CPT-112 | 2-25 1-15 6 3
Unit 2
T“rb'”ﬁﬁfgerator 600 CPT-107 | 2-25 1-15 6 3

Notes:

! Estimated based on preliminary information provided by CalEnergy (Figure 1-3)

% Estimated differential settlement by considering the variation in soil conditions and stress distribution between
the center and the edge of the mat foundation

% Differential settiement between the center and the edge of the mat foundations is estimated as one-half of the
total liquefaction induced seismic settlement.

Differential settlements may result from variations in subsurface conditions and
variations in loading conditions. The differential settlements were estimated by comparing the
loading conditions underneath the center point and the corner point of the mat foundation.

7.3.2.2 Liquefaction-Related Settlement

Although large settlements are not expected to occur due to static loads, additional
settlements may occur if looser sand layers liquefy during a large earthquake. As summarized
in Section 6.0, the submerged granular fills are susceptible to liquefaction. Thus, additional
settlement may occur due to liquefaction during an earthquake. Seismically induced total
settlements could be as much as 6 to 8 inches over the site, if earthquake-induced ground
accelerations produce extensive liquefaction. Those settlements could be quite variable and
create significant differential settlements over limited distances; therefore, settlements due to
liquefaction should be expected to vary laterally. The differential settlements can be estimated
at about one-half of the total settlement. Estimated total and differential liquefaction induced
settlements for the shallow footings are presented in Table 7-2.

7.3.3 Lateral Sliding and Passive Resistance

The sliding resistance generated through a soil/concrete interface can be computed by
using an allowable coefficient of friction of 0.25 and the applicable structural load allowed by the
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2007 CBC. A one-third increase may be applied to the allowable coefficient of friction for short-
term loading.

For foundation elements bearing against compacted fill, the allowable passive earth
resistance (neglecting the upper 1-foot) may be estimated using an equivalent fluid weight of
150 pcf. The allowable passive pressure may be used in combination with the frictional
resistance. A one-third increase may be applied to the allowable passive pressure for short-
term loading.

7.4 GROUND IMPROVEMENT

As discussed in preceding sections of this report, static settlements in the range of 2 to
3 inches were estimated for mats supporting structures such as the cooling tower and
generator/turbine and 6 to 8 inches of total settlement due to liquefaction were estimated for the
design seismic event, with possible differential settlements on the order of 3 to 4 inches.
Therefore, seismic loading will probably control foundation design of the structures. For
structures that are unable to tolerate settlements of this magnitude, various methods of deep
ground improvement, such as stone columns or Cement Deep Soil Mixing (CDSM), could be
used to mitigate liquefaction beneath the foundations. A treatment depth of approximately
50 feet below existing ground surface is considered appropriate for this site.

Stone columns are a ground improvement technology involving the replacement of weak
soils with columns of compacted gravel. The columns are typically about 3 feet in diameter and
constructed in a grid pattern at a spacing of about 7 to 8 feet on-center, although the spacing
can be increased or decreased to suit site conditions and project requirements. The treatment
area would extend horizontally outside the perimeter of the foundation a distance of
approximately one-third to one-half of the vertical depth of treatment. The primary use of stone
columns is to densify loose granular soils and increase their strength. Therefore, they are best
suited for use at sites where foundation soils are predominantly loose to medium dense sands
or silty sands with relatively low fines content (i.e., silt and clay content) and no significant silt or
clay strata. As observed during the subsurface exploration for this study and described
previously in this report, the stratigraphy of the Black Rock site is predominantly clay with
interbeds of loose to medium dense sands. Although stone columns will help mitigate the
liquefaction potential under proposed structures at this site, they could experience vertical
deformation (i.e., compression) during an earthquake due to lateral compression of soft fine-
grained soils, which would result in surface settlement for structures resting on the columns.
However, CalEnergy has used stone columns on previous geothermal plant projects in the area
and is therefore familiar with the cost and performance to date of this technology in ground
conditions similar to those at the Black Rock site.

CDSM is a ground improvement technology that consists of drilling a series of
overlapping borings in which cement slurry is blended in situ with the subsurface soils to create
columns of soil-cement having higher strength and lower compressibility than the untreated
native soils. Rebar can be placed in the soil-cement columns to transfer lateral loads from
structure foundations. In general, a network of interconnected soil-cement columns resulting
from the CDSM process is structurally superior to a network of stone columns in that it is stiffer,
less compressible, and offers superior lateral load transfer for foundations. This technology has
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been used successfully for over 30 years in ground conditions similar to those at the Black Rock
site.

For CDSM, the treatment area would extend horizontally outside the perimeter of the
foundation a distance equal to about one-third of the vertical depth of treatment. The effective
treatment volume beneath a structure is a function of the treatment area and the depth of
treatment. Multiplying the treatment area by the treatment depth gives the total volume, from
which the effective treatment volume is obtained by taking approximately 25 to 30 percent of the
total volume. The distribution of ground improvement points (i.e., the treatment pattern) within
the treatment area is performed according to one of a variety of possible geometric patterns
based on site conditions, structural support requirements, and other design criteria. The actual
treatment pattern should be determined by consultation between the project structural and
geotechnical engineers during the design phase.

7.5 DEEP FOUNDATIONS

If any of the anticipated settlements, either static, liquefaction-induced seismic, and/or
differential, are not acceptable for sensitive equipment, a deep foundation system, such as
driven piles, may be used for support of such structures. Alternatively, ground improvement
methods may be employed to mitigate the liquefaction potential as described in Section 7.4.
Pile capacities and special considerations associated with use of pile foundations at the site are
presented in the following section.

7.5.1 Axial Capacity

Axial capacities were based on methods presented in the American Petroleum Institute
(API, 2000) as coded into the program APile Plus, Version 4.0 (Ensoft, 2005). The idealized
subsurface profile presented in Section 7.1.3 was used in developing axial pile capacity
recommendations.

Axial Capacity under Static Loads. Figure 7-1 presents the ultimate axial capacity
curves developed for 12-, 14- and 16-inch square driven concrete piles. The axial capacities
presented in the figure are derived primarily from the frictional resistance of the subsurface
materials. End bearing will also contribute to the axial load capacity if the pile tips are founded
in a sand layer. Typically, factors of safety of 2.0 are applied to design dead loads to assess the
required ultimate axial pile capacity. A minimum depth of embedment can then be assessed
using the curves presented in Figure 7-1. Selection of minimum embedment in this manner
should limit the vertical movement of pile head under design load to less than one-half inch.

Uplift Capacity. Driven piles can be used to resist intermittent uplift loads using skin
friction. The allowable uplift resistance of the piles was estimated based on 50 percent of the
frictional capacity of the pile. The allowable uplift resistance curves for 12-, 14- and 16-inch
square driven concrete piles are presented in Figure 7-2.

Seismic Considerations and Down-drag Loads. The presence of liquefiable soils
within the zone of pile embedment will have two effects: 1) reduction of axial pile capacity during
seismic loading due to the loss of strength in liquefiable soils; and 2) downdrag loads applied on
the pile as a result of liquefaction-induced soil settlements developing following the seismic
loading.
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To avoid significant loss of axial capacity during seismic loading, the pile tips should not
be placed in liquefiable soils, i.e., the pile tip elevation should be below about elevation
-265 feet. The medium dense to dense silty sands extending from about elevation -260 to
-275 feet are generally not expected to fully liquefy; however, some development of excess pore
pressure may occur. The liquefaction triggering analyses indicate that limited sand zones below
elevation -265 feet might be susceptible to liquefaction and there is a potential for limited
liquefaction-induced additional settlements on the order of 1 to 2 inches to occur even for
structures on pile foundations.

As the excess pore pressures generated during seismic loading in liquefiable soils start
to dissipate, settlement will occur and the soil overlying the liquefiable soil zone will move
downward relative to the piles. This downward movement will result in down-drag forces (i.e.,
negative axial capacity) on the piles due to the skin friction between the piles and the soil, which
in turn will cause a reduction in the load-carrying capacity of the piles. Therefore, to account for
both the down-drag forces and the loss of positive axial capacity along the same portion of the
pile, the ultimate axial pile capacities should be reduced by approximately 110, 130, and 150
kips for 12-, 14- and 16-inch square piles, respectively.

Because liquefaction-related settlement and the resulting down-drag forces occur in a
matter of minutes to hours after the design seismic event, it is appropriate to consider these
forces as static loads, i.e., there is no need to combine down-drag forces with the inertial forces
caused by ground shaking.

7.5.2 Lateral Capacity

Lateral load pile evaluations were performed using the computer program LPile Plus
Version 5.0 (Ensoft, 2008) which is based on a soil resistance-pile deflection model (p-y
analysis). LPile Plus was used to estimate the lateral load capacity versus head deflection and
maximum moment. To account for potential strength loss in soils during the design level
earthquake, a reduction factor for lateral soil resistance was applied in the form of p-multipliers. The
evaluated reductions include the loss of soil resistance due to development of excess pore
pressures, soil liquefaction, and loss of soil strength due to cyclic degradation.

The relationships between lateral load capacity and maximum moment versus pile head
displacement are presented in Figures 7-3 and 7-4 for fixed-head and free-head piles,
respectively. The fixed-head pile case will apply when pile head is connected to a mat
foundation of sufficient size and stiffness to limit the pile head rotation. The free-head pile case
will apply for conditions where no such restraint will be provided by the pile head connection.
The minimum pile embedment depth recommended to achieve the presented lateral pile
capacities is about 35 to 40 feet.

No factor of safety has been applied to the estimated loads or deflections. Due to the
interbedded distribution of sand within the predominantly clayey stratigraphy in the upper 60
feet, the presence of thin liquefiable layers was neglected for design purposes. Depth of fixity
calculations are presented in Appendix E.

If additional lateral support is required, the piles may be augmented with stone columns
or CDSM to depths of approximately 20 feet around the foundation perimeter. If such ground
improvement measures are implemented, lateral load capacities for driven piles may be
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evaluated from the data presented in Figures 7-5 and 7-6 for fixed-head and free-head piles,
respectively.

7.5.3 Pile Spacing and Pile Group Effects.

For closely spaced piles, the interaction between individual piles may result in a
reduction of both axial and lateral pile capacity. Therefore, it is recommended that the piles are
not spaced closer than 5 pile diameters on-center. If piles are to be spaced closer than 5 times
the pile section diameters, Fugro should review the recommended pile capacity curves and
lateral pile displacements curves and provide additional recommendations, as needed.

7.6 MISCELLANEOUS
7.6.1 Drilled Shaft Foundations

Drilled shafts (i.e., piers) may be used for foundation support of above-ground piping.
Because no information as to the size of the piers and required capacities were available at the
time of the preparation of this report, we are providing generalized recommendations for
evaluation of stability of drilled piers under axial and lateral loads.

The allowable axial capacity was evaluated by taking into account skin friction around
the pile perimeter and can be estimated from the following expression:

Allowable Axial Capacity (kips) = 0.1 z °D

where: z = depth of embedment below final grade in feet
D = pier diameter in feet

This expression incorporates a safety factor of 2 and is based on the assumption that
the drilled piers will be embedded no greater than 15 feet below final grade.

The minimum embedment depth required to maintain the lateral stability should be
estimated using requirements set forth in CBC (2007) Section 1805.7.2.1 and 1805.7.2.2, and
an allowable lateral bearing pressure of 200 psf/foot below grade. If equipment supported by
the drilled piers is sensitive to lateral displacement allowable lateral bearing pressure should be
reduced by one half. An increase of allowable lateral bearing pressure of one-third is permitted
for short term loads.

The drilled piers are not expected to experience significant settlement if static loads do
not exceed the recommended allowable axial capacity. The total settlement of drilled piers as a
result of liquefaction occurring during the design level earthquake is expected to be on the order
of 6 to 8 inches, if no ground improvement is used. The differential liquefaction-induced
settlements can be estimated at about 2 to 4 inches over 30 feet.

7.6.2 Concrete Slabs On-grade

Minimum Slab Thickness and Reinforcement. We recommend that all concrete slabs
be reinforced. Slab thickness and reinforcement should be designed by the project structural
engineer to resist structural loading and to satisfy pertinent code, temperature, and shrinkage
requirements. As a minimum, we suggest that all slabs be at least 6 inches thick and be
reinforced with No. 4 reinforcing bars (Grade 40) spaced at 14 inches on-center each way.
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Reinforcement should be placed at mid-thickness of the slab with means to ensure that the
reinforcement remains in place during construction and concrete placement.

Existing surficial soils at the site exhibit a moderate expansion potential; however, the
proposed overexcavation and replacement of existing surficial soils, together with proper site
drainage, will create a layer of non-expansive material that is expected to mitigate the potential
for expansive soil damage to concrete slabs on-grade.

Vapor Barrier. When moisture sensitive flooring is expected, interior floor slabs should
be protected against moisture vapor penetration with a continuous impermeable membrane.
The impermeable membrane should be at least a 6-mil-thick polyethylene sheet or similar
commercial vapor barrier that is placed midway within 4 inches of sand placed directly beneath
the slab. In descending sequence, slabs with moisture-sensitive flooring should be underlain

by:

Two inches of sand;

The vapor barrier membrane;
Two inches of sand; and
Four inches of crushed stone.

The crushed stone beneath the 4 inches of sand is to act as a capillary break. This layer
should consist of poorly graded pea gravel or crushed rock. A material conforming to ASTM
C33, Grade 67 is suggested with sizes ranging mostly between one-quarter and one-half inch.
The lower sand layer is to act as a protective layer against penetration of protrusions through
the vapor layer. The top sand layer, which is to protect the vapor barrier from construction
activities, should be moistened slightly prior to placing concrete. Those layers should consist of
clean sand with less than 5 percent passing the No. 200 sieve.

Both the sand and crushed stone layer should be lightly vibrated with four to five passes
of a base plate on a walk-behind, self propelled vibrator.

7.6.3 Berm Stability Evaluation

An existing berm borders the entire length of the west side of the project site and
separates the site from a drainage canal immediately to the west. An unpaved access road
runs along the crest of the berm, which has an elevation of about -221 feet (NAVD88). The
height of the east side of the berm (i.e., facing the project site) varies between about 4 feet at
the south end to about 7 feet at the north end. Based on information provided by CalEnergy,
the existing berm crest will be raised to elevation -220 feet (NAVD88) and the east face of the
berm will be regraded to a constant slope of about 2:1 (horizontal to vertical) or flatter. We have
assumed that the berm crest will be about 12 feet wide to accommodate vehicle traffic.

The stability of a 2:1 berm was evaluated assuming subsurface soil properties similar to
idealized soil profiles used for developing foundation recommendations as presented in
Section 7. The soil properties of berm material were estimated by review of the data collected
by CPTs and HSA borings advanced along the berm crest.

Berm stability was evaluated for static and dynamic loading conditions. Static loading
conditions included water on the west side of the berm up to Elevation -223 feet (i.e., three feet
of freeboard) and vehicle loading on top of the berm equal to a distributed load of 250 psf over
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the berm crest. Dynamic loading conditions were evaluated using pseudo-static analyses taking
into account the potentially liquefiable soils underlying the berm.

The static stability analysis resulted in a factor of safety of 1.9 as presented in
Figure 7-7, for the conditions described above, indicating that the berm is expected to remain
stable under the assumed static loading conditions. The stability of the berm under seismic
conditions was evaluated using a pseudo-static analysis by estimating the displacement
expected to occur during a design level earthquake. Based on the results of the pseudo-static
analysis, also presented in Figure 7-7, a yield coefficient of about 0.13g was assessed for a
berm underlain by liquefiable sand materials. Based on the calculated yield coefficient, coupled
with our understanding of seismic demand at the site and the seismic displacement assessment
recommendations as presented by Bray and Travasarou (2007), a seismic horizontal
displacement of less than 6 inches was estimated for the design level earthquake. The results
indicate that, while some displacement is likely to occur (estimated up to 6 inches), the berm is
not expected to suffer global failure, i.e., the berm will still remain functional. However, some
regrading and slope repair might be required following the design level earthquake to return the
berm surface elevations to pre-earthquake levels

New materials used for the improvement of the berm should be compacted to a
minimum of 95 percent relative compaction per ASTM D1557. Unless otherwise specified, all fill
shall be placed in accordance with the recommendations provided in Section 8 of this report.

7.7 FOUNDATION DESIGN SUMMARY AND CONCLUSIONS

Based on the subsurface exploration, laboratory testing, and engineering analysis
phases of the geotechnical study, Fugro finds that the project site is suitable for development of
the proposed Black Rock Units 1, 2, and 3 geothermal power plant. Due to the preliminary
stage of development of the facility, detailed plans showing the dimensions of all the structures
and foundations were not available at the time this report was prepared; however,
recommendations for various foundation options were presented above, assuming that the
various mechanical equipment and structures will be grouped as required and supported on
reinforced concrete mat foundations or shallow footings where appropriate. Recommendations
for ground improvement and deep foundations were also presented for consideration. The
optimum foundation system must be selected by CalEnergy and its design team based on a
number of criteria over which Fugro has limited control. In general, these criteria include
performance, cost, and risk. The foundation system should provide the required level of
performance at the lowest cost and at a level of risk acceptable to the owner.

7.7.1 Shallow Footing and Mat Foundations

For structures capable of withstanding the estimated settlements presented in this
report, and that have a fundamental period of vibration of 0.5 seconds or less, it is the opinion of
Fugro that shallow footing and mat foundations, designed and constructed in accordance with
the recommendations of this report, are suitable for use at this site and will provide the lowest
cost foundation system; however, CalEnergy must be prepared to accept any risk of damage to,
or loss of use of, the facility resulting from static settlement or seismically induced settlements or
ground shaking. For example, if the facility is required to either act as an emergency backup
facility or be operational immediately after an earthquake, the time required to make repairs may
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be unacceptable. Moreover, the cost of the repairs alone may be unacceptable, regardless of
any facility downtime considerations.

Structures that have a fundamental period of vibration greater than 0.5 seconds may
also be supported on shallow footings or mat foundations but will require a site response
analysis as required by CBC 2007 and ASCE 7-05 to assess the design spectral response
acceleration parameters. This analysis would not be required if liquefaction mitigation
measures, such as the ground improvement methods discussed previously, are implemented as
part of the foundation design.

7.7.2 Ground Improvement

For structures supported on shallow footings or mats and that are not capable of
withstanding the estimated settlements, or where the repair costs or facility downtime factors
create an unacceptable level of risk, ground improvement may be performed to mitigate the
liquefaction potential and reduce both static and seismically-induced settlements. A treatment
depth of approximately 50 feet below existing ground surface is considered appropriate for this
site. The treatment area will depend on structural loading requirements and the selected
ground improvement technology. Ground improvement technologies suitable for use at this site
include stone columns and Cement Deep Soil Mixing. Fugro understands that CalEnergy has
used stone columns on previous geothermal plant projects in the area and is therefore familiar
with the cost and performance of this technology in ground conditions similar to those at the
Black Rock site; however, Fugro considers that CDSM would provide a structurally superior,
and potentially less expensive, alternative to stone columns. Fugro recommends that
CalEnergy and their design team evaluate both these ground improvement technologies with
respect to cost, performance, and time of construction and select the optimum alternative.

7.7.3 Deep Foundations

If any of the anticipated settlements, either static, liquefaction-induced seismic, and/or
differential, are not acceptable for sensitive equipment or structures, and ground improvement
alone is not considered feasible for reasons of cost or performance, a deep foundation system
consisting of driven piles may be used for support of such structures. Recommendations for
design and installation of various sizes of driven precast concrete piles were presented in this
report. As discussed previously in this report, a pile foundation system would have to be
supplemented with stone columns or CDSM to depths of approximately 20 feet around the
foundation perimeter in order to provide additional lateral support during the design seismic
event. Fugro recommends that CalEnergy consult with their design team and equipment
manufacturers to determine if a deep foundation system is a requirement for any component of
the proposed facility.
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8.0 SITE DEVELOPMENT AND GRADING
8.1 SITE PREPARATION

Soil containing debris, organics, pavement, abandoned utilities, or other unsuitable
materials, should be stripped from all proposed foundation, structure, and pavement areas and
discarded offsite. With the exception of the perimeter access roads, the majority of the project
site consists of cultivated farm land that was planted with alfalfa at the time of Fugro's October
2008 field investigation. The surface of the cultivated area consists of rows of slightly raised
planted beds separated by lower furrows for irrigation. In order to remove the root zone and
other organic material, a minimum of 18 inches of existing soil, as measured from the top of the
existing planted areas, should be stripped from the site in areas where roads, equipment, and
structures will be constructed. This material is not considered suitable for re-use as structural fill
at the site. Additional removal may be required depending on the conditions observed at the
time the grading is performed.

Fugro understands that it is planned to raise existing grades in the proposed structure
and road areas a minimum of 1.5 feet above existing grade in order to achieve proper site
drainage conditions. Placement of compacted fill will require a stable grade on which to operate
compaction equipment; however, the high-moisture content, fine-grained soils present across
the site will likely prevent obtaining the specified compaction requirements and create difficult
working conditions for the earth moving equipment anticipated for the project. If compaction
cannot be achieved because of wet conditions and pumping soil, stabilization of the excavation
bottom will be necessary. Recommendations for stabilization of the excavation bottom are
presented in the following sections.

The exposed surface of all excavation areas should be observed by Fugro prior to
processing or placing fill. Excavation bottoms should be deepened, as needed, to remove loose
or soft materials, artificial fill, or other deleterious material where encountered.

8.2 SPECIAL SUBGRADE STABILIZATION MEASURES

Special stabilization measures will likely be required if moist, soft or pumping subgrade
is encountered during construction. These measures will be required to provide a firm and
unyielding subgrade surface on which to place fill and perform construction activities. Special
subgrade stabilization measures that have been used successfully for other projects, and that
are considered suitable for this site consist of:

o Deepening the excavation bottom by about 1 to 2 feet, followed by placing a layer of
geotextile, such as Geolon HP570, or the equivalent, on the excavation bottom,
followed by the placement of about 2 feet of 4-inch minus crushed rock over the
fabric. A filter fabric such as Mirafi 180N, or equivalent, should be placed on top of
the rock layer prior to placing fill in order to reduce the potential for migration of fines
into the rock; or

e Lime or Portland cement treatment of the fine-grained subgrade, followed by
placement of compacted structural fill. Depending on the type of fill soil available,
additional lime or cement treatment of the structural fill may be warranted.

The measure required will depend on the condition of the subgrade at the time of
construction, the type of structural fill material that will be placed, the nature of the construction
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activities (e.g., vibratory compaction equipment, number of equipment passes), and the
availability/cost of materials.

Fugro understands that imported fill soils will likely be similar to the on-site fine-grained
materials. These soils are generally very sensitive to moisture content and can be difficult to
compact. Therefore, consideration should be given to use of lime or Portland cement
throughout the fill layer beneath all structures and roads. This procedure will allow for greater
ease of compaction and also create a much stronger structural layer that will be more resistant
to changes in moisture content over time.

8.3 DRAINAGE

Positive drainage should be developed and maintained away from all structures,
foundations, and any exterior improvements. Hardscape areas should be maximized where
possible adjacent to foundations to reduce the potential for water infiltration. Roof and surface
runoff should be collected and conveyed away from structures and on-grade improvement
areas. Water should not be allowed to accumulate or pond near structure foundations or on-
grade improvements.

8.4 FILL PLACEMENT AND COMPACTION

Fill placement and grading operations should be performed according to the grading
recommendations of this report. Fugro recommends that, unless otherwise noted, all fill
materials be compacted to at least 95 percent relative compaction based on the maximum dry
density determined from ASTM D1557.

Imported soils used as compacted fill should be placed and compacted at a moisture
content of between -1 and +3 percent of the optimum moisture content. Each layer should be
spread evenly and should be thoroughly blade-mixed during the spreading to provide relative
uniformity of material within each layer. Soft or yielding materials should be removed and be
replaced with properly compacted fill material prior to placing the next layer.

Rock, gravel, and other oversized material (greater than 4 inches in diameter) should be
removed from the fill material prior to being placed. Rock less than 4 inches in diameter should
not be nested, and voids caused by inclusion of rock in the fill should be filled with sand or other
approved material.

When the moisture content of the fill material is below that sufficient to achieve the
recommended compaction, water should be added to the fill. While water is being added, the
soil should be bladed and mixed to provide relatively uniform moisture content throughout the
material. When the moisture content of the fill material is excessive, the fill material should be
aerated by blading or other methods. Fill should be spread in loose lifts no thicker than about
8-inches prior to being compacted. Fill and backfill materials may need to be placed in thinner
lifts to achieve the recommended compaction depending on the equipment being used.

8.5 MATERIALS
8.5.1 Imported Fill

Imported fill should be free of organics (i.e., roots, vegetative matter, etc.), oversize
material (i.e., rocks greater than 4 inches in diameter), trash and debris, and other deleterious
material. Organics should be removed from the soils to be used as fill so that fill soils have an
organic content of less than 3 percent by weight. All imported fill materials should have an

M:\WP\2009\3652.001\RPT1-20-09\RPT 1-20-09.00C 8_2



CalEnergy Operating Corporation ‘l'-llGRﬂ
January 20, 2009 (Project No. 3652.001)

Expansion Index (El) of less than 20, which should be verified during grading. Imported fill
meeting these requirements may be used as backfill in foundation and road overexcavation
areas, except as noted otherwise in this report.

All fill of any origin proposed for use at the site should be observed and tested by Fugro
prior to import to, or use at, the site.

8.6 GEOTECHNICAL OVERSIGHT

Proper geotechnical observation and testing during construction are imperative in
allowing the geotechnical engineer the opportunity to verify assumptions made during the
design process. Therefore, all overexcavation and fill placement activities should be performed
under the observation and testing of the geotechnical engineer of record for the project.

The Conditions of Certification will require that the project owner assign California-
registered civil and geotechnical engineers, and a California-certified engineering geologist to
the project to provide the necessary oversight and inspection. Therefore, we recommend that
Fugro be retained during site grading and foundation construction to observe compliance with
the design concepts and geotechnical recommendations, and to allow design changes in the
event that subsurface conditions or methods of construction differ from those anticipated.
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9.0 FLEXIBLE PAVEMENT DESIGN
9.1 DESIGN SECTION AND MATERIALS

Pavement thickness design depends on the strength of the subgrade soils, the type of
construction materials, and on the traffic loading to which the pavement will be subjected.
Subgrade strength was evaluated by Resistance-value (R-value) tests performed on three
samples of subgrade soils obtained from proposed paving areas. Based on the results of the R-
value tests and the general soil conditions at the site, an R-value of 4 is considered appropriate
for design of pavement both on-site and on adjacent McKendry and Boyle Roads where
pavement improvements will also be made. It is assumed that on-site subgrade will most likely
be treated with lime or Portland cement and off-site subgrade (i.e., along McKendry and Boyle
Roads) may not be treated.

Design traffic loading conditions were not available at the time of this study; therefore,
Traffic Indices of 5, 6, 7, and 8 were assumed to be representative of the range of traffic loading
conditions that will occur in road and parking areas and were used to develop pavement
sections for the project. The project civil engineer should select the appropriate Traffic Index
(T.l.) for each pavement area based on the design traffic loading conditions. If design T.I.
values are different from the assumed values, Fugro should be notified for reevaluation of
pavement section thickness.

Pavement sections were developed using the Caltrans design method for flexible
pavement based on a 20-year design life and are presented in Tables 9-1 and 9-2. The
sections are based on the parameters discussed above for both treated and untreated subgrade
conditions.

Table 9-1. Recommended Pavement Sections for Pavement Supported
on at least 12 inches of Soil-Cement or Lime Treated Subgrade

Traffic Index (TI) 5 6 7 8

Asphalt Concrete (ft) 0.25 0.25 0.35 0.40
Class Il Aggregate Base (ft) 0.35 0.35 0.35 0.35

Table 9-2. Recommended Pavement Sections for Pavement with no
Soil-Cement or Lime Treated Subgrade

Traffic Index (TI) 5 6 7 8

Asphalt Concrete (in.) 0.25 0.25 0.35 0.40
Class Il Aggregate Base (in.) | 0.80 1.15 1.25 1.50

9.2 CONSTRUCTION CONSIDERATIONS

Subgrade. Roadway areas should be prepared as described in Section 8 of this report.
The areas to receive pavement should be stripped and excavated to the proposed subgrade
elevation or entirely through any existing asphaltic-concrete or base. The upper 12 inches of all
pavement subgrade, treated or untreated, should be moisture conditioned to within 2 percent of
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optimum moisture content and compacted to at least 95 percent of the maximum dry density as
determined by the latest revision of ASTM D1557. All subgrade preparation activities should be
performed under the observation and testing of a representative of the project geotechnical
engineer.

R-value tests should be performed on subgrade materials near the completion of rough
grading and on potential import soils in order to confirm pavement design sections. The
samples for the confirmatory R-value tests should be obtained from the upper 3 feet of
pavement subgrade soils.

Aggregate Base. Aggregate base should have a minimum R-value of 78 and conform
to the requirements of California Class Il Aggregate Base. Aggregate base material should be
compacted in lifts not exceeding 6 to 8 inches in thickness, to at least 95 percent of the
maximum dry density determined from ASTM D1557, latest revision. As-compacted moisture
contents for the aggregate base materials should be within 2 percent of the optimum moisture
content, as determined from ASTM D1557.

Drainage. Proper drainage of the paved and surrounding unpaved areas is essential.
Grades should be established to expedite runoff away from the pavements and reduce moisture
infiltration in the base and subgrade.
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10.0 CORROSION AND CHEMICAL DATA

Soil corrosion potential for buried metal and concrete was estimated by performing
water-soluble sulfate, chloride, pH, and electrical resistivity tests. Results of these tests for
near-surface soils are provided in Appendix B and are summarized in Table 10-1.

Table 10-1. Summary of Chemical Test Results

Cocation | OF5 | warerir | Satetes | Chlorides | pststvyatione |y | el
HSA-3 0-3 Clay 2,800 1,500 270 8.2 470
HSA-10 0-3 Clay 1,300 800 280 7.9 460
HSA-11 0-3 Clay 1,200 630 310 7.9 470
HSA-14 0-3 Clay 1,200 970 400 7.9 460
HSA-20 0-3 Clay 1,600 970 260 8.4 460

ppm - parts per million; mV - millivolt

Electrical resistivity is a measure of soil resistance to the flow of electrical current. The
electrical resistivity of a soil decreases primarily as its chemical and moisture contents increase.
The corrosion potential for ferrous metals is generally higher in soils with low electrical
resistivity. A commonly accepted correlation between electrical resistivity and corrosivity for
buried ferrous metals is presented below in Table 10-2.

Table 10-2. Soil Corrosion Potential Correlation

Electrical Resistivity (Ohms-cm) | Corrosion Potential
Less than 1,000 Severe
1,000 to 2,000 Corrosive
2,000 to 10,000 Moderate
Greater than 10,000 Mild

Results of electrical resistivity tests indicate values ranging between 260 and
400 ohms-cm for the near-surface soils. Based on this limited data, near-surface soils at the
Black Rock site appear to have a severe corrosion potential for buried ferrous metals. This
potential should be considered in design of underground metal pipes.

Based on the results of the sulfate tests presented above, the surficial soils appear to
have a moderate to severe degree of corrosivity to concrete. Concrete in contact with site soils
should be designed and constructed in accordance with the requirements of the American
Concrete Institute (ACI) 318, Section 4.3 as specified in Section 1904A.3 of the 2007 CBC. The
results of the tests presented above indicate this will require the use of Type V Portland cement
and a maximum water-cement ratio of 0.45 for concrete in contact with soils. Appropriate
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testing should be performed at the completion of rough grading to confirm the corrosion
resistance design requirements for concrete to be placed in contact with site soils.

Based on the results of the chloride tests presented above, the surficial soils appear to
have a moderate to severe degree of corrosivity to ferrous metals. Reinforcement in concrete
should be protected from corrosion and exposure to chlorides in accordance the requirements
of the American Concrete Institute (ACI) 318, Section 4.4 as specified in Section 1904A.4 of the
2007 CBC. Appropriate testing should be performed at the completion of rough grading to
confirm the corrosion resistance design requirements for concrete to be placed in contact with
site soils.

In general, corrosive site soils should be assumed in estimating the design life of
underground utility lines and buried structures at the Black Rock site. Fugro recommends that a
corrosion engineer be consulted to determine the most appropriate corrosion protection
measures for all buried utilities and structures at the site, including pile foundations.
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CEOC IV
ENGINEERING

BLACK ROCK 1, 2 and 3

EP-07-11
rev: 12/19/2008
by: J. Reverente

-l-'utann

Major Equipment Dimension & Weights

| DIMENSION or SIZE

EQUIPMENT DESCRIPTION WEIGHTS REMARKS
Equipment Pounds
HP Separator 350,000 12'IDx54' TIT Horizontal
HP Steam Scrubber 62,000 5'IDx 28' T/T Vertical
HP Steam Demister 75,000 8'IDx 18 T/T Vertical
Turbine 273,500 49' long x 16" wide x 10" high Turbine/Generator combined
Generator 208,006 dimensions for TG set
Main Condenser 505,019 Under the turbine/generator set
First Stage Steam Ejector, 1st Train 26" x 26" Ejector with
First Stage Ejector Nozzle, 1st Train Multi-Nozzles
First Stage Inter-Condenser, 1st Train 15,000 36" Shell Diameter
First Stage Steam Ejector, 2nd Train 26" x 26" Ejector with
First Stage Ejector Nozzle, 2nd Train Multi-Nozzles
First Stage Inter-Condenser, 2nd Train 15,000 36" Shell Diameter
First Stage Steam Ejector, 3rd Train 26" x 26" Ejector with
First Stage Ejector Nozzle, 3rd Train Multi-Nozzles
First Stage Inter-Condenser, 3rd Train 15,000 36" Shell Diameter
Cooling Tower (fiber glass) 7,572,000 48.5" width x 276.5' length Includes concrete basin + water
Cooling Tower Basin (Reinforced concrete) 2,800,000 54' width x 282" length Water = 3,800,000 Lbs.
Rock Muffler (Reinforced concrete) 16' wide x 20' long x 24" high
Production Test Unit 60,000 15' ID x 38' top to cone bottom |307,000 Ibs with full of water
NCG Knock-Out Pot 36" Shell Diameter, 15" T/T
NCG Oxidizer/Heat Exchanger 24,000 2,500 ACFM
NCG Quench Tank & Scrubber + vent stack 6,500
36% Acid Tank A 11,000 gallons
36% Acid Tank B 11,000 gallons
2.5% Acid Tank 38,000 gallons
Brine Holding Pond (Earthen pond with liners) 1,100,000 gallons [600' long x 50" wide x 7' deep |with 2 feet freeboard
Common Holding Pond (Reinforced Concrete) 2,585,088 gallons |360' long x 120" wide x 10" high |rectangular structure with 12" wall
Power Distribution Control 1 42'x 27' x 10' Metal Building
Power Distribution Control 2 40' x 28' x 10' Metal Building
Power Distribution Control 3 42'x 27' x 10' Metal Building
Control Building 100' x 100" For Black Rock 1, 2 and 3
Emergency Diesel Generator, 1.5 MW 31,131 232.09"L x 99.9"W x 108.25"H
Emergency Diesel Generator, 1.0 MW 17,738 183.74"L x 80.49"W x 86.7"H
Step-up Transformer 212,374 223"H x 267"Width x 213"Depth

Based on information provided by CalEnergy in September 2008.

PRELIMINARY EQUIPMENT SIZE AND WEIGHT LIST
Black Rock Units 1,2 & 3

Calipatria,

California

FIGURE 1-3a
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CEOC IV EP-07-11
ENGINEERING BLACK ROCK 1, 2 and 3 by 3. Reverente
Major Equipment Dimension & Weights
EQUIPMENT DESCRIPTION | WEIGHTS | DIMENSION or SIZE | REMARKS

Equipment Pounds

Pumps and Motors

Brine Booster Injection Pump - A 4,030 14" x 16" x 26" 11,000 gpm flow capacity
Brine Booster Injection Pump - B 4,030 14" x 16" x 26" 11,000 gpm flow capacity
Brine Booster Injection Pump Motor - A 8,600 1,000 HP

Brine Booster Injection Pump Motor - B 8,600 1,000 HP

Brine Main Injection Pump - A 4,650 12" x 16" x 26" 11,000 gpm flow capacity
Brine Main Injection Pump - B 4,650 12" x 16" x 26" 11,000 gpm flow capacity
Brine Main Injection Pump Motor - A 10,000 2,000 HP

Brine Main Injection Pump Motor - B 10,000 2,000 HP

Aerated Brine Injection Vertical Pump - Toyo 900 8" x 6" x 84" Cantilever Pump

Aerated Brine Injection Vertical Pump Motor - Toyo 75 HP

Aerated Brine Main Injection Pump + motor 4,289 5" x 4", 400 HP 600 gpm Flow Capacity
Condensate Injection Pump - A + motor 400 HP 4,500

Condensate Injection Pump - B + motor 400 HP 4,500

Hot Well Condensate Pump - A 4,572 14DXC, 10" Discharge 2,100 gpm Flow Capacity
Hot Well Condensate Pump - B 4,572 14DXC, 10" Discharge 2,100 gpm Flow Capacity
Hot Well Condensate Pump Motor - A 1,836 125 HP

Hot Well Condensate Pump Motor - B 1,836 125 HP

Vacuum Pump - A, 1st Train + motor 350 HP
Vacuum Pump - B, 2nd Train + motor 350 HP
Vacuum Pump - C, 3rd Train + motor 350 HP

Air Compressor - A + motor, 200 hp + dryer 7,572 826 cfm @ 150 psi 102" x 79" x 70"
Air Compressor - B + motor, 200 hp + dryer 7,572 826 cfm @ 150 psi 102" x 79" x 70"
Air Receiver 4,138 gallons |6' OD x 18' T/T

Circulating Water Pump - A 20,683 44GHXC, 36" Discharge

Circulating Water Pump - B 20,683 44GHXC, 36" Discharge

Circulating Water Pump - C 20,683 44GHXC, 36" Discharge

Circulating Water Pump Motor - A 15,000 1,000 HP

Circulating Water Pump Motor - B 15,000 1,000 HP

Circulating Water Pump Motor - C 15,000 1,000 HP

Based on information provided by CalEnergy in September 2008.

PRELIMINARY EQUIPMENT SIZE AND WEIGHT LIST
Black Rock Units 1,2 & 3
Calipatria, California

FIGURE 1-3b
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1. Onshore Geology Source: George J. Saucedo, David R. Bedford, Gary

L. Raines, Robert J. Miller, and Carl M. Wentworth, "GIS Data for the Geologic Map
of California", Version 2.0, CD-ROM 2000-007, Department of Conservation,
Division of Mines and Geology, Sacramento, California, 2000. The digital database
contains the geologic units and faults as shown on the Geologic Map of California
by Charles W. Jennings published in 1977.

2. Approximate shoreline during the Salton Sea March 1907 highstand digitized from
Thomas and Rockwell (1996), Figure 3.

3. Approximate shoreline of Lake Cahuilla digitized from Thomas and Rockwell (1996),
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Offshore Geologic Units
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Q, Unconsolidated deposits of Quaternary age, includes ponded sediments.
Qf, Quaternary fan deposits.

Qt, Unconsolidated marine terrace deposits of probable Pliocene age.

Qp, Unconsolidated marine shelf and slope deposits of late Pleistocene age.

Qsp, Sediments that may correlate with the San Pedro formation.

QTs, Undifferentiated sediments and sedimentary rocks of Quaternary and Tertiary (Pliocene and Miocene) age.

QTt, Undifferentiated terrace deposits of Quaternary and late Tertiary (?) age
Tp, Undifferentiated sedimentary rocks of Pliocene age.

Tpr, Undifferentiated sedimentary rocks of early Pliocene age an late Miocene age.
Tm, Undifferentiated sedimentary rocks of Miocene age.

Tmy, Volcanic rocks of Miocene age.

Tmu, Undifferentiated volcanic and sedimentary rocks of Miocene age.

Tmp, Plutonic and hypabyssal rocks of Miocene age.

To, Sedimentary rocks of Oligocene age.

Te, Sedimentary rocks of Eocene age.

Tep, Sedimentary rocks of Eocene and Paleocene age.

Tv, Volcanic rocks of Tertiary age.

Ku, Undifferentiated sedimentary rocksof Late Cretaceous age.

TMz, Undifferentiated igneous rocks of Miocene age and metamorphic rocks of pre-Late Cretaceous age.

Mz, Metamorphic rocks of pre-Late Cretaceous age.

m, Metamorphic rocks of unknown age.

gr, Grantic rocks, chiefly dioritic, of Mesozoic age.
Channel Fill

Channel Fill (inferred)

Slump
Creep

Block Glide
Levee

Sediment Flow

Onshore Geologic Units

C, Carboniferous marine
Ca, Cambrian marine

D, Devonian marine

E, Eocene marine

Ec, Eocene nonmarine

Ep, Paleocene marine
J, Jurassic marine

K, Cretaceous marine undivided(in part nonmarine)

[ ca]
[ o]
[E]

KJf, Franciscan Complex

KJfm, Franciscan melange
KJfs, Franciscan schist

Kl, Lower Cretaceous marine

Py
c

Ku, Upper Cretaceous marine

M, Miocene marine

| Ku]
T

Mc, Miocene nonmarine
Mzv, Mesozoic volcanic and metavolcanic rocks; Franciscan volcanic rocks

O, Oligocene marine

Oc, Oligocene nonmarine
P, Pliocene marine

Pm, Permian marine

HEEEEE

Pz, Paleozoic marine, undivided

T
8

Pzv, Paleozoic metavolcanic rocks
Q, Alluvium (mostly Holocene some Pleistocene);Quaternary nonmarine; Quaternary marine

QPc, Plio-Pleistocene nonmarine; Pliocene nonmarine

sl -

«Q

Qg, Glacial deposits

[ar]
[ aw]

—
~

%

!I
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-
s

H a
3

Rapg
[ ]
[m]
]
[ec]
[um]

Qls, Selected large landslide deposits

Qrv, Recent (Holocene) volcanic flow rocks(or predominantly flow rocks)
Qrvp, Recent (Holocene) pyroclastic rocks and volcanic mudflow deposits
Qs, Extensive sand dune deposits

Qv, Quaternary volcanic flow rocks(or predominantly flow rocks)

Qvp, Quaternary pyroclastic rocks and volcanic mudflow deposits

SO, Silurian and/or Ordovician marine

TK, Tertiary-Cretaceous Coastal Belt rocks

Tc, Tertiary nonmarine, undivided

Ti, Tertiary intrusive rocks

Tr, Triassic marine

Tv, Tertiary volcanic flow rocks(or predominantly flow rocks)

Tvp, Tertiary pyroclastic rocks and volcanic mudflow deposits

gb, Mesozoic gabbroic rocks

gr, Undated granitic rocks

gr-m, Granitic and metamorphic rocks, undivided, of pre-Cenozoic age+B84
grCz, Cenozoic (Tertiary) granitic rocks

grMz, Mesozoic granitic rocks

grPz, Paleozoic and Permo- Triassic granitic rocks

grpC, Precambrian granitic rocks

Is, Limestone of probable Paleozoic or

m, Undivided pre-Cenozoic metasedimentary and metavolcanic rocks

mv, Undivided pre-Cenozoic metavolcanic rocks

pC, Precambrian rocks, undivided

pCc, Precambrian igneous and metamorphic rock complex

sch, Schist of various types and ages (either metasedimentary or metavolcanic)
um, Ultramafic rocks, chiefly Mesozoic

water
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FORMATION OF LAKE CAHUILLA AND FLOW PATTERN CHANGES OF THE COLORADO RIVER
Black Rock Units 1,2 & 3
Calipatria, California FIGURE 5-5
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SOIL TYPES
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KEY TO CROSS SECTIONS
Black Rock Units 1,2 & 3
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Tip Resistance (tsf)
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01 2 3 4 5 6 7 8 9 10 M1
Friction Ratio (%)

Zone Soil Behavior Type us.Cs.
1 Sensitive Fine-grained OL-CH
2 Organic Material OL-OH
3 Clay CH
4 Silty Clay to Clay CL-CH
5 Clayey Silt to Silty Clay MH-CL
6 Sandy Silt to Clayey Silt ML-MH
7 Silty Sand to Sandy Silt SM-ML
8 Sand to Silty Sand SM-SP
9 Sand SW-sP
10 Gravelly Sand to Sand SW-GW
1 Very Stiff Fine-grained * CH-CL
12 Sand to Clayey Sand * SC-SM

*overconsolidated or cemented

CPT CORRELATION CHART
(Robertson and Campanella, 1988)
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APPENDIX A - SUBSURFACE EXPLORATIONS

Introduction

The subsurface exploration program for the Black Rock Units 1, 2 and 3 project
consisted of drilling 30 borings and advancing 21 Cone Penetration Tests (CPTs). The field
exploration program was completed between October 7, 2008 and October 17, 2008. This
appendix provides general information on the drilling and CPT equipment and soil sampling
methods. Boring and CPT logs are also included in this appendix.

Exploration Locations and Elevations

The boring locations were selected prior to commencement of the field exploration
program and located in the field by Fugro using a handheld GPS system. The horizontal datum
for this project is California State Plane North American Datum 83 (NAD83), Zone 6, Feet.

Ground elevations at boring locations were estimated using the site topographic map
provided by CalEnergy. The vertical datum reference for this project is North American Vertical
Datum 88 (NAVDS8).

Summary of Subsurface Exploration Program

A tabulation of the borings and CPTs completed during the field exploration program is
presented in Table A-1. Table A-1 presents the coordinates, completion date, approximate
ground surface elevation, and completion depth of the borings and CPTs for this phase of the
project.

Drilling Methods and Equipment

Drilling services for the borings were provided by Gregg Drilling. Gregg Drilling's drilling
equipment consisted of a truck-mounted Mobile B-53 D-1 drill rig and a support truck with a
trailer-mounted water tank. Drilling operations were conducted under the technical guidance
and observation of a Fugro geologist who also logged the soils in accordance with ASTM D2488
and packaged the recovered samples.

Both hollow-stem auger and rotary wash drilling methods were used during the field
exploration program. Twenty-three (23) borings were drilled using 8-inch diameter hollow-stem
augers. Seven (7) rotary wash borings were drilled using wet/rotary procedures that utilized a
4-inch diameter drag bit attached to a drill string of Mayhew Junior drill pipes. The rotary wash
borings were advanced using non-toxic, bentonite-based drilling fluid to suspend and remove
drill cuttings and to provide lateral support to the sides of the boreholes.

Following the completion of the drilling and sampling, all borings were backfilled with a
soil-cement grout consisting of soil cuttings mixed with Portland cement. Bentonite chips were
used to complete the backfilling in the top 3 to 5 feet. Excess drilling fluids, soil cuttings and
grout mix were placed in a dumpster that was put on site by CalEnergy for our use. At the
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completion of the exploration activities, CalEnergy removed the dumpster for disposal of the
drilling wastes in accordance with their facility permit requirements.

Geotechnical Samples and Sampling Equipment.

Samples were generally taken at 5-foot intervals for the full boring depth. The nominal
5-foot spacing was occasionally adjusted to sample site-specific intervals. The sampling
methods included driven sampling techniques using standard penetration test (SPT) and
Modified California samplers (with rings). These samplers were driven using an out-of-hole,
140-pound automatic trip hammer falling 30 inches. When soft soil was encountered, selected
samples were collected using the push method in place of the driven method.

Further details regarding the sampling and drilling procedures and the subsurface
conditions are presented in Figure Al1-1 — Key to Terms and Symbols used on logs and in
Figures Al1-2 through A1-31, Logs of Borings.

Descriptions of the procedures used for each sampling method are described in the
following table:

S-;)r/r?&%fg Dessgpirz)ltei(r)n Description of Sampling Method
The SPT sampler was attached to an exploratory rod drill pipe that
was lowered to the sample depth. The sampler was driven with a
2-inch-OD 140-pound automatic trip .hammer attached to the top of the drill rod.
SPT Samples 1—3/8—inch—|b The test was performed in general conformance with standard test
method ASTM D1586. The number of blows required to drive the
samplers the last 12 inches of the 18-inch penetration are shown
on the boring logs.
. The Modified California or California Liner test sampler was attached
Modified S
California to an exploratory rod drill pipe that was lowered to the sample depth.

3-inch-OD, The sampler was driven with a 140-pound automatic trip hammer

(Caﬁf?)rr?miia;elfiner 2-3/8-inch-ID attached to the top of the drill rod. The number of blows required to
Samples) drive the samplers the last 12 inches of the 18-inch penetration are

shown on the boring logs.

Push samples were obtained by pushing a thin walled tube into the
soil with the weight of the drill string. After the boring is drilled to
the desired depth, the drill bit is raised from the borehole bottom
and the sampler is lowered through the drill string until it rests on a
3-inch-OD, catch ring above the drill bit. The sampler is then pushed about 24
2.83-inch-ID to 30 inches into the formation by lowering the drill string. The
sampler is retrieved by pulling it from the formation with the drill
string and raising it with an overshot retrieving device attached to a
wire line. The boring is then advanced to the next sampling
interval.

Push Samples
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Cone Penetrometer Testing Equipment.

CPT services were provided by Kehoe Testing & Engineering (Kehoe). Kehoe's CPT
equipment is mounted on a 30-ton truck and consists of a steel rod with a 15-square-centimeter
cone at the tip. The cone is equipped with electronic load cells that measure the point
resistance on the tip and frictional resistance on a 225-square-centimeter sleeve (located
behind the cone tip) and a transducer that measures pore pressures as the cone is hydraulically
pushed through subsurface earth materials. The cone is pushed at a velocity of about 0.8
inches per second. Point resistance, frictional resistance, and pore pressure are recorded every
second (i.e., about every 0.8 inches of penetration).

CPT soundings were terminated at depths of about 25, 50 or 75 feet, depending on
location at the site. Abandonment of CPT soundings was performed by grouting each CPT
sounding hole.

Figure A2-1 provides a key for the interpretation of soil classification based on the CPT
tip resistance and friction ratio. Logs of the CPT soundings, which graphically present the CPT
sleeve friction (f), CPT tip resistance (q.), the ratio of sleeve friction to tip resistance (friction
ratio or f/q.), and pore pressure (u) at depth are provided on Figures A2-2 through A2-22 in this
appendix.

During CPTs C-102, C-106, and C-118 shear wave measurements were obtained at
approximately 5-foot intervals. The shear wave was generated using an air-actuated hammer,
which is located inside the front jack of the CPT rig. The cone has a triaxial geophone, which
recorded the shear wave signal generated by the air hammer. The cone was stopped to record
the arrival of the shear waves from the excitation source at the surface. Interpreted shear wave
velocity data are shown on Table A-2.

M:\WP\2009\3652.001\RPT1-20-09\APPX A\APPX A.DOC A' 3



CalEnergy Operating Corporation l GrO

January 20, 2009 (Project No. 3652.001)

Table A-1. Subsurface Explorations Summary

Estimated Ground . . (;oorqlinates (feet)
Boring / CPT | Surface Elevation Completion Start Completion | California State Zone 6,
(feet, NAVDSS) Depth (ft) Date Date : NAD 83 _
Northing | Easting
Rotary Wash Borings
RW-01 -227.5 76.5 10/7/2008 10/8/2008 2004839 6752288
RW-02 -228.0 515 10/10/2008 10/10/2008 2004568 6751983
RW-03 -226.0 76.5 10/14/2008 10/14/2008 2004120 6751781
RW-04 -225.9 86.5 10/14/2008 10/14/2008 2004092 6751986
RW-05 -225.6 76.5 10/13/2008 10/13/2008 2004222 6752411
RW-06 -225.0 76.5 10/10/2008 10/10/2008 2004172 6752610
RW-07 -227.0 76.5 10/8/2008 10/8/2008 2004790 6752499
Hollow Stem Auger Borings

HSA-08 -223.0 6.5 10/17/2008 10/17/2008 2005823 6755553
HSA-09 -227.5 26.5 10/15/2008 10/15/2008 2004753 6751236
HSA-10 -227.0 6.5 10/15/2008 10/15/2008 2004617 6751677
HSA-11 -227.0 11.5 10/15/2008 10/15/2008 2004291 6751165
HSA-12 -223.0 6.5 10/17/2008 10/17/2008 2004491 6752434
HSA-13 -219.0 6.5 10/17/2008 10/17/2008 2005204 6753571
HSA-14 -226.0 16.5 10/16/2008 10/16/2008 2004317 6751970
HSA-15 -226.2 11.5 10/15/2008 10/15/2008 2003996 6751182
HSA-16 -222.0 16.5 10/16/2008 10/16/2008 2004195 6750966
HSA-17 -226.0 6.5 10/16/2008 10/16/2008 2003936 6751586
HSA-18 -225.8 6.5 10/16/2008 10/16/2008 2003894 6752364
HSA-19 -221.0 16.5 10/18/2008 10/18/2008 2003583 6750967
HSA-20 -224.6 26.5 10/16/2008 10/16/2008 2003443 6752397
HSA-21 -225.8 6.5 10/16/2008 10/16/2008 2003288 6751504
HSA-22 -225.5 11.5 10/16/2008 10/16/2008 2003352 6751853
HSA-23 -225.8 6.5 10/16/2008 10/16/2008 2003270 6752135
HSA-01 -228.5 6.5 10/15/2008 10/15/2008 2005752 6752870
HSA-02 -228.3 6.5 10/15/2008 10/15/2008 2005656 6752525
HSA-03 -228.9 26.5 10/15/2008 10/15/2008 2005555 6752124
HSA-04 -228.8 6.5 10/15/2008 10/15/2008 2005469 6751158
HSA-05 -224.0 6.5 10/17/2008 10/17/2008 2005837 6754161
HSA-06 -228.1 6.5 10/15/2008 10/15/2008 2005027 6752048
HSA-07 -228.0 6.5 10/15/2008 10/15/2008 2004934 6751075
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Table A-1. Subsurface Explorations Summary - cont.

-l-'utann

Estimate Ground Completion Completion Caﬁ%?;?;ngtt:tse(;%?é 6,
Boring / CPT | Surface Elevation Depth (ft) Start Date Date NAD 83
(feet, NAVD88) - -
Northing | Easting
Cone Penetration Tests (CPTs)
C-101 -221.0 25.41 10/8/2008 10/8/2008 2005421 6750956
C-102 -228.9 50.19 10/8/2008 10/8/2008 2005697 6752117
C-103 -221.0 25.37 10/8/2008 10/8/2008 2004791 6750954
C-104 -227.9 75.24 10/7/2008 10/7/2008 2004966 6752229
C-105 -227.2 75.31 10/7/2008 10/7/2008 2004829 6752401
C-106 -227.3 50.15 10/7/2008 10/7/2008 2004673 6751827
C-107 -227.5 75.25 10/7/2008 10/7/2008 2004748 6752273
C-108 -226.6 75.36 10/7/2008 10/7/2008 2004655 6752567
C-109 -226.2 75.41 10/8/2008 10/8/2008 2004265 6751740
C-110 -225.6 75.37 10/9/2008 10/9/2008 2004312 6752361
C-111 -226.2 75.34 10/8/2008 10/8/2008 2004119 6751643
C-112 -225.7 75.37 10/8/2008 10/8/2008 2003996 6751779
C-113 -225.8 75.29 10/8/2008 10/8/2008 2004171 6751918
C-114 -225.7 75.28 10/8/2008 10/8/2008 2003947 6752088
C-115 -225.8 75.48 10/9/2008 10/9/2008 2004188 6752273
C-116 -225.2 75.43 10/8/2008 10/8/2008 2004134 6752408
C-117 -225.4 75.31 10/9/2008 10/9/2008 2004215 6752530
C-118 -224.9 75.8 10/9/2008 10/9/2008 2004045 6752706
C-119 -221.0 25.26 10/8/2008 10/8/2008 2003867 6750965
C-120 -224.9 50.33 10/8/2008 10/8/2008 2003460 6752247
C-121 -225.9 50.38 10/8/2008 10/8/2008 2004311 6752168
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CPT-102

CPT-106

CPT-118

Table A-2. Seismic CPT Shear Wave Measurements

S-Wave Interval

Travel S-Wave Velocity S-Wave

Depth Distance  Arrival from Surface Velocity
(ft) (ft) (msec) (ft/sec) (ft/sec)

10.12 11.29 29.38 384.20

21.20 21.78 48.93 445.16 536.77

30.06 30.47 65.52 465.09 523.89

40.17 40.48 83.19 486.60 566.33

50.19 50.44 100.09 503.93 589.26
S-Wave Interval

Travel S-Wave Velocity S-Wave
Depth  Distance  Arrival from Surface Velocity
(ft) (ft) (msec) (ft/sec) (ft/sec)

11.93 12.94 32.26 400.97

20.25 20.86 47.82 436.18 509.17

30.14 30.55 63.30 482.65 626.21

40.16 40.47 80.87 500.43 564.49

50.19 50.44 94.98 531.04 706.48
S-Wave Interval

Travel S-Wave Velocity S-Wave
Depth  Distance  Arrival from Surface Velocity
(ft) (ft) (msec) (ft/sec) (ft/sec)

10.15 11.31 30.01 377.03

20.35 20.96 48.90 428.53 510.35
30.37 30.78 71.09 432.96 442.70
40.33 40.64 87.07 466.74 617.02
50.26 50.51 100.15 504.32 754.54
60.25 60.46 117.15 516.07 585.24
70.34 70.52 134.34 524.92 585.25

Shear Wave Source Offset = 5 ft

S-Wave Velocity from Surface = Travel Distance/S-Wave Arrival
Interval S-Wave Velocity = (Travel Dist2-Travel Dist1)/(Time2-Timel)
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Paving and/or Base Materials

= . ,: . | LOCATION: The drill hole location referencing local
Z = |24 % n Z'-'>J landmarks or coordinates
- = wl 2=
Q T 118 wla| o
E E|Es |7 (E)'Q SURFACE EL: Using local, MSL, MLLW or other datum
> L <> | |= O
1] [a) [0} ouw
T = 5| 2% MATERIAL DESCRIPTION
ot
y A Well graded GRAVEL (GW)
S 25
F-12 2 .':OL‘
. E . E Poorly graded GRAVEL (GP) c
L4 4fesend 2 (25) o}
= A
: Well graded SAND (SW) R
16 6 E
3 (25)
- Poorly graded SAND (SP) G
18 8 mrer m ﬁ
S 4 :::: 25) | Silty SAND (SM) ,11
L2010 / U i E
e D
7 R e | Clayey SAND (SC)
A4 s R 18]
L2212 / - g
O %8 Silty, Clayey SAND (SC-SM)
L2414 6 g
Elastic SILT (MH)
26 16 9 F
7 |
SILT (ML) N
. E
L2818 ;
207 | o
8 |l 27| sity cLAY (CL-ML) g
L [ A
30 20 ,/ - |
7 Fat CLAY (CH) N
A 9 4 (25) E
L3222 ', D
|~
= Lean CLAY (CL)
34 24+ 30
5 CONGLOMERATE
--36
SANDSTONE
--38
12 |@ SILTSTONE
40 30 — R
, MUDSTONE Q
L4232 K
CLAYSTONE
44 34
BASALT
46 36
ANDESITE BRECCIA
48 38

General Notes
Soil Texture Symbol

Sloped line in symbol column indicates
transitional boundary

Samplers and sampler dimensions
(unless otherwise noted in report text) are as follows:

Symbol for:

1 SPT Sampler, driven
1-3/8" ID, 2" OD

2 CA Liner Sampler, driven
2-3/8" 1D, 3" OD

3 CA Liner Sampler, disturbed
2-3/8" 1D, 3" OD

4 Thin-walled Tube, pushed
2-7/8" 1D, 3" OD

5 Bulk Bag Sample (from cuttings)
6 CA Liner Sampler, Bagged

7 Hand Auger Sample

8 CME Core Sample

9 Pitcher Sample

10 Lexan Sample

11 Vibracore Sample

12 No Sample Recovered

13 Sonic Soil Core Sample

Sampler Driving Resistance

Number of blows with 140 Ib. hammer, falling
30" to drive sampler 1 ft. after seating
sampler 6"; for example,

Blows/ft  Description

25 25 blows drove sampler 12" after
initial 6" of seating

86/11" After driving sampler the initial 6"
of seating, 36 blows drove
sampler through the second 6"
interval, and 50 blows drove the
sampler 5" into the third interval

50/6" 50 blows drove sampler 6" after
initial 6" of seating

Ref/3" 50 blows drove sampler 3" during

initial 6" seating interval

Blow counts for California Liner Sampler
shown in ()

Length of samlgle symbol approximates
recovery lengtl

Classification of Soils per ASTM D2487 or
D2488

Geologic Formation noted in bold font at
the top of interpreted interval

Strength Legend

Q = Unconfined Compression

u = Unconsolidated Undrained Triaxial
t=Torvane

p = Pocket Penetrometer

m = Miniature Vane

Water Level Symbols

Y Initial or perched water level
¥  Final ground water level
Ay Seepages encountered

Rock Quality Designation (RQD) is the
sum of recovered core pieces greater than
4 tinchels divided by the length of the cored
interval.

KEY TO TERMS & SYMBOLS USED ON LOGS

BORING LOGKEY (JG) N:\PROJECTS\3652_CALENERGY\3652-001_BLACK_ROCKEXPLORATIONS\GINT\2008\3652-001_2008_VAC08B.GPJ 1/16/09 03:33 p
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LOCATION: N 2,004,839 E 6,752,288 California State 5(:-.(7,
= . E Plane, Zone 6, NAD83, Feet - “ =2 | ow N % ~
Zt&'—'%@ﬁ: FRlZe a2 | an|ER |69
9IE8|_|J'-'_IJ_|8 Yolog |z | ad |59 |aT
L;( 5 Hs |z |Z S 2 | SURFACE EL: -227.5ft +/- (rel. NAVD8S datum) c& eS| <k 22 |os | KU |26

L < = < sO1zZzF|2Z2|ag | I=5| < xZ
] » <| 50O z w = 3 4
do§ %wwa, Dg:;gc\g E_LI%E
MATERIAL DESCRIPTION % N
o2 Lean CLAY (CL):
- moderate yellowish brown and dry at 0.0’
oo
230
- ool e
1 EEEIE (13) | - medium stiff, moderate brown, and wet, with a trace of
6 ,; sand and some rootlets at 5.0' 123 ..... 9 5 30 ............................
234
s
236
loss P TTT] 2 [WH| 24 [ ity Fine SAND (SM): medium dense, moderate JER i i A I
(N yellowish brown, wet, with a trace of clay
ot
H-240
o TR L
3 Ei;u (26) | Lean CLAY (CL): very stiff, moderate brown, wet, with a
16 b t f d  sa b g s
| pas i race of san 125105 | 2
sy 0
246
L oas OTTT-] 4 W 12 [ Silty Fine SAND (SM): moderate yellowish brown, wet E I i A
il - medium dense, with a trace of clay at 20.0'
oo L s FCLRS KRSttt S OIS St R
" Y Y (SRS SOSSRS] FISTITE ISR (SISO ISSSY [
o5 Eé“ (88) | -dense at25.0'
" : i SR NSO [RSUT NN FRSTINY SERTI] A
TR o I S e R R e
| 258 "7 6 [l 13 [ Lean CLAY (CL): stiff, dark yellowish brown, wet FE Y Y -2 T
LN
32- -
260
- 2o L b
ST Eéi[f (78) | Silty Fine SAND (SM): dense, wet
s 36 1 L ill - dark ye"OWISh brown at 35.0 126 - 103 22 ............................
38_;.' g o0
266 o

The log and data presented are a simplification of actual conditions encountered at the time of drilling at the drilled location. Subsurface conditions may differ at other locations and with the passage of time.

COMPLETION DEPTH: 76.5 ft DRILLING METHOD: 4-inch-dia. Mud Rotary Wash

HAMMER TYPE: Automatic Trip
BACKFILLED WITH: Grout with Bentonite Chips DRILLED BY: Gregg Drilling
DRILLING DATE: October 8, 2008 LOGGED BY: S Varnell

CHECKED BY: J Everett

LOG OF BORING NO. RW-01
Black Rock Units 1,2 & 3

Callipatria, California
FIGURE A1-2a

BORING LOG VENTURA  N:\PROJECTS\3652_CALENERGY\3652-001_BLACK_ROCK\EXPLORATIONS\GINT\2008\3652-001_2008_VACO08B.GPJ 1/19/09 02:06 p
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LOCATION: N 2,004,839 E 6,752,288 California State z.
&= . = Plane, Zone 6, NAD83, Feet — © N w =
zZ | 322(|2|2 x5 i—‘ggam_—(ng S| Ex|BD
QIigm“_,JU_IJS '-';J,_wgi—"uza"'—J%:’_»ngf
L;( 5 Hs |z |Z S 2 | SURFACE EL: -227.5ft +/- (rel. NAVD8S datum) c& eS| <k 22 |os | KU |26

w | < = < sO1zZzF|2Z2|ag | I=5| < 4
<< L Z
5¢1°2| 78 |=%| 7|2 &k
MATERIAL DESCRIPTION 5o
| 268 o] 8 53 - very dense and light reddish brown at 40.0' 21
B O N
a2 r e
+-270 L
wittrtr o
272 AR
S B ) EEE[E (49) | - with a trace of clay, 35.0' to 45.0'
46 1 .-+ ,i _d dl ht ddhb t d k ” hb ...............................................

L 074 i a;azg-eogn Ignt readis rown 10 aark yellowis| rown 197 103 23

48-'..: ...............................................

r-276 N

oo y 10 {1 23 [ Fat CLAY (CH): very siiff, light brown, wet A e A = A €

LN

N % O O T v
280

. / _______________________________________________
-282

/ 19

s ™ b

284 NED (40) [~ Sifty Fine SAND (SM): medium dense, light reddish
brown, wet

T _with 2 trace of clay at 56.5' 27010323
L ogs 07Tk 12 [H 25 | - interlayered with Lean CLAY (CL) below 60.0° I T i e A

62_... D . 1
290

64 .::~ ...............................................
+-292 bk

15T INR 22

66':'.. ...............................................
294 SRR

68-,': 0 I N FRUPPT SUTPPTY FRUPPT SUPTR FEPRT SUPURY (PP
296 b
L o0s  ° 13l 16 | Lean CLAY (CL): light reddish brown, wet, with atrace of | | | |~ |~ 7|7 71~

(1IN sand

7s ! -verystifat7o.0 L L
-300

w0
-302

14NN 4 - soft at 75.0'

w0 W e

304 —

s 1

-306

The log and data presented are a simplification of actual conditions encountered at the time of drilling at the drilled location. Subsurface conditions may differ at other locations and with the passage of time.

COMPLETION DEPTH: 76.5 ft DRILLING METHOD: 4-inch-dia. Mud Rotary Wash

HAMMER TYPE: Automatic Trip
BACKFILLED WITH: Grout with Bentonite Chips DRILLED BY: Gregg Drilling
DRILLING DATE: October 8, 2008 LOGGED BY: S Varnell

CHECKED BY: J Everett

LOG OF BORING NO. RW-01
Black Rock Units 1,2 & 3

Callipatria, California
FIGURE A1-2b
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LOCATION: N 2,004,568 E 6,751,983 California State %
= S lo E Plane, Zone 6, NAD83, Feet - “ =2 | ow N % ~
3 =|2z|z|z&63 ER(ZS | xe |22 | o | Ex |89
E E|Fa|uyl8 S zE | O | EZ |25 |52 | BX|BE
< 5 Hs |z |Z S 2 | SURFACE EL: -228 ft +/- (rel. NAVD8S datum) c& eS| <k 22 |os | KU |26

L < = < sO1zZzF|2Z2|ag | I=5| < xZ
i %) < o z w - 3 z
= ol s (<j() IR 2 DE Sz 8 <§ 7 % 'E_GJ
MATERIAL DESCRIPTION 5o
Lean CLAY (CL):
- moderate yellowish brown and dry at 0.0’
losg 2420 || (e
Lo 420
1 E§ |E (10) | - medium stiff, light reddish brown, and wet, with a trace
-234 6 ’ill Of Sand at 50 . 123 ..... 9 7 NN 27 ........... 27 ..... 8 ........
loss 8471 | (e
|23 10444 - _ i i i i U AN IS RN R SR R
el 2 13 | Silty Fine SAND (SM): medium dense, light reddish
I brown, wet
T D O ) [T SYTTes [
L4214+ ...............................................
3 EEEE (11) | Lean CLAY (CL): medium stiff, light reddish brown, wet
L oas 164 = o tea g b gt gl
loas 184 || |
28 201454 4kl 10 FEE : i U AN IS RN R SR R
X RR A ity Fine SAND (SM): loose, dark yellowish brown to
e ’ light reddish brown, wet
loso 224201 1
loso o4tV
5 Eéiﬁ (10) | SILT with sand (ML): firm, light reddish brown, wet, with
254 26 . ill some clay iy | 64 | og e R S AR
lose 284 (0L
258 30 6 [ 6 [ Fat CLAY (CH). medium siiff, dark yellowish brown, wet N <
1IN
I / _______________________________________________
o o] / _______________________________________________
/
] 7 EEE (20) | Silty Fine SAND (SM): wet
264  364°f .- it - medium dense and light reddish brown at 35.0' A B Ts 7 07 Sl IRRRREY ARRRREN NS RERRRR
| 266 38 _ ...............................................

The log and data presented are a simplification of actual conditions encountered at the time of drilling at the drilled location. Subsurface conditions may differ at other locations and with the passage of time.

COMPLETION DEPTH: 51.5 ft DRILLING METHOD: 4-inch-dia. Mud Rotary Wash

HAMMER TYPE: Automatic Trip
BACKFILLED WITH: Grout with Bentonite Chips DRILLED BY: Gregg Drilling
DRILLING DATE: October 10, 2008 LOGGED BY: S Varnell

CHECKED BY: J Everett

LOG OF BORING NO. RW-02
Black Rock Units 1,2 & 3

Callipatria, California
FIGURE A1-3a
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LOCATION: N 2,004,568 E 6,751,983 California State

(I T O I O

278 50 %

280 52
282 54
284 56 -
286 58 -
-288 60
290 62
292 64
294 66 -
296 68
298 70
300 724
302 744
-304 76
306 78 A

Fat CLAY (CH): stiff, dark yellowish brown, wet

.
= slol 5 Plane, Zone 6, NAD83, Feet sl =l ow . |B2
3 |2z |z|xE3 EREe x| 22 o |EX 0D
% B | B2 |2 |T|Z2 | SURFACEEL: 228t +/- (rel. NAVDBS datum) Zrics | 5B |22|35 |Bh |G

w < = < SO|Z5 |22 |ads |35 | < zzZ
S 0225592 30|55 |73 (=8| 7 |2%| &L
x
MATERIAL DESCRIPTION S0

|8 38 - dense and dark yellowish brown to light reddish brown 21

1 U at 40.0
P O OO ) NSO Y N
072 44 ...............................................
1 9 @ (94) | - very dense and dark yellowish brown at 45.0'

274 46 - - . R T30 < A RS EERRREE ERRERS AERERS

The log and data presented are a simplification of actual conditions encountered at the time of drilling at the drilled location. Subsurface conditions may differ at other locations and with the passage of time.

DRILLING METHOD: 4-inch-dia. Mud Rotary Wash

COMPLETION DEPTH: 51.5 ft

BACKFILLED WITH: Grout with Bentonite Chips
DRILLING DATE: October 10, 2008

LOG OF BORING NO. RW-02

Black Rock Units 1,2 & 3
Callipatria, California

BORING LOG VENTURA  N:\PROJECTS\3652_CALENERGY\3652-001_BLACK_ROCK\EXPLORATIONS\GINT\2008\3652-001_2008_VACO08B.GPJ 1/19/09 02:06 p

HAMMER TYPE: Automatic Trip

DRILLED BY: Gregg Drilling
LOGGED BY: S Varnell
CHECKED BY: J Everett

FIGURE A1-3b
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LOCATION: N 2,004,120 E 6,751,781 California State g(C w“
= S lo E Plane, Zone 6, NAD83, Feet - “ =2 | ow N % ~
3 =|2z|z|z&63 ER(ZS | xe |22 | o | Ex |89
E E|Fa|uyl8 S zE | O | EZ |25 |52 | BX|BE
<>( oy ,"'_JE T % %3 SURFACE EL: -226 ft +/- (rel. NAVD88 datum) ,_5 ,:5 = ‘g‘g as 'u_:% 4 5

L < = < sO1zZzF|2Z2|ag | I=5| < xZ
w A %] < (o] z w o - z
S e 2 L 52|78 =R 7|27
MATERIAL DESCRIPTION 5o
Lean CLAY (CL):
- pale yellowish brown and dry at 0.0
loos 27 (| e
\20 44274 Ve
1 EEEIE (2) | - very soft, moderate yellowish brown, and wet at 5.0’
-232 6 .:“ . 121 ..... 9 3 NN 30 ............................
losa 8. (| | e
236 10T 2 W) e [ Sity Fine SAND (SM): loose, moderate to dark yellowish | | | M| T T[T T T
: o brown, wet, with a trace of clay
BT T et 0% 1 [ Y FEPRRT YRR FRPEPRY PEPERSY IRPPRY PEPRPRY RS
L 40 14+ ...............................................
13 Eg;u (13) | Lean CLAY (CL): medium stiff, dark yellowish brown,
242 16 % wet . 119 ..... 9 0 . 33 ............................
loas 1814 || | e
loas 20 . _ ] _ BN SR FRN ARSI W NN P
4 2 SILT (ML): soft, moderate yellowish brown, with some
’ sand
loas 224 (1L Y e
losg 24 (1L L e
R Eé“ (15) | Silty Fine SAND (SM): loose, moderate yellowish brown,
252 E“ wet . 126 . 103 . 23 ............................
R ¢S e I et e e e O N
| 056 30 16 ks Cean CIAY (CL) wel BN SR FRN ARSI W NN P
i\ - medium stiff and moderate to dark yellowish brown at
| pss 32 30,00 T
- with some sand at 31.0'
los0 3274 || |
7 EéEIE (27) | - very stiff and dark yellowish brown at 35.0'

L 262 364  with some sand at 36.0 ga7 toasa | 551 ool
loea 384771 (| |
The log and data presented are a simplification of actual conditions encountered at the time of drilling at the drilled location. Subsurface conditions may differ at other locations and with the passage of time.
COMPLETION DEPTH: 76.5 ft DRILLING METHOD: 4-inch-dia. Mud Rotary Wash

HAMMER TYPE: Automatic Trip
BACKFILLED WITH: Grout with Bentonite Chips DRILLED BY: Gregg Drilling
DRILLING DATE: October 14, 2008 LOGGED BY: S Varnell

CHECKED BY: J Everett

LOG OF BORING NO. RW-03
Black Rock Units 1,2 & 3

Callipatria, California
FIGURE A1-4a

BORING LOG VENTURA  N:\PROJECTS\3652_CALENERGY\3652-001_BLACK_ROCK\EXPLORATIONS\GINT\2008\3652-001_2008_VACO08B.GPJ 1/19/09 02:06 p
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CalEnergy Operating Corporation
Project No. 3652.001

LOCATION: N 2,004,120 E 6,751,781 California State g(C w“
= S lo E Plane, Zone 6, NAD83, Feet - “ =2 | ow N % ~
3 S |23 |=2|glE3 8| Z2 | es |23 o0 | B2 |82
E F|ED|4|Z|E0 =2 | 2% B | 8o |3 |25 |OF
<>,: o ,'-'_JE a % S= SURFACE EL: -226 ft +/- (rel. NAVD88 datum) ,_5 EG | <k | 2o | OS *J,g Z0o

w | < = < SO|Z5 |22 |ads |35 | < =z
Lo =215 3]95 30|55 |73 (=8| 7 |2%| &L
=
MATERIAL DESCRIPTION 5o
8 9 Silty Fine SAND (SM): wet
; fili - loose and moderate yellowish brown at 40.0'
RS R O e F ! (TR SETHS!
L 070 44+ ...............................................
1 o EEEIE (32) | - medium dense and moderate to dark yellowish brown at
L.o72 T S O ,5“ 45.0' . .1.2.1 ..... 9 4. . 29 ............................
Lean CLAY (CL): wet
- very stiff and dark brown at 46.3'
lo7a a8 /A | | | T T T T
276 507 10 - moderate yellowish brown at 50.0' T T T T T T
121 92 32
\o7e 5217 @l (e
loso 544/ /A || |
1 EgiiE (11) | - medium stiff and dark yellowish brown at 55.0'
| 082 56 4 i sos T lrag b
\osa 8 (| | e
286 60 T - — - i e R B R R et
12 9 SILT with sand (ML): stiff, dark yellowish brown, wet
LN
--288 62 M -
l 590 64 P
13 |Jfl 8 | Lean CLAY (CL): wet
F-292 66 (N - medium stiff and moderate to dark yellowish brown to |- -oof oo g
75.0'
losa &84/ || |
log6 70 i s N S FRN RSN WS RPN AP
.::E
lo0s 74 () e
lag0 24 (| | e
15 I 1 - very soft and dark yellowish brown to dark grayish
--302 76 N brown at 750' ...............................................
laga 764 | | e
The log and data presented are a simplification of actual conditions encountered at the time of drilling at the drilled location. Subsurface conditions may differ at other locations and with the passage of time.
COMPLETION DEPTH: 76.5 ft DRILLING METHOD: 4-inch-dia. Mud Rotary Wash
HAMMER TYPE: Automatic Trip
BACKFILLED WITH: Grout with Bentonite Chips DRILLED BY: Gregg Drilling
DRILLING DATE: October 14, 2008 LOGGED BY: S Varnell

CHECKED BY: J Everett

LOG OF BORING NO. RW-03
Black Rock Units 1,2 & 3

Callipatria, California
FIGURE A1-4b

BORING LOG VENTURA  N:\PROJECTS\3652_CALENERGY\3652-001_BLACK_ROCK\EXPLORATIONS\GINT\2008\3652-001_2008_VACO08B.GPJ 1/19/09 02:06 p



CalEnergy Operating Corporation
Project No. 3652.001

[

LOCATION: N 2,004,092 E 6,751,986 California State 5(:'?7:
= S lo E Plane, Zone 6, NAD83, Feet - “ =2 | ow N %—%
3 S |23 |=2|glE3 8| Z2 | es |23 o0 | B2 |82
E |2 |Y|F 2o . zE | O | HE (9% |22 | RX|DE
<>( o 'EE % % <§(§ SURFACE EL: -225.9 ft +/- (rel. NAVD88 datum) ,_% E@ %(E Eg os 2% Z0
u o % <| 5»0 Z5 w S| 23 zZ|<Z
D %55 52)52| 78| 48| ™= 2% 28

MATERIAL DESCRIPTION % N
i Lean CLAY (CL): pale yellowish brown, dry
208 >t
230 /4 1 e
1 [l 2 [ SILT with sand (ML): soft, light reddish brown, wet, 84
232 6 :i ﬁne_grained sand e
| 234 s4 (1L
2% 10 2 [T (19) | Sify Fine SAND (SM): Toose, light reddish brown, wet ST T T
il 126 | 103 | 23
loss 12411 b
Loao 14411+ Vb
3 WM 7 | Lean CLAY (CL): medium stiff, dark yellowish brown,
| a0 164 ™ wet, with atrace of sand ~~ feeefe e [ e
loas 1814 || | b
246 207F 4 i (@ | Sity Fine SAND (SM): loose, Tight eddish brown, wet ST T T
i 121 | 96 | 26
o 24X 0T T T
oo 244t
5 W 9
252 -:f ...............................................
lose L
2% 6 EEIE (18) [ Lean CLAY (CL): stiff, dark yellowish brown, wet ST T T T T
fid 15 | 84 | 37
loss 3247770 || b
loso 3444 || b
T 7 Wl 22 | Silty Fine SAND (SM): dark yellowish brown, wet
262 364 - > -mediumdense at 35.0' = e
L 264 38-..': sty

The log and data presented are a simplification of actual conditions encountered at the time of drilling at the drilled location. Subsurface conditions may differ at other locations and with the passage of time.

COMPLETION DEPTH: 86.5 ft

DRILLING METHOD: 4-inch-dia. Mud Rotary Wash

BACKFILLED WITH: Grout with Bentonite Chips
DRILLING DATE: October 14, 2008

LOG OF BORING NO. RW-04

Black Rock Units 1,2 & 3
Callipatria, California

BORING LOG VENTURA  N:\PROJECTS\3652_CALENERGY\3652-001_BLACK_ROCK\EXPLORATIONS\GINT\2008\3652-001_2008_VACO08B.GPJ 1/19/09 02:06 p

HAMMER TYPE: Automatic Trip

DRILLED BY: Gregg Drilling
LOGGED BY: S Varnell
CHECKED BY: J Everett

FIGURE A1-5a



CalEnergy Operating Corporation
Project No. 3652.001

[

LOCATION: N 2,004,092 E 6,751,986 California State 5(1-.(7’
= . E Plane, Zone 6, NAD83, Feet - “ 2| ow . % x
2“‘{&'4%$53 FRlZe a2 | an|ER |09
9IE8UJ“_,J_18 '-';J,_wm—"l.uzcﬁ'ﬁs,_»gx'of
% B | B2 |2 (2| I3 |SURFACEEL: -2259 i +/- (rel NAVDSS datum) ST|c5 |58 22|55 |58 |56
w < = < SO|Z5 |22 |ads |35 | < ==z
w A %] < (o] z w o - z
SR SIEHIIE b
MATERIAL DESCRIPTION % N
i 8 E;i[E (37) | -dense at40.0’
R i 122 | 104 | 17
268 42-:: ...............................................
F270 441 v
9 N 8 | Lean CLAY (CL): medium stiff, dark yellowish brown,
Lo70 461 ! wet, withatraceofsand |
Lo 48 |
lo76 50 10 . - SR RSSO ISR SR N RN
7 Fat CLAY (CH): dark yellowish brown, wet 115 | 78 | a8 73 | 50
S / _______________________________________________
L.ogo 54 -/ ...............................................
11 {1 6 - medium stiff at 55.0'
l--282 56 -/ -:f ...............................................
| og4 58 -% ...............................................
r-286 60 12 {14 [ SICT (ML): stiff, light reddish brown, wet, with a trace of ST T T T T
HN sand
| ogs 62 | -witha 2"silty clay seam at61.5' bl b e
logo 644 | |11 |
13 i} (12) [ Fat CLAY (CH): stiff, moderate to dark yellowish brown,
292 66 -/ E’” wet T
- % _______________________________________________
2% 70 14 Lean CLAY (CL): wet
- moderate yellowish brown at 70.0'
| ogg 72 498 103 [ o [
laoo 24 | |
15 I 1 - very soft and dark yellowish brown below 75.0' 31 | 16
302 761 1| Ot RERAttd EERRREE SRREEE] IIEIEE ERREE) LR
laa 8770 | | e

The log and data presented are a simplification of actual conditions encountered at the time of drilling at the drilled location. Subsurface conditions may differ at other locations and with the passage of time.

COMPLETION DEPTH: 86.5 ft

DRILLING METHOD: 4-inch-dia. Mud Rotary Wash

BACKFILLED WITH: Grout with Bentonite Chips
DRILLING DATE: October 14, 2008

LOG OF BORING NO. RW-04

Black Rock Units 1,2 & 3
Callipatria, California

BORING LOG VENTURA  N:\PROJECTS\3652_CALENERGY\3652-001_BLACK_ROCK\EXPLORATIONS\GINT\2008\3652-001_2008_VACO08B.GPJ 1/19/09 02:06 p

HAMMER TYPE: Automatic Trip

DRILLED BY: Gregg Drilling
LOGGED BY: S Varnell
CHECKED BY: J Everett

FIGURE A1-5b



CalEnergy Operating Corporation
Project No. 3652.001

[

ELEVATION, ft

DEPTH, ft

MATERIAL
SYMBOL

SAMPLE NO.

SAMPLERS

SAMPLER
BLOW COUNT

LOCATION: N 2,004,092 E 6,751,986 California State
Plane, Zone 6, NAD83, Feet

SURFACE EL: -225.9 ft +/- (rel. NAVD88 datum)

MATERIAL DESCRIPTION

UNIT WET
WEIGHT, pcf

UNIT DRY
WEIGHT, pcf

WATER
CONTENT, %
% PASSING
#200 SIEVE

LIQUID
LIMIT, %
PLASTICITY
INDEX, %
UNDRAINED SHEAR
STRENGTH, S, ksf

308

310

312

314

316

318

320

322

324

-326

r-328

330

332

334

336

338

--340

r-342

344

82 4

84

86

%

88

90

92 1

94 1

96

98

100

102 A

104 -

106 -

108

110

112 A

114

116

118 A

2
(o]

=

16

Fat CLAY (CH): very stiff, dark yellowish brown, wet

The log and data presented are a simplification of actual conditions encountered at the time of drilling at the drilled location. Subsurface conditions may differ at other locations and with the passage of time.

COMPLETION DEPTH: 86.5 ft

DRILLING METHOD: 4-inch-dia. Mud Rotary Wash

BACKFILLED WITH: Grout with Bentonite Chips
DRILLING DATE: October 14, 2008

LOG OF BORING NO. RW-04

Black Rock Units 1,2 & 3
Callipatria, California

BORING LOG VENTURA  N:\PROJECTS\3652_CALENERGY\3652-001_BLACK_ROCK\EXPLORATIONS\GINT\2008\3652-001_2008_VACO08B.GPJ 1/19/09 02:06 p

HAMMER TYPE: Automatic Trip

DRILLED BY: Gregg Drilling
LOGGED BY: S Varnell
CHECKED BY: J Everett

FIGURE A1-5c



CalEnergy Operating Corporation
Project No. 3652.001

[

LOCATION: N 2,004,222 E 6,752,411 California State 5(:-.(7,
= Sl E Plane, Zone 6, NAD83, Feet “ =2 | ow N %—%
e | 2 x S| > ol o 2|
S z|z3|a|hlu3 G & (g5 | 20| 2% ok |ax
L;( e | Es 2|2 S | SURFACE EL: -225.6 ft +/- (rel. NAVD8S datum) Eé e | 2B (22|35 | HE | LG

L < = < sO1zZzF|2Z2|ag | I=5| < xZ
< o P
5¢1°2| 78 |=%| 7|2 &k
MATERIAL DESCRIPTION % *
226 Lean CLAY (CL):
- pale yellowish brown and dry at 0.0
oA e
228
e Y L e b e
1 ggiﬁ (5) | - soft, dark yellowish brown, and wet at 5.0'
IS i ST O R [RTPRTS FRSATS) MR
s
234
S 2 [l 5 [ Silty Fine SAND (SM). moderate yellowish brown, wet JA i i A I
I - very loose at 10.0'
ot e
238
e L L e e b e
3 - with a trace of clay at 15.0'
B e ot 1 N NUUUPR NUUUUON INUURUS! NUUUR IS NUUURE
242 125 | 98 | 27
w0
244
L2se 2711 4 W 12 | - medium dense at 20.0° I R - I R Y
LN
22 _:.'. 1
248 SR
| 250 24-:.. 205 P [ N CRTEREE SYPRERY FEPRERE (ERTRTY EEREREE SRTRERE EACRERS
1F 5 6 | -loose, with a trace of clay at 25.0'
IR O A 1 Tty taes (oo
28 ..'.' ...............................................
H-254 R
L5620 6 Lean CLAY (CL): moderate yellowish brown, wet N N N I A B
32 19|88 .85 [
258
w0
260
7 (18) [ SILT (ML): stiff, moderate yellowish brown, wet
ey T e N [ESIRY SIERTH N
sJd L
264

The log and data presented are a simplification of actual conditions encountered at the time of drilling at the drilled location. Subsurface conditions may differ at other locations and with the passage of time.

DRILLING METHOD: 4-inch-dia. Mud Rotary Wash

COMPLETION DEPTH: 76.5 ft

BACKFILLED WITH: Grout with Bentonite Chips
DRILLING DATE: October 13, 2008

LOG OF BORING NO. RW-05

Black Rock Units 1,2 & 3
Callipatria, California

BORING LOG VENTURA  N:\PROJECTS\3652_CALENERGY\3652-001_BLACK_ROCK\EXPLORATIONS\GINT\2008\3652-001_2008_VACO08B.GPJ 1/19/09 02:06 p

HAMMER TYPE: Automatic Trip

DRILLED BY: Gregg Drilling
LOGGED BY: S Varnell
CHECKED BY: J Everett

FIGURE A1-6a



CalEnergy Operating Corporation
Project No. 3652.001

[

LOCATION: N 2,004,222 E 6,752,411 California State L5
= S lo E Plane, Zone 6, NAD83, Feet - “ =2 | ow N %—%
3 S |23 |=2|glE3 EREe x| 22 o |EX 0D
E £ |2 |4|Zgo == | 9% |EF | 3o |26 | 2| BE
< o 'U‘JE |2 S= SURFACE EL: -225.6 ft +/- (rel. NAVD88 datum) E5|E0|<E | <o |CS *(,—,g Z0o

L < = < sO1zZzF|2Z2|ag | I=5| < xZ
< w z
5¢1°2| 78 |=%| 7|2 &k
MATERIAL DESCRIPTION 5o
266 B ERK 25 | Silty Fine SAND (SM): medium dense, wet
e - moderate to dark yellowish brown with some iron-oxide
wdn 1 stainingat40.0' ~ b
268
R 2 OO HUUOOERUUUON FUUUUY VU UOUOY N
270 SR
1 o EEIE (45) | - dark yellowish brown at 45.0'
ISP I i o Ll bl e
48-'..: ...............................................
274 Rk
hore O y 10 M 13 | Fat CLAY (CH): stiff, dark yellowish brown, wet ST T e |39 T T
HN
N / _______________________________________________
278 %
. / _______________________________________________
280
/
SRR E’ lE (28) | Silty Fine SAND (SM): wet
| og2 R i - medium dense and dark yellowish brown at 55.0' qir ey s
- S N (SIS KSR [RESCLE SR (RS S R
286 S 12| 32 | - with a 2" clay seam at 60.0° T T T T T
RN hY - dense and moderate yellowish brown at 60.0
| 288 . ...............................................
oo ...............................................
y 13 || 15 [ Fat CLAY (CH): stiff, moderate to dark yellowish brown,
o / ot CLAY (CH): stf, moderafe fo dark yellowish brown, | | | | | | |
292
] % _______________________________________________
294
296 14 1 Lean CLAY (CL): very soft, wet
hY - dark yellowish brown at 70.0'
»y 1
298
o T L e
15 I 1 - moderate to dark yellowish brown at 75.0'
e 76T || A (AUt IAES IR SRR [SSNL SRSEN N
=4 0
304

The log and data presented are a simplification of actual conditions encountered at the time of drilling at the drilled location. Subsurface conditions may differ at other locations and with the passage of time.

COMPLETION DEPTH: 76.5 ft

DRILLING METHOD: 4-inch-dia. Mud Rotary Wash

BACKFILLED WITH: Grout with Bentonite Chips
DRILLING DATE: October 13, 2008

LOG OF BORING NO. RW-05

Black Rock Units 1,2 & 3
Callipatria, California

BORING LOG VENTURA  N:\PROJECTS\3652_CALENERGY\3652-001_BLACK_ROCK\EXPLORATIONS\GINT\2008\3652-001_2008_VACO08B.GPJ 1/19/09 02:06 p

HAMMER TYPE: Automatic Trip

DRILLED BY: Gregg Drilling
LOGGED BY: S Varnell
CHECKED BY: J Everett

FIGURE A1-6b
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CalEnergy Operating Corporation
Project No. 3652.001

LOCATION: N 2,004,172 E 6,752,610 California State <.
= S lo E Plane, Zone 6, NAD83, Feet - “ =2 | ow N % ~
3 S |23 |=2|glE3 8| Z2 | es |23 o0 | B2 |82
E F|ED|4|Z|E0 . =2 | 2% B | 8o |3 |25 |OF
S b | 22 |2 |Z| &2 | SURFACEEL: -2251t+- (rel. NAVDSS datum) CE|ch| 52| 22|35 |58 |26

L < = < sO1zZzF|2Z2|ag | I=5| < xZ

<< L Z
4 02215893 54| -z 8&%"5'—05'5'&
MATERIAL DESCRIPTION 5o
Lean CLAY (CL): moderate yellowish brown, dry

-226

oo
-228

Lo 0
230 1 W 5 [ SILT (ML): medium stiff, light reddish brown, wet, with a

6 :::E trace Of Sand ...............................................
232

Sl
234

T 2 ﬁ (14) [Sandy SILT (ML): Stiff, light reddish brown, wet N e e
236 118 | 94 | 25 | 58

Aot o LTS LT
238 1

14_ . . R [ 1 O e e N Y N
240 3 Fat CLAY (CH): light reddish brown, wet

164 SRS VR R ity
242

/ _______________________________________________
-244

) /é | | o

4 o Sandy SILT (ML): wet 55

246 11 - stiff and dark yellowish brown to light reddish brown,

SUNEE R with some clay at200° | Lo

-248 X

24_ . . S 1 e N (NN R [N R IR R I

250 e ) . :

1| |Ns 'H[' (1) | - light reddish brown at 25.0
26_ . t+ 0y e e

252 .

28_ ) D e R ERRRRER! ERRTREY EREREER! SRREREY ERERREE SRR B

254 ’

%0 5 [l 10 [ Lean CLAY (CL): stiff, dark yellowish brown, wet N N N R

256 1IN

oA
258

o0
260 ~I°T] 6 [Nl 8 [ Sty Fine SAND (SM): dark yellowish brown, wet

364°-] . i _ |OOSB, with a trace of clay at35.0° b
L.262 y o

38_...'. ';{ ...............................................
264 T

The log and data presented are a simplification of actual conditions encountered at the time of drilling at the drilled location. Subsurface conditions may differ at other locations and with the passage of time.

COMPLETION DEPTH: 76.5 ft DRILLING METHOD: 4-inch-dia. Mud Rotary Wash

HAMMER TYPE: Automatic Trip
BACKFILLED WITH: Grout with Bentonite Chips DRILLED BY: Gregg Drilling
DRILLING DATE: October 10, 2008 LOGGED BY: S Varnell

CHECKED BY: J Everett

LOG OF BORING NO. RW-06
Black Rock Units 1,2 & 3

Callipatria, California
FIGURE A1-7a

BORING LOG VENTURA  N:\PROJECTS\3652_CALENERGY\3652-001_BLACK_ROCK\EXPLORATIONS\GINT\2008\3652-001_2008_VACO08B.GPJ 1/19/09 02:06 p



CalEnergy Operating Corporation
Project No. 3652.001

[

LOCATION: N 2,004,172 E 6,752,610 California State E(f-»@
= S lo E Plane, Zone 6, NAD83, Feet - “ =2 | ow N %—%
3 S |23 |=2|glE3 8| Z2 | es |23 o0 | B2 |82
E F|ED|4|Z|E0 =2 | 2% B | 8o |3 |25 |OF
% & | B2 |2 (2| I3 |SURFACEEL: -225ft+- (rel. NAVDES datum) ST|c5 |58 22|55 |58 |56

L < = < sO1zZzF|2Z2|ag | I=5| < xZ
z | z
52|72 | 78| =%| 7 |2% | &R
MATERIAL DESCRIPTION % N
T 7 26 - medium dense at 40.0'
--266 I
424 <0
268
44 N ...............................................
[-270 15400 8 (W] 33 | - dense at 45.0
46 - [ O Y o TN I T RRINURE ETTRu
272
48" ...............................................
H-274 o
5 y 9 [l 6 [ FatCLAY (CH): medium stif, moderate yellowishbrown |~ [~ 1~ 1~ 7|~ |7~ ~
276 \ to dark yellowish brown, wet
7 1
278 /
54 1 / ...............................................
280 7 - . . . :
10 5 Lean CLAY (CL): medium stiff, dark yellowish brown,
56 hY Wet, Yvith some iron oXide Staining and dark gray ...............................................
| o2 banding
s
284
SO T 11 [ 16 [ Silty Fine SAND (SM): medium dense, dark yellowish ST T
--286 i brown, wet
RN | -with a 2" silty clay seam at 61.5° |l
--288
290 y 12 [l 13 [ Fat CLAY (CH): stff, dark yellowish brown, wet 75 | 50
///7 ). (| R R A A FUUURN NN FUUURRN RUNUUR AUOOURN RO IO
LN
) /
. / _______________________________________________
F-294 /
7Z/n S O RO R RN S
n 13Nl 1 | Lean CLAY (CL): dark yellowish brown, wet
296 hY - very soft, with some iron oxide staining at 70.0'
oA
298
w20 o
300 14 I 5 - medium stiff, with a trace of sand and rock fragments
76_ hY at 75-0' ...............................................
302
w4t
304

The log and data presented are a simplification of actual conditions encountered at the time of drilling at the drilled location. Subsurface conditions may differ at other locations and with the passage of time.

COMPLETION DEPTH: 76.5 ft

DRILLING METHOD: 4-inch-dia. Mud Rotary Wash

BACKFILLED WITH: Grout with Bentonite Chips
DRILLING DATE: October 10, 2008

LOG OF BORING NO. RW-06

Black Rock Units 1,2 & 3
Callipatria, California

BORING LOG VENTURA  N:\PROJECTS\3652_CALENERGY\3652-001_BLACK_ROCK\EXPLORATIONS\GINT\2008\3652-001_2008_VACO08B.GPJ 1/19/09 02:06 p

HAMMER TYPE: Automatic Trip

DRILLED BY: Gregg Drilling
LOGGED BY: S Varnell
CHECKED BY: J Everett

FIGURE A1-7b
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CalEnergy Operating Corporation
Project No. 3652.001

LOCATION: N 2,004,790 E 6,752,499 California State L5
= Sl E Plane, Zone 6, NAD83, Feet - “ =2 | ow N %-‘_
3 =|2z|z|z&63 H8| &2 ae |25 | o |EX |82
E E|Fa|uyl8 S zE | O | EZ |25 |52 | BX|BE
< 5 Es |z |2 S 2 | SURFACE EL: -227 ft +/- (rel. NAVD88 datum) c& eS| <k 22 |os | KU |26

w | < = < SO|Z5 |22 |ads |35 | < =z
EDEU}%%U’% %§3§8°\°§ —'E_anggé
'_
MATERIAL DESCRIPTION 5o
Lean CLAY (CL): moderate yellowish brown, dry
228
A
230
4 .0 e
232 1 Wl 5 [ SILT (ML): medium stiff, dark yellowish brown, wet 89
6. = I e EEEREE RO RN NAEREEY FEREEEE SO PUNPENN
234
s4 11
236
0T 2 T (20) | Sily Fine SAND (SM): medium dense, dark yellowish JER i A I
1238 ii“ brown, wet 121 | o8 | 24
12 - ) : o b
240
144~ N FECPIRY PETPIR) [PTPER RERPRY IRPIRRD SEPERSS PPN
242 77,7 3 [l 9 [ Lean CLAY (CL): stiff, light reddish brown, wet 50 | 30
16. = I e EEEREE RO RN NAEREEY FEREEEE SO PUNPENN
244
w A e
246
207 w4 E§E|E (19) [ Silty Fine SAND (SM): medium dense, light reddish T T T T
[-248 S brown, wet 123 | 99 | 24
250
252 =15 W 35
254
256 =
6 E§EIE (21) [ Lean CLAY (CL): stiff, dark yellowish brown to light T T T T
258 i reddish brown, wet, 1" clayey silt seam at 31.5' 118 | 88 34
o0 rror
260
ad AN
262 ~T-T] 7 [l 22 [ Sty Fine SAND (SM): medium dense, light reddish
36 - ::f brOWn, Wet ...............................................
264 s
38_...'. ';{ ...............................................
266 T
The log and data presented are a simplification of actual conditions encountered at the time of drilling at the drilled location. Subsurface conditions may differ at other locations and with the passage of time.
COMPLETION DEPTH: 76.5 ft DRILLING METHOD: 4-inch-dia. Mud Rotary Wash
HAMMER TYPE: Automatic Trip
BACKFILLED WITH: Grout with Bentonite Chips DRILLED BY: Gregg Drilling
DRILLING DATE: October 8, 2008 LOGGED BY: S Varnell

CHECKED BY: J Everett

LOG OF BORING NO. RW-07
Black Rock Units 1,2 & 3

Callipatria, California
FIGURE A1-8a

BORING LOG VENTURA  N:\PROJECTS\3652_CALENERGY\3652-001_BLACK_ROCK\EXPLORATIONS\GINT\2008\3652-001_2008_VACO08B.GPJ 1/19/09 02:06 p
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CalEnergy Operating Corporation
Project No. 3652.001

LOCATION: N 2,004,790 E 6,752,499 California State g(C w“
= . E Plane, Zone 6, NAD83, Feet - “ =2 | ow N % ~
Zt&'—'%@ﬁ: FRlZe a2 | an|ER |69
© I Eg |_u'-'_|J_|8 "';J'_-Ql—' wz oY So| 9% oz
L;( 5 Hs |z |Z S 2 | SURFACE EL: -227 ft +/- (rel. NAVD88 datum) c& eS| <k 22 |os | KU |26

L < = < sO1zZzF|2Z2|ag | I=5| < xZ
w A %] < (o] z w o - z
S e 2 L 52|78 =R 7|27
MATERIAL DESCRIPTION S0
T T-NR 35
--268
bk 8 s
270 (39) 133 [ 110°| "21
-270
aq’ ...............................................
27 S EER I v P 14
46 amN- e
274
48 -','. ...............................................
E N
5 y 10 i;iiE (11) [ Fat CLAY (CH): medium stff, light reddish brown, wet, ST T T
278 i with a trace of silt 16 | 85 | 38 72 | 48
s | |
280
o / _______________________________________________
L.282 AL L SR . : _ .
BB 22 | Silty Fine SAND (SM): medium dense, light reddish 46
56 1 brown‘ Wet ...............................................
284 y
58 ...............................................
--286 :
60—::~ 83 R T R B e B
--288 ;
62 B ::. ...............................................
-290 -+
64'.', ; ...............................................
292 12 [{fl 16 [ Lean CLAY (CL): wet
66 :::i - dark yeIIOWISh broWn to 750‘ ...............................................
| 294 - very stiff at 65.0
st A |l |
296
704 BT s _ medium stif below 70.0 U A AN W NN NSO RS
--298
1IN
»24 !
--300
wy,/ /A
302 14 M 7 - dark yellowish brown to light reddish brown at 75.0'
76 A T T e T
--304
4 ! !
--306
The log and data presented are a simplification of actual conditions encountered at the time of drilling at the drilled location. Subsurface conditions may differ at other locations and with the passage of time.
COMPLETION DEPTH: 76.5 ft DRILLING METHOD: 4-inch-dia. Mud Rotary Wash
HAMMER TYPE: Automatic Trip
BACKFILLED WITH: Grout with Bentonite Chips DRILLED BY: Gregg Drilling
DRILLING DATE: October 8, 2008 LOGGED BY: S Varnell

CHECKED BY: J Everett

LOG OF BORING NO. RW-07
Black Rock Units 1,2 & 3

Callipatria, California
FIGURE A1-8b

BORING LOG VENTURA  N:\PROJECTS\3652_CALENERGY\3652-001_BLACK_ROCK\EXPLORATIONS\GINT\2008\3652-001_2008_VACO08B.GPJ 1/19/09 02:06 p



CalEnergy Operating Corporation
Project No. 3652.001

[

LOCATION: N 2,005,752 E 6,752,870 California State %
= S lo E Plane, Zone 6, NAD83, Feet - “ =2 | ow N %—%
5 Z|Zg|=z|x|E3 FRl e e |22 | ax|ER|BO
SIigm“_,J_IS "';J'_-QD—LIJZ(T)LLJs'_rQX‘DI
< 5 Hs |z |Z S 2 | SURFACE EL: -2285ft +/- (rel. NAVD8S datum) c& eS| <k 22 |os | KU |26

W < = < SO|Zz5 |2z | |35 | < <z
w A %] < (o] z w N - z
S e 2 L 52|78 =R 7|27
MATERIAL DESCRIPTION 5o
Lean CLAY (CL):
230 - pale yellowish brown and dry at 0.0
2 ] % @ _ soft, light brown, and slightly moistto moistat20' ||
F-232 123 | 96 28
2. e
L034 2 [ 2 Silty Fine SAND (SM): very loose, moderate yellowish
6 broWn, Very moist ...............................................
H-236
s L
H-238
104 IS SO IS WU AU NN A
F-240
o4 e
F-242
w4
F-244
w4 e
F-246
w4 e
F-248
20 IS SO IS WU AU NN A
F-250
od L
F-252
wud L
F-254
»sd
F-256
%s4d Lt
258
30 IS SO IS WU AU NN A
F-260
o4
262
ad L
F-264
w4 L
266
.4
--268

COMPLETION DEPTH: 6.5 ft
DEPTH TO WATER: Not Encountered
BACKFILLED WITH: Grout with Bentonite Chips
DRILLING DATE: October 15, 2008

The log and data presented are a simplification of actual conditions encountered at the time of drilling at the drilled location. Subsurface conditions may differ at other locations and with the passage of time.

DRILLING METHOD: 8-inch-dia. Hollow Stem Auger

LOG OF BORING NO. HSA-01

Black Rock Units 1,2 & 3
Callipatria, California

BORING LOG VENTURA  N:\PROJECTS\3652_CALENERGY\3652-001_BLACK_ROCK\EXPLORATIONS\GINT\2008\3652-001_2008_VACO08B.GPJ 1/19/09 02:06 p

HAMMER TYPE: Automatic Trip

DRILLED BY: Gregg Drilling
LOGGED BY: S Varnell
CHECKED BY: J Everett

FIGURE A1-9



CalEnergy Operating Corporation
Project No. 3652.001

[

LOCATION: N 2,005,656 E 6,752,525 California State 5(:'27:
&= Slol E Plane, Zone 6, NAD83, Feet oo 2| ow N %"_
Z ®|22|z|e|85 FlZe |23 | AR |ER|BX
,(:DIE8UJ”_|J—'8 Yolog |z | ad |59 |aT
S b | B2 | g |Z| L2 | SURFACEEL: -2283ft+/- (rel. NAVDSS datum) CI|cs |5k |22(35|54 |26
W< = < SOlZ5 |2z |ae |35 | <8 |22
w A %] < (o] z w < - z
o = 5() ) U)E_J, :)g 3; 8 =¥ T DD::.':_J
MATERIAL DESCRIPTION % *
Lean CLAY (CL):
- pale yellowish brown and dry at 0.0
+-230 oA Lo
2 1 (3) | - very soft, moderate yellowish brown, and very moist to
wet at 2.0' 116 | 91 28
H-232
s I I N IUCCORH! NS UV RSN IS NUTUE RN
| 224 2 (2) | SILT (ML): very soft, moderate yellowish brown, very
- 6 moist to wet, with a trace of sand gl VR0 507y A0 IRRREED EERERES RERRERS AEERRRD
236 o
238 | e e
240 o0 L
2420 e
r244 L
246 o L
248 o | e e
=250 o1 L
252 L, | |
r254 Lol
r256 Lol |
258 0 | e e
260 o | |
262 o | |
r264 oo
=266 ol |
H-268

The log and data presented are a simplification of actual conditions encountered at the time of drilling at the drilled location. Subsurface conditions may differ at other locations and with the passage of time.

COMPLETION DEPTH: 6.5 ft
DEPTH TO WATER: Not Encountered
BACKFILLED WITH: Grout with Bentonite Chips
DRILLING DATE: October 15, 2008

DRILLING METHOD: 8-inch-dia. Hollow Stem Auger

LOG OF BORING NO. HSA-02

Black Rock Units 1,2 & 3
Callipatria, California

BORING LOG VENTURA  N:\PROJECTS\3652_CALENERGY\3652-001_BLACK_ROCK\EXPLORATIONS\GINT\2008\3652-001_2008_VACO08B.GPJ 1/19/09 02:06 p

HAMMER TYPE: Automatic Trip

DRILLED BY: Gregg Drilling
LOGGED BY: S Varnell
CHECKED BY: J Everett

FIGURE A1-10



CalEnergy Operating Corporation

Project No. 3652.001

[

LOCATION: N 2,005,555 E 6,752,124 California State Co
&= . = Plane, Zone 6, NAD83, Feet — © N w =
zZ | 322(|2|2 x5 i—EE&m_—(ng S| Ex|BD
QIigm“_,JU_IJS '-';ﬂ_—m—'uzﬁ“igf_»ggof
L;( 5 Hs |z |Z S | SURFACE EL: -228.9 ft +/- (rel. NAVD8S datum) c& eS| <k 22 |os | KU |26

L < = < sO1zZzF|2Z2|ag | I=5| < xZ
] %) < (@) z w - 3 z
o ol = 3() P wE' Dg D; 8 2y N GDCIPI:_J
MATERIAL DESCRIPTION 5o
B BULK| Lean CLAY (CL): pale yellowish brown, dry 9% | 38 | 25
-230
) ; ) ST Toderais o darkyeTowsibrawnverymost ||| | 1|
232 to wet
2 - softat 2.0’ e
A 4

234 2 EEIE (3) T -verysoftat5.0'

6 i TSI NUR RS IS RN N N

-236

A1ttt

-238 SZ

T 3 WAl 5 [ Sifty Fine SAND (SM): loose, moderate yellowish brown, | |~ 1" 1~ 7|~ 7|7 71~
240 1IN wet

12 B ) : o b
F-242

wdt o

244 777} 4 | & [ Lean CLAY (CL): medium stiff, dark yellowish brown,

16 I Wet ...............................................

246

wy A Ly
F-248
2 5 Wil 4 [ Sity Fine SAND (SM): very loose, dark yellowishbrown, | | | |~ [~ 7|7 "~

250 I wet

F-252

[-254 T 6 NIl 7 [ Sifty Fine SAND (SM) to Sandy SILT (ML): loose, dark

26 . i yeIIowish brown, wet ke e f

-256

s L
-258

304 N IS O N NN N N
-260

-
F-262

ol
F-264

s Lt
-266

4
-268

The log and data presented are a simplification of actual conditions encountered at the time of drilling at the drilled location. Subsurface conditions may differ at other locations and with the passage of time.

DRILLING METHOD: 8-inch-dia. Hollow Stem Auger

COMPLETION DEPTH: 26.5 ft

DEPTH TO WATER: 5.0 ft

BACKFILLED WITH: Grout with Bentonite Chips
DRILLING DATE: October 15, 2008

LOG OF BORING NO. HSA-03

Black Rock Units 1,2 & 3
Callipatria, California

BORING LOG VENTURA  N:\PROJECTS\3652_CALENERGY\3652-001_BLACK_ROCK\EXPLORATIONS\GINT\2008\3652-001_2008_VACO08B.GPJ 1/19/09 02:06 p

HAMMER TYPE: Automatic Trip

DRILLED BY: Gregg Drilling
LOGGED BY: S Varnell
CHECKED BY: J Everett

FIGURE A1-11
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CalEnergy Operating Corporation
Project No. 3652.001

LOCATION: N 2,005,469 E 6,751,158 California State %
= . E Plane, Zone 6, NAD83, Feet - “ =2 | ow N % ~
Zt&'—'%@ﬁ: FRl e e |22 | ax|ER|BO
SIigm“_,J_IS '-';J,_-gi—'uza"'—Js'_»ngf
< E Hs |z |Z S 2 | SURFACE EL: -228.8 ft +/- (rel. NAVD8S datum) cE|ES '%—(E 22 |os | KU |26

< = < S22 Z oo | d5 | < 4
w A %] < (o] z w N - Z|<
z ° 27|53 °3 5¢1°2| 78 |=%| 7|2 &k
MATERIAL DESCRIPTION So
B BULK| Lean CLAY (CL): 98 | 33 | 17
L 230 - pale yellowish brown and dry at 0.0'
2 ] @ | - soft, moderate yellowish brown, and moistat 20 | f e
2. e
234 2 (4) | Silty Fine SAND (SM) to Sandy SILT (ML): very loose,
6 M 4 moderate ye||0WISh bl‘OWl’], Very mo'st to Wet 126101 25 ............................
236
s L
238
10 R R e B R ittt LR
F-240
o4 e
242
w4
244
w4 e
246
w4 e
248
20 ISR IO ISR INSOU I S AP
F-250
od L
252
wud L
254
»sd
256
%sd Lt
258
30 R i S B B s Rebi
260
w4
262
ad L
264
w4 L
266
.4
268

The log and data presented are a simplification of actual conditions encountered at the time of drilling at the drilled location. Subsurface conditions may differ at other locations and with the passage of time.

COMPLETION DEPTH: 6.5 ft DRILLING METHOD: 8-inch-dia. Hollow Stem Auger
DEPTH TO WATER: Not Encountered HAMMER TYPE: Automatic Trip
BACKFILLED WITH: Grout with Bentonite Chips DRILLED BY: Gregg Drilling
DRILLING DATE: October 15, 2008 LOGGED BY: S Varnell

CHECKED BY: J Everett

LOG OF BORING NO. HSA-04
Black Rock Units 1,2 & 3

Callipatria, California
FIGURE A1-12

BORING LOG VENTURA  N:\PROJECTS\3652_CALENERGY\3652-001_BLACK_ROCK\EXPLORATIONS\GINT\2008\3652-001_2008_VACO08B.GPJ 1/19/09 02:06 p
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CalEnergy Operating Corporation
Project No. 3652.001

LOCATION: N 2,005,837 E 6,754,161 California State %
= . E Plane, Zone 6, NAD83, Feet - “ =2 | ow N % ~
%tg'al%@ﬁj FRl e e |22 | ax|ER|BO
EOEZlza|wlH S Yo|og|uz |08 |5 |9 |aT
< oy ,'-'_JE T S %3 SURFACE EL: -224 ft +/- (rel. NAVD88 datum) 5 A= ‘g‘g as ’u_:% 25

o = ) == =z
m o a

=

MATERIAL DESCRIPTION 5o

B BULK| Lean CLAY with sand (CL): pale yellowish brown, dry 75
, - with a 6" silty sand layer at 0.0' (dirt road)
226 2 : 1 (8) SILT (ML) medium Stiff, moderate ye”owish brown1 Very ...............................................
moist to wet 18 | 94 | 26
loos 441 L1 T
] 2 (5) | Silty Fine SAND (SM): very loose, moderate yellowish

230 64"~ bI’OWI'\, very moist to wet . 120 ..... 9 7 . 23 ............................
Loz g4 | | e
o34 104 IS ISR S WP S SRR R
loss 124 | L
loss 144 | L
loso 64 | Ve
loao 184 | Ve
L oas 20 IS ISR S WP S SRR R
loas 224 | | e
loag 244 | | e
loso 264 | || e e
loso 284 | |
| 254 30 IS ISR S WP S SRR R
loss 324 | || e
losg 344 | || e
loso 364 | |
los2 384 | || e

The log and data presented are a simplification of actual conditions encountered at the time of drilling at the drilled location. Subsurface conditions may differ at other locations and with the passage of time.

COMPLETION DEPTH: 6.5 ft DRILLING METHOD: 8-inch-dia. Hollow Stem Auger
DEPTH TO WATER: Not Encountered HAMMER TYPE: Automatic Trip
BACKFILLED WITH: Grout with Bentonite Chips DRILLED BY: Gregg Drilling
DRILLING DATE: October 17, 2008 LOGGED BY: S Varnell

CHECKED BY: J Everett

LOG OF BORING NO. HSA-05
Black Rock Units 1,2 & 3

Callipatria, California
FIGURE A1-13

BORING LOG VENTURA  N:\PROJECTS\3652_CALENERGY\3652-001_BLACK_ROCK\EXPLORATIONS\GINT\2008\3652-001_2008_VACO08B.GPJ 1/19/09 02:06 p



CalEnergy Operating Corporation
Project No. 3652.001

[

LOCATION: N 2,005,027 E 6,752,048 California State g:f»(;,
= S lo E Plane, Zone 6, NAD83, Feet - “ =2 | ow N %—%
52\&C |55 | 28| 2F |oF a7
= & E“E” z T %(;) SURFACE EL: -228.1 ft +/- (rel. NAVD88 datum) E% =5 '%—(E 22 3E EQ uh

Eo| =9 == 22
5 5|25 2549 %§3§8°\°%"E‘Zg§
MATERIAL DESCRIPTION S0
Lean CLAY (CL): pale yellowish brown, dry
+230 oYX/ /4 1 o 0000000000000
2 1 (8) [ Silty Fine SAND (SM) to Sandy SILT (ML): loose,
moderate yellowish brown, moist to very moist 15| 92 | 26
L0232 7 S0 I e e e T
2 (2) | Lean CLAY (CL): very soft, moderate yellowish brown,
234 6 moist to very moist i5 1 a8 |l
236 s4 L 0
-238 104 USSR PSSO OSSR OV NOSNPUIEN NN (R
t240 124 | L
k242 44 | Ve
t2a4 14 | L e
t2a6 184 | |
-248 204 T R s T S R R
250 224 | (e
t252 o4 | L e
t2s4a o054 | L e
t2s6 o84 | |
258 30— USRS FENSPUS S VO GSUR N NSV NG B
260 324 | | e
t262 344 | e
264 364 |
26 384 | [ |

COMPLETION DEPTH: 6.5 ft
DEPTH TO WATER: Not Encountered
BACKFILLED WITH: Grout with Bentonite Chips
DRILLING DATE: October 15, 2008

The log and data presented are a simplification of actual conditions encountered at the time of drilling at the drilled location. Subsurface conditions may differ at other locations and with the passage of time.

DRILLING METHOD: 8-inch-dia. Hollow Stem Auger

LOG OF BORING NO. HSA-06

Black Rock Units 1,2 & 3
Callipatria, California

BORING LOG VENTURA  N:\PROJECTS\3652_CALENERGY\3652-001_BLACK_ROCK\EXPLORATIONS\GINT\2008\3652-001_2008_VACO08B.GPJ 1/19/09 02:06 p

HAMMER TYPE: Automatic Trip

DRILLED BY: Gregg Drilling
LOGGED BY: S Varnell
CHECKED BY: J Everett

FIGURE A1-14
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CalEnergy Operating Corporation
Project No. 3652.001

LOCATION: N 2,004,934 E 6,751,075 California State E(f w“
= S lo E Plane, Zone 6, NAD83, Feet - “ =2 | ow N % ~
%tg'alzmﬁj FRl e e |22 | ax|ER|BO
E E|Fa|uyl8 S S (oL |z | ol |5 |Cx (2T
< & |55 |2 |2|S2 |SURFACEEL: -228ft+- (rel. NAVDSS datum) CI|cs |5k |22(35|54 |26

W< = < SOlZ5 |2z |ae |35 | <8 |22
w A %] < (o] z w N - z
S e 2 L 52|78 =R 7|27
MATERIAL DESCRIPTION S0
Lean CLAY (CL):
- pale yellowish brown and dry at 0.0
lo3g 2 ] % @) | - very soft, moderate yellowish brown, and moistat2.0' ||
114 | 88 30
Lo 420 T
] 2 (10) | Silty Fine SAND (SM): loose, moderate yellowish brown,
234 6 A Very mOiSt tO Wet . 121 ..... 9 8 . 23 ............................
lose 84 |
l 238 10 [ IO IO RPN I NN R
Loao 124 |
loas 144 |
loas w4 |
loass 154 |
| oas 20 [ IO IO RPN I NN R
loso 224 |
loso 244 |
losa 264 |
lose 284 | |
| 258 30 [ IO IO RPN I NN R
los0 324 |
los2 344 |
losa 364 | |
loes 384 |

The log and data presented are a simplification of actual conditions encountered at the time of drilling at the drilled location. Subsurface conditions may differ at other locations and with the passage of time.

COMPLETION DEPTH: 6.5 ft DRILLING METHOD: 8-inch-dia. Hollow Stem Auger
DEPTH TO WATER: Not Encountered HAMMER TYPE: Automatic Trip
BACKFILLED WITH: Grout with Bentonite Chips DRILLED BY: Gregg Drilling
DRILLING DATE: October 15, 2008 LOGGED BY: S Varnell

CHECKED BY: J Everett

LOG OF BORING NO. HSA-07
Black Rock Units 1,2 & 3

Callipatria, California
FIGURE A1-15

BORING LOG VENTURA  N:\PROJECTS\3652_CALENERGY\3652-001_BLACK_ROCK\EXPLORATIONS\GINT\2008\3652-001_2008_VACO08B.GPJ 1/19/09 02:06 p
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CalEnergy Operating Corporation
Project No. 3652.001

LOCATION: N 2,005,823 E 6,755,553 California State %
= . = Plane, Zone 6, NAD83, Feet - o wj <
z =|23(2/2/83 8 %8 e | 28 | o |Ex |59
£ E|Eo|4lF|as . == | 0% |HE |85 |32 | 2| BE
< o 'ZE 1 g <§t§ SURFACE EL: -223 ft +/- (rel. NAVD88 datum) *:é 59 EE < gz 2% <Z((ZD
leJo§“’(<;:’§,§w§ %gjggo\og —IEIZ%HKJ

MATERIAL DESCRIPTION 5 2
B BULK| Lean CLAY (CL): pale yellowish brown, dry 98

224 - with a 6" silty sand layer at 0.0' (dirt road)

2 1 41 % ) Sandy SILT (ML): very soft, moderate yellowishbrown. ||| [ 1
226 1 ’ moist 107 | 83 | 29

At rtr e
228 Tl 2 @ (7) [ Silty Fine SAND (SM): loose, moderate yellowish brown,

6 e Vel’y mo'st to Wet 115 ..... g 2 25 ............................
F-230

s L
F-232

10 R s i ST SR B S
H-234

o4 e
236

w4
238

w4 e
F-240

w4 e
F-242

20 IS ISR S WP S SRR R
F-244

od L
F-246

wud L
248

»sd
F-250

%sd Lt
252

30 R e i B e s e
F-254

w4
F-256

ad 0t
258

w4
F-260

.4
262

The log and data presented are a simplification of actual conditions encountered at the time of drilling at the drilled location. Subsurface conditions may differ at other locations and with the passage of time.

COMPLETION DEPTH: 6.5 ft DRILLING METHOD: 8-inch-dia. Hollow Stem Auger
DEPTH TO WATER: Not Encountered HAMMER TYPE: Automatic Trip
BACKFILLED WITH: Grout with Bentonite Chips DRILLED BY: Gregg Drilling
DRILLING DATE: October 17, 2008 LOGGED BY: S Varnell

CHECKED BY: J Everett

LOG OF BORING NO. HSA-08
Black Rock Units 1,2 & 3

Callipatria, California
FIGURE A1-16

BORING LOG VENTURA  N:\PROJECTS\3652_CALENERGY\3652-001_BLACK_ROCK\EXPLORATIONS\GINT\2008\3652-001_2008_VACO08B.GPJ 1/19/09 02:06 p
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CalEnergy Operating Corporation
Project No. 3652.001

LOCATION: N 2,004,753 E 6,751,236 California State L5
= . E Plane, Zone 6, NAD83, Feet - “ =2 | ow N % ~
Zt&'—'%@ﬁ: FRl e e |22 | ax|ER|BO
9IE8|_|J'-'_IJ_|8 Yolog |z | ad |59 |aT
L;( 5 Hs |z |Z S 2 | SURFACE EL: -227.5ft +/- (rel. NAVD8S datum) c& eS| <k 22 |os | KU |26

w | < = < sO1zZzF|2Z2|ag | I=5| < 4
w A %] < (o] z w N - z
S e 2 L 52|78 =R 7|27
MATERIAL DESCRIPTION 5o
L oog B BULK| Lean CLAY (CL): pale yellowish brown, dry
- P T STty Fine SAND (SM) very Toose. moderais yalowish 1~~~ [ | p
brown, very moist to wet 108 | 83 | 30
at o
232
2 Eggl; (6) T SILT (ML): soft, moderate yellowish brown, very moist to
| 934 6 agn Wet 115 ..... 9 1 26 ............................
N Y
236
L oss U713 W 10 [ Sifty Fine SAND (SM): Toose, moderate yellowish brown, | | 17 1~ 7~ 7|7 71~
cfre I wet
4t rtr o
240
wdst-
242 ’
4 M 1 Lean CLAY (CL): very soft, moderate yellowish brown,
16 1IN Wet, Wlth a traCe Of Sand ...............................................
244
w2t
246
Loas 1715 W 1 [ Sifty Fine SAND (SM): moderate yellowish brown, wet E i I R A
cfor (I - very loose at 20.0'
e 2T T e e
- I it S At S E At
ol 6 Wl 11 | - medium dense at 25.0'
- Ny e
s 0
256
30 R i Rl R B et
258
7 S e e e e A
260
T e e e e A
262
ws4
264
4
266
The log and data presented are a simplification of actual conditions encountered at the time of drilling at the drilled location. Subsurface conditions may differ at other locations and with the passage of time.
COMPLETION DEPTH: 26.5 ft DRILLING METHOD: 8-inch-dia. Hollow Stem Auger
DEPTH TO WATER: 5.0 ft HAMMER TYPE: Automatic Trip
BACKFILLED WITH: Grout with Bentonite Chips DRILLED BY: Gregg Drilling
DRILLING DATE: October 15, 2008 LOGGED BY: S Varnell

CHECKED BY: J Everett

LOG OF BORING NO. HSA-09
Black Rock Units 1,2 & 3

Callipatria, California
FIGURE A1-17

BORING LOG VENTURA  N:\PROJECTS\3652_CALENERGY\3652-001_BLACK_ROCK\EXPLORATIONS\GINT\2008\3652-001_2008_VACO08B.GPJ 1/19/09 02:07 p



CalEnergy Operating Corporation
Project No. 3652.001

[

LOCATION: N 2,004,617 E 6,751,677 California State 5(:'?7:
= . S lo E Plane, Zone 6, NAD83, Feet - “ =2 | ow N %-‘:
5 ©|33|Z|853 G3|E5 g5 | 20| e% |52 |02
= E &S |3 T| £ | SURFACE EL: 227 ft +/- (rel. NAVDSS datum) - £d | £E| 22|35 (58 |25
E“d‘g‘%g;gé‘,% %§%§§§§§"3§Z§§

MATERIAL DESCRIPTION % »
% B BULK| Fat CLAY (CH): pale yellowish brown, dry 52 | 33
228
N7, | R R 1 U VR N O
1 Lean CLAY (CL): moderate yellowish brown, very moist
- - medum sif at 20 S N 0 T T
2% 2 EEIE (2) | -verysoftat5.0'
64 it S RN (RSP NN FRSTINY SERTI] A
234
P OO Y FUU WU IO DU I
236
104 IR AU WU U RN R R
238
ot
240
wd Lt
242
el 0
244
1 S A U EUU IO U
246
20 IR AU WU U RN R R
248
»d 0t
250
ad
252
%4 !t r
254
-4 !
256
304 IR AU WU U RN R R
258
2 0t
260
ad 0t
262
4 ! !
264
s
266

COMPLETION DEPTH: 6.5 ft
DEPTH TO WATER: Not Encountered
BACKFILLED WITH: Grout with Bentonite Chips
DRILLING DATE: October 15, 2008

The log and data presented are a simplification of actual conditions encountered at the time of drilling at the drilled location. Subsurface conditions may differ at other locations and with the passage of time.

DRILLING METHOD: 8-inch-dia. Hollow Stem Auger

LOG OF BORING NO. HSA-10

Black Rock Units 1,2 & 3
Callipatria, California

BORING LOG VENTURA  N:\PROJECTS\3652_CALENERGY\3652-001_BLACK_ROCK\EXPLORATIONS\GINT\2008\3652-001_2008_VACO08B.GPJ 1/19/09 02:07 p

HAMMER TYPE: Automatic Trip

DRILLED BY: Gregg Drilling
LOGGED BY: S Varnell
CHECKED BY: J Everett

FIGURE A1-18
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CalEnergy Operating Corporation
Project No. 3652.001

LOCATION: N 2,004,291 E 6,751,165 California State <.
= . = Plane, Zone 6, NAD83, Feet - o wj <
z =|23(2/2/83 8 %8 e | 28 | o |Ex |59
£ E|Fe|4|F28 : SE | OF [HZ 125 |52 | 2% | BE
< §|Es|2g:s SURFACE EL: -227 ft +- (rel. NAVD88 datum) =5|58 |55 | €2|35 |58 |26
Eo§“’(<;:)§,§w§ %g:ggo\og —IEIZEHKJ
MATERIAL DESCRIPTION 35
B [BULK| Lean CLAY (CL): 3% [ 17
228 - pale yellowish brown and dry at 0.0
5 1 @ | -very sof, moderate yellowish brown, and very moistat|**+ | e e e
230 2.0 116 | 87 | 34
I 0 N xR INCSoH NONGOU DN NUPNN INUUIRN SURTOR IO
2% 2 (7) [ Silty Fine SAND (SM) to Sandy SILT (ML): Ioose,
6 moderate ye”OWISh bl’OWﬂ, Very mo'st to Wet 121 ..... g 8 24 ............................
234
N e e T
-236
WTTET 3 Wl 5 [ Sifty Fine SAND (SM): loose, moderate yellowish brown, | |~ 17~ 1~ 7|~ 7|7 71~
238 (11 wet
12. -
240
W o
F-242
s L
-244
1 U NUURUUN FUUVUUS! SUURUON FUUUUUT! SUURURN AU
L.246
20— A SR AR AU ISR S
-248
L
250
o
252
< !t r
254
L
256
30 R Eantie SR BT BT S St
258
-
-260
L o
-262
s
-264
<«
-266

The log and data presented are a simplification of actual conditions encountered at the time of drilling at the drilled location. Subsurface conditions may differ at other locations and with the passage of time.

COMPLETION DEPTH: 11.5ft DRILLING METHOD: 8-inch-dia. Hollow Stem Auger
DEPTH TO WATER: 8.5 ft HAMMER TYPE: Automatic Trip
BACKFILLED WITH: Grout with Bentonite Chips DRILLED BY: Gregg Drilling
DRILLING DATE: October 15, 2008 LOGGED BY: S Varnell

CHECKED BY: J Everett

LOG OF BORING NO. HSA-11
Black Rock Units 1,2 & 3

Callipatria, California
FIGURE A1-19

BORING LOG VENTURA  N:\PROJECTS\3652_CALENERGY\3652-001_BLACK_ROCK\EXPLORATIONS\GINT\2008\3652-001_2008_VACO08B.GPJ 1/19/09 02:07 p



CalEnergy Operating Corporation

Project No. 3652.001

[

LOCATION: N 2,004,491 E 6,752,434 California State 5(:'27:
= . = Plane, Zone 6, NAD83, Feet - o wj <
g |2g(2|% 83 S PRI EET
£ E|Eo|4lF|as . == | 0% |HE |85 |32 | 2| BE
<>( o 'EE % % <§(§ SURFACE EL: -223 ft +/- (rel. NAVD88 datum) ':% 59 %(E <3 %E 2% Z(zD
Eo§“’(<;:)§,§w§ %g:ggo\og —IEIZEHKJ

MATERIAL DESCRIPTION % »
B [H{BULK| Lean CLAY (CL): 100

224 - with a 6" silty sand layer at 0.0' (dirt road)

24 - pale yellowish brown and dry at 0.5' U PR RUUURN FRUURUS NURIRY FURRUS! RN IR

1 (12) | - medium stiff, moderate yellowish brown, and moist at

226 2.0 19 | 94 | 27

S o Y LT
228 2 (3) | SILT (ML): very soft, moderate yellowish brown, very

6 moisttOWet 115 ..... 8 9 29 ............................
230

s e
232

104 (RS AU PSR SR I S A
234

et
H-236

wd
238

w0
240

w0
242

20 (RS AU PSR SR I S A
244

od Lt
246

ad 0
248

s !
250

a4 !
252

304 (RS AU PSR SR I S A
254

24 0
256

ad 0
258

w4 !
260

w4 0
262

COMPLETION DEPTH: 6.5 ft
DEPTH TO WATER: Not Encountered
BACKFILLED WITH: Grout with Bentonite Chips
DRILLING DATE: October 17, 2008

The log and data presented are a simplification of actual conditions encountered at the time of drilling at the drilled location. Subsurface conditions may differ at other locations and with the passage of time.

DRILLING METHOD: 8-inch-dia. Hollow Stem Auger

LOG OF BORING NO. HSA-12

Black Rock Units 1,2 & 3
Callipatria, California

BORING LOG VENTURA  N:\PROJECTS\3652_CALENERGY\3652-001_BLACK_ROCK\EXPLORATIONS\GINT\2008\3652-001_2008_VACO08B.GPJ 1/19/09 02:07 p

HAMMER TYPE: Automatic Trip

DRILLED BY: Gregg Drilling
LOGGED BY: S Varnell
CHECKED BY: J Everett

FIGURE A1-20



CalEnergy Operating Corporation
Project No. 3652.001

[

LOCATION: N 2,005,204 E 6,753,571 California State L5
= . = Plane, Zone 6, NAD83, Feet - o wj <
g |2g(2|% 83 S PRI EET
£ E|Eo|4lF|as . == | 0% |HE |85 |32 | 2| BE
< o 'EE % % <§(§ SURFACE EL: -219 ft +/- (rel. NAVD88 datum) 5 59 EE <3 gé 2% Z(zD
Eo§“’(<;:)§,§w§ %g:ggo\og —IEIZEHKJ

MATERIAL DESCRIPTION 5 2
B [H{BULK| Lean CLAY (CL): 87

220 - with a 6" silty sand layer at 0.0' (dirt road)

2 - pale yellowish brownand dry at 0.5° | L

1 (8) | - medium stiff at 2.0'

222 % - moderate yellowish brown and moist below 2.0’ 10| 86 | 29

4 .0
224 2 @) | -softat5.0'

NZH S T U I Y
226

sd L
228

104 IR AP FRSUE RS IS NN S
230

o4 e
232

w4
234

w4 e
236

w4 e
238

20 IR AP FRSUE RS IS NN S
240

od L
242

wud L
244

»sd
246

%s4d Lt
248

30 IR AP FRSUE RS IS NN S
250

w4
252

ad L
254

w4
256

.4
258

COMPLETION DEPTH: 6.5 ft
DEPTH TO WATER: Not Encountered
BACKFILLED WITH: Grout with Bentonite Chips
DRILLING DATE: October 17, 2008

The log and data presented are a simplification of actual conditions encountered at the time of drilling at the drilled location. Subsurface conditions may differ at other locations and with the passage of time.

DRILLING METHOD: 8-inch-dia. Hollow Stem Auger

LOG OF BORING NO. HSA-13

Black Rock Units 1,2 & 3
Callipatria, California

BORING LOG VENTURA  N:\PROJECTS\3652_CALENERGY\3652-001_BLACK_ROCK\EXPLORATIONS\GINT\2008\3652-001_2008_VACO08B.GPJ 1/19/09 02:07 p

HAMMER TYPE: Automatic Trip

DRILLED BY: Gregg Drilling
LOGGED BY: S Varnell
CHECKED BY: J Everett

FIGURE A1-21



CalEnergy Operating Corporation
Project No. 3652.001

[

LOCATION: N 2,004,317 E 6,751,970 California State L5
= S lo E Plane, Zone 6, NAD83, Feet - “ =2 | ow N %—%
3 =|2z|z|z&63 A T AR R
E E|Fa|uyl8 S zE | O | EZ |25 |52 | BX|BE
< & ,'-'_JE o < %§ SURFACE EL: -226 ft +/- (rel. NAVD88 datum) 5 A= ‘g‘g 3s iu—)g 25
m o a

=
MATERIAL DESCRIPTION 5o
B BULK| Lean CLAY (CL): pale yellowish brown, dry, with some 91 | 27 8
clay
Loog 2 ] (©) [ STy Fine SAND @M To Sandy SLT(MMD Toose————1 || [ b
moderate yellowish brown, very moist to wet 15 | o1 27
Loz a4~MIE0 1
A A
i
o3 64 T R S RITITH] [PTRCR RVRESS SRS
lo3a 8- .
236 10— i —— - - R e R e R s SR
3 10 [ Silty Fine SAND (SM): loose, moderate yellowish brown,
LN wet
loss 124~ 1V
Loao a4 1r
4 NN 3 [ Lean CLAY (CL): soft, moderate yellowish brown, wet
Loa> 164 £ e e ] XTSI N0TT oa
loas 184 | Ve
246 20— R i Rl R B et
loag 224 | | e
loso 244 | | e
loso 264 | | e
losa 284 | |
256 30— R i Rl R B et
loss 324 | || e e
loso 344 | | e
los2 364 | |
losa 384 | || e

DEPTH TO WATER: 5.0 ft
BACKFILLED WITH: Grout with Bentonite Chips
DRILLING DATE: October 16, 2008

The log and data presented are a simplification of actual conditions encountered at the time of drilling at the drilled location. Subsurface conditions may differ at other locations and with the passage of time.

COMPLETION DEPTH: 16.5 ft

DRILLING METHOD: 8-inch-dia. Hollow Stem Auger

LOG OF BORING NO. HSA-14

Black Rock Units 1,2 & 3
Callipatria, California

BORING LOG VENTURA  N:\PROJECTS\3652_CALENERGY\3652-001_BLACK_ROCK\EXPLORATIONS\GINT\2008\3652-001_2008_VACO08B.GPJ 1/19/09 02:07 p

HAMMER TYPE: Automatic Trip

DRILLED BY: Gregg Drilling
LOGGED BY: S Varnell
CHECKED BY: J Everett

FIGURE A1-22



[

CalEnergy Operating Corporation
Project No. 3652.001

LOCATION: N 2,003,996 E 6,751,182 California State g(C w“
= . E Plane, Zone 6, NAD83, Feet - “ =2 | ow N % ~
2 =122|2|883 8128 | w |28 | o | Ex |89
e |z |w|4l 28 Yolog |z | ad |59 |aT
L;( 5 Es |z |2 S 2 | SURFACE EL: -226.2 ft +/- (rel. NAVD8S datum) c& eS| <k 22 |os | KU |26

W< = < SOlZ5 |2z |ae |35 | <8 |22
w A %] < (o] z w N - z
o = 3‘; IR 2 ) g =) = 8 SEN o DD: IFI'_:J
MATERIAL DESCRIPTION % N
Lean CLAY (CL):
- pale yellowish brown and dry at 0.0
228 N e
2 1 % (@) | - soft, moderate yellowish brown, and very moist to wet
at 2.0 118 89 33
=230 +L70 1
2 (2) | Silty Fine SAND (SM) to Sandy SILT (ML): very loose,
232 6" . o moderate yeIIowish bl’OWﬂ, very moist to wet s 100 0 e AR RRRED EERERES RERRERS AEERRRS
234 g _::' v
1236 4ol | _ . S SO A AU A N R
3 3 Silty Fine SAND (SM): very loose, moderate yellowish
o | brown, wet
238 49 N e U OO ANOUUORY INUUUUS! ATUUDY ORI
240 444 | |
242 4 L L e
244 qed 0 L e
246 50 U IS AN WO NN NSO RS
248 o4 e
250 o4 ||
252 o4 | || e
254 oed | ||
256 30 U IS AN WO NN NSO RS
258 a4 || e
260 344 | e
~262 a4 | |
264 gl L e
L-266
The log and data presented are a simplification of actual conditions encountered at the time of drilling at the drilled location. Subsurface conditions may differ at other locations and with the passage of time.
COMPLETION DEPTH: 11.51t DRILLING METHOD: 8-inch-dia. Hollow Stem Auger
DEPTH TO WATER: 8.0 ft HAMMER TYPE: Automatic Trip
BACKFILLED WITH: Grout with Bentonite Chips DRILLED BY: Gregg Drilling
DRILLING DATE: October 15, 2008 LOGGED BY: S Vamell

CHECKED BY: J Everett

LOG OF BORING NO. HSA-15
Black Rock Units 1,2 & 3

Callipatria, California
FIGURE A1-23

BORING LOG VENTURA  N:\PROJECTS\3652_CALENERGY\3652-001_BLACK_ROCK\EXPLORATIONS\GINT\2008\3652-001_2008_VACO08B.GPJ 1/19/09 02:07 p



CalEnergy Operating Corporation
Project No. 3652.001

[

LOCATION: N 2,004,195 E 6,750,966 California State L5
= S lo E Plane, Zone 6, NAD83, Feet - “ =2 | ow N %—%
5 2| 23|2 (% &3 A T AR R
E E|Fa|uyl8 S zE | O | EZ |25 |52 | BX|BE
< 5 Hs |z |Z S 2 | SURFACE EL: -222 ft +/- (rel. NAVD8S datum) c& eS| <k 22 |os | KU |26

L < = < sO1zZzF|2Z2|ag | I=5| < xZ
i %) < (@) z w - 3 z
= ol s (<j() IR 2 Dg Sz 8 <§ 7 %?—é
MATERIAL DESCRIPTION 5o
| B BULK]| Silty SAND (SM): (0.0'to 0.5": dirt road)
- pale yellowish brown and dry to 2.0
Looa 24 ] i;‘ ©5) | - dense, moderate yellowish brown, wet, fine-to | [l
45 coarse-grained, with some gravel and gray sand below 14
o264 200
228 6 Uy e e
Loz 4t Lt e
23210 2 Il 2 [ TLean CLAY (CL): soft, moderate yellowish brown, very A N <X I B & I
| Y " moist
losa w7 | |
loss w4270 || |
3 WM 9 | SICT with sand (ML): stiff, moderate yellowish brown, 78
238 16 4, 5 wet, with a trace of clay ...............................................
loao 184 | Ve e
o4z 20+ IR ISR N WP RIS SRR R
loasa 224 | Ve
loas 244 | | e e
loags 264 | || e
loso 284 | |
F252 30+ R B i R B et B
losa 324 | | e
loss 344 | || e
loss 364 | |
loso 384 | || e

COMPLETION DEPTH: 16.5 ft
DEPTH TO WATER: 11.0 ft
BACKFILLED WITH: Grout with Bentonite Chips
DRILLING DATE: October 16, 2008

The log and data presented are a simplification of actual conditions encountered at the time of drilling at the drilled location. Subsurface conditions may differ at other locations and with the passage of time.

DRILLING METHOD: 8-inch-dia. Hollow Stem Auger

LOG OF BORING NO. HSA-16

Black Rock Units 1,2 & 3
Callipatria, California

BORING LOG VENTURA  N:\PROJECTS\3652_CALENERGY\3652-001_BLACK_ROCK\EXPLORATIONS\GINT\2008\3652-001_2008_VACO08B.GPJ 1/19/09 02:07 p

HAMMER TYPE: Automatic Trip

DRILLED BY: Gregg Drilling
LOGGED BY: S Varnell
CHECKED BY: J Everett

FIGURE A1-24



CalEnergy Operating Corporation
Project No. 3652.001

[

LOCATION: N 2,003,936 E 6,751,586 California State 5(:'?7:
= S lo E Plane, Zone 6, NAD83, Feet - “ =2 | ow N %—%
3 S |23 |=2|glE3 8| Z2 | es |23 o0 | B2 |82
E F|ED|4|Z|E0 . =2 | 2% B | 8o |3 |25 |OF
S b | EE |g|z|Ls |SURFACEEL: -226ft+- (rel. NAVDSS datum) CE|ch| 52| 22|35 |58 |26

W< = < SOlZ5 |2z |ae |35 | <8 |22
< w Z
5¢1°2| 78 |=%| 7|2 &k
MATERIAL DESCRIPTION % *
Lean CLAY (CL): pale yellowish brown, dry
L Ty Fine 5 Sandy ~eyToose——1
282 1 (4) [ Silty Fine SAND (SM) to Sandy SILT (ML |
moderate yellowish brown, very moist to wet 118 | 91 29
I 1 1 UVSRUN UUUSY IUURNI VRN ISUPR SUPPURY IRUPR
2 (4) | SILT (ML): soft, moderate yellowish brown, very moist to
L 232 6 wet, with a trace of sand il o s
losa 84 | |
236 10 L e E T B B S EE
loss 124 | L1 e
o0 144 | L e
loa 164 | |
loas 184 | |
246 20 R et St B B S S
loas 224 | |
loso 244 | |
loso 264 | |
losa 254 | 1| e
256 30 R et St B B S S
loss 324 | |
loso 344 | |
los2 34 | L1 e
loea 384 | |

COMPLETION DEPTH: 6.5 ft
DEPTH TO WATER: Not Encountered
BACKFILLED WITH: Grout with Bentonite Chips
DRILLING DATE: October 16, 2008

The log and data presented are a simplification of actual conditions encountered at the time of drilling at the drilled location. Subsurface conditions may differ at other locations and with the passage of time.

DRILLING METHOD: 8-inch-dia. Hollow Stem Auger

LOG OF BORING NO. HSA-17

Black Rock Units 1,2 & 3
Callipatria, California

BORING LOG VENTURA  N:\PROJECTS\3652_CALENERGY\3652-001_BLACK_ROCK\EXPLORATIONS\GINT\2008\3652-001_2008_VACO08B.GPJ 1/19/09 02:07 p

HAMMER TYPE: Automatic Trip

DRILLED BY: Gregg Drilling
LOGGED BY: S Varnell
CHECKED BY: J Everett

FIGURE A1-25



CalEnergy Operating Corporation
Project No. 3652.001

[

LOCATION: N 2,003,894 E 6,752,364 California State L5
= Sl E Plane, Zone 6, NAD83, Feet “ =2 | ow N %—%
> a— | N o ° 5
5 z|28|5|543 53| &0 gt |50 |25 ok | a2
L;‘ E ,“_J“gn z %‘ S 2 | SURFACEEL: -2258 ft +- (rel. NAVDSS datum) E% ES | T2 |22 |3k 5@ ne

w < = < SO|Z5 |22 |ads |35 | < zzZ
Z ° =7 |5]%°3 58|52|78 =¥ 7| 2% |28
=
MATERIAL DESCRIPTION 5o
226 Lean CLAY (CL):

- pale yellowish brown and damp at 0.0’

L oog 2 1 ©) cmoistat20 e

- soft and moderate yellowish brown below 2.0' 17 | o1 29

L 230 444 1 e
2 @ @) | - very moist to wet at 5.0’
o3y 6 il gs e bl
lose 81 | | L b e s
| o3 10+ BRSNS SR SR R NS B
Loss 129 | | | e e
Loao 144 | L ke f
Loax 164 | | | e
Loas 184 | | e
| oag 20 BRSNS SR SR R NS B
Loas 224 | | | e
Loso 244 | | e
Loso 264 || | e
Losa 284 | | | e e
| 256 30 ISR AR IO NP U SN A
Loss 324 | | 1 e
Loso 344 | | e
los2 364 | || ke f
Losa 384 | | | e

COMPLETION DEPTH: 6.5 ft
DEPTH TO WATER: Not Encountered
BACKFILLED WITH: Grout with Bentonite Chips
DRILLING DATE: October 16, 2008

The log and data presented are a simplification of actual conditions encountered at the time of drilling at the drilled location. Subsurface conditions may differ at other locations and with the passage of time.

DRILLING METHOD: 8-inch-dia. Hollow Stem Auger

LOG OF BORING NO. HSA-18

Black Rock Units 1,2 & 3
Callipatria, California

BORING LOG VENTURA  N:\PROJECTS\3652_CALENERGY\3652-001_BLACK_ROCK\EXPLORATIONS\GINT\2008\3652-001_2008_VACO08B.GPJ 1/19/09 02:07 p

HAMMER TYPE: Automatic Trip

DRILLED BY: Gregg Drilling
LOGGED BY: S Varnell
CHECKED BY: J Everett

FIGURE A1-26



CalEnergy Operating Corporation
Project No. 3652.001

[

LOCATION: N 2,003,583 E 6,750,967 California State 5(:'?7:
= . = Plane, Zone 6, NAD83, Feet - o wj <
g |2g(2|% 83 S PRI EET
£ E|Eo|4lF|as . == | 0% |HE |85 |32 | 2| BE
<>,: o ::E % % <§(§ SURFACE EL: -221 ft +/- (rel. NAVD88 datum) ':5 59 %(E <3 cjjg 2% Z(ZD
d %= |3[3°3 59|52| 78| =8| 77 |2%| &2

MATERIAL DESCRIPTION % *
B J{BULK| Silty SAND (SM): (0.0’ to 0.5 dirt road)

222 - pale yellowish brown and dry to 2.0

24 @2) | - medium dense, moderate yellowish brown, moist, fine- |~
224 to coarse-grained, with some gravel at 2.0’ 13

Lt
1226 2 Eggl; (9) | Lean CLAY (CL): medium stiff, dark yellowish brown,

6 agn mOISt ................ 29 ............................
H-228

s A
H-230

10 3 SILT (ML): moderate yellowish brown, moist N N N I A
232 124 118 | 88 | 34 | | 34 9 ...
H-234

wd L
236 4 I & T Sity Fine SAND (SM) to Sandy SILT (ML): Ioose,

16 h moderate ye||OWISh brown‘ Wet, W|th some Clay ...............................................
--238

o 0t
H-240

20 ISR AU PO U R S A
H-242

24 L
H-244

2«4 L
H-246

x4 !
--248

=4 !
F-250

304 ISR AU PO U R S A
H-252

24 L0
H-254

4 L
H-256

w4 L
H-258

w4 L
H-260

COMPLETION DEPTH: 16.5 ft
DEPTH TO WATER: 15.0 ft
BACKFILLED WITH: Grout with Bentonite Chips
DRILLING DATE: October 18, 2008

The log and data presented are a simplification of actual conditions encountered at the time of drilling at the drilled location. Subsurface conditions may differ at other locations and with the passage of time.

DRILLING METHOD: 8-inch-dia. Hollow Stem Auger

LOG OF BORING NO. HSA-19

Black Rock Units 1,2 & 3
Callipatria, California

BORING LOG VENTURA  N:\PROJECTS\3652_CALENERGY\3652-001_BLACK_ROCK\EXPLORATIONS\GINT\2008\3652-001_2008_VACO08B.GPJ 1/19/09 02:07 p

HAMMER TYPE: Automatic Trip

DRILLED BY: Gregg Drilling
LOGGED BY: S Varnell
CHECKED BY: J Everett

FIGURE A1-27
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CalEnergy Operating Corporation
Project No. 3652.001

LOCATION: N 2,003,443 E 6,752,397 California State L5
= . E Plane, Zone 6, NAD83, Feet - “ =2 | ow N % ~
Zt&'—'%@ﬁ: FRl e e |22 | ax|ER|BO
9IE8|_|J'-'_IJ_|8 Yolog |z | ad |59 |aT
L;( 5 Hs |z |Z S 2 | SURFACE EL: -224.6 ft +/- (rel. NAVD8S datum) c& eS| <k 22 |os | KU |26

L < = < sO1zZzF|2Z2|ag | I=5| < xZ
w A %] < (o] z w N - z
z ° 27|53 °3 5¢1°2| 78 |=%| 7|2 &k
MATERIAL DESCRIPTION 5o
B [H{BULK| Lean CLAY (CL): o4
| 206 - pale yellowish brown and dry at 0.0
2 1 5) _very loose, moderate yellowish brown, and very moistto ||
228 wetat 2.0 115 | 90 | 28
4 .0
H-230 2 il (5) | Silty Fine SAND (SM) to Sandy SILT (ML): very loose,
6 . o i“ moderate ye”OW|Sh bl‘OWl’], Very mo'st to Wet . 116 ..... g 2 . 26 ............................
1. v
232
8 v e
234
10 3 NI 21 [ Siity Fine SAND (SM): medium dense, moderate todark | | | 1~ [~ 7|7 71~
\ yellowish brown, wet
236 Ak
124.- P [ e O O I I e
238
wdst-
L-240 . 1 4 M| 5 [ Lean CLAY (CL). medium siiff, moderate yellowish
16 :::i brOWn, Very moist to Wet, Wlth a trace of Sand ...............................................
242
w2t
244
T 5 [l 5 | Sity Fine SAND (SM): loose, moderate yellowish brown, E I A A
(1IN wet
246
248
L250 6 Wi 7
N e
252
s 0
254
30 R i Rl R B et
256
»d
258
T e e e e A
260
ws4
262
4
264
The log and data presented are a simplification of actual conditions encountered at the time of drilling at the drilled location. Subsurface conditions may differ at other locations and with the passage of time.
COMPLETION DEPTH: 26.5 ft DRILLING METHOD: 8-inch-dia. Hollow Stem Auger
DEPTH TO WATER: 7.0 ft HAMMER TYPE: Automatic Trip
BACKFILLED WITH: Grout with Bentonite Chips DRILLED BY: Gregg Drilling
DRILLING DATE: October 16, 2008 LOGGED BY: S Varnell

CHECKED BY: J Everett

LOG OF BORING NO. HSA-20
Black Rock Units 1,2 & 3

Callipatria, California
FIGURE A1-28

BORING LOG VENTURA  N:\PROJECTS\3652_CALENERGY\3652-001_BLACK_ROCK\EXPLORATIONS\GINT\2008\3652-001_2008_VACO08B.GPJ 1/19/09 02:07 p



CalEnergy Operating Corporation
Project No. 3652.001

[

LOCATION: N 2,003,288 E 6,751,504 California State EE“J:
= Sl E Plane, Zone 6, NAD83, Feet “ =2 | ow N %—%
> = - x S| > e o 2 %3
& =|28|5|5 53 GBS e 20| 0% | 55|02
'<>7: 5 ,'-'_JE T % %(;) SURFACE EL: -225.8 ft +/- (rel. NAVD88 datum) E% P:% = ‘g‘g 8% *u—)g %5

W< = < SOlZ5 |2z |ae |35 | <8 |22
w Ao 9] < (@] b4 w - 3 z

4 O |8]3)73 32152178877 2% |20
MATERIAL DESCRIPTION S0

226 Lean CLAY (CL):

- pale yellowish brown and dry at 0.0
L oog 24 1 ﬁ ) - medium stiff, moderate yellowish brown, and very moist |l
towet at 2.0 111 | 85 30
L 230 444 1 e
2 @ (12)

o3 61 PITSD SEVRN] [RFTISR REELH [RRLES SRECRS RECR
Loz 81 | L b f e
| o3 10+ [N NSNSV VSRS SRS NN R
Loss 129 | | | e e
Loao 144 | L kb
Loax 164 | | | e
Loas 184 | | 1 e
| s 20 I AP IS RS I NN A
Loas 224 | | | e
Loso 244 | |1 e e
Loso 264 | | | e
Losa 284 | | || e e
| 055 30 I AP IS RS I NN A
Loss 324 | | 1 e
Loso 344 | | e
los2 364 | || ke b
Losa 384 | | | e

The log and data presented are a simplification of actual conditions encountered at the time of drilling at the drilled location. Subsurface conditions may differ at other locations and with the passage of time.

COMPLETION DEPTH: 6.5 ft

DEPTH TO WATER: Not Encountered
BACKFILLED WITH: Grout with Bentonite Chips
DRILLING DATE: October 16, 2008

LOG OF BORING NO. HSA-21

Black Rock Units 1,2 & 3
Callipatria, California

BORING LOG VENTURA  N:\PROJECTS\3652_CALENERGY\3652-001_BLACK_ROCK\EXPLORATIONS\GINT\2008\3652-001_2008_VACO08B.GPJ 1/19/09 02:07 p

DRILLING METHOD: 8-inch-dia. Hollow Stem Auger
HAMMER TYPE: Automatic Trip

DRILLED BY: Gregg Drilling
LOGGED BY: S Varnell
CHECKED BY: J Everett

FIGURE A1-29



CalEnergy Operating Corporation
Project No. 3652.001

[

LOCATION: N 2,003,352 E 6,751,853 California State %
= S lo E Plane, Zone 6, NAD83, Feet - “ =2 | ow N %—%
5 T|23|z2/853 AL A R R
SIigm“_,J_IS "';J'_-QD—LIJZ(/)LLJB';QX‘DI
< 5 Hs |z |Z S 2 | SURFACE EL: -2255 ft +/- (rel. NAVD8S datum) c& eS| <k 22 |os | KU |26

L < = < sO1zZzF|2Z2|ag | I=5| < xZ
w A %] < (o] z w N - z
S e 2 L 52|78 =R 7|27
MATERIAL DESCRIPTION 5o
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COMPLETION DEPTH: 11.5ft
DEPTH TO WATER: 8.0 ft
BACKFILLED WITH: Grout with Bentonite Chips
DRILLING DATE: October 16, 2008

The log and data presented are a simplification of actual conditions encountered at the time of drilling at the drilled location. Subsurface conditions may differ at other locations and with the passage of time.

DRILLING METHOD: 8-inch-dia. Hollow Stem Auger

LOG OF BORING NO. HSA-22

Black Rock Units 1,2 & 3
Callipatria, California

BORING LOG VENTURA  N:\PROJECTS\3652_CALENERGY\3652-001_BLACK_ROCK\EXPLORATIONS\GINT\2008\3652-001_2008_VACO08B.GPJ 1/19/09 02:07 p

HAMMER TYPE: Automatic Trip

DRILLED BY: Gregg Drilling
LOGGED BY: S Varnell
CHECKED BY: J Everett

FIGURE A1-30
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MATERIAL DESCRIPTION 5o

226 Lean CLAY (CL):

- pale yellowish brown and dry at 0.0
L_o08 24 1 m ) - soft, moderate yellowish brown, and very moisttowet |||l
at2.0 114 | 88 | 29
L 230 444 1
. 2 (13) | Silty Fine SAND (SM) to Sandy SILT (ML): loose,
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The log and data presented are a simplification of actual conditions encountered at the time of drilling at the drilled location. Subsurface conditions may differ at other locations and with the passage of time.

COMPLETION DEPTH: 6.5 ft DRILLING METHOD: 8-inch-dia. Hollow Stem Auger
DEPTH TO WATER: Not Encountered HAMMER TYPE: Automatic Trip
BACKFILLED WITH: Grout with Bentonite Chips DRILLED BY: Gregg Drilling
DRILLING DATE: October 16, 2008 LOGGED BY: S Varnell

CHECKED BY: J Everett

LOG OF BORING NO. HSA-23
Black Rock Units 1,2 & 3

Callipatria, California
FIGURE A1-31

BORING LOG VENTURA  N:\PROJECTS\3652_CALENERGY\3652-001_BLACK_ROCK\EXPLORATIONS\GINT\2008\3652-001_2008_VACO08B.GPJ 1/19/09 02:07 p
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COLOR LEGEND FOR FRICTION RATIO TRACES
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2
[

1

2 3 4 5 6 7 8 9 10 11
Friction Ratio (%)

Zone Soil Behavior Type u.S.C.s.
1 Sensitive Fine-grained OL-CH
2 Organic Material OL-OH
3 Clay CH
4 Silty Clay to Clay CL-CH
5 Clayey Silt to Silty Clay MH-CL
6 Sandy Silt to Clayey Silt ML-MH
7 Silty Sand to Sandy Silt SM-ML
8 Sand to Silty Sand SM-SP
9 Sand SW-SP
10 Gravelly Sand to Sand SW-GW
11 Very Siiff Fine-grained * CH-CL
12 Sand to Clayey Sand * SC-SM

*overconsolidated or cemented

CPT CORRELATION CHART
(Robertson and Campanella, 1984)

KEY TO CPT LOGS
Black Rock Units 1,2 & 3
Calpatria, California

FIGURE A2-1
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SOIL UNDRAINED SHEAR STRENGTH
(Interpreted from CPT Tip
Resistance, Nk = 12 to 15)

2 4 6 8

r-230

r-235

t-240

h-245

r-250

r-255

r-260

r-265

r-270

r-275

r-280

r-285

r-290

r-295

r-300

r-305

r-310

r-315

r-320

r-325

r-330

LOCATION: E6,750,956, N2,005,421, CA State Plane, Zone 6, NAD83, Feet
SURFACE EL: -221.0ft +/- (NAVD88)
COMPLETION DEPTH: 25.41ft

TESTDATE: 10/8/2008

LOG OF C-101

EXPLORATION METHOD: Cone Penetrometer
PERFORMED BY: Kehoe Testing & Engineering

Black Rock Units 1,2 & 3
Calipatria, California

REVIEWED BY: Jon Everett

FIGURE A2-2
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LOCATION: E6,752,117, N2,005,697, CA State Plane, Zone 6, NAD83, Feet

EXPLORATION METHOD: Cone Penetrometer

SURFACE EL: -228.9ft +/- (NAVD88) PERFORMED BY: Kehoe Testing & Engineering

COMPLETION DEPTH: 50.19ft
TESTDATE: 10/8/2008

LOG OF C-102
Black Rock Units 1,2 & 3
Calipatria, California

REVIEWED BY: Jon Everett

FIGURE A2-3
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LOCATION: E6,750,954, N2,004,791, CA State Plane, Zone 6, NAD83, Feet EXPLORATION METHOD: Cone Penetrometer
SURFACE EL: -221.0ft +/- (NAVD88) PERFORMED BY: Kehoe Testing & Engineering
COMPLETION DEPTH: 25.37ft REVIEWED BY: Jon Everett

TESTDATE: 10/8/2008
LOG OF C-103
Black Rock Units 1,2 & 3
Calipatria, California

FIGURE A2-4
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LOCATION: E6,752,229, N2,004,966, CA State Plane, Zone 6, NAD83, Feet EXPLORATION METHOD: Cone Penetrometer
SURFACE EL: -227.9ft +/- (NAVD88) PERFORMED BY: Kehoe Testing & Engineering
COMPLETION DEPTH: 75.24ft REVIEWED BY: Jon Everett

TESTDATE: 10/7/2008
LOG OF C-104
Black Rock Units 1,2 & 3
Calipatria, California

FIGURE A2-5
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LOCATION: E6,752,401, N2,004,829, CA State Plane, Zone 6, NAD83, Feet EXPLORATION METHOD: Cone Penetrometer
SURFACE EL: -227.2ft +/- (NAVD88) PERFORMED BY: Kehoe Testing & Engineering
COMPLETION DEPTH: 75.31ft REVIEWED BY: Jon Everett

TESTDATE: 10/7/2008
LOG OF C-105
Black Rock Units 1,2 & 3
Calipatria, California

FIGURE A2-6
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LOCATION: E6,751,827, N2,004,673, CA State Plane, Zone 6, NAD83, Feet

EXPLORATION METHOD: Cone Penetrometer

SURFACE EL: -227.3ft +/- (NAVD88) PERFORMED BY: Kehoe Testing & Engineering

COMPLETION DEPTH: 50.15ft
TESTDATE: 10/7/2008

LOG OF C-106
Black Rock Units 1,2 & 3
Calipatria, California

REVIEWED BY: Jon Everett

FIGURE A2-7
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LOCATION: E6,752,273, N2,004,748, CA State Plane, Zone 6, NAD83, Feet

EXPLORATION METHOD: Cone Penetrometer

SURFACE EL: -227.5ft +/- (NAVD88) PERFORMED BY: Kehoe Testing & Engineering

COMPLETION DEPTH: 75.25ft
TESTDATE: 10/7/2008

LOG OF C-107
Black Rock Units 1,2 & 3
Calipatria, California

REVIEWED BY: Jon Everett

FIGURE A2-8
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LOCATION: E6,752,567, N2,004,655, CA State Plane, Zone 6, NAD83, Feet EXPLORATION METHOD: Cone Penetrometer
SURFACE EL: -226.6ft +/- (NAVD88) PERFORMED BY: Kehoe Testing & Engineering
COMPLETION DEPTH: 75.36ft REVIEWED BY: Jon Everett

TESTDATE: 10/7/2008

LOG OF C-108
Black Rock Units 1,2 & 3
Calipatria, California

FIGURE A2-9
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LOCATION: E6,751,740, N2,004,265, CA State Plane, Zone 6, NAD83, Feet EXPLORATION METHOD: Cone Penetrometer
SURFACE EL: -226.2ft +/- (NAVD88) PERFORMED BY: Kehoe Testing & Engineering
COMPLETION DEPTH: 75.41ft REVIEWED BY: Jon Everett

TESTDATE: 10/8/2008

LOG OF C-109
Black Rock Units 1,2 & 3
Calipatria, California

FIGURE A2-10
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LOCATION: E6,752,361, N2,004,312, CA State Plane, Zone 6, NAD83, Feet

EXPLORATION METHOD: Cone Penetrometer

SURFACE EL: -225.6ft +/- (NAVD88) PERFORMED BY: Kehoe Testing & Engineering

COMPLETION DEPTH: 75.37ft
TESTDATE: 10/9/2008

LOG OF C-110
Black Rock Units 1,2 & 3
Calipatria, California

REVIEWED BY: Jon Everett

FIGURE A2-11
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LOCATION: E6,751,643, N2,004,119, CA State Plane, Zone 6, NAD83, Feet EXPLORATION METHOD: Cone Penetrometer
SURFACE EL: -226.2ft +/- (NAVD88) PERFORMED BY: Kehoe Testing & Engineering
COMPLETION DEPTH: 75.34ft REVIEWED BY: Jon Everett

TESTDATE: 10/8/2008

LOG OF C-111
Black Rock Units 1,2 & 3
Calipatria, California

FIGURE A2-12
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LOCATION: E6,751,779, N2,003,996, CA State Plane, Zone 6, NAD83, Feet

EXPLORATION METHOD: Cone Penetrometer

SURFACE EL: -225.7ft +/- (NAVD88) PERFORMED BY: Kehoe Testing & Engineering

COMPLETION DEPTH: 75.37ft
TESTDATE: 10/8/2008

LOG OF C-112
Black Rock Units 1,2 & 3
Calipatria, California

REVIEWED BY: Jon Everett

FIGURE A2-13
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LOCATION: E6,751,918, N2,004,171, CA State Plane, Zone 6, NAD83, Feet

EXPLORATION METHOD: Cone Penetrometer

SURFACE EL: -225.8ft +/- (NAVD88) PERFORMED BY: Kehoe Testing & Engineering

COMPLETION DEPTH: 75.29ft
TESTDATE: 10/8/2008

LOG OF C-113
Black Rock Units 1,2 & 3
Calipatria, California

REVIEWED BY: Jon Everett

FIGURE A2-14
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LOCATION: E6,752,088, N2,003,947, CA State Plane, Zone 6, NAD83, Feet EXPLORATION METHOD: Cone Penetrometer
SURFACE EL: -225.7ft +/- (NAVD88) PERFORMED BY: Kehoe Testing & Engineering
COMPLETION DEPTH: 75.28ft REVIEWED BY: Jon Everett

TESTDATE: 10/8/2008

LOG OF C-114
Black Rock Units 1,2 & 3
Calipatria, California

FIGURE A2-15
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LOCATION: E6,752,273, N2,004,188, CA State Plane, Zone 6, NAD83, Feet EXPLORATION METHOD: Cone Penetrometer
SURFACE EL: -225.8ft +/- (NAVD88) PERFORMED BY: Kehoe Testing & Engineering
COMPLETION DEPTH: 75.48ft REVIEWED BY: Jon Everett

TESTDATE: 10/9/2008
LOG OF C-115
Black Rock Units 1,2 & 3
Calipatria, California

FIGURE A2-16
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LOCATION: E6,752,408, N2,004,134, CA State Plane, Zone 6, NAD83, Feet

EXPLORATION METHOD: Cone Penetrometer

SURFACE EL: -225.2ft +/- (NAVD88) PERFORMED BY: Kehoe Testing & Engineering

COMPLETION DEPTH: 75.43ft
TESTDATE: 10/8/2008

LOG OF C-116
Black Rock Units 1,2 & 3
Calipatria, California

REVIEWED BY: Jon Everett

FIGURE A2-17
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LOCATION: E6,752,530, N2,004,215, CA State Plane, Zone 6, NAD83, Feet EXPLORATION METHOD: Cone Penetrometer
SURFACE EL: -225.4ft +/- (NAVD88) PERFORMED BY: Kehoe Testing & Engineering
COMPLETION DEPTH: 75.31ft REVIEWED BY: Jon Everett

TESTDATE: 10/9/2008
LOG OF C-117
Black Rock Units 1,2 & 3
Calipatria, California

FIGURE A2-18




CalEnergy Operating Corporation
Project No. 3652.001

|

L!!

s_Su.mxd,01/16/2009,CDean

28\MXD\CPTLogs.__

s_Su_2008_10

N:\Projects\3652_CalEnergy\3652-001_Black_Rock\Explorations\CPT\2008\Logs\Log

Pag 05 1 15 Pa  gp 180 270 360 450
o TIP RESISTANCE (TSF)
=z 80 160 240 320 SOIL UNDRAINED SHEAR STRENGTH
9] & FRICTION RATIO (%) PORE PRESSURE (Interpreted from CPT Tip
2 I Resistance, Nk = 12 to 15)
I I SLEEVE FRICTION (TSF)
o a 4 123456789 |kse0 5 10 15 kst 2 4 6 8
h-230
h-235
k240
[-245
H-250
h-255
H-260
H-265
H-270
r-275
280
H-285
H-290
H-295
H-300
H-305
H-310
H-315
H-320
H-325
1330
H-335
LOCATION: E6,752,706, N2,004,045, CA State Plane, Zone 6, NAD83, Feet EXPLORATION METHOD: Cone Penetrometer
SURFACE EL: -224.9ft +/- (NAVD88) PERFORMED BY: Kehoe Testing & Engineering
COMPLETION DEPTH: 75.80ft REVIEWED BY: Jon Everett

TESTDATE: 10/9/2008

LOG OF C-118
Black Rock Units 1,2 & 3
Calipatria, California

FIGURE A2-19
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LOCATION: E6,750,965, N2,003,867, CA State Plane, Zone 6, NAD83, Feet

EXPLORATION METHOD: Cone Penetrometer

SURFACE EL: -221.0ft +/- (NAVD88) PERFORMED BY: Kehoe Testing & Engineering

COMPLETION DEPTH: 25.26ft
TESTDATE: 10/8/2008

LOG OF C-119
Black Rock Units 1,2 & 3
Calipatria, California

REVIEWED BY: Jon Everett

FIGURE A2-20
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LOCATION: E6,752,247, N2,003,460, CA State Plane, Zone 6, NAD83, Feet EXPLORATION METHOD: Cone Penetrometer
SURFACE EL: -224.9ft +/- (NAVD88) PERFORMED BY: Kehoe Testing & Engineering
COMPLETION DEPTH: 50.33ft REVIEWED BY: Jon Everett

TESTDATE: 10/8/2008

LOG OF C-120
Black Rock Units 1,2 & 3
Calipatria, California

FIGURE A2-21
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LOCATION: E6,752,168, N2,004,311, CA State Plane, Zone 6, NAD83, Feet

EXPLORATION METHOD: Cone Penetrometer

SURFACE EL: -225.9ft +/- (NAVD88) PERFORMED BY: Kehoe Testing & Engineering

COMPLETION DEPTH: 50.38ft
TESTDATE: 10/8/2008

LOG OF C-121
Black Rock Units 1,2 & 3
Calipatria, California

REVIEWED BY: Jon Everett

FIGURE A2-22
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APPENDIX B - GEOTECHNICAL LABORATORY TESTING

Introduction

Laboratory testing was performed on samples obtained from the field exploration
program described in Appendix A to define pertinent classification and engineering properties of
site soils. The majority of the testing was performed at Fugro's soil mechanics laboratories in
Oakland, San Luis Obispo and Ventura, California. Corrosivity testing was performed by a
subcontractor laboratory specializing in corrosion analyses. A summary of the soil testing
program is shown in Table B-1.

Table B-1: Summary of Sample Testing Program

-l-'utann

Laboratory Test Quantity Testing Standard
Water Content 82 ASTM D2216
Density 79 ASTM D2937
Grain Size Distribution 3 ASTM D422
Percent Fines #200 Sieve 19 ASTM D1140
Atterberg Limits 22 ASTM D4318
Compaction 3 Cal. 216A
Consolidation (Incremental Load Control) 6 ASTM D2435
Direct Shear 1 ASTM D3080
R-Value 3 ASTM D2435
Expansion Index 3 ASTM D4828
5 ASTM D1498
Corrosivity ASTM D4972
ASTM G57
ASTM D4327

The results of the soil laboratory testing are presented at the conclusion of this appendix.
A short description of individual test types is presented in the following paragraphs.

Moisture Content and Dry Density

The in situ moisture content for selected bulk and ring samples recovered from the
borings was evaluated in accordance with ASTM Test Designation D2116. These results are
recorded on the Logs of Borings in Appendix A and in Figure B-1 - Summary of Soil Laboratory
Data.

Dry density determinations were performed on ring and push samples of the subsurface

soils to aid in evaluating their physical properties. The results of these tests are presented on
the Logs of Borings in Appendix and in Figure B-1 - Summary of Soil Laboratory Data.

M:\WP\2009\3652.001\RPT1-20-09\APPX B\APPX B.DOC B = 1



CalEnergy Operating Corporation l Ll
January 20, 2009 (Project No. 3652.001.01)

Gradation Tests

Gradation tests were performed on samples of the subsurface soils in accordance with
ASTM 422. These tests were performed to assist in the classification of the soils and to
determine their grain size distribution. The results of these tests are presented in Figure B-2 -
Grain Size Curves.

Percent Passing #200 Sieve

The percent passing the #200 sieve was determined for selected samples to aid in the
classification of these soils. This is a key index property because it separates coarse-grained
soils from fine-grained soils. These tests were performed in accordance with ASTM
Designation D-1140. The results of these tests are presented on the Logs of Borings in
Appendix A and in Figure B-1 - Summary of Soil Laboratory Data.

Atterberg Limits

Atterberg Limits tests were performed on samples of selected samples of fine-grained
soils to evaluate the range of water content over which these materials exhibit plasticity. The
Atterberg Limits were determined in accordance with ASTM D-4318. These values are also
used to classify the soil in accordance with the Unified Soil Classification System and as
indications of a soil's compressibility and expansion potential. The results of these tests are
presented on the Logs of Borings in Appendix, in Figure B-1 - Summary of Soil Laboratory Data,
and in Figure B-3 - Plasticity Chart.

Compaction

Compaction tests were performed on bulk soil samples collected from the upper three
feet to assist in evaluating the compaction characteristics of onsite soils. The compaction tests
were performed in accordance with ASTM D1557. The results of the tests are presented in
Table B-1 - Summary of Soil Laboratory Data, and in Figure B-4 - Compaction Curves.

Consolidation Tests (Incremental Load Control)

Consolidation tests were performed on relatively undisturbed samples of the subsurface
clays to assist in evaluating the compressibility characteristics of these materials under
anticipated foundation loads. The consolidation tests were performed in accordance with ASTM
D-4186. The results of these tests are presented in Figure B-5 - Consolidation Test Data.

Direct Shear Test

Direct shear testing was performed to evaluate the drained shear strength of a sample of
soil from the existing road embankment/berm along the west side of the site. The testing was
conducted according to the testing procedure described in ASTM D3080. The samples were
sheared at three different vertical stresses, approximately 1, 2, and 4 kips per square foot. The
results of the test are presented in Figure B-1 - Summary of Soil Laboratory Data and in Figure
B-6 - Direct Shear Test Report.
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R-Value

R-value tests were performed on bulk soil samples collected from the upper three feet in
areas where it is expected that pavement will be constructed. The R-value test measures the
response of a compacted sample of soil to a vertically applied pressure under specific
conditions. This test is typically used by many public agencies, such as Caltrans, as the basis
for pavement design. The results of these tests are presented in Figure B-1 - Summary of Soll
Laboratory Data and in Figure B-7 - R-Value Test Results.

Expansion Index

Expansion Index tests were performed on bulk soil samples collected from the upper
3 feet to evaluate the expansion potential of the onsite soils when inundated with water. The
Expansion Index tests were performed in general accordance with ASTM D4828. The results of
these tests are presented in Figure B-1 - Summary of Soil Laboratory Data and in Figure B-8 -
Expansion Index.

Corrosivity Test

Corrosivity tests were performed at the specialty laboratory of Cerco Analytical, Inc. in
Concord, California. A suite of tests was performed on selected samples to evaluate soll
resistivity, redox potential, pH value and the chloride and sulfate ion concentrations. These
findings are useful in the evaluating the corrosion potential that site soils may pose to buried
concrete and ferrous metals. The findings of the corrosivity tests are presented in Figure B-9 -
Cerco Analytical Corrosivity Analysis.

M:\WP\2009\3652.001\RPT1-20-09\APPX B\APPX B.DOC B'3



FIGURE B-1a

e
__? eluiojieD ‘eujediied
mind €% Z ‘L SHuUN o0y Yoelg
S1TINS3Y 1S31 AHOLVHOgV1 40 AYVINANS
0S| €L 8| 8L |GLL (HO) Av1013ed| 0L |S0S ¥0-MY
Ll |0l | 2zl (NS) aNvssuid Ais| 8 [0'LY ¥0-MY
€| ¥8 | GLL (10) Av1OUERT| 9 |0'LE ¥0-MY
9z | 96 |1zl (NS) aNvsaud Awis| v |0'Le ¥0-MY
€z |€0l | 9zl (NS) aNvsauid Amis| z  [0'LL ¥0-MY
¥8 (W) puesuum 1TIS| L [0S ¥0-MY
8y | €/ | 80l (10) AVIO UERT| LL |09 €0-Md
ze |26 |1zl (10) AVIO UEST| 0L |0'LS €0-My
62| ¥6 | 12l (1) AVIO UEST| 6 [09F €0-My
L |82 €2 |voL | 221 (10) AvIOUERT| £ |0'9E €0-My
€z |€0l | 9zl (NS) aNvsauid Alis| G |09z €0-My
€c| 06 | 6L (1) AvIOUERT| € [09L €0-My
(R4 (NS) aNvs eul4 AWIS| 2 |0°0L £0-MY
0c| €6 |1zt (1) AvIOUEST| L |09 €0-My
€2 |20l | szl (NS) aNvs suid Ais| 6 [0'9F Z0-My
1z (NS) aNvS euld &S| 8 |00F 20-Md
¥Z |20l | L2 (NS) aNvsauid Awis| 2 |0'9¢ Z0-My
8c |19 (HO) Av1013ed| 9 |00¢ 20-MY
9, |62|v6 |22k (W) pues umm 1IS| S {092 20-Md
6 |82 oc| v6 | 121 (1) AvIO UERT| € [09L Z0-My
8 |2 12| 16 | €21 (1) AvIOUEST| L (09 Z0-My
€z |€0l | L2l (NS) aNvs auid AWis| L1 |§728 10-MY
Ly | 19 (HO) Av1013ed| 0L |00 L0-MY
€z |€0l | L2l (NS) aNvs suid Ais| 6 [0'9F L0-MY
5 1z (NS) aNvS eul4 &S| 8 |00F LO-MY
] 2z €01 | 9z} (Ws) anvseud Ais| 2 0'9e L0-MY
,m.. €l |zge (10) Av1OUERT| 9 |00€ L0-MY
5 2 €0l | Szl (NS) aNvs aud As| ¢ |09 LO-MY
O _ 6C | S6 |zl (10) Av10UBs| € |09t L0-MY
.Wm 0¢| G6 | €2l (10) AVv10ueel| L |09 10-MY
oo @l gl | olu | u e 5[0 2% G|/ n @
28 m g3 S s 1do | Xviu o
©) . T m| £ v_a Mw Q > o o d d H m
-~ o 3 o 2| < @« o) Z| % | % |pd]| o | w | 3104
o= o mE 2 Z | S1S3L ALIANISOHY0D mwmd Y] mm C 5 [S3Nd on|man/mmn NOILdIMOS3A VIHILYN = w_ TMa
3% AL aZ® | g8 | Bz | =3 s>
o2 < h& Zok 29 74 | om @
© O = z O Iz [e) Py E
[N < = X = > ®

LAB SUMMARY TABLE VENTURA _N:\PROJECTS\3652_CALENERGY\3652-001_BLACK_ROCK\EXPLORATIONS\GINT\2008\3652-001_2008_VAC08B.GPJ_ 1/16/09 03:36 PM-cab




eluiojieD ‘eujediied
€8 Z ‘1 SHun 00y oelg

S11NS3Y 1S31 AJOLVHO8VT 40 AMVININNS

[
kel
=

©

—

e}

o

—_

e}
@]

o

c
£

©

—

[}

o
o]

>

<)

—

[}

c
L

o
@]

1
o
~
o
9]
©
™
S
Z
=
[$)
2
9)
j
o

vZ | 86 |2zl (W) Lus| z |09 €0-VSH
8z |26 | LLL () Lus| v o€ €0-VSH
Gz |8c| 96 (1) AVIOUEST| g (00 €0-VSH
12| v6 | 6L () Lus| z |09 20-VSH
8z | 16 | 9Ll (10) Av1OUEST| L |0€ 20-VSH
8z | 96 | €zl (1) AvIOUEST| L |0€ 10-VSH
514 (NS) aNvS 8uld AIS| L1 |0'SS 10-Md
8y | 2L 8¢ | G8 | 9Ll (HO) Av1013ed| 0L |0'LS 10-Md
4 (NS) aNvS U4 &S| 6 |0'SY 10-Md
1z [0LL | €€l (NS) anvssuid Ais| 2 [oey 10-Md
ve| 88 | 8Ll (1) AVIOUERT| 9 |0'LE 10-MY
vZ | 66 | €2l (NS) aNvsaud Amis| v |0'Le 10-Md
0¢€ | 0§ (10) AvIOUERT| € [0GL 10-MY
vz | 86 |1zl (NS) aNvsauid Amis| z  [0'LL 10-Md
68 () Lus| v |os 10-MY
05 |S. (HO) Av1013ed| 2L |0'S9 90-MY
GG (W) L1us Apues| v |00z 90-MY
0S| 1L oe | ¥6 | €zl (HO) Av103ed| ¢ [09L 90-Md
8G |Gz |v6 |8l (W) 1S Apues| z  [0'LL 90-MY
GZ| €6 |LLL (NS) aNvs auid AWiS| L1 |09 S0-My
6¢ | ¥9 (HO) Av1013ed| 0L |0°0S G0-MY
zz |lolL | ezt (NS) aNvs suid Ais| 6 [0'9F S0-My
€6 |1z |26 |LLL () Lus| 2 |o9e G0-MY
Ge | 88 | 6L (1) AvIOUER]| 9 |§'LE G0-MY
214 (NS) aNvs euld &S| ¥ {002 GO-MY
1Z| 86 | szl (NS) aNvs auid Amis| € ['9L S0-My
8Z | /8 | LLL (1) AvIOUEST| L |09 G0-MY
Sy |1 (HO) Av1O13ed| /L |0'S8 ¥0-MY
9l |lg (10) AVIO UER| GL |06 ¥0-MY
¥z |€0L | 82l (10) AVIO UERT| ¥L [8'LL ¥0-MY
g 2R ) 1o wd |y o S | Ga a1 @
Aﬂ m w S 1d0O | XV < o
T m Wu P Snnuv nndv > % | % |jod | jod r o 310H
o 90 0| < a2 3 o o m v
& mS m = S1S3L ALIAISOYH0D ﬂ_.u_m_d numm ﬂM C o [ S3NE O man MMN NOILdIHOS3A VAT LVIN = .uln_ Tea
253 R azh R | 93 | =8 S|z
< K& Ziay A 29 = om @
3| zm T2 o P m
< | g X 5 z @ X

FIGURE B-1b

LAB SUMMARY TABLE VENTURA _N:\PROJECTS\3652_CALENERGY\3652-001_BLACK_ROCK\EXPLORATIONS\GINT\2008\3652-001_2008_VAC08B.GPJ_ 1/16/09 03:36 PM-cab




eluiojieD ‘eujediied
€8 Z ‘1 SHun 00y oelg

S11NS3Y 1S31 AJOLVHO8VT 40 AMVININNS

CalEnergy Operating Corporation

Project No. 3652.001

€| 16 | 621 () 1S Apues o} (NS) ANvS suId Ais| 2 09 ¥1-VSH
12|16 |GLL () 1S Apues o} (NS) ANvS suid Ais| L [o'€ ¥1-VSH
ozl o6LL| 8 |22 16 (w) 1us| a |oo ¥1-VSH
¥e| 98 |GLI (1) AVIOUEST| Z (09 €1-VSH
62| 98 |0LL (1) AvIOUEST| L |0€ €1-VSH
18 (1) AVIOUEST| g (00 €1-VSH
62| 68 |G (1) AVIOUEST| Z (09 ZL-VSH
12| ¥6 | 6LL (10) Av1OUEST| L |0€ ZL-VSH
ool (1) AVIOUEST| g (00 ZL-VSH
vz |86 |12l () 1S Apues o} (NS) ANVS suId Ais| 2 09 LL-VSH
ve | 28 | 9Ll (1) AvIOUEST| L |0€ LL-VSH
Ll |9g (1) AVIOUEST| g (00 LL-VSH
62 | 68 |Gl (1) AVIOUEBST| Z (09 0l-VSH
12|06 |¥LL (1) Av1OUEST| L |0€ 0l-VSH
€€ | ¢S (HO) Av101%ed| g |00 0l-VSH
9z | 16 |G (W) Lus| z |09 60-VYSH
0¢ | €8 | 80l (NS) aNvsauid Amis| L |0'e 60-VYSH
GZ | 26 |G (NS) aNvsauid Awis| z |09 80-VSH
62 | €8 | L0 (W) L1us Apues| L |0€ 80-VSH
86 (1) AVIOUEST| g (00 80-VYSH
€z |86 |1zl (NS) aNvsauid Awis| z |09 L0-VSH
0c| 88 | vl (1) Av1OUES| L |0€ L0-VSH
L€ |88 |Gl (10) AvIOUEST| Z (09 90-VSH
9z |26 |GLL () 1S Apues o} (NS) ANvS suid Ais| L [0 90-VSH
€z | 16 |0zl (NS) aNvsauid Amis| z |09 GO-VSH
9z | ¥6 | 8Ll () Lus| v o€ GO-VSH
G (10) pues yum Ay 1O UBST| G |00 GO-VSH
Gz |10l | 9z () 1S Apues o} (NS) ANvS suid Ais| 2 09 ¥0-VSH
Le| 68 | LLL (1) Av1OUES| L |0€ ¥0-VSH
GOL |S9LL|ZL €E| 86 (1) AVIOUEST| g (00 ¥0-VSH
g 2R ) 1o wd |y o S | Ga a1 @
283 L . 10 : g
2 58 & z 21 8 | % | % |pd | pd n| B | 30H
& mS m = S1S3L ALIAISOYH0D = _.u_m_ M num W = M W M | SANIE oW IMman MMN NOILdIHOS3A VAT LVIN m .uln_ Tea
2 53R gzm sy % | 38 |7
523 I 3 | “% i
< | g X 5 z @ X

FIGURE B-1c

LAB SUMMARY TABLE VENTURA _N:\PROJECTS\3652_CALENERGY\3652-001_BLACK_ROCK\EXPLORATIONS\GINT\2008\3652-001_2008_VAC08B.GPJ_ 1/16/09 03:36 PM-cab




[
kel
=

©

—

e}

o

—_

e}
@]

o

c
£

©

—

[}

o
o]

>

<)

—

[}

c
L

o
@]

1
o
~
o
9]
©
™
S
Z
=
[$)
2
9)
j
o

eluiojieD ‘eujediied
€8 Z ‘1L SHuN 00y oelg

S11NS3Y 1S31 AJOLVHO8VT 40 AMVININNS

¥z |96 |6LL () 1S Apues o} (NS) ANVS suId Ais| 2 09 €Z-VSH
62|88 | VLl (1) Av1OUEST| L |0€ €Z-VSH
8z | 26 | 8Ll (1) AvIOUEST| Z (09 2Z-VYSH
Le |88 | 9Ll (10) Av1OUES| L |0€ 2Z-VYSH
89 06l |gGLL|0E |G | 66 (1) AVIOUEST| g (00 ZZ-VSH
vZ| 66 | 8Ll (10) AvIOUEST| Z (09 1Z-VSH
0€ |68 | LLL (1) Av1OUEST| L |0€ 12-VSH
9z |26 9Ll () 1S Apues o} (NS) ANvS suId M| 2 09 0Z-YSH
8Z | 06 |Gl (1) Av1OUEST| L |0€ 0Z-YSH
8z 6 (10) AVIOUEST| g (00 0Z-VYSH
6 |¥E ve| 88 | 8LL () Lus| ¢ |vL 61-VSH
8 | €0 62 (1) AvIOUEST| Z (09 61-VYSH
€l (Ws) anvs Ais| L |oe 61-VSH
9z | 66 | 6L (1) AVIOUEST| Z (09 81-VYSH
62| 16 | LLI (1) Av1OUEST| L |0€ 81-VSH
9z | €6 | LLL (W) Lus| z |09 L1-VSH
6z |16 |8LL () 1S Apues o} (NS) ANvS suid Ais| L [0 L1-VSH
8L (W) puesuum 1IS| € |06l 91-VSH
L e (1) Av1OUERT| Z  [00L 91-VSH
vl (Ws) anvs Ais| L |oe 91-VSH
0c| 68 | 9Ll () 1S Apues o} (NS) ANvS suId Ais| 2 09 Gl-VSH
€c| 68 | 8Ll (1) Av1OUEST| L |0€ Gl-VSH
LR W o He |y st g RN ENEITE 2
m m W - S - 1dO Ox<_>_ M o
2 8 G|z w2 o} Z | % | % |pd|pd LB | FoH
o m< 9 Z | SLS3L ALIAISOYH0D = z 3 %m = = T+ | S3NI oW |man mmn NOILdIYOS3A TVINILYIN = m_ TI8a
252’ Az m mm 23 =2 S| =
< b8 ©93 %9 72 | om z
23R T< g o %

FIGURE B-1d

LAB SUMMARY TABLE VENTURA _N:\PROJECTS\3652_CALENERGY\3652-001_BLACK_ROCK\EXPLORATIONS\GINT\2008\3652-001_2008_VAC08B.GPJ_ 1/16/09 03:36 PM-cab



CalEnergy Operating Corporation ‘l'-llGRﬂ
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GRAIN SIZE IN MILLIMETERS

GRAVEL SAND

Coarse Fine Coarse Medium Fine

SILT or CLAY

LEGEND CLASSIFICATION Cc Cu

(location) (depth,ft)
O RW-03 10.0 Silty Fine SAND (SM)
[ J RW-05 20.0 Silty Fine SAND (SM)
A RW-07 45.0 Silty Fine SAND (SM)

GRAIN SIZE CURVES
Black Rock Units 1,2 & 3

Callipatria, California
FIGURE B-2
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CalEnergy Operating Corporation
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LIQUID LIMIT (LL)
ATTERBERG LIMITS TEST RESULTS
LIQUID PLASTIC  PLASTICITY
LEGEND CLASSIFICATION LIMIT(LL) LIMIT(PL) INDEX (PI)
location depth, ft
le) RW-01 30.0 Lean CLAY (CL) 32 19 13
) RW-01 50.0 Fat CLAY (CH) 67 26 41
A RW-02 6.0 Lean CLAY (CL) 27 19
A RW-02 16.0 Lean CLAY (CL) 28 19 9
® RW-02 30.0 Fat CLAY (CH) 61 23 38
o] RW-03 36.0 Lean CLAY (CL) 28 21 7
A RW-04 50.5 Fat CLAY (CH) 73 23 50
1] RW-04 75.0 Lean CLAY (CL) 31 15 16
PLASTICITY CHART

Black Rock Units 1,2 & 3
Callipatria, California

PLASTICITY CHART VENTURA  N:\PROJECTS\3652_CALENERGY\3652-001_BLACK_ROCKIEXPLORATIONS\GINT\2008\3652-001_2008_VACO08B.GPJ 1/16/09 03:38 p
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CalEnergy Operating Corporation ‘l'-llGRﬂ
Project No. 3652.001
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LIQUID LIMIT (LL)
ATTERBERG LIMITS TEST RESULTS

LEGEND CLASSIFICATION UMITLL) LML INDEX 1)
location depth, ft
O RW-04 85.0 Fat CLAY (CH) 71 26 45
[ ] RW-05 50.0 Fat CLAY (CH) 64 25 39
A RW-06 16.0 Fat CLAY (CH) 71 21 50
A RW-06 65.0 Fat CLAY (CH) 75 25 50
® RW-07 15.0 Lean CLAY (CL) 50 20 30
o] RW-07 51.0 Fat CLAY (CH) 72 24 48
A HSA-03 0.0 Lean CLAY (CL) 38 13 25
[n] HSA-04 0.0 Lean CLAY (CL) 33 16 17

PLASTICITY CHART
Black Rock Units 1,2 & 3
Callipatria, California
FIGURE B-3b
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ATTERBERG LIMITS TEST RESULTS
LIQUID PLASTIC  PLASTICITY
LEGEND CLASSIFICATION LIMIT(LL) LIMIT(PL) INDEX (PI)
location depth, ft
le) HSA-10 0.0 Fat CLAY (CH) 52 19 33
) HSA-11 0.0 Lean CLAY (CL) 36 19 17
A HSA-14 0.0 SILT (ML) 27 19 8
A HSA-16 10.0 Lean CLAY (CL) 31 20 11
® HSA-19 11.4 SILT (ML) 34 25 9
o] HSA-22 0.0 Lean CLAY (CL) 45 15 30

PLASTICITY CHART
Black Rock Units 1,2 & 3
Callipatria, California
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COMPACTION

Job No.

3652.001

Black Rock

Date: 11/20/08 |

Lab ix

4124

BoringNo. |
: i

Description of Soil / Material

Sample Mo

HSA-14

Degth (1)

Pg. 1of

- . , |
Dep {

TOTAL SAMPLE Wi (o)

| ASTMNETHOD USED

{19.0mim) SIEVE

Brown Fat Cla

% RETAINED ON 3/4in.

SCRETAINED ON 478,
{9.5mm) SIEVE (g} :

% RETAINED ON NG 4
(4.75mm) SIEVE (

0.03332

PREPARATION |

Hand

(SEENOTE1): METHOD USED
Test No. 1 2 3 4 S

| Wt Of Wet Soil (b) ‘ 8.810 8.810 8.840 8.830
W OfMold () 4.380 4.380 4.380 4.380
Wet Unit Weight (Ib/t) 133.0 133.0 133.9 133.6
Tare No. . ; YO-22 YO-22 YO-11 LPT-46
Wi of Wet Soil + Tare (g) 606.30 606.30 603.70 801.40
VAL of Dry Soll + Tare(g) 54540 | 54540 | 53300 | 533.10
Wi of Water (g) 60.90 60.90 70.70 68.30
Wi of Tare (g) 38.30 38.30 38.30 38.40
Wi. of Dry Soil (g) 526.60 507.10 507.10 494.70 494.70
Moisture Content (%) 7.7 12.0 12.0 14.3 13.8
Dry Unit Weight (Ib/t) 114.6 118.7 118.7 117.1 117.4

MAX. DRY DENSITY (Ib/f?)

CORBECTED MDD

REMARKS :

Assumed density of 2.700 kg/m?®

3

used for Air voids calculations

12

N
=
2
B
f
=
Tz
[ I
o
=
>
z
o
z
=

=

sl

10
5

#olsture Content (%)

ASTM METHODS AS FOLLOWS ==

l’ﬁore i
METHOD'A - <20 % BET. No 4 (4 75mim) SIEVE
4N MOLD.

METHOD B3 20.% BET. No.4 4. 75mmy &
<20 % BET. 3/8in (9.5mm) SIEVE
4n MOLD.

METHOD € -»20 % RET. 9/8in (9.5mm) &
<80% RET. 3/4in (19mm ) SIEVE
sinMoLD:

1F: 30% QR MORE 18 RET. ON THE 3/4in-{19mm)

SIEVE THEN NONE OF THE METHODS DETAILED ABOVE
MAY BE USED. (INFORM THE LABORATORY.
SUPERVISOR)

VOLUME OF NOLD -
6irnmold - 0.0750
4in mold - 0.0333

FIGURE B-4a

§§3a{e :




COMPACTION

Job No.

3682.001

Job Name:

Black Rock

Data: 11/20/08 §

Lab i

4124

Client:

| Sampleto.

INOTE ASTM METHODS AS FOLLOWS

METHOD A - < 20 % BET. No & (4. 75mm) BIEVE
4in MOLD.

METHOD B> 20 % HET. No 4 (475mm) &
< 20% RET, 3/8in (9.5mm) SIEVE
4 MOLD:

METHOD C £ > 20 % RET. 9/8in (9:5mm) &
<80% PET. g/din Fismm y SIEVE
6in MOLD.

{F:30% ORMORE 18 BET ON THE 3/4in {19mm)
SIEVE THEN NONE OF THE METHODS DETAILED ABOVE
MAY BE USED (INFORM THE LABORATORY

(19.0mm) SIEVE (g) :
% RETAINED ON 3/8in.
(8.5mm) SIEVE (g) :
% RETAINED ONNo 4
‘ e 4.75mmy) SIEVE {g) ©
ASTM METHOD USED PREPARATION.
SEENOTE1): FiEAAD
Test No. 1 2 3 4 5
WiOfWelSol(lh) 8.700 8.790 8.700 8.700
WiOfMoid) 4.380 4.380 4.380 4.380
Wet Unit Weight (Ib/ft5) 129.7 132.4 129.7 129.7
TareNo . LPT-68 | LPT-31 YO-16 YO-16
WidWetSol+Tarelg 620.80 | 60950 | 60320 | 603.20
Wi of Dry Soil + Tare(g) 552.00 533.50 517.90 517.90
Wt of Water (g) 68.80 76.00 85.30 85.30
WiotTae(g 38.40 38.20 38.40 38.40
Wt. of Dry Soil (g) 513.60 513.60 495.30 479.50 479.50
Moisture Content (%) 13.4 13.4 15.3 17.8 17.8
Dry Unit Weight (Ib/ft) 114.3 114.3 114.7 110.1 110.1

 MAX. DRY DENSITY (Ib/tt?) |

~ CORRECTED MDD

REMARKS :

130

o
&

UNIT DRY WEIGHT, pef (I/it9)
&

110

Assumed density of 2.700 kg/m® used for Air voids calculations

SUPERVISOR}

VOLUME OF MOLD :~

sinmold ~0.0750
4in mold - 00333

wt

&

]

‘Calcuiated by

Checkad by :

FIGURE B-4b

|




COMPACTION

Job No.

3652.001

Job Name:

Black Fock

Date:

11/24/08

Lab iD:

Client:

1of

Pg.

4124

Boting No.

S

i Description of Soil / Material

 Sample ?éé.:

HSA-4

Dopint: |

Brown Faf Cla

Repoing |
Depth (0

e % RETAINED ON 2/4in.
TOTAL SAMELE Ut (@ (19.0mm) SIEVE {
S BETAINED ON /8,
(9.5mm) SIEVE (g) - -
% RETAINED ON No 4
(4.75mm) SIEVE (g) : ; 0.03320
ASTMMETHOD USED PREPARATION | ‘ Hand
(SEENOTE 1) ~ METHOD USED | . an
5 3 4 5 [@TE 1 ASTMMETHODS AS FOLLOWS +
Wi Ot Wet Soilb) 8570 8.670 8.710 8.710 METHOD A <20 % RET, No.4 (4. 75mm) SIEVE
. 4in MOLD:
Wi Of Mold (ib) , 4.380 4.380 4.380 4.380 MERIOE okt s sea
- Yo NG LS
Wet Unit Weight (Ib/#3) 126.2 129.2 130.4 130.4 <20 % BET. 3/8in (9'5mm) SIEVE
LPT-52 | LPT-31 YO-16 YO-16 amMotD.
. " g ‘ METHOD €520 % BET. 3/8in-(0:5mm) &
o - e b 611.70 607.60 608.30 608.30 T e SEve
W of Dry Soit+ Tare(g) 565.60 551.20 542.90 542.90 SR MOLD.
Wt of Water (g) 46.10 56.40 65.40 65.40 IF30% OR MORE 1S BET ON THE 3/4in (19mm)
% 2 T SIEVE THEN NONE OF THE METHODS DETAILED ABOVE
Wi of Tare (g) 38.60 38.20 38.40 38.40 MAY BE USED, (NFORM THE LABORATORY
Wt of Dry Soil (g) 527.00 527.00 513.00 504.50 504.50 SUPERVISOR) :
Moisture Content {%) 8.7 8.7 11.0 13.0 13.0 VOLUME OF MOLD -
Dry Unit Weight (b/t?) 116.1 116.1 116.4 115.5 115.5 Sinhod oo

MAX. DRY DENSITY (Ib/ts) |

'CORRECTED MDD

REMARKS :

|
I

UNIT DRY WEIGHT, pef (Ib/ft%)

130

120

15

&

CORRECTED MOISTURE CONTENT |

Assumed density of 2.700 kg/m?® used for Alr voids calculations

W

Roisture Content (%)

FIGURE B-4c

Calculated by




CONSOLIDATION TEST DATA

SUMMARY REPORT
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Description: Clayey SILT (ML): brown, wet

Remarks: 3652.00W,RW*OW,#W,6.0ft,Node65,B\Ock Rock Units 1,2,3

FIGURE B-5a
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Description: Silty SAND (SM): brown, moist, fine sand

Remarks: 3652.00W,RW*OB,#7,36.0H,Node@S,B\Ock Rock Units 1,2,3.dat

FIGURE B-5b

Thu, 04-DEC-2008 09:37:06



CONSOLIDATION TEST DATA

SUMMARY REPORT
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Description: Fat CLAY (CH): brown, wet

Remarks: 3652.00W,RW*O4,#WO,506ft,Node66,B\Gck Rock Units 1,2,3.dat

FIGURE B-5c

Thu, 04-DEC-2008 09:27:01



CONSOLIDATION TEST DATA

SUMMARY REPORT
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Description: Fat CLAY (CH): brown, wet

Remarks: 3652.OOW,RW7057#6,3W.5ft,Node65,B\Ock Rock Units 1,2,3.dat

FIGURE B-5d
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CONSOLIDATION TEST DATA
SUMMARY REPORT
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0.71

FIGURE B-5e

3652.001

29.94
94.34
102.77
v
16.0ft

Before Test
Elevation: N/A

Checked By: NJD

Project No.:
Depth:

11/7/08

Calipatria, CA
Sample Type: Shelby

Dry Unit Weight, pcf
Tested By: NJD

Saturation, %

Water Content, %
Void Ratio

VERTICAL STRESS, tsf

Location:
Test Date:

in

1

Height:
RW-6
#3

C

Remarks: 3652.00W,RW*O@,#B,W6.0ft,Node66,B\Ock Rock Units 1,2,3.dat

Description: Fat CLAY (CH): brown, wet

Project: Black Rock Units 1,2,3

Sample No.:

Boring No.:
Test No.:

Compression Index: 3.81959e-313
2.42 in

Preconsolidation Pressure: O tsf

Overburden Pressure: O tsf

Diameter:

LL:

Thu, 04-DEC-2008 09:22:23



CONSOLIDATION TEST DATA

SUMMARY REPORT
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Description: Fat CLAY (CH): brown, wet

Remarks: 3652.00W,RW*O7,#WO,5WOft,Node@@,B\Gck Rock Units 1,2,3.dat

FIGURE B-5f
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DIRECT SHEAR TEST REPORT
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0.0 0.1 0.2 0.3 0.4 0 1 2 3 4 5 6 7 8
HORZ. DEFORMATION, in NORMAL STRESS, tsf
Symbol O]
Test No. A B C
-0.00 | ; | Sample No. #2 #2 #2
- | : | - Shape Circular | Circular | Circular
|
i | i 7777777 Dimension, in 2 2 2
: 1 Area, in\2 31416 | 3.1416 | 3.1416
| |
c | | | Height, in 1 1 1
T O
~ | | = | Water Content, % 28.74 | 2874 | 2873
O — R
E( Dry Density, pcf 95.104 | 96.817 94.489
5 Saturation, % 98.17 102.23 96.73
O
b Void Ratio 0.80515 | 0.77321 | 0.8169
Q. Consol. Height, in 0.98258 | 0.96705 | 0.95798
F
& Consol. Void Ratio 0.7737 | 0.71479 | 0.74056
>
Water Content, % 31.23 27.10 31.42
S | Dry Density, pcf 97.419 102.02 101.73
C
o | Saturation, % 112.66 109.16 125.66
Void Ratio 0.76226 | 0.68283 | 0.68754
Normal Stress, tsf 0.49995 | 0.99967 | 1.4999
0.0 0.1 0.2 O'B. 0.4 Max. Shear Stress, tsf 0.39963 | 0.72021 | 0.92855
HORZ. DEFORMATION, in
Ult. Shear Stress, tsf 0.3244 | 0.58309 | 0.89799
Time to Failure, min 350 490 919
Project: Black Rock Units 1,2,3 Disp. Rate, in/min 0.00017 | 0.00017 | 0.00017
Location: Calipatria, CA Estimated Specific Gravity 2.75 2.75 2.75
Project No.: 3652.001 Liquid Limit - - -
Boring No.: HSA-19 Plastic Limit - - -
Sample Type: Ring Plasticity Index - - -
Description: Fat CLAY (CH): brown, moist
Remarks: 3652.001 _HSA-19_#2_6.0ft_0.5tsf_STA_Black Rock Units 1,2,3
FIGURE B-6

Fri, 12-DEC-2008 11:27:47



PROJECT NO:

PROJECT NAME:

SAMPLE NO.
DESCRIPTION:
TESTED BY:
ATTENTION:

COPY TO:

-R- VALUE TEST RESULT

3652.001

BLACK ROCK UNITS 1 - 2 & 3

HSA - 8 @ 0 - 37 SOURCE: Onsite
Brown lean to fat CLAY with sand (CL-CH)

JA DATE : 11-10-08

Jon Everett

Jim Bruss

* % % % % % RESISTANCE VALUE DATA SUMMARY * * * * * x

INITIAL MOISTURE CONTENT: 20 %

DRY
DENSITY
(pcf)

99.3
~99.8
100

WATER EXUDATION EXPANSION

CONTENT PRESSURE PRESSURE * R *
(%) (psi) (psf) VALUE
23.8 231 0 2
23.2 326 35 4
22.6 446 39 6

AT EXUDATION PRESSURE OF 300 PSI:

99.6

23.4 300 31

FIGURE B-7a



-R- VALUE TEST RESULT

PROJECT NO: 3652.001
PRCJECT NAME: BLACK ROCK UNITS L - 2 & 3
SAMPLE NO. HSA - 12 @ 0 - 3! SOURCE: Onsite

DESCRIPTION: Brown lean to fat CLAY with sand (CL-CH)

TESTED BY: JC DATE : 11/10/08
ATTENTION: Jon Everett
COPY TO: Jim Bruss

*# * % % % % RESTSTANCE VALUE DATA SUMMARY * * * * *

INITIAL MOISTURE CONTENT: 23 %

DRY WATER EXUDATION EXPANSION
DENSITY CONTENT PRESSURE PRESSURE * R *
~(pct) (%) (psi) (psf) VALUE
9¢6.1 26.1 215 0 1
~98.6 24.9 310 S 2
100.8 23.8 390 83 5
AT EXUDATION PRESSURE OF 300 PSI:
98.4 25 300 8 2

FIGURE B-7b



-R~- VALUE TEST RESULT

SOURCE: Onsite

11-10-08

PROJECT NO: 3652.001

PROJECT NAME: BLACK ROCK UNITS 1 - 2 & 3
SAMPLE NO. HSA - 20 @ 0' - 3!
DESCRIPTION: Brown lean CLAY with sand (CL)
TESTED BY: GB DATE:

ATTENTION: Jon Everett

COPY TO: Jim Bruss

* % % % % * RESTSTANCE VALUE

DATA SUMMARY * * * * * %

INITIAL MOCISTURE CONTENT: 16 %

DRY WATER EXUDATION EXPANSION

DENSITY CONTENT PRESSURE PRESSURE * R *
{pcf) (%) (pei) (psf) VALUE
106.7 17.4 195 0 16
'108.5 16.9 310 0 29
108.1 16.3 358 0 31

AT BEXUDATION PRESSURE OF 300 PSI:

107.9 16.8 300 0 28

FIGURE B-7c



RO
ilgc EXPANSION INDEX
: % ASTM D4829-03 / UBC 29-1
Project Name: Black Rock Unit 1,2 3 Project Number: 3652.001
Sample Source HSA-3 @ 0-3' Tested By: DC
Sample Description: Brown lean CLAY with sand (CL). Date Tested: 11/7/2008
Test Data:
Expansion: Load-Expanded: [x] Expanded-Load: ] Other: [ ]
MOISTURE BEFORE AFTER REMOLDING
CONTENT TEST TEST DATA
Ring Number Water Desired
Weight of Wet Soil + Ring (gms) 385.0 4724 content, % 11.1 Density 105.0
Weight of Dry Soil + Ring (gms) 346.5 385.1
Weight of Ring (gms) 0.0 38.6 Total Dry Soil, gms.
Weight of Dry Soil (gms) 346.5 346.5 [|Water Added, gms.
Weight of Water (gms) 38.5 87.3
Volume of Soil (ft%) 0.0073 0.0077
Water Content, % 11.1 25.2
Dry Density (pcf) 105.0 98.9
SPECIMEN DATA:
Height 1.00 inches Diameter: 4.00 inches
Gs = 2.7 estimatec  V, = 0.0073  inch.’ EXPANSION INDEX 62
Oy - 105.0
& = 98.9
SPECIMEN
HEIGHT Ho-H; || (wic)(Gs)(D) || (Gs)(62.4)-84 5%
(inches) {x) {¥) x/y
1.000 3151.26 63.44 50 Initial
1.062 0.0619 6729.06 £69.56 97 Final
Date: Time: | Reading: Remarks:
11/10/08 3:30 0.3435
11/10/08 3:56 0.3200
11/10/08 4:18 0.3003
11/11/08 8:10 0.2814
11/11/08 11:50 0.2816
11/11/08 1:10 0.28186

FIGURE B-8a



R0
i%l EXPANSION INDEX
N ASTM D4829-03 / UBC 29-1
Project Name: Black Rock Unit 1,23 Project Number: 3652.001
Sample Source HSA-10 @ 0-3' Tested By: DC
Sample Description: Brown fat CLAY with sand (CH). Date Tested: 11/7/2008
Test Data:
Expansion: Load-Expanded: @ Expanded-Load: | Other: []
MOISTURE BEFORE AFTER REMOLDING
CONTENT TEST TEST DATA
Ring Number Water Desired
Weight of Wet Soil + Ring (gms) 385.0 461.1 content, % 13.5 ||Density 97.5
Weight of Dry Soil + Ring (gms) 321.6 360.4
Weight of Ring (gms) 0.0 38.8 Total Dry Soil, gms.
Weight of Dry Soil (gms) 321.6 321.6  |[Water Added, gms.
Weight of Water (gms) 43.4 100.7
Volume of Soil (ft°) 0.0073 0.0078
Water Content, % 13.5 31.3
Dry Density {pcf) 97.5 90.8
SPECIMEN DATA.:
Height 1.00 inches Diameter: 4.00 inches
Gs = 2.7 estimatec V; = 0.0073 Inch? EXPANSION INDEX 74
Oy = 97.5
I8¢ - 90.8
SPECIMEN
HEIGHT Ho-He || (wic)(Gs)(Dy) || (Gs)(62.4)-54 $%
{inches) (x) (y) xly
1.000 3552.33 70.99 50 Initial
1.074 0.0740 7674.48 77.70 99 Final
Date: Time: | Reading: Remarks:
11/10/08 3:56 0.3225
11/10/08 4.02 0.3000
11/10/08 4:13 0.2800
11/11/08 8:10 (0.2480
11/11/08 11:50 0.2484
11/11/08 1:10 0.2485

FIGURE B-8b
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Project Name:

Black Rock Unit 1,2 3

EXPANSION INDEX
ASTM D4829-03 / UBC 29-1

Sample Source

HSA-22 @ 0-3'

Sample Description:

Brown lean CLAY with sand (CL).

Test Data:

Project Number:
Tested By:
Date Tested: 11/7/2008

3652.001

DC

Expansion: Load-Expanded: [X] Expanded-Load: [] other: [
MOISTURE BEFORE AFTER REMOLDING
CONTENT TEST TEST DATA
Ring Number Water Desired
Weight of Wet Soil + Ring (gms) 372.0 512.3 content, % 12.3 ||Density 100.4
Weight of Dry Scil + Ring (gms) 331.3 417.8
|Ma_ight of Ring (gms) 0.0 86.5 _|Total Dry Soil, gms.
Weight of Dry Sail (gms) 331.3 331.3 |[Water Added, gms.
[[Weight of Water (gms) 40.7 94.5
[Volume of Soil (it%) 0.0073 0.0078
water Content, % 12.3 28.5
IDry Density (pcf) 100.4 94.1
SPECIMEN DATA:
Height 1.00 inches Diameter: 4.00 inches
Gs = 2.7 estimatec V, = 0.0073  inch.’ EXPANSION INDEX 68
Oy = 100.4
O - 94 .1
SPECIMEN
HEIGHT Ho-Hy || (wie)(Gs)(O,) || (Gs)(62.4)-5, $%
{(inches) {x) (y) x/y
1.000 3331.33 68.05 49 Initial
1.067 0.0672 7247.86 74.37 97 Final
Date: Time: [| Reading: Remarks:
11/11/08 2:03 0.3389
11/11/08 3:15 0.3010
11/11/08 4:35 0.2815
11/12/08 7:95 0.2715
11/12/08 10:25 0.2717
11/12/08 1:50 0.2717

FIGURE B-8c



California State Certified Laboratory No. 2153

analytical
25 November 2008 _ 1100 Willow Pass Court, Suite A
Job No.0811051 Concord, CA 94520-1006

Cust. No.11608 925 462 2771 Fax: 925 462 2775
www.cercoanalytical.com

Mr. Kim Yee

Fugro West, Inc.

1000 Broadway, Suite 440
Oakland, CA 94607

Subject: Project No.: 3652.001
Project Name: Black Rock Units 1, 2, 3 ‘
Corrosivity Analysis — ASTM Test Methods with Brief Evaluation

Dear Mr. Yee:

Pursuant to your request, CERCO Analytical has analyzed the soil samples submitted on November 07,
2008. Based on the analytical results, a brief corrosivity evaluation is enclosed for your consideration.

Based upon the resistivity measurements, all samples are classified as “severely corrosive”. All buried
iron, steel, cast iron, ductile iron, galvanized steel and dielectric coated steel or iron should be properly
protected against corrosion depending upon the critical nature of the structure. All buried metallic
pressure piping such as ductile iron firewater pipelines should be protected against corrosion.

The chloride ion concentrations range from 630 to 1,500 mg/kg. Because the chloride ion concentrations
are greater than 300 mg/kg, they are determined to be sufficient to attack steel embedded in a concrete
mortar coating.

The sulfate ion concentrations range from 1,200 to 2,800 mg/kg and are determined to be sufficient to
damage reinforced concrete structures and cement mortar-coated steel at these locations. Therefore,
concrete that comes into contact with this soil should use sulfate resistant cement such as Type II, in
accordance with the Uniform building Code requirements.

The pH of the soils range from 7.9 to 8.4 which does not present corrosion problems for buried iron, steel,
mortar-coated steel and reinforced concrete structures.

The redox potentials range from 460 to 470-mV, which are indicative of aerobic soil conditions.

This corrosivity evaluation is based on general corrosion engineering standards and is non-specific in
nature.  For specific long-term corrosion control design recommendations or consultation, please call
JDH Corrosion Consultants, Inc. at (925) 927-6630.

We appreciate the opportunity of working with you on this project. If you have any questions, or if you
require further information, please do not hesitate to contact us.

Very truly yours,
CERCO ANALYTICAL, INC.

g ' v
v J. Darby Howard, Jr., P.E.
! .
President

JDH/jdl FIGURE B-9a

Enclosure
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APPENDIX C
LIQUEFACTION ANALYSES



CalEnergy Operating Corporation l GrO
January 20, 2009 (Project No. 3652.001)

APPENDIX C
LIQUEFACTION ANALYSES

Appendix C presents the results of the CPT liquefaction assessments for the Design
Level Earthquake (DLE) event in accordance with the criteria presented in Section 6 of this
report. For the analyses, the DLE event is defined as having a moment magnitude (M) of 6.5
and a PGA of 0.40g.

The susceptibility of granular soils to liquefaction is a function of gradation, density, and
type of fines content of the soil. The susceptibility in general decreases with respective
increases in: 1) distribution of grain size, and 2) soil density. The detailed liquefaction
susceptibility was based on the CPT-based empirical procedures recommended by Youd et. al.,
(2001) and used typical CPT tip resistance data that are representative of the soils at the project
site. It should be noted that all zones susceptible to liquefaction are shown to the base of each
exploration, and cumulative settlement commences with the deepest encountered liquefiable
zones; however, past research has suggested that in most cases liquefaction does not occur at
depths greater than about 50 feet below ground surface.

Figure C-1 provides a key for the interpretation of the liquefaction analyses based on the
CPT data. Figures C-2 through C-22 present the CPT liquefaction assessments for the DLE
event. The CPT plots show zones of materials susceptible to liquefaction in pink, and
cumulative settlements along with volumetric strains.

M:\WP\2009\3652.001\RPT1-20-09\APPX C\APPX C.DOC C_l



18\MXD\Figure_C-22_KeytoCPT-Liquefaction.mxd, 01/16/09, CDean

2008_12

_Liqu_.

BlackRock123_Li
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CalEnergy Operating Corporation
Project No. 3652.001

ELEVATION, ft

DEPTH, ft.

TIP RESISTANCE (TSF)

160 240 320 1

VOLUMETRIC STRAIN (%)

3 4 5§ 8 7 8 9

20

TIP TO PRECLUDE LIQUEFACTION (TSF)
160 240 320 1

_ Liquefiable
- Zones |

Critical Tip—+———————————
‘Resistance |

i CPT Tip-
~_— Resistance

Soil Type

COLOR LEGEND FOR FRICTION RATIO TRACES

CUMMULATIVE SETTLEMENT (in)

O T

Volumetric
- Strain

<. Cumulative

. Settlement

1000

Tip Resistance (tsf)
)
ot

10-

01 2 3 4 5 6 7 8 9 10MN1

Friction Ratio (%)

Zone Soil Behavior Type U.sS.C.S.
1 Sensitive Fine-grained OL-CH
2 Organic Material OL-OH
3 Clay CH
4 Silty Clay to Clay CL-CH
5 Clayey Silt to Silty Clay MH-CL
6 Sandy Silt to Clayey Silt ML-MH
7 Silty Sand to Sandy Silt SM-ML
8 Sand to Silty Sand SM-SP
9 Sand SW-SP
10 Gravelly Sand to Sand SW-GW
11 Very Stiff Fine-grained * CH-CL
12 Sand to Clayey Sand * SC-SM

*overconsolidated or cemented

CPT CORRELATION CHART
(Robertson and Campanella, 1984)

KEY TO LIQUEFACTION LOGS
Black Rock Units 1, 2, & 3
Calipatria, California

FRICTION RATIO (%) ——

'
Y

FIGURE C-1



CalEnergy Operating Corporation
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LOCATION: E6,750,956, N2,005,421, CA State Plane, Zone 6, NAD83, Feet

SURFACE EL: -221.0ft +/- (NAVD88)
COMPLETION DEPTH: 25.41ft
TESTDATE: 10/8/2008

LIQUEFACTION LOG OF CPT NO: C-101

EXPLORATION METHOD: Cone Penetrometer
PERFORMED BY: Kehoe Testing & Engineering

P.G.A. =0.40g and Mw = 6.5
Black Rock Units 1,2 & 3
Calipatria, California

REVIEWED BY: Jon Everett

FIGURE C-2
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EXPLORATION METHOD: Cone Penetrometer
PERFORMED BY: Kehoe Testing & Engineering
REVIEWED BY: Jon Everett

LOCATION: E6,752,117, N2,005,697, CA State Plane, Zone 6, NAD83, Feet
SURFACE EL: -228.9ft +/- (NAVD88)

COMPLETION DEPTH: 50.19ft

TESTDATE: 10/8/2008

LIQUEFACTION LOG OF CPT NO: C-102
P.G.A. =0.40g and Mw = 6.5
Black Rock Units 1,2 & 3
Calipatria, California FIGURE C-3
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LOCATION: E6,750,954, N2,004,791, CA State Plane, Zone 6, NAD83, Feet

SURFACE EL: -221.0ft +/- (NAVD88)
COMPLETION DEPTH: 25.37ft
TESTDATE: 10/8/2008

LIQUEFACTION LOG OF CPT NO: C-103

EXPLORATION METHOD: Cone Penetrometer
PERFORMED BY: Kehoe Testing & Engineering

P.G.A. =0.40g and Mw = 6.5
Black Rock Units 1,2 & 3
Calipatria, California

REVIEWED BY: Jon Everett

FIGURE C-4
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LOCATION: E6,752,229, N2,004,966, CA State Plane, Zone 6, NAD83, Feet

SURFACE EL: -227.9ft +/- (NAVD88)
COMPLETION DEPTH: 75.24ft
TESTDATE: 10/7/2008

LIQUEFACTION LOG OF CPT NO: C-104

EXPLORATION METHOD: Cone Penetrometer
PERFORMED BY: Kehoe Testing & Engineering

P.G.A. =0.40g and Mw = 6.5
Black Rock Units 1,2 & 3
Calipatria, California

REVIEWED BY: Jon Everett

FIGURE C-5
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LOCATION: E6,752,401, N2,004,829, CA State Plane, Zone 6, NAD83, Feet

SURFACE EL: -227.2ft +/- (NAVD88)
COMPLETION DEPTH: 75.31ft
TESTDATE: 10/7/2008

LIQUEFACTION LOG OF CPT NO: C-105

EXPLORATION METHOD: Cone Penetrometer
PERFORMED BY: Kehoe Testing & Engineering

P.G.A. =0.40g and Mw = 6.5
Black Rock Units 1,2 & 3
Calipatria, California

REVIEWED BY: Jon Everett

FIGURE C-6
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LOCATION: E6,751,827, N2,004,673, CA State Plane, Zone 6, NAD83, Feet

SURFACE EL: -227.3ft +/- (NAVD88)
COMPLETION DEPTH: 50.15ft
TESTDATE: 10/7/2008

LIQUEFACTION LOG OF CPT NO: C-106

EXPLORATION METHOD: Cone Penetrometer
PERFORMED BY: Kehoe Testing & Engineering

P.G.A. =0.40g and Mw = 6.5
Black Rock Units 1,2 & 3
Calipatria, California

REVIEWED BY: Jon Everett

FIGURE C-7
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LOCATION: E6,752,273, N2,004,748, CA State Plane, Zone 6, NAD83, Feet

SURFACE EL: -227.5ft +/- (NAVD88)
COMPLETION DEPTH: 75.25ft
TESTDATE: 10/7/2008

LIQUEFACTION LOG OF CPT NO: C-107

EXPLORATION METHOD: Cone Penetrometer
PERFORMED BY: Kehoe Testing & Engineering

P.G.A. =0.40g and Mw = 6.5
Black Rock Units 1,2 & 3
Calipatria, California

REVIEWED BY: Jon Everett

FIGURE C-8
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EXPLORATION METHOD: Cone Penetrometer
PERFORMED BY: Kehoe Testing & Engineering
REVIEWED BY: Jon Everett

LOCATION: E6,752,567, N2,004,655, CA State Plane, Zone 6, NAD83, Feet
SURFACE EL: -226.6ft +/- (NAVD88)

COMPLETION DEPTH: 75.36ft

TESTDATE: 10/7/2008

LIQUEFACTION LOG OF CPT NO: C-108
P.G.A. =0.40g and Mw = 6.5
Black Rock Units 1,2 & 3

Calipatria, California FIGURE C-9




CalEnergy Operating Corporation
Project No. 3652.001

i

)

2008_12_18.mxd,01/16/2009,CDean

N:\Projects\3652_CalEnergy\3652-001_Black_Rock\Explorations\CPT\2008\Logs\Logs_BlackRock123_Liqu_2008_12_18\MXD\Logs_BlackRock123_Liqu

TIP RESISTANCE (TSF)
80 160 240

320

1

VOLUMETRIC STRAIN (%)
2 3 4 5 6 7 8

TIP TO PRECLUDE LIQUEFACTION (TSF)
80 160 240

ELEVATION, ft.
DEPTH, ft.

CUMMULATIVE SETTLEMENT (in)

FRICTION RATIO (%)

r-235

k240

t-245

201

r-250

25]

r-255

301

r-260

357

r-265

407

270

457

275

501

r-280

551

r-285

601

r-290

657

r-295

701

r-300
75 =

r-305

801

r-310

851

r-315

901

r-320

951

r-325

1001

r-330

105

r-335

1101

LOCATION: E6,751,740, N2,004,265, CA State Plane, Zone 6, NAD83, Feet

SURFACE EL: -226.2ft +/- (NAVD88)
COMPLETION DEPTH: 75.41ft
TESTDATE: 10/8/2008

LIQUEFACTION LOG OF CPT NO: C-109

EXPLORATION METHOD: Cone Penetrometer
PERFORMED BY: Kehoe Testing & Engineering

P.G.A. =0.40g and Mw = 6.5
Black Rock Units 1,2 & 3
Calipatria, California

REVIEWED BY: Jon Everett

FIGURE C-10
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EXPLORATION METHOD: Cone Penetrometer
PERFORMED BY: Kehoe Testing & Engineering
REVIEWED BY: Jon Everett

LOCATION: E6,752,361, N2,004,312, CA State Plane, Zone 6, NAD83, Feet
SURFACE EL: -225.6ft +/- (NAVD88)

COMPLETION DEPTH: 75.37ft

TESTDATE: 10/9/2008

LIQUEFACTION LOG OF CPT NO: C-110
P.G.A. =0.40g and Mw = 6.5
Black Rock Units 1,2 & 3
Calipatria, California FIGURE C-11
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LOCATION: E6,751,643, N2,004,119, CA State Plane, Zone 6, NAD83, Feet

SURFACE EL: -226.2ft +/- (NAVD88)
COMPLETION DEPTH: 75.34ft
TESTDATE: 10/8/2008

LIQUEFACTION LOG OF CPT NO: C-111

EXPLORATION METHOD: Cone Penetrometer
PERFORMED BY: Kehoe Testing & Engineering

P.G.A.=0.40g and Mw = 6.5
Black Rock Units 1,2 & 3
Calipatria, California

REVIEWED BY: Jon Everett

FIGURE C-12
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LOCATION: E6,751,779, N2,003,996, CA State Plane, Zone 6, NAD83, Feet

SURFACE EL: -225.7ft +/- (NAVD88)
COMPLETION DEPTH: 75.37ft
TESTDATE: 10/8/2008

LIQUEFACTION LOG OF CPT NO: C-112

EXPLORATION METHOD: Cone Penetrometer
PERFORMED BY: Kehoe Testing & Engineering

P.G.A. =0.40g and Mw = 6.5
Black Rock Units 1,2 & 3
Calipatria, California

REVIEWED BY: Jon Everett

FIGURE C-13
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LOCATION: E6,751,918, N2,004,171, CA State Plane, Zone 6, NAD83, Feet

SURFACE EL: -225.8ft +/- (NAVD88)
COMPLETION DEPTH: 75.29ft
TESTDATE: 10/8/2008

LIQUEFACTION LOG OF CPT NO: C-113

EXPLORATION METHOD: Cone Penetrometer
PERFORMED BY: Kehoe Testing & Engineering

P.G.A. =0.40g and Mw = 6.5
Black Rock Units 1,2 & 3
Calipatria, California

REVIEWED BY: Jon Everett

FIGURE C-14
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LOCATION: E6,752,088, N2,003,947, CA State Plane, Zone 6, NAD83, Feet

SURFACE EL: -225.7ft +/- (NAVD88)
COMPLETION DEPTH: 75.28ft
TESTDATE: 10/8/2008

LIQUEFACTION LOG OF CPT NO: C-114

EXPLORATION METHOD: Cone Penetrometer
PERFORMED BY: Kehoe Testing & Engineering

P.G.A. =0.40g and Mw = 6.5
Black Rock Units 1,2 & 3
Calipatria, California

REVIEWED BY: Jon Everett

FIGURE C-15
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EXPLORATION METHOD: Cone Penetrometer
PERFORMED BY: Kehoe Testing & Engineering
REVIEWED BY: Jon Everett

LOCATION: E6,752,273, N2,004,188, CA State Plane, Zone 6, NAD83, Feet
SURFACE EL: -225.8ft +/- (NAVD88)

COMPLETION DEPTH: 75.48ft

TESTDATE: 10/9/2008

LIQUEFACTION LOG OF CPT NO: C-115
P.G.A. =0.40g and Mw = 6.5
Black Rock Units 1,2 & 3
Calipatria, California FIGURE C-16
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EXPLORATION METHOD: Cone Penetrometer
PERFORMED BY: Kehoe Testing & Engineering
REVIEWED BY: Jon Everett

LOCATION: E6,752,408, N2,004,134, CA State Plane, Zone 6, NAD83, Feet
SURFACE EL: -225.2ft +/- (NAVD88)

COMPLETION DEPTH: 75.43ft

TESTDATE: 10/8/2008

LIQUEFACTION LOG OF CPT NO: C-116
P.G.A. =0.40g and Mw = 6.5
Black Rock Units 1,2 & 3

Calipatria, California FIGURE C-17
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EXPLORATION METHOD: Cone Penetrometer
PERFORMED BY: Kehoe Testing & Engineering
REVIEWED BY: Jon Everett

LOCATION: E6,752,530, N2,004,215, CA State Plane, Zone 6, NAD83, Feet
SURFACE EL: -225.4ft +/- (NAVD88)

COMPLETION DEPTH: 75.31ft

TESTDATE: 10/9/2008

LIQUEFACTION LOG OF CPT NO: C-117
P.G.A. =0.40g and Mw = 6.5
Black Rock Units 1,2 & 3
Calipatria, California FIGURE C-18
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EXPLORATION METHOD: Cone Penetrometer
PERFORMED BY: Kehoe Testing & Engineering
REVIEWED BY: Jon Everett

LOCATION: E6,752,706, N2,004,045, CA State Plane, Zone 6, NAD83, Feet
SURFACE EL: -224.9ft +/- (NAVD88)

COMPLETION DEPTH: 75.80ft

TESTDATE: 10/9/2008

LIQUEFACTION LOG OF CPT NO: C-118
P.G.A. =0.40g and Mw = 6.5
Black Rock Units 1,2 & 3
Calipatria, California FIGURE C-19
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LOCATION: E6,750,965, N2,003,867, CA State Plane, Zone 6, NAD83, Feet

SURFACE EL: -221.0ft +/- (NAVD88)
COMPLETION DEPTH: 25.26ft
TESTDATE: 10/8/2008

LIQUEFACTION LOG OF CPT NO: C-119

EXPLORATION METHOD: Cone Penetrometer
PERFORMED BY: Kehoe Testing & Engineering

P.G.A. =0.40g and Mw = 6.5
Black Rock Units 1,2 & 3
Calipatria, California

REVIEWED BY: Jon Everett

FIGURE C-20
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EXPLORATION METHOD: Cone Penetrometer
PERFORMED BY: Kehoe Testing & Engineering
REVIEWED BY: Jon Everett

LOCATION: E6,752,247, N2,003,460, CA State Plane, Zone 6, NAD83, Feet
SURFACE EL: -224.9ft +/- (NAVD88)

COMPLETION DEPTH: 50.33ft

TESTDATE: 10/8/2008

LIQUEFACTION LOG OF CPT NO: C-120
P.G.A. =0.40g and Mw = 6.5
Black Rock Units 1,2 & 3
Calipatria, California FIGURE C-21
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LOCATION: E6,752,168, N2,004,311, CA State Plane, Zone 6, NAD83, Feet

SURFACE EL: -225.9ft +/- (NAVD88)
COMPLETION DEPTH: 50.38ft
TESTDATE: 10/8/2008

LIQUEFACTION LOG OF CPT NO: C-121

EXPLORATION METHOD: Cone Penetrometer
PERFORMED BY: Kehoe Testing & Engineering

P.G.A. =0.40g and Mw = 6.5
Black Rock Units 1,2 & 3
Calipatria, California

REVIEWED BY: Jon Everett

FIGURE C-22
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