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Executive Summary

In support of the Imperial Irrigation District’s (11D) goal to become a better steward for resources
in its control area, 11D has requested a Geothermal Resource Assessment of its lands in the
Imperial Valley. In response to IID’s request, the Aerospace Corporation (“Aerospace”) and
their subcontractor, Clear Creek Associates, performed a geothermal resource assessment using
the following information:

1. Airborne hyperspectral imagery from the Spatially Enhanced Broadband Array
Spectrograph System (SEBASS));

2. Satellite Based Advanced Spaceborne Thermal Emission and Reflection Radiometer
(ASTER) Imagery;

3. Publicly-available reports and geologic and hydrogeologic data.

In addition to evaluating all of the information from the above data sources, all geospatial
information for this engagement was collected (including scanning older reports and documents)
and stored within a GIS system. The shape files were forwarded to 11D’s geospatial analyst on
September 9, 2010.

Surficial evidence of deeper thermal activity, including geologically recent rhyolite dome
outcrops at the south end of the Salton Sea (called the “Salton Buttes”) and “mud pots” on the
eastern shore of the Salton Sea indicate the presence of geothermal resources. However,
deposition of sediments in the Salton Trough has masked most evidence of deeper geothermal
activity. In addition, during the last several hundred years, agriculture and other activities have
disturbed soil and further masked evidence of geothermal activity. These factors limit airborne
and satellite data’s capabilities in the identification and evaluation of geothermal resources.
However, Aerospace discovered some surface manifestations of geothermal activity using the
hyperspectral airborne sensor.

Clear Creek Associates’ review of publicly-available reports and data provided the basis for two
geothermal drilling prospects on IID lands. These prospects were identified based on a
prioritization matrix that was used to assign scores to land parcels based on their geothermal
resource potential. Clear Creek used three criteria to score the parcels using the prioritization
matrix. Aerospace’s airborne and satellite data provided input into the fourth criterion, “surface
manifestations”.
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The four prioritization matrix criteria are:
1. Presence in a Known Geothermal Resource Area (KGRA)
2. Bouguer Gravity
3. Temperature Gradients
4. Surface Manifestations

The prioritization matrix resulted in scores of 2 to 31, with those cells scoring 20 or higher
having the greatest geothermal potential.
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1. INTRODUCTION

1.1.Background
This report documents our geothermal resource assessment based upon Aerospace’s work
focusing on airborne, satellite data, and our sub-contractor’s (Clear Creek Associates) literature
and data review and subsurface analysis. We have also attached as Clear Creek Associates’
report which provides an in depth summary based upon their review of publicly- available
reports, files, maps, photographs, permit applications, and other geologic and hydrogeologic
data.

1.2.Goals

e |dentify and assemble relevant data that will contribute to Imperial Irrigation District’s
understanding of geothermal resources as it relates to their acreage position near the Salton
Sea and in other areas of Imperial Valley.

e Compare Imperial Valley’s acreage and area of interest to known geothermal resources areas,
including the Salton Sea Geothermal Field located near the southeastern edge of Salton Sea.

1.3.Scope of Work
The Scope of Work was organized into three tasks:

TASK 1 -SEBASS Hyperspectral Data and Analysis.
During April 2010, Aerospace flew the hyperspectral SEBASS sensor on board a Twin Otter
aircraft at an altitude of 9000 feet over the Salton Sea area.

Task 1 requires that Aerospace share the results of the airborne survey and provide hyperspectral
data analysis and draft reference maps. Specifically, Task 1 involves processing and analyzing
the data from three flight lines to determine whether the surface mineralogy and thermal spectral
signatures might contribute to a better understanding of the geothermal energy potential on and
near I1D’s acreage position.

Deliverable: SEBASS data analysis and map interpretation

TASK 2 - Satellite Imagery Analysis
Task 2 involves analyzing ASTER imagery over the area of interest. ASTER is manifested
aboard the Terra satellite, which is part of NASA's Earth Observing System constellation. It is a
multispectral system and captures imagery within 14 bands from visible to thermal infrared
wavelengths. Aerospace examined ASTER imagery of the subject area for mineralogical and
thermal indicators of geothermal resources and epithermal springs.

Deliverable: ASTER Thermal IR imagery and analysis.
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TASK 3 - Literature/Data Review
Aerospace retained Clear Creek Associates (with a California-registered geologist on staff) to
review available reports, files, maps, aerial photographs, permit applications, and other geologic
and hydrogeologic data to evaluate potential geothermal resources in the area of the Imperial
Irrigation District’s (11D’s) property holdings. Clear Creek’s report is appended to this report.

2. SEBASS Hyperspectral Data and Analysis (Task 1)

2.1. SEBASS Sensor

This task focused on mapping surface minerals using a hyperspectral thermal infrared sensor
designed, owned and operated by The Aerospace Corporation. The Spectrally Enhanced
Broadband Array Spectrograph System (SEBASS) is Aerospace’s patented system which offers
some unique capabilities within the hyperspectral remote sensing arena. SEBASS is a nadir
(vertically downward) viewing sensor which is operated from a DeHavilland Twin Otter aircraft.
Most airborne hyperspectral imagers operate in the Visible to Shortwave Infrared. The SEBASS
capability in the Mid Wave Infrared (128 spectral bands) and Long Wave Infrared (128 spectral
bands) is intended to remotely identify solids, gasses and chemical vapors in the 2 to 14 um
"chemical fingerprint™ spectral region.

2.2.SEBASS Flight Lines
On April 6, 2010, data from three SEBASS flight lines were acquired over the Salton Sea area
flying at an elevation of 9000 feet AGL (see Map A). At this elevation, the imagery resolution is
three meters and the swath width is 384 meters.
Flight lines were planned to intercept:
e areas with minimal man made disturbance to capture natural outcrops and minerals,
e lands owned by IID and to a lesser extent Los Angeles Department of Water and Power
(LADWP)
e dry land.

Water bodies appear as a “black bodies” on SEBASS and reduce or eliminate the ability to infer
surface composition. Lack of flight lines over the Salton Sea does not mean that there are no
geothermal resources under the Salton Sea.

2.3.SEBASS Data Processing and Results
Sensor data were corrected for atmospheric effects using an empirical method that derives the
atmospheric characteristics from the scene itself, rather than relying on model predictions or the
need for ancillary measurements. The measured surface radiance data were reduced to apparent
surface emissivity using an emissivity normalization technique to remove the effects of
temperature.

Mineral maps (Maps C, E, and G) were created with a pixel classification routine based on
laboratory-measured emissivity spectra. This spectral library has been compiled by Aerospace
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from a number of disparate sources and represents the fullest catalog of condensed matter
thermal-IR spectra available. The following minerals were identified using this method:

Volcanic Rocks
e Aplite —igneous intrusive rock where quartz and feldspar are the dominant minerals
¢ Rhyolite — igneous extrusive rock where quartz and feldspar are dominant minerals

Silicates
e Quartzite — metamorphosed sandstone
e Zircon - nesosilicate

Evaporites
e Anhydrite - Anhydrous calcium sulfate; frequently found in evaporite deposits with
gypsum

e Gaylussite - hydrated sodium calcium carbonate
e Gypsum - calcium sulfate dihydrate

Other
e Hematite — iron oxide, often precipitates out of hot springs
e Cherty Limestone — siliceous calcium carbonate
e Bloedite - hydrated sodium magnesium sulfate mineral
e Desert Varnish - composed of particles of clay along with iron and manganese oxides.

While the presence and distribution of certain geothermal indicator minerals can be a guide to
more detailed field work for geothermal exploration, much of the area around the Salton Sea has
been reworked due to agriculture, shoreline and wave processes, and construction of roads, flood
berms, and drainages.

Despite the manmade and natural interference, certain geothermal indicator minerals are present
including hematite, rhyolite and various silicates. While some of these mineral assemblages,
such as gaylussite, show clear shoreline depositional patterns based upon tidal and wave
influence, the hematite depositional pattern is suggestive of geothermal activity. Hematite is
associated with geothermal resources, and often precipitates from hotsprings. The ring-like
hematite assemblage at the southern tip of Line 2 (see Map E) could be the result of a natural
upwelling of hot springs. Further field work may confirm this interpretation. For this phase of
the project, however, we believe that it is reasonable to integrate the hematite surface
manifestations into the prioritization matrix used to score prospective geothermal areas of the
Imperial Valley. We applied higher rankings to areas with hematite and other surface
manifestations such as carbon dioxide (CO;) emissions and mud pots.
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Map A: SEBASS Flight Lines near the Eastern Edge of the Salton Sea
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Map B: Line 1 — SEBASS Surface Temperature Retrievals

Map B demonstrates that surface temperature is related primarily to land use rather subsurface
temperatures. There does not appear to be strong correlation between high temperature wells

and higher temperatures at the surface.



Page 8 of 21

Map C: SEBASS Line 1 — Surface Mineral Identifications

Map C - This scene analysis detects "endmembers” — focusing on the most representative
examples of the pervasive minerals. Most of these minerals are associated with manmade

structures such as roads, berms and agricultural land.
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Map D: SEBASS Line 2 - Surface Temperature

Map D demonstrates that surface temperature is related primarily to land use rather than
subsurface temperatures. There does not appear to be a strong correlation between high
temperature wells and higher temperatures at the surface.



Page 10 of 21

Map E: SEBASS Line 2 — Surface Minerals

Map E - This scene analysis detects "endmembers” — focusing on the most representative
examples of the pervasive minerals. Most of these minerals are associated with manmade
structures such as roads, berms and agricultural land. Surface drainage and shallow sea deposits
influence the distribution of minerals. There is also a significant hematite assemblage on the
southern end of the flight line — hematite is a known indicator of geothermal resources.
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Map F: SEBASS Line 3 — Surface Temperature

Map F demonstrates that surface temperature is related primarily to drainage patterns and land
use rather subsurface temperatures. There is inadequate well control to conduct any correlation
between high temperature subsurface wells and high surface temperatures.
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Map G: SEBASS Line 3 — Surface Minerals

Map G- This scene analysis detects "endmembers” — focusing on the most representative
examples of the pervasive minerals. Most of these minerals are associated with surface drainage
— including a significant accumulation of hematite (in red, lower third of flight line). Hematite is
a known indicator of geothermal resources and can precipitate from hot springs.
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3. ASTER Satellite Imagery Analysis (Task 2)

ASTER (Advanced Spaceborne Thermal Emission and Reflection Radiometer) is an imaging
instrument flying on Terra, a satellite launched in December 1999 as part of NASA's Earth
Observing System (EOS). ASTER is a cooperative effort between NASA, Japan's Ministry of
Economy, Trade and Industry (METI) and Japan's Earth Remote Sensing Data Analysis Center
(ERSDAC). ASTER is being used to obtain detailed maps of land surface temperature,
reflectance and elevation.

Based upon land use within the Salton Sea area, surface temperatures provided inconclusive
information regarding subsurface features and the presence of a geothermal resource. Inspection
of natural and infrared composites of the May 3, 2000 Landsat TM (Thematic Mapper) satellite
imagery noted that there were 5 major land uses classifications in the Salton Sea area’.

(Source: “Classification of Land Use in the Salton Sea Area”):

Water Bodies: 977 km?
Active Vegetation: 8718 km?
Non-active Vegetation: 12521 km?
Urban Areas: 732 km?
Regolith: 10764 km?

Most of the IID parcel areas are active and inactive vegetation. Active CO, emissions in a
“managed marsh area” are shown as a green dot on Maps H —J. This CO, emission is situated in
approximately one to two feet of water. CO, is often associated with geothermal activity.

The attached ASTER thermal maps H - J clearly indicate that surface temperatures reflect the
general land use patterns. We can surmise that land use (agriculture, soil types, managed marsh
areas, roads, etc.) will have a greater impact than subsurface temperature anomalies. Map H is a
late afternoon (6:33 p.m.) thermal image which indicates that the managed marsh area (where the
CO, emission occurs) is a cooler area. This is due primarily to the fact that land heats up faster
than water. Map | is based upon early morning ASTER data (5:53 a.m.). Here we see the
reverse: the managed marsh and CO; emission area is noticeably hotter than the surrounding land
— which is due to the fact that water bodies cool at a slower rate than land.

! http://www.emporia.edu/earthsci/student/june4/june775.html#References
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Man H

Map H: ASTER Imagery — Surface Temperatures — Late Afternoon
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Map |

Map I: ASTER Imagery — Surface Temperatures — Early AM
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Map J

Map J: Google Airborne Imagery and Thermal Gradient Map
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4. Prioritization Matrix: Task 1, 2 and 3 - Results

Based on our review of data generated by tasks 1, 2 and 3, the criteria most suitable for
evaluating I1D’s properties for geothermal resources are:

Presence within a KGRA
Bouguer gravity data
Temperature gradients
Surface manifestations

KGRAs, Bouguer gravity, temperature gradient data are discussed in Section 4 of the appended
Clear Creek report.

A prioritization matrix spreadsheet (see Matrix A, below) was prepared to evaluate each of the
criteria. Each Township (measuring six miles by six miles) was divided into 36 “cells”, each
having an area of approximately one square mile. This level of detail for the assessment was
selected based on the abundance and quality of data for the 1ID area. The six mile by six mile
townships were plotted on the prioritization matrix spreadsheet for reference.

As more surface manifestations, gravity, resistivity or subsurface temperature gradients become
known, the GIS department at IID can fine tune the prioritization matrix by updating GIS with
the latest data. Ranking cells within 11D lands ranged from matrix scores of 2 to 28, with those
cells scoring 28 having the greatest geothermal potential. In general, we recommend that the
geothermal potential scores be characterized as follows (see Matrix B, below):

>19:  Geothermal resources likely present at exploitable levels

16-19: Moderately high potential

10-15: Lesser potential, additional data may increase the scores of these parcels.

0-9:  low potential

The prioritization matrix resulted in scores of 2 to 31, with those cells scoring 20 or higher

having the greatest geothermal potential. The review found that 11D owns several properties with
very high geothermal potential.
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Matrix A: Matrix Values - Prioritized According to Geothermal Resource Potential
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Matrix B: Ranked Values According to Geothermal Resource Potential
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5. Conclusions

The Aerospace Corporation conducted an evaluation of geothermal resources in the Imperial
Valley at the request of the Imperial Irrigation District. The evaluation used a weighted
prioritization matrix to score land parcels based on:

Presence within a known geothermal resource area

Bouguer Gravity

Thermal gradients

Surface manifestations of geothermal resources based on SEBASS spectral imagery data
and ASTER thermal imagery.

The evaluation identified several areas in and around the Salton Sea that have a high likelihood
of geothermal resources.
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Appendix A: Clear Creek Associates Report

Literature/Data Review & Analysis (Task 3)









Figure 7: Prioritization Matrix—Bouguer Gravity
Figure 8: Prioritization Matrix—Thermal Gradients
Figure 9: Prioritization Matrix—All Criteria
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1 Introduction

The Imperial Valley of Southern California has long been recognized as an area of significant
geothermal potential. Surficial evidence of deeper thermal activity, including geologically recent
rhyolite dome outcrops at the south end of the Salton Sea (called the “Buttes”) and “mud pots”
on the eastern shore of the Salton Sea indicated a potentially valuable resource to the early
residents of the area. While there was early interest in developing these resources in the 1920s,
interest in alternative energy sources was heightened in the early 1970s during the oil embargo.
Activity related to characterization of geothermal resources in the Imperial Valley increased
significantly during this time, resulting in development of geothermal power generating plants in
the 1980s.

A resurgence of interest in geothermal resources has resulted from California’s mandate to
generate 33 percent of its power from renewable sources by the end of 2020. In addition, the
American Recovery and Reinvestment Act of 2009 (ARRA), also known as “the Stimulus
Package”, includes funding and federal tax credits for domestic spending in energy sector
renewable infrastructure. Accordingly, Imperial Valley has become the focus of investigations
for renewable energy projects, both solar and geothermal.

1.1 Project Understanding and Objectives

Clear Creek Associates, PLC (Clear Creek) was retained by The Aerospace Corporation
(Aerospace) to participate in a geothermal resources evaluation of surplus lands owned by the
Imperial Irrigation District (11D) and Los Angeles Department of Water and Power (LADWP) in
the Imperial Valley of Southern California. Clear Creek’s scope included the review of publicly-
available reports, files, maps, aerial photographs, permit applications, and other geologic and
hydrogeologic data to evaluate potential geothermal resources in the area of the Imperial
Irrigation District’s (11D’s) surplus property holdings.

The geographic scope of this study includes 11D and LADWP land that is shown on Figure 1.
These properties include parcels in the Salton Sea, east and south of the Salton Sea near Niland,
and northeast of Mt. Signal (southwest of EI Centro in T 17 S, R13E). The surplus properties
also include two smaller parcels located west of Brawley (in T13S R13E) and east of El Centro
(in T15S, R 15E). Clear Creek’s data review focused on these areas.

The Aerospace Corporation January 10, 2011
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IID requires information that will allow them to understand the geothermal energy resource
potential of their properties. We understand that 11D intends to use the information compiled by
Clear Creek and Aerospace to develop a management strategy for the geothermal energy
development of these properties.

The objectives of this study are:

e |dentify, assemble, and evaluate relevant data that will contribute to Imperial Valley's
understanding of potential geothermal resources of their properties.

e Create a ranking system of properties based on their geothermal potentials that can be
used in decision-making by 11D.

1.2 Approach

Clear Creek’s approach to evaluating geothermal resources in the Imperial Valley relies on the
significant amounts of published or publicly-available data. These data are used to gain an
understanding of the geologic conditions present at known geothermal fields. After identifying
the geologic conditions that are conducive for the presence of geothermal resources, we
evaluated IID land based on the geologic conditions for their geothermal potential using a
weighted decision matrix.

2 Geothermal Background

Thirteen geothermal prospects have been documented in the Imperial Valley: Niland, Salton Sea,
Westmoreland, Glamis, East Mesa, Heber, Dunes, Superstition Mountain, Brawley, East
Brawley, Mesquite (aka South Brawley), Mount Signal, and Truckhaven as shown on Figure 2
(GeothermEx, 2007). Only four of these prospects currently have operating geothermal plants:
East Mesa, Heber, North Brawley, and Salton Sea.

Some of the 13 geothermal prospects have been classified as “Known Geothermal Resource
Areas” (KGRAS) as described in Section 4 of the Federal Geothermal Steam Act. These are areas
designated by the United States Geological Survey (USGS) as having potential for beneficial
exploitation of the geothermal resource suspected to exist in the area. KGRAs are shown on
Figure 3. Geothermal fields, as designated by the California Division of Oil, Gas, and
Geothermal Resources (CADOGGR), are resources that have been developed to some degree
and are currently producing energy, or that have produced energy in the past. Geothermal fields
are also shown on Figure 4.

Table 1 provides a summary of Geothermal Resources in the Imperial Valley.

The Aerospace Corporation 2 January 10, 2011

Geothermal Resource Evaluation
Imperial Irrigation District Surplus Lands



3 Geology

3.1 Tectonic and Structural Setting

The 11D properties are located in the physiographic province known as the Salton Trough. The
Salton Trough is the landward extension of the Gulf of California, which formed as a result of
tectonic spreading or rifting that separates the Pacific tectonic plate from the North American
plate. The Baja peninsula began rifting away from the North American plate approximately 4
million years ago, forming the Gulf of California and the Salton Trough (Fuis et al 1982).

In the Gulf of California-Salton Trough area, the boundary between the North American and
Pacific tectonic plates transitions from a rifting (or spreading) boundary to a transform or right-
lateral strike-slip boundary. Elders et al (1972) formulated a conceptual model to describe the
complex tectonic setting of the area; this model is the current prevailing tectonic conceptual
model for the area (Figure 4). In brief, en echelon right-stepping, right-lateral strike-slip faults
separate small segments of spreading centers. Transtensional basins or “rhombochasms” that
form at the spreading centers allow geothermal heat and possibly mantle materials to extrude into
these basins. The geothermal fields of the Salton Trough are believed to occur in these
transtensional basins. These rhombochasms can occur on different scales, and there may be some
correlation with the age of the pull apart basin, the amount of heat flow, and whether the field is
associated with the less active extensions of the transform faults (Elders, 1979).

The locations of the en echelon transform faults that bound the transtensional basins are not
always visible or discernable by surface mapping. In some cases their locations have been
identified through geophysical techniques. Plotting of earthquake epicenters has been the
primary way of identifying these faults. The primary right-lateral faults in the northern part of the
Trough are the San Andreas Fault on the east side of the trough and the San Jacinto Fault on the
west side of the trough.. In the southern part of the Trough, the right-lateral movement is
primarily along the Imperial Valley fault.

Other faults are present in the Salton Trough, but the locations of these faults, and in some cases
their actual existences, are speculative. Lynch and Hudnut (2008) suggest that an extension of
the San Andreas fault, which they call the Wister Fault, is coincident with the mud volcanoes
lineament on the southeast shore of the Salton Sea, and that this fault is an extension of the Sand
Hills Fault. Meidav and Furgerson (1972) proposed that several northwest trending en echelon
faults parallel to the San Andreas are present between Westmoreland and Niland. These faults,
from east to west, were called the Wister, Calipatria, Red Hill, Brawley, Fondo, and
Westmoreland faults. A northeast trending fault parallel with the southeast shoreline of the
Salton Sea (and roughly perpendicular to those proposed by Meidav and Furgerson) was
proposed by Lohman and McGuire (2007).
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3.2 Stratigraphy

The Salton Trough is bounded by steeply faulted margins, and it has a broad flat floor. As the rift
valley opened, beginning about four million years ago, it filled with lacustrine (lake-deposited)
and deltaic (delta-deposited) silts, sands and gravels (Elders et al, 1972). Gross stratigraphy of
the Salton Trough was investigated by geophysical refraction survey methods by Fuis et al, 1982.
Travel velocities showed a consistent sequence (from shallow to deep) of: lower velocity
sedimentary rocks, a transition zone of sedimentary rocks to metasedimentary rocks, a higher
velocity basement section made up of metamorphosed sedimentary rocks, and high velocity
subbasement section composed of mafic, intrusive, oceanic crust.

The sedimentary rocks range from about 4.8 km thick along the axis of the trough at the US-
Mexico border to about 3.7 km along the southwest shore of the Salton Sea. The sediments
become thinner to the eastern and western edges of the trough. These sediments serve as the
reservoir rock for geothermal fluids. While deeper rocks are likely sufficiently hot, the travel
times measured by Fuis et al indicate that they do not have sufficient storage (porosity) to serve
as reservoir rock.

Most of the detailed stratigraphic work has been conducted around the Salton Sea Geothermal
field (SSGF) where most of the deep drilling has been conducted. Based on drill cuttings, core
samples, and geophysical logs, Chan et al (1977) divided the sedimentary rocks into three
categories: cap rock, reservoir, rock, and hydrothermally altered reservoir rock. The cap rock
sequence, composed of evaporate and carbonate-rich rocks, is approximately 1,100 feet (300m)
in thickness near the SSGF. There is a sharp boundary between the cap rock and the underlying
reservoir rock that is discernable on a spontaneous potential log. This sharp boundary has been
interpreted to be the boundary between the upper lake deposits of the Salton Trough and older
marine deposits associated with marine incursions into the trough (Younker et al, 1982). The
reservoir rock consists of 2,000 feet (600 meters) of interbedded sandstones and shales having
sufficient thickness (greater than 100 feet) to allow correlation on geophysical SP logs (Chan et
al, 1977).

There is no simple model for the stratigraphy of the Salton Trough that can be used to predict the
permeability of reservoir rocks at any given location. Facies changes in the trough are complex
and correlation from well to well is not always straightforward. However, it is generally accepted
that below the cap rock, if it is present, permeabilities decline with depth due to diagenetic
processes.

3.3 Hydrogeology

Colorado River water is provided by IID through an extensive canal system for agriculture, the
primary water use in the Valley. Therefore, there is relatively little groundwater use. The
Imperial Valley has a desert climate and receives less than 3 inches of rain per year.
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Groundwater levels are generally within a few meters of the ground surface, as there has been
very little pumping of groundwater and subsurface flow from the Colorado River maintains the
groundwater levels in the alluvial aquifer. Artesian wells have been drilled along the eastern side
of the valley for domestic or stock use (California Dept of Conservation Publication No. TR15).

The quality of geothermal water is a significant hurdle in the development of geothermal
resources. Total dissolved solids (TDS) in the Salton Sea Geothermal Field (SSGF) range from
200,000 to 300,000 parts per million by weight (ppm) (Boardman, 1998). Water quality is better
at East Mesa, where TDS ranges from 1,600 to 26,000 ppm, averaging about 7,500 ppm and at
Heber where the TDS is approximately 14,000 ppm (GeothermEx, 2004). Further details
regarding quality of geothermal water are found in Table 1 and “Chemistry of Thermal Water in
Selected Geothermal Areas of California”, (California Dept of Conservation Publication No.
TR15).

3.4 Geophysics
A review of the literature indicates that the geophysical methods that have proven to be the most
useful techniques in the identification of geothermal resources in the Imperial Valley are:

e Bouguer gravity mapping,
e magnetotelluric (MT) resistivity surveys, and
e seismic refraction studies.

3.4.1 Gravity

A high Bouguer gravity anomaly in the Salton Trough indicates that the earth’s crust is thin
south of the Salton Sea. Biehler (1964) of the University of California at Riverside postulated
that the crust in the Imperial Valley was 21 km thick, versus 29 km thick in the San Diego area.
The lower land elevations in the Salton Trough and the thinner crust is indicative of dense,
oceanic style crust (perhaps associated with mantle upwelling and emplacement of intrusive
rocks). This is consistent with the tectonic setting of the Salton Trough as a zone of rifting, as
discussed in Section 3.1.

Clear Creek obtained Shawn Biehler’s most recent gravity data for the area of this assessment, as
shown on Figure 4 (Biehler, 2010). Localized Bouguer gravity highs within the trough are
associated with known geothermal fields, and are thought to be related to upwelling of denser
materials in the pull-apart basins or “rhombochasms™ discussed in Section 3.2. The absolute
value of the gravity anomaly in milligals is not necessarily indicative of the geothermal resource.
For example, the Heber geothermal field was originally identified based on Bouguer gravity
data. While the Heber anomaly is a localized gravity high, the intensity of the anomaly, -38
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milligals, is much less than that of the SSGF where the high is -20 milligals. The East Mesa field
is also located at a low intensity anomaly, -34 milligals, as shown on Figure 4 in T16S R17E.

3.4.2 Resistivity

Resistivity surveys have been the traditional method of exploring for geothermal resources in
other areas, but this method has been secondary to gravity surveys in the Salton Trough. The
principle behind resistivity as an indicator of geothermal resource is that resistivity of solution-
saturated rocks will decrease as the salinity of the solution increases. Salinity generally increases
with temperature, so resistivity decreases (or conductivity increases) as temperature rises. A
particular type of resistivity survey called natural source magnetotelluric (MT) survey has been
successful in identifying hot, briney water that is more conductive than the background water.

Schlumberger conducted an MT survey in the Salton Sea Geothermal Field for the California
Energy Commission (Schlumberger, 2009). They ran four lines, at locations shown on Figure 5.
Two of these lines, Lines 1 and 2, included 11D land. The survey results were compared with
known geologic conditions, and the results were consistent with the geology.

The survey found that the upper three kilometers consisted of three layers:

1. A thin (300-600 m) surface cap of about 1 ohm-m (i.e. cap rock)
2. A very low resistive layer that is extremely conductive (0.2-1.0 ohm-m)
3. And a relatively resistive basement (>1.0 ohm-m).

The conductive second layer appears to be the reservoir rock for supersaline thermal fluids,
while the thin upper layer is surficial trough sediments. Line 1 had the most significant high
conductivity anomaly, which correlates with the highest temperatures. The Line 2 data from the
11D properties indicate high conductive zones under those properties, but not to the degree seen
in the Line 1 anomaly. This is not necessarily a disadvantage to development of geothermal
resources. Lower conductivity solutions contain lower dissolved solids concentrations and are
likely less corrosive.

The resistivity cross-section lines are provided in Appendix A, and the location of 11D properties
has been marked on the Lines 1 and 2 cross-sections. A complete electronic copy of the
Schlumberger (2009) report is appended to this report.

3.4.3 Seismic Refraction

Seismic refraction studies conducted in the Salton Trough have been used to characterize the
stratigraphy and crustal features. Fuis et al (1979) ran five seismic profiles at different azimuths.
Interestingly, a contour of travel times showed that areas of relatively early arrivals correlated
with five of the major six geothermal areas having reservoir temperatures higher than 150°C.
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Slow travel times of seismic signals indicate less dense rock (unconsolidated sediments, for
example) while fast travel times indicate denser crystalline rock (i.e. oceanic crust).

The Fuis et al (1979) data suggest that 11D properties north and east of the North Brawley field
may indeed have some geothermal resource potential. A map from the Fuis paper is provided in
Appendix B that shows the low travel time areas. A complete electronic copy of the Fuis paper is
appended to the report.

3.5 Heat Flow

On average, continental crust temperatures increase approximately 30 degrees Celsius (°C) per
kilometer (km) above the mean surface ambient temperature (Lund, 2007). Exploration for
geothermal resources is generally conducted where gradients are much higher. New technologies
are allowing for use of lower temperature waters for power generation. As a rule, however, the
most feasible geothermal resources from an economic standpoint are both hot and shallow.
Shallow resources generally have lower concentrations of dissolved solids, the aquifer has higher
permeability, and the wells are less expensive to drill and construct.

Direct measurement of thermal gradients has been a widely-used method to directly evaluate
geothermal potential. Often, exploratory holes as shallow as 20 feet deep are used as a quick and
inexpensive way to identify geothermal resources. The presence of high temperatures and
gradients at shallow depths suggests a relatively shallow convecting geothermal system.

There are limitations to the use of shallow exploratory holes in defining a geothermal resource.
While high temperatures in a shallow hole are indicative of a likely geothermal resource, the lack
of high temperatures in a shallow hole does not exclude the possibility of a geothermal resource.
There may be other factors that prevent the transfer of heat. Heat transfer in a crystalline rock
with little or no porosity is dominated by thermal conductivity of the rock; heat transfer in porous
sediments is primarily by convective flow of hot solutions. Variations in heat transfer properties,
geologic materials, convective systems, and borehole depths can produce inconclusive shallow
borehole temperature data.

A thermal gradient of 5°F/100 feet would result in a resource temperature in the mid 300°F at a
target depth of 5,000 to 6,000 feet. According to GeothermEx (2007), temperatures in this range
are most suited to binary plant technology. (Note: A gradient of 9.2°C/100 meters is equal to 5
9F/100 feet. For the purposes of this assessment, we consider gradients of 9°C/100 meters and
above as a screening level that is indicative of a geothermal resource.)

Hulen et al (2003) delineated the SSGF by looking at gradients in boreholes having depths of 30-
80 meters, which had gradients exceeding 200°C/km (or 20°C/100meters) (Figure 3). Based on
these temperature gradients, they identified a 72.4 km? thermal gradient anomaly. As of the 2003
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writing, only 14.4% of the anomaly has been drilled for development purposes. Much of this
anomaly is offshore, but has been untested by deep drilling. Hulen et al (2003) stated:

“...wells at the western edge of the onshore portion of the anomaly are as hot and
prolific as those drilled anywhere else in the field. In fact, the hottest well (Tmax =
389°C) drilled to date is also one of the westernmost. In light of these facts, we
can think of no good reason why the productive geothermal reservoir should
terminate to the west simply because the rest of the heat anomaly in that direction
is sublacustrine.”

Later, they stated:

“The much larger offshore portion of the thermal anomaly is otherwise unlikely to differ
much from its onshore counterpart. Given the stratigraphic monotony of this part of the
Salton Trough, it is doubtful that the geologic framework beneath the Salton Sea is
substantially different than that beneath the onshore SSGF. In other words, there is good
reason to assume that the offshore part of the thermal anomaly will be underlain by a
geothermal resource similar to and as productive as the SSGF on land.”

GeothermEx (2007) evaluated 11D and LADWP land in the area designated as “Area 1” shown
on Figure 3 (GeothermEx, 2007) for the Southern California Public Power Authority (SCPPA)
and concluded:

“...given the available thermal gradient data, one can estimate approximately 10
square miles of potentially commercial ground within Area 1. For a resource in
the range of 300 to 400°F, this would be compatible with a MW capacity in the
range of 50 to 100 MW. This is a very preliminary estimate, and it is contingent
on demonstrating commercial permeability at the target depth of production (5000
to 6000 feet). An alternate development scenario could target higher temperatures
at greater depths. However, this would increase drilling costs, and would also
increase the likelihood of higher-salinity fluids, resulting in higher capital and
operating costs for the plant.”

Figure 3 shows the Hulen thermal anomaly, Area 1, and thermal gradients obtained from
temperature logs from the California Division of Oil, Gas, and Geothermal Resources
(CADOGGR) website. A few additional gradient data points were obtained from GeothermEx,
2007. A spreadsheet showing the geothermal gradients used in this map is in Appendix C.
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4 Assessment of IID Properties

4.1 Methodology
Based on our review of existing data, the criteria most suitable for evaluating 11D’s properties for
geothermal resources are:

e Presence within a KGRA
e Bouguer gravity data
e Temperature gradients

Resistivity data and the location of rhombochasms are also considerations for ranking of
candidate sites for geothermal resource assessment. However, those criteria closely follow the
trends of the gravity data in the IID area, and the data were not as widespread. Specific
rhombochasm locations in the Salton Trough are somewhat uncertain, but their estimated
locations are closely correlated with gravity highs. Similarly, resistivity data are limited to the
geophysical survey lines from which those data were previously collected, but the variability of
resistivity values are consistent with the geologic interpretations that were derived from
overlying gravity data. Thus, consideration of resistivity data and rhombochasm locations are
imbedded within the Bouguer gravity data criterion. It is likely that deep temperature gradient
wells are more common in mapped KGRAs, so multipliers were assigned to each criterion to
provide a weighted prioritization matrix that will not result in overemphasis of KGRA lands.

A prioritization matrix spreadsheet was prepared to evaluate each of the criteria. Each Township
(measuring six miles by six miles) was divided into 36 “cells”, each having an area of
approximately one square mile. This level of detail for the assessment was selected based on the
abundance and quality of data for the 11D area. The six mile by six mile townships were plotted
on the prioritization matrix spreadsheet for reference.

As shown on Figure 6, if a KGRA was mapped in part of a ranking cell, it received a score of
one (1). If there was no mapped KGRA in the cell, it received a score of zero (0).

The evaluation of Bouguer gravity anomalies is presented on Figure 7. If the ranking cell is
located on a gravity high, the cell received a score of four (4), the highest possible score. If the
cell was on the upper portion of the flank of a gravity high, the cell received a score of three (3).
If the cell was in the lower flank, it received a score of two (2). If the cell was near the base of
the flank, it received a score of one (1), and the cell was in a low, it received a score of zero (0).
Discretion and professional judgment were used in the scoring, based on the overall morphology
and location of the gravity data and the location(s) of 11D property within a cells.

Temperature gradients were the final criterion used to evaluate geothermal resources. The
temperature gradient data coverage is not as comprehensive as the other criteria, nor are the data
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conclusive, as discussed in Section 4.5. Although we did not calculate geothermal gradients for
all 900+ wells throughout the valley that are listed in the CADOGGR database, we did calculate
gradients from the CADOGGR website temperature logs near 11D property locations and other
selected areas to cover data gaps. There are some areas, such as in T10S R15E where there were
no wells with thermal gradient information in the CADOGGR database. We used the Hulen et al
(2003) high temperature gradient anomaly in the SSGF to evaluate properties in that area. In
addition, parcels in the GeothermEx “Area 1” parcels scored as having moderately elevated
temperatures. For the scoring matrix (Figure 8), we gave greater weight to high gradients
reported for deeper wells (greater than 500 feet deep). If a cell had a well deeper than 500 feet
with a gradient greater than 15°C/100 m, the cell received a score of 4. If the cell includes a well
deeper than 500 feet with a gradient of 9-15 °C/100 m, the cell received a 3. If the cell contains a
shallow well (500 feet or less) with gradients greater than or equal to 9 °C/100 it was scored as a
2. If all the temperature gradients (deep or shallow wells) were less than 9 °C/100, the cell
received a score of 1.

The scores from the three spreadsheets were totaled and the criteria were weighted on a fourth
spreadsheet (Figure 9). On Figure 9, KGRA land and gravity data were given a weight of 4,
while thermal gradients were given a weight of 2. The cells had cumulative scores ranging from
28 (for areas with the highest geothermal potential), to 2 (for areas with the lowest geothermal
potential).

4.2 Results Discussion

Ranking cells within 11D lands ranged from matrix scores of 2 to 28, with those cells scoring 28
having the greatest geothermal potential. In general, we recommend that the scores be
characterized as follows:

e 28-20—Geothermal resources likely present at exploitable levels

e 19-16—moderately high potential

e 15-10—Iesser potential for geothermal resources, but additional data may increase the
scores of these parcels.

e 10-O—low potential

Portions of the cells that scored a 28 in T11S R13E contain IID property located within the
Salton Sea. Much of this land lies within the 200°C/km geothermal anomaly identified by Hulen
et al (2003) and, as discussed in Section 4.5, is likely to be as productive as the portion of the
SSGF that is located on land. This is corroborated by the Schlumberger resistivity survey
(discussed in Section 4.4.2 of this report) that indicates significant geothermal resources under
the Salton Sea. The 11D parcel located in T11S R 13E is the most promising of all the 11D
properties in terms of geothermal resources.
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The western cells in T11S R14E received scores of 20-28, due to their presence in the KGRA
and elevated thermal gradients. However, the eastern cells in this township scored only a 10 to
16, having lesser potential. This area scored lower because it is not within the KGRA.
Geothermal resources in this area can’t be ruled out, but the gradients calculated in this area do
appear to be consistent with the boundary of the KGRA as delineated by the USGS.

Farther east, in T11S R15E, scores were lower still; the cells received scores of 10 to 14, largely
due to low gravity data and their locations outside the KGRA.

1D properties located within T9S R13E and south into T10S R13E scored 8 to 10. These cells
are in the area that was designated as “Area 1” by GeothermEx (2007) as discussed in Section
3.5. While GeothermEx found this area to be highly prospective, the location of Area 1 near a
Bouguer gravity low significantly reduced the score of this area. GeothermEx does not appear to
have considered Bouguer gravity data in their assessment.

The cells in T17S R13E received scores of 10 to 14. The scores for these cells may be influenced
by the lack of deep well data. These cells are located within the Heber KGRA, and may have
geothermal resources associated with that field. Furthermore, the Mount Signal geothermal
prospect, which has not been officially classified as a KGRA by the USGS, is located to the west
about 4-5 miles from the 11D properties located in T17N, R 13 E. The Mount Signal prospect has
a pronounced gravity high anomaly. In 1980 and 1981, Phillips Petroleum drilled some
temperature probes and a deeper (1,826 feet deep) well had a geothermal gradient of 11.7 °F/100
feet. The PIER database (GeothermEx, 2004) projected that temperatures of about 345 °F can be
found at a depth of 5,200 feet if the shallow gradients continue to that depth. Preliminary maps
prepared by GeothermEx (presented in Appendix D) of the thermal gradients at Mt. Signal do
not indicate that 11D’s land is within the area of high thermal gradient. However, the gradient
calculations were based on shallow borings and could be considered inconclusive.

5 Conclusions

Clear Creek Associates conducted a review of publicly-available reports and other geologic and
hydrogeologic data to evaluate potential geothermal resources in the areas of the Imperial
Irrigation District’s (11D’s) surplus property holdings in the Imperial Valley. After evaluating the
available data, a decision matrix was used to score areas of the Imperial Valley based on three
parameters: presence in a KGRA, Bouguer gravity, and temperature gradients. The decision
matrix resulted in scores of 2 to 28, with those cells scoring 20 or higher having the greatest
geothermal potential. The review found that I1ID owns several properties with very high
geothermal potential.
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A parcel of 11D property located in the Salton Sea (in T11S R13E) has the most potential for
geothermal resources of all the parcels that were assessed for this study. It is located within the
Salton Sea KGRA and is within an area of high geothermal gradients. In addition, gravity and
magetotelluric resistivity data are consistent with a significant geothermal resource at this
location. Exploration drilling is a suitable next step in the exploitation of this resource.

IID properties located in T10S R13E and T11S R14E are also highly prospective. Additional
geophysical data from these areas would be useful in deciding which parcels are most suitable
for geothermal development.
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Table 1: Geothermal Resources in the Imperial Valley

Most Likely Installed Total
Capacity Capacity Plant Resource Resource Dissolved
(Gross (Gross Technology Depth Temperature Solids (TDS)
Resource MW) MW) Employed (feet) (°F) (ppm) Comments
CalEnergy operates all existing plants.
CHAR is planning to develop 50-MW on
Salton Sea 1750 350 Flash 3,000 - 10,000 510 - 650 250,000 west end of field at Hudson Ranch.
Deep resource supplied 10-MW pilot plant,
50,000 — 250,000 | operated by Unocal 1980-1985. Shallower
Shallower resource was drilled in 2008-2009 by Ormat for a
resource 50-MW plant. This plant not operating to capacity
Binary may have because of sanding and low efficiency of injection
North Brawley 135 50 5,000 — 13.000 480 - 560 lower TDS. wells.
East Brawley 129 - - 10,000 — 14,000 410 - 560 54,000 — 160,000 | Ram Power drilling in this area in 2010.
South Brawley 62 - - 11,000 — 14,000 470 - 530 250,000
Niland 776 - - 9,000 — 13,000 500 - 550 250,000
Westmoreland 50 - - 6,000 — 7,000 420 - 500 10,000 — 60,000
East Mesa 148 95 Flash & Binary 6,000 — 10,000 300 - 350 1,600 — 26,000 Ormat operates all existing plants.
Ormat operates all existing plants.
Flash plant on east side of field is supplied
by deeper wells; binary plant on west side
Heber 142 130 Flash & Binary 2,000 — 10,000 300 - 330 14,000 is supplied by wells down to 6,000 feet.
Iceland America Energy plans 50-MW
plant. Esmeralda Truckhaven Geothermal
Truckhaven 25 - - 3,000 — 8,000 360 - 390 “low salinity” plans a 20-MW plant. Ormat also has leases.
Resource straddles the US — Mexico border.
Mt Signal 19 - - 1,500 — 7,000 250 - 440 no data available | MW estimate is for US portion.
Depth estimated by analogy to Mt Signal.
Superstition Resource partly within military land
Mountain 10 - - 1,500 — 7,000 225 - 440 no data available | (US Navy), so access could be restricted.
TDS from wells less than 900 feet deep. May
Dunes 11 - - 4,000 — 10,000 250 - 400 4,000 not be representative of deeper resource.
Temperature data estimated by analogy
Glamis 6 - - 5,000 — 11,000 250 - 400 no data available | to Dunes.
Total 3,263 625

Sources: Primarily from GeothermEX, 2007. Table was updated using information from ormat.com regarding North Brawley field, and by information provided by 11D regarding E.

Brawley drilling.
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Figure 4: Possible relations between strike-slip (transform) faults and spreading centers in the
Salton Trough.

Figure 4a: Tensional zones or rhombochasms between en echelon strike-slip faults. X, Y, and Z
are spreading centers or pull-apart basins.

Figure 4b: Postulated spreading centers. W=Wagner Basin, C.P = Cerro Preito Basin, B =
Brawley, O.B. = Obsidian Butte.

From Elders et al, 1972.
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Figure 6:
KGRA Prioritization Matrix
Geothermal Resource Assessment
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Figure 7:
Bouguer Gravity Prioritization Matrix

Geothermal Resource Assessment
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Figure 8:
Thermal Gradient Prioritization Matrix
Geothermal Resource Assessment
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Figure 9: Prioritization Matrix
Geothermal Resource Potential
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Profile Line 2

Similar procedures were performed here. The only difference was that the data at sites
L2x16S and L2x60S was static-shifted down by a factor of four. The reason was that
compared to the neighboring sites, the apparent resistivity, especially at high frequency, was
obviously higher. The phase data were not affected by this shift.

The inverted resistivity image is shown in Figure 23.

IID Property

Figure 23: The inverted 2D resistivity profile along Line 2. (Schiumberger)

Schlumberger, 2009



Profile Line 3

Similar procedures as in Profile Lines 1 and 2 were performed for Line 3 with the inverted
results shown in Figure 24.

Figure 24: The inverted 2D resistivity profile along Line 3. (Schiumberger)

Schlumberger, 2009
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From Fuis et al, 1982

EXPLANATION

Fault—Dotted where inferred from geologic and refraction
evidence; queried where uncertain. Bar and ball on
downthrown side. Arrows indi direction of rel
movement. Heavy arrows and bar and ball show sense
of historical displacement; light arrows and bar and ball,

£ aeologic disnl

Seismicity li Heavy where well established. Ar-

rows indicate direction of relative movement; sense of
displ from focal mech

Crystalline -basement outcrop

Inferred extent of crystalline basement—Queried where un-
certain

Geothermal area and traveltime anomaly—Queried where
uncertain

Focal hani 1 h here equal projec-
tion with compression quadrants darkened

Well—Depth in kilometers
Granitic basement penetrated

Nobasement

Folding or reverse faulting

o041
|

L SR
4 M ite basi
\ l/ (equite basin mnant recent *.

\<'i ' I stress directions
~ NEA 3

RS
- N\

20KILOMETERS
S S |

]
115°

F1GURE 24.—Structure and tectonics of Tmperial Valley region. Faults and geothermal areas abbreviated as in figures 16 and 19; LS, Laguna
Salada fault; Sup H, Superstition Hills; Su

this map.

p M, Superstition Mountain. Long arrows denote dominant recent stress directions inferred from
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Geothermal Gradients

Appendix C
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2590003 Magma Power Company 1 33.10114 -115.65766 4134 30 125 13E 54 1.2
2590008 Magma Power Company 1 32.83172 -115.51815 5023 22 15S 14E 121 6.3
2590009 Magma Power Company 1 32.6874 -115.656 5380 8 17S 13E 101 3.7
2590019 Imperial Thermal Products 1 33.20204 -115.59194 5236 23 11S 13E 127 6.4
2590020 Imperial Thermal Products 2 33.19655 -115.59829 5826 22 11S 13E 156 7.4
2590022 Imperial Thermal Products 1 33.19158 -115.58827 4700 23 11S 13E 305 21.3
2590024 Pioneer Development Co. 1 33.22575 -115.60844 727 10 11S 13E 118 42.1
2590025 Pioneer Development Co. 2 33.22523 -115.60845 1263 10 11S 13E 82 14.9
2590026 Pioneer Development Co. 3 33.22477 -115.60801 1473 10 11S 13E 68 9.5
2590028 CalEnergy Operating Corp. 1 33.21222 -115.56982 6141 13 11S 13E 140 6.1
2590029 CalEnergy Operating Corp. 1 33.20278 -115.57797 8101 24 11S 13E 157 7.7
2590043 Union Oil Company of California 1 33.01813 -115.51904 8385 15 13S 14E 247 8.7
2590051 Union Oil Company of California 2 33.00855 -115.5247 5921 21 13S 14E 249 12.4
2590060 Union Oil Company of California 1 33.0187 -115.53901 7487 17 13S 14E 271 10.8
2590084 Union Oil Company of California 1 33.11153 -115.63953 7705 20 128 13E 263 10.1
2590104 Republic Geothermal_ Inc. 46 33.11114 -115.66619 480 24 125 12E 35 7.8
2590105 Republic Geothermal_ Inc. a7 33.10984 -115.68282 480 24 125 12E 34 7
2590141 Freeport-McMoRan Resource Partners 2 33.36025 -115.63381 300 29 9S 13E 31 8.4
2590142 Freeport-McMoRan Resource Partners 3 33.34031 -115.65749 300 31 9S 13E 29 8.2
2590143 Freeport-McMoRan Resource Partners 4 33.34098 -115.61198 300 33 9S 13E 35 11.2
2590150 Union Oil Company of California 1 33.09573 -115.65713 8000 30 125 13E 217 7.5
2590151 Republic Geothermal_ Inc. 48 33.00861 -115.62084 1500 22 13S 13E 56 6.8
2590152 Union Oil Company of California 3 33.11143 -115.64777 4650 20 128 13E 151 8.9
2590153 Republic Geothermal_ Inc. 1 32.88921 -115.52009 1075 33 14S 14E 34 2.8
2590154 Republic Geothermal_ Inc. 1 33.14708 -115.58729 440 11 125 13E 34 6.9
2590155 Republic Geothermal_ Inc. 2 33.13327 -115.57962 480 11 125 13E 30 3.7
2590156 Republic Geothermal_ Inc. 49 33.04462 -115.66939 1450 6 13S 13E 137 7.9
2590157 Republic Geothermal_ Inc. 50 33.01569 -115.61202 480 15 13S 13E 33 5.5
2590158 Republic Geothermal_ Inc. 51 33.0232 -115.61643 1375 15 13S 13E 81 13.6
2590159 Republic Geothermal_ Inc. 52 33.03021 -115.61214 480 10 13S 13E 40 10.7
2590160 Republic Geothermal_ Inc. 53 33.02326 -115.60252 480 14 13S 13E 33 5.6
2590161 Republic Geothermal_ Inc. 54 33.03009 -115.62941 430 9 13S 13E 32 5.6
2590162 Republic Geothermal_ Inc. 55 33.10015 -115.63876 480 29 12S 13E 35 6.9
2590163 Union Oil Company of California 1 32.69326 -115.57558 3980 7 175 14E 94 3.3
2590164 Westmorland Geothermal Associates 1 33.08552 -115.64036 8488 32 12S 13E 227 7.8
2590168 Union Oil Company of California 2 33.09606 -115.6578 4564 30 125 13E 135 7.9
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Geothermal Gradients
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2590172 Chevron U.S.A. Inc. 1 33.03045 -115.5522 7932 8 13S 14E 259 9.7
2590176 Republic Geothermal_ Inc. 1 32.81244 -115.42016 490 28 15S 15E 34 5.7
2590183 Union Oil Company of California 9 33.01513 -115.52932 7908 16 13S 14E 260 9.7
2590187 Chevron U.S.A. Inc. 1 33.01607 -115.55134 10019 17 13S 14E 218 6.3
2590190 MCR Geothermal Corp. 0 33.3967 -115.709 9800 15 9S 12E 127 3.4
2590209 Santa Fe Geothermal_ Inc. 101 33.11037 -115.41354 500 21 12S 15E 43 12
2590210 Santa Fe Geothermal_ Inc. 102 33.05525 -115.42224 500 4 13S 15E 40 10.9
2590211 Santa Fe Geothermal_ Inc. 103 33.06041 -115.39546 500 2 13S 15E 36 8
2590255 Union Oil Company of California 1 33.0224 -115.616 8761 15 13S 13E 224 7.5
2590272 United Resources Exploration Corp. 6 33.16873 -115.55886 500 31 11S 14E 34 4.6
2590279 Republic Geothermal_ Inc. 1 33.21953 -115.53902 6552 17 11S 14E 247 11.4
2590299 Freeport-McMoRan Resource Partners 4 33.11884 -115.44477 300 18 12S 15E 30 5.2
2590300 Freeport-McMoRan Resource Partners 5 33.24867 -115.45335 300 6 11S 15E 31 6.2
2590301 Freeport-McMoRan Resource Partners 6 33.18437 -115.50199 300 27 11S 14E 31 6.2
2590315 Republic Geothermal_ Inc. 3 33.20466 -115.52584 10391 21 11S 14E 264 7.6
2590318 Union Oil Company of California 0 33.19047 -115.43192 770 29 11S 15E 45 8.7
2590319 Union Oil Company of California 0 33.16668 -115.52681 994 32 11S 14E 53 9.2
2590320 Union Oil Company of California 0 33.10334 -115.44952 999 30 12S 15E 44 6.1
2590321 Union Oil Company of California 0 32.98157 -115.4316 998 33 13S 15E 46 6.2
2590322 Union Oil Company of California 0 32.91742 -115.548 995 20 14S 14E 39 3.7
2590341 Chevron U.S.A. Inc. 221 32.69656 -115.61413 1457 2 17S 13E 36 1.8
2590352 CalEnergy Operating Corp. 2 33.17719 -115.59615 3535 26 11S 13E 288 24.4
2590354 Chevron U.S.A. Inc. 283 32.73953 -115.72879 487 33 16S 12E 30 3.3
2590355 Chevron U.S.A. Inc. 284 32.97145 -115.66442 494 31 13S 13E 34 6.1
2590356 Chevron U.S.A. Inc. 285 33.30639 -115.59229 466 14 10S 13E 38 9.3
2590357 Chevron U.S.A. Inc. 286 32.74404 -115.70999 496 26 16S 12E 30 3.1
2590358 Chevron U.S.A. Inc. 287 33.26853 -115.52389 489 28 10S 14E 47 15
2590359 Chevron U.S.A. Inc. 288 33.24718 -115.49164 423 2 11S 14E 37 9.6
2590362 Chevron U.S.A. Inc. 291 32.72811 -115.66793 497 30 16S 13E 30 3.2
2590363 Chevron U.S.A. Inc. 292 33.2122 -115.49134 496 14 11S 14E 40 9.9
2590364 Chevron U.S.A. Inc. 293 33.25995 -115.54317 494 32 10S 14E 45 13
2590366 Chevron U.S.A. Inc. 295 32.68251 -115.51245 492 11 17S 14E 33 5.4
2590367 Chevron U.S.A. Inc. 296 32.67904 -115.53484 486 16 17S 14E 32 4.6
2590368 Chevron U.S.A. Inc. 297 33.19799 -115.55025 465 19 11S 14E 45 14.2
2590369 Chevron U.S.A. Inc. 298 33.20463 -115.47462 485 24 11S 14E 38 8.6
2590370 Chevron U.S.A. Inc. 299 33.19049 -115.4509 485 30 11S 15E 38 8.9
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2590371  [Chevron U.S.A. Inc. 300 33.17558 -115.49377] 949 34 115 14E 36 3.7
2590372 [Chevron U.S.A. Inc. 301 33.19012 -115.52046] 482 28 115 14E 38 8.8
2590373 [Chevron U.S.A. Inc. 302 33.18489 -115.56008] 496 30 115 14E 51 16.9
2590374  [Chevron U.S.A. Inc. 303 32.7035 -115.57739] 497 24 165 14E 34 5.9
2590375  [Chevron U.S.A. Inc. 304 32.73974 -115.47358] 485 24 165 14E 35 6.9
2590376  [Chevron U.S.A. Inc. 305 33.13955 -115.52778| 489 8 125 14E 33 5.2
2590378  [Chevron U.S.A. Inc. 307 33.11976 -115.58056| 495 14 125 13E 31 3.8
2590379  [Chevron U.S.A. Inc. 308 33.13235 -115.57785| 497 13 125 13E 31 3.8
2590381  [Chevron U.S.A. Inc. 310 33.12913 -115.54488| 495 18 125 14E 32 4.4
2590382  [Chevron U.S.A. Inc. 311 33.16137 -115.52023| 494 4 125 14E 36 7.3
2590383 [Chevron U.S.A. Inc. 312 33.15482 -115.46398| 495 12 125 14E 35 6.6
2590385  [Chevron U.S.A. Inc. 314 33.13973 -115.44684| 495 7 125 15E 34 5.8
2590386  [Chevron U.S.A. Inc. 315 33.08773 -115.38722| 494 35 125 15E 36 7.6
2590387  [Chevron U.S.A. Inc. 316 33.17573 -115.41368] 494 33 115 15E 38 8.4
2590389  [Chevron U.S.A. Inc. 318 33.15584 -115.42131] 494 4 125 15E 35 6.9
2590390  [Chevron U.S.A. Inc. 319 33.13862 -115.39502| 485 10 125 15E 37 8
2590391  [Chevron U.S.A. Inc. 320 33.12604 -115.41531] 485 16 125 15E 33 5.5
2590392 [Chevron U.S.A. Inc. 321 33.03067 -115.65389| 494 8 135 13E 33 5.4
2590393 [Chevron U.S.A. Inc. 322 32.86261 -115.71133| 496 15 155 12E 33 5.5
2590394  [Chevron U.S.A. Inc. 323 33.00757 -115.64548| 496 20 135 13E 34 5.7
2590395  [Chevron U.S.A. Inc. 324 33.1843 -115.38362| 485 26 115 15E 38 9
2590396  [Chevron U.S.A. Inc. 325 32.97145 -115.6286| 494 33 135 13E 31 4.2
2590398 [Chevron U.S.A. Inc. 327 32.94951 -115.64463| 494 8 145 13E 33 5.3
2590399  [Chevron U.S.A. Inc. 328 33.11075 -115.44208| 365 19 125 15E 31 5.2
2590400  [Chevron U.S.A. Inc. 329 33.0737 -115.52486| 480 4 135 14E 33 5.5
2590401  [Chevron U.S.A. Inc. 330 33.0696 -115.47334] 490 1 135 14E 32 4.9
2590402  [Chevron U.S.A. Inc. 331 33.08305 -115.4841] 493 35 125 14E 31 4.1
2590403  [Chevron U.S.A. Inc. 332 33.17588 -115.44222] 494 31 125 15E 32 4.8
2590404  [Chevron U.S.A. Inc. 333 33.11325 -115.46399] 494 24 125 14E 33 5.2
2590405  [Chevron U.S.A. Inc. 334 33.10276 -115.51599] 484 28 125 14E 31 4.3
2590406  [Chevron U.S.A. Inc. 335 33.06663 -115.58464| 496 1 135 13E 32 4.3
2590407  [Chevron U.S.A. Inc. 336 33.08863 -115.57975| 497 35 125 13E 32 4.4
2590408  [Chevron U.S.A. Inc. 337 33.11958 -115.62921| 495 16 125 13E 34 6.1
2590409  [Chevron U.S.A. Inc. 338 33.05242 -115.62556| 496 4 135 13E 33 5
2590410  [Chevron U.S.A. Inc. 339 32.88815 -115.69295| 475 2 155 12E 33 5.4
2590412 [Chevron U.S.A. Inc. 341 32.91682 -115.46249| 496 19 145 15E 34 6.2
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2590415 Chevron U.S.A. Inc. 344 32.87084 -115.4816 475 1 15S 14E 29 2.8
2590417 Chevron U.S.A. Inc. 346 32.85605 -115.5068 496 10 15S 14E 31 4
2590420 Chevron U.S.A. Inc. 349 32.88576 -115.56547 496 31 14S 14E 33 54
2590421 Chevron U.S.A. Inc. 350 32.86293 -115.55254 496 8 15S 14E 38 8.9
2590424 Chevron U.S.A. Inc. 353 33.00781 -115.55699 496 19 13S 14E 33 5.5
2590426 Chevron U.S.A. Inc. 355 32.95223 -115.36946 474 12 14S 15E 35 7.2
2590427 Chevron U.S.A. Inc. 356 32.83461 -115.64365 494 20 15S 13E 31 4.3
2590429 Chevron U.S.A. Inc. 358 32.9194 -115.3828 496 24 14S 15E 35 6.9
2590430 Chevron U.S.A. Inc. 359 32.9164 -115.38317 496 27 15S 13E 31 4.1
2590431 Chevron U.S.A. Inc. 360 32.81865 -115.6185 494 27 15S 13E 32 4.7
2590432 Chevron U.S.A. Inc. 361 32.81268 -115.54245 494 29 15S 14E 30 3.1
2590433 Chevron U.S.A. Inc. 362 32.7951 -115.65068 494 5 16S 13E 29 2.8
2590434 Chevron U.S.A. Inc. 363 32.87608 -115.30905 497 3 15S 16E 35 6.7
2590435 Chevron U.S.A. Inc. 364 32.87651 -115.35073 496 6 15S 16E 35 6.3
2590436 Chevron U.S.A. Inc. 365 32.88304 -115.37879 494 1 15S 15E 35 6.3
2590437 Chevron U.S.A. Inc. 366 32.86356 -115.39634 486 11 15S 15E 34 5.8
2590438 Chevron U.S.A. Inc. 367 32.86231 -115.37736 496 12 15S 15E 34 6.1
2590439 Chevron U.S.A. Inc. 368 32.86171 -115.316 497 9 15S 16E 34 5.6
2590440 Chevron U.S.A. Inc. 369 32.84655 -115.30642 496 15 15S 16E 34 5.9
2590442 Chevron U.S.A. Inc. 371 32.84572 -115.4264 495 16 15S 15E 32 4.9
2590444 Chevron U.S.A. Inc. 373 32.79563 -115.62152 494 31 15S 13E 33 5
2590457 Union Oil Company of California 0 33.09098 -115.54469 1001 30 12S 14E 41 5.2
2590458 Union Oil Company of California 0 33.09595 -115.3579 1001 25 12S 15E 51 8.6
2590460 Union Oil Company of California 0 32.9244 -115.29125 1001 14 14S 16E 47 7.3
2590461 Union Oil Company of California 0 33.23481 -115.53545 1001 8 11S 14E 66 13.5
2590462 Union Oil Company of California 0 33.10344 -115.67321 1001 25 12S 12E 47 7.4
2590463 Union Oil Company of California 0 33.11876 -115.61227 498 15 12S 13E 32 4.7
2590464 Union Oil Company of California 0 33.14804 -115.58735 498 2 12S 13E 36 7.5
2590465 Union Oil Company of California 0 33.148 -115.51738 498 8 12S 14E 35 6.6
2590466 Chevron U.S.A. Inc. 430 32.78246 -115.62905 494 3 16S 13E 29 2.8
2590467 Chevron U.S.A. Inc. 431 32.76572 -115.6196 494 15 16S 13E 29 2.7
2590468 Chevron U.S.A. Inc. 432 32.781 -115.65447 494 8 16S 13E 31 3.8
2590469 Chevron U.S.A. Inc. 433 32.78066 -115.65217 496 8 16S 13E 29 2.9
2590470 Chevron U.S.A. Inc. 434 32.78363 -115.66814 494 6 16S 13E 29 2.9
2590471 Chevron U.S.A. Inc. 435 32.769 -115.149 496 7 16S 13E 30 3.1
2590473 Chevron U.S.A. Inc. 437 32.72652 -115.68735 494 36 16S 12E 32 4.9
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2590474 Chevron U.S.A. Inc. 438 32.79777 -115.69669 494 11 16S 12E 28 2.1
2590475 Chevron U.S.A. Inc. 439 32.77646 -115.68836 494 13 16S 12E 28 2.1
2590477 Chevron U.S.A. Inc. 441 32.90233 -115.42116 494 28 14S 15E 35 6.5
2590479 Chevron U.S.A. Inc. 443 32.89487 -115.44569 486 32 14S 15E 36 7.5
2590480 Chevron U.S.A. Inc. 444 32.89553 -115.42787 494 33 14S 15E 36 7.2
2590481 Chevron U.S.A. Inc. 445 32.89557 -115.41206 492 34 14S 15E 35 6.4
2590482 Chevron U.S.A. Inc. 446 32.87628 -115.4105 369 3 15S 15E 33 7.1
2590483 Chevron U.S.A. Inc. 447 32.86956 -115.4336 494 4 15S 15E 35 6.5
2590493 Union Oil Company of California 0 32.81939 -115.47078 918 25 15S 14E 34 3.4
2590524 Chevron U.S.A. Inc. 662 32.79501 -115.46272 490 6 16S 15E 33 5.5
2590549 Union Oil Company of California 0 33.28472 -115.56188 1000 24 10S 13E 62 12
2590550 Union Oil Company of California 0 33.25788 -115.56101 1012 31 10S 14E 67 13.5
2590577 Lahontan_ Inc. 2 33.15474 -115.54441 1499 6 125 14E 62 8.9
2590581 Republic Geothermal_ Inc. 5 33.21358 -115.53589 7500 17 11S 14E 262 10.4
2590586 Imperial Energy 1 33.07631 -115.58473 4502 35 125 13E 94 5.1
2590593 Republic Geothermal_ Inc. 4 33.20511 -115.5259 9570 21 11S 14E 211 6.4
2590597 Kennecott Corporation 0 33.24133 -115.55266 1455 6 11S 14E 95 15.3
2590617 Republic Geothermal_ Inc. 6 33.21324 -115.53582 7100 17 11S 14E 257 10.7
2590632 CalEnergy Operating Corp. 0 33.20811 -115.57986 10564 14 11S 13E 168 4.4
2590652 CalEnergy Operating Corp. 1 33.19769 -115.56812 299 24 11S 13E 134 119
2590665 CalEnergy Operating Corp. 3 33.18329 -115.56217 8740 25 11S 13E 260 8.8
2590685 CalEnergy Operating Corp. 0 33.22682 -115.57853 3296 12 11S 13E 256 22.9
2590695 CalEnergy Operating Corp. 0 33.21365 -115.57759 3238 13 11S 13E 142 11.9
2590702 CalEnergy Operating Corp. 6 33.18061 -115.58695 8962 26 11S 13E 260 8.6
2590731 Bear Creek Mining Company 0 33.3055 -115.646 215 17 10S 13E 24 4.2
2590732 Bear Creek Mining Company 0 33.30425 -115.63179 250 17 10S 13E 26 5.8
2590733 Bear Creek Mining Company 0 33.2947 -115.645 250 17 10S 13E 27 6.6
2590734 Bear Creek Mining Company 0 33.28535 -115.62298 250 21 10S 13E 27 5.8
2590735 Bear Creek Mining Company 0 33.27998 -115.62931 250 21 10S 13E 30 9.5
2590736 Bear Creek Mining Company 0 33.27091 -115.60522 250 27 10S 13E 28 8.7
2590737 Bear Creek Mining Company 0 33.26185 -115.60286 250 34 10S 13E 30 10.2
2590746 Bear Creek Mining Company 0 33.3196 -115.625 250 9 10S 13E 28 4.4
2590747 Bear Creek Mining Company 0 33.3091 -115.617 250 9 10S 13E 28 5.1
2590748 Bear Creek Mining Company 0 33.29074 -115.6069 250 22 10S 13E 29 9.5
2590749 Bear Creek Mining Company 0 33.28008 -115.59841 250 22 10S 13E 29 5.1
2590750 Bear Creek Mining Company 0 33.26173 -115.59006 250 35 10S 13E 32 9.5
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2590751 Bear Creek Mining Company 0 33.2482 -115.58992 250 2 11S 13E 36 14.6
2590752 Bear Creek Mining Company 0 33.24748 -115.58146 250 2 11S 13E 38 13.1
2590753 Bear Creek Mining Company 0 33.23667 -115.58131 250 2 11S 13E 39 11.7
2590754 Bear Creek Mining Company 0 33.2255 -115.57693 250 12 11S 13E 41 19.7
2590755 Bear Creek Mining Company 0 33.22187 -115.57259 250 12 11S 13E 38 16
2590854 CalEnergy Operating Corp. 7 33.18326 -115.57811 4711 25 118 13E 287 18.3
2590863 CalEnergy Operating Corp. 8 33.18312 -115.57765 9261 25 11S 13E 207 6.4
2590876 CalEnergy Operating Corp. 12 33.18304 -115.57459 6007 25 11S 13E 158 7.3
2590885 CalEnergy Operating Corp. 4 33.17716 -115.56467 9123 25 11S 13E 168 5.1
2590886 CalEnergy Operating Corp. 5 33.17713 -115.56414 7310 25 11S 13E 156 5.9
2590887 CalEnergy Operating Corp. 0 33.28474 -115.52858 3927 20 10S 14E 172 12.1
2590890 CalEnergy Operating Corp. 11 33.18335 -115.57553 5500 25 11S 13E 148 7.3
2590928 Union Oil Company of California 19 32.69358 -115.5769 250 7 178 14E 39 18.2
2590942 Union Oil Company of California 33 32.70157 -115.6035 250 1 17S 13E 31 8
2590951 Union Oil Company of California 6 33.07325 -115.50285 250 2 13S 14E 29 5.1
2590952 Union Oil Company of California 7 33.06482 -115.48733 250 2 13S 14E 28 4.4
2591097 CalEnergy Operating Corp. 9 33.18342 -115.57671 2590 25 11S 13E 168 5.5
2591200 Trily_J. T. 1 33.39422 -115.67518 1668 13 9S 13E 63 7.7
2591228 Phillips Petroleum Co. 1 33.653 -115.705 1824 24 17S 12E 126 18.5
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Mt. SIGNAL GEOTHERMAL AREA
LAND STATUS and ISOGRADIENT CONTOURS
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|Source: Layman Energy Associates, January 2003 |

Figure MOS00-2: Lease map with isogradient contours, Mt. Signal geothermal area

GeothermEx, Inc. 11-Apr-2003





