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Preface 
The Public Interest Energy Research (PIER) Program supports public interest energy research 
and development that will help improve the quality of life in California by bringing 
environmentally safe, affordable, and reliability energy services and products to the marketplace. 
The PIER Program, managed by the California Energy Commission (the Commission, Energy 
Commission), annually awards up to $62 million to conduct the most promising public interest 
energy research by partnering with Research, Development, and Demonstration (RD&D) 
organizations, including individuals, businesses, utilities, and public or private research 
institutions. 
PIER funding efforts are focused on the following six RD&D program areas: 

0 

0 

0 Renewable energy technologies 
Environmentally preferred advanced generation 

0 Energy-related environmental research 
0 Strategic energy research 

Residential and non-residential buildhgs end-use energy efficiency 
Industrial, agricultural, and water end-use energy efficiency 

What follows is the final report for the New Geothermal Site Identification and Qualification 
Project, part of the Hetch Hetchy/SFPUC Programmatic Renewable Energy Project. 
GeothermEx, Inc., has prepared this report under contract to the City and County of San 
Francisco (the City), San Francisco Public Utilities Commission, Hetch Hetchy Water and 
Power Division, pursuant to Agreement Number CS-706.D between Geo thedx  and the City. 
The Energy Commission has funded the work pursuant to the PIER Program Contract Number 
500-01-042 between the City and the Energy Commission. 
For more information on the PIER Program, please visit the Commission’s web site 
http://www.energv.ca.nov/pier/rePorts.html or contact the Commission Publication Unit at 

G 

(916) 654-5200. 

http://www.energv.ca.nov/pier/rePorts.html
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Executive Summa 
The Hetch Hetchy Water and Power Division of the San F 
(Hetch Hetchy/SFPUC) has retained GeothermEx, Inc., to provide a portfolio of well- 
characterized geothermal resources within California and western Nevada that could supply 

co Public Utilities Commission 
id 

. 
additional power to the California market. This project (Project 1.3) is the geothermal 
component of the Hetch Hetchy/SFPUC Programmatic Renewable Energy Project, a set of 
PIER-funded studies to evaluate the potential le energy sources and 
options for energy transmission. 
The objective of Project 1.3 is to quantify each geotherm 
most-likely generation capacity, estimated costs of exploration and confirmation, and estimated 
total development costs and unit development costs ($kW installed), including transmission-line 
costs as determined by other Hetch Hetchy/SFPUC project participants. Project 1.3 has relied on 
information in the public domain and such other information as private developers have agreed 
to contribute. A principal outcome of the work has been the creation of a database (referred to 
herein as the PIER Geothermal Database) in MS Access@, included on a computer CD 
accompanying this study. The PIER Geothermal Database includes information about the 
resource characteristics of 155 separate geothermal projects at 83 resource areas. It also includes 
embedded documents describing th methodology of the study and tables summarizing results. 
To establish a quick way of rankin geothermal projects es of maturity, this study 
has defined four development categories as follows: 

A - Existing power plant operating 
B - One or more wells tested with a potential greater than or equal to (>=) 1 MW, but no 

C - Minimum 212°F logged downhole, but no well tests at >= 1 MW 
D - Other exploration data and information available 

The geothermal projects have also been classified geographi 

power plant in operation cr, 

into four areas to facilitate 

tes with direct access to 

Based on the reserve 
California market from geothermal sources in California and Nevada has a minimum value of 
about 4,700 gross MW and a most-likely value of about 6,200 gross MW. After allowances for 

bp) 
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generation capacity already on line, the incremental generation capacity available fiom 
geothermal sources in both states has a minimum value of about 2,800 gross MW and a most- 
likely value of about 4,300 gross MW. These estimates may be conservative to the extent that 
they do not take into account resources about which little or no public-domain information is 
available. 
The generation capacity available fiom fields withiin California alone has a minimum value of 
about 3,700 gross MW and a most- likely value of about 4,700 gross MW. The incremental 
generation capacity available fiom fields within California alone has a minimum value of about 
2,000 gross MW and a most-likely value of about 3,000 gross MW. Geothermal sites in 
California alone account for about 70% of the combined incremental generation capacity 
available fiom both states. Within California, 90% of the incremental generation capacity 
identified in this study comes fiom three areas: the Imperial Valley, The Geysers, and Medicine 
Lake. The Imperial Valley alone accounts for about 65% of the incremental capacity available in 
California. 
For the geothermal sites in both states, the capital cost of incremental generation capacity 
averaged about $3,100 per kW installed. For California sites alone, the average capital cost of 
incremental generation capacity was somewhat lower: about $2,950 per kW installed. These 
cost estimates include the following components: 

0 

0 

0 

0 

0 Transmission-line costs. 

Exploration (up to the siting of the first deep, commercial-diameter hole); 
Confirmation drilling (up to achieving 25% of required capacity at the wellhead); 
Development drilling (up to achieving 105% of required capacity at the wellhead); 
Construction of the power plant (including ancillary site facilities); and 

The capital cost estimates are only approximate, because each developer would bring its own 
experience, bias, and opportunities to the development process. Nonetheless, the overall costs 
per project estimated in this study are believed to be reasonable. 
The capital cost for specific geothermal projects ranged fiom about $l,OOO/kW (for a small 
expansion at an existing project) to values in excess of $6,OOO/kW (for deep, low-temperature 
resources at remote locations). Of the 4,300 gross MW of most-likely incremental capacity 
available from both California and Nevada, about 2,500 gross MW is available at a capital cost 
less than the average of $3,1OO/kW. Considering just fields within California, about 2,000 gross 
MW of incremental generating capacity is available at a capital cost below the average of 
$2,95O/kW. 

For the purposes of this study, a capital ‘cost of $2,4OO/kW or less is considered competitive with 
other renewable resources, both for the CaliforniMevada study area and for the state of 
California alone. The amount of incremental geothermal capacity available at or below 
$2,4OO/kW is about 1,700 gross MW for the CaliforniMevada study area, and the same amount 
(after rounding to the nearest increment of 50 gross MW) for the state of California alone. This 
amount of geothermal capacity available represents a significant opportunity for commercial 
development to meet the needs of the California electricity market. Resources with higher 
estimated costs may also be attractive, depending on market conditions and the mechanisms for 
implementing California’s renewable portfolio standard. 

ti 

Q: 
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Abstract 
This study identifies remaining undeveloped geothermal resources in California and western 
Nevada, and it estimates the development costs of each. It has relied on public-domain 
information and such additional data as geothermal developers have chosen to make available. 
Reserve estimation has been performed by volumetric analysis with a probabilistic approach to 
uncertain input parameters. Incremental geothermal reserves in the CaliforniaMevada study area 
have a minimum value of 2,800 gross MW and a most-likely value of 4,300 gross MW. For the 
state of California alone, these values are 2,000 and 3,000 gross MW, respectively. These 
estimates may be conservative to the extent that they do not take into account resources about 
which little or no pubIic-domain information is available. The average capital cost of 
incremental generation capacity is estimated to average $3,1 OOkW for the CaliforniaMevada 
study area, and $2,95OkW for the state of California alone. These cost estimates include 
exploration, confurnation drilling, development drilling, plant construction, and transmission- 
line costs. For the purposes of this study, a capital cost of $2,40OkW is considered competitive 
with other renewable resources. The amount of incremental geothermal capacity available at or 
below $2,4OOkW is about 1,700 gross MW for the Californiahlevada study area, and the same 
amount (within 50-MW rounding) for the state of California alone. The capital cost estimates 
are only approximate, because each developer would bring its own experience, bias, and 
opportunities to the development process. Nonetheless, the overall costs per project estimated in 
this study are believed to be reasonable. 



t. 



1 Introduction 

1.1 Background 
There are several 
the most significant is a perception that the largest and most accessible resources (such as 
The Geysers, Salton Sea, and Coso) have already been developed. The majority of known 
resource sites that remain in California and Nevada either have smaller capacities or present 
special economic challenges. These remaining projects have been historically of less interest to 
developers due to associated high up-firont costs. 

geothermal development in California and Nevada. One of 

. 

The Hetch Hetchy Water and Power Divi 
(Hetch Hetchy/SFPUC) has retained GeothermEx, In 
characterized geothermal resources within California and western Nevada that could supply 
additional power to the California market. Project 1.3 is the geothermal component of the Hetch 
Hetchy/SFPUC Programmatic Renewable Energy Project, a set of PIER-funded projects that are 
gathering data and evaluating the potential of a of renewable energy sources (geothermal, 
wind, solar, biomass, etc.) and options for ene sion in California and parts of Nevada 
that have the potential to supply *the California ma ompanion to Project 1.3 is Project 2.1 
(Existing Geothermal Facility Improvements), which is scheduled for completion in November 
2004. 

isco Public Utilities Commission 
ide a portfolio of well- 

1.2.2 Project Goals 
The goal of Project 1.3 has been to c information available in the public 
domain on remaining undeveloped geothermal resources in California and western Nevada. The 
intention is to make this information easily accessible to entities interested in developing or 
purchasing geothermal power, including municipal power agencies and investor-owned utilities. 
In combination with other studies in the Hetchy/SFPUC Programmatic Renewable Energy 
Project, Project 1.3 is intended to facilitate aggregation of undeveloped renewable resources so 
as to achieve greater economies of scale. It is hoped 
possible a significant new phase of geothermal reso 
increase in the number of entities participating in 
It is anticipated that the portfolio of geothermal 
with other potential energy sources in the same geographic areas, to seek options for the 
collocation of power generation facilities with shared transmission facilities and coordinated 
base-load and peaking power generation. The re 
and fUrther diversification of th 

1.2.3 Project Objectives 
The objective of Project 1.3 has been to quanti6 the geothermal resources in California and 
western Nevada in terms of minimum and most-likely generation capacities, estimated costs of 
exploration and confmation, and estimated total development costs and unit development costs 
($kW installed), including transmission tie-in costs as determined by other participants in the 
Hetch Hetchy/SFPUC Programmatic Renewable Energy Project. The portfolio of geothermal 

is information will help make 
elopment in the United States and an 

is report will be evaluated 

increase in ren 
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resources described in this study (referred to herein as the Project Portfolio) includes areas both c; 
with and without existing power plants. For those resources with existing plants, Project 1.3 
includes an estimate of the quantity and cost of the incremental generation capacity available. 

1.3 Report Organization 
Chapter 2 of this report describes the specific background and baseline conditions of Project 1.3, 
along with Project work plans, the geographic area of interest, the Project Task List, and the MS 
Access0 database of geothermal resource information (referred to herein as the PIER 
Geothermal Database). 

Chapter 3 describes the project outcomes, including overviews of the resource data compiled, the 
methodologies employed, and estimates of generation capacities and development costs. 
Chapter 4 provides the conclusions and recommendations obtained from the project outcomes, 
along with comments regarding commercialization potential and benefits to California. 
Chapter 5 contains endnotes from Chapters 1 to 4. 

ChaDter 6 contains project references in bibliographic format, divided into (1) general references 
(relevant to background information and methodologies) and (2) the geo-technical references 
that are specific to the various geothermal projects'. 
Chapter 7 is a glossary of terms, abbreviations and definitions used in the text of this report and 
in the PIER Geothermal Database. 

' 

This is followed by figures, tables, appendices, and (on an attached computer CD) the PIER 
Geothermal Database. 
The PIER Geothermal Database in MS Access0 contains embedded illustrations and automated 
reports that allow the user to view and print geotechnical data and calculated results for each 
geothermal resource site in the Project Portfolio. The text of this report includes only one 
illustrative example of the folIowing*: 

LJ 

a. a Project Data Summary Report 
b. a local site area map 
c. a local site downhole temperature graph 
d. a Probabilistic Calculation of Geothermal Energy Reserves 
e. a cost summary entitled Exploration, Confirmation and Development Costs - Detail by 

Project 
Summaries and documents describing methodology are included as tables and appendices to this 
report, and are accessible as reports within the PIER Geothermal Database. The narrative 
content of Chapters 2 through 4 provides an overview of each topic and results, with reference to 
the full detail contained in corresponding tables and appendices. 
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- 
2 Project Approach 
2.1 Prior Research 

“his’ project has use 
to the fullest extent possible, This includes: 

u 
or research, exploration, and d ts in the public domain 

0 Published sources such as technical, trade and academic journals and reports of 
government-sponsored projects and research (see References in Chapter 6) 
Information available at a number of internet locations, including vast collections of 
temperature data from shallow and deep holes in California and Nevada that have been 
compiled by the USGS (USGSOF99-425) and by Southern Methodist University 
(SMUWGD), as well as flu 
(GEOTHEFW) 
Public domain information on s 

released into the public domain specifically in connection with this study. All known 
developers of projects within the geographic area of the study were contacted with 
information about the PER project and a request for data and information. To various 

0 

0 

0 Data and information received 

, 

available data and information, whereas 

To the full extent of GeothermEx’s knowledge, proprietary (unpublished, privately held) 
information and data have not been included in the database, and do not contribute in a direct 
way to any of the conclusions and recommendations of this study. However, GeothermEx has 
used its extensive experience in the geothermal industry to help guide the methodologies used 
and selections made between some of the alternative possible conclusions and recommendations. 

44 

2.2 Baseline Conditions 

There have been three baseline conditions for inclusion of a geothermal resource area in the 
portfolio of projects with electricity generation potential. These are geographic location, 
resource temperature, and eviden a discrete resource. 
The PIER Geothermal Database fined to resources within the geographic area that is 
described below, but it does list some resources that have been excluded from the portfolio ~ 

(i.e., generation capacity and exploration-to-development costs have not been estimated). In 
such cases either: (a) the area in question is a geographic (or technical/economic) subdivision of 
another area, for which or both of the temperature and discrete 
resource criteria were r usually are resource areas that have been 

I listed by others as hav r development, but which did not meet the 
1 criteria of this project. 
i 

-the entire State of California, and 

near Battle Mountain). 
0 the western part of the State of (extending as far Beowawe project 
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At the start of Project 1.3, resource areas in Nevada were included only if located within 50 t 
miles of the High-Voltage Direct-Current (HVDC) transmission line (“HVDC intertie”) that runs 
north from Los Angeles into eastern California, through western-most Nevada, and into Oregon 
(see Figure 1 and section 2.4). (The HVDC intertie is also known as the Pacific Direct-Current 
Intertie, or PDCI). It was later decided to include other locations in western Nevada, because 
some are along or very close to other transmission lines that could provide access to the 
California market. Because it would be arbitrary to select an exact cut-off distance from existing 
transmission, all resources as far east as Beowawe were eventually included! 
Section 2.4 describes subdivisions of the subject area. 

Resource temperature 
An estimate of generation capacity and exploration-to-development cost has been made only if it 
has been concluded that the average temperature of the resource is reasonably likely to be at least 
212’F. This low cut-off temperature results in the inclusion of a number of marginal, very small 
resources. However, these resources can be economically viable: witness the Wabuska project in 
Nevada ( W A B O O ’ ) ,  which started production in 1984 and continues to generate electricity from a 
resource at about 220°-227’F. 

There are some projects that have not been drilled enough to establish the resource temperature, 
and in such cases it is assumed than an average of temperatures found elsewhere can be applied 
(this is described in Appendix 111). However, if there is relatively good evidence that 212’F is 
- not attained, then the area has been excluded from further consideration. 

Q‘ 
Evidence of a discrete resource 

To be included in the Project Portfolio, it is necessary that a resource be somehow discretely 
defined in terms of proven or probable geographic extent (even if fairly uncertain). The database 
lists a few geothermal resource areas that have been listed by others as having interest for further 
exploration and development. Some of these are fairly broad regions in which anomalous 
temperatures exist at scattered locations, but no specific anomaly has yet attracted focused 
exploration and development. Examples are the Carson Sink in Nevada and Westmorland in 
California. Generation capacity and exploration-to-confirmation cost estimates have not been 
made for these areas, so they are not considered to be part of the portfolio. 

2.3 Project Work Plans 

The amount and quality of technical data available from the various geothermal resource areas is 
highly variable. Some areas have existing facilities with long production histories that can allow 
a reasonably accurate assessment of the ultimate potential of the field, setting the stage for 
possible capacity expansion, or indicating that further expansion is unlikely. Others have enough 
drilling information to prove the existence of commercial production conditions, and even with 
no production history it is possible to determine the resource criteria needed to estimate probable 
generation capacity. At the other end of the spectrum are sites where a geothermal resource has 
been identified from surface exploration, but no deep drilling has been conducted to confirm the 
presence of a commercial reservoir. 

Estimated Generation Capacity (see section 3.2 and Appendix m) 

To carry out the resource assessment in the face of this database disparity, the project has 
quantified for each site a uniform set of required resource criteria that determine commercial 

8 



For some projects these criteria can be estimated with a good degree of confidence. 

gs (see Appendix 111 and 
At the other extreme are projects that have been minimally explored, for which criteria values 
can only be assumed, based on averages at other fields in similar s 
Table 111-1). 

b 

The criteria are: 
Reservoir temperature 

0 Reservoir area 
Reservoir thickness 

0 Reservoir porosity, and 
Resource recovery factor 

To rigorously consider the uncertainties in these criteria, each is assigned an “error bar” by 
selecting a most-likely value, together with a minimum value and a maximum value that define 
an approximately normal prob diskibution around the most-likely6 value. 
The minimum, most-likely an mum values of each criterion are then used in probabilistic 
simulation (based on Monte Carlo random-number sampling) to calculate estimated generation 
capacity based on the accessible heat in place at the resource area. Results are expressed in 
terms of MW capacity for 30 years. Because a probabilistic method of calculation is used, the 
results can be expressed in terms of a Minimum result (90% ive probability), 
(modal) result, Mean result, and the standard deviation of 
It must be emphasized that the generation capacity estimate is based on calculated he 
This does not guarantee that a given resource in which there has been little or no drilling will 
have the reservoir permeability required to allow commercial production of hot water or steam to 
a power plant. That can be established only by drilling and testin 

gr 
Exploration costs (see section 3.4 

n with the available set of explo 
tal and per kw). Standard c 

to estimate the costs of further 

assumed, based on experience elsewhere, 
exploration programs assigned herein are 
developers. but are considered reasonable estimates of the total likely costs. 

Beyond exploration, the costs of resource confirmation and development depend greatly upon 
the costs of drilling deep wells. For Project 1.3, drilling costs have been estimated using 

dy, it is assumed that 
is is calculated using 

the statistical correlations of drilling cost versus depth and productivity versus temperature, plus 
certain standard assumptions regarding further costs such as administration, well tests and 

, -. 
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environmental compliance. A confirmation estimate is made for both the Minimum and the 
Most-likely estimated generation capacity. 

Development costs (see section 3.5 and Appendices V and VI) 
Development costs cover the process of drilling and proving the remaining amount of the 
estimated resource capacity, constructing power production facilities, and constructing the 
transmission line. The drilling costs are estimated by an amplification of the method used for 
confirmation costs. Power plant and other facilities costs are based on a standard value per kW, 
derived from information in a variety of published sources. Transmission-line costs have been 
estimated using input from another contractor to the Hetch Hetchy/SFPUC Programmatic 
Renewable Energy Project (Electranix Corporation). Development costs are estimated for both 
the Minimum and the Most-likely estimated generation capacity. 

Operational constraints I 

Each resource area has certain associated operational constraints, which can be difficult to 
quanti@. These are typically associated with fluids chemistry (e.g., scaling, corrosion, 
non-condensible gas management), terrain, access, and other institutional or infrastructure 
factors. A list of notable operational constraints that may occur in each area is included in the 
PIER Geothermal Database, to assist a qualitative assessment of how operational constraints may 
be mitigated and how they may affect exploration, confirmation and development costs. 

il 

2.4 Resource Sites and Geographic Areas 

Sites 

d: Table 1 is a list of all geothermal resource projects in the PIER Geothermal Database. In the 
usage of this report, a “project” is loosely defined to mean either a single resource area (site), or 
a subdivision of a resource area. If a given resource area has subdivisions, there is also a 
“project” that is a “field-wide summary” of the set? 
Most subdivisions have historically been geographic; i.e., they represent separate parts of a 
geothermal anomaly (separate leaseholds) that were explored, confirmed or developed at 
different times, sometimes by different developers. Over time, many of these subdivisions have 
been consolidated under the control of a single developer or operator, and in some cases there are 
even pipelines that now interconnect the wells in different subdivisions. 
The actual portfolio of real and potential development projects, in terms of estimated generation 
capacities and costs, comprises single resource areas and field-wide summaries of subdivided 
resource areas. This subset of the entire database is indicated in Table 1 by a check box under 
the heading “Gen(eration) Cap(acity) Estimated”. 

Geographic areas 
At the start of Project 1.3, the geothermal resource sites in the subject area (section 2.2) were 
divided into two geographic areas. Area 1 comprised a corridor of 50 miles on either side of the 
HVDC intertie (including resource sites in both California and Nevada, and later expanded to 
include all of Nevada as far east as Beowawe). Area 2 comprised the remaining portions of 
California more than 50 miles from the HVDC intertie. Areas 1 and 2 were referred to as the 
HVDC and non-HVDC areas, respectively. 
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It subsequently developed that the broader Hetch Hetchy/SFPUC Programmatic Renewable 
Energy Project could more conveniently use a different geographic breakdown, and this final 
report now uses the following: 

Area 1 - Greater Reno, Nevada (including nearby Calif0 
Area 2 - Nevada sites with direct access to the California grid 
Area 3 - Other Nevada locations 
Area 4 -All California locations (excluding Honey Lake) ' 

An example of Area 2 is Dixie Valley, Nevada, which sends power to Southern California 
Edison via a transmission line that extends south into California. Other locations along or close 
to this route are included in Area 2, which is also referred to in this report as the Dixie Corridor. 

2.5 Task List 
The formal Task List of separate defined activities and deliverables for Project 1.3 has been: 

Task 1.3.1 
Task 1.3.2 
Task 1.3.3 estimate drilling costs 
Task 1.3.4 
Task 1.3.5 
Task 1.3.6 
Task 1.3.7 
Task 1.3.8 
Task 1.3.9 
Task 1.3.10 Final Project Report 

Acquire and assess resource data fo 

urce confirmation costs for Area 2 
Estimate development costs for Area 2 

(Areas 1 and 2 of this list refer to the HVDC and non-HVDC areas as originally defined. In this 
report, Areas 1 and 2 have been superceded by Areas 1 to 4, as described in section 2.4.) 
Some of these Tasks have been carried out sequentially, while others have been carried out 
simultaneously. All of Tasks 1.3.1 - 1.3.9 have been subject to continuous revision and update 
during the course of the project, to enable refinement of the database and the final product, which 
is represented by this report. 

2.6 PIER Geothermal Database (MS Access@) 

2.6.1 General description and organization of the data 
The PIER Geothermal Database contained on the CD attached to this report is a compilation of 
geothermal data and information developed to meet the objectives Project 1.3. It has evolved as 
work on Project 1.3 has progressed. The database on th attached CD synthesizes and replaces 
all previous versions of the database. 
The database is not (and is not intended to be) comprehensive, either with respect to all possible 
geothermal projects, or with respect to all available data and information. Rather, it is intended 
to provide: 
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c1 1. a portfolio of reasonably well-characterized geothermal resources that are located within 
the subject geographic area; 

2. a brief overview of each resource area with respect to exploration and development 
history, well drilling and well characteristics, and the physical and chemical 
characteristics of the resource; and, 

3. at least the minimum amount of information needed to: 
a. characterize each resource in terms of minimum and most-likely generating capacity; 
b. estimate the costs of exploration and development that will be required to reach those 

capacities, if not already met; and, 
c. calculate the associated total development costs and unit development cost. 

The information in the database has been obtained from the sources described in section 2.1. 
Citations to significant sources of published information are included, but there has been no 
attempt to make the citations or the bibliography all-inclusive. Proprietary sources (data released 
for this project) are acknowledged. GeothermEx has endeavored to make the database as free of 
errors and mis-information as is possible, but cannot be responsible for errors and omissions in 
either published or previously proprietary sources of data that have been used. 
The database includes a combination of numeric data and text, embedded figures, and reports in 
tabular and narrative format. This information is contained in a set of data tables that are linked 
in relational format by the unique project ID number (5-character code) that identifies each 
project, and by ID codes that identify each separate reference. 
The user interface of the database includes three principal windows: the Startup window (Figure 
2), the Projects window (Figure 3), and a Reports and Documents window (Figure 4). All of the 
data, figures, and reports are available via command buttons that open other windows dedicated 
to subsets of the data, or that preview the reports or figures on-screen so that they may be sent to 
a printer. 

2.6.2 Instructions for use 
Instructions for using the database, including the printing of reports or figures, are contained in 
Appendix VII. 

d, 
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3 Project Outcomes 

3.1 Resource Data 

3.1 .I Methodology 

42 

In a manner consistent with the goals and objectives of Project 1.3, geothermal resource data 
have been compiled using published sources, information fiom GeothermEx’s files of 
non-proprietary resource information, and responses fiom developers who chose to assist the 
process of data acquisition for this study 
The data of principal interest have been: resource size (depth, area, and thickness), temperature, 
fluids chemistry, well productivity, and operational constraints (corrosion, scaling, access, 
terrain, and possible usage restrictions such as wetlands). These data have been used to prepare 
the PIER Geothermal Database (in MS Access@) that is included on the CD attached to this 
report and described in section 2.6 and Appendix -. 
3.1.2 Results 
The PIER Geothermal Database contains information on 155 separate geothermal projects in the 
states of California and Nevada, which represent a total of 83 different resource areas. Six of the 
83 areas are represented by name only, because they were found listed by others as having some 
degree of interest for geothermal exploration, but little to no further information could be found, 
or they did not meet all of the resource criteria that are outlined in section 2.2. Of the 77 
remaining resource areas, 58 have been selected for estimation of generation capacity (section 
3.2); others did not meet all of the criteria of section 2.2. 
Table 1 contains a list of all projects, with basic identification, location, exploration-development 
category (see this section, below) and an indication of whether generation capacity has been 
estimated. The sep 
section 2.4). 
Table 2 is the same list, organized by the geographic areas describ 

-- 

resource areas are those with an ID number that ends in 00 (see 



Where possible, each resource area is also illustrated by a downhole temperature graph, which d/’ 
illustrates or summaries the available information from temperature gradient andor deep drill 
holes. Figure 6 is an example. 
Many areas are also illustrated by additional figures, as listed in Appendix I. 

Exploration - Development Category 

The amounts of information for a given resource area vary widely, from quite complete, to very 
limited, depending on whether the resource has been explored, confirmed or developed, and how 
much information has been released. To assist a quick evaluation of the status of a project and 
how confidently it can be characterized, each has been assigned to a development category, as 
follows: 

A - Existing power plant operating (1 6 of 83 resource areas) 

B - One or more wells tested with a potential greater than or equal to (>=) 1 M W ,  but no 
power plant in operation (7 of 83 resource areas) 

C - Minimum 212°F logged downhole, but no well tests at >= 1 MW (29 of 83 resource 
areas) 

D - Other exploration data and information available (>=2 12°F not proven) (25 of 83 
resource areas) 

No category assigned - in cases of areas not meeting the criteria of section 2.2 (6 of 83 
resource areas). 

This information is not sufficient to rank the attractiveness of any individual project, especially 
in categories B and C, but it does assist the process. 

3.2 Generating Potential 

3.2.1 Methodology 

As described briefly in section 2.3, generation capacities of the resource areas have been 
estimated using a probabilistic (Monte Carlo) method applied to a calculation of heat in place. 
The resource parameters used for each calculation are listed and annotated in the database under 
Reservoir Physical Properties, and results are listed and annotated under Generation Capacity 
(see Figure 3). The theoretical basis for the calculation of generation capacities and the rationale 
for assigning resource parameters are described in Appendix 111. 

Appendix 111 includes Table 111- 1, which presents a summary of reservoir characteristics at 1 1 
well-characterized, producing geothermal fields in Nevada and eastern California. As explained 
in Appendix 111, the averages of these characteristics have been used, on a case-by-case basis, to 
assign default values to the unconfirmed characteristics of resource areas which remain 
inadequately explored and drilled. 
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3.2.2 Results 
Estimated generation capacities of 58 reso hic areas, are listed in 
Table 3. Several of the resource areas have subdivisions with separate capacity estimates, such 
that the total number of capacity estimates listed is 65. Comments associated with each capacity 

are presented in Table 4. Table 5 presents the generation capacities listed by 
Exploration-Development Category. Each calculation of generation capacity (with associated 
input parameters) produces a tabular and graphical summary of the results, of which Figure 7 is 
an example. Individual estimates range fiom as small as a minimum win )  value of 3.6 MW 
(Sespe Hot Springs, California) to as large as a most-likely (Mlk) value of 1,750 MW (Salton 
Sea, California). The tstals by area (Table 3) and by state are: 

s, grouped by ge 
U 

LJ 

L 

The incremental totals (Estimated New Gross Power Plant Capacity, calculated as Estimated 
Total Generation Capacity minus Installed Gross MW) are: 



Public records that list the installed gross and net capacities of existing installations do not c 
always agree in detail, so the total capacities in these tabulations are uncertain by a few percent. 
The ratios of net to gross have corresponding uncertainties, but it is probable that the relatively 
low nevgross ratio in Area 1 reflects a dominance of binary power plants with pumped wells, 
and the high nedgross ratio in Area 4 reflects dominance of The Geysers, Cos0 and Salton Sea 
fields, where wells are not pumped. 
If it is assumed that the future new power installations in Areas 1,2 and 4 will have the same 
average nevgross ratios as existing plants, and that Area 3 (likely all binary) will have the same 
nevgross ratio as Area 1, then the estimated new net power plant capacities, by resource area and 
by state, are: 

~ ~~~~~~ 

c, The estimates of new gross and new net power capacity in the previous two tables are based on 
the simple difference between estimated total resource capacity and nominal installed power 
plant capacity. In sections 3.4 and 3.5, these figures are refined by: (a) considering actual 
generation (cases of under-utilized plant capacity), (b) considering unused but available wellhead 
capacity (cases of un-used wells), and (c) excluding a few projects for which confirmation and 
development costs are not estimated (for reasons given in the PIER Geothermal Database). 

3.3 Statistical Correlations For Drilling Costs 

Two statistical correlations have been developed to estimate drilling costs in geothermal 
development for the purposes of this study: 

1. Drilling costs vs. depth 
2. Well productivity vs. temperature 

These correlations are expressed graphically in Figures 8 and 9. The statistical data underlying 
the correlations are included in Tables 6a and 6b. 

3.3.1 Drilling costs versus depth 

The correlation of drilling costs vs. depth (Figure 8) is based on data from 182 wells in eight 
fields. We have relied on two primary sources for geothermal drilling costs within the United 
States: 8 .  

; A database of Geysers wells drilled between 1985 and 1995, provided with the 
cooperation of Calpine Corporation and Sandia National Laboratory. 
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A database of wells drilled between 1985 and 1993 in the East Mesa, Heber, and Salton 
Sea fields, provided by the California Energy Commission (CEC) from the Geothermal 
Cost Survey (GCS) conducted in 1993. The GCS information had a confidentiality 
window of 10 years and is now in the public domain. The CEC also made available 
drilling cost data for a well at Medicine Lake (88A-28) that Calpine drilled in 2002 with 
partial CEC funding. 

Because of proprietary concerns of several geothermal operators and the relatively small amount 
of recent geothermal drilling within the United States, we have also incorporated data from 

Azores. To account for inflation, the costs of all wells have been escalated to equivalent US 
dollars as of 1 July 2003, using the Producer Price Index (PPI) for onshore oil and gas drilling 
from the US Department of Labor, Bureau of Labor Statistics, Series PCU1381#9 (N). Figure 10 
shows a plot of the monthly PPI factors used for this escalation. Table 6a shows the completion 
date, depth, cost, and escalation factor for each well used in the correlation. The table does not 
show actual well names, but the wells are listed by field with an assigned sequence number (for 

entative geothermal wells completed between 1997 and 2000 in Central America and the 

included a mix of production and injection wells. 
Wellbore diameters within the reservoir were generally 12-1/4-inch or 8-1/2-inch. Slim holes 
and temperature gradient holes were n ed in the data set. For wells with multiple legs 
(forked completions), an attempt was m consider just the cost of the first leg. Where 
segregating the cost of the first leg was not possible, the deepest leg was used to correlate with 
the total well cost. An attempt was also made to include pad construction costs and the costs of 
mobilization and de-mobilization (mob and de-mob) of the drilling rig. However, pad 
construction costs may not be included if a well was drilled from an existing pad. Mob and 
de-mob costs can vary widely, depending on the terms negotiated with the rig contractor and the 
distance from previous and subsequent wells. These factors, as well as the variability of the 
geologic formations drilled, lead to considerable scatter in the 
Despite the scatter, there is a rough correlation b 
illustrates. In this figure, GCS data points actually represent average values for several wells, 
because well costs reported in the GCS data sheets were aggregated by project. Figure 8 
includes a curve fit to the data set using a second-order polynomial. The GCS data points have 
been weighted based on the number of wells in the average for each point. The curve fit includes 
all wells in the data set except for 32 production wells in the Salton Sea field (represented by five 
points in Figure 8 from averaged GCS data). These Salton Sea producers are above the general 
cost trend, probably because the GCS averages i above-average diameters 
and non-standard metallurgy (such as titanium c 
band of data scatter, and they have b 
the curve fit is: 

d well depth, as Figure 8 

Drilling cost (in US$) = 240,785 + 21 
The quality of the curve fit can be expressed as 
(? or R-squared). R-squared can range fmfn 0 to 1, and values closer to 1 indicate a higher 
degree of correlation. The R-squared value for the curve 
of the variance in drilling cost is accounted for by depth. 

is 0.558, which indicates that 55.8% 
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3.3.2 Well productivity versus temperature 

The correlation of well productivity vs. temperature was estimated based on 17 fields with 
sufficient data to be considered (Table 6b). For each field, the productivity per well was 
estimated by dividing the plant capacity (gross megawatts) by the number of active production 
wells. This value was correlated with the average temperature of the main permeable zone in the 
reservoir. 
As shown in Figure 9, there is a roughly linear correlation between well productivity and 
temperature for geothermal resources below about 400'F. In this temperature range, geothermal 
production wells are often pumped, and the productivity of wells is strongly affected by pump 
capacity over a narrow range of well diameters. Above about 400'F, commercial resources are 
generally self-flowing, and the productivity of individual wells is strongly affected by the 
permeability of the formation, which can vary widely. 
An additional factor leading to scatter in the correlation is the fact that well productivities are 
calculated for all active producers, including wells that may have declined significantly from 
their initial potentials. For instance, the right-most data point in Figure 9 comes from the Cos0 
field, which calculates an average productivity of just 3.2 MW (gross) despite a permeable-zone 
temperature averaging above 520°F. If initial potentials were used for Cos0 wells, the average 
productivity would be much higher. Conversely, the highest point in Figure 9 comes from Dixie 
Valley, where declines in productivity have been relatively low. 

LI 

In addition, a number of reservoirs have high temperatures that do not correlate at all with high 
well productivity; these are candidates for development by enhanced geothermal system (EGS) 
techniques. Thus, in planning the number of wells required for a new geothermal development 
or expansion of an existing field, the use of a correlation based strictly on temperature is of 
limited utility, especially for higher-temperature fields. Resource-specific information from well 
testing must be taken into account whenever possible. 

3.4 Exploration and Resource Confirmation Costs 

3.4.1 Methodology 

In the context of Project 1.3, the exploration of a resource consists of geotechnical activity up to 
and including the point of siting a first, deep, commercial-diameter hole. The exploration costs 
of a project are estimated by assigning a likely program of activities, and applying to this 
program a set of assumptions and standard costs that are described in Appendix IV and in Table 
IV-1, with cost adjustments applied for specific cases. 
The two most expensive exploration activities considered herein are drilling intermediate-depth 
(ID) slim holes (usually to at least 2,000 ft), and magneto-telluric (MT) or direct-current (DC) 
resistivity surveys. One or more ID slim holes are almost always included if no holes to similar 
depths have already been drilled. Resistivity surveys are included only rarely, because it has 
been our experience that these surveys have had limited success in yielding drilling targets at 
medium-temperature, non-volcanic geothermal systems. 
Confirmation consists of doing enough deep drilling, well testing and reservoir testing to confirm 
at the wellhead 25% of estimated generation capacity. This is the approximate percentage that is 
likely to be required by a lending institution for funding development. Some injection capacity 
is also required, to dispose of the fluids from production tests, but drilling of dedicated injection 

i 
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wells is not included in the confirmation estimates. Instead, it is assumed that test fluids can be 
injected into other production wells (successful or unsuccessful) or existing ID slim holes. At a 
few very small projects, where one confirmation well might suffice, the number is adjusted to 
two, so that injection capacity will be available. 
If a resource is already being produced, then confirmation is the process of proving 25% of the 
difference between the total estimated capacity and capacity already being exploited. If there are 
idle but proven production wells, then the capacities of these weIls are subtracted from the 25% 
requirement before the confirmation program is estimated. 
As with exploration, confirmation is estimated using a set of assumptions and standard costs. 
The cost of deep drilling is a function of: (a) reservoir depth, (b) typical drilling cost per foot 
(described in section 3.3), (c) expected well productivity as a function of resource temperature 
(also in section 3.3), (d) the total MW that must be proven, and (e) an assumed percentage of 
unsuccessful holes compare 
additional costs as well and 
the confirmation method, unit co 
and in Tables IV-1 and N-2. 

3.4.2 Results 
The details of the exploration le 7, and the combined detail of 
exploration, confvmation and development at any individual project can be obtained as a report 
in the PER Geothermal Database (use the “Expl-Conf-Dev Programs & Costs” button at the 
bottom of the Projects window, Figure 3). (Development costs are discussed in section 3.5.) 
Total exploration costs, confirmation costs, and development costs are listed in Table 8 
(summary with cost totals), Table 1 1  (drilling details), and Table 12 (costs per 
on the confrrmation costs for each separate project are contained in Table 9. 
For each geographic area, the total exploration and confirmatio 
iew moss MW being develoDed (from Table 12) are as follows: 

total holes drilled. To the drilling cost are added such 
rvoir testing, reporting and administration. Complete details of 

ation are contained in Appendix IV 

mments 

(from Table 8) and total 
u u 

Area 

(NV + Honey 

access to CA t 3 OtherNV 

All Nevada 

r- 1 Exploration 

~ costs 
(thousands) 

$8,684 

$4,056 

$7,968 

$7,077 

$7,077 
1 $20,708 
I $27,785 

New Gross 
MW being 
developed 

Win) 

419 

297 

91 

1,990 

1,995 . 

802 
2,797 

Confir 
Confir- 
mation 
costs 

(thousands) 

$142,255 

$1 15,896 

$37,499 

$609,942 

$61 1,658 
$293,934 
$9053 92 

nation 
New Gross 
MW being 
developed 

506 

141 

3,041 

3,048 
1,283 
4,33 1 

Confir- 
mation 

(thousands) 

$2 13,154 



The totals per kW in each geographic area are as follows (fiom Table 12; E = Exploration, C = 
Confurnation): 

Area 

1 Greater Reno (NV+ 
Honey Lake, CA) 

2 Wwithdirectaccess 
to CA 

3 OtherNV 
4 CA excluding 

Honey Lake 
All California 
All Nevada 
TOTALS/Averaees 

Exploration and Confirmation Costs / kW 
I I I 

Min $kW Mlk $kW 
MW E C E+C MW E C E+C 
419 $21 $339 $360 643 $14 $332 $345 

297 $14 $391 $405 506 $8 $361 $369 

91 $88 $412 $500 141 $57 $413 $470 
1,990 $4 $306 $310 3,041 $2 $324 $326 

1,995 $4 $307 $310 3,048 $2 $324 $326 
802 $26 $366 $392 1,283 $16 $351 $367 

2-797 $10 $322 $332 4.331 $6 $331 $338 

Note that the values of new gross MW listed here differ somewhat fiom the estimates of new 
gross power plant capacity in Section 3.2.2. The values listed here (and in Table 12) take into 
account both underutilized plant capacity and productive but unused wells. Because projects can 
be constrained by either insufficient plant capacity or insufficient power at the wellhead, the 
numbers listed here are more representative of the actual incremental output that would be 
achieved if the minimum or most-likely estimates of generation capacity were fully developed. 

3.5 Development Costs 
Q 

3.5.1 Methodology 
For every project with an estimation of generation capacity, development cost is estimated as the 
sum of three components: 

1. Drilling Cost 
2. All other On-site Capital Costs, and 
3. Transmission-line Cost. 

Drilling cost is estimated using a method similar to that applied to confurnation drilling, except 
that injection wells are included using temperature criteria that distinguish between binary, flash- 
steam, and dry-steam projects. Another difference in estimating development costs is that there 
is a more differentiated handling of the drilling success rate, using both the historic averages of a 
number of projects and the particular drilling histories of individual projects. In addition, the 
drilling program for the development cost estimate is designed to establish 105% of needed 
wellhead capacity, which provides a 5% reserve. Complete details of the method are described 
in Appendix VI. 
Other On-site Capital Cost is calculated as the aggregate cost of capital components (all pipelines 
and pumps, the power plant, pollution abatement, substation and transmission-line connection, 
roads, legal, regulatory, reporting and documentation, etc.), described simply as the cost of the 
power plant and gathering system. The value used herein is US$1,5OOkW installed, which is 
multiplied times the difference between Estimated Generation Capacity in MW (resource 
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capacity) and the lesser of existing plant capacity (if any) or power available at the wellhead, in 
gross MW. The basis for the aggregate value of $1,50OkW is described in Appendix VI, which 
includes a tabulation of various capital cost estimates that have been made by others since 1995 
(along with citations). Actual costs of power plants and gathering systems vary over a range 
based on a number of site-specific factors, including topogkphy and the temperature and 
chemistry of the resource. Approximate ranges for different plant technologies (estimated based 
on the references in Appendix VI) are as follows: 

The value of $1,50OkW for plant and gathering system falls within the approximate ranges for 
all plant technologies and has been used across the board for the capital cost estimates in this 

estimates provided by Woodford (2003) 
(listed in section 6.1 as wooo3a) for the development of a new transmission grid in Area 1 
(Greater Reno) that connects to the Pacific Direct-Current Intertie (PDCI), and a connection from 
the Salton Sea area (Imperial Valley) to the.PDC1. The estimates in Woodford (2003) represent 
16 specific geothermal projects in northern Nevada. Estimates of the transmission-line costs for 
other projects are made by applying cost-per-mile data (including substations and taps) from . 
Woodford (2003) to the approximate distance from the project to the nearest point along 
Woodford’s hypothetical expanded grid or an existing transmission line (available capacity for 
new transmission not confirmed). Complete details of the transmission line cost estimation 
method are provided in Appendix VI. 

w 

be viewed as a report in the PIER Geothermal Database (use the ‘ 
Costs” button at the bottom of the 

ion costs, confirmat 
(summary with cost totals), Table 1 1 (drilling details), and Table 12 (costs per kw). Comments 
on the development costs for each separate project are contained in Table 10. 

~ 

I 
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Per geographic area, total on-site development costs (Table 8) and total new MW being 
developed (fiom Table 12) are as follows: 

Area 

Site Development (thousands) 
New Gross Site New Gross Site 
MW being Develop- MW being Develop- 
developed ment developed rnent 

Greater Reno (NV + 
Win) costs most-like1 y) costs 
419 $1,196,299 643 $1,807,47 1 

Honey Lake, CA) 
NV with direct access 297 $898,788 506 $132 1,022 
to CA 
Other NV 
CA excluding 
Honev Lake 

The totals per kW of new development in each geographic area for site development (SD) and 
the combination of exploration + confirmation + site development (E+C+SD) are: 

91 $279,389 141 $442,601 
1,990 $4,947,784 3,041 $7,695,796 

All California 

I I direct access 

1,995 I$4,958,152 I 3,048 I $7,711,606 

I I HonevLake- 

All Nevada 
TOTALS 

Site DeveloDment and Exploration+Confirmation+Site Development 

802 $2,364,107 1,283 $3,755,284 
2,797 $7,322,259 4,33 1 $1 1,466,890 

Min 
MW 

419 

297 

91 
1,990 

1,995 
802 

2,797 

- - - 

$kW 

$2,855 

$3,026 

$3,070 
$2,486 

$2.485 

Costs / kW 
SD I E+C+SD I Mlk I SD I E+C+SD 

$kW MW $kW $kW 

$3,214 643 $2,8 1 1 $3,157 

$3,436 506 $3,006 $3,377 

$3,570 141 $3,139 $3,609 
$2,796 3,041 $2,53 1 $2,857 

$2.795 3.048 $2.530 $2.857 

1 

2 

GreaterReno 
(NV + Honey 
Lake, CA) 
NVwith 

cp 

$2,948 $3,340 1,283 $2,927 
$2,6 1 1 $2,944 4,33 1 $2,644 

d: 

. ,  

$3,295 
$2,982 
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Transmission line costs per project are listed in detail in Table 13, and tabulated along with total 
development costs and total exploration+confirmation+development costs per kW in Table 14. 
With the transmission line cost estimates included, the development costs per area (total and per 
kw) are: 

44 

Area 

1 GreaterReno 
(NV+Honey 
Lake, CA) 

2 Nvwith 
direct access 
to CA 

3 OtherNV 
4 CA excluding 

HoneyLake 
All California 
All Nevada 
TOTALS kd 

Total Development Costs (thousands) and 
Total Develooment Cc ts / kW 

Min Total Total Mlk 
MW Devel- Devel- MW 

opment opment 
' $kW 

419 $1,527,000 $3,643 643 

297 $1,033,000 $3,483 506 

91 $359,000 $3,944 141 
1,990 $5,853,000 $2,941 3,041 

1,995 $5,865,000 $2,940 3,048 
802 $2,907,000 $3,625 1,283 

2,797 $8,772,000 $3,136 4,331 

- 

Total 
Devel- 
opment 

$8.995,000 I $2,95 1 

Total 
Devel- 
opment 
$kW 

$4,454,000 I I 
$13,449,000 
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4 Conclusions and Recommendations 

4.1 Conclusions 
1. A review of geothermal sites in California and western Nevada indicates that the 

electrical generation capacity available to the California market fiom geothermal sources 
has a minimum value of about 4,700 gross MW and a most-likely value of about 6,200 
gross MW. After allowances for generation capacity already on line, the incremental 
generation capacity available from geothermal sources has a minimum value of about 
2,800 gross MW and a most-likely value of about 4,300 gross MW. These estimates are 
based on information in the public domain or contributed by geothermal developers for 
the purposes of this study. The estimates may be conservative to the extent that they do 

-domain information is 

out 70% of the incremental generation 
capacity available. Within California, 90% of the incremental generation capacity 
identified in this study comes fiom three areas: the Imperial Valley, The Geysers, and 
Medicine Lake. The Imperial Valley alone accounts for about 65% of the incremental 
capacity available in California. Table 15 shows the breakdown of total and incremental 
generation capacity by specific areas within California and Nevada. 

3. For the geothermal sites in the combined CalifornialNevada study area, the capital cost of 
incremental generation capacity averaged about $3,100 per kW installed. Considering 
just California sites; the average capital cost of incremental generation capacity was 
somewhat lower: $2,950 per kW installed. These cost estimates include the following 
components: 

Exploration (up to the siting of the first deep, commercial-diameter hole); 
Confumation drilling (up to achieving 25% of required capacity at the wellhead); 
Development drilling (up to achieving 105% of required capacity at the wellhead); 

(including ancillary site 

overall costs per project estimated in this study are believed to be reasonable. 
4. The capital cost for specific geothermal projects ranged from about $l,OOOkW (for a 

small expansion at an existing project) to values in excess of $6,00OkW (for deep, low- 
temperature resources at remote locations). Of the 4,300 gross MW of most-likely 
incremental capacity in the CalifornialNevada study area, about 2,500 gross MW is 
available at a capital cost less than the average of $3,1OOkW. Considering just 
California sites, about 2,000 gross MW is available at less than the average of 
$2,95OkW. 

4.2 Commercialization Potential 
For the purposes of this study, a capital cost of $2,4OO/kW or less is considered competitive with - -  
other renewable resources, both for the CaliforniahJevada study area and for the state of 
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California alone. The amount of incremental geothermal capacity available at or below b 
$2,40O/kW is about 1,700 gross M W  for the CaliforniaMevada study area, and the same amount 
(after rounding to the nearest increment of 50 gross MW) for the state of California alone. This 
amount of geothermal capacity available represents a significant opportunity for commercial 
development to meet the needs of the California electricity market. Resources with higher 
estimated costs may also be attractive, depending on market conditions and the mechanisms for 
implementing California’s renewable portfolio standard. 

4.3 Recommendations 
1. The information in this report should be disseminated among potential purchasers of 

electrical power in California, including municipal power agencies and investor-owned 
utilities. This will help ensure that parties entering into contracts for the supply of power 
from geothermal sites will have a basic understanding of the character of the geothermal 
resource and the risks associated with development. This understanding will help avoid 
non-performing contracts. 

2. The information in this report should be used to facilitate the aggregation of geothermal 
projects with other energy s o k e s  to achieve lower per-unit costs for transmission from 
remote sites. A study of options for shared transmission resources is already part of the 
program of PIER-fimded projects being conducted by other contractors in conjunction 
with Project 1.3. 

3. The information in the PIER Geothermal Database should be updated periodically as 
more information comes into the public domain. This will help ensure that parties 
relying on the database will be acting on the basis of current information. 

4.4 Benefits to California 
1. The compilation of geothermal resource data using an objective and consistent 

methodology should help build momentum for the utilization of these resources and 
should allow California to benefit h m  the environmental advantages of this renewable 
energy source. 

2. The PIER Geothermal Database has been created using widely available software (MS 
Access@) to allow broad dissemination and easy updating as more information comes in 
to the public domain. This will minimize fbture programming costs required to keep the 
database current. 
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5 Endnotes 
1. The two lists of references that comprise Chapter 6 are copies of the references 

contained in the PIER Geothermal Database, and are available also therein. Each 
reference has a unique code number, such as Bal03a or USGSOF99-425, which 
begins with the first few letters of the name of the primary author, followed by either 
the year of publication (e.g. 03 = 2003), or other identifjling information (e.g., 
OF99-425 indicates Open File Report 99-425). Most citations within the database 
refer to this code number, which is usually shorter than the normal bibliographic 
convention of citing author’s surname(s) and year. To conform to the database, these 
code numbers are also used in this report. 

2. If paper copies of these items were to be included for all projects, the length of this 
report would increase by at least several hundred pages. 

3. Acronyms and abbreviations of institutional names and other terms are listed in 
Chapter 7. 

4. The database does include one resource east of Beowawe, which is Hot Sulphur 
Springs (also known as Tuscarora) in Elk0 County. This area is probably capable of 
generating electricity, but it is included by name only: geotechnical data regarding 
Tuscarora have not been compiled, and its generation capacity has not been 
estimated. On March 6,2003, the Public Utilities Commission of Nevada (PUCN) 
approved a contract between Earth Power Co. and Nevada Power Co., for a 25-MW 
geothermal power plant at this location (GRCB 32/2 Mar/Apr 2003, p.52). 

5 ,  Projects in the database each have a unique 5-character ID code. The first three 
characters are letters that abbreviate the name of the resource area. The last two 
characters are a two-digit number that identifies separate projects (development 
entities or geographic subdivisions) within the resource area. If the number is 00, 
then the resource area has no more than one (and perhaps no) active development 
project. 

6. In a few cases it is very difficult to assign a most-likely value, so only the minimum 
and maximum values are assigned, and an equal probability distribution is assumed. 

7, The 5-character ID code that is unique to each project is described in Note 5. 
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6 References 

6.1 General references 
General references are those relevant methodologies, b , and regional 
data and information for California and Nevada. Each reference has a code number that 
is used for citations made within the PIER Geothermal Database, but these code numbers 
are not linked to any specific resource area. If a reference has a web address, it is 
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7 Glossary 

7.1 Database data abbreviations and definitions 

The following table is also available in the PIER Geothermal Database, at the command 
button Abbreviations and Definitions. 

gradient) holes, and so-called "Strat Tests" (stratigraphy tests). At some 
projects, ahole or a set of holes between 1,000 and 2,000 ft deep has been 
classified as ID Slim, if other holes in the same area are all decidedly shallower 
(say, =400 A). This is because exploration often starts with drilling holes that 
are a maximum $00 ft deep (for cost and regulatory reasons), then later (at 

41 



I 

KGRA 

LC 

Lith 

LLNL 

Max 

Known Geothermal Resource Area (Per Section 4 of the Federal Geothermal 
Steam Act). An area designated by the USGS as having potential for beneficial 
exploitation of the geothermal resource suspected to exist in the area. 
Lost Circulation (loss of drilling fluid circulation during drilling). Indicates that 
drilling fluid must be entering the formation. 
Lithology (the kind of rock drilled by a well or exposed at the land surface) 

Lawrence Livermore National Laboratory 

Maximum (referring to the maximum value of an estimate) 

Min 

Mlk 

msl 

MT 

Minimum (referring to the minimum value of an estimate). In the case of 
generation capacity, this refers to the Monte Carlo estimate with a cumulative 
probability of 90% (see Appendix III). 
Most-likely (referring to the most-likely value of an estimate). In the case of 
generation capacity, this refers to the Monte Carlo most-frequently estimated 
value (see Appendix I11 for how this is determined.) 
Mean sea level (elevation above or below) 

MagnetoTelluric resistivity survey. A method of geophysical exploration at the 

N or Note 

- - -  
land surface that determines resistivity within the earth. 
Refers to a numbered comment in the same record 

NIA 

OH 

P&A 

Not Applicable or Not Available 

Open Hole. The bottom portion of a well, which is not cased (lined with 
cemented casing) or lined (lined with uncemented casing). Some wells may not 
have any open hole, particularly if lined at the bottom with a slotted liner. 
Plugged and Abandoned (said of a well) 

I surface that measures rock properties in the subsurface. 
I Temperature. All temperatures in the PIER Geothermal Database are expressed r 

PB or pb 

PIER 

power density 

PZ 

RD 

SFPUC 

SIWHP 

Plugged Back. A drilling operation in which the lower-most portion of a well is 
plugged back to some specified level. 
Public Interest Energy Research. A program of the California Energy 
Commission. 
Generation capacity expressed as Mwlsquare mile. 

Permeable Zone or Production Zone. A depth zone in a well that is permeable 
(can receive or give fluid to the formation), or produces fluid to the wellhead. 
Re-drill (of a well), usually following the development of mechanical problems 
or scale deposition. Usually involves plugging the well at some level and 
"kicking-off" to establish a new hole adjacent to the abandoned portion. 
San Francisco Public Utilities Commission 

Shut-in wellhead pressure. The wellhead pressure of a well that is shut-in (not 

d j  

SL (or sl) 

SP (or ESP) 

42 

Slotted well h e r  (uncemented unless otherwise annotated) 

(Electrical) Self-potential survey. A type of geophysical survey at the land 

T1) 
in degrees Fahrenheit.- 
Total Depth or Total Discharge. With respect to total depth, used herein to refer 
to drilled depth, which is greater than the true vertical depth (TVD) in a deviated 



TDEM ITime-Domain ElectroMagnetic survey. A method of geophysical exploration at 

TDS 
the land surface that determines resistivity within the earth. 
Total Dissolved Solids 

TG 

TG hole 

Temperature gradient. The relationship between temperature and depth, moving 
downwards in the earth. Expressed in this database as "F/lOOft. 
Temperature-gradient hole. In this database, loosely refers to a hole less than 
1,000 ft deep, drilled only (or primarily) to measure temperature gradient and 
not designed for flow tests. Most often equal to or less than 500 ft deep but 
occasionally in the range 1,000 to 2,000 ft. Most TG holes deeper than 1,000 ft 
have been classified herein as ID Slim holes (see), to distinguish them from 

TMF 
shallower holes usually drilled during an earlier phase of exploration. 
Total mass flow. The combined flow of water and steam from a well. 

rvD 
USBLM or BLM 

True vertical depth. Used to distinguish elevation difference, as opposed to 
drilled distance, in a deviated hole. 
United States Bureau of Land Management 

USGS (or U.S.G.S.) 

WHP 

United States Geological Survey 

Wellhead pressure 
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Figure 1 : Locations of geothermal resource areas 
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:e 4: "REPORTS AND DOCUMENTS" window from the PIER Geothermal Database in MS Acce 
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Hetch Hetchy/SFPUC Programmatic Renewable Energy Project 
Project: 1.3 New Geothermal Site Identification and Qualification 
Project Team: GeothermEx, Inc. 
Task: 1.3.10 Final Project Report 
Subject: D.13.103 Final Report 

Table I :  
Name: Name: Ex~I-Dw. G~YI,CI~~. 

PROJID FieWDistrict Areflower Plant Area") State Corm@ Lat Long Cd.'') Estimated 

ADO00 Adobe Valley (Granite Springs V. - N. End) 1 NV Pershing 40.22 118.92 D N 

ANTOO Antelope Valley 3 NV Churchill 39.83 117.50 D N 

AUROO A m  2 NV Mineral 38.35 

BALOO Baltazor Baltazur 3 NV Humboldt 41.92 

BAT00 Battle Mountain 1 NV Humboldt 40.77 

BEOOO Beowawe BeowaWe 1 NV Eureka- 40.55 

118.82 C Y 

118.72 C Y 

Lander 

N t Hot Springs 3 NV Lander 39.33 

1 Humboldt 0 

BLAOO Black Rock Desert 1 NV Humboldt 

BODOO Bodie Bodie 4 

1 

Areawide summary 4 CA Imperial 32.99 

Brawley (North Bmwley) Brawley 4 CA Imperial 33.00 

BRW2 Bfawley East Brawley 4 CA Imperial 32.99 

BRW3 Brawley South Brawley (Mesquite 4 CA Imperial 32.96 
field) 

CALOO Calistoga Geysers-Calistoga 4 Napa 38.58 122.58 C Y 

CAROO Carson Sink 1 NV Churchill D N 

COLOO Cdado Colado 1 NV Pershing 40.23 118.37 C Y 

cos00 cos0 Field-wide Summary Cos0 Hot Springs 4 CA lnyo 36.03 117.80 A Y 

Tuesalw, May 18,2004 

117.21 D N 

113.62 A Y 

116.83 D N 

N 

118.13 C Y 

119.11 D N 

119.00 A Y 

115.52 B N 

315.53 B Y 

115.35 B Y 

115.54 B Y 



Name: Name: -1-Dev. Gen.Cap. 
PROJID FieItiYVishact Are&ower PIant KGRA Area (') State Couniy Lat Long Cat. (*) Estimated 

cos01 coso Navy I Cos0 Hot Springs 4 CA lnyo 36.03 117.80 A N 

cos02 coso Navy II Cos0 Hot Springs 4 CA lnyo 36.03 117.80 A N 

COS03 Cos0 BLM Cos0 Hot Springs 4 CA lnyo 36.03 117.80 A N 

cos04 coso Northeast frontier Cos0 Hot Springs 4 CA lnyo 36.03 117.80 D N 

DAROO Darrough Hot Springs (Big Smokey Valley - S.End) Darrough Hot Springs 3 Nv w e  38.82 117.18 C N 

DES00 Desert Peak Brady-Hazen 1 NV Churchill 39.76 118.92 A Y 

DIXOO Dixie Valley Caithness Dixie Valley Dixie Valley 2 NV Churchill 39.99 117.85 A Y 

DlXOl 

DOUOO 

DRY00 

DUN00 

DYKOO 

EASOO 

EASOl 

EAs02 

EAso3 

EASO4 

EAS05 

EASOG 

ELEOO 

EMIOO 

EMPOO 

EMPOl 

EMPO2 

Excoo 
FALOO 

Dixie Valley 

Double - Black Rk Hot Springs 

Dry Lake 

Dunes 

Dyke Hot Springs 

East Mesa 

East Mesa 

East Mesa 

East Mesa 

East Mesa 

East Mesa 

East Mesa 

Eleven Mile Canyon 

Emigrant (Fish Lake V.) 

Empire (San Emidio) 

Empire (San Emidio) 

Empire (San Emidio) 

Excelsior 

Fallon I Carson Lake 

Dixie Valley Power Partners 
(DVPP)' 

Field-wide summary 

Ormesa 1 

Ormesa 1E 

Ormesa 1 H  
Ormesa 2 (or II) 

Geo East Mesa (GEM) I 

Geo East Mesa (GEM) 2-3 

Field-wide summary 

Empire Energy 

Empire Foods 

Carson Lake anomaly 

Double Hot Springs 

Dunes 

East Mesa 

East Mesa 

East Mesa 

East Mesa 

East Mesa 

East Mesa 

San Emidio Desert 

San Emidio Desert 

San Emidio Desert 

2 Nv 

3 NV 

1 NV 

4 CA 

3 NV 

4 CA 

4 CA 

4 CA 

4 CA 

4 CA 

4 CA 

4 CA 

2 NV 

2 NV 

1 Nv 
1 Nv 
1 NV 

2 NV 

1 NV 

Churchill 

Humboldt 

Pershlng 

Imperial 

Humboldt 

Imperial 

Imperial 

Imperial 

Imperial 

Imperial 

Imperial 

Imperial 

Churchill 

Esmeralda 

Washoe 

Washoe 

Washoe 

Mineral 

Chum hill 

39.99 

41.05 

39.37 

32.80 

41.57 

32.78 

32.78 

32.78 

32.78 

32.78 

32.78 

32.78 

39.42 

37.86 

40.38 

40.38 

40.38 

38.31 

39.38 

117.85 

119.03 

116.83 

115.01 

118.57 

115.25 

115.25 

115.25 

115.25 

115.25 

115.25 

115.25 

1 18.24 

117.87 

119.40 

119.40 

119.40 

118.56 

118.65 

C Y 

D Y 

D N 

C Y 

D N 

A Y 

A N 

A N 

A N 

A N 

A N 

A N 

N 

C Y 

A Y 

A N 

B N 

N 

C Y 
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Name: Name: EXPI-Dev. Gen. Cap. 

FALO1 Fallon I Carson Lake Fallon Naval Air Station 

FIR00 Fireball Ridge 

FISOO Fish Lake (Valley) 

FLY00 Fly RanchKjranite Ranch 

FLY01 Fly Ranch 

FOX00 Fox Mwntain 

GEROO Geriach (Great Boiling Spring) 

GEYOl Geysers McCabe (Units 5 8 6) 

G-02 Geysers 

ers 

GEY04 Geysers Eagle Rock (Unit 11) 

GEYO5 Geysers Cobb Creek (Unit 12) 

GEYOG Geysers Big Geysers (Unit 13) 

GEY07 Geysers I Sulphur Springs (Unit 14) 

GEY08 Geysers 

GEYO9 Geysers 

GEY10 Geysers 

GEY11 Geysers 

GEY12 Geysers 

LakeView(Unit 17) 

NCPA 1 8 2 

Socrates (Unit 18) 

Sonoma (SMUDGEO) 

Calistoga 

GEY13 Geysers Quicksilver (Unit 16) 

Fly Ranch 

Geriach 

GeyserslCalistoga 

Geysers-Calistoga 

Geysers-Calistoga 

Geysers-Calistoga 

Geysers-Calistoga 

Geysers-Calistoga 

Geysers-Calistoga 

Geysers-Calistoga 

Geysers-Calistoga 

Geysers-Calistoga 

Geysers-Calistoga 

Geysers-Calistoga 

Geysers-Calistoga 

Geysers-Calistoga 

1 

1 

2 

1 

1 

3 

1 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

NV Churchill 

NV Churchill 

NV Esmeralda 

NV Washoe- 
Pershing 

NV Washoe- 
Pershing 

NV Washoe 

NV Washoe 

CA Lake- 
Sonoma 

CA Sonoma 

CA Sonoma 

CA Sonoma 

CA Sonoma 
and Lake 

CA Sonoma 

CA Sonoma 
and Lake 

CA Sonoma 

CA Sonoma 
and Lake 

CA Sonoma 
and Lake 

CA Sonoma 
and Lake 

CA Sonoma 
and Lake 

CA Sonoma 
and Lake 

CA Lake 

39.38 

39.92 

37.86 

40.86 

40.86 

41.02 

40.66 

38.8 

118.65 C 

119.07 D 

118.05 B 

119.32 C 

119.32 C 

119.56 C 

119.37 C 

122.75 A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

N 

N 

Y 

Y 

Y 

N 

Y 

Y 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 
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Name: Name: EqI-DIP. GeaCap. 
PROJID FieliiYDistrict Areflower Plant KGRA Area"' State Counv Lat Long Cd(* )  Estimafeti 

GEYI4 Geysers Grant (Unit 20) Geysers-Calistoga 4 CA Sonoma A N 

GEY15 Geysers NCPA 3 & 4 Geysers-Calistoga 4 CA Sonoma A N 

GEYIG Geysers Bear Canyon Geysers-Calistoga 4 CA Lake A N 

GEYI7 Geysers West Ford Flat Geysers-Calistoga 4 CA Lake A N 

GEY18 Geysers Aidlin Geysers-Catistoga 4 CA Sonoma A N 

GEYI9 Geysers Unit 15 Geysers-Calistoga 4 Sonoma B N 

GIAOO Glamis Glamis 4 CA Imperial 32.97 115.04 D Y 

GRAOO Grass Valley (Little Hot Springs) 3 NV Lander 39.89 116.65 N 

HAWOO Hawthorne 2 NV Mineral 38.53 118.65 C Y 

HAZOO Hazen (Black Butte) (Patua Hot Springs) Brady-Hazen (S end of) 1 NV Lyon 39.6 119.11 C Y 

HEBOO Heber Field-wide Summary Heber 4 CA Imperial 32.72 115.53 A Y 

HEBOI Heber Heber (HGC) Heber 4 CA Imperial 32.72 115.53 A N 

HEBO2 Heber Second Imperial Geoth. Heber 4 CA Imperial 32.72 115.53 A N 

HONOO Honey Lake Area-wide Summary Wendel-Amedee I CA Lassen 40.33 120.20 A Y 

HONOI Honey Lake Amedee Wendel-Amedee I CA Lassen 40.30 120.20 A N 

HON02 Honey Lake Wendellwineagle Wendel-Amedee 1 CA Lassen 40.35 120.25 A N 

HON03 Honey Lake WendeVHoney Lake Power Wendel-Amedee 1 CA Lassen 40.37 120.25 A N 

HSSOO Hot Sulphur Springs (Independence V./Tuscarora) 3 NV Elko 41.47 116.15 C N 

HYDOO Hyder Hot Springs Dixie Valley 2 NV Pershing 39.99 117.71 D Y 

KYLOO Kyle Hot Springs (Granite Mtn.) (Buena Vista Valley) I NV Pershing 40.41 117.89 C Y 

LAKOO Lake City I Surprise Valley Lake City Lake City-Surprise Valley 4 CA Modoc 41.67 120.22 B Y 

LEAOO Leach Hot Springs Grass Valley Leach Hot Springs I NV Pershing 40.60 117.65 C Y 

LEEOO Lee Hot Springs I NV Churchill 39.21 118.72 C Y 

LOCO0 Lockwood 1 NV Washoe 39.51 119.65 N 

LVCOO Long Valley - Casa Diablo MP Field Summary Mono-Long Valley 4 CA Mono 37.65 118.90 A N 

LVCOI Long Valley - Casa Diablo Mammoth-Padfic GI(MP-1) Mono-Long Valley 4 CA Mono 37.65 118.90 A N 

and Lake 

(SIGC) 
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Name: Nmc ExpLDev. Gen.Cap. 
PROJlD 8 FieWDisttfct AredPower Plant KGRA Area‘’) State County Lat Long Cd-(*’ Estimofed 

Mom,  

Mono 

Mono 

Mono 

Mono 

Mono 

Hum 

Humboldt 

Siskiyou 

Siskiyw 

siskiyou 

siskiyou 

Imperial 

Pershing 

Imperial 

Washoe 
Churchill- 

PINOO Pinto Hot Springs Pinto Hot Springs 3 NV Hwnboldt 

PIROO pirouette Mountain (S.Dikie Valley) 2 NV Churchill 

PUMOO Pumpernickel Valley Tiiton RancNHot Springs 1 NV Humboldt 

PYROO Pyramid Lake Indian Reserv. (Needte Rocks Hot Springs) 1 NV Washoe 

RANOO Randsburg Randsburg 4 CA San 

Ranch 

Bemardino 

LVCO2 Long Valley - Casa Diablo Mammoth-Pacific G2(MP-2) Mondong Valley 4 CA 

LVCO3 Long Valley - Casa Diablo Mammoth-Pacific G3(PLES- Mondong Valley 4 CA 

LVMOO LongVan ases M-P Le Mono-Long 4 CA 

ases Basalt Canyon Expl. Project Mondong Valley 4 CA 

1) 

lley - M-P Leases Upper Basalt Canyon Expl. MomLong Valley 4 
w=t 

LVM03 Long Valley - M-P Leases Exploration Mono-Long Valley 4 CA 

MCFOO 1 NV 

MCGOO (Painted Hills) 3 NV 
MEDOO Medicine Lake Glass Mountain 4 CA 

MEDOl Medicine Lake Glass Mountain 4 

MEDM Medicine Lake Glass Mountain 4 CA 

MEW3 Medidne Lake Pumice Mine Rosoect Glass Mountain 4 CA 

MOSOO Mount Sinal 

NEWOO NewYorkCanyon 

NIL00 nd 

NOROO North Valley 

CA 

Nv 
CA 

NV 

37.65 118.90 A 

37.65 118.90 A 

37.65 118.90 A 

37.65 118.90 C 

37.65 118.90 C 

37.65 118.90 C 

4 118.69 D 

4 118.87 C 

41.58 121.6 B 

41.63 121.63 B 

41.57 121.57 B 

D 

32.65 115.71 C 

40.05 118.00 C 

33.22 115.54 B 

39.90 119.22 C 

41.36 118.80 D 

39.51 118.16 D 

40.76 117.49 C 

40.15 119.68 C 

35.38 117.53 C 

1 Nv Pershing(?) 40.84 117.95 D 

40.53 118.27 B 

Tuesday, May 18,2004 

N 

N 

Y 

N 

N 

N 

N 

Y 

N 

Y 

Y 

N 

Y 

Y 

Y 
Y 

Y 

Y 
Y 

Y 

Y 

N 

N 



Name: Name: q l - D e ~ .  Ce~.Cap. 
Lat Long Cat2) Esffmafed AreaLPower Plant KGRA Area'') state county PROJID Field/DisMcl 

RYE01 

RYE02 

SA100 

SAL00 

SAL01 

SAL02 

SAL03 

SAL04 

SAL05 

SAL06 

SAL07 

SAL08 

SAL09 

SAL1 0 

SAL1 1 

SAW00 

SESOO 

SHOW 

SILO0 

SOD00 
SOH00 

sou00 

STEOO 

STEOl 

STE02 

STE03 

Rye Patch-Humboldt House 
District 

Rye Patch-Humboldt House 
District 

Saline Valley 

Salton Sea 

Salton Sea 

Salton Sea 

Salton Sea 

Salton Sea 

Salton Sea 

Salton Sea 

Salton Sea 

Salton Sea 

Salton Sea 

Salton Sea 

Salton Sea 

Salt Wells 

Sespe Hot Springs 

Shoshone-Reese River 

Silver Peak 

Soda Lake 

Sou Hot Springs 

Southern Pacific 

Steamboat Hot Sprs 

Steamboat Hot Sprs 

Stearnboat Hot Sprs 

Steamboat Hot Sprs 

Rye Patch Rye Patch 1 

Humboldt House 

Field-wide summary 

Unit 1 

Unlt 2 

Unit 3 

Unit 4 

Unit 5 

Rye Patch 

Saline Valley 

Salton Sea 

Salton Sea 

Salton Sea 

Salton Sea 

Salton Sea 

Salton Sea 

Unit 6 Salton Sea 

Vulcan Salton Sea 

Del Ranch (Hoch) Salton Sea 

Elmore Salton Sea 

Leathers Salton Sea 

VulcanMoch Turboexpander Salton Sea 

Eight Mile Flat 

Sespe Hot Springs 

(Alum prospect) 

Soda Lake No.lMo.2 

(Seven Devils/Gilbert's H.S.) 

Field-wide Summary 

Lower S B  Steamboat I-1A 

Lower SB: Stearnboat 11-111 

Lower SB: Steamboat IV 

3 

' 2  

Stillwater-Soda Lake 1 

Dixie Valley 2 

Steamboat Springs 1 

Steamboat Springs I 

Steamboat Springs 1 

Steamboat Springs 1 

1 

NV Pershing 

NV Pershlng 

CA lnyo 

CA Imperial 

CA Imperial 

CA Imperial 

CA Imperial 

CA Imperial 

CA Imperial 

CA Imperial 

CA Imperial 

CA Imperial 

CA Imperial 

CA Imperial 

CA Imperial 

NV Churchill 

CA Ventura 

NV Lander 

NV Esmeralda 

NV Churchill 

NV Pershlng 

NV Churchill(?) 

NV Washoe 

NV Washoe 

NV Washoe 

NV Washoe 

40.53 

40.53 

36.79 

33.17 

33.17 

33.17 

33.17 

33.17 

33.17 

33.17 

33.17 

33.17 

33.17 

33.17 

33.17 

39.31 

34.60 

39.89 

37.91 

39.55 

40.08 

40.06 

39.38 

39.38 

39.38 

39.38 

118.27 

11 8.27 

117.76 

115.62 

115.62 

115.62 

115.62 

115.62 

1 15.62 

1 15.62 

1 15.62 

1 15.62 

115.62 

1 15.62 

115.62 

118.57 

119.00 

117.14 

117.67 

118.87 

1 17.72 

11 8.89 

117.76 

117.76 

117.76 

117.76 

B 

C 

D 

A 

A 

A 

A 

A 

A 

B 

A 

A 

A 

A 

A 

C 

D 
D 

C 

A 

D 

D 

A 

A 

A 

B 

Y 

Y 

N 

Y 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

Y 

Y 

Y 

Y 

Y 

Y 

N 

Y 

N 

N 

N 
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Name: Eq~l-Dev. Gemcap. Name: 
PROJID FieltRVistrict Areflower Plani KGRA Area (') State County Lat Long Cat (*) €Mimtrtmi 

STEO4 Steamboat Hot Sprs Lower SB: UNV Redfield Steamboat Spnngs 
Utility 

STE05 Steamboat Hot Sprs Upper SB: Yankee-Caithness Steamboat Springs 

STIOO Stillwater Stillwater Geothermal 1 Stillwater-Soda Lake 

STlOl Stillwater Stillwater N Expansion Stillwater-Soda Lake 

SULOO Sulphur Bank Clear Lake GeyserslCalistoga 

SUP00 Superstition Mountain 

TRAOO Tracy 

TRIO0 Trinity Mountains District Telephone Well area 

TRU00 Truckhaven 

TRUO1 Truckhaven 

WROO Virginia Range 

WABOO Wabuska 

WESO0 Westmolland Westmolland - Salton Sea 

WlLOO Wilson Hot Springs Wilson Hot Springs 
(1) Geographic Areas: 
Area 1 -Greater Reno, Nevada (includes California locations) 
Area 2 -Nevada sites with direct access to the California grid, excluding Greater Reno 
Area 3 -Other Nevada locations 
Area 4 -All other California 

(2) ExpIorationDevelopment Categories: 
A - Existing power plant operating 
B - One or  more wells tested a t  >c 1 MW (no power plant in operation) 
C - Minimum 212OF logged downhole (no well tests a t  = 1 MW) 
D - Other exploration data and information available (-212OF not proven) 
No category assigned -area does not meet the minimnm criteria (see Final Report section 2.2) 

1 Nv Washoe 

1 Nv Washoe 

1 NV Churchill 

1 Nv 
4 CA 

4 CA 

1 Nv 
1 Nv 

4 CA 

4 CA 

1 Nv 
1 Nv 
4 CA 

3 Nv 

Churchill 

Lake 

Imperial 

Washoe 

Persh.- 
Wash. 
Imperial 

Imperial 

Washoe 

Lyon 

Imperial 

Lyon 

Church.- 

39.38 117.76 D 

39.38 117.76 A 

39.55 118.55 A 

39.55 118.55 B 

39.00 122.66 B 

32.95 115.80 D 

39.57 119.53 D 

40.00 118.99 D 

33.26 116.00 C 

33.26 116.00 C 

39.42 119.66 

39.16 118.18 A 

33.08 115.65 C 

38.77 119.18 D 

N 

N 

Y 

Y 

Y 

Y 

N 

Y 

N 

N 

N 

Y 

N 

Y 
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Hetch Hetchy/SFPUC Programmatic Renewable Energy Project 
Project: 1.3 New Geothermd Site Identification and Qualification 
Project Team: GeothermEx, Inc. 
Task: 1.3.10 Final Project Report 
Subject: D.13.10.3 Final Report 

Table 2: Project3 by Area 
N m e  Nmc 

5- 
c 

-1-De. GeaCap 
PROJID FielaYDistdct Areflower Plant KGRA Area'') State County Lat Long (*) Estimed 

Area: 1 - Greater Reno (NVand a) 
ADO00 Adobe Valley (Granite Springs V. - N. End) 

BLUOO Blue Mountain 

BRA00 Bradfs Hot Springs 
CAR00 Carson Sink 

COLOO colado 

DES00 Desert Peak 

DRY00 DryLake 

EMPOO Empire (San Emidio) Field-wide summary 

EMPOl Empire (San Emidio) Empire Energy 

EMW2 Empire (San Emidio) Empire Foods 

FALOO Fallon I Carson Lake Carson Lake anomaly 

FALOl Fallon I Carson Lake Fallon Naval Air Station 

FIR00 Fireball Ridge 

FLY00 Fly RanchlGranite Ranch Ward's (Flyklualapi Flat) 
H.S. 

1 NV Pershing 40.22 118.92 

1 NV Humboldt 40.77 117.21 

1 NV Eureka- 40.55 113.62 
Lander 

1 NV Humboldt 

1 NV Humboklt 41.00 118.13 

Brad)-Hazen I NV Churchill 39.80 119.00 

1 NV Churchill 

Colado 1 NV Pershing 40.23 118.37 

Brady-Hazen 1 NV Churchill 39.76 118.92 

1 NV Pershing 39.37 116.83 

San Emidio Desert 1 NV Washoe 40.38 119.40 

San Emidio Desert 1 MI Washoe 40.38 119.40 

San Emidio Desert 1 NV Washoe 40.38 119.40 

1 NV Churchill 39.38 118.65 

1 NV Churchill 39.38 118.65 

1 NV Churchill 39.92 119.07 

Fly Ranch 1 NV Washoe- 40.86 119.32 
Pershing 

D N 

D N 

A Y 

N 

C Y 

A Y 

D N 

C Y 

A Y 

D N 

A Y 

A N 

B N 

C Y 

C N 

D N 

C Y 
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Name: Name: E&-Dev. Gem Cap. 
PROJID FielaYDistdct Areflower Plant KGRA Area'') State County Lat Long cat (') 
FLY01 

GEROO 

HAZOO 

HONOO 

HONOI 

HON02 

HON03 

M O O  

Fly RanMGranite Ranch Granite Ranch 

Gerlach (Great Boiling Spring) 

Hazen (Black Butte) (Patua Hot Springs) 

Honey Lake Area-wide Summary 

Honey Lake Amedee 

Honey Lake WendelMlineagle 

Honey Lake WendellHoney Lake Power 

Kyle Hot Springs (Granite Mtn.) (Buena Vista Valley) 

LEA00 Leach Hot Springs 

LEEOO Lee Hot Springs 

LOCOO Lockwood 

MCFOO McFarlanes Hot Spring 

NEW0 New York Canyon 

NOROO North Valley 

PUMOO Pumpernickel Valley 

PYROO 

ROSOO 

RYE00 

RYE01 

RYE02 

SAW00 

SOD00 

sou00 

Pyramid Lake Indian Resew. 

Rose Creek 

Rye Patch-Humboldt House 
District 

Rye Patch-Humboldt House 
District 

Rye Patch-Humboldt House 
District 

Salt Wells 

Soda Lake 

Southem Pacific 

Grass Valley 

(Black Rock Desert) 

Tipton RanchlHot Springs 
Ranch 

(Needle Rocks Hot Springs) 

Field-wide summary 

Rye Patch 

Humboldt House 

Eight Mile Flat 

Soda Lake No.lMo.2 

I 

Gerlach 1 

Brady-Hazen (S end of) 1 

Wendel-Amedee 1 

Wendel-Amedee I 

Wendel-Amedee I 

Wendel-Amedee 1 

Leach Hot Springs 

1 

Rye Patch 

I 

Rye Patch 1 

Rye Patch I 

1 

Stillwater-Soda Lake I 

1 

NV 

Nv 
Nv 
CA 

CA 

CA 

CA 

Nv 
Nv 
Nv 
Nv 
NV 

NV 

NV 

NV 

Washoe- 
Pershing 

Washoe 

Lyon 

Lassen 

Lassen 

Lassen 

Lassen 

Pershing 

Pershing 

Churchill 

Washoe 

Humboldt 

Pershing 

Churchill- 
Washoe 
Humboldt 

40.86 

40.66 

39.6 

40.33 

40.30 

40.35 

40.37 

40.41 

40.60 

39.21 

39.51 

41.08 

40.05 

39.90 

40.76 

119.32 

119.37 

119.11 

120.20 

120.20 

120.25 

120.25 

117.89 

117.65 

I 18.72 

119.65 

118.69 

118.00 

119.22 

117.49 

NV Washoe 40.15 119.68 

NV Pershing(?) 40.84 117.95 

Nv Pershing 40.53 118.27 

Nv Pershing 40.53 118.27 

NV Pershing 40.53 118.27 

Nv Churchill 39.31 118.57 

NV Churchill 39.55 118.87 

NV Churchill(?) 40.06 I 18.89 

C 

C 

C 

A 

A 

A 

A 

C 

C 

C 

D 

C 

C 

C 

C 

D 

B 

B 

C 

C 

A 

D 

Y 

Y 

Y 

Y 

N 

N 

N 

Y 

Y 

Y 

N 

N 

Y 

Y 

Y 

Y 

N 

N 

Y 

Y 

Y 

Y 

N 
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1 NV Washoe 39.38 117.76 D N 

STEOO Steamboat Hot Sprs Field-wide Summaly Steamboat Springs 1 NV Washoe 39.38 117.76 A Y 

STEOI Steamboat Hot Sprs SB: Steamboat I-1A Steamboat Springs 1 NV Washoe 39.38 117.76 A N 

STEO2 Steamboat Hot SPK Lower SB: Steamboat 11-111 Steamboat Springs 1 NV Washoe 39.38 117.76 A N 

STEO3 Steamboat Hot Sprs tower SB: Steamboat IV Steamboat Springs 1 NV Washoe 39.38 117.76 B N 

STEb4 Steamboat Hot Sprs Lower SB: UNV Redfield Steamboat Springs 
Utility 

STEO5 Steamboat Hot Sprs Upper SB: Yankee-Caithness Steamboat Springs 1 NV Washoe 39.38 117.76 A N 

STIOO Stlllwater StilMter Geothermal 1 Stillwater-Soda Lake 1 NV Churchill 39.55 118.55 A Y 

STlOl Stillwater StiRwater N Expansion Stillwater-Soda Lake 1 NV Churchill 39.55 118.55 B Y 

TRAOO Tra 1 W Washoe 39.57 119.53 D N 

TRIO0 Trinity Mountains District Telephone Wen area 1 NV Church.- 40.00 118.99 D Y 

VIR00 Virginia Range 1 NV Washoe 39.42 119.66 N 

WABOO VVabuska 1 NV Lyon 39.16 118.18 A Y 

Persh.- 
Wash. 

with direct access io C4 

2 I 38.35 118.82 C Y 

DlXOO DixieVaney Dixie Valley 2 NV Churchill 39.99 117.85 A Y 

DIXO1 Dixie Valley 2 NV Churchill 39.99 117.85 C Y 

2 NV Churchill 39.42 118.24 N 

EMlOO Emigrant (Fish Lake V.) 2 NV Esmeralda 37.86 117.87 C Y 

EXCOO Excelsior 2 NV Mineral 38.31 118.56 N 
FISOO Fish Lake (Valley) 2 NV Esmeralda 37.86 118.05 B Y 

H A W  Hawthorne 2 NV Mineral 38.53 118.65 C Y 

HYDOO Hyder Hot Springs Dixie Valley 2 NV Pershing 39.99 117.71 D Y 

PIROO Pirouette Mountain (S.Dbie Valley) 2 NV Churchill 39.51 118.16 D Y 

SILO0 Silver Peak (Alum PrOSped) 2 NV Esmeralda 37.91 117.67 C Y 
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Name: Name: Eql-Dev. Gen.Cap. 
PROJD FieItiVDistrict Area%Power Plant KGR4 Area'') State County Lat Long (*) Estimated 

SOH00 Sou Hot Springs 

Area: 3 - OtherNV 
ANTOO 

BAL00 

BlGOO 

DAROO 

DOUOO 

DYKOO 

FOX00 

GRAOO 

HSSOO 

MCGOO 

PIN00 

SHOOO 

WLOO 

Antelope Valley 

Baltazor 

Big Smokey Valley 

Darrough Hot Springs 

Double - Black Rk Hot Springs 

Dyke Hot Springs 

Fox Mountain 

Grass Valley 

Hot Sulphur Springs 

McGee Mountain 

Pinto Hot Springs 

Shoshone-Reese River 

Wilson Hot Springs 

Area: 4 - Allother CA 
BODO0 Bodie 

BRWOO Brawley 

B R W l  Brawley 

B R W 2  Brawley 

B R W 3  Btawley 

CALOO Calistoga 

cos00 coso 

cos01 coso 

cos02 coso 

(Seven DevllslGilbert's H.S.) Dixie Valley 

Baltazor 

N.End - Spencer Hot Springs 

(Big Smokey Valley - S.End) Darraugh Hot Springs 

Double Hot Springs 

(Little Hot Springs) 

(Independence V./Tuscarora) 

(Painted Hills) 

Pinto Hot Springs 

Wlson Hot Springs 

Area-wide summary 

Brawley (North Brawley) 

East Brawley 

South Brawley (Mesquite 
field) 

F ield-wide Summary 

Navy I 

Navy II 

Bodie 

Brawley 

Brawley 

Geysers-Calistoga 

Cos0 Hot Springs 

Cos0 Hot Springs 

Cos0 Hot Springs 

2 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

4 

4 

4 

4 

4 

4 

4 

4 

4 

NV Pershing 

NV Churchill 

NV Humboldt 

NV Lander 

w e  
NV Humboldt 

NV Humboldt 

NV Washoe. 

NV Lander 

NV Elko 

NV Humboldt 

NV Humboldt 

NV Lander 

NV Lyon 

CA Mono 

CA Imperial 

CA Imperial 

CA Imperial 

CA Imperial 

CA Napa 

CA lnyo 

CA lnyo 

CA lnyo 

40.08 117.72 

39.83 117.50 

41.92 118.72 

39.33 116.83 

38.82 117.18 

41.05 119.03 

41.57 118.57 

41.02 119.56 

39.89 116.65 

41.47 116.15 

41.80 118.87 

41.36 118.80 

39.89 117.14 

38.77 119.18 

38.16 119.11 

32.99 115.52 

33.00 11 5.53 

32.99 115.35 

32.96 115.54 

38.58 122.58 

36.03 117.80 

36.03 117.80 

36.03 117.80 

D 

D 

C 

D 

C 

D 

D 

C 

C 

C 

D 

D 

D 

D 
B 

B 

B 

B 

C 

A 

A 

A 

Y 

N 

Y 

N 

N 

Y 

N 

N 

N 

N 

Y 

Y 

Y 

Y 
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Nam: Name: Expl-De~. GC?~~.CW. 
PROJID Field%Distdct Areamowtr Plant KGRA ~d') sate County Lat Long (2) ~stim*ed 

COS03 Cos0 BLM Cos0 Hot Springs 4 CA lnyo 36.03 117.80 A N 

cos04 cos0 Northeast fmntier Cos0 Hot Springs 4 CA lnyo 36.03 117.80 D N 

DUNOO Dunes Dunes 4 CA Imperial 32.80 115.01 C Y 

EASOO t Mesa Field-wide summary East Mesa 4 CA Imperial 32.78 115.25 A Y 

EASOl t Mesa Ormesa 1 East Mesa 4 CA Imperial 32.78 115.25 A N 

EASO2 EastMesa Ormesa 1E East Mesa 4 CA Imperial 32.78 115.25 A N 

EAS03 EastMesa 4 CA Imperial 32.78 115.25 A N 

EAW EastMesa + East Mesa 4 CA Imperial 32.78 115.25 A N 

EAS05 East Mesa 4 CA Imperial 32.78 115.25 A N 

EASOG EastMesa 4 CA Imperial 32.78 115.25 A N 

GEYOO ers 4 CA Lake- 38.8 5 A  Y 

GEYO1 Geysers Geysers-Callstoga 4 CA Sonoma A N 

GEY02 Geysen R i i e l h  (Units 7 & 8) Geysers-Calistoga 4 CA Sonoma A N 

GEY03 Geysers 10) Geysers-Calistoga 4 A N 

GEY04 ers 4 CA Sonoma A N 

GEY05 Geysers Cobb Creek (Unit 12) 4 CA Sonoma A N 

GEYOB Geysers Big Geysers (Unit 13) Geysers-Calistoga 4 CA Sonoma A N 

GEY07 G it 14) Geysers-Calistoga 4 CA Sonoma A N 

GEYOB Geysers ers-Calistoga 4 CA Sonoma A N 

GEYOS Geysers NCPA 1 & 2 Geysers-Calistoga 4 CA Sonoma A N 

GEYlO Geysers-Calistoga 4 CA Sonoma A N 

GEY11 Geysers-Calistoga 4 CA Sonoma A N 

SOnOma 

and Lake 

and Lake 

and Lake 

and Lake 

and Lake 

and Lake 
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Name: Name: Expl-Dev, Gen. Cap. 
PROJID Field/District Are&ower PIant KGRA  rea"' ante county Lat ~ o n g  (2) ~ d m o t e d  

GEYl2 

GEYl3 

GEY14 

GEY15 

GEY16 

GEY17 

GEY18 

GEYl9 

GIAOO 

HEBOO 

HEBOl 

HEBO2 

M O O  

LVCOO 

LVCOl 

LVC02 

LVC03 

LVMOO 

LVMOl 

LVM02 

LVM03 

MEDOO 

MEW1 

Geysers 

Geysers 

Geysers 

Geysers 

Geysers 

Geysers 
Geysers 

Glamis 

Heber 

Heber 

Heber 

Lake C i  I Surprise Valley 

Long Valley - Casa Diabio 

Long Valley - Casa Diablo 

Long Valley - Casa Diablo 

Long Valley - Casa Diablo 

Long Valley - M-P Leases 

Long Valley - M-P Leases 

Long Valley - M-P Leases 

Long Valley - M-P Leases 

Medicine Lake 

Medicine Lake 

Calistoga 

Quicksilver (Unit 16) 

Grant (Unit 20) 

NCPA 3 i?i 4 

Bear Canyon 

West Ford Flat 

Aidlin 

Unit 15 

Fieid-wide Summary 

Heber (HGC) 

Second Imperial Geoth. 
(SIGC) 

Lake City 

MP Field Summary 

Mammoth-Pacific G l  (MP-1) 

Mammoth-Pacific G2(MP-2) 

Mammoth-Pacific G3(PLES- 
1) 
M-P Lease Summary 

Basalt Canyon Expl. Project 

Upper Basalt Canyon Expl. 
Project 
Rhyolite Plateau Exploration 
Area 
Field-wide Summary 

Fourmile Hill 

Geysers-Calistoga 

Geysers-Calistoga 

Geysers-Calistoga 

Geysers-Calistoga 

Geysers-Callstoga 

Geysers-Calistoga 

Geysers-Calistoga 

Geysers-Calistoga 

Glamls 

Heber 

Heber 

Heber 

Lake Ci-Surprise Valley 

Mono-Long Valley 

Mono-Long Valley 

Mono-Long Valley 

Mono-Long Valley 

Mono-Long Valley 

Mono-Long Valley 

Mono-Long Valley 

Mono-Long Vaiiey 

Glass Mountain 

Glass Mountain 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

CA Sonoma 
and Lake 

CA Lake 

CA Sonoma 

CA Sonoma 
and Lake 

CA Lake 

CA Lake 

CA Sonoma 

Sonoma 

CA Imperial 

CA Imperial 

CA Imperial 

CA Imperial 

CA Mod% 

CA Mono 

CA Mono 

CA Mono 

CA Mono 

CA Mono 

CA Mono 

CA Mono 

CA Mono 

CA Siskiyou 

CA Siskiyou 

32.97 115.04 

32.72 115.53 

32.72 115.53 

32.72 115.53 

41.67 120.22 

37.65 118.90 

37.65 118.90 

37.65 118.90 

37.65 118.90 

37.65 118.90 

37.65 118.90 

37.65 118.90 

37.65 118.90 

41.58 121.6 

41.63 121.63 

A 

A 

A 

A 

A 

A 

A 

B 

D 

A 

A 

A 

B 

A 

A 

A 

A 

A 

C 

C 

C 

B 

B 

N 

N 

N 

N 

N 

N 

N 

N 

Y 

Y 

N 

N 

Y 

N 

N 

N 

N 

Y 

N 

N 

N 

N 

Y 
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MEDO2 Mediane Lake Telephone Flat Glass Mountain 

MEDO3 Medidne Lake Pumice Mine Prospect Glass Mountain 

MOSOO Mount Signal 

NIL00 Niland 

RAN00 Randsburg Randsburg 

SAlOO Saline Valley Saline Valley 

SAL00 Saltonsea Field-wide summary Satton Sea 

SAL01 Salton Sea Unit 1 Salton Sea 

SAL02 Salton Sea Unit 2 Salton Sea 

SAL03 SalfonSea Unit 3 Salton Sea 

SAL04 SaltonSea Unit 4 Salton Sea 

SAL05 Salton Sea Unit 5 Salton Sea 

SALM SaltonSea Unit 6 Salton Sea 

SAL07 Salton Sea Vulcan Salton Sea 

SAL08 Salton Sea Del Ranch (Hoch) Salton Sea 

SAL09 Salton Sea Elmore Salton Sea 

SAL10 SaltonSea Leathers Salton Sea 

SAL1 1 Salton Sea VulcanMoch Turboexpander Salton Sea 

Sespe Hot Spn'ngs 

GeyserslCalistoga 

TRUOO Truckhaven 

TRUOl Truckhaven 

WESOO wes Westmorland - Salton Sea 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

CA Siskiyou 41.57 121.57 B Y 

CA Siskiyou D N 

CA Imperial 32.65 115.71 C Y 

CA Imperial 33.22 115.54 B Y 

CA San 35.38 117.53 C Y 

CA lnyo 36.79 117.76 D N 

CA Imperial 33.17 115.62 A Y 

CA Imperial 33.17 115.62 A N 

CA Imperial 33.17 115.62 A N 

CA Imperial 33.17 115.62 A N 
CA Imperial 33.17 115.62 A N 

CA Imperial 33.17 115.62 A N 
CA lmperlal 33.17 115.62 B N 

CA Imperial 33.17 115.62 A N 

CA Imperial 33.17 115.62 A N 

CA Imperial 33.17 115.62 A N 

CA Imperial 33.17 115.62 A N 

CA Imperial 33.17 115.62 A N 

CA Ventura 34.60 119.00 D Y 

CA Lake 39.00 122.66 B Y 

CA Imperial 32.95 115.80 D Y 

CA Imperial 33.26 116.00 C N 

CA Imperial 33.26 116.00 C N 

CA Imperial 33.08 115.65 C N 

Bemardino 
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NtWfW: Name: Eql-Dev. Gen. Cap. 
PROJID FielaYVistrict Area%Pmuer Plant KGRQ Area") State Court@ Lat Long Cat.(2) 

(1) Geographic Areas: 
Area 1 -Greater Reno, Nevada (includes California locations) 
Area 2 -Nevada sites with direct access to the California grid, excluding Greater Reno 
Area 3 -Other Nevada locations 
Area 4 -All other California 

(2) Exploration-Development Categories: 
A - Existing power plant operating 
I3 -One o r  more wells tested a t  = 1 M W  (no power plant in operation) 
C - Minimum 212OF logged downhole (no well tests a t  - 1 MW) 
D -Other exploration data and information available (-212OF not proven) 
No category assigned -area does not meet the minimum criteria (see Final Report section 2.2) 
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c 
Hetch Hetchy/SFPUC Programmatic Renewable Energy Project 
Project: 1.3 New Geothermal Site Identification and Qualification 
Project Team: GeothermEx, Inc. 
Task: 1.3.10 Final Project Report 
Subjed: D.1.3.10.3 Final Report ~ 

Table 3: Estimated Gen n Capacities 

C 

6 -309m1 I 2 Installed Wellhd Eapllmc  ti^^ cnDadW f ~ w  
PROJ Area or T ~ m v ~ a ~ e  pF1 vo~ume capacity (nttyj w i n  DML 

ID Field or District Puwer Plant StuteCounrp Min Mlk Mar (A3 Gross - Net use4 Cat5  Mln MZk Mean StdBev. 

30 41 58 21 

BLUOO Blue Mountain NV Humboldt 291" 345" 440" 1.33 0 16 30 38 19 

BRA00 Brady's Hot Springs NV Churchill 340" 360" 380" 0.76 26 20 15 A 11 18 22 8.3 

COLOO Colado NV Pershing 215" 270" 330" 0.80 0 - o c  3.7 6.2 8.3 4.1 

DES00 Desert Peak NV Churchill 370" 385" 400" 227 11 9.9 10 A 33 45 79 40 

EMPOO Empire (San Emidio) Field-wide summary NV Washoe 285" 305" 330" 0.62 4.8 4.6 4.8 A 4.3 6.6 11 6.7 

FALOO Fallon / C Carson Lake anomaly NV Churchill 360" 370" 380" 2.61 0 34 55 74 34 

FLY00 FlyRan nch Ward'sp'lyhIualapi NV Washoe- 200" 220" 210" 2.40 0 6.0 8.7 13 5.7 

FLY01 Fly RancWGranite Ranch NV Washoe- 221O 345" 440" 0.53 0 - o c  5.4 8.1 13 7.1 

GEROO Gerlach (GreatBoilingSpring) NV Washoe 290" 340" 385" 2.50 0 o c  17 25 36 16 

H A Z O O  Hazen (Black Butte) (Patua Hot Springs) NV Lyon 280" 330" 430" 1.25 0 o c  6.3 8.5 14 6.9 

HONOO Honey Lake Area-wide Summary CA Lassen 230" 240" 250" 1.09 6.4 3.4 1.2 A 5.7 8.3 13 6.9 

KYLOO Kyle Hot Springs Vistavalley) NV Pers 280" 375" 412" 0.99 0 - o c  16 22 36 19 

LEA00 Leach Hot Springs Grass Valley NV Pershing 220" 265" 343" 1.79 0 - o c  13 18 29 15 

Pershing 

Pershing , 

(Granite Mtn.) 
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I 2 Installed Wellhd Eqlor- ~~~d~~ 6 

PROJ Area or Temvwature foF) volume capmi@ ( ~ n 3  w i n  D ~ L  
ID Field or District Power Plant Statecounty Mn Mk Max (mi3 Gross - Net usel Cat. Min Mlk Mean StdDev. 

LEE00 Lee Hot Springs NV Churchill 303" 324" 0.53 0 - o c  5.4 9.4 11 5.1 

NEW00 New York Canyon NV Pershing 245" 345" 440" 1.72 0 - o c  20 26 46 23 

NOR00 North Valley NV Churchill- 255" 345" 440" 3.18 0 - o c  37 49 84 43 
Washoe 

PUMOO Pumpernickel Valley Tipton Ranch/Hot NV Humboldt 235" 295" 356" 1.19 0 - o c  10 13 22 11 

PYROO Pyramid Lake Indian (Needle Rocks Hot NV Washoe 240" 345" 417" 0.93 0 - o c  9.9 14 23 12 

Springs Ranch 

Resew. Springs) 

House District 

House District 

RYE01 Rye Patch-Humboldt Rye Patch NV Pershing 335" 345" 405" 1.13 12.5 8.75 0 B 16 20 34 15 

RYE02 Rye Patch-Humboldt Humboldt House NV Pershing 290" 345" 440" 2.12 0 - o c  27 34 60 30 

SAW00 Salt Wells Eight Mile Flat NV Churchill 330" 400" 430" 3.98 0 - o c  63 96 136 63 

SOD00 Soda Lake SodaLakeNo.lINo.2 NV Churchill 340" 360" 370" 2.12 26.1 16.6 15.7 A 29 42 62 28 

STEOO Steamboat Hot Spn Field-widesummary NV Washoe 350" 370" 390" 2.33 59.84 48.1 53 A 56 62 78 17 

STIOO Stillwater Stillwater Geothermal 1 NV Churchill 290" 310" 330" 1.09 19 10 14.3 A 11 18 21 8.0 

STIOI Stiltwater StillwaterNExpansion NV Churchill 310" 330" 350" 1.36 0 - O B  16 24 31 11 

TRIO0 Trinity Mountains District Telephone Well area NV Church.- 225" 345" 440" 3.98 0 - O D  42 66 100 53 
Persh.- 
Wash. 

WABOO Wabuska NV Lyon 225" 245" 290" 1.33 1.45 1.2 1.4 A 8.1 13 17 8.0 
7 Totals forArea: 184 139 130 552 787 1169 129 

Area: 2 - NV with direct access io C4 

AUROO Aurora NV Mineral 250" 345" 440" 2.65 0 - o c  31 51 70 35 

DIXOO Dixie Valley I CaithnessDixieValley NV Churchill 420" 440" 460" 3.17 66 56 66 A 71 107 142 56 

DIXOl Dixie Valley DixieValley Power NV Churchill 445" 460" 475" 4.69 0 - o c  107 151 210 83 
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6 -3ovm1 1 2 Instailed Wellhd mior-  G ~ ~ * - ~ ~  caDadm (MW 

PROJ Area or T-m~twe ~ F I  volume capacity ( ~ a 3  m i n  DML 

ID Field or Disfrict Power Plant StateCounCy Min Mk Max (mi3 Gross - Net usel Cat5 Mn Mlk Mean Std.Dev. 

Partners (DVPP) I 

-00 Emigrant (Fish L NV Esmeralda 230" ' -  0 C ' 49 85 118 63 

FISOO Fish Lake (Valley) NV Esmeralda 340" 380" 2.25 0 - O B  30 47 62 27 

HAW00 Hawthorne 0 - o c  8.7 14 22 13 

HYDOO Hyder Hot Springs - O D  5.5 9.6 15 8.4 

PIROO Pirouette Mountain (SDixie Valley) NV Churchill 190" 345" 440" 1.52 - O D  16 23 40 22 

SILO0 Silver Peak (Alum prospect) NV Esmeralda 310" 345" 440" 2.85 0 - o c  41 78 91 43 

SOH00 Sou Hot Springs (Seven DevildGilbert's NV Pershing 1 80' 370' 0.53 0 - O D  3.3 6.1 9.5 6.1 
H.S.) 

7 Totals for Area: 66 56 66 363 572 780 136 

Area:. 3 - OtherhV 

BAL00 Baltazor NV Humboldt 288" 306" 316" - o c  11 16 24 11 

DOUOO Double - Black Rk Hot NV Humboldt 240" 255" 275" - O D  20 33 53 31 

MCGOO McGee Mountain NV Humboldt 225" 345" 440" 1.86 0 - o c  19 28 47 26 

springs 

PIN00 Pinto Hot Springs NV Humboldt 285" 366" 440" 1.33 0 - D 18 29 39 19 

SHOO0 Shoshone-Reese Rivet 225' 345" 440" 1.19 0 - O D  13 I8 30 16 

WE00 Wilson Hot Springs 200' 345" 440" 1.13 0 - O D  10 17 27 15 

Totah for Area: 0 0 91 141 220 51 7 

Area: 4 - Allother C4 

BRWOl Brawley Brawley (North Brawley) CA Impe 0 O B  88 144 45 

BRW02 Brawley East Brawley CA Imperial 480' 520" 560" 2.21 0 - O B  85 129 138 44 

BRW03 Brawley South Brawley CA Imperial 480" 500" 520" 1.19 0 - O B  45 62 70 21 
(Mesquite field) 
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6 -3Uvrsj I 2 Installed Wellhd EipZor- camadon cmacih, 
PROJ Area or Tt?mmrature foF) volume capaciv m i n  ~ e ~ e l .  
ID Field or District Power Plant Statecounty Mn iUlk Max (mi3 Gross - Net use4 Cat5 Min iUlk Mean StdDev. 

CALOO Calistoga 

cos00  cos0 

DUN00 Dunes 

EASOO East Mesa 

GEYOO Geysers 

GLAOO Glamis 

HEBOO Heber 

LAKOO Lake City / Surprise 
Valley 

LVMOO Long Valley - M-P 
Leases 

MEDO 1 Medicine Lake 

MED02 Medicine Lake 

MOSOO Mount Signal 

NIL00 Niland . 

RAN00 Randsburg 

SAL00 Salton Sea 

SESOO Sespe Hot Springs 

SULOO Sulphur Bank 

SUP00 Superstition Mountain 

Field-wide Summary 

Field-wide summary 

Field-wide Summary 

Field-wide Summary 

Lake City 

M-P Lease Summary 

Fourmile Hill 

Telephone Flat 

Field-wide summary 

Clear Lake 

CA Napa 275" 320" 

CA Inyo 475" 550" 575" 

CA Imperial 250" 400" 

CA Imperial 300" 310" 320" 

CA Lake- 464" 468" 482" 
Sonoma > 

CA Imperial 250" 400" 

CA Imperial 330" 340" 360" 

CA Modoc 320" 335" 350" 

CA Mono 342" 362" 382" 

CA Siskiyou 388" 428" 455" 

CA Siskiyou 440" 480" 490" 

CA Imperial 250" 345" 440" 

CA Imperial 500" 540" 550" 

CA San 240" 345" 440" 

CA Imperial 550" 575" 600" 

CA Ventura 230" 265" 300" 

CA Lake 400" 450" 

CA Imperial 225" 345" 440" 

Bernardino 

1.86 

8.52 

0.86 

8.54 

37.88 

0.83 

6.73 

2.18 

8.18 

2.05 

5.05 

1.19 

1.39 

3.31 

25.71 

0.53 

1.66 

0.66 

0 

300 

0 

73.2 

1000 

0 

100 

0 

40 

0 

0 

0 

0 

0 

350 

0 

0 

0 

270 
- 

56 

900 

79 

30.1 

- 

- 

326 

o c  
280 A 

o c  
62 A 

850 A 

O D  
100 A 

O B  

40 A 

O B  

O B  

o c  
O B  

o c  

350 A 

O D  

O B  

O D  

17 25 35 

246 355 490 

7.4 11 18 

119 148 167 

1200 1400 1400 

4.3 6.4 11 

109 142 158 

23 37 49 

70 111 148 

25 36 70 

110 175 256 

12 19 29 

59 76 92 

32 48 82 

1350 1750 1880 

3.6 5.3 7.8 

27 43 61 

5.9 9.5 15 

16 

189 

10 

38 

N1 

6.0 

40 

21 

65 

42 

128 

15 

27 

46 

400 

3.6 

30 

8.0 
7 Totals for Area: 1863 1661 1682 3638 4723 5321 480 
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6 -3Ovrsl I 2 Installed Welllfa! E@or- camadon cabad& 

PROJ Area or Tentmr*re p*l volume CapaciQ w i n  D ~ L  
ID Field or District Power Plant StateCounty 1Mn Mk Max (mi3 Gross - Ncf use4 Cat. Mn Mlk Mean StdDev. 

Grand Totals: 2113 1856 1878 4644 6223 7490 518 

1. Reservoir temperature values used for Monte-Carlo estimation of generation capacity. 
Min = minimum average: Mlk = most-likely average; M m  = Maximum average. 

2. The listed reservoir volume is the product: (most-likely average reservoir thickness) x (most-likely reservoir area), where the most-likely values are those used for 
Monte-Carlo estimation of generation capacity. 

3. Installed generation capacity, gross and net MK Applies only to Exploration-Development Category A. 

4. MW in use is based on the most recent record of actual generation. Gross generation is listed if available, but available information is often not specijk 
about gross vs. net. 

5. Exploration-Development Category 
A = existing power plant operating 
B = one or more wells tested at >= I MW 
C = a temperature > =212'F has been logged downhole (or boiling temperature for local elevation) 
D = other exploration data (such as spring chemistry and/or shallow temperature gradient measurements) 

6. M n  = Minimum = generation capacity value with Monte Carlo simulation cumulative probability of more than 90% 
Mlk = Most-likely = Monte Carlo simulation modal generation capacity value 
Mean = Monte Carlo simulation mean value 
Std Dev. = Standard Deviation of the Mean value 

7. The standard deviation of the sum of mean values is the square root of the sum of the squares of individual standard deviations. 
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Hetch Hetchy/SFpUC Programmatic Renewable Energy Project 
Project: 1.3 New Geothermal Site Identification and Qualification 
Project Team: GeothermEx, Inc. 
Task 13.10 Final Project Report 
Subject: D.13.10.3 Final Report 

Table 4: Comments to Estimated Generation Capacities 

C 

BEOOO d on relatively good and complete data. Estimate does not include heat reserves in the discharge 
(upflow) zone to the hot springs area (above a depth of about 6,500 ft), but the temperature model (Figure BE000-2) - 
suggests that the volume of this zone is quite small relative to deeper reserves. The histogram of estimated values has a 
broad maximum, which makes the most-likely value relatively non-unique. 

BLUOO 

BRA00 

COLOO 

Fimre BLUOO-5. Area o rvoir may be underestimated (i ient data), causing under-estimakn of c 
%capacity estimate is optimistic if deeper temperatures do not prove higher than the-confirmed 29 1 OF, and deeper 

eability is not found. 

gram of estimated values has a broad maximum, which makes the most-likely value relatively 
non-unique. The major uncertain parameter is the reservoir volume, which is hard to estimate due to irregular shape. On the 
basis of available information, it would be difficult to justify a volume significantly (say, 2x) greater than that represented 
for the capacity estimate. There is evidence of a laterally extensive volume of hot rock (>=390-41OoF) at depth below the 
commercial reservoir, mostly in the footwall (east side) of the Bradys fault, and mostly below the depths represented by this 
capacity estimate. Available evidence indicates that the permeability in this hot rock is localized to the area near the Bradys 
fault; deep wells drilled into this rock from locations further to the east have so-far been dry holes. The more permeable part 
of this rock, near the Bradys fault, is considered to be included in the capacity estimate. Greater heat reserves would be 

undary conditions (depth to bottom and area) would still 
have to be assumed 

Figure COLOO-2. The capacity may be underestimated. The estimate is co 
limitation of the reservoir area to the default values assumed for a point source. The reservoir area may be underestimated. 
The temperature estimates used for calculating capacity are based on geothermometers applied to samples from warm wells 
(max. 155OF) in the area of Colado junction, which is assumed to be about 1.5 miles from the area of upwelling. Therefore, 
it is likely that even the highest geothermometers have re-equilibrated and may be under-estimating true conditions at depth. 
The Na-C1 composition of the water (Cl about 2,500 mg4) encourages the possibility of a higher-temperature geothermal 
system at depth, but could instead be a function of flow through meta-sedimentary rocks at lower temperatures. Hot water 
samples from the assumed area of upwelling, just S of Woolsey, would be useful. Reservior permeability could be limited if 
confiied to fie-grained metasedimentary rocks. 

larger volume of this deep hot rock, 

Colado d by apparent low temperature and a 

HHWP-042, D1.3.10.3,31 December2003 
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PROJ ID Field or District Area or Power Plant CommentsAVotes 

DES00 

EMPOO 

FALOO 

FLY00 

FLY01 

GEROO 

HAZOO 

HONOO 

Desert Peak 

Empire (San Emidio) Field-wide summary 

Fallon / Carson Lake Carson Lake anomaly 

Fly RancWGranite Ranch Ward's (Fly/Hualapi 
Flat) H.S. 

Fly RancWGranite Granite Ranch 
Ranch 

Gerlach (Great Boiling Spring) 

Hazen (Black Butte) (Patua Hot Springs) 

Honey Lake Area-wide Summary 

Figure DESOO-4. The capacity estimate represents both the existing hydrothermal project area and the EGS (Enhanced 
Geothermal Systems) area of hot rock but apparent lesser permeability to the NNE (see Figures). Input parameters are 
relatively well-constrained by drilling and production data. 

Figure EMP00-2. Most of the drilling at Empire has been confined to a narrow, N-S zone that coincides with hydrothermal 
alteration and hot springs, with significant (and unsuccessM) stepout drilling only to the W. Successful exploration to the 
E would produce results that increase the capacity estimate, by increasing the estimated minimum reservoir area. Depths of 
greater than 2,000 !I below the central zone have also not been explored. 

Figure FALOO-6. One deep and productive well (a slim hole) has been drilled so-far, at the western edge of the anomaly. 
The top of the reservoir is at ~5 ,850  ft depth. Large anomaly is promising. 

Figure FLYOO-3. A chemical geothermometer esimtate of 308°F has not been used for the capacity estimate, 
because drilling to 5,000 ft encountered a maximum of only 210°F. Thus, the capacity estimate represents a low- 

temperature system (20Oo-22O0F) over an area of 1.2 to 3.4 square miles (indicated by temperature gradient holes, and very 
approximate). Deep drilliig has not established commercial levels of permeability. 

Figure FLYOl-1. Granite Ranch area, 5 miles to the S of Fly Ranch (See Figure FLYOO-1). Shallow drilling has 
encountered 221°F at 130 ft, with a reversal below. No fluids samples. Estimate is based on default values for a point 
source, except for a minimum average 221°F. 

Figure GER00-1. A hole to 5,870 ft found c.200"F and was dry, but the chemical geothermometers of all three hot springs 
in the area have a good probability of being accurate at 290"-380°F. Results of drilling to c.3,OOO ft in the early-mid 1990s 
are not available. The capacity estimate depends stongly on assumed reservoir thickness, and on areal extent based only on 
the hot spring distribution, with support from the distribution of temperatures at 30 m depth. 

Figure HAZOO-1. This estimate uses the chemical geothermometers of the hot springs and default values for other input 
parameters. The area used is a point source, and depth is the Nevada default. It thus calculates the amount of heat present 
in a thickness that would require drilling to at least several thousand feet. Prior drilling has established that there is 
productivity of water at ~~280°F  from less than 800 ft., and a developer might seek to exploit this shallow source. In such a 
case, the estimated generation capacity would be several Mw at most, but for a point source. It is reasonably liiely that the 
system area is at least somewhat greater. 

Figure HONOO-4. Assumes a relatively thin reservoir, which may not be correct, but drilling costs could prohibit exploiting 
deeper zones unless higher temperatures are discovered. A higher temperature source is suggested by a fluids mixing model 
for Wendel H.S. and Amedee H.S. Existing production of about 5 MW gr is very localized in three areas (projects HONO1- 
03) that together cover only a small fraction of the total apparent area of the heat anomaly, and this does suggest that the 
thickness of the reservoir has been underestimated. 

HHWP-042, D1.3.10.3,31 December 2003 
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PROJID FteId or District Area or Power PIant CommentsAVotes 

KYLOO 

LEA00 
LEE00 

NEW00 

NOR00 

PUMOO 

PYROO 

RYE0 1 

RYE02 

Kyle Hot Springs (Granite Mtn) (Buena Vista Valley) Figure K W - 2 .  May be an underestimate. The defdte possibility that Kyle H.S. is a mixed 
water means that the Min average resource temperature may be higher than the 280°F value which has been used. Further 
chemical studies and results from near-by petroleum exploration wells (not presently in the public domain) need to be 
considered 

Figure LEAOO-5. Fairly uncertain. The only deep well was dry (257°F at 8,565 ft.) 
Figure LEEOO-1. Dependent on default input parameter values except for chemical geothermometers of the hot spring 
water. 
Figure NEWOO-2. Very uncertain. Area is not well-defmed and could be larger. Other parameters are default values. The 
maximum measured temperature is 166°F at 1,180 ft but with a high BH gradient (c.9OF/lOO fi). Steam has been reported 
from a separate 140 ftaeep hole. A kaolinite deposit indicates former hot spring activity and fairly high temperatures, at 
least in the past. This area is Category C on the basis of reported shallow steam, not 

ineasured temperature. 

re NOROO-2. Relatively 

Leach Hot Springs Grass Valley 
Lee Hot Springs 

New Yo& Canyon 

hole data defme a large anomaly in an area where there may be 
relatively abundant fracturing and fault offsets. 265°F has been measured at 1,811 ft. 

chalcedony temperature of 257OF establish a likely minimum condition at depth. Very low C1 in the hot spring water 
tempers any possibility of temperatures above about 350°F. The Area value used is poorly constrained; it could be larger, 
and defhult values ofthickness are used. If the resource is assumed to have a fNed temperature of 21g°F, and all other 
paramters are unchanged, then the Min. is 5.2 MW, 

(Needle Rocks Hot Springs Figure PYROO-2. 
and/or 5,800 it) are suggested by chemical geothermometers but not yet confirmed. Higher tempertures could be much 
deeper. Area is not constrained and could be significantly larger. Represents only the Needles H.S. area and does not 
include any estimates for Pyramid Island or Anaho Island (Figure PYROO-1). If temperature is futed at 240°F and all other 
input parameters remain unchanged, then Min is 5.2 MW, Mlk is 7.8 MW, Mean is 11 MW and Std.Dev is 4.8 MW. 

Figure RYEOI-1. The estimate assumes a minimum average temperature that is the average of shallow production 
at c.26OoF and deeper production at 405°F. Higher capacity may be possible if enough deeper hot zones can be successfully 
drilled, so higher default temperatures have been used for the most-likely and maximum values. 

Figure RYEO2-1. Largely dependent upon default values. Area is given by shallow and deep drilling results, but the 
distribution of permeability is uncertain (both deep holes were apparently dry or sub-commercial). Capacity could be less if 
permeability is restricted to the N half of the anomaly, where the most extensive part of the outflow zone is defmed by 
shallow temperatures and hydrothermal silica deposits. 

Pumpernickel Valley Tipton Ranch/Hot Figure PUMOO-2. The maximum measured te is 219°F at 3,071 ft (flowing well). This and the hot 
Springs Ranch 

is 7.3 MW, the Mean is 11.0 MW, and the Std.Dev is 4.9 MW.  

ratures higher than 240°F (known production at roughly 4,000 Pyramid Lake Indian Resew. 

Rye Patch-Humboldt Rye Patch 
House District 

Rye Patch-Humboldt Humboldt House 
House District 

HHWP-042, D1.3.10.3,31 December 2003 
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PROJ ID Field or District Area or Power PInnt CommenMVotes 

SAW00 

SOD00 

STEOO 

STIOO 

STIO 1 

TRIO0 

WABOO 

Area: 2 
AUROO 

Salt Wells Eight Mile Flat 

Soda Lake Soda Lake No. 1hJ0.2 

Steamboat Hot Sprs Field-wide Summary 

Stillwater Stillwater Geothermal 1 

Stillwater Stillwater N Expansion 

Trinity Mountains Telephone Well area 
District 

Wabuska 

- hV with direct access to C4 

Aurora 

HHWP-042, D1.3.10.3,31 December 2003 
Fridqy, March OS, 2004 

Figure SAWOO-2. The relatively high estimated capacity is mostly due to the large area of the shallow thermal anomaly, 
which may over-represent the deep anomaly. Shallow temperatures that reach 264'F at 400 ft and (very limited) chemical 
information encourage the possibility of high tempertures ( M O O O F )  at depth. Deep permeabilty (and reservoir thickness) 
has to be assumed. The only deep hole, drilled within the area of the shallow thermal anomaly, encountered sub-commercial 
permeability and a maximum 358'F (at 8,500 ft). More deep exploration is needed. 

Figure SOD004 System temperatures and geometry are reasonably wellestablished. A large number of wells have been 
drilled in the area, and the number in production is a relatively small fraction of the total. This suggests that it has been 
difftcult to find adequate permeability at depth. 

Figure STEOO-4. Based on relatively good and complete data. The minimum recovery factor has been adjusted upwards 
from the normal value used for reservoirs in fractured rocks, because permeability and rate of thermal recharge appear to to 
be very large. Recovery could still be underestimated. The histogram of estimation frequency has a very broad maximum, 
which makes the most-likely (modal) estimate relatively non-unique. 

FigureSTIOO-2. Good temperature data, The reservoir Area requires some rough estimation, but a large error is unlikely. 
Since this is a heat-in-place estimate, it does not factor in the natural thermal recharge to the area, which probably comes 
from the N. The histogram of frequency of esimates has a very broad maximum, which makes the most-likely (modal) 
estimate relatively non-unique. See separate estimate for Stillwater N expansion (STIOl). 

Figure STIOl-1. This area is hotter and apparently closer to upflow than is the Stillwater &thermal I area (STI00). The 
histogram of frequency of estimates has a very broad maximum, which makes the most-likely (modal) estimate from a 
single (set of) calculation(s) very non-unique. The most-liely value tabulated here (24 MW) is the average mode of 10 
calculations, instead of the 33 MW value on Figure STIOl-1 (which represents a single calculation). 

Figure TRIOO-3. Based on default values except the area of a poorly bounded shallow temperature gradient anomaly 
defmed by values of 5.3' to 8.9OFAOO ft. Therefore, very highly uncertain. 

Figure WABOO-1. The major uncertainty is reservoir thickness and whether permeability exists at depths below 2,200 ft. 
The existence of somewhat higher temperatures than being produced is indicated with reasonable confidence by chemical 
geothermometers 

Figure AUROO-3. Capacity may be considerably less if the area andor most-likely and maximum average temperatures 
have been overestimated. The estimated area is based on widely separated holes that may not represent a single continuous 
hydrothermal system. The only confirmed temperature is c.25OoF, at 1,500 ft depth. 
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PROJ ID Field or District Area or Power Plant CommentsAVotes 

DIXOO 

DIXO 1 

EM00 

FISOO 

HAW00 

m o o  

PIROO 

SILO0 

Dixie Valley Caithness Dixie Valley 

Dixie Valley Dixie Valley Power 
Partners (DVPP) 

Emigrant (Fish Lake V.) 

Fish Lake (Valley) 

Hawthorne 

Hyder Hot Springs 

Pirouette Mountain (%Dixie Valley) 

Silver Peak (Alum prospect) 

HIiWP-042, D1.3.10.3,31 December 2003 
Friday, March OS, 2004 

Figure DIXOO-6. This capacity estimate is based on re 
the zone of deep, hot permeability occupied by the existing productiodinjection wellfield, at temperatures M O O O F .  An 
outer volume of (deep) rock to the SE at temperatures <4OO0F is effectively not included, and significant additional deep 
heat reserves can be expected to exist to the NW, in the footwall (W side) of the Dixie Valley fault, where temperatures 
>400'F probably are present (no deep drilling done). Therefore, this capacity estimate is conservative relative to a total 
heat-in-plrice estimate. This estimate represents reserves to the NE of a line dram from NW to SE through the middles of 
Sections 11,13 and 19 (Figure DIXOO-1). The histogram of estimated values has a broad maximum, which makes the 
most-likely value relatively non-unique. A separate capacity estimate for the Dixie Valley Power Partners area to the SW is 
listed under DIXO1. 

Figure DIXO1-1. The histogram of estimated values maximum, which makes the most-likely value relatively 
non-unique. This estimate represents reserves to the SE of a line drawn from NW to SE through the middles of Sections 11, 
13 and 19 (Figure DIXOO-1). A separate capacity estimate for the Caithness Dixie Valley Project area to the NE is listed 
under DIXOO. Even though somewhat adjusted for the possiblity of permeable conditions atong the front of the Stillwater 
Range in the central part of the area (see discussion of Area used for input to estimate calculation), this estimate may far 
exceed developable reserves if distributed commercial levels of permeability are not established or EGS development cannot 
access the total hot rock volume in the capacity estimate model. Otherwise, this estimate is based on relatively good data 

ly good and complete data. It has been restricted to represent 

hole temperatures in ho 00 ft to 2,400 ft  deep extend over a large area 
The most-likely average temperature that has been used for the estimate (34OOF') appears to be reasonable and may be a little 

uctive wells have been drilled and succeshlly tested (test data is not in the publi 

peratures in deep wells of the near-by Fish Lake Valley project (FISOO). 

resource appears to be relatively deep and the 

Figure HAWOO-4. Based on limited data and age, high-temperature system is thus- 

is estimate is largely dependent upon values for the input parameters, except for temperature. 
The minimum estimated average deep temperature is less than 200°F, and the presence of significantly higher temperature is 
relatively uncertain. 

Figure PIROO-2. Relatively uncertain. The maximum temperature measured is 189'F at 2,000 ft., but there are elevated 
temperature gradients at depths as great as 2,000 ft over a large area Seven holes already drilled to c.2,OOO ft. 

Figure SILOO-3. Highly uncertain. Shallow permeability and temperatures to 245'F have been established. It is assumed 
that a single water sample correctly indicates that a higher temperature system lies at depth. Area is estimated from 
moderate temperature gradients to 2,000 ft at only a few points, that do not provide very good or convincing defdtion of 
the extent of the anomaly. Reservoir thickness has been assumed using default average Nevada values. 
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PROJ ID Field or District Area or Power Plant Commentflotes 

SOH00 Sou Hot Springs 

Area: 3 - OtherW 
BAL00 Baltazor 

DOUOO Double - Black Rk Hot 
Springs 

MCGOO McGee Mountain 

PIN00 Pinto Hot Springs 

SHOO0 Shoshone-Reese River 

WILOO Wilson Hot Springs 

Area: 4 - ANotherC4 
BRWOl Brawley 

(Seven Devils/ 
Gilbert's H.S.) values. 

Figure SOHOO-2. Spring chemistry makes it doubthl that high temperatures are present. Otherwise, based on default 

Figure BALW-4. The size of the resource is not well-constrained by available drilling data. If the top of the reservoir 
(except for the discharge zone to the hot springs) is indeed at about 5,000 ft, drilling costs may be high relative to the modest 
resource temperature. 

Figure DOUOO-2. The capacity is the sum of 4 separate (but possibly connected) hot spring areas that are distributed N-S 
along 13 miles of a tectonic lineament. Development of more than about 5 - 10 MW at any one area may not be feasible. 

Figure MCGOO-2. Estimate depends upon default values except for area, which is not well-constrained to the SW. The 
maximum temperature measured downhole is 208OF at 279 ft.. The deepest known hole has 2OOOF at 1,680 ft, with a bottom 
hole gradient of 5.2OF/IOO ft. Minor fiunarolic activity. Assigned to Exploration-Development Category C because 208OF 
exceeds boiling temperature at local elevation. 

Figure PINOO-2. Spring chemistry offers some promise of temperahues around 350°F, but high spring flow rates at 
temperatures just below boiling and bicarbonate in excess of CI add some caution to the estimate. The Area value used is 
based only on hot spring distribution, and could be significantly less than the true resource area. TG drilling has been done 
only close to the hot springs, and is no guide. 

Figure SOHOO-2. There is a large area of anomalous temperature gradients to a maximum depth of 500 ft, but the resource 
area has been estimated conservatively, because much of the anomaly could be an outftow zone. Otherwise, the capacity 
estimate is based almost entirely on default input parameters. The highest measured temperature is 155OF at 450 ft. A blind 
anomaly. 

Figure WILOO-1. Very dependent upon default values except for area. No spting chemistry. Highest measured temperature 
is 196OF. An ID Slim hole has isothermal conditions at 193°-1900F from 1,200 to 2,000 ft. 

Note that the most-likely temperature is only 255OF. i 

(Painted Hills) 

Brawley (North 
Brawley) 

Figure BRWOI-2. Based on relatively good data from commercially productive wells, but these are confied to a small area 
and there is considerable uncertainty about the horizontal extent of the resource. The estimate defines the area that has been 
drilled and found to have enough permeability to flow, but it includes hot wells with sub-commercial flow rates (not dry 
holes). A much larger and more extensive heat resource undoubtedly exists, to the sides, above and (especially) below. 
The (North) Brawley resource is at depths intermediate between the shallower Salton Sea resource and the deeper resources 
at East Brawley and South Brawley. The brine TDS is hypersaline, as at the Salton Sea and South Brawley, but includes 
decidedly lower salinities (down to c.50,OOO ppm, probably at the shallower production zones). 
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PROJ ID Field or District Area or Power Plant CommentsAVotes 

BRWOZ 

BRW03 

Brawley East Brawley 

Brawley South Brawley 
(Mesquite field) 

CALOO 

c o s 0 0  

DUN00 

EASOO 

Calistoga 

cos0 Field-wide Summary 

Dunes 

East Mesa Field-wide summary 

HHWP-042, D1.3.10.3,31 December 2003 
Friday, March OS, 2004 

Figure BRW02-3. Very uncertain. There are public data records of two apparently very productive wells about 3.5 miles 
apart, but it is unknown whether the area in-between is a continuous, potentially producitve system. Even if so, there is no 
particular contstraint (among available data) on the horizontal extent of the reservoir. The estimated power density of the 
area is about 40 MW/sq mile (most-likely value; see Figure BRW02-3). Heat-in-place at depths of less than c.8,500 ft is not 
included in the estimate, because shallower permeability is apparently limited. If it is possible to inject at shallower levels, 
additional heat may be available. The reservoir may be somewhat less hypersaline than at the Salton Sea (project SALOO), 
with TDS about 160,000 ppm, but possibly with higher dissolved C02 (c.1.5 to 2%?). It also is deeper (>8,500 ft to 
c. 14,000 ft). 

Figure BRW03-3. May be a significant under-estimate. 
area drilled and tested by MCR during 1979-82 (about 1.8 sq miles), because there is no information that establishes the 
horizontal limit of the reservoir. The reservoir area could be much larger. If, for example, it occupies much of the 
&ismically active region of the South Brawley KGRA between the Imperial and Brawley faults (Figure BRW03-2), then the 
area could be as large as c.30 sq miles, which would increase the estimated modal generation capacity to over 800 MW. 
The estimatedpower density of the area is about 28 MW/sq mile (most-likely value; see Figure BRW03-3). Heat-in-place at 
depths of less than c.11,OOO ft is not included in the estimate, because shallower permeability is apparently limited If it is 
possible to inject at shallow levels, additional heat may be available. The reservoir is hypersaline as at the Salton Sea 
(project SALOO), but much deeper (>11,OOO ft; Figure BRWOO-2) and with much higher dissolved C02 and heavy metals. 
The res of higher scaling and corrosion tendency and higher development and operations costs. 

Figure CALOO-4. Relatively uncertain, in spite of abundant shallow well data. The maximum depth drilled has, been about 
2,000 ft and there are very few holes deeper than about 600 R Upflow into the shallow aquifer is believed to occur along an 
axis (probably a fault or hcture zone) that coincides with the geographic center of the NW-SE trending Napa Valley. 
Locations of relatively high temperatures (>2500F) in the shallow system occur near the NW and SE ends of this axis, at a 
separation of about 1.8 miles. The generation estimate assumes that there is a reservoir at depths greater than 2,000 ft, and 
average temperatures as high as 32OoF, that connects and surrounds these two locations and feeds the shallow aquifer. The 
32OOF estimate is given by the Na-K-Ca thermometer without an Mg correction. Default values have been used for 
estimated reservoir thickness. Deep exploration and electrification development would seem unlikely, due to extensive use 
of the shallow aquifer and intense development (commercial, agricultural and residential) in the Calistoga area. 

Figure COSOO-2. Based on a relatively good understandmg and defmition of the resource. The histogram of estimated 
values has a broad maximum, which makes the most-likely value relatively non-unique. Figure COSOO-3 shows that the 
Coso field has generally maintained power output in the range of 260 to 300 MW gross since the ninth turbogenerator unit 
went on-line in 1 

Figure DUN004 Shallow gradient drilling appears to limit the size of the temperatwe anomaly but a lack of deep 
information makes the estimate relatively uncertain. For example, although Figure DUNOO-3 shows a model of the system 
that places the deep reservoir beneath the shallow anomaly, this anomaly could instead be the outflow of a deeper and hotter 

Figure EASOO-5. Based on relatively complete and reliable data, but operators apparently have had difficulty maintaining 
production at the installed capacity of 73 MW. The principal uncertainty is reservoir thickness. 

lculated capacity that is listed here corresponds only to the 
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Area or Puwer Plant 

HEBOO 

LAKOO 

LVMOO 

MEDOl 

MEDO2 

Heber Field-wide Summary Figure HEBOO-3. Based on relatively good and complete data. Reservoir thickness has been largely confmed to the 
thickness being exploited and known to be sufficiently permeable for production. A larger amount of heat-in-place (and 
higher capacity) would be calculated by adding the hot rock (below about 6,500 ft depth) which underlies production wells 
in the SIGC area, outside of the central hot core of the system; however, the deep rock in this (SIGC) area may have 
relatively low permeability. 

Lake City / Surprise 
Valley 

Long Valley - M-P Leases M-P Lease Summary 

Lake City production), the thickness and extent of the reservoir remain very 

has a very high permeability and a high natural recharge rate. Figure 
This is not explicitly reflected in the heat-in-place method, which neglects the addition of heat to the exploited reservoir 
volume in the time frame of commercial development. The assumed 5% default minimum recovery factor is therefore likely 

the generation capacity of the area may be greater than the minimum (90% probable) estimate. 

8,503 ft) and no publically available samples of the geothermal fluid. There is one ID slim hole (TD 4,416 ft.), with a 
maximum tempera- of 45S0F and a temperature profile that suggests permeable, convective conditions below about 3,000 
ft depth. The deep exploration hole shows some permeability at c.6,OOO ft and a temperature reversal below c.4,OOO ft 
(T.Box, per.s.com. 25 July 03). 

2) The generation capacity estimate herein does not use a most-likely (Mlk) estimate of reservoir area, only a minimum and 
a maximum. It is felt that inadequate inform 

1) This estimate (Figure MEDO2-I) is based on relatively 
have been drilled and tested. The most-uncertain parameter is reservoir area A reasonable minimum area is pro 
the distribution of the three wells. A much larger maximum possibie area is given by the location of the shallow, 
38°C/1000F isotherm at 1500 m elevation (Figure MEMO-1). However, the correlation of this isotherm with 
of the deep reservoir is not established with confidence. For the purposes of reserves associated with Telephone Flat, a 9 sq 
mi area in the vicinity of the propsed power plant is being used. 

2) A reservoir volume number is not provided, because reservoir volume is calcualted from most-likely area and most-likely 
thickness, but the generation capacity estimate herein does not use a most-likely (Mlk) estimate of reservoir area, only a 

Medicine Lake Fourmile Hill re MEDOI-2) is based on relatively limited information. There is just one deep exploration well (TD 

ailable to estimate the Mlk area. 

Medicine Lake Telephone Flat information, as there are three deep, hll-diameter wells that 

h u m .  It is felt that inadequate information is available to estimate the Mlk area. 

states that "The Supplemental Environmental Assessment (EA) for geothermal leasing in the Glass 
Mountain KGRA provided an estimation of the electric-generation potential of the Glass Mountain KGRA to be about 550 
MW for a 30-year period. However, this estimation was based on iadirect information with very limited geothermal 
resource data obtained from only a few deep temperature gradient holes in the area. More recent information suggests that 
the actual commercial development potential of the Glass Mountain KGRA is far less than earlier projected." The factual 
basis for this comment is not given. 
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PROJ ID Field or District Area or Power Plant CommenMVotes 

MOSOO 

NIL00 

Mount Signal 

Niland 

RAN00 Randsburg 

SAL00 Salton Sea 

SESOO Sespe I ,at S ~ L  ..igs 

Figure MOS00-3. Based on relatively good data from temperature gradient holes and one ID Slim hole (to 1826 ft, BHT 
259'0. No fluids samples (apparently a blind anomaly). Represents only the part of the anomaly that is within the U.S. 

Figure ML00-1. This capacity estimate is confined to the area that was drilled and (it has been reported) successfully tested 
in the early 1980s. Evidence suggests that the Niland resource is the eastern-most edge of the Salton Sea system, although 
the Niland wells are located about 1 mile east of the shallow heat flow anomaly showy on Figures SALOO-1 and -2, and 
permeability at Niland is deeper than in the Salton Sea reservoir (see Figure BRWOO-2). Deep, hot rock at temperatures 
similar to those encountered at Niland probably extends across a much larger area, at a power density of about 32 MW/sq 
mile (minimum estimate). 

Figure WOO-2. Highly uncertain. The shallow temperature anomaly is well-defmed, but the actual temperature, 
thickness and area of the resource are largely assigned default values. There are no chemical data. The highest measured 
temperature reported is 23YF at 772 ft. Results of drilling by Phillips in 1981 are not in the public domain. 

Figure SAL00.3. This estimate, which is based on relatively good and complete data, represents an area of 18.1 sq miles 
within the shallow gradient anomaly (Figures SAL00-1 and -2) that is on-shore or can reasonably be reached by directional 
drilling from on-shore at this time. The total shallow gradient anomaly is some 28 sq miles, and if scaled to that value, the 
Min (90% probable) value of generation capacity would become 2090 MW. The histogram which is the frequency of 
generation estimates (on Figure SALOO-3) has a relatively broad maximum, which means that the most-likely (modal) 
estimate is relatively non-unique. 

For comparison, a recent published estimate of the generation capacity of the geothermal field can be summarized as 
follows: 

A) Hulen and others (2002) (HulO2a) have estimated the area of the Salton Sea resource based on the 1 l"F/lOOft 
(2OO0C/km) shallow temperature gradient contour, which has been defwd by more than 100 shallow boreholes and deep 
geothermal wells (Figure SALOO-1). The area inside this contour is estimated by Hul02a to be 72.4 square km, or 28 square 
miles (sqmi). 

B) The estimation method used by HulO2a is to divide the existing developed production capacity (335 MWe) by the land 
area that has been extensively drilled to support this capacity (4.0 sq mi), to obtain a MWe/sqmi value, and then scale this 
value up to 28 sqmi. Accordingly, (33Y4.0) = 83.7 MWdsqmi, and 28 sqmi*83.7 MWe/sqmi = 2330 MWe (see Figure 
SALOO-2). HulO2a estimates the onshore resource of the Salton Sea as having a potential of 900 MWe, which is within the 
range of the minimum and most-likely estimates presented in this database. 

Field-wide summary 

Figure SES00-1. Based on default values for a non-volcanic system, except for temperatures from hot spring chemistry (3 
samples, all very similar). 
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PROJ ID Field or District Area or Power Plant CommentsAVotes 

SULOO 

SUP00 

Sulphur Bank Clear Lake 

Superstition Mountain 

Figure SULOO-5. Deep drilling data indicate widespread temperatures M25"F at depths of 4,000 to 7,000 ft., that are 
associated with a volcanic heat source. The distribution of deep permeability is uncertain. A commercially productive well 
former Sulphur Bank mercury mine. This well found production of water at about 425OF h m  a depth of 1,625 ft. 
Relatively shallow permeability may be confined to SW-NE andor E-W-trending fault /fktw zones that have been the 
locus of the mercury and sulfur deposit that was exploited by the mine. However, the amounts of historic hot spring activity 
at the site, and the size of the mercury deposit, suggest hydrologic communication with a much larger volume of rock than 
would be contained by these fault/hctm zones alone. 

Figure SUPOO-3. Except for area, this calculation is based on deafult values for Nevada Basin and Range resources, and the 
applicability of these defaults to this setting is uncertain. Area is based on isotherms at 200 ft depth (maximum 1 10°F), and 
is also relatively uncertain. 
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Hetch Hetchy/SFPUC Programmatic Renewable Energy Project 
Project: 1.3 New Geothermal Site Identification and Qualification 
Project Team: GeothermEx, Inc 
Task 1.3.10 Final Project Report 
Subject: D.13.10.3 Final Report 

Table 5: Estimated Generation Capacities - by Exploration-D ment Catego y 
5 -3ovrs) ~ ~ ~ ~ t i ~ ~ c ~ ~ d ~ ~  3 Installed 3 Ewlor- J 

Ternmrtzture PJI volume D ~ L  
ID Field or D Power Plant StateCounty Mn Mlk Mar (mi3 Gross - Net CaL' Min Mk Mean Std Dev. 

BEOOO Beowawe NV Eureka- 400' 410" 420" 1.70 16.7 16 A 30 41 58 21 
Lander 

NV Churchill 26 20 A 11 18 22 8.3 

deSummary CA 300 270 A 246 355 490 189 

DES00 DesertP 11 9.9 A 33 45 79 40 

Caithness Dixie Valley NV Churchill 420" 440' 460' 3.17 66 56 A 71 107 142 56 

EASOO East Mesa Field-widesummary CA Imperial 300' 310" 320' 8.54 73.2 

EMPOO Empire (San Emidio) Field-wide summary NV Washoe 285" 305' 330' 0.62 4.8 

GEYOO Geysers Field-wide Summ 464' 468" 482" 37.88 1000 

HEBOO Heber Field-widesummary CA Imperial 330" 340' 360' 6,73 100 

HONOO Honey Lake Area-wide Summ CA Lassen 230" 240' 250' 1.09 6.4 

LVMOO Long Valley - M-P M-P Lease Summary CA Mono 342" 362' 382" 8.18 40 

SAL00 Salton Sea Field-widesummary CA Imperial 550' 575' 600" 25.71 350 

Sonoma 

Leases 

56 A 

4.6 A 

900 A 

79 A 

3.4 A 

30.1 A 

326 A 

119 148 167 38 

4.3 6.6 11 6.7 

1200 1400 1400 N1 

109 142 158 40 

5.7 8.3 13 6.9 

70 111 148 65 

1350 1750 1880 400 

SOD00 SodaLake SodaLakeNo.lDJo.2 NV Churchill 340" 360" 370" 2.12 26.1 16.6 A 29 42 62 28 

STEOO Steamboat Hot Sprs Field-wide Summary NV 350" 370" 390" 2.33 59.84 48.1 A 56 62 78 17 
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5 -3lhrrs) I 2 Installed 3 E-~lor- ~ ~ ~ ~ ~ ~ ~ ~ ~ c i n , ~  
PROJ Area or TemDerature pFl Volume Cqad@ 0 DmeL 
D Field or District Power Plant StateCounty MJn Mk Mar (mi3 Gross - N& Cat4 Min Mlk Mean StdDev. 

STIOO Stillwater Stillwater Geothermal 1 NV Churchill 290" 310" 330" 1.09 19 10 A 11 18 21 8.0 

WABOO Wabuska NV Lyon 225" 245" 290" 1.33 1.45 1.2 A 8.1 13 17 8.0 

Totals for Categog: 2100 1847 3353 4267 4746 458 6 

Category: B - One or more wells tested nt -1 W. 

BRWO1 Brawley Brawley (North Brawley) CA Imperial 490" 510" 530" 2.45 0 - B  88 135 144 45 
BRW02 Brawley East Brawley CA Imperial 480" 520" 560" 2.21 0 - B  85 129 138 44 
BRW03 Brawley South Brawley CA Imperial 480" 500" 520" 1.19 0 - B  45 62 70 21 

FISOO Fish Lake (Valley) NV Esmeralda 340" 380" 2.25 0 - B  30 47 62 27 

LAKOO Lake City / Surprise Lake City CA Modoc 320" 335" 350" 2.18 0 - B  23 37 49 21 

MEDOl Medicine Lake Fourmile Hill CA Siskiyou 388" 428" 455" 2.05 0 - B  25 36 70 42 

MED02 Medicine Lake Telephone Flat CA Siskiyou 440" 480" 490" 5.05 0 - B  110 175 256 128 

NIL00 Niland CA Imperial 500" 540" 550" 1.39 0 - B  59 76 92 27 

(Mesquite field) 

Valley 

RYE01 Rye Patch-Humboldt Rye Patch NV Pershing 335" 345" 405" 1.13 12.5 8.75 B 16 20 34 15 
House District 

STIOl Stillwater Stillwater N Expansion NV Churchill 310" 330" 350" 1.36 0 - B  16 24 31 11 

SULOO Sulphur Bank Clear Lake CA Lake 400" 450" 1.66 0 - B  27 43 61 30 

Totals for Categog: I3 9 524 784 1007 160 6 

Catego ry: C - Minimitm 212OF logged downhole. 

AUROO Aurora NV Mineral 250" 345" 440" 2.65 0 - c  31 51 70 35 

BAL00 Baltazor NV Humboldt 288" 306" 316" 1.19 0 - c  11 16 24 11 
BLUOO Blue Mountain NV Humboldt 291" 345" 440" 1.33 0 - c  16 30 38 19 
CALOO Calistoga CA Napa 275" 320" 1.86 0 - c  17 25 35 16 

HHWP-042, D1.3.10.3,31 December 2003 Table 5 -Page 2 of 5 500-01-042 
Friday, March OS, 2004 

c 



4 - 3 0 ~ ~ )  I z Installed 3 -lor- cenmatiOn CWa&,(&fW 
PROJ Area or Ternmature pn Vofume CapoCiry Devel. 
ID Field or District Power Plant StateCounty MJn Mk Marc (hi3 Gross - Net Cat4 Min Mlk Mean StdDev. 

COLOO Colado NV Pershing 215" 270' 330' 0.80 0 - 
DIXOl Dixie Valley Dixie Valley Power NV Churchill 

DUN00 Dunes 

EMIOO Emigrant (Fis NV Esmeralda 

FALOO Fallon / Cars Carson Lake anomaly NV Churchill 

FLY00 Fly RancWGranite Ranch Ward's (Fly/Hualapi 
Flat) H.S. 

Ranch Granite Ranch NV Washoe- 
Pershing 

GEROO Gerlach Spring) NV Washoe 

HAW00 Hahhorne NV MineraI 
HAZOO Hazen (Black Butte) (Patua Hot Springs) NV Lyon 

KYLOO Kyle Hot Springs (Buena Vista Valley) NV Pershing 

LEA00 Leach Hot Springs Grass Valley NV Pershing 

LEE00 Lee Hot Springs NV Churchill 

MCGOO McGee Mountain NV Humboldt 

MOSOO Mount Signal CA Imperial 

NEW00 New York Canyon NV Pershing 

NOROO North Valley NV Churchill- 
Washoe 

PUMOO Pumpernickel Valley Tipton Ranch/Hot NV Humboldt 

PYROO Pyramid Lake Indian (Needle Rocks Hot NV Washoe 

(Granite Mtn.) 

Springs Ranch 

Reserv. Springs) 

445" 460' 475" 4.69 0 - 

250" 400" 0.86 0 - 
230" 340" 450' 6.77 0 - 
360" 370" 380' 2.61 0 - 
200" 220' 210' 2.40 0 - 
221" 345' 440' 0.53 0 - 

290' 340° 385' 2.50 0 - 
200" 285" 440" 1.06 0 

280" 330" 430" 1.25 0 

280' 375" 412' 0.99 0 

220" 265" 343" 1.79 0 

303' 324' 0.53 0 

225' 345" 440" 1.86 0 - 
250' 345" 440" 1.19 0 - 
245' 345' 440" 1.72 0 - 
255" 345' 440' 3.18 0 

235' 295" 356" 1.19 0 

240" 345" 417' 0.93 0 
r 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

3.7 

107 

7.4 

49 

34 

6 .O 

5.4 

17 

8.7 

6.3 

16 

13 

5.4 

19 

12 

20 

37 

10 

9.9 

6.2 

151 

11 

85 

55 

8.7 

8.1 

25 

14 

8.5 

22 

18 

9.4 

28 

19 

26 

49 

13 

14 

8.3 4.1 

210 83 

18 10 

118 63 

74 34 

13 5.7 

13 7.1 

36 16 

22 13 

14 6.9 

36 19 

29 15 

11 5.1 

47 26 

29 15 

46 23 

84 43 

22 11 

23 12 
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2 Installed 3 G ~ e a t i o ~ C ~ a d @ ( M W  -3Ovrs) 1 

PROJ Area or Terneattire OF) Volume Capad@ 0 Dew& 
ID Field or District Power Planf StateCounty Min M l k  Max (mi3 Gross - Net Cat' Min Mlk Mean StdDev. 

DOUOO Double - Black Rk Hol 
Springs 

GLAOO Glamis 

HYDOO Hyder Hot Springs 

PIN00 Pinto Hot Springs 

PIROO Pirouette Mountain 

SESOO Sespe Hot Springs 

SHOO0 Shoshone-Reese River 

SOH00 Sou Hot Springs 

SUP00 Superstition Mountain 

TRIO0 Trinity Mountains 
District 

WILOO Wilson Hot Springs 

NV Humboldt 

CA Imperial 

NV Pershing 

NV Humboldt 

(S.Dixie Valley) NV Churchill 

CA Ventura 

NV Lander 

(Seven DevildGilbert's NV Pershing 
H.S.) 

CA Imperial 

Telephone Well area NV Church.- 
Persh.- 
Wash. 

NV Lyon 

RAN00 Randsburg CA San 

RYE02 Rye Patch-Humboldt Humboldt House NV Pershing 

SAW00 Salt Wells Eight Mile Flat NV Churchill 

SILO0 Silver Peak (Alum prospect) NV Esmeralda 

Bernardino 

House District 

Categoy: D - Other exploration datahnformation. 

240" 345" 440" 3.31 0 - c  32 48 82 46 

290" 345" 440" 2.12 0 - c  27 34 60 30 

330" 400" 430' 3.98 0 - c  63 96 136 63 

310" 345" 440" 2.85 0 - c  41 78 91 43 

Totals for Category: 

240' 255" 275" 2.12 

250" 400" 0.83 

180" 310' 1.67 

285" 366O 440" 1.33 

190" 345" 440" 1.52 

230" 265" 300" 0.53 

225" 345' 440' 1.19 

180' 370' 0.53 

225' 345O 440' 0.66 

225' 345" 440" 3.98 

200" 345" 440" 1.13 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

625 

D 20 

D 4.3 

D 5.5 

D 18 

D 16 

D 3.6 

D 13 

D 3.3 

D 5.9 

D 42 

D 10 

949 

33 

6.4 

9.6 

29 

23 

5.3 

18 

6.1 

9.5 

66 

17 

1389 

53 

11 

15 

39 

40 

7.8 

30 

9.5 

15 

100 

27 

6 166 

31 

6.0 

8.4 

19 

22 

3.6 

16 

6.1 

8.0 

53 

15 

Totals for Category: 0 6 142 223 347 73 
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2 Ins tdki  3 EqIo*  ti^^^^^^^^ -3Ovrs) I 

PROJ Area or Ternuerature (W Volume capad& ~ n t c l .  
ID Field or District Power Plant StateCounty Min MIR Max (Mi3 Gross - Net C a t 4  Mn Mlk Mean StdDev. 

Grand TotaIs: 2113 1856 4644 6223 7490 518 

1. Reservoir temperature values used for Monte-Carlo estimation of generation capacity. 
Min = minimum average; Mlk = most-likely average; Max = Maximum average. 

2. The listed reservoir volume is the product: (most-likely average reservoir thickness) x (most-likely reservoir area), where the most-likely values are those used for 
Monte Carlo estimation of generation capacity. 

3. Installed generation capacity, gross and net M. Applies only to fiploration-Development Category A. 

4. Exploration-Development Category 
A = existing power plant operating 
B = one or more wells tested at >= 1 MW 
C = a temperature >=212'F has been logged downhole (or boiling temperature for local elevation) 
D = other exploration data (such as spring chemistry andor shallow temperature gradient measurements) 

5. Min = Minimum = generation capacity value with Monte Carlo simulation cumulative probability of more than 90% 
Mlk = Most-likely = Monte Carlo simulation modal generation capaciq value 
Mean = Monte Carlo simulation mean value 
Std Dev. = Standard Deviation of the Mean value 

6. The standard deviation of the sum of mean values is the square root of the sum of squares of individual standard deviations. 

HHWP-042, D1.3.10.3,31 December 2003 Table 5 -Page 5 of5 500-0 1-042 
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Medicine Lake 1 

ssu3 1 

Hetch Hetchy/SFPUC Programmatic Renewable Energy Projeci 
Project: 
Project Team: GeothermEx, Inc. 
Task: 13.10 Final Project Report 
Subject: D.13.103 Final Report 

Table da: Data for 

1 3  New Geothermal Site Identification and Qualification 

Costs vs. Depth 
compfaon 

Date Unescalated Producer Escalaion Total Cost Escalated 

Depth cost Indcx Ju&2003 to2003 PerFoot 
(mtimated Total Total Price Factor to Escalated Cht 

wen Veil?) (US8 (PPI) (2?P+1420) (US$) W W  Comments 

Completion date is at end of remedial work. 
7-oct-02 8,503 $3,709,300 146.1 0.972 $3,603,047 $433 Not clear how much idle rig time. 

From GCS' submitted to CEC by Unocal 
141-88 7,000 $3,575,000 09.7 1.583 $5,659,420 $808 on 7 September 1993. Average of 2 producers. 

C 

Cost is for first leg only. 
Full well cost was $3,282,000 
including 2.1934 fork (8,900'to 11,093). 

HHWP-042, D1.3.10.3,31 December 2003 Table 6a - Page 1 of 5 500-01-042 



Hetch Hetchy/SFPUC Programmatic Renewable Energy Project 
Project: 
Project Team: GeothermEx, Inc. 
Task 1.3.10 Final Project Report 
Subject: D.13.10.3 Final Report 

1.3 New Geothermal Site Identification and Qualification 

Vulcan 1 

Hoch 1 

Table da: Data for Statistical Correlation of Drilling Costs vs. Depth 

~~ 

141-85 4,000 $1,772,486 100.0 1.420 

1Jul-87 5,000 $3,078,000 87.6 1.621 

cow fenon 
Date Unescalated Producer Escalation 

(estimated Total Total Prfce Factor to 
datm in Depth cost Zndex Juiy 2003 

Wen itaIia) (re4 WS$) (PPg (PP&142.0) 

$2,516,930 

$4,989,452 

$4,633,732 

$4,702,150 

From GCS‘ submitted to CEC by Magma 
on 2 September 1993. Average of 7 producers. 

From GCS’ submitted to CEC by Magma 
on 2 September 1993. Average of 7 producers. 

From GCS’ submitted to CEC by Magma 
on 2 September 1993. Average of 8 producers. 

From GCS’ submitted to CEC by Magma 
on 2 September 1993. Average of 8 producers. 

$629 

$998 

$772 

$627 

Elmore 1 14~1-87 6,000 $2,858,556 87.6 1.621 

Leathers 1 1J0l-88 7,500 $2,970,302 89.7 1.583 

I I I 

$2,400,967 

$2,021,796 

$2.494.726 

From GCS’ submitted to CEC by Unocal 
on 7 September 1993. Average of 3 injectors. 
Depth assumed to be same as production wells. 

From GCS’ submitted to CEC by Magma 
on 2 September 1993. Average of 5 injectors. 
Depth assumed to be same as production wells. 

From GCS‘ submitted to CEC by Magma 
on 2 September 1993. Average of 4 injectors. 
Depth assumed to be same as production wells. 

$343 

$505 

$499 

ssu3 2 141-88 7,000 $1,516,667 89.7 1.583 

Vulcan 2 

HHWP-042, D1.3.10.3,31 December 2003 

1 Jul-85 4,000 $1,423,800 100.0 1.420 

Table 6a - Page 2 of 5 

Hoch 2 

Elmore 2 

c 

14111-87 5,000 $1,539,000 87.6 1.621 

1J~l-87 6,000 $1,767,108 87.6 1.621 

c 

$2,864,490 

500-01-042 

c 

From GCS’ submitted to CEC by Magma 
on 2 September 1993. Average of 4 injectors. 
Depth assumed to be same as production wells. $477 



Hetch Hetchy/SWUC Programmatic Renewable Energy Projecl 
Project: 1 3  therma! Site Id 

Task 13.10 Final Project Report 
Project Team: Geo Inc, 

Un Escaldon Total Cost Escalated 
Factor to Escalated cost 
.Tu62003 to2003 PerFoot 

WW (PPa (ppII42.0) (US$) WW Comments 

I Ormesa 1-1 1J~C86 

Ormesa 1-2 1JUl-86 
I 

Ormesa 11-2 1Jul-87 

7,500 

6,OOC 

I I 

$2,506,193 I 89.7 

4- $1,904,762 100.0 

$852,632 93.0 5,000 

HHW-042, D1.3.10.3,31 December 2003 Table 6a - Page 3 of 5 

From GCS' submitted to CEC by Magma 
on 2 September f993. Average of 4 injectors. 
Depth assumed to be same as production wells. $529 
I 

From GCS' submitted to CEC by HGC 
on 26 August 1993. Averaae of 11 Droducers and 
10 inject&% Calculated a i  total fieid cost 
(including 
gathering system) divided by 21 wells. 

From GCS' submitted to CEC by Ormat 
(Fall 1993). Average of 11 producers. 

From GCS' submitted to CEC by Onat  
(Fall 1993). Average of 10 injectors. 

$451 

$316 

$270 IDepth assumed tobe same as production wells. I 
I 

From GCS' submitted to CEC by Ormat 
(Fall 1993). Averaae of 19 producers. $260 

From GCS' submitted to CEC by Ormat 
(Fall 1993). Average of 13 injectors. 
Depth assumed to be same as production wells. $169 

F m  GCS' submitted to CEC by Ormat 
(Fall 1993). Average of 7 producers. 

From GCS' submltted to CEC by Onnat 
(Fall 1993). Average of 4 injectors. 
Depth assumed to be same as production wells. 

$271 

$263 

500-01-042 



Hetch Hetchy/SFPUC Programmatic Renewable Energy Projed 
Project: 
Project Team: GeothermEx, Inc. 
Task 13.10 Final Project Report 
Subject: D.1.3.103 Final Report 

1.3 New Geothermal Site Identification and Qualification 

Table 6a: Data for Sfafitical Correlation of Drilling Costs vs. Depth 
conrp!eetlon 

Date Unescalated Producer Escalation Total Cost Escalated 

dates in Depth cost Index Ju& 2003 to 2003 Per Foot 
(estimated Total Total Price Factor to Escalated cost 

HHWP-042. D1.3.10.3,31 December2003 

c 
Table 6a - Page 4 O f  5 

c 
500-01-042 

c 
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Hetch Hetchy/SFPUC Programmatic Renewable Energy Projecl 
Project: 
Project Team: GeothermEx, Inc. 
Taak: 13.10 Final Project 
Subject: D.13.103 Final Rep0 

Table tin: Data for Statistical Correlation of Drilling Costs vs. Depth 

1.3 New Geothermal Site Identification and Qualification 

cortfpfl??ton . 
P f O d U C t r  Total Cast Escalated 

Prim Escalated Cost 
Inda to2003 PmFoot 

1. GCS = Geothermal 

HHWP-042, D1.3.10.3,31 December 2003 Table 6a - Page 5 of 5 500-01-042 



Hetch Hetchy/SFPUC Programmatic Renewable Energy Project 
Project: 
Project Team: GeothermEx, Inc. 
Task: 1.3.10 Final Project Report 
Subject: D.1.3.10.3 Final Report 

1.3 New Geothermal Site Identification and Qualification 

Table 6b. Data for Stafistical Correlation of Well Productivity vs. Temperature 

Permeable Zone 
Plmt Number M W g r o s ~  Average 

CePdtV well ofA&e perActive Tempemme’ 
h j e c t  ID Field hojeet (Mfygrass) PIantTechnoloa m e ‘  Producm Well (“F3 

BEOOO Beowawe 
BRA00 Brady’s Hot Springs 
cos00 cos0 Field-wide Summary 
DES00 Desert Peak 
DIXOO Dxie Valley Caithness Dixie Valley 
EMPOO Empire (San Emidio) Field-wide summary 
HONOI Honey Lake Amedee 
HON02 Honey Lake WendeVWineagle 
HON03 Honey Lake WendellHoney Lake Power 
WKOO Lake City I Surprise Valley Lake City 
LVCOO Long Valley - Casa Diablo MP Field Summary 
SOD00 Soda Lake Soda Lake No.VNo.2 
STEOI Steamboat Hot Sprs Lower SB: Steamboat I-1A 
STEO2 Steamboat Hot Sprs Lower SB: Steamboat 11-111 
STEO5 Steamboat Hot Sprs Upper SB: Yankee-Caithness 
STIOO Stillwater Stillwater Geothermal 1 
WABOO Wabuska 

Notes: 
(1) S = self-flowing, P = pumped. 

16.7 
26 
300 
11 
62 
4.8 
I .75 
0.7 
2.5 
2.5 
40 

26.1 
9.2 
36.2 
14.44 

19 
1.45 

Dual Flash 

Dual Flash 
Dual Flash 
Single Flash 
Binary 
Binary-Water Cooled 
Binary-Water Cooled 
Hybrid 

Binary 
Binary-Air Cooled 
Binary-Air Cooled 
Binary-Air Cooled 
Dual Flash 
Binary-Air Cooled 
Binary 

P 3 5.6 
s, p 11 2.4 
S 93 3.2 
S 2 5.5 
S 7 8.9 
P 3 1.6 
P 2 0.9 
P 1 0.7 
P 1 2.5 
S 1 2.5 
P 8 5.0 
P 5 5.2 
P 3 3.1 
P 8 4.5 
S 3 4.8 

s, p 4 4.8 
P I I .5 

(2) The permeable zone average temperature is the average of the Min and Max values specifically for the permeable zone, as listed in the Data Summary Sheet for each field. 
This is typically higher than the most-likely value of the average reservoir temperature used in the Monte-Carlo heat-in-place calculation. 

HHWP-042, D1.3.10.3.31 December 2003 Table 6b - Page 1 of 1 

c 

420 
365 
521 

412.5 
453 

305.5 
224.5 
230 
247 

332.5 
337.5 
367 , 

335 
330 
457 

332.5 
223.5 

500-01-042 

c c 



C 
Hetch Hetchy/SF'PUC Programmatic Renewable Energy Project (1) 
Project: 1.3 New Geothermal Site Identification and Qualification 
Project Team: GeothermEx, Inc. 
Task: 13.10 Finat Project Report 

Table 7: Details 

AdjFact Commmt cost 
$560,000 1 .o Two holes to 2000 ft each 

Drilling: ID Slim hole($: roads and pads well 2 $50,000.00 0.5 $50,000 
Drilling: ID Slim hole(@: temperature logs well 2 $5,000.00 1 .o $1~,000 
Drilling: TG hole(s) foot 2500 $15.00 1 .o Five holes to 500 ft each, to better define the heat anomaly between the 00 

Aurora hole and the hot area at Borealis mine. 
Geology: field mapping $20,000.00 1 .o May be less if Phillips data can be obtained. 
Geophysical survey: gravity 
Geophy sica 
Reporting - 

Total f o  

$25,000.00 
$12,500.00 

1 .o 
1 .o 

May be less if Phillips did survey and data can be obtained 
May be less if Phillips did survey and data can be obtained. 

Ooject: 
Method # Units Cosr/unit CostAdj. 

Considerable information appears to exist in the public domain. 
Additional exploration probably not warranted. 

Reporting - Documentation and Administration (2Ph of subtotal) 

Project: BE000 Beowawe 

Total for Project 

Unit # Units Cost/unit C'ostA@.Fact. Comment 
A well-known ma. Significant additional exploration probably not 
needed. 

Total for Project 

HHWP-042, D13.10.3,31 December 2003 
Friday, March OS, 2004 
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$20,000 
$25,000 
$ 12,500 

$143,000 
$858,000 

cost 

cost 

500-01-042 



Project: BLUOO Blue Mountain 
Method Unit # Units Cost /unit Cost AdjFact Commmt 
Geochemistry surveys project 1 $30,000.00 0.5 
Geophysical survey: gravity project 1 $25,000.00 1.0 Extensive exploration has already been done, although the 

documentation obtained does not mention detailed gravimetry or 
detailed fluids chemistry surveys (water samples from boreholes), and 
does not describe the chemical data that may have been obtained from 
hole Deep Blue No. 1. Accordingly, these two kinds of survey are 
listed here. 

Reporting - Documentation and Administration (20% of subtotal) 
Total for Project 

Project: BRA00 
Method Unit # Units Cost/unit Cost Adj.Fact. Comment 

Brady ‘s Hot Springs 

It is assumed that any additional exploration of the Brady‘s area will 
consist of the integration of existing data, and deep drilling that is 
estimated under confmation costs. 

Reporting - Documentation and Administration (20% of subtotal) 
Total for Project 

Project: BR WOI 
Method Unit # Units Cost /unit Cost Adj.Fact. Comment 

Braw!q - Brawlq (North Braw!ty) 

1 .o It is assumed that no M e r  exploration is needed 
Reporting - Documentation and Administration (20% of subtotal) 

Totalfor Boject 

Project: BR W02 
Method 
Drilling: TG hole@) 

Brawky - East Brawky 
Unit # Units Cost/unit Cost Adj.Fact Comment 
foot 5000 $15.00 1 .o Drill 10 holes to 500 ft each (or a larger number to shallower depth), 

to better define the temperature anomaly. 

Reporting - Documentation and Administration (20% of subtotal) 
Total for Project 

Project: BR W03 
Method Unit # Units Cost /unit Cost Adj.Fad Comment 
Drilling: TG hole@) foot 5000 $15.00 1 .o Drill 10 holes to 500 ft, to better define the temperature anomaly. 

Brawlq - South Brandq (Mesquiteflel~ 

HHWP-042, D1.3.10.3,31 December2003 
Fridq, Mtarch OS, 2004 
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cost 
$ 15,000 
$25,000 

$8,000 
$48,000 

cost 

cost 

Cost 
$75,000 

$15,000 
$90,000 

cost 
$75,000 

500-01-042 
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Reporting - Documentation and Administration (20% of subtotal) 
TotaI for Project 

Project: W O O  Calistoga 
Method Unit # Units Cost /unit Cost Adj.Fad. Comment 

It is assumed that sufficient exploration has been done to enable a 
deep, N1-diameter hole to be sited. 

Reporting - Documentation and Admi 

Project: Cot00 Colatio 
Method Unit # Units CoSt/unit CostAdj. t 
Drilling: ID slim hole(s) foot 4000 $140.00 1 .o Two holes, each to c.2000 ll, to test the area S of Woolsey. 
Drilling: ID Slim hole@): roads and pads well 2 $50,000.00 1 .o 
Drilling: ID Slim hole(@: temperature logs well 1 $5,000.00 1 .o 

Well Test: ID slim hole, 3-10 well 2 $40,000.00 1 .o 

ion (20% of subtotal) 
Total for Project 

Geophysical survey: gravity project 1 $25,000.00 1 .o The Getty hole was probably too far to the south. An exploration 
program that targets the area of hot wells S of Woolsey is envisioned. 

Reporting - Documentation and Administration (20% of subtotal) 

Project: 0 Cos0 - Field-wide Summary 
Method Unit # Units nit Cost AdJFact. Comment 

Total for Project 

It is assumed that any "exploration" costs for expansion to the Mlk 
(Modal) Estimated Capacity would be a small fraction of confmation 
costs. However, if the expansion includes a significant stepout (e.g. 
to the Northeast Frontier, project COSO4), then part of this 
"confurnation" expense may be considered to be "exploration" 

Project: DES00 Desert Peak 
Method it # Units Cost /unit Cost AdjFact. Comment 

The area has been extensively explored already. No new activity 
foreseen, other than deep drilling and testing. 

HHWP-042, D1.3.10.3,31 December 2003 
Fridqy, March OS, 2004 
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$15,000 
$90,000 

COSt 

COSt 
$560,000 
$100,000 

$5,000 
$25,000 

$80,000 
$154,000 
$924,000 

COSt 

cost 

500-01-042 



Reporting - Documentation and Administration (20% of subtotal) 
Total for Project 

Project: DIXOO 
Method Unit # Units Cost /unit Cost AdjFad Comment 

Dixie Valley - Caithness Dixie Valley 

The area has already been extensively explored No new activities 
foreseen other than deep drilling. 

Reporting - Documentation and Administration (20% of subtotal) 

Project: DE01 
Method Unit # Units Cost /unit Cost Adj.Fad Comment 
Other project 1 $ 10,000.00 5.0 Review of existing data and information to assist the siting of deep 

Reporting - Documentation and Administration (20% of subtotal) 

Total for Project 

Dixie Valley - Dixie Valley Power Partners (DKPP) 

holes drilled for confirmation. 

Total for Project 

Project: DOUOO 
Method Unit # Units 
Drilling: ID slim hole@) foot 16000 

Double - Black Rk Hot Springs 

Drilling: ID Slim hole(s): roads and pads well 8 
Drilling: ID Slim hole@): temperature logs well 8 
Drilling: TG hole@) foot 20000 

Geophysical survey: gravity project 4 
Geophysical survey: ground magnetics project 4 
Geophysical survey: MT or DC resistivity project 2 
Well Test: ID slim hole, 3-10 days well 4 
Reporting - Documentation and Administration (20% of subtotal) 

Total for Project 

Cost/unit Cost Adj.Fact. Comment 
1 .o $140.00 Two holes to 2000 ft each, at each of 4 hot spring areas along the 

lineament. 
$50,000.00 1 .o 
$5,000.00 1 .o 

$15.00 1 .o 

$25,000.00 0.8 
$12,500.00 0.8 

Ten holes to 500 ft each, at each of 4 hot spring areas along the 
lineament. 
Gravity surveys around and between each of 4 hot spring areas. 
Surveys around and between each of 4 hot spring areas. 

$200,000.00 1 .o Surveys in two areas. 
$40,000.00 1 .o 

Boject: DUN00 Dunes 
Method Unit # Units Cost /unit Cost AdjFact. Comment 

HHWP-042, D1.3.10.3,31 December 2003 
Friday, March 05,2004 
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cost 

cost 
$50,000 

$ 10,000 
$60,000 

cost 
$2,240,000 

$400,000 
$40,000 

$300,000 

$80,000 
$40,000 

$400,000 
$160,000 
$732,000 

$4,392,000 

Cost 

500-01-042 
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Drilling: ID slim hole@) foot 4000 $140.00 1 .o Two holes each to 2000 f€. One would be sited at location of hole 
UCR 11 5 (Figure DUNOO-2), the second to the west, probably 
between there and hole DWR No. 1. 

Drilling: ID Slim hole(@: roads and pads well 2 $50,000.00 1 .o 
Drilling: ID Slim holes): temperature logs well 2 $5,000.00 1 .o 
Geophysical survey: gravity project 1 $25,000.00 1 .O 
Reporting - Documentation and Administration (20% of subtotal) 

Project: E4SOO 
Method Unit # Units Cost/unit Cost Adj.Fad Comment 

Total for Project 

East Mesa - Field-wide summa y 

$ 

Total for Project 

# Units Cost/unit Cost Adj.Fad Comment 
$10,000.00 4.0 Cost of compiling and interpreting existing exploration data (much of 

hands) to enable siting a deep hole. 
nd Administration (20% of subtotal) 

Total for Project 

Project: EMPOO Emp Emidio) - Field-wide summary 
Method Unit # Units Cost/unit CostAdj.Fact. 

Reporting - Documentation and 

Project: FALOO Fall0 
Method CostA$.Fact. Comment 
Other 

Total for Project 

4.0 Integration of existing data to allow siting the f M  deep hole. It is 
assumed that the most important data and information is in the public 
domain, or can be obtained from private parties at a reasonable cost. 

Reporting - Documentation and Administration (20% 
Total for Project 

HHWP-042, D1.3.10.3,31 De 
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$560,000 

$100,000 
$10,000 
$25,000 

$1 39,000 
$834,000 

cost 

cost 
$40,000 

$8,000 
$48,000 

cost 

Cost 
$40,000 

$8,000 
$48,000 

500-01-042 
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Project: FISOO Fish Lake (VaIIey) 
Method Unit # Units Cost /unit Cosi Adj.Fad Comment 
Other project 1 $ 10,000.00 6.0 Cost of integrating the large body of existing data to site further deep 

Reporting - Documentation and Administration (20% of subtotal) 

Project: FLY00 
Method Unit # Units Cost /unit Cost A#.Fad Comment 

drilling. 

Total for Project 

Fly Ranch/Granite Ranch - Ward's (FlyLRiiaIapi Flao H.S. 

No exploration program is estimated, because deep drilling has 
discovered a temperature of only 21 1°F at 5,000 ft depth. Further 
exploration and deep drilling are relatively unlikely to attract 
commercial interest. 

Reporting - Documentation and Administration (20% of subtotal) 
Total for Project 

Project: FLY01 
Method Unit # Units Cost /unit Cost AdJFad Comment 
Drilling: ID slim hole@) foot 400 $140.00 0.5 Drilled at the ranch location to intercept the 220°F permeable zone 

Drilling: ID slim hole(@ foot 2000 $140.00 1 .o Two holes to 1000 ft each, sited and drilled after all other exploration 

Fly RancWGranite Ranch - Granite Ranch 

previously encountered and obtain fluids samples for chemical 

studies. 
Drilling: ID Slim hole@): roads and pads well 2 $50,000.00 1 .o 
Drilling: ID Slim hole@): temperature logs well 2 $5,000.00 1 .o 

Geophysical survey: gravity project 1 $25,000.00 1 .o 
Geophysical survey: ground magnetics project 1 $12,500.00 1 .o 
Drilling: TG hole($ j '  foot 3000 $15.00 1 .o Six holes to 500 ft each, to defme the anomaly. 

Reporting - Documentation and Administration (20% of subtotal) 

Project: GEROO 
Method Unit # Units Cost/unit Cost AdJFad Comment 

Total for Project 

GerIach - (Great BoiIirtg Springl 

HHWP-042, D1.3.10.3,31 December 2003 
Friday, March OS, ZOO4 
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cost 
$60,000 

$12,000 
$72,000 

cost 

cost 
$28,000 

$280,000 

$ 100,000 
$10,000 
$45,000 
$25,000 
$12,500 

$600,600 
$100,100 

Cost 

500-01-042 
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c 
Other project 1 $10,000.00 3.0 

n and Administration (20% of subtotal) 
Total for Project 

This area has already been extensively explored The results of several 
holes drilled to c.3,000 ft during the early-mid 1990s are not 
available. It is assumed that these data can be obtained, and deep 
confirmation wells sited on the basis of the information obtained from 
them, once this has been integrated into all other information from the 
area. The cost listed represents studies to perform this data integration 
and well siting. 

Project.: GEYOO 
Method Unit # Units Cost/unit Cost AdJFact. Comment 

Geysers - Fteld-wide Summary 

Reporting - Documentation and Administration (20% of subtotal) 
Total for Project 

Project.: GUOO Glamis 
Method Unit # Units Cost/unit Cost AdjFad Comment 
Drifling: ID slim hole@) foot 4000 $140.00 1 .o Two holes each to 2,000 ft 
Drilling: ID Slim hole($: roads and pads well 2 $50,000.00 1 .o 
Drilling: ID Slim hole@): temperature logs well 2 $5,000.00 1 .o 
Drilling: TG hole@) foot 4000 $15.00 1 .o 
Geophysical survey: gravity project 1 $25,000.00 1 .o 
Reporting - Documentation and Administration (200? of subtotal) 

Project: Ril WOO Rinvthome 
Method # Cost/unit Cost AdjFact. Comment 6 

Other project 1 $ 10,000.00 3.0 It is assumed that the ID Slim hole drilling planned for 2003 is taking 
place or will take place, and that with that drilling them will be 
sufficient information for siting confmation holes. The cost listed is 
to cover integration of all data and a selection of sites. 

Total for Project 

Reporting - Documentation and Administration (20% of subtotal) 

Wazen (Black Butte) - (Patua Rot Spn 
Method Unit # Units Cost /unit Cost Adj.Fad Comment 

HHWP-042, D1.3.10.3,31 December2003 
Fridqv, March OS, 2004 
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c 
$30,000 

$6,000 
$36,000 

Cost 

cost 
$560,000 
$100,000 
$10,000 
$60,000 
$25,000 

$1 5 1,000 
$906,000 

cost 
$30,000 

$6,000 
$36,000 

cost 

500-01-042 



Drilling: ID slim hole@) foot 4000 

Drilling: ID Slim hole@): roads and pads well 2 

Drilling: ID Slim hole(s): temperature logs well 2 

Geophysical survey: gravity project 1 
Geophysical survey: grouhd magnetics project 1 
Geophysical survey: MT or DC resistivity project 1 
Reporting - Documentation and Administration (20% of subtotal) 

Drilling: TG hole(@ foot 400 

Total for Project 

Project: HEBOO 
Method Unit # Units 

Reporting - Documentation and Administration (20% of subtotal) 

Heber - Field-wide Summary 

Total for Project 

$140.00 0.8 Two holes to 2000 ft each. Cost factor is adjusted for the possibility 
of relatively easy drilling in sedimentary rocks (the Magmaow hole 
drilled to nearly 4000 f€ at a location 1.5 miles to the SW encountered 
only sediments). It is assumed that these holes will not reach 
reservoir depth, so a testing Cost is not listed 
For two holes, cost factor adjusted for flat terrain, possibility 
of relatively easy access. 

To define the anomaly. Assumes 8 holes to 500 ft each. 

$50,000.00 0.8 

$5,000.00 1 .o 

$25,000.00 1 .o 
$12,500.00 1 .o 

$200,000.00 1 .o 

$15.00 1 .o 

Cost / w i t  Cost Ad.Fact. Comment 
Additional exploration is assumed to be unnecessary. 

Project: HONOO 
Method Unit # Units Cost/unit Cost Adj.Fact. Comment 

Honey Lake - Area-wide Summmy 

The area has been extensively explored. It is relatively unlikely that 
additional exploration will assist in the finding of deep permeability. 
Drilling is required. 

Reporting - Documentation and Administration (20% of subtotal) 
Total for Project 

Project: H Y D O O  Hyder Hot Springs 
Mihod 
Drilling: ID slim hole@) 
Drilling: ID Slim hole(s): roads and pads 
Drilling: ID Slim hole(@: temperature logs 
Drilling: TG hole(s) 
Geophysical survey: gravity 
Geophysical survey: ground magnetics 

- - 
Unit # Units Cost/unit CostAdJFad Comment 
foot 4000 $140.00 1 .o Two holes to 2000 ft each. 
well 1 $50,000.00 0.8 Relatively flat terrain, easy access possible. 
well 1 $5,000.00 1 .o 
foot 4000 $15.00 1 .o Eight holes to 500 ft., to better define the anomaly. 
project 1 $25,000.00 1 .o 
project 1 $12,500.00 1 .o 

HHWP-042, D1.3.10.3,31 December 2003 
Fridq, March OS, 2004 

c 
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c 

$448,000 

$80,000 

$10,000 
$60,000 
$25,000 
$12,500 

$167,100 
$1,002,600 

$200,000 

cost 

cost 

cost 
$560,000 
$40,000 
$5,000 

$60,000 
$25,000 
$12,500 

500-01-042 

c 



c C' 
Reporting - Documentation and Administration (20% of subtotal) 

Total for Project 

Project: K Y Z O O  
Method Unit # Units Cost /unit Cost Adj.Fact Comment 
Drilling: ID slim hole(@ foot 4000 $140.00 1 .o Two holes to 2000 ft each. 'May be reduced to one hole if data are 

Drilling: ID Slim hole(s): roads and pads well 1 $50,000.00 0.8 
Drilling: ID Slim hole($: temperature logs well 5 $5,000.00 1 .o Allows logging of oil and gas wells (availability not confmed) 
Drilling: TG hole(@ foot 4000 $15.00 1.0 Eight holes each to 500 ft, to define the anomaly in the area of the hot 

Kyle Hot Springs (Granite M h )  - (Buena Visfa Valley) 

available from the oil and gas wells (Figure KYLOO-1) 

springs. 

n and Administration (20% of subtotal) 
Tofal for Froject 

Project: 0 Lake Cyiy /Surp lley - Lakecliy 
Method Unit # Units Cost Adj.Fact. Comment 

Since there is alre 
additional exploration is envisioned. However, some additional 
studies may be warranted if not already done. These include 
gravimetry and a complete integration of the existing data. 

(apparently) successhl confirmation hole, no 

on and Administration (20% of subto 

Project: M O O  Grass Valley >\. 

Method # Units Cost/unit Cost AdJFact. Comment 
Drilling: ID slim hol foot 2000 $140.00 1 .o ry extensively explored, with 

the public domain, but there is relatively little Sonnation from the 

e@): roads and pads well 1 $50,000.00 
Drilling: ID Slim hole(@: temperature logs well 1 $5,000.00 
Reporting - Documentation and Administration (20% of subtotal) 

Total for Project 

HHWP-042, D1.3.10.3,31 December 2003 
Fridty, March OS, 2004 

1 .o 
1.0 

areaE of the hot springs. A small amount of drilling in the E area 
suggests elevated temperatures, and the possibility of an anomaly in 
the foot wall of the W-dipping fault (system) that probably feeds the 
hot springs. This cost represents drilling a hole to 2000 ft at a 
location about 0.5-0.7 miles E of the hot springs, in the middle of 

c 
$ 140,500 
$843,000 

COSt 
$560,000 

$40,000 
$25,000 
$60,000 

$137,000 
$822,000 

cost 

Cost 
$280,000 

$50,000 
$5,000 
$67,000 

$402,000 

Table 7- Page 9 of 18 500-01-042 



Project: LEE00 Lee Hot Springs 
Method Unit # Units 
Drilling: ID slim hole@) foot 4000 

Drilling: ID Slim hole(@: roads and pads well 2 
Drilling: ID Slim hole@): temperature logs well 2 
Drilling: TG hole(@ foot 4000 
Geology: field mapping project 1 
Geophysical survey: gravity project 1 
Geophysical survey: ground magnetics project 1 
Reporting - Documentation and Administration (20% of subtotal) 

Total for Project 

Cost /unit Cost Adj.Fad Comment 
1 .o $140.00 Two holes to 2000 ft each. A decision to drill would be partly 

contingent on the results of the 3000 ft Oxy hole, if available. 
$50,000.00 1 .o 
$5,000.00 1 .o 

$20,000.00 1 .o 
$25,000.00 1 .o 
$12,500.00 1 .o 

$15.00 1 .o Eight holes each to 500 ft. 

Project: L K t f O O  Long Valley - M-P Leases - M-P Lease Summary 
Method Unit # Units Cost/unit Cost Adj.Fad Comment 
Drilling: ID slim hole@) foot 12000 $140.00 1 .o Four holes each to 3,000 ft at widely spaced locations, to confm the 

Drilling: ID Slim hole@): roads and pads well 4 $50,000.00 1 .o 
Drilling: ID Slim hole(@: temperature logs well 4 $5,000.00 1 .o 

temperature model of the resource, and to confm permeability. 

Well Test: ID slim hole, 3-10 days well 4 $40,000.00 1 .o The proposed hole depths are relatively likely to encounter 
Reporting - Documentation and Administration (20% of subtotal) 

Total for Project 

Project: MCGOO McGee Mountain - (Painted Hills) 
Method Unit # Units Cost /unit Cost Adj. F a d  Comment 
Drilling: ID slim hole@) foot 4000 $140.00 1 .o Two holes each to 2000 !I. 
Drilling: ID Slim hole(@: roads and pads well 2 $50,000.00 1 .o 
Drilling: ID Slim hole(s): temperature logs well 2 $5,000.00 1 .o 
Drilling: TG hole(s) foot 4000 $15.00 1 .o Eight holes to 500 ft each. Locally rugged topography may make 

access difficult. 
Geology: field mapping project 1 
Geophysical survey: gravity project 1 
Geophysical survey: ground magnetics project 1 
Reporting - Documentation and Administration (20% of subtotal) 

Total for Project 

HHWP-042, D1.3.10.3,31 December 2003 
Fridqy, March OS, 2004 

$20,000.00 1 .o Probably already done (data in private hands) 
$25,000.00 1 .o 
$12,500.00 1 .o 
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cost 
$560,000 

$100,000 
$10,000 

$20,000 
$60,000 

$25,000 
$ 12,500 

$157,500 
$945,000 

Cost 
$ 1,680,000 

$200,000 
$20,000 

$ 160,000 
$412,000 

$2,472,000 

COSt 
$560,000 
$100,000 
$10,000 
$60,000 

$20,000 
$25,000 
$12,500 

$157,500 
$945,000 

500-0 1-042 

c c c 



. .. ".. - . . . . . ... - .  

Project: MEDOl 
Method Unit # Units Cost/unit Cost Adj.Fact. Comment 

Reporting - Documentation and Administration (20% of subtotal) 

Project: 02 Medicine Lake - Telephone Flat 
Method Unit # Units Cost /unit djFact Comment 

Reporting - Docmentation and Administration (20% of subtotal) 

Medicine Lake - Fourmile Hill 

Total for Project 

Total for Project 

cost 

Project: MOSOO 
Method Unit # Units Cost/unit Cost Adj.Fact Comm 
Drilling: ID slim hole@) 1 .o 
Drilling: ID Slim hole@): ma $50,000.00 1 .o 
Drilling: ID Slim hole@): temp $5,000.00 1 .o 
Geology: field mapping $20,000.00 1 .o 

$140.00 Drill a second 2000 ft hole, at a location to the E of the existing hole. 

1 .o 
stration (20% of subtotal) 

New Pork Canyon 
Unit # Units Cost /unit Cost Adj.Fact. Comment 

Drilling: fD slim hole@) foot 4000 $140.00 1.0 Two holes to 2000 ft each 
Drilling: ID Slim hole(@: roads and pads well 2 $50,000.00 1 .o 
Drilling: ID Slim hole($: temperature logs 2 $5,000.00 1 .o 
Geology: field mapping 1 $20,000.00 1.0 
Geophysical survey: gravity project 1 $25,000.00 1 .o 
Geophysical survey: ground magnetics project 1 $12,500.00 1 .o 

Drilling: TG hole(@ 4000 $15.00 1 .o Eight holes to 500 ft each 

Geophysical survey: MT or DC resistivity project 1 $200,000.00 1 .o This expense may be warranted by the high TG at TD in hole BV 

$280,000 

$5,000 
$20,000 
$12,500 
$73,500 

$441,000 

$50,000 - 

cost 
$560,000 
$1 00,000 
$10,000 
$60,000 
$20,000 
$25,000 
$12,500 

$200,000 

Total for Project 
Reporting - Documentation and Administration (20% of subtotal) 

HHWP-042, DI.3.10.3,31 December 2003 Table 7- Page 11 of18 

I P  

Cost 

$197,500 
$l,l85,000 

500-0 1-042 



Project: NIL00 Niland 
Method Unit # Units Cost/unit Cost AdjFact Comment 

Reporting - Documentation and Administration (20% of subtotal) 
No additional exploration is likely to be needed. 

Total for Project 

cost 

Project: NOR00 North Valley 
Method Unit # Units Cost/unit Cost Adj.Fact. Comment cost * 

Geology: field mapping project 1 $20,000.00 1.0 $20,000 
Geophysical survey: ground magnetics project 1 $12,500.00 1 .o $12,500 
Geophysical survey: MT or DC resistivity project 1 $200,000.00 1 .o May help defme depth and areal extent of deep permeability (high-risk $200,000 

expense). 
Reporting - Documentation and Administration (20% of subtotal) 

Total for Project 

Project: PIN00 Pinto Hot Springs 
Method Unit # Units 
Drilling: ID slim hole(@ foot 4000 
Drilling: ID Slim hole@): roads and pads well 2 
Drilling: ID Slim hole($: temperature logs well 2 
Drilling: TG hole@) foot 8000 

Geology: field mapping project 1 
Geophysical survey: gravity project 1 
Geophysical survey: ground magnetics project 1 
Reporting - Documentation and Administration (20% of subtotal) 

Total for Project 

Cost /unit Cost Adj.Fact. Comment 
$140.00 1 .o Two holes to 2000 fl each. 

$50,oO0.00 1 .o 
$5,000.00 1 .o 

$20,000.00 1 .o 
$25,000.00 1 .o 
$12,500.00 1 .o 

$15.00 1 .o Six holes to 500 fl on each of the E and W sides, plus four holes in 
the area between the two hot springs 

Project: PIROO Pirouette Mountain - fS.DMe ValIey) 
# Units Cost/unit Cost A4.Fact Comment Mghod Unit 

Drilling: ID slim hole($ foot 

Drilling: ID Slim hole(s): roads and pads 
Drilling: ID Slim hole(s): temperature logs 
Geophysical survey: gravity project 

HHWP-042, D1.3.10.3,31 December 2003 
Fridq, March OS, 2004 

well 
well 

6000 

1 
1 
1 

$140.00 1 .o A deep ID Slim hole to test for permeability and temperature. A 
developer might choose to proceed directly to full-diameter drilling 
(calculated as confirmation cost). 

$50,000.00 1 .o 
$5,000.00 1 .o 

$25,000.00 1 .o 

Table 7- Page 12 of 18 

$46,500 
$2 79,000 

cost 
$560,000 
$100,000 
$120,000 $10,000 

$20,000 
$25,000 
$12,500 

$169,500 
$1,017,000 

Cost 
$840,000 

$50,000 

$25,000 
$5,000 

500-01-042 

c 



C' 
Geophysical survey: gravity project 1 $25,000.00 1 .o $25,000 
Well Test: ID slim hole, 3-10 days well 1 $40,000.00 1 .o $40,000 
Reporting - Documentation and Administration (20% of subtotal) $197,000 

Total for Project $1,182,000 

0 Pumpernicket Valley - Tipton RancWot Springs Ranch 
Unit # Units Cost/unit Cost Ac@Fact. Comment 
foot 4000 $15.00 1 .o Eight holes each to 500 R 

Geology: field mapping project 1 $20,000.00 1 .o 
Geophysical survey: gravity project 1 $25,000.00 1 .o 
Geophysical survey: ground magnetics project 1 $ 12,500.00 1 .o 
Reporting - Documentation and Administration (20% of subtotal) 

Total for Project 

cost 
$60,000 

$25,000 
$12,500 
$23,500 

$141,000 

$20,000 

Project: PPROO 
Method Unit # Units Cost /unit Cost Adj.Fad Comment COSt 

Geology: field mappin Project 1 $20,000.00 1 .o $20,000 

qtt.mnidLake Indian Resent. - (Needle Rocks Hot Springs) 

Drilling: TG hole(@ foot 4000 $15.00 1 .o Eight holes to 500 ft each $60,000 

Geophysical survey: project 1 $25,000.00 1 .o $25,000 
Geophysical survey: ground magnetics project 1 $12,500.00 1 .o $12,500 
Reporting - Documentation and Administration (20% of subtotal) $23,500 

RAN00 Randsburg 
Method its Cost/unit Cost Adj.Fact. Comment 
Drilling: ID slim hole@) To duplicate the Phillips ID Slim Hole, if data from that hole cannot 

be obtained 
Drilling: ID Slim hole@): roads and pads well 1 $50,000.00 1 .o 
Drilling: ID Slim hole@): temperature logs $5,000.00 1 .o 
Well Test: ID slim hole, 3-10 days $40,000.00 1 .o 

$140.00 1 .o 

Reporting - Documentation and Administrat 
Total fo 

Project: RmOI Rye Patch-Humboldt House District - Rye Patch 
Method Unit # Units Cost /unit Cost A@.Fact Comment 

HHWP-042, D1.3.10.3,31 December 2003 
Friday, March OS, 2004 
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$141,000 

COSt 
$280,000 

$50,000 
$5,000 

$40,000 
$75,000 

$450,000 

cost 

500-01-042 
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The area has been very extensively explored. Confirmation wells need 
to be sited on the basis of a thorough integration of the existing data. 

Reporting - Documentation and Administration (20% of subtotal) 

p/oiec: RYE02 
Method Unit # Units Cost/unit Cost Adj.Fa& Comment 

Total for Project 

Rye Patch-Humboldt House District - Humboldt House 

It is assumed that abundant exploration data are already in private 
hands and that no more exploration should be needed to site the f~ 
deep confmation hole. However, if this is not the case, then 
additional exploration will be warranted. Methods of primary interest 
may include gravimetry and ID Slim hole drilling. 

Reporting - Documentation and Administration (20% of subtotal) 
Total for Project 

Project: SAL00 
Method Unit # Units Cost /unit Cost Adj.Fa& Comment 

Reporting - Documentation and Administration (20% of subtotal) 

Salton Sea - Field-wide summary 

No additional exploration should be needed. 

Total for Project 

Project: SAW00 
Method Unit # Units 

Drilling: ID slim hole(s) foot 4000 

Drilling: ID Slim hole(@: roads and pads well 4 
Drilling: ID Slim hole@): temperature logs well 4 
Geophysical survey: gravity project 1 
Geophysical survey: ground magnetics project 1 
Reporting - Documentation and Administration (20% of subtotal) 

Salt Wells - Eight Mile Flat 

Total for Project 

Cost /unit Cost AdJFad. Comment 
1 .o 
1 .o $140.00 Additional ID Slim hole drilling is regarded as necessary to site 

another deep confmation well. Four holes each to 1000 ft are 
$50,000.00 1 .o 
$5,000.00 1 .o 

$25,000.00 1 .o Assumed not yet done 
$12,500.00 1.0 Assumed not yet done 

Project: SESOO Sespe Hot @rings 
Method Unit # Unils Cost/unit Cost Adi.Fa& Comment 
Drilling: ID slim hole(s) foot 4000 $140.00 

HHWP-042, D1.3.10.3,31 December 2003 
Fridqy* March OS, 2004 

c 

1 .o Two holes each to 2000 ft. 

Table 7 - Page 14 of I8  

coft 

cost 

cost 

$560,000 

$200,000 
$20,000 

$12,500 
$25,000 

$163,500 
$981,000 

cost 
$560,000 

500-01-042 

c 



Drilling: ID Slim hole@): roads and pads well 2 $50,000.00 1 .o 
Drilling: ID Slim hole@): temperature logs well 2 $5,000.00 1 .o 
Geology: field mapping project 1 $20,000.00 1 .o 
Geophysical survey: gravity project 1 $25,000.00 1.0 
Geophysical survey: ground magnetics project 1 $12,500.00 1 .o 

Drilling: TG hole@) foot 4000 $15.00 1 .O Eight holes each to 500 ft 

Reporting - Documentation and Administration (20% of subtotal) 
Total for Project 

Unit # Units Cost /unit Cost Aa/.Fact. Comment 
foot 4000 $140.00 1 .o Two holes each to 2000 ft 

Drilling: ID Slim hole@): roads well 2 $50,000.00 1 .o 
Drilling: ID Slim hole(@: temperature logs well 2 $5,000.00 1 .o 
Geology: field mapping $20,000.00 1 .o 
Geophysical survey: grav $25,000.00 1 .o 
Geophysical survey: grou $12,500.00 1 .o 
Reporting - Docubentation an 

Project: SILO0 Siher Peak 
Method Unit # Units unit Cost Adj.Fact. Corn 
Other $10,000.00 3 .O Cost for a thorough study and integration of existing exploration data 

istration (20% of subtotal) 
Total for Project 

(in private hands but assumed available) to enable siting a deep 
confiation well. If hole 56-29 did indeed flow, and if water samples 
were analysed, these should be evaluated for indications of deep 
temperature. 

Reporting - Documentation and Administration (20% of sub 
Total for Project 

Project: SOD00 Soda Lake Soda Lake NQ.UVO.~ 
Method Unit # Units Cost /unit Cost AdJFact Comment 
Other 

Reporting - Documentation 

$lO,000.00 5 .O Cost for a thorough study of existing data to enable siting additional 
wells. - 

Total for Project 

HHWP-042, D1.3.10.3,31 December 2003 
Fridq, March OS, 2004 
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$100,000 
$10,000 

$20,000 
$60,000 

$25,000 
$12,500 

$157,500 
$945,000 

cost 
$560,000 
$100,000 
$10,000 
$20,000 
$25,000 
$12,500 

$145,500 
$873,000 

cost 
$30,000 

$6,000 
$36,000 

cost 
$50,000 

$10,000 
$60,000 

500-01-042 



Project: SOH00 Sou Hot Springs - (Seven DeviIs/GiIbert's H.S.) 
Method Unit # Units Cost/itnit Cost AdjFad. Comment 
Drilling: ID slim hole@ foot 4000 $140.00 1 .o Two holes to 2000 ft each. 
Drilling: ID Slim hole@): roads and pads well 2 $50,000.00 1 .o 
Drilling: ID Slim hole(@: temperature logs well 2 $5,000.00 1 .o 

Geophysical survey: gravity project 1 $25,000.00 1 .o 
Geophysical survey: ground magnetics project 1 $12,500.00 1 .o 

Drilling: TG hole@) foot 4000 $15.00 1 .o Eight holes to 500 ft each. 

Reporting - Documentation and Administration (20% of subtotal) 

Project: STEOO 
Method Unit # Units Cost /unit Cost AdjFad. Comment 

Reporting - Documentation and Administration (20% of subtotal) 

Total for Project 

Steamboat Hot Sprs - Field-wide Summary 

Already very extensively explored 

Total for Project 

Project: STTOO 
Method Unit # Units Cost/unit 

StiIIwater - StiIlwater Geothermal 1 

Reporting - Documentation and Administration (20% of subtotal) 

Project: STIOl 
Method Unit # Units Cost /unit 

Total for Project 

StiIIwater - StiIlwater N Expansion 

Cost Adj.Fact. Comment 
It is assumed that no additional exploration is needed. 

Cost Aq.  Fad. Comment 
It is assumed that no additional exploration is needed. 

Reporting - Documentation and Administration (20% of subtotal) 
Total for Project ' 

Project: SULOO 
Method Unit # Units Cost /unit Cost AdjFad. Comment 

Reporting - Documentation and Administration (20% of subtotal) 

Surpkur Bank - CIear Lake 

It appears that additional exploration is not needed. 

Total for Project 

HHWP-042, D1.3.10.3,31 December 2003 
Fddqy, March OS, 2004 
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cost 
$560,000 
$ 100,000 
$10,000 
$60,000 
$2 5,O 0 0 
$12,500 

$153,500 
$921.000 

Cost 

cost 

cost 

cost 

500-01-042 
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Project: SUP00 Superstition Mountain 
Method Unit #Units 
Drilling: ID slim hole@) foot 4000 
Drilling: ID Slim hole($: roads and pads well 2 
Drilling: ID Slim hole@): temperature logs well 2 
Geophysical survey: gravity project 1 
Geophysical survey: ground magnetics project 1 
Reporting - Documentation and Administration (20% of subtotal) 

Total for Project 

Cost /unit Cost A@.Fact. Comment 
$140.00 1 .o Two holes each to 2000 ft. 

$50,000.00 1 .o 
$5,000.00 1 .o 

$25,000.00 1 .o 
$12,500.00 1 .o 

Project: TWO0 ninity Mountains District - Telephone Well area 
Method Unit # Units Cosl/unit Cost Adj.Fact. Comment 
Drilling: ID slim hole(s) foot 4000 $140.00 1 .o Two holes each to 2000 ft, in the am-a of Telephone Well. 
Drilling: ID Slim hole@): roads and pads well 2 $50,000.00 1 .o 
Drilling: ID Slim hole@): temperature logs well 2 $5,000.00 1 .o 
Geology: field mapping $20,000.00 1 .o 
Geophysical survey: gravity project 1 $25,000.00 1 .o 
Geophysical survey: ground magnetics project 1 $12,500.00 1 .o 

Drilling: TG hoIe(s) $15.00 1 .o Eight holes, each to 500 ft, in the general area of Telephone Well. 

Reporting - Documentation and Administration (2Wh of subtotal) 

Project: WABOO Wabuska 
Method Unit # Units Cost /unit Cost Adj.Fact. Comment 
Drilling: ID slim hole(@: temperature logs well 5 $5,000.00 1 .o Re-logging of existing holes (assumed available) 
Geophysical survey: gravity project 1 $25,000.00 1 .o 
Geophysical survey: gro project 1 $12,500.00 1 .o 

Total for Project 

Other project 1 $10,000.00 4.0 Intgration of existing data to establish a conceptual model of the 

Reporting - Documentation and Administration (20% of subtotal) 

Project: mL00 Wilson Hot 
Method it # Units Cost/unit Cost AdjFact Comment 
Drilling: ID slim hole@) foot 4000 $140.00 1.0 One hole to 4,000 ft., or two to 2,000 ft each. 

HHWP-042, D1.3.10.3,31 December 2003 
Fridq, March OS, 2004 

resoutce and assist further well siting. 

Total for Pmject 
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cost 
$560,000 
$100,000 
$10,000 
$25,000 
$12,500 

$14 1,500 
$849,000 

cost 
$560,000 
$100,000 
$ 10,000 

$20,000 
$60,000 

$25,000 
$ 12,500 

$157,500 
$945,000 

cost 
$25,000 
$25,000 
$12,500 
$40,000 

$20,500 
$123,000 

Cost 
$560,000 

500-01-042 
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Hetch Hetchy/SFPUC Programmatic Renewable Energy Project 
Project: 1.3 New Geothermal Site Identification and Qualification 
Project Team: GeotbermEx, Inc. 
Task 13.10 Finat Project Report 
Subject: D.13.103 Final Report " - 

(4 Table 8: Ekploration, Confirmation and Site Development Cost Estimates - Summa?y with Cost Totals 

Estimated Costs in tho 

M P i &  Most-likelv Estimated Generation Cuuaci~ 0 (3) 
K.l;plot-Existng Expfov 
Dmel Wellhi &on Confrm DevefopSite E+C E+C+ W Confirm Developsite E+C E+C+ 

(9 W) SD (9 SD 
PROJ 
ID Field or Area Power Plant cat @) 

BEOOO Beowawe 30 $4,930 W8,048 $4,930 $52,978 41 $9,675 $84,618 $9,675 $94,293 
BLUOO Blue Mountain C 0 1 0  $48 16 $3,110 $36,376 $3,158 $39,534 30 $6,112 $67,277 $6,160 $73,437 
BRA00 Brady's Hot Springs $0 18 $2,927 $7,233 $2,927 $10,160 

COLOO Colado C 0 1 0  $924 3,7 $2,086 $13,600 $3,010 $16,610 6.2 $2,086 $22,180 $3,010 $25,190 
DES00 Desert Peak A 10/0 33 $4,848 $54,703 $4,848 $59,551 45 $7,257 $82,568 $7,257 $89,825 

$0 6.6 $1,593 $6,276 $1,593 $7,869 
FALOO Fallon /Carson Lake CarsonLake anomaly C O /  0 $48 34 $11,808 $94,956 $11,856 $106,812 55 $17,735 $145,992 $17,783 $163,775 
FLY00 Fly RancWGranite Ranch Ward's (FlyEIualapi C O/ 0 9,832 $15,981 $75,813 8.7 $19,986 $83,100 $19,986 $103,086 

FLY0 1 Fly RancWGran C 0 1 0  $601 5.4 $2,615 $14,271 $3,216 $17,487 8.1 $2,615 $22,435 $3,216 $25,651 
GEROO Gerlach (GreatBoilingSpring) C 0 1 0  $36 17 $7,250 $55,380 $7,286 $62,666 25 $10,858 $82,320 $10,894 $93,214 

HAZOO Hmn(B1ackButte) (PatuaHot Springs) C 0 1 0  $1,003 6.3 $3,010 $21,402 $4,013 $25,415 8.5 $3,010 $24,702 $4,013 $28,715 
HONOO Honey Lake Area-wide Summary A 1.2/0 5.7 $1,716 $10,368 $1,716 $12,084 8.3 $3,249 $15,810 $3,249 $19,059 

KYLOO Kyle Hot Springs (BuenaVistaValley) C 0 1 0  $822 16 $7,250 $47,904 $8,072 $55,976 22 $7,250 $62,880 $8,072 $70,952 
(Granite Mtn.) 

LEAOO Leach Hot Springs Grass Valley C 0 1 0  $402 13 $12,334 $70,560 $12,736 $83,296 18 $16,435 $95,080 $16,837 $111,917 
LEE00 Lee Hot Springs C 010  $945 5.4 $2,615 18,385 $3,560 $21,945 9.4 $2,615 $30,556 $3,560 $34,116 

NEW00 New York Canyon C 0 1 0  $1,185 20 $5,048 $56,741 $6,233 $62,974 26 $7,556 $69,855 $8,741 $78,596 

HHWP-042, D1.3.10.3,31 December 2003 Table 8 -Page I of 5 
Fridq, April 16,2004 



Estimated Costs in thousands(") 

Minimum Estimated Generation Cava&@ Most-like& Estimated Generation Capad@ 
(2) (3) 

Eqlor- Existing Exp lo~  
PROJ Area or Devel Wellhd &'on Mw Confirm DevelopSife E+C E+C+ MW Confinn DevelopNte E+C E+C+ 
ID Field or Area Power Plant cat MW (E) (9 PD) SD (9 0 SD 

NOROO North Valley 
PUMOO Pumpernickel Valley 

PYROO 

RYE01 

RYE02 

SAW00 
SOD00 
STEOO 
STIOO 
STIOl 

Pyramid Lake Indian 
Resew. 
Rye Patch-Humboldt 
House District 
Rye Patch-Humboldt 
House District 
Salt Wells 
Soda Lake 
Steamboat Hot Sprs 
Stillwater 
Stillwater 

C 

Tipton Ranch/Hot C 
Springs Ranch 
(Needle Rocks Hot C 
Springs) 
Rye Patch B 

HumboldtHouse C 

Eight Mile Flat C 
Soda Lake No. 1N0.2 A 
Field-wide Summary A 
Stillwater Geothermal 1A 
Stillwater N Expansion B 

TRIO0 Trinity Mountains Distrid Telephone Well area D 

0 1 0  $279 37 $10,668 $95,704 $10,947 $106,651 49 $12,810 $124,192 $13,089 $137,281 
010.9 $141 10 $2,768 $32,496 $2,909 $35,405 13 $5,356 $41,370 $5,497 $46,867 

0 1 0  $141 9.9 $3,310 $28,075 $3,451 $31,526 14 $6,437 $42,160 $6,578 $48,738 

o /  10 16 

o /  0 27 

0 1 0  $981 63 
16/0 $60 29 
53/ 0 56 
14/ 0 11 
o /  5 16 
0 / 0  $945 42 

$0 

$7,556 

$15,003 
$2,202 

SO 

$0 

$0 
$12,247 

$25,911 

$71,355 

$143,868 
$22,796 
$1,462 

$0 
$23,603 

$1 13,375 

$0 

$7,556 

$15,984 
$2,262 

$0 

$0 
$0 

$1 3,192 

$25,911 

$78,911 

$159,852 
$25,058 
$1,462 

$0 

$23,603 
$126,567 

20 

34 

96 
42 
62 
18 
24 
66 

$0 

$10,062 

$22,376 
$7,558 
$1,048 

$0 
$1,167 

$19,546 

$37,554 

$92,140 

$222,166 
$58,693 
$7,627 

$0 
$39,761 

$177,585 

$0 $37,554 

$10,062 $102,202 

$23,357 $245,523 
$7,618 $66,311 
$1,048 $8,675 

$0 $0 
$1,167 $40,928 

$20,491 $198,076 
WABOO Wabuska A 1.410 $123 8.1 $3,900 $35,127 $4,023 $39,150 13 $5,835 , $61,341 $5,958 $67,299 

Area TOM : 130 $8,684 $142,255 $1,196,299 $1,347,238 $213,154 $1,807,471 $2,029,309 
16 552 $150,939 787 $221,838 

Area: 2 - NV with direct access to C4 

AUROO Aurora C 010  $858 31 $10,602 $85,866 $1 0 $97,326 51 $15,925 $139,923 $16,783 $156,706 
DlXOO Dixie Valley Caithness Dixie Valley A 66 / 0 71 $4,862 $14,623 $4,862 $19,485 107 $7,202 $116,107 $7,202 $123,309 
DIXOl Dixie Valley Dixie Valley Power C O /  0 $60 107 $40,669 $300,684 $40,729 $341,413 151 $55,889 $421,908 $55,949 $477,857 

EMIOO Emigrant (Fish Lake V.) C 0 1 0  $48 49 $21,608 $160,152 $21,656 $181,808 85 $39,425 $279,888 $39,473 $319,361 
FISOO Fish Lake (Valley) B 0 1 7  $72 30 $4,862 $104,355 $4,934 $109,289 47 $9,542 $169,425 $9,614 $179,039 
HAW00 Hawthorne C 010  $36 8.7 $5,885 $32,338 $5,921 $38,259 14 $8,812 $52,343 $8,848 $61,191 

Partners (DVPP) 
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Estimated Costs in thousandd4) 

Minimum Estimated Generation CabaciQ Most-fikelv Estimated Generation Cmacifi! 
(2) (3) 

Ekplo~Esctsrng E k p l o ~  
PROJ Area or D m L  WelIhd &on MW Confirm DeveIopSite E+€ E+€+ MU' Confirm Developsire E+C E+€+ 
ID Field or Area Power Pfmt caf ilfw (E) (9 @D! SD (9 @Dl SD 

PIROO PimuetteMountain (S.DixieValley) D 0 1 0  $1,182 16 $5,048 $44,570 $6,230 $50,800 23 $7,556 
SILO0 Silver Peak (Alum prospect) C 0 1 0  $36 41 $12,495 $112,925 $12,531 $125,456 78 $24,882 
SOH00 Sou Hot Springs 

AnaTolsrs: 66 $4,056 $115,896 $898,788 $1,018,740 $182,706 

7 363 $1 19.952 572 

Area: 3 - OtherW 

BAL00 Baltazor c 0 1 0  11 ,611 $41,628 $7, $49,239 16 $11,400 

$61.241 $8,738 $69,979 
$207,508 $24,918 $232,426 
$19,435 $3,536 $22,971 

$1,521,022 $ 1,707,784 
$1 86,762 

$64,833 $11,400 $76,233 
DOUOO Double - Black Rk Hot D 010  $4,392 20 $12,495 $81,425 $16,887 $98,312 33 $22,376 $133,837 $26,768 $160,605 

MCGOO McGee Mountain 28 $7,556 $79,026 
PIN00 Pinto Hot Springs 
SHOO0 Shoshone-Reese River D 0 / 0  $873 $5,048 $35,956 $5,921 $41,877 18 $5,048 $47,570 $5,921 $53,491 
W O O  Wilson Hot Springs 

springs 

$45,467 141 $66,221 

Area: 4 - Allothe 

BRWOl Brawley Brtiwley (No B 0/20 88 $0 $228,968 135 $14,434 $341,740 $14,434 $356,174 

BRW02 Brawley East Brawley B 0 1 0  $90 85 $47,773 $312,340 $47,863 $360,203 129 $76,925 $464,100 $77,015 $541,115 
BRW03 Brawley South Brawley B 0 1 0  $90 45 $30,175 $179,352 $30,265 $209,617 62 $41,043 $244,442 $41,133 $285,575 

CALOO Calistoga c o /o  17 $7,033 $54,150 $7,033 $61,183 25 $9,368 $75,700 $9,368 $85,068 
cos00  cos0 Field-wide Summary A 280 / 0 246 $0 $0 $0 $0 355 $40,606 $214,800 $40,606 $255,406 

DUN00 Dunes C 010 $834 7.4 $3,310 $24,325 $4,144 $28,469 11 $6,437 $37,660 $7,271 $44,931 
EASOO EastMesa Field-wide summary A 62 / 0 119 $43,663 $250,644 $43,663 $294,307 148 $63,105 $379,051 $63,105 $442,156 

Brawley) 

(Mesquite field) 
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Estimated Costs in thoasandsf') 

Minimum Estimated Generation Cauacitv Most-likeh libtimated Generation CapaciQ 
(2) (3) 

EX~IQP- Exisling @lo+ 
PROJ Area or Devel Wellhd ation MW Confirm DevelopSite E< E X +  MW Confirm DevelopSite E+C E X +  
ID Field or Area Power Plant Mw (E) (9 PD) SD (9 PD) SD 

GEYOO 

GLAOO 
HEBOO 
LAKOO 

LVMOO 

MEW1 
MEDO2 
MOSOO 
NIL00 

RAN00 
SAL00 

SESOO 
SULOO 
sup00 

Geysers Field-wide Summary A 850/ 0 1200 $269,615 $991,684 $269,615 $1,261,299 1400 $420,585 $1,628,424 $420,585 :2,049,009 
Glamis 

Heber 
D 0 1 0  $906 4.3 $4,201 $16,645 $5,107 $21,752 6.4 $4,201 $26,592 $5,107 $31,699 

Field-wide Summary A 100 / 0 109 $1,971 $28,809 $1,971 $30,780 142 $9,317 $104,334 $9,317 $113,651 
Lake City I Surprise 
Valley 

Lake City B 0 1 3  23 $5,356 $67,305 $5,356 $72,661 37 $10,602 $105,801 $10,602 $116,403 

Loris Valley - M-P Lease!M-P Lease Summary A 40/ 0 $2,472 70 $3,366 $11,557 $5,838 $17,395 111 $8,782 $133,170 $11,254 $144,424 
Medicine Lake Fourmile Hill B 0 1 0  25 $7,013 $60,604 $7,013 $67,617 36 $10,503 $85,768 $10,503 $96,271 
Medicine Lake Telephone Flat B 0/15 110 $9,222 $230,702 $9,222 $239,924 175 $24,390 $373,688 $24,390 $398,078 
Mount Signal C 0 1 0  $441 12 $2,387 $32,909 $2,828 $35,737 19 $4,589 $47,136 $5,030 $52,166 
Niland B 0 / 0  59 $21,262 $165,178 $21,262 $186,440 76 $29,234 $217,706 $29,234 $246,940 
Randsburg C 0 1 0  $450 32 $7,783 $79,820 $8,233 $88,053 48 $11,696 $113,366 $12,146 $125,512 
Salton Sea Field-wide summary A 350 / 0 1350 $136,065 $2,125,089 $136,065 $2,261,154 1750 $182,281 $2,967,552 $182,281 ;3,149,833 
Sespe Hot Springs D 0 1 0  $945 3.6 $2,615 $15,685 $3,560 $19,245 5.3 $2,615 $18,235 $3,560 $21,795 
Sulphur Bank Clear Lake B 0 / 0  27 $4,517 $56,997 $4,517 $61,514 43 $8,929 $91,995 $8,929 $100,924 
Superstition Mountain D O/ 0 $849 5.9 $2,615 $15,021 $3,464 $18,485 9.5 $5,123 $24,535 $5,972 $30,507 

Ana To& : 1682 $7,077 $609,942 $4,947,784 $5,564,803 $984,765 $7,695,796 $8,687,638 
38 3,638 $61 7,019 4,723 $991,842 

Grand Tot& : 1878 $27,785 $905,592 $7,322,259 $8,255,636 $1,438,878 $1 1,466,890 $12,933,553 

61 4,644 $933,377 6,223 $1,466,663 

Fridqv, April 16,2001 
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Estimated Costa in thonsandsf') 
~~~ ~~~ ~~ 

Minimum Estimated Generation Capadiv Most-like& Estimated Generation Cavacie fZ) (3) 
Ejqalor- Existing ErpIoe 
D m L  Wellhd d o n  Mw ConfInn DevelopSlic E+C E+C+ MW Confirm Developsite E+C E+C+ 

FieId or Area cat. nnv (E) (9 0 SD (9 @D) SD 
PROJ 
ID 

1. Tke methodologies used for cost estimation are described in Appendices W, V and v7 

2. Exploration-Development Catego y 
A = existingpowerplant operating 
B = one or more wells tested at >c 1 MW 
C = a temperature -212OF has been logged downhole (or boiling temperature for local elevation) 
D = other exploration data (such as spring chemishy and/or shallow temperature gradient measurements) 

3. The number to the left is actual generation and the number to tlte right is iUWproven at the wellhead but not in use. Details are given in Table 9 
(Comments to tlte Cost Estimates). Actual generation values are open uncertain by at least a few percent, because published records diner in detail, 
and often do not specifi gross or net MW. Gross MWis represented whenever available. 

4. Estimates represent the costs to brirtg each resource to the total Estimated Generntion Capaci?vfiom dsting &ear 2003) levels of actual 
generation and/or MWproven but unused at the wellhead Site Development represents the wellfleld andpower plant, but not the transmission line. 

M - 0 4 2 ,  D1.3.10.3,31 December 2003 
Friday, April 26,2004 
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Hetch Hetchy/SFTUC Programmatic Renewable Energy Project 
Project: 1.3 New Geothermal Site 
Project Team: GeothermEx, Inc. 
Task: 13.10 Final Project Report 
Sabject: D.1.3.10.3 Final Report ' 

ation and Qualification 

Area: 1 - Greater Reno (ZW and CA) 

BEOOO 

BLUOO The generation capacity estimate assumes a default value for 
reservoir thickness that results in an estimated average TD/well 

See comments concerning the confirmation estimate for Min 

is more than twice the depth of ID Slim hole Deep Blue 

commercial production from about 2000-2500 ft. (being tested during 
2003), the expected cost/well that is listed here may be too large by a 
factor of about 2. Conversely, the temperature at Deep Blue No.1 
(BHT 291OF) is less than the Mlk average temperature used for the 
generation capacity estimate, and the expected capacity/well at 291°F 
would be 2.4 MW, not 3.4 MW. At 2.4MWlwel1, the expected 
number of wells needed to be drilled for confirmation remains 2, but 
it becomes increasingly likely that that a lending institution would 
require 2 successful full-diameter wells at adequate spacing for long- 
term production, plus one injector (which could possibly be Deep 
Blue No.l), even if the first fulldiameter hole is successful. In such 
a case, it may be necessary to drill 3 fulldiameter holes (with one 
dry). Given these considerations (lesser depth but lower 
temperature), the cost factor for drilling is here adjusted to 0.7. 

MW currently being produced exceeds this estimate. No further 
confirmation applies. 

at well has encountered some possibility of 

BRA00 This estimate represents confirmation to bring generation h m  the 
level actually produced in yr 2000 up to the modal estimated 
capacity, which is less than actual installed gross generating 
capacity. Current average production is about 2.1 MWgr/well(7 
wells pmducing 15 MWgr), which means that 2 wells could be 
needed to confirm 1 .O MW if the first well is not successfbl. 

HHWP-642, D1.3.10.3,31 December 2003 
Friday, March OS, 2004 
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PROJID Comment for Minimum Generation Estimate Comment for Mlk (Modal) Generation Estimate 

COLOO 

DES00 

EMPOO 

FALOO 

FLY00 

FLY0 1 

GEROO 

HAZOO 

The testing of a successful deep hole would require injection capacity 
that might be provided by the ID Slim holes drilled during 
exploration. Otherwise, a second full-diameter hole may be needed. 

Existing generation exceeds the Min Estimated Capacity. 

Deep drilling has discovered a temperature of only 21 I°F at 5,000 ft 
depth and chemical evidence of possibly higher temperatures is 
ambiguous. Therefore, further exploration and deep drilling may not 
easily attract commercial interest. 

Assumes drilling for a resource deeper and hotter than the confirmed 
production of 27SoF(?) water from about 800 ft. See comments at 
generation capacity estimates. 

A financial institution may require a second well as additional 
confirmation and/or as injection capacity. 

Drilling cost factor is adjusted for the possibility of relatively rapid 
penetration through sediments in the upper several thousand feet, 
based on the section at the M a g m a w  hole ('ID 3668 fi) 1.5 miles 
to the SW. However, basement may be shallower at the confirmation 

The operator may be investigating or undertaking plant 
modifications designed to increase efficiency and restore generation 
without (some of) this additional drilling. No new field-wide testing 
is likely to be needed, since the normal operations of the field would 
provide the data collection needed to evaluate the effects of the new 
well(@ on the reservoir. 

The testing of a successful deep hole would require injection capacity 
that might be provided by the ID Slim holes drilled during 
exploration. Otherwise, a second full-diameter hole may be needed. 

Would require drilling deeper in the central zone than previously 
done, or stepping out to the east. Existing wellhead productivity is 
about 1.6 MW/well(4.8 MW/3 production wells). No compensation 
for the higher Expect/well(2.6 M W )  is made, because somewhat 
deeper and more productive wells are assumed. (In addition, at 1.6 
MW/well, Expect-to-drill remains 1 well at success rate 0.6.) 

Deep drilling has discovered a temperature of only 21 1°F at 5,000 ft 
depth and chemical evidence of possibly higher temperatures is 
ambiguous. Therefore, further exploration and deep drilling may not 
easily attract commercial interest. 

See comments at confirmation costs for h4in capacity estimate. 

HHWP-042, D1.3.10.3,31 December 2003 
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Qc '! 

LEA00 Risk of a relatively high cost per MW, 

use of an ID Slim hole for injection. use of an ID Slim hole for injection. 

NEW00 

NOROO 

PUMOO ed represents production at 219OF n No.1 See Comments under Confmation Costs - Min. 
well, although flow rate is unknown. A developer would probably 
need to pump the welt, but it is 
completion would permit this. 

A lending institution may 
injection andlor backup capacity, which would double the 
confirmation cost. The Tipton No.1 well might be available for this 
use. 

The capacity estimation (and this confirmation estimate) assumes 
that permeability can be found beneath the 219OF zone at c.3 
that was found by Tipton No.1, and at a higher temperature. 

The target of confirmation and development could be i 
zone at c.3,OOO ft/219"F. In such a case: a) estimated resource 
capacity decreases, as described under Comments to Generation 
Capacity; b) per-well expected capacity becomes c.0.9 Mw, c) 
drilling cost per well is lowered by about 1/2, and; d) expect-to-drill 
increases to 2 wells. Th ed confirmation cost remains 
about the same. 

PYROO The development target and hotter resource than found See Co nts at Confirmation Costs - Min. 
by the Western Geothermal holes, the presence of which is suggested 
by geothermometry 

It is assumed that the Western Geothermal holes are not suitable 
or no longer available for commercial use. 

If the confirmatioddevelopment target is instead the known 

HHWP-642, D1.3.10.3,31 December2003 
Fridq, March OS, 2004 
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PROJZD Comment for Minimum Generation Estimate Comment for Mlk (Modal) Generation Estimate 

RYE0 1 

RYE02 

SAW00 

SOD00 

STEOO 

permeability in the Western Geothermal holes (c.4,OOO - 5,800 ft, 
240"F), then Expect/well becomes 1.3 MW, drilling costs drop 
somewhat, but Expect-to-drill increases to 2 wells. 

are definitely commercial to marginally commercial (see Well 
Summaries), and it is assumed that 3 of these produce 3.4 MW 
each. 

achieved. However, there is good evidence that historic 
confirmation drilling at Rye Patch has found it diflicult to find 
commercial permeability, except for moderate-temperature (c.260- 
340°F) water from relatively shallow zones, and in spite of the 
success of one deep well in finding a commercial flow of 405°F 
water. Given this fact, additional confirmation drilling may be 
demanded for development beyond 10 MW. 

MW unused is uncertain: it is reported that there are 6 wells that 

Confirmation for a 16 MW development is therefore regarded as 

MW in use is approximate, calculated as the ratio of gross MW 
installed to net MW installed, times net MW produced during 2000 
((26.1/16.6)*10 = 15.7). 

3.7 MW (see data under Well Summaries), but Expect-to-drill 
remains unchanged. 

Historic productivity per well appears to be closer to 3.1MW than 

An increase to Min. Estimated Capacity from actual production 
would probably require only one new production well at an expected 
high success rate. Therefore, the cost is assigned only to 
Development, and Confirmation is assumed to be 0. 

There is good evidence that historic confirmation drilling at Rye 
Patch has found it difficult to find commercial permeability, except 
for moderate-temperature (c.260-340°F) water from relatively 
shallow zones, and in spite of the success of one deep well in finding 
a commercial flow of 405°F water. 

Given this difficulty, it seems unlikely that the current developer 
will seek to develop the Modal Estimated Capacity, without first 
successfully developing and producing (close to) the Min Estimated 
Capacity, even though confirmation for development of the modal 
estimated capacity has otherwise already been obtained. 

See comments at Confirmation Costs - MIn. 

because the historic productivity per well appears to be closer to 3.1 
than 3.7 (see data under Well Summaries), which changes Expect to 
drill to 5 wells. 

difficult to achieve and maintain production equal to installed 
capacity. Therefore, it is unlikely that an attempt to increase 
production to the Modal Estimated Capacity would be made, until 
and unless sustained production at the Min Estimated Capacity level 
can be demonstrated. 

Very high permeability has made it possible to produce from 
relatively shallow wells, about 1,000 ft deep in the northern part of 
the field (Lower Steamboat) and 3,100 ft deep in the southern part of 
the field (Upper Steamboat), so the Expected TD/well (which is 
calculated from estimated average depth to top of reservoir and 
average reservoir thickness) is unrealistically high. Drilling cost 

Drilling and well test cost factors have been adjusted to 1.2 

It is apparent that developer/operators of this field have found it 
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PROJW Comment fm Minimum Generation Estimate Comment for Mk (Modal) Generation Estimate 

STIOO MW in use is approximate, calculated as the ratio of gross MW 
installed to net MW installed, times net MW produced during 2000 
((19/10)*7,5 = 14.3). This total exceeds Min Estimated Capacity, so 
a confirmation estimate does not apply. 

STIO 1 
results of 3 filldiameter holes (see Well Su 
that confirmation has been achieved, 

TRIO0 

WABOO lling to greater depth than currently being produced 
(c.2,200 ft), in search of the higher temperatures indicated by 
chemical geothermometers. It is unknown whether quantitative 
studies have been done to determine whether long-term production 
from c.2,200 ft could be expanded (and it is also unknown whether 
such studies could be conducted without additional testing and data 
gathering). Possibly high cost for the expected MW/well. 

Area: 2 - NVwith direct access to C4 

AUROO 

DE00  

factor has been adjusted to reflect an average depth of 2,000 ft. 

MW in use is approximate, calculated as the ratio of gross MW 
installed to net MW installed, times net MW produced during 2000 
((19/10)*7.5 = 14.3). 

Existing production does not match installed capacity, and the 4.7 
MW shortfall suggests that the developer/operator has found it 
difficult to achieve or maintain the installed production level (which 
is equal to the Modal Estimated Capacity) using wells in the 
immediate lease area. The owner/developer of Stillwater Geothermal 
1 also owndcontrols the Stillwater North Expansion project (project 
STIOl), and it is considered probable that the additional 4.7 MW will 
be sought in the Stillwater North Expansion area (project STIO 1). 
Therefore, confirmation for additional MW production in Stillwater 
Geothermal 1 is set to 0. 

he, estimated from the reported 
results of 3 fulldiameter holes (see Well Summaries). Drilling cost 
factor is adjusted to reflect evidence that successful production is 
achieved with wells that are about 2,500 ft deep. 

See comments at Confirmation Costs - Min. Possibly high cost for 
the expected MW/well. 

It is very doubtful that the operator will attempt to increase power 
generation by this amount, unless significant new step-out 
opportunities were to be discovered. 

average of 9.4 MW/well, which reduces Expect-to-drill to 2.57 wells. 
Drilling and testing cost factor are adjusted for the historic 

HHWP-042, D1.3.10.3,31 December 2003 Table 9 - Page 5 of 11 500-01-042 
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PROJlD Coment  for Minimum Generation Estimate Comment for Mlk (Modal) Generation Estimate 
DIXO 1 

EM00 
FISOO 

HAW00 

m o o  
PIROO 

SILO0 

SOH00 

Area: 3 

BAL00 

DOUOO 

MCGOO 

PIN00 

SHOO0 

WILOO 

Area: 4 

BRWO1 

Existing evidence points to a large volume of very hot rock, but 
commercial levels of permeability have yet to be established. 

It is assumed that the two existing holes that are said to be 
commercial producers have a gross capacity each of 3.7 MW. 

Risk of high cost per MW. 

High cost relative to expected MW/well. 

- OtheriW 

Injection capacity would have to be proven and used for testing. If 
the deep hole or ID Slim holes previously drilled have been plugged 
and abandoned, a second hole, for injection, may be needed. 

Expected capacitylwell is low, due to a most-likely temperature of 
only c.250°F. Expected "D/well is a default value due to lack of 
data. Confirmation expenses will probably not be warrented unless 
further exploration increases the likelihood of a higher resource 
temperature, or relatively shallow permeability is encountered. 

It is unlikely that a financial instution would except confirmation 
without a second well. An ID Slim hole (included in Exploration 
Cost Estimate) might be acceptable, particularly if usable for 
injection. 

- All other C4 

Confirmation already achieved (see comments at Confirmation 

Existing evidence points to a large volume of very hot rock, but 
commercial levels of permeability have yet to be established. 

It is assumed that the two existing holes that are said to be 
commercial producers have a gross capacity each of 3.7 MW. 

Risk of high cost per MW. 

See comment at cost of confirming Min Capacity Estimate. 

A 10-MW power plant operated h m  1980-85. It is reasonably likely 

HHWP-042, D1.3.10.3,31 December 2003 
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PROJID Comment for Minimum Generation Est€ntate Comment for M k  (Modal) Generation Estimate 
that the closure of operations in 1985 had more to do with the power 
plant and the cost of corrosion and scale control, than with a 
limitation of the resource. As of 1985, the Salton Sea resource would 
have been more attractive to Unocal as a priority for development, 
due to higher temperature, shallower depth and lower gas content. 

Rig test data (Figure BRWOI-1) suggest that wells Veysey 7RD, 
8,12 and 15 had a combined TMF of about 1900 klbhr at 
commercial WHP. At about 20% steam fraction (380 klbhr steam) 
and 20 klb s t e a m ,  this would confi 
term test data are not available. 

It is therefore assumed that 20 MW h 
cost estimate here represents drilling to confirm an expansion to the 
full minimum estimated capacity. However, the apparently 
successful older wells may no longer be available or suitable for a 
new development, and may have to be redrilled (whether they have 
been plugged and abandoned has not been researched). 

It is reported that the 10-MW power plant operated using 2 
production wells. If so, the average production was 5 MW/well, 
which would change Expect-to-drill to 1.67 = 2 wells at the success 
ratio of 0.6. It is assumed that there is enough information about the 
resource available in private hands that the success ratio will be 
higher, and it will be necessary to drill only one new well. 

Other Cost represents the approximate cost of corrosion-resistant 
titanium casing in two wells at $2.5 million each. 

See comments under Min Capacity Estimate. Other Cost represents 
the use of corrosion-resistant titanium casing in 5 wells at 
$2.5million/well. 

BRWO2 that 
exploration wells Emanuelli 1 and Borchard A-1 had a combined 
capacity of about 220 klbhr steam at commercial WHP, which would 
have confirmed about 11 MW. However, without evidence from 
longer-term tests, it is considered unlikely that a lending institution 
would accept these weils (probably since abandoned) as confi 
of the resource. 

Other Cost represents the assumption that corrosion-resistant , 
titanium casing would be needed in 3 wells ($2,500,000 each). The 
salinity of this resource is apparently somewhat lower than at the 
Salton Sea field (about 16 wt?% instead of 25 wt.%). 

Data tabulated in Figure BRW03-I indicate that tests of Mercer 1-28 BRW03 See Comments under Min Capacity Esimate. Other Cost represents 
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PROJLD Comment for Minimum Generation Estimate Comment for Mnt (Modal) Generation Estimare 

CALOO 

cos00  

DUN00 

EASOO 

and 2-28 and Lacy 1A-28 and 2-28 produced a total steam flow at 
commercial WHP of about 275 klbhr. This would yield about 14 
MW, which is enough for confirmation. 

Mercer 1-28 and Lacy 2-28 contributed only about 2.5 MW of the 
14 MW total. These two wells would be considered non-commercial 
and suitable only for injection, considering the well depth and 
completion cost for a hyper-saline brine resource. 

It is assumed that a commercial lender would require at least one 
new well to be successfully drilled and tested before committing to 
development, so the MW already confirmed (MW unused) is set to 
zero instead of 14. If the existing wells are no longer available, then 
it could be necessary to drill two successful new wells, to provide one 
for injection, before confirmation can be confirmed. Therefore, 
Expect-to-drill = 3 wells is considered reasonable. 

in two wells. 

Confirmation expenses may not be warranted, due to environmental 
sensitivity and existing development of the area. 

Min Estimated Capacity is less than actual production. No 
confmation estimate is required. 

Other Cost represents the use of corrosion-resistant titanium casing 

A lending institution would probably require a second well, drilled 
either as a producer available for injection, or solely for injection. 

MW in use is the 49.7 MW produced at the Ormesa plants, plus an 
assumed 12 MW produced at the GEM plants for pumping the 
Ormesa wells (If all 35 production wells require about 113 MW each, 
then the power requirement is about 12 MW). 

Existing production of about 62 MW from 35 wells amounts to 1.9 

the use of corrosion-resistant titanium casing in 3 wells. 

Confmation expenses may not be warranted, due to environmental 
sensitivity and existing development of the area. 

The operator is unlikely to attempt expansion of the Cos0 field to this 
extent, unless there is a discovery of significant new productive 
territory outside of the presently confirmed area of the reservoir as 
shown by the 35OOF contour on Figure COSOO-1. The Wortheast 
Frontier" (project COS04) may be such an area, but apparently not 
yet confirmed by drilling. 

average productivity of 3.3 MW/well. 
Drilling and well test cost factors are adjusted to reflect a historic 

MW in use is the 49.7 MW produced at the Ormesa plants, plus an 
assumed 12 MW produced at the GEM plants for pumping the 
Ormesawells (If all 35 production wells require about 1/3 MW each, 
then the power requirement is about 12 MW). 

Existing production of about 62 MW from 35 wells amounts to 1.9 

HH"-042, D1.3.10.3,31 December 2003 TaMe 9 -Page 8 of 11 500-01-042 
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GEYOO 

GLAOO 

HEBOO 

MWgr/well. The Drilling and Well Test Cost Factors are adjusted to 
compensate for the inaccurate 2.7 Mwgr/well value that is based on 
temperature alone. 

Given historic production at less than installed capacity, it is unlikely 
that the OperatorDeveloper will attempt an expansion of this field to 
the full Min (90% probable) Estimated Capacity value. 

Due to a wide range of d 
expected TD/well9500 ft. is regarded as too large. Drilling cost 
factor is adjusted to compensate, assuming an average depth of 7,500 
ft. Drilling factor is also adjusted to compensate for a real historic 
average of 2 MW/well. 

Since this is a producing stea 
a field test is regarded as unnecessary. 

in the abandoned CCPA project area at the northeast end of the 
steadield. It is understood that all of these wells have been 
abandoned, but this has not been confirmed. A small amount of 
unused wellhead capacity may still exist in the abandoned Bottle 
Rock project area, along the eastern edge of the field south of the 

11 of these wells may also have been abandoned. 

st costs are small, and 

Until about 2001 or 2002, there was some unused wellhead capacity 

to top of reservoir (basis unknown) results in an 
estimated depth/well which is considered unrealistic. 
factor is reduced to reflect a depth of 8,000 ft. 

Relationships n installed capacity number of production 
wells suggest that the average/well is about 4.3 MWgr. Drilling and 
well test cost factors ar6 adjusted to compensate. 

MW total installed gross capacity is assumed to be MW in use. 

MWgrIwell. The Drilling and Well Test Cost Factors are adjusted to 
compensate for the inaccurate 2.7 MWgr/well value that is based on 
temperature alone. 

Given historic production at less than installed capacity, it is unlikely 
that the OperatorLleveloper will attempt an expansion of this field to 
the Mlk (Modal) Estimated Capacity value. 

See comments at Min Capacity Estimate. 

See comment at confirmation costs for Min.Generation Estimate. 

Relationships between installed capacity and number of production 
wells suggest that the average/well is about 4.3 MWgr. Drilling and 
well test cost factors are adjusted to Compensate. 

MW total installed gross capacity is assumed to be MW in use. 

LAKOO MW unused represents Phipps 2, which is assumed to be available. If MW unused represents Phipps 2, which is assumed to be available. If 
not, Expect-to-drill increases to 3 wells. not, Expect-to-drill increases to 5 wells. 

LVMOO Well depth is likely to ase from E to W. The expected average 
depth listed here (calculated fiom estimated depth to top of reservoir 
and estimated thickness) is regarded as somewhat high, and expected 

Well depth is likely to increase from E to W. The expected average 
depth listed here (calculated fiom estimated depth to top of reservoir 
and estimated thickness) is regarded as somewhat high, and expected 
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PROJID Comment for Minimum Generation Estimate Comment for Mk (Modal) Generation Estimate 

MEDO 1 

MEDO2 

MOSOO 

moo 

RAN00 

SAL00 

MW/well is somewhat low (production wells in the Casa Diablo field 
average 5 MW each), so drilling and well test cost factors are 
adjusted to compensate. 

Some MW capacity at the wellhead may have already been 
confirmed, but data are not available. 

MW confirmed represents the three commercially successful wells 
that already have been drilled. The developer is apparently planning 
on about 10 production wells (Figure MEDO2-1) for a 49.5 MW 
plant, which would be 5 MW/well. MW unused represents the three 
commercially successfit1 wells that already have been drilled. 

The nominal expected TD/well(4,450 ft) is less than the 5,230 ft 
depth at which the 2.5"F/100 ft gradient in the 1,826 ft Phillips hole 
projects to the Mlk average temperature of 345°F. An estimated 
depth of 5,230 ft is regarded as more realistic than 4,450 ft, so 
drilling cost factor is adjusted to 1.2 to compensate. 

A lending institution is likely to require a second well, at least to 
enable injection during testing. It is assumed that a second ID Slim 
hole drilled in the exploration program will serve for that purpose 
and satisfy the lender, but this is not certain. 

Drilling cost factor is adjusted to 0.8 to compensate for probable over- 
estimation of TD/well. Other Cost represents $2,500,000/well for 
titanium casing in 2 wells. 

Three wells are reported to have been successfully tested. Details are 
not available but this suggests that there may exist some unused 
wellhead capacity. 

MW in use is based on current production, but some excess well 
capacity may already exist and be available for an expansion of 
generation. 

Drilling and well test cost factors are adjusted for the historic 
average 11 MWgdwell(350 MW/3 1 wells) and for an expected very 

MW/well is somewhat low (production wells in the Casa Diablo field 
average 5 MW each), so drilling and well test cost factors are 
adjusted to compensate. 

Some MW capacity at the wellhead may have already been 
Confirmed, but data are not available. 

See Comments at Confirmation Cost - Min. 

See comments at confirmation for Min Generation Capacity Estimate 

See comment at confirmation estimate for Min Estimated generation 
capacity. 

See comments at confirmation cost for Min Generation Estimate. 
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PROJID Comment for Minimum Generation Estimate 
low dry- hole fraction (10%). It is also assumed that deptWwell has 
been over-estimated. 

Other cost represents titanium casing in 10 wells at 
$2,5OO,OOO/well. 

A lending institution may require a second well, to confirm 
temperature and permeability and allow testing with injection. An 
ID Slim hole drilled during exploration might be acceptable for this 
purpose. The remote location and apparent environmental sensitivity 
of this are make confirmation and development uncertain. 

Comment for MIR (Modal) Genenrlion Estimate 

SESOO See comments at Confirmation Costs - Min. 

SULOO 
SUP00 A lender is likely to require a second well. A permeable ID Slim 

hole drilled during exploration may serve for this. 
Drilling cost factor is 2 on the assumption that a lender will require a 
second deep well. 

HHWP-042, D1.3.10.3,31 December2003 
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Hetch Hetchy/SFPUC Programmatic Renewable Energy Project 
Project: 1.3 New Geothermal Site Identification and Qualification 
Project Team: GeothermEx, Inc. 
Task: 13.10 Final Project Report 
Subject: D.13.103 Final Report 

Table IO. Comments on Site Development Cost Estimates 
PR0,RD Comment for Minimum Generation Estimate Comment for Mlk (Modag Generation Estimate 

e are adjusted to estimated historic B UP and P+I success rate are adjusted to estimated historic Beowawe 

Cost Factor for development drilling is adjusted to reflect a well 
depth of 2,500 ft and wellhead capacity 2.4 MW/well (see comments 
at confirmation cost estimate). 

levels. levels. 

BLUOO Cost Factor for developm is adjusted to reflect a well 
depth of 2,500 ft and wellhead capacity 2.4 MW/well (see comments 
at confirmation cost estimate). 

BRA00 At 2.1 MWgdwell current average wellhead productivity, 2 
development applies. production wells would be needed for the wellhead development plan, 

instead of the 1 well calculated at 3.7MW/well. It is assumed that a 
previously drilled successful confirmation well will combine with the 
1 development well to provide the total 4 MW needed. 

COLOO 

DES00 UP and P+I success rate are adjusted to historic values. UP and P+I success rate are adjusted to historic values. 

EMPOO Existing generation exceeds the Min Estimated Capacity, no 
development applies. 

UP and P+I success rate are adjusted to estimated historic values. 
Existing wellhead productivity is about 1.6 MW/well(4.8 MW/3 
production wells). No compensation of the Cost Factor for 
development drilling is made, because somewhat deeper, more 
productive wells are assumed. 

FALOO 

FLY00 Deep drilling has discovered a temperature of only 21 I°F at 5,000 ft 
depth and chemical evidence of possibly higher temperatures is 
ambiguous. Therefore, further exploration and deep drilling may not 
easily attract commercial interest. 

Deep drilling has discovered a temperature of only 21 l°F at 5,000 ft 
depth and chemical evidence of possibly higher temperatures is 
ambiguous. Therefore, further exploration and deep drilling may not 
easily attract commercial interest. 
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PROLID Comment for Minimum Generation Estimate Comment for M7k (Modal) Generation Estimate 
FLY01 

GEROO 

HAZOO 

HONOO 

KYLOO 

LEA00 

LEE00 

NEW00 

NOR00 

PUMOO 

PYROO 

RYE0 1 

RYE02 

SAW00 

SOD00 

Drilling cost factor is adjusted for the possibility of relatively rapid 
penetration through sediments in the upper several thousand feet, 
based on the section at the MagmalDow hole (TD 3668 fi) 1.5 miles 
to the SW. 

Risk of a relatively high cost per MW. 

See comments at Confirmation costs - MIn 

See Comments at Confirmation Costs - Min. 

MW unused-at-wellhead is uncertain: it is reported that there are 
6 wells that are definitely commercial to marginally commercial (see 
Well Summaries), and it is assumed that 3 of these produce 3.4 MW 
each. 

successful hole ratio for Rye Patch has been (and may remain) lower 
than the default value of 0.8, so a value of 0.7 is applied. 

It is assumed that the 12.5 MW binary plant constructed 1991-93 
is still on-site, unused and available. Other Dev. Cost represents the 
assumption that this plant will be purchased by a new developer, at a 
50% discount. 

Information listed under Well Summaries suggests that the 

MW in use is approximate, calculated as the ratio of gross MW 
installed to net MW installed, times net MW produced during 2000 

Drilling cost factor is adjusted for the possibility of relatively rapid 
penetration through sediments in the upper several thousand feet, 
based on the section at the MagmalDow hole (TD 3668 fi) 1.5 miles 
to the SW. 

Risk of a relatively high cost per MW. 

See comments at Confirmation costs - M h  

See Comments at Confirmation Costs - Min. 

See comments at Development Costs - Min. 

See comments at Development Costs - Min. 
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((26.1/16.6)*10 = 15.7). 
and P+I success rate are adjusted to historic values, 
lling cost factor has been adjusted to 1.2 because the historic 

productivity per well appears to be closer to 3.1 than 3.7 (see data 
under Well Summa 

STEOO PA and P+I success adjusted to historic values. Drilling cost P/I and P+I success rate are adjusted to historic values. Drilling cost 
factor is adjusted for an average depthlwell of about 2,000 ft. (See 
comments at Confirmation Costs - Mlk). 

MW in use is approximate, calculated as the ratio of gross MW 
installed to net MW installed, times net MW produced during 2000 
((19/10)*75 = 14.3). 

Existing production (MW in use) does not match installed plant 
capacity, and the 4.7 MW shortfall suggests that the 
developer/operator has found it difficult to achieve or maintain the 
installed production level (which is equal to the Modal Estimated 
Capacity) using wells in the immediate lease area. The 
owner/developer of Stillwater Geothe 
Stillwater North Expansion project (project STIOl), and it is 
considered probable that the additional 4.7 MW will be sought in the 
Stillwater North Expansion area (project STIO 1). Therefore, 
developm itional MW production in Stillwater Geothermal 
1 is set to 

See comments at Development Costs - Min. 

factor is adjusted for an average depth/well of about 2,000 ft. (See 
comments at Confirmation Costs - Mlk). 

MW in use is approximate, calculated as the ratio of gross MW 
installed to net MW installed, times net MW produced during 2000 
((19/10)*7.5 = 14.3). This total exceeds Min Estimated Capacity, so 
a development estimate does not apply. 

S-TIOO 

1 also owns/controls the 

01 
results of 3 fill diameter holes (see Well Summaries). 

P/I and P+I success rate are adjusted to historic values at STIOO. 
Drilling cost factor is adjusted to reflect evidence that successfil 

production has been achieved with wells that are about 2,500 ft deep. 
Although Existing plant capacity is 0, it is assumed that 4.7 MW 

of the new wellhead production developed in Stillwater North will be 
shipped south to Stillwater Geothermal 1 (STIOO), to bring that plant 
up to full generation capacity, and a smaller plant will be constructed 
for the North Expansion. The negative other-development cost value 
(which represents 4.7 MW) compensates, effectively providing an 

5 
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PROJID Comment for Minimum Generation Estimate Comment for Mlk (Modal) Generation Estimate 

WABOO 

Area: 2 

AUROO 

DIXOO 

DIXO 1 

EM00 

FISOO 

HAW00 

m o o  
PIROO 
SILO0 

SOH00 

Area: 3 

BAL00 

DOUOO 

Assumes drilling to greater depth than currently being produced 
(c.2,200 ft), in search of the higher temperatures indicated by 
chemical geothermometers. It is unknown whether quantitative 
studies have been done to determine whether long-term production 
from c.2,200 ft could be expanded (and it is also unknown whether 
such studies could be conducted without additional testing and data 
gathering). Possibly high cost for the expected MW/well. 
P+I success rate reflects historic average. 

- W with direct access to C4 

Cost factor for drilling is adjusted for the historic average of 9.4 
MW/well. I/P and P+I success rate are adjusted to historic values. 

Existing evidence points to a large volume of very hot rock, but 
commercial levels of permeability have yet to be established. 

It is assumed that the two existing holes that are said to be 
commercial producers have a gross capacity each of 3.7 MW, 

Risk of high cost per MW. 

- O t h ~ N Y  

Expected capacity/well is low, due to a most-likely temperature of 

See comments at Development Costs - Min. 

It is very doubthl that the operator will attempt to increase power 
generation by this amount, unless significant new step-out 
opportunities were to be discovered. 

Cost factor for drilling is adjusted for the historic average of 9.4 
MW/well. I/P and P+I success rate are adjusted to historic values. 

Existing evidence points to a large volume of very hot rock, but 
commercial levels of permeability have yet to be established. 

Transmission line costs might be lowered by combining project with 
development of the near-by Fish Lake project (FISOO). 

It is assumed that the two existing holes that are said to be 
commercial producers have a gross capacity each of 3.7 MW. 

Risk of high cost per MW. 

High cost relative to expected MW/well. 

Expected capacity/well is low, due to a most-likely temperature of 
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data. Development is unlikely unless further exploration increases data. Development will probably not be warranted unless further 
exploration increases the likelihood of a higher resource temperature, 
or relatively shallow permeabilty is encountered. 

latively shallow 

PIN00 

See comments at Development Costs - Min. 
Other Cost represents titanium casing in the production wells at 
$2.5million/well. 

1983 

resource (SALOO) has been about 0.85. It is assumed that the higher 
lity of wells and that a lower I/P 

Salton Sea I/P assumed. Other cost is titanium casing in production 

Unused at wellhead may Generation 
be as high as 11.5, if wells drilled and tested in 1980s are available, 
and confirmation may have added 6.5 M W  more (see comments at 
Confirmation Cost - Min). In such a case, the production need may 
be only 1 or 2 wells. Injection need may be reduced if wells drilled in 
1980s can serve for injection even if no longer in condition for 
production. UP of Salton Sea project (SALOO) assumed. Other cost 
is titanium casing in 6 producti 

CALOO Development is relatively unli e to environmental sensitivity 
and existing development of the area. 

COS00 Min Estimated Capacity is less than actual production. No 
development estimate is required. 

Capacity. 

11s at $2.5 million each. 

Development is relatively unlikely, due to environmental sensitivity 
and existing development of the area. 

UP and P+I success rate are adjusted to estimated historic values. 
Cost factor for development drilling is adjusted to reflect a historic 

HHWP-042, D1.3.10.3,31 December 2003 
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PROJID Comment for Minimum Generation Estimate Comment for Mlk (Modal) Generation Esrtmate 
average productivity of 3.3 MW/well. 

DUN00 

EASOO VP and (P+I) success rate are based on historic values. Existing 
production of about 62 MW from 35 wells amounts to 1.9 
MWgr/well. The Drilling Cost Factor is adjusted to compensate for 
the inaccurate 2.7 MWgr/well value that is based on temperatw 
alone. Existing plant reflects only the Ormesa plants and does not 
include GEM2-3. include GEM2-3. 

VP and (P+I) success rate are based on historic values. Existing 
production of about 62 MW from 35 wells amounts to 1.9 
MWgr/well. The Drilling Cost Factor is adjusted to compensate for 
the inaccurate 2.7 MWgr/well value that is based on temperature 
alone. Existing plant reflects only the Ormesa plants and does not 

Given historic production at less than installed capacity, it is unlikely 
that the OperatorDeveloper will attempt an expansion of this field to 
the fill Min (90% probable) Estimated Capacity value. 

VP is the historic value. The overall success rate of Geysers wells is 
very high, but many wells require re-drills and some are completed 
with multiple open legs. 

Drilling cost factor is adjusted to assume an average depth of 
7,500 ft and a real historic average of 2 MW/well. 

Existing plant is set to current generation, but there has been a 
considerable amount of under-utilized plant capacity due to 
productivity declines at existing wells. Some plant capacity has been 
decommissioned, but some is probably available for (re-)expansion 
beyond 900 MW.  Therefore, Total On-site Capital Cost may be 
grossly over-estimated. 

The reported depth to top of reservoir (basis unknown) results in an 
estimated depth/well which is considered unrealistic. Drilling cost 
factor is reduced to reflect a depth of 8,000 ft. 

P+I success rate is the historic value. Relationships between installed 
capacity and number of production wells suggest that the 
averagelwell is about 4.3 MWgr. Drilling cost factors is adjusted to 
compensate. compensate. 

Given historic production at less than installed capacity, it is unlikely 
that the OperatorDeveloper will attempt an expansion of this field to 
the Mlk (Modal) Estimated Capacity value. 

See comments at Development Costs - Mlk GEYOO 

GLAOO The reported depth to top of reservoir (basis unknown) results in an 
estimated depth/well which is considered unrealistic. Drilling cost 
factor is reduced to reflect a depth of 8,000 ft. 

P+I success rate is the historic value. Relationships between installed 
capacity and number of production wells suggest that the 
average/well is about 4.3 MWgr. Drilling cost factors is adjusted to 

HEBOO 

LAKOO 

LVMOO VP and P+I success rate are adjusted to historic values at the Casa 
Diablo wellfield, but the ratios at other Long Valley M-P lease 

I/P and P+I success rate are adjusted to historic values at the Casa 
Diablo wellfield, but the ratios at other Long Valley M-P lease 
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PROJID Comment for Minimum Generation Estimate 
locations could be quite different. See comments at Mlk 
confirmation cost estimate with respect to the cost factor for drilling. 

I/P and P+I success rate are based on Telephone Flat data (MED02) 

The development plan wellfield (Figure MEDO2-1) shows 10 P wells, 
4 I wells, and 3 wells that are I/P (assumed to be I or P depending 
upon drilling outcomes). If the VP wells are split, then 1 1.5 P and 
5.5 I yields I/P ratio = 0.5. Drilling to date has had a success rate of 
about 0.75, and it is assumed that this will improve to the default 
value of 0.8 

see comments at Confmation Costs - Min 

I/P is the historic Salton Sea project value. 

Drilling cost factor is adjusted to 0.8 to compensate for probable over- 
estimation of TD/well. Other Cost represents $2,500,000/production 
well for titanium casing. 

Three wells are reported to have been successfilly tested. Details are 
not available but this suggests that there may exist some unused 
wellhead capacity. 

Comment for MIR (Modal) Generation Estimate 
locations could be quite different. See comments at Mlk 
confirmation cost estimate with respect to the cost factor for drilling. 

YP and P+I success rate are based on Telephone Flat data (MED02) 

See comments at Development Costs for Min Estimated Generation 
Capacity. 

MEDO1 

MEDO2 

MOSOO 

NIL00 

see comments at Confirmation Costs - Min 

see comments at Development Costs - Min 

RAN00 

SAL00 I/P and P+I success rate are historic values. 
Drilling cost factor is adjusted for the historic average 11 MWgr/weIl 
(350 MW/31 wells) and for an expected very low dry hole fraction 
(10%). It is also assumed that depth/well has been over-estimated. 
Other cost is titanium casing at $2,500,000/production well. 

See comments at Development Costs - Min. 

SESOO 

SULOO 

SUP00 

HHWP-042, D1.3.10.3,31 December 2003 
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Hetch Hetchy/SFPUC Programmatic Renewable Energy Project 
Project: 1.3 New Geothermal Site Identification and Qualification 
Project Team: GeuthermEx, Inc. 
Task 13.10 Final Project Report 
Subjed: D.13.103 Final Rep0 

Table I I .  Confirmatio rnent Cost Estimates = Drilling Detail$('' 

(a) DeveIopntent c?) Conjirntation (a) 

E@or.- -3) Existing Est. Tdal Total 
PROJ Area or D m L  UpF=iUin welfid ,UW he l l  Plan PEan Cost- &jfiW Plan I%p (P+@ Plan (=as- Drillirrg 
ID Field or Area Power Plant W. LowerPMk MW hel l  (f) WV @ells) Fact. @IOOO) P W  IT @ells) Fa& @1000) 

Area: 1 - Greater Reno (NVand 
BEOOO Beowawe A 30 1510 4.7 9,600 3.8 1 1.00 $4,014 12.75 0.33 0.60 7 1.0 
BEOOO Beowawe A 41 1510 4.7 9,600 6.5 2 1.00 $8,028 21.55 0.33 0.60 12 1.0 

C 16 010 3.4 5,000 4.0 2 0.70 $2,475 12.8 0.95 
C 30 010 3.4 5,000 7.5 4 0.70 $4,950 24 0.95 
A 11 1510 3.7 6,500 0.0 0 0.00 $0 -3.45 0.95 0.80 0 0.0 
A 18 1510 3.7 6,500 0.8 1 1.00 $2,411 3.15 1.30 0.80 3 1.0 

COLOO &lad C 3.7 010 1.9 4,600 0.9 1 1.00 $1,610 2.96 0.95 0.80 5 1.0 

COLOO Colado C 6.2 010 1.9 4,600 1.6 1 1.00 $1,610 4.96 0.95 0.80 8 1.0 
A 33 1010 4.2 5,500 5.8 2 1.00 $3,946 18.9 0.50 0.70 11 1.0 

DES00 Desert Peak A 45 1010 4.2 5,500 8.8 3 1.00 $5,919 28.5 0.50 0.70 16 1.0 

EMPOO Empire (San A 4.3 4.810 2.6 3,450 0.0 0 0.00 $0 -0.29 0.95 0.80 0 0.0 
EMPOO Empire(SanEmidi0) Field-wide summary A 6.6 4.810 2.6 3,450 0.5 1 1.00 $1,192 1.68 1.00 0.70 3 1.0 

FALOO Fallon / Carson Lake Carson Lake 1 34 010 3.9 6,567 8.5 4 1.00 $9,768 27.2 0.95 0.80 18 1.0 

FALOO Fallon / Carson Lake Carson Lake C 55 010 3.9 6,567 13.8 6 1.00 $14,652 44 0.95 0.80 26 1.0 

anomaly 

anomaly 

$28,098 

$48,168 

$12,376 

$22,277 

$0 
$7,233 

$8,050 

$12,880 

$21,703 

$3 1,568 

$0 
$3,576 

$43,956 

$63,492 
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Estimated 

FLYOO Fly RancWGranite Ward's (FIyh-Iualapi C 

FLYOO Fly RancWGranite Ward's (Fly/Hualapi C 
Ranch Flat) H.S. 

Ranch Flat) H.S. 

Ranch 

Ranch 

FLYOl Fly RancWGranite Granite Ranch C 

FLYOl Fly RancWGranite Granite Ranch C 

GEROO Gerlach (Great Boiling C 
Spring) 

Spfing) 
GEROO Gerlach (Great Boiling C 

H A Z O O  Hazen (Black Butte) (Patua Hot Springs) C 

HAZOO Hazen (Black Butte) (Patua Hot Springs) C 

HONOO Honey Lake Area-wide Summary A 
HONOO Honey Lake Area-wide Summary A 
KYLOO Kyle Hot Springs (Buena Vista C 

KYLOO Kyle Hot Springs (Buena Vista C 

LEAOO Leach Hot Springs Grass Valley C 
LEAOO Leach Hot Springs Grass Valley C 
LEEOO Lee Hot Springs C 
LEEOO Lee Hot Springs C 
NEWOO New York Canyon C 
NEWOO New York Canyon C 

(Granite Mtn.) Valley) 

(Granite Mtn.) Valley) 

6 

8.7 

5.4 

8.1 

17 

25 

6.3 

8.5 

5.7 

8.3 

16 

22 

13 

18 

5.4 

9.4 

20 

26 

0 /o 

0 10 

0 /o 

0 /o 

0 /o 

0 /o 

0 /o 
0 /o 

1.2 /o 
1.2 /o 
0 /o 

0 /o 

0 /o 
0 /o 
0 10 

0 /o 
0 /o 
0 10 

0.7 8,350 

0.7 8,350 

3.4 5,700 

3.4 5,700 

3.3 7,700 

3.3 7,700 

3.1 7,700 

3.1 7,700 

1.3 3,750 

1.3 3,750 

4.0 7,700 

4.0 7,700 

1.8 8,500 

1.8 8,500 

2.8 5,700 

2.8 5,700 

3.4 5,700 

3.4 5,700 

1.5 4 

2.2 5 

1.4 1 

2.0 1 

4.3 2 

6.3 3 

1.6 1 

2.1 1 

1.1 1 

1.8 2 

4.0 2 

5.5 2 

3.3 3 

4.5 4 

1.4 1 

2.4 1 

5.0 2 

6.5 3 

1.00 $13,296 4.8 0.95 0.80 

1.00 $16,620 6.96 0.95 0.80 

1.00 $2,057 4.32 0.95 0.80 

1.00 $2,057 6.48 0.95 0.80 

1.00 $5,976 13.6 0.95 0.80 

1.00 $8,964 20 0.95 0.80 

0.80 $2,390 5.04 0.95 0.80 

0.80 $2,390 6.8 0.95 0.80 

1.00 $1,296 3.66 0.95 0.80 

1.00 $2,592 5.74 0.95 0.80 

1.00 $5,976 12.8 0.95 0.80 

1.00 $5,976 17.6 0.95 0.80 

1.00 $10,212 10.4 0.95 0.80 

1.00 $13,616 14.4 0.95 0.80 

1.00 $2,057 4.32 0.95 0.80 

1.00 $2,057 7.52 0.95 0.80 

1.00 $4,114 16 0.95 0.80 

1.00 $6,171 20.8 0.95 0.80 

18 1.0 

25 1.0 

3 1.0 

5 1.0 

10 1.0 

15 1.0 

5 0.8 

5 0.8 

8 1.0 

10 1.0 

8 1.0 

10 1.0 

15 1.0 

20 1.0 

5 1.0 

8 1.0 

13 1.0 

15 1.0 

$59,832 

$83,100 

$6,171 

$10,285 

$29,880 

$44,820 

$11,952 

$11,952 

$10,368 

$12,960 

$23,904 

$29,880 

$5 1,060 

$68,080 

$10,285 

$16,456 

$26,741 

$30,855 
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NOR00 North Valley 37 0 /o 
NOR00 North Valley 49 0 /o 

10 0/0.9 

Springs Ranch 

Springs Ranch 
1 Valley Tipton RanchMot C 13 0 /0.9 

(Needle Rocks Hot C 9.9 0 10 

Springs) 
(Needle Rocks Hot C 14 0 10 

Resew. Springs) 
RYE01 Rye Patch-Humboldt Rye Patch B 16 0 110 

RYE01 Rye Patch-Humboldt B 20 0/10 

RYE02 Rye Patch-Humboldt Humboldt House C 27 0 /o 

RYE02 Rye Patch-Humboldt Humboldt House C 34 0 /o 

SAWOO Salt Wells 63 0 /o 
SAWOO Salt Wells Eight Mile Flat C 96 0 /o 

House District 

House District 

House District 

House District 

SODOO Soda Lake Soda Lake A 29 16/0 
No.UNo.2 

No.lN0.2 
SODOO SodaLa Soda Lake A 42 16/0 

STEOO Steamboat Hot Sprs Field-wide Summary A 56 5310 

STEOO Steamboat Hot Sprs Field-wide Summary A 62 53/0 

3.4 4,950 93  5 1.00 $8,740 29.6 0.95 0.80 23 1.0 
3.4 4,950 12.3 6 1.00 $10,488 39.2 0.95 0.80 29 1.0 
2.4 6,000 1.6 1 1.00 $2,187 8 0.95 0.80 8 1.0 

2.4 6,000 2.4 2 1.00 $4,374 10.4 0.95 0.80 10 1.0 

3.4 7,000 2.5 1 1.00 $2,645 7.92 0.95 0.80 5 1.0 

3.4 7,000 3.5 2 1.00 $5,290 11.2 0.95 0.80 8 1.0 

3.4 5,280 0.0 0 0.00 $0 6.8 0.95 0.70 6 1.0 

3.4 5,280 0.0 0 0.00 $0 11 0.95 0.70 9 1.0 

3.4 5,700 6.8 3 1.00 $6,171 21.6 0.95 0.80 15 1.0 

3.4 5,700 8.5 4 1.00 $8,228 27.2 0.95 0.80 20 1.0 

4.5 5,700 15.8 6 1.00 $12,342 50.4 0.75 0.80 24 1.0 
4.5 5,700 24.0 9 1.00 $18,513 76.8 0.75 0.80 38 1.0 

3.7 4,850 3.3 1 1.00 $1,708 11.43 1.00 0.70 9 1.2 

3.7 4,850 6.6 3 1.20 $6,149 21.83 1.00 0.70 17 1.2 

3.9 5,150 0.8 1 0.00 $0 5.05 0.50 0.90 2 0.4 
3.9 5,150 2.3 1 0.40 $731 9.85 0.50 0.90 6 0.4 

$40,204 
$50,692 
$1 7,496 

$21,870 

$13,225 

$2 1,160 

$1 1,286 

$16,929 

$30,855 

$41,140 

$49,368 
$78,166 
$18,446 

$34,843 

$1,462 
$4,387 
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STIOO Stillwater Stillwater 
Geothermal 

STIOO Stillwater Stillwater 
Geothermal 

STIO 1 Stillwater Stillwater N 
Expansion 

STIO 1 Stillwater Stillwater N 
Expansion 

A 

A 

B 

B 

TRIO0 Trinity Mountains Telephone Well area D 

TRIO0 Trinity Mountains Telephone Well area D 

WABOO Wabuska A 
WABOO Wabuska A 
Area: 2 - Nvwith  direct nccess to CA 

District 

District 

AUROO Aurora 
AUROO Aurora 
DIXOO Dixie Valley 

DIXOO Dixie Valley 

DIXOl Dixie Valley 

DIXOl Dixie Valley 

EM00 Emigrant (Fish Lake 
V.) 

C 
C 

Caithness Dixie A 
Valley 
Caithness Dixie A 
Valley 
Dixie Valley Power C 
Partners (DVPP) 
Dixie Valley Power C 
Partners (DVPP) 

C 

11 

18 

16 

24 

42 

66 

8.1 

13 

31 

51 

71 

107 

107 

151 

49 

14 /O 

14 /O 

0 / 5  

0 / 5  

0 /o 

0 /o 

1.4 /O 

1.4 /O 

0 10 

0 /o 
66 /O 

66 /O 

0 /o 

0 /o 

0 /o 

5.3 

5.7 

5.7 

3.3 

2.7 2,300 

2.7 2,300 

3.1 4,000 

3.1 4,000 

3.4 5,600 

3.4 5,600 

1.4 4,500 

1.4 4,500 

3.4 6,000 

3.4 6,000 

5.3 9,500 

9,500 

0.0 0 

0.9 1 

0.0 0 

1.0 1 

10.5 5 

16.5 8 

1.7 2 

2.9 3 

7.8 4 

12.8 6 

1.3 1 

10.3 3 

0,000 26.8 8 

0,000 37.8 11 

7,700 12.3 6 

0.00 $0 -2.75 0.95 0.80 

0.00 $0 3.675 0.75 0.86 

0.00 $0 11.8 0.75 0.86 

0.60 $832 19.2 0.75 0.86 

1.00 $10,075 33.6 0.95 0.80 

1.00 $16,120 52.8 0.95 0.80 

1.00 $3,144 5.43 0.95 0.50 

1.00 $4,716 9.35 0.95 0.50 

1.00 $8,748 24.8 0.95 0.80 

1.00 $13,122 40.8 0.95 0.80 

1.00 $3,957 7.3 1.40 0.75 

0.50 $5,936 36.1 1.40 0.75 

1.00 $33,984 85.6 0.75 0.80 

1.00 $46,728 120.8 0.75 0.80 

1.00 $17,928 39.2 0.95 0.80 

0 0.0 

2 0.0 

8 0.6 

13 0.6 

25 1.0 

39 1.0 

16 1.0 

28 1.0 

18 1.0 

29 1.0 

3 0.6 

23 0.6 

33 1.0 

46 1.0 

29 1.0 

$0 

$0 

$6,653 

$10,811 

$50,375 

$78,585 

$25,152 

$44,016 

$39,366 

$63,423 

$7,123 

$54,607 

$140,184 

$195,408 

$86,652 
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Ilslimuted 
(a) Development 0 Confirmation Generation (6) 

(t) C a p a d W m  (4) (5) i%pect 

On.4 3.7 9,500 0.1 1 1.00 $3,957 24 0.95 0.80 15 1.0 $59,355 
FISOO Fish Lake (Valley) on.4  3.7 9,500 4.4 2 1.00 $7,914 37.6 0.95 0.80 25 1.0 $98,425 

HAW00 Hawthorne 010 2.2 6,500 2.2 2 1.00 $4,822 6.96 0.95 0.80 8 1.0 $19,288 

HAW00 Hawthorne 
HYDOO Hyder Hot Springs 010 1.4 7,700 1.4 2 1.00 $5,976 4.4 0.95 0.80 8 1.0 $23,904 

H Y D O O  Hyder Hot Springs 010 1.4 7,700 2.4 3 1.00 $8,964 7.68 0.95 0.80 13 1.0 $38,844 
010 3.4 5,700 4.0 2 1.00 $4,114 12.8 0.95 0.80 10 1.0 $20,570 

PIROO Pirouette Mountain (SDixie Valley) D 23 010 3.4 5,700 5.8 3 1.00 $6,171 18.4 0.95 0.80 13 1.0 $26,741 

(Alum prospect) C 41 010 3.4 5,700 10.3 5 0 $10,285 32.8 0.95 0.80 25 1.0 $51,425 

(Alum prospect) C 78 010 3.4 5,700 19.5 10 1.00 $20 62.4 0.95 0.80 44 1.0 $90,508 

D 3.3 010 2.0 5,700 0.8 1 1.00 $2,057 2.64 0.95 0.80 3 1.0 $6,171 

D 6.1 1.5 1 1.00 $2,057 4.88 0.95 0.80 5 1.0 $10,285 
DevildGilbert's 

Area: 3 - Other 
BALOO Baltazor C 11 010 2.6 8,000 2.8 2 1.00 $6,282 8.8 0.95 0.80 8 1.0 $25,128 

BALOO Baltazor C 16 010 2.6 8,000 4.0 3 1.00 9,423 12.8 0.95 0.80 13 1.0 $40,833 

DOUOO Double - Black Rk D 20 010 1.6 5,700 5.0 5 1.00 0,285 16 0.95 0.80 25 1.0 $51,425 

DOUOO Double - Black Rk D 33 t 010 1.6 5,700 8.3 9 1.00 $18,513 26.4 0.95 0.80 41 1.0 $84,337 
Hot Springs 

HHWp-042, D1.3.10.3,31 December 2003 Table 11 -Page 5 of 9 500-01-042 
Friday, April 16,2001 



MCGOO McGee Mountain (Painted Hills) 
MCGOO McGee Mountain (Painted Hills) 
PINOO Pinto Hot Springs 
PINOO Pinto Hot Springs 
SHOOO Shoshone-Reese River 
SHOOO Shoshone-Reese River 
W I L O O  Wilson Hot Springs 
WE00 Wilson Hot Springs 
Area: 4 - AllotherC4 
BRWO1 Brawley Brawley (North 

BRWOl Brawley Brawley (North 

BRW02 Brawley East Brawley 
BRW02 Brawley East Brawley 
BRW03 Brawley South Brawley 

BRW03 Brawley South Brawley 

CALOO Calistoga 
CALOO Calistoga 

Brawley ) 

Brawley) 

(Mesquite field) 

(Mesquite field) 

C 
C 
D 
D 
D 
D 
D 
D 

B 

B 

B 
B 
B 

B 

C 
C 

cosoo coso Field-wide Summary A 
cosoo coso Field-wide Summary A 
DUNOO Dunes C 
DUNOO Dunes C 

19 
28 
18 
29 
13 
18 
10 
17 

88 

135 

85 
129 
45 

62 

17 
25 

246 
355 
7.4 
11 

5,700 
5,700 
5,700 
5,700 
5,700 
5,700 
4,950 
4,950 

6,650 

6,650 

3,650 
3,650 

010 6.5 14,000 

010 6.5 14,000 

010 2.5 5,350 

4.8 2 

7.0 3 
4.5 2 
7.3 3 
3.3 2 
4.5 2 
2.5 1 
4.3 2 

2.0 1 

13.8 3 

21.3 5 

32.3 8 
1.3 3 

5.5 4 

4.3 3 
010 2.5 5,350 6.3 4 

28010 7.5 9,000 0.0 0 
28010 7.5 9,000 18.8 4 

010 3.0 7,000 1.9 1 
010 3.0 7,000 2.8 2 

1.00 $4,114 15.2 0.95 0.80 
1.00 $6,171 22.4 0.95 0.80 
1.00 $4,114 14.4 0.95 0.80 
1.00 $6,171 23.2 0.95 0.80 
1.00 $4,114 10.4 0.95 0.80 
1.00 $4,114 14.4 0.95 0.80 
1.00 $1,748 8 0.95 0.80 
1.00 $3,496 13.6 0.95 0.80 

0.00 $0 70.4 1.00 0.80 

1.00 $7,443 108 1.00 0.80 

1.00 $33,300 68 0.85 0.80 
1.00 $53,280 103.2 0.85 0.80 
1.00 $20,754 36 0.85 0.80 

1.00 $27,672 49.6 0.85 0.80 

1.00 $5,730 13.6 0.95 0.80 
1.00 $7,640 20 0.95 0.80 
0.00 $0 -21.7 0.75 0.80 
2.30 $33,810 74 0.40 0.95 
1.00 $2,645 5.92 0.95 0.80 
1.00 $5,290 8.8 0.95 0.80 

10 1.0 
18 1.0 
10 1.0 
15 1.0 
8 1.0 

10 1.0 
5 1.0 

10 1.0 

28 1.0 

40 1.0 

24 1.0 
35 1.0 
14 1.0 

19 1.0 

15 1.0 
20 1.0 
0 0.0 

15 2.4 
5 1.0 
8 1.0 

$20,570 
$37,026 
$20,570 
$30,855 
$16,456 
$20,570 
$8,740 

$17,480 

$69,468 

$99,240 

$159,840 
$233,100 
$96,852 

$13 1,442 

$28,650 
$38,200 

$0 
$132,300 
$13,225 
$2 1 , 160 
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Estimated 

(a) Development 0 ConjSimation Generation (6) 
(2) Capaci@(Mw) (4) (9 Expect 

EXp0r.- - (3)Existing Est Total Total 
Area or DmL Upper-Min Wellhd MJV /well P h  PhrI cost- Plan M @g Plan Cost- Drilling PROJ 

ID Field or Area Power Plmt Cat. Lower=Mk MJV hel l  UV (Mw) (wells) Fad ($1000) W V  /T (wells) Fa& fl1000) 

EASOO East Mesa Field-wide summary A 119 6210 2.7 7,500 14.3 9 1.40 $36,389 48.7 1.25 0.92 45 1.4 $181,944 
EASOO East Mesa Field-widesummary A 148 6210 2.7 7,500 21.5 13 1.40 $52,562 71.9 1.25 0.92 66 1.4 $266,851 
GEYOO Geysers Field-wide SummaryA 1200 85010 5.9 9,500 87.5 25 2.30 6227,528 322.5 0.10 0.80 76 2.3 $691,684 
GEYOO Geysers Field-wide SummaryA 1400 85010 5.9 9,500 137.5 39 2.30 $354,943 482.5 0.10 0.80 113 2.3 $1,028,424 
GLAOO Glamis D 4.3 010 3.0 10,000 1.1 1 0.80 $3,398 3.44 0.95 0.80 3 0.8 $10,195 
GLAOO Glamis D 6.4 010 3.0 10,000 1.6 1 0.80 $3,398 5.12 0.95 0.80 5 0.8 $16,992 
HEBOO Heber Field-wide SummaryA 109 10010 3.3 6,000 2.3 1 0.70 $1,531 12.2 0.95 0.84 10 0.7 $15,309 
HEBOO Heber Field-wideSummaryA 142 100'0 3.3 6,000 10.5 5 0.70 $7,654 38.6 0.95 0.84 27 0.7 $41,334 
LAKOO Lake City / Surprise Lake City B 23 012.5 3.2 6,000 3.3 2 1.00 $4,374 18.4 0.95 0.80 15 1.0 $32,805 

L Lake City / e LakeCity B 37 012.5 3.2 6,000 6.8 4 1.00 $8,748 29.6 0.95 0.80 23 1.0 $50,301 

LVMOO Long Valley - M-P M-P Lease A 70 4010 3.7 3,675 7.5 3 0.70 $2,667 26 0.63 0.86 13 0.7 $11,557 

LVMOO Long Valley - M-P M-P Lease A 111 4010 3.7 3,675 17.8 8 0.70 $7,112 58.8 0.63 0.86 30 0.7 $26,670 

0 1 Medicine Lake Fourmile Hill B 25 010 5.1 7,500 6.3 2 1.00 $5,776 20 0.50 0.80 8 1.0 $23,104 
MEDO 1 Medicine Lake Fourmile Hill B 36 010 5.1 7,500 9.0 3 1.00 $8,664 28.8 0.50 0.80 11 1.0 $31,768 
MEW2 Medicine Lake Telephone Flat B 110 0115 6.1 6,750 12.5 3 1.00 $7,581 88 0.50 0.80 26 1.0 $65,702 
MEW2 Medicine Lake Telephone Flat B 175 28.8 8 1.00 $20,216 140 0.50 0.80 44 1.0 $111,188 
MOSOO Mount Signal 12 1.20 $1,864 9.6 0.95 0.80 8 1.2 $14,909 
MOSOO Mount Signal 19 010 3.4 4,450 1.20 $3,727 15.2 0.95 0.80 10 1.2 $18,636 

B 59 010 7.3 12,000 14.8 3 0.80 $13,217 47.2 0.85 0.80 14 0.8 $61,678 
B 76 010 7.3 12,000 19.0 4 0.80 $17,622 60.8 0.85 0.80 19 0.8 $83,706 

NILOO Niland 
N I L O O  Niland 
RAN00 Randsbur 

Valley 

Valley 

Leases Summary 

Leases Summary 

500-01-042 HHWP-042, D1.3.10.3,31 December 2003 
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RAN00 Randsburg C 48 
SALOO Salton Sea Field-wide summary A 1350 

SALOO Salton Sea Field-wide summary A 1750 

SESOO Sespe Hot Springs D 3.6 
SESOO Sespe Hot Springs D 5.3 

SUL.00 Sulphur Bank Clear Lake B 43 

SUPOO Superstition Mountain D 5.9 
SUPOO Superstition Mountain D 9.5 

S a 0 0  Sulphur Bank Clear Lake B 27 

~ 

010 3.4 4,550 12.0 

35010 8.0 10,250 250.0 

35010 8.0 10,250 350.0 
010 1.8 5,700 0.9 

010 1.8 5,700 1.3 
010 5.0 5,163 6.8 
010 5.0 5,163 10.8 
010 3.4 5,700 1.5 
010 3.4 5,700 2.4 

6 1.00 $9,546 

52 0.40 $91,458 

73 0.40 $128,392 

1 1.00 $2,057 

1 1.00 $2,057 

2 1.00 $3,666 

4 1.00 $7,332 

1 1.00 $2,057 

1 2.00 $4,114 

38.4 

817.5 

1138 

2.88 

4.24 

21.6 

34.4 

4.72 

7.6 

0.95 0.80 26 1.0 $41,366 

0.84 0.90 209 0.4 $367,589 

0.84 0.90 290 0.4 $510,052 

0.95 0.80 5 1.0 $10,285 

0.95 0.80 5 1.0 $10,285 

0.75 0.80 9 1.0 $16,497 

0.75 0.80 15 1.0 $27,495 

0.95 0.80 3 1.0 $6,171 

0.95 0.80 5 1.0 $10,285 
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1. Methods of cost estimafion are described in Appendices W, V and W. Background infmation concerning the data in this table is listed at the database command buttons for 
Confirmation and Development Costs, summarized in thepwject-speapc reports entifled "Exploraiion - Confirmation - Development Progtmm and CostsN (of which Appendix Vis a8 
mmple), as well as in Tables 8,9 and 10. 

2. Exploration-Development Categoy: 
A = adstingpowerplant operating 
B = one or more wells tested at 
C a a temperafure -212OF has been logged downhole (or boiling temperature for local elevation) 
D = other exploration data (such as spring chemishp and/or shallow temperafure gradient measurements) 

1 Nw 

3. Mn = Mnimum a estimatedgeneraiion capad9 with Monfe Carlo simulation cumulaiiveprobabili@ of more than 90% (MW for 30yem) 
Mlk = Most-like& =Monte Carlo simulation modal generation capad@ (MW for 3Oyears) 

4. The number to the Iefl is adual gross generation (Eqlorafion-Development Cafegov A, most recentyear available (assumed sustainable for 30 
years)). nte  number to the right is W p r o v e n  at the wenhead but nol in use at apowerplant. 

5. Estimated MWperprodudian welL This is the initial, nominal estimate based on resource temperature; drilling cost factors not eqrral to 1 may compensate ifthere is information 
that suggests a different value See the comments to cotifi-*on and development costs for each project in Tables 9 and 10. 

6. Eapded total depth of each well This is the initiab nominal estimate based on ayerage depth of the resource; drilling cost factors not equal to 1 may compensate tfthere is 
information that suggests a dfferent value See the commenfs to confirmation and development costs for each project in Tables 9 and 10. 

7. Conflrm&'on drillingplan: 
Plan m = WellheadWto confirm 
Plan (wells) = total number of wells to plan to drill ifsuccess rate is 60%. (The initial, nominal &mat6 a drilling cost factor noi 

equal to 1 may compensate ifthere is information that suggests a dffereni value See the comments to confma'on costs for each 
project in Table 9.) 

Cost Fador = drilling cost factor 
Total Drilling ($1000) = estimated total drilling q e n s e  Forprojects in the Imperial Vanq, Calvomia, Total Drilling Cost does NOT include corrosiOn-rcsiStmt titanium 

casing, which is &*mated as a separate part of total confirmation cost 

8. Development drilling plan: 
Plan 0 = wellhead MWto develop for 105% of capad@. 
RP = expected ratio of injectors to producers that will be needed 
O / T =  expected overall drilling success rate =sum ofproducersplus injectors divided by total number of wells drilled 
Plan (wells) = total number of wells to plan to driq given I%p and (The initial, nominal &-mate,- a drilling cost factor not 

equal to 1 may coqwnsate i f  there is information that suggests a different value See the comments to development costs for each 
project in Table 10.) 

Cost Factor = drilling cost factor 
Total Drilling ($1000) = estimated total drilling q e n s e  (For projects in the Impm'al Vallq, Califomicl: Total Drilling Cost does NOT include corrosion-resistant titanium 

casing, which is dmatedas a separatepart of total development cost. 

HHWP-042, D1.3.10.3,31 December2003 
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c 
Hetch Hetchy/SFJ?UC Programmatic Renewable Energy Project 
Project: 1.3 New Geothermal Site Identification and Qualification 
Project Team: GeothermEx, Inc. 
Task 1.3.10 Final Project Report 
Subject: D.13.10.3 Final Report 

Table I 2  Eqloration, Confipmation and Site Development Cost Estimates -per k W 

Area: 1 - Greater Reno (NVand c4) 
BEOOO B e o w e  A 15 13.3 15 $329 $329 $3,532 26 24.3 26 

BLUOO Blue Mountain C 16 16 16 $3 $194 $197 $2,471 30 30 30 $2 

BRAOO Brady's Hot Springs A 0 0 0  3 0 3  

COLOO Colado C 3.7 3.7 3.7 $250 $564 $814 $4,489 6.2 6.2 6.2 $149 

DES00 Desertpeak A 23 22 23 $211 $211 $2,589 35 34 35 

EMPOO Empire (San Emidio) Field-wide summary A 0 0 .  0 1.8 1.8 1.8 

FAL00 Fallon I Carson Lake C 34 34 34 $1 $349 $3,1 55 55 55 $1 

FLYOO Fly RancWGranite Ranch s (Fly/Hualapi Flat) H.S. C 6 6  6 $2,664 $2,664 $12,636 8.7 8.7 8.7 

FLY01 Fly RancWGranite Ranch C 5.4 5.4 5.4 $111 $484 $596 $3,238 8.1 8.1 8.1 $74 

GEROO Gerlach C 17 17 17 $2 $426 $429 $3,686 25 25 25 $1 

$372 

$204 

$976 

$336 

$207 

$885 

$322 

$2,297 

$323 

$434 

$372 $3,627 

$205 $2,448 

$976 $3,387 

$485 $4,063 

$207 $2,566 

$885 $4,372 

$323 $2,978 

$2,297 $11,849 

$397 $3,167 

$436 $3.729 
C 6.3 6.3 6.3 $159 $478 $637 $4,034 8.5 8.5 8.5 $118 $354 $472 $3,378 

HONOO HoneyLake A 4.5 0- 4.5 $381 $381 $2,685 7.1 1.9 7.1 $458 $458 $2,684 

KYLOO Kyle Hot Springs (Granite Mtn.) C 16 16 16 $51 $453 $505 $3,499 22 22 22 $37 $330 $367 $3,225 

LEA00 Leach Hot Springs Grass Valley C 13 13 13 $31 $949 $980 $6,407 18 18 18 $22 $913 $935 $6,218 

LEE00 LeeHotSprings C 5.4 5.4 5.4 $175 $484 $659 $4,064 9.4 9.4 9.4 $101 $278 $379 $3,629 

NEW00 New Yo& Canyon C 20 20 20 $59 $252 $312 $3,149 26 26 26 $46 $291 $336 $3,023 

NOR00 NorthValley C 37 37 58 $288 $296 $2,882 49 49 49 $6 $261 $267 $2,802 

PUMOO Pumpernickel Valley TiptonRancWotSpringsRanch C 9.1 10 10 $14 $277 $291 $3,541 12.1 13 13 $11 $412 $423 $3,605 

PYROO Pyramid Lake Indian R e m .  (Needle Rocks Hot Springs) C 9.9 9.9 9.9 $14 $334 $349 $3,184 14 14 14 $10 $460 $470 $3,481 

-442, D1.3.10.3,31 December 2003 
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RYE01 Rye Patch-Humboldt House Rye Patch 
District 

B 6 3.5 6 $ $ $4,319 10 7.5 10 $ $ $3,755 

RYE02 Rye Patch-Humboldt House Humboldt House C 27 27 27 $280 $280 $2,923 34 34 34 $296 $296 $3,006 
District 

SAW00 Salt Wells 

SOW0 SodaLake 

Eight Mile Flat C 63 63 63 $16 $238 $254 $2,537 96 96 96 $10 $233 $243 $2,558 
Soda Lake No. 1m0.2 A 13.3 2.9 13.3 $5 $166 $170 $1,884 26.3 15.9 26.3 $2 $287 $290 $2,521 

$116 $116 $964 STEOO Steamboat Hot Sprs Field-wide Summary A 3 0  3 $ $ $487 9 2.16 9 

0 0 0  STI00 Stillwater Stillwater Geothermal 1 A 0 0  0 

STIOl Stillwater Stillwater N Expansion B 11 16 16 $ $ $1,475 19 24 24 $49 $49 $1,705 

TRIO0 Trinity Mountaiw District Telephone Well area D 42 42 42 $23 $292 $314 $3,014 66 66 66 $14 $296 $310 $3,001 

wAB00 wabuska 6.7 6.65 6.7 $18 $582 $600 $5,843 11.6 11.55 11.6 $11 $503 $514 $5,802 A 

Area: 2 - W with direct access to C4 

AnaTofah: 413 396 419 637 612 643 

Ana Averages (weight@ : $21 $339 $360 $3,214 $14 $332 $345 $3,157 

AURO0 Aurora 

DIX00 DixieValley 

DE01 DixieValley 

EM00 Emigrant (Fish Lake V.) 

FISOO Fish Lake (Valley) 

31 31 31 $28 $342 $370 $3,140 51 51 51 $17 $312 $329 $3,073 

$176 $176 $3,008 5 5 5  $9972 $972 $3,897 41 41 41 

C 

Caithness Dixie Valley A 

Dixie Valley Power Partners C 107 107 107 $1 $380 $381 $3,191 151 151 151 $ $370 $371 $3,165 
(DVPP) 

HAW00 Hawthorne 

Hywo Hyder Hot Sprbgs 

C 49 49 49 $1 $441 $442 $3,710 85 85 85 $ I  $464 $464 $3,757 
B 22.6 30 30 $2 $162 $164 $3,643 39.6 47 47 $2 $203 $205 $3,809 
C 8.7 8.7 8.7 $4 $676 $681 $4,398 14 14 14 $3 $629 $632 $4,371 
D 5.5 5.5 5.5 $153 $1,318 $1,471 $7,318 9.6 9.6 9.6 $88 $1,131 $1,219 $6,765 

PIROO Pirouette Mountain (S.Dixie Valley) D 16 16 16 $74 $316 $389 $3,175 23 23 23 $51 $329 $380 $3,043 
41 41 41 $1 $305 $306 $3,060 78 78 78 $ $319 $319 $2,980 

SOH00 Sou Hot Springs (Seven DevildGilbert's H.S ) D 3.3 3.3 3.3 $279 $792 $1,072 $4,442 6.1 6.1 6.1 $151 $429 $580 $3,766 

SILO0 Silver Peak (Alum Prospect) C 

AreaTotds: 289 297 297 498 506 506 

$14 $391 $405 $3,436 $8 $361 $369 $3,377 A n a  Averages (weight@ : 

HHWP-042, D1.3.10.3,31 December 2003 
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-lor..- 
PROJ D ~ L  

Field or Area Area or Power Plant Cat. 

19 19 19 $50 $266 $315 $2,898 28 28 28 $34 $270 $304 $3,126 
18 18 18 $57 $280 $337 $2,980 29 29 29 $35 $261 $296 $2,860 

OOO Shoshone-Ree 13 13 13 $67 $388 $455 $3,221 18 18 18 $49 $280 $329 $2,972 

$413 $470 $3,609 

$107 $107 $2,638 
BRW02 Brawley East Brawley B 85 85 85 $1 $562 $563 $4,238 129 129 129 $1 $596 $597 $4,195 

BRW03 Brawley South Brawley (Mesquite field) B $2 $671 $673 $4,658 62 62 62 $1 $662 $663 $4,606 

CALOO Calistop C $414 $414 $3,599 25 25 25 $375 $375 $3,403 

cos00  cos0 Field-wide Summary A 0 0 0  75 55 75 $541 $541 $3,405 

DUN00 Dunes C 7.4 7.4 7.4 $113 $447 $560 $3,847 11 11 11 $76 $585 $661 $4,085 

EASOO EastMesa Field-wide summary A 57 45.8 57 $766 $766 $5,163 86 74.8 86 $734 $734 $5,141 

GEY00 Geysers Field-wide Summary A 350 200 350 $770 $770 $3,604 550 400 550 $765 $765 $3,725 

GLAOO Glamis D 4.3 4.3 4.3 $211 $ 9 7  $1,188 $5,059 6.4 6.4 6.4 $142 $656 $798 $4,953 

42 42 42 $222 $222 $2,706 

Mn Eslimaicd Mlk EStimnted 
DNclopmcnt cost/Rw @) Development comw 
( G ~ ~ s s M W ( ~ )  -lore Et#+ E N +  (Gwss MW)(I) EapIme E@+ E N +  

WeMS PlantNew Confirm con$ SifeDev. W e h  Plant New Confrnn an$ f l t e ~ w .  

HEBOO Heber Field-wide Summary A 9 9 9  $219 $219 $3,420 

LAKOO Lake City I Surprise Valley Lake City B 20.5 23 23 $233 $233 $3,159 

LVM00 Long Valley - M-P Leas  M-P Lease Summary A 30 30 30 $82 $112 $195 $580 

MEW1 MedicineLake Fourmile Hill B 25 25 25 $281 $281 $2,705 

MEDO2 MedicineLake Telephone Fl B 95 110 110 $84 $84 $2,181 

MOSOO Mount Signal C 12 12 12 $37 $199 $236 $2,978 

NIL00 Niland B 59 59 59 $360 $360 $3,160 

I 

$287 $287 $3,146 

71 71 71 $35 $124 $159 $2,034 

$292 $292 $2,674 36 36 36 

160 175 175 $139 $139 $2,275 

19 19 19 $23 $242 $265 $2,746 

$385 $385 $3,249 76 76 76 

34.5 37 37 
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RAN00 Randsburg C 32 32 32 $14 $243 $257 $2.752 48 48 48 $9 $244 $253 $2,615 

$130 $130 $2,250 SAL00 Saltonsea Field-wide sununary A lo00 IO00 1000 $136 $136 $2,261 1400 1400 1400 

SESOO Sespe Hot Springs D 3.6 3.6 3.6 $263 $726 $989 $5,346 5.3 5.3 5.3 $178 $493 $672 $4,112 

S W O  SulphurBank Clear Lake B 27 27 27 $167 $167 $2,278 43 43 43 $208 $208 $2,347 
Sup00 Superstition Mountain D 5.9 5.9 5.9 $144 $443 $587 $3,133 9.5 9.5 9.5 $89 $539 $629 $3,211 

AnaTotah: 1953 1829 1990 3004 2860 3041 

$4 $306 $310 $2,796 $2 $324 $326 $2,857 Ana Averages (weighteq : 

Grand Totals : 2746 2613 2797 4280 4119 4331 

Grand Averages (weighted): $10 $324 $334 $2,952 $6 $332 $339 $2,987 

Notes: 
(1) Gross MWof new wellheadproduction capacity and of new plant capacity needed to bring total electricity generation to the Minimum 
(Min) or Most-Iike@ (Modal or MIk) estimated generation capacity of the resource. Tke well andplant figures differ ythere is ds t ing  unused 
(but proven) wellheadproduction capacity, or existing under-utilizedplant capacity. A value of 0 indicates that the exi3ting welmeld 
production capacity orplant capacity is very close to or exceeds the corresponding generation capacity estimate, so that no confirmation or 
development is planned and costed Tkese cases are explained in the notes to indhidualprojects found in Tables 9 and 10. "New" is the larger 
of wellhead W o r p l a n t  MWand represents the total increment of electricityproduction (gtossMli!l to be expected Development costs are 
actual& calculated on the basis of drilling andproving 105% of neededgross Mw, so that a reserve capacity is available. 
(2) CostskW are calculated with respect to new gross W. 
Site Development does not include estimated transmission line costs. 

HHWP-042, D1.3.10.3,31 December 2003 
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Hetch Hetchy/SFPU 
Project: 1.3 New Geothermal Site Identification and Qualification 
Project Team: GeothermEx, Inc. 
Task: 1.3.10 Final Project Report 
Subject: D.13.103 Final Report 

rogrammatic Renewable Energy Project 

Table 13. Transmission Line Cost Estimates 
cost Total Comment 

BLUOO 

BRA00 $0 0.0 transmission to handle upgrade 

$14,510,000 1.0 $14,510,000 Estimate based on data in Woo03a, for the Blue Mtn MW fraction of a collection systemthat connects 
to the PDCI (Woo03a Stage 4 project; 

COLOO 

DES00 

$3,650,000 1 .O , $3,650,000 Estimate based on data in Wbo03a, for the Colado MW fraction of a collection system that connects to 
(Woo03a Stage 4 project; see Appendix VI). 

$0 0.0 $0 Existing transmission capacity is assumed capable of handling the expansion. 
EMPOO 
FALOO 

0.0 

1.0 

It is assumed that the existing transmission line can handle the expansion. 
$12,410,000 Estimate based on data in Woo03a for the FallodCarson MW fraction of a collection system from Lee 

H.S. to a 345 kV connection at Tracy (Woo03a Stage 3 project; see Appendix VI). 

$3,660,000 Estimate based on data in Woo03a for a line from Fly Ranch to Gerlach, plus a MW proportion of 
combined transmission from there to PDCI (see Appendix VI). Cost Factor = 0.5 represents assuming 
that one half of the Fly Ranch transmission cost is assigned to this project, and one-half to FLYOO. 

$3,660,000 Estimate based on data in Woo03a for a line from Fly Ranch to Gerlach, plus a MW proportion of 
combined transmission fiom there to PDCI (see Appendix VI). Cost Factor = 0.5 represents assuming 
that one half of the Fly Ranch transmission cost is assigned to this project, and one-half to FLYOO. 

$12,410,000 

FLY00 $7,320,000 0.5 

FLY0 1 $7,320,000 0.5 

GEROO $7,280,000 1.0 $7,280,000 Estimate based on data in Woo03a for transmission from Gerlach to the PDCI, adjusted for carrying 

HAZOO 

Fly Ranch (see Appendix VI). 

$5,730,000 1.0 $5,730,000 Estimate based on data in Woo03a, for transmission from Hazen to existing grid at Eagle (see Appendix 
VI). 

HHWP-042, D1.3.10.3,31 December 2003 
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PROJID cost Cost Total Comment 
Factor Cost 

HONOO 
KYLOO 

LEA00 

LEE00 

NEW00 

NOR00 

PUMOO 

PYROO 

RYE0 1 

RYE02 

SAWOO 

SOD00 
STEOO 
STIOO 

$0 

$10,630,000 

$9,160,000 

$5,960,000 

$12,800,000 

$7,020,000 

$8,500,000 

$266,000 

$9,200,000 

$16,940,000 

$31,640,000 

$0 

$0 

LO 

0.0 

1 .O 

$0 It is assumed that existing transmission capacity can handle the expansion. 
$10,630,000 Estimate based on data in Woo03a, for the Kyle H.S. MW fraction of a collection system that connects 

to the PDCI (Woo03a Stage 4 project; see Appendix VI). 

$9,160,000 Estimate based on data in W d 3 a ,  for the Leach H.S. MW fraction of a collection system that 
connects to the PDCI ( W d 3 a  Stage 4 project; see Appendix VI). 

$5,960,000 Estimate based on data in Woo03a for a line fkom Lee H.S. to Salt Wells (project SAWOO), plus the Lee 
H.S. MW fraction of a collection system Erom Salt Wells to 345 kV connection at Tracy (Woo03a Stage 
3 project; see Appendix VI). 

connects to the PDCI ( W d 3 a  Stage 4 project; see Appendix VI). 

1.0 

I .O 

1.0 $12,800,000 Estimate based on data in Woo03a, for the New York Canyon MW fraction of a collection system that 

I .O $7,020,000 Estimate based on data in Woo03a for the North Valley MW fraction of a collection system to a 345 kV 
connection at Tracy (Woo03a Stage 3 project; see Appendix VI). 

I .O $8,500,000 Estimate based on data in Woo03a, for the Pumpernickel Valley MW fraction of a collection system 
that connects to the PDCI (Woo03a Stage 4 project; see Appendix VI). 

$5,628,000 Cost Factor = c.21 miles NE to connect to a new 345 kV line between Honey Lake and the PDCI tap 
SW of Gerlach, that is part of the new developments in Woo03a 

$9,200,000 Estimate based on data in Woo03a, for the RYE01 MW fraction of a collection system that connects to 
the PDCI (Woo03a Stage 4 project; see Appendix VI). 

$16,940,000 Estimate based on data in Woo03a, for the RYE02 MW fraction of a collection system that connects to 
the PDCI (Woo03a Stage 4 project; see Appendix VI). 

$31,640,000 Estimate based on data in Woo03a for the Salt Wells MW fraction of a collection system from Lee H.S. 
through Salt Wells and other projects to a 345 kV connection at Tracy (Woo03a Stage 3 project; see 
Appendix VI). 

It is assumed that existing transmission capacity can handle the expansion. 

21 .O 

1.0 

I .O 

1.0 

0.0 $0 

0.0 $0 

0.0 $0 

It is assumed that existing transmission capacity can handle the expansion. 
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PROJID cost Cost Total Comment 
Factor Cost 

STIO 1 $0 0.0 It is assumed that existing transmission capacity can handle the expans 
TRIO0 

WABOO 
Area: 2 - W w i t h  direct 

$1 1.460,000 1 .O $1 1,460,000 Estimate based on data in Woo03a, for the Trinity MW hction of a collection system that connects to 
the PDCI (Woo03a Stage 4 project; see Appendix VI). 

It is assumed that existing transmission capacity can handle the expansion. 

$268,000 2 miles to an existing 55-69 kV transmission line. 
$0 0.0 $0 Existing transmission capacity is assu capable of handling an expansion. 

$268,000 1.0 

$268,000 16.0 

st Factor = 1 mile distance (app 
st Factor = c.17 miles SW to an existing transmission line terminus at N. Dyer, or c.15 miles E to an 

existing transmission line N of Silver Peak (both lines 55 kV). Transmission line costs would be greatly 
lowered by combining this project with development of the near-by Fish Lake project (FISOO). 

$3,484,000 Cost Factor = c.13 miles S to an an existing 55 kV terminus at N. Dyer. Transmission costs could be 
greatly reduced by simultaneous development of the near-by Emigrant anomaly (EMIOO) 

) to existing Dixie Valley 230 kV line. 

FISOO 

HAW00 1 .O $268,000 Cost Factor ed distance of 1 mile to existin ssion capacity that passes 
m o o  6.0 $1,71 Cost Factor iles to tie-in at the Dixie Valley ent (DIXOO) 
PRO0 $0 0.0 Assumed to be neglig e is aloag the Dixie Valley transmission line) 
SILO0 68,500 2.5 $6 Cost Factor = 2.5 mil existing 55 kV transmission line 

Area: 3 - MherNV 

$268,000 13.0 

SOH00 $268,500 10.0 $2, Cost Factor = c.10 miles to con transmission at the existing Dixie Valley project 

BAL00 $268,000 26.0 $6,968, Cost Factor = c.26 miles to @inn River termination of existing 120 kV line. Another possibility is 
connection at Fields, Oregon (similar distance). Simultaneous development of and cost-sharing with 
near-by McGee Mtn. (MCGOO) would reduce the cost by about 112. 

DOUOO $268,000 16.0 $4,288,000 Cost Factor = c.15 miles from the middle of the anomaly ing 60 kV transmission to the S 
MCGOO $268,000 28.0 $7,504,000 m McGee Mtn to Baltazor 0) plus c.26 miles from there to the 

Quinn River termination of an existing 120 kV line. Another possibility from Bdtazor is connection at 
Fields, Oregon (similar distance). Simultaneous development of and cost-sharing with Baltazor would 
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PROJID cost Cost Total Commenf 
Factor Cost 

PIN00 
SHOO0 

WILOO 
Area: 4 
BRWOI 

BRWO2 

BRW03 

CALOO 
cos00  
DUN00 
EASOO 
GEYOO 
GLAOO 
HEBOO 
LAKOO 
LVMOO 
MEDO 1 

$268,500 

$268,500 

$268,500 

- All other C4 
$20,900,000 

$21,900,000 

$12,900,000 

$268,000 

$0 

$1 80,000 

$0 

$0 

$180,000 

$0 

$268,000 

$0 

$268,000 

reduce the overall McGee cost by about 1/2. Without development of Baltazor, a line from McGee 
might go a shorter distance directly E to Quinn River, but over high mountains at higher cosdmile. 

25.0 

15.0 

$6,712,500 Cost Factor = c.25 miles NE to the terminus of an existing 120 kV line at Quinn River. 
$4,027,500 Cost Factor = c.15 miles N to an existing 55-69 kV transmission terminus at Antelope Valley. A 230 

kV line is about 25 miles to the S. 

$4,564,500 Cost Factor = c.17 miles N to existing 55 kV transmission capacity near Yerington 17.0 

1.0 $20,900,000 The MW fraction of total cost to connect to the PDCI from SALOO (W0003a), plus a 16 mile 
transmission from BRWOl to SALOO. See Appendix VI. 

1 .o 

1 .o 

1 .o 
0.0 

14.0 

0.0 

0.0 

18.0 

0.0 

25.0 

0.0 

22.0 

$21,900,000 The MW fraction of total cost to connect to the PDCI fiom SALOO (WooO3a), plus a 16 mile 

$12,900,000 The MW fraction of total cost to connect to the PDCI from SALOO (WooOSa), plus a 16 mile 

transmission from BRWOl to SALOO. See Appendix VI. 

transmission from BRWOl to SALOO. See Appendix VI. 

$268,000 Assume that existing transmission is within one mile. 
$0 Existing transmission capacity is assumed capable of handling expansion. 

$2,520,000 Cost Factor = c.14 miles W to connection at East Mesa (EASOO) 

$0 It is assumed that existing transmission can handle any project expansion. 
$0 It is assumed that existing transmission lines can handle capacity expansion 

$3,240,000 Cost Factor = c.18 miles to existing transmission at East Mesa (EASOO) 

$0 It is assumed that existing transmission capacity can handle the expansion. 
$6,700,000 Cost Factor = assumed 25 mile line to the vicinity of Alturas (very uncertain) 

$0 It is assumed that existing transmission lines can handle the expansion. 
$5,896,000 Cost Factor = c. 22 miles ENE to existing BPA Malin-Warner transmission line. Cost would be shared 

by additional or eventual development of the Telephone Flat project (MEDO2) 
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PROJID cost Gst Total Comment 
Factor Cost 

MEDO2 $268,000 22.0 $5,896,000 Cost Factor = c. 22 miles ENE to existing BPA Malin-Warner transmission line. Cost would be shared 
by additional or eventual development of the Fourmile Hill project (MEDOI) 

MOSOO $180,000 5.0 $900,000 Cost Factor = c.5 miles N to an existing 500 kV(?) transmission line 

NIL00 

RAN00 $268,000 20.0 $5,360,000 Cost Factor = c.20 miles W to existing transmission corridor 
SAL00 

SESOO $268,500 15.0 $4,027,500 Cost Factor = assumed 15 mile distance to an existing transmission corridor (very uncertain) 
SULOO $268,500 2.0 $537,000 Cost Factor = approximate distance to an existing transmission line 
SUP00 $268,500 6.0 $1.61 1 ,000 Cost Factor = c.6 miles NE to an existing transmission line. 

$10,900,000 1.0 $10,900,000 The MW fraction of total cost to connect to the PDCI from SALOO (WwO3a), plus a 16 mile 
transmission from BRWOl to SALOO. See Appendix VI. 

$184,500,000 1.0 $184,500,00 The MW fraction of total cost to connect new Imperial Valley development to the PDCI (Ww03a). 
See Appendix VI. 
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Hetch Hetchy/SFPUC Programmatic Renewable Energy Project 
Project: 1.3 New Geothermal Site Identification 
Project Team: GeothermEx, Inc. 
Task: 13.10 Final Project Report 
Subject: D.13.103 Final Report 

t, Transmission Line and Total Cost Estimates - Totals andper kW 

Ekplor.- 
DewL 

Area or Power Plant Cut. 

Area: 1 - Greater Reno w a n d  C4) 
BEOOO Beowawe A 15 13.3 15 $48,048 $ $52,9f8 $3,532 26 24.3 26 $84,618 $ $94,293 $3,627 

BLUOO Blue Mountain C 16 16 16 $36,376 $14,510 $54,044 $3,378 30 30 30 $67,277 $14,510 $8'7,947 $2,932 

BRAOO Brady's Hot Springs A 0 0 0  $ $ $ 3 0 3 $7,2233 $ $10,160 $3,387 

COLOO Colafto C 3.7 3.7 3.7 $13,600 $3,650 $20,260 $5,476 6.2 6.2 6.2 $22,180 $3,650 $28,840 $4,652 

DESOO Desertpeak $ $59,551 $2,589 35 34 82,568 $ $89,825 $2,566 

EMPOO Empire (San Emidi Field-wide summary 0 0 0  $ $ $ 1.8 1.8 1.8 $6,276 $ $7,869 $4,372 

FALOO FallonIC Carson Lake anomaly C 34 34 34 $94956 $12,410 $119,222 $3,507 55 55 55 145,992 $12,410 $176,185 $3,203 

FLYOO Fly Ranc h 6 6 6 $59,832 $3,660 $79,473 $13,246 8.7 8.7 8.7 $8 $3,660 $106,746 $12,270 

FLY01 Fly R a n c m i t e  Ranch C 5.4 5.4 5.4 $14,271 $3,660 $21,147 $3,916 8.1 8.1 8.1 $2 $3,660 $29,311 $3,619 

GEROO Gerlach 17 17 17 $55,380 $7,280 $69,946 $4,114 25 25 25 $82,320 $7,280 $100,494 $4,020 

HAZOO Hazen (Black Butte) (Patua Hot Springs) C 6.3 6.3 6.3 $21,402 $5,730 $31,145 $4,944 8.5 8.5 8.5 $24,702 $5,730 $34,445 $4,052 

HONOO HoneyLake Area-wide Summary A 4.5 0 4.5 $10,368 $ $12,084 $2,685 7.1 1.9 7.1 $15,810 $ $19,059 $2,684 

prings (Granite Mtn.) (Buena Vista Valley) C 16 16 16 $47,904 $10,630 $66,606 $4,163 22 22 22 $62,880 $10,630 $81,582 $3,708 

LEA00 Leach Hot Springs Grass valley C 13 13 13 $70,560 $9,160 $92,456 $7,112 18 18 18 $95,080 $9,160 $121,077 $6,727 

LEEOO LeeHotSprings C 5.4 5.4 5.4 $18,385 $5,960 $27,905 $5,168 9.4 9.4 9.4 $30,556 $5,960 $40,076 $4,263 

NEWOO New York Canyon C 20 20 20 $56,741 $12,800 $75,774 $3,789 26 26 26 $69,855 $12,800 $91,396 $3,515 

NOROO NorthValley C 37 37 37 $95,704 57,0205113,671 $3,072 49 49 49 124,192 $7,020$144,301 $2,945 

PUMOO Pumpernickel Valley TiptonRanchlHotSpringsRanch C 9.1 10 10 $32,496 $8,500 $43,905 $4,391 12.1 13 13 $41,370 58,500 $55,367 $4,259 

PYROO F'yramidLakeIndianReserv. (NeedleRocksHot Springs) C 9.9 9.9 9.9 $28,075 $5,628 $37,154 $3,753 14 14 14 $42,160 $5,628 $54,366 $3,883 

HHWP-042, D1.3.10.3,31 December 2003 
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E.@or.- 
PROJ DeveL 

Field or Area Area or Power Plant at, 

AUROO Aurora 

DIXOO DixieValley 

DIXOI Dixie Valley 

EMIOO Emigrant (Fish Lake V.) 

FISOO Fish Lake (Valley) 

HAW00 Hawthorne 

HYDOO Hyder Hot Springs 

PIROO Pirouette Mountain 

S I D  Silverpeak 

SOH00 Sou Hot Springs 

Min Estimated Mlk Estimated 
DeveIopment Cost fthousands) ') Development Cost /thousands) ') 

welh Plant New DamLn. rot, $/RW W e k  Plant New Tran-Ln. Tot. mw fGWa Mw) (I) site D a .  EWMD+lZ (GmsS MW)(l) Site Dev. EWMD+lZ 

Caithness Dixie Valley 

Dixie Valley Power Partners 
(DVpP) 

(%Dixie Valley) 

(Alum Prospect) 
(Seven DevildGilbert's H.S.) 

C 31 31 31 $85,866 

A 5 5 5 $14,623 

C 107 107 107 $300,684 

C 49 49 49 $160,152 

B 22.6 30 30 $104,355 

C 8.7 8.7 8.7 $32,338 

D 5.5 5.5 5.5 $32,154 

D 16 16 16 $44,570 

C 41 41 41 $112,925 

D 3.3 3.3 3.3 $11,121 

$536 $97,862 

$ $19,485 

$268 $341,681 

$4,288 $186,096 

$3,484 $1 12,773 

$268 $38,527 

$1,716 $41,963 

$ $50,800 

$671 $126,127 

$2,685 $17,342 

$3,157 51 51 51 139,923 $536 $157,242 $3,083 

$3,897 41 41 41 116,107 $ $123,309 $3,008 

$3,193 151 151 151 421,908 $2683478,125 $3,166 

$3,798 85 85 85 279,888 $4,288 $323.649 $3,808 

$3,759 39.6 47 47 169,425 $3,484 $182,523 $3,883 

$4,428 14 14 14 $52,343 $268 $61,459 $4,390 

$7,630 9.6 9.6 9.6 $53,244 $1,716 $66,661 $6,944 

$3,175 23 23 23 $61,241 $ $69,979 $3,043 

$3,076 78 78 78 207,508 $671 $233,097 $2,988 

$5,255 6.1 6.1 6.1 $19,435 $2,685 $25,656 $4,206 

AreaTotals 289 297 297 $14,000 498 506 506 $14,000 
mdAveragcs (weighted): $899,000 $1,033,000 $3,483 $1,521,000 $1,722,000 $3,405 

HHWP-042, D1.3.10.3,31 December 2003 
Friday, Apdl I62004 
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L - 
i%pIor.- 

PROJ DeveL 
ID Field or Area Area or Power Plant Cat 

NIL00 Niland B 59 59 59 $165,178 $10,900 $197,340 $3,345 76 76 76 217,706 $10,900 $257,840 $3,393 

Mm Estinatcd Mlk Estimated 
D~lopmcnC Cost (thousands) @) Developmmc Cost (thousands) @) 

wells Plant New Dan.Ln. rot. $new Wells Plant Nm, DmLn. rot. mw (@Om site Dcy. EUWDWE mfl) Site Dev. E+c+sD+TL 

HHwp-042, D1.3.10.3,31 December 2003 
Fridqy, April 16,2004 
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E&orr.- 
PROJ DweL 
ID Field or Area Area or Power Plant Cat. 

(2) E+C+SD+TL = Exploration + Confirmation + Site Development + Transmission Line. Costsh W are calculated with respect to new gross 
m. 

Min Estimated Mk Estimated 
Development Cost fthousands) @ Development Cost fthousands) ') 

WWh Plant New nanLn rot. S/RW Wells Plant New TrmLn. rot. S/RW 
(Gross (I) Site Dm. E+Ci.SD+ln (Gmss W(l) Site Dw. E.+Ci.Srnln 

HHWP-042, D1.3.10.3,31 December 2003 Table 14 - Page 4 of 4 500-01-042 
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Hetch Hetchy/SF'PUC Programmatic Renewable Energy Project 
Project: 
Project Team: GeothermEx, Xnc. 
Task 1.3.10 Final Project Report 
Subject: D.13.103 Final Report 

1 3  New Geothermal Site Identification and Qualification 

Table 15. Total and Incremental Generation Capacities for SelectedAreas 

Minimum Most-like& Mnimrrm Most-like& 
Total Total Inwemenial Incremental Percentage Percottage 

Area (GmsMW) (GmsMW) (Gross MW) (Gross MW) state Total Grand Total 
Generation Capacity Gmerncion Capad@ Generation Capacity Generation Capacity of d 

California 

Imperial Valley 1,900 2,500 

The Geysers 1,200 1,400 

Medicine Lake 150 200 

Other - 450 - 600 

California Total 3,700 4,700 

Nevada 

Greater Reno 550 800 

Dixie Corridor 350 550 

Other m la 
Nevada Total 1 ,ooo 1,500 

Grand Total ezQp UQQ 

1,350 

350 

150 

- 150 

2,000 

400 

300 

m 
800 

28M 
Note: (1) The data in this table are derived from the Area totals in Tables 3 and 12, rounded to the nearest increment of 50 MW. 

HHWP-042, D1.3.10.3,31 December2003 Table 15 - Page 1 of 1 

1,950 

550 

200 

- 300 

3,000 

650 

500 

la 
1,300 

43M 

65% 

18% 

7% 

- 10% 

100% 

50% 

38% 

- 12% 

100% 

45% 

13% 

5% 

7% 

70% 

15% 

12% 

3% 

30% 

100% 

500-0 1-042 
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Hetch HetchyBFPUC Programmatic Renewable Energy Project 
Project: 1 3  New Geothermal Site Identification and Qualification 
Project Team: GeothermEx, Inc. 
Task: 1.3.10 Final Project Report 
Subject: D.13.10.3 Final Report 

Appendix I. Database Figure List by Project 
Proj Figure 

ADO00 Adobe Valley (Granite Springs V. - N. End) 

ADOOO-1 Map showing hole locations and temperature data, Adobe Valley (Granite Springs 
Valley) area, Nevada 

AUROO Aurora 

AUR00-1 Locations of temperature gradient holes in the Aurora prospect area 
AUROO-2 Downhole'temperature logs from the Aurora prospect area 
AUROO-3 Probabilistic calculation of geothermal energy reserves, prospect, Nevada 

BAL00 Baltazor 

BALOO-1 Downhole temperatures near Baltazor Hot Spring 
logic map of the Baltamr Hot Springs area 

BALOO-3 Downhole lithology, temperature and geologic section in the Baltazor Hot Springs 
area 

BALOO-4 Probabilistic calculation of geothermal energy reserves, Bdtazor Hot Springs, 
Nevada 

BEOOO Beowawe 

BE000-1 Well location map, Beowawe g 
BE000-2 Beowawe initial-state temperatures Within Malpds fault mne 
BE000-3 Probabilistic calculation of geothermal reserves, Beowawe, Nevada 

BLUOO Blue Mountain 
ng location of Blue Mountain geothermal leas 
ng bore hole locations 

BLUOO-4 Downhole temperatures at the Blue Mountain geothermal area 

BRA00 Brady's Hot Springs 

BRWOO Brawley rea-wide summary 

HHWP-042, D1.3.10.3,31 Dec. 2003 Page I-1 of 11 500-01-042 
Friday, Febnmy 06,2004 



Proj Figure 

BRW00-1 Locations of the geothermal anomalies of the Imperial Valley, California 
BRWOO-2 Total depths and bottomhole temperatures of deep holes in the Salton Sea, Brawley 

and Westmorland areas of the Imperial Valley, California 

BRWOl Brawley Brawley (North Brawley) 

BRW00-1 Locations of geothermal areas of the Imperial Valley, California 
BRWOO-2 Total depths and bottomhole temperatures of deep holes in the Salton Sea, Brawley 

and Westmorland areas of the Imperial Valley, California 
BRWOl-1 Deep well data: (North) Brawley area, Imperial Valley, California 
BRWOl-2 Probabilistic calculation of geothermal energy reserves, (North) Brawley 

geothermal area, California 

BRWOZ Brawley East Brawley 

BRW00-1 Locations of geothermal areas of the Imperial Valley, California 
BRWOO-2 Total depths and bottomhole temperatures of deep holes in the Salton Sea, Brawley 

and Westmorland areas of the Imperial Valley, California 
BRWO2-1 Heat flow map and well data, East Brawley geothermal area, California 
BRW02-2 Deep well data: East Brawley area, Imperial Valley, California 
BRW02-3 Probabilistic calculation of geothermal energy reserves, East Brawley geothermal 

area, California 

BRW03 Brawley South Brawley (Mesquite field) 

BRW00-1 Locations of geothermal areas of the Imperial Valley, California 
BRWOO-2 Total depths and bottomhole temperatures of deep holes in the Salton Sea, Brawley 

and Westmorland areas of the Imperial Valley, California 
BRW03-1 Deep well data: South Brawley area, Imperial Valley, California 
BRW03-2 Geologic map of the southern Imperial Valley, California 
BRW03-3 Probabilistic calculation of geothermal energy reserves, South Brawley geothermal 

area, California 

CALOO Calistoga 

CALOO-1 Map showing the general location of the Calistoga geothermal field in the upper 
Napa Valley, California 

CALOO-2 Map of the Calistoga area showing chemical and temperature anomalies 
CALOO-3 Downhole well temperatures and diagrammatic cross-section of the Calistoga 

geothermal field, Napa Valley, California 
CALOO-4 Probabilistic calculation of geothermal energy reserves, Calistoga area, Napa 

County, California 

COMO Colado 

COLOO-1 Map showing hole locations and temperature data, Colado area, Nevada 
COLOO-2 Probabilistic calculation of geothermi energy reserves, Colado area, Nevada 

c o s 0 0  cos0 Field-wide Summary 

Page I-2 of 11 500-01-042 HHWP-042, D1.3.10.3,31 D ~ c .  2003 
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Id Pro] Figure 

COSOO-1 Cos0 lease areas and outline of 350°F temperature contour at sea level 
COSOO-2 Probabilistic calculation of geothermal energy reserves, Coso, California 
COSOO-3 Historical power output of Coso field 

DES00 Desert Peak 

DESOO-1 
DESOO-2 Geologi d temperature cross section, Desert Peak, Nevada 
DESOO-3 Map showing possible reservoir boundaries, Desert Peak, Nevada 
DES004 Probabilistic calculation of geothermal energy reserves, Desert Peak, Nevada 

Well and fault location map, showing project areas, Desert Peak, Nevada 

DIXOO Dixie Valley Caithness Dixie Valley 

DIXOO-1 
DIXOO-2 
DIXOO-3 
DIXOO-4 

Well location map, Dixie Valley geothermal field 
Observed temperature distribution at 4,000 ft (msl), Dixie Valley 
Observed temperature distribution at -5,000 ft (msl), Dixie Valley 
Observed temperature distribution at 4,000 ft (msl), Dixie Valley 
Map showing shallow-to-intermediate depth hole locations and temperature data, 
Dixie Valley, Navada 

DIXOO-6 Probabilistic calculation of g energy reserves, Dixie Valley (Caithness 
project area), Nevada 

DIXOl Dixie Valley Dixie Valley Power Partners (DVPP) 

DIXOl-1 Shallow thermal gradient and temperature cross-section of the Dixie 
Valley Power Partners area 

DIXOl-2 Probabilistic calculation of geothermal energy reserves, Dixie Valley (Dixie Valley 
Power Partners project area), Nevada 

bd 

DOUOO Double - Black Rk Hot Springs 

Springs area, Nevada 

Springs, Nevada 

DOU00-1 Map showing hole locati 

DOU00-2 Probabilistic calculation of geothermal en - Black Rock Hot 

temperature data, Double - Black Rock Hot 

DUN00 Dunes 

BRWOO-1 Locations of geothermal areas of the Imp 
00-1 Hole locations and downho 

ss-sections, Dunes geothermal anomaly, Imperial 
County, California 

DUNOO-3 Temperature profile of hole DWR No. 1 
ystem, Dunes geothermal anomaly 

DUNOO-4 Probabilistic calculation of geothe rgy reserves, Dunes anomaly, California 
erial County, California 

EASOO East Mesa Field-wide summary 

Page I-3 of 11 500-01-042 HHWP-042, D1.3.10.3,31 Dec. 2003 
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Proj Figure 

BRW00-1 Locations of geothermal areas of the Imperial Valley, California 
EASOO-1 Temperature contours in the East Mesa geothermal field, California 
EASOO-2 Downhole temperature logs of wells 6-1,6-2 and 5-1, East Mesa geothermal field, 

California 
EASOO-3 Downhole temperature logs of wells 8-1 and 31-1, East Mesa geothermal field, 

California 
EASOO-4 S-N vertical temperature section, East Mesa geothermal field, California 
EASOO-5 Probabilistic calculation of geothermal energy reserves, East Mesa geothermal 

field, California 

EMIOO Emigrant (Fish Lake V.) 
WOO-1 Map showing hole locations and temperature data, Emigrant prospect, Fish Lake 

Valley, Nevada - SMU data set 

EMIOO-2 Map showing hole locations and temperature data, Emigrant prospect, Fish Lake 
Valley, Nevada - FLGPC data set 

MOO-3 Probabilistic calculation of geothermal energy reserves, Emigrant (Fish Lake 
Valley) area, Nevada 

EMPOO Empire (San Emidio) Field-wide summary 

WOO-1 Well locations and thermal anomaly, Empire geothermal area, Nevada 
EMPOO-2 Probabilistic calculation of geothermal energy reserves, Empire (San Emidio) area, 

Nevada 

FALOO Fallon 1 Carson Lake Canon Lake anomaly 

FALOO-1 Temperatures to 7,000 ft at SE comer of Naval Air Station 
FALOO-2 Shallow temperature anomaly at Fallon / Carson Lake 
FALOO-3 Map showing hole locations, temperature data and boundaries of Fallon NAS 
FALOO-4 Map showing reflection seismic lines and inferred fault zones, Fallon NAS area, 
FALOO-5 Map showing land use in Fallon NAS area, Nevada 
FALOO-6 Probabilistic calculation of geothermal energy reserves, Fallon (Carson Lake) 

anomaly, Nevada 

FISOO Fish Lake (Valley) 

FIS00-1 
FISOO-2 

Map showing hole locations and temperature data, Fish Lake Vdley, Nevada 
Probabilistic calculation of geothermal energy reserves, Fish Lake Valley, Nevada 

FLY00 Fly RancWGranite Ranch Ward's (FIy/Hualapi Flat) H.S. 
FLYOO-1 Map showing hole locations and temperature data, Fly Ranch area, Nevada 
FLYOO-2 Downhole temperatures in Holland Ranch 1 -2-FR and Cordero Fly N0.3 
FLYOO-3 Probabilistic calculation of geothermal energy reserves, Fly Ranch (Ward's H.S.) 

area, Nevada 

FLY01 Fly RancWGranite Ranch Granite Ranch 

b 

HHWP-042, D1.3.10.3,31 Dec. 2003 
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Proj Figure 

FXYOO-1 Map showing hole locations and temperature data, Fly Ranch area, Nevada 
FLYOO-2 Downhole temperatures in Holland Ranch 1-2-FR and Cordero Fly No.3 
FLYOl-1 Probabilistic calculation of geothermal energy reserves, Fly Ranch / Granite Ranch 

area, Nevada 
GEROO Gerlach (Great Boiling Spring) 

GEROO-1 Map showing hole locations and temperature data, Gerlach (Great Boiling Springs) 
area, Nevada 

GEROO-2 Probabilistic calculation of geothermal energy reserves, Gerlach Area, Nevada 
GEYOO Geysers Field-wide Summary 

GEYOO-1 Location of power plants and Unit Areas at The Geysers 
GEYOO-2 Location map showing the position of The Geysers steam field and "felsite" pluton 

relative to regional structure 

GEYOO-3 Maps showing top of feliste and top of steam reservoir at The Geysers steam field 
GEYOO-4 Vertical sections through Units 13,16 and Bear Canyon, showing wellbore traces 

5 Non-condensible gas concentration in early steam production fiom the Northwest 
Geysers 

am entry elevations 

GEYOO-6 Calpine Unit are am production and injection 
GEYOO-7 Field-wide Geysers steam producti 
GEYOO-8 Geysers fieldwide monthly injecti 

GLAOO Glamis 
ccrd 

BRW00-1 Locations of geothermal areas of the Imperial Valley, California 
GLAOO-1 Probabilistic calculation of geothermal energy reserves, Glamis geothermal 

anomaly, California 
HAW0 Hawthorne 

HAWOO-1 Map showing hole locations and temperature data, Hawthorne area, Nevada (SMU 

orne area, Nevada (GPO 

HAW004 Probabilistic calculation of geothermal energy reserves, Hawthorne area, Nevada 
HAZOO Hazen (Black Butte) 

HAZOO-1 Probabilistic calculation of g (Black Butte / Patua 
H.S.) area, Nevada 

HEBOO Heber Field-wide Summary 

BRW00-1 Locations of geothermal areas of the Imperial Valley, California I 

HEBOO-1 Temperature and permeability models of the Heber geothermal field, California 

HHwp-042, D1.3.10.3,31 D~c. 2003 Page I-5 of I1 500-01-042 
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Proj Figure 

HEBOO-2 Temperature cross-sections through the Heber geothermal field 
HEBOO-3 Probabilistic calculation of geothermal energy reserves, Heber field, California 

HONOO Honey Lake Area-wide Summary 

HONOO-1 Map showing hole locations and temperature data, Honey Lake (Wendel-Amedee 
H.S.) area, California 

HONOO-2 NW-SE cross section through the Wendel-Amedee geothermal area, California 
HONOO-3 Downhole temperature data, Honey Lake (Wendel-Amedee H.S.) area, California 
HONOO-4 Probabilistic calculation of geothermal energy reserves, Honey Lake (Wendel - 

Amedee H.S.) area, California 
HYDOO Hyder Hot Springs 

-00-1 Map showing hole locations, temperature and lease information, Hyder Hot 
Springs, Dixie Valley, Nevada 

KYDOO-2 Probabilistic calculation of geothermal energy reserves, Hyder Hot Springs, Nevada 
KYLOO Kyle Hot Springs (Granite Mtn.) (Buena Vita Valley) 

KYLOO-1 Location map with lease position and downhole temperature information, Kyle Hot 
Springs, Nevada 

KYLOO-2 Probabilistic calculation of geothermal energy reserves, Kyle Hot Springs, Nevada 
LAKOO Lake City / Surprise Valley 

LAKOO-1 Map showing hole locations and temperature data, Lake City (Surprise Valley) 
area, California 

LAKOO-2 Cross section showing temperature, Lake City (Surprise Valley) area, California 
LAKOO-3 Regional tectonic features, Lake City (Surprise Valley) area, California 
LAKOO-4 Probabilistic calculation of geothermal energy reserves, Lake City / Surprise 

Valley, California 

Lake City 

LEA00 Leach Hot Springs Grass Valley 

LEA00-1 Summaries of exploration data at Leach Hot Springs (Sorey and Olmsted, 1994) 
LEAOO-2 Map showing hole locations, depth and lease position, Leach Hot Springs, Grass 

Valley, Nevada 
LEAOO-3 Map showing bottom hole temperatures, Leach Hot Springs, Grass Valley, Pershing 

County, Nevada 
LEAOO-4 Map showing temperature gradients , Leach Hot Springs, Grass Valley, Pershing 

County, Nevada 
LEAOO-5 Probabilistic calculation of geothermal energy reserves, Leach Hot Springs, Nevada 

LEE00 Lee Hot Springs 

LEEOO-1 Probabilistic calculation of geothermal energy reserves, Lee Hot Springs, Nevada 
M-P Lease Summary LVMOO Long Valley - M-P Leases 

LVMOO-1 Location of Mammoth-Pacific leases in the western half of Long Valley 

b 

d, 
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Proj Figure 

LVMOO-2 Examples of published temperature logs from the western half of the Long Valley 
caldera 

LVMOO-3 Approximate temperature distribution at +6,500 ft msl, in the western half of Long 
Valley 

LVMOO-4 Approximate temperature distribution at +5,500 ft msl, in the western half of Long 
Valley 
Approximate temperature distribution at +5,000 ft msl, in the western half of Long 
Valley 

western half of Long 
Valley 

LVMOO-6 Probabilistic calculation of geothermal energy reserves in 

LVMOl Long Valley - M-P Leases Basalt Canyon Expl. Project 

LVMOl-1 Drill sites of proposed Basalt Canyo 
LVMOZ Long Valley - M-P Leases 

’ LVMOZ-I Drill sites of proposed Upper Basalt Canyon Exploration Project 
(Black Rock Desert) 

temperature data, McFarlanes (McFarlans) area, 

le locations and temperature data, McGee Mountain (Painted Hills) 
area, Nevada 

Hills) area, Nevada 
MCGOO-2 Probabilistic calculation of geothermal energy reserves, McGee Mountain (Painted 

MEDOO Medicine Lake Field-wide Summary 

MEDOO-1 Map showing h 

MEDOO-2 Probabilistic calcul reserves, Medicine Lake Caldera, 
Lake area, California 

California 

MEDO1-2 Probabilistic calculation of geothermal e 
Medicine Lake, California 

volcano, California 

Medicine Lake, California 

HH\Kp-042, D1.3.10.3,31 D ~ c .  2003 Page I-7 of 11 500-01-042 
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Proj Figure 

MOSOO-1 Geology and isogradient contours, Mt. Signal geothermal area 
MOSOO-2 Lease map with isogradient contours, Mt. Signal geothermal area 
MOSOO-3 Temperature profile, Mt. Signal Strat. No.1 
MOSOO-4 Probabilistic calculation of geoth ergy reserves, Mt. Signal, Imperial 

County, California 
NEW00 New York Canyon 

NEWOO-1 Map showing property boundaries, temperature hole locations and data, New York 

NEWOO-2 Probabilistic calculation of geothermal energy reserves, New York Canyon area, 
Canyon, Nevada 

Nevada 
NIMO Niland 

BRW00-1 Locations of geothermal areas of the Imperial Valley, California . 
BRWOO-2 Total depths and bottomhole temperatures of deep holes in the Salton Sea, Brawley 

and Westmorland areas of the Imperial Valley, California 
NILOO- 1 Probabilistic calculation of geothermal energy reserves, Niland geothermal area, 

California 
SALOO-1 Hole locations and shallow gradient maps of the Salton Sea geothermal field, 

California (showing also the locations of Niland project wells) 
NOROO North Valley 

NOROO-1 Map showing hole locations and temperature data, North Valley area, Nevada 
NOROO-2 Probabilistic calculation of geothermal energy reserves, North Valley area, Nevada 

PIN00 Pinto Hot Springs 

PINOO-1 

PINOO-2 

Map showing hole locations and temperature data, Pinto Hot Springs area (Black 
Rock Desert), Nevada 
Probabilistic calculation of geothermal energy reserves, Pinto Hot Springs (Black 
Rock Desert), Nevada 

PIROO Pirouette Mountain (S.Dixie Valley) 

PlROO-1 

PROO-2 

Map showing hole locations and temperature data, Pirouette Mountain area, 
southern Dixie Valley, Nevada 
Probabilistic calculation of geothermal energy reserves, Pirouette Mountain area 
(southern Dixie Valley), Nevada 

PUMOO Pumpernickel Valley Tipton RanchMot Springs Ranch 

PUMOO-1 Map showing hole locations and temperature data, Pumpernickel Valley (Tipton 
Ranch) area, Nevada 

PUMOO-2 Probabilistic calculation of geothermal energy reserves, Pumpernickel Valley 
(Tipton Ranch), Nevada 

PYROO Pyramid Lake Indian Resew. (Needle Rocks Hot Springs) 
PYROO-1 Map showing spring and well locations and temperature data, Pyramid Lake area, 

Nevada 

ci 
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Proj Figure 

PYROO-2 Probabilistic calculation of geothermal energy reserves, Pyramida Lake (Needles 
H.S.) area, Nevada 

RAN00 Randsburg 

WOO-1  Map showing hole locations and temperature data, Randsburg area, California 
WOO-2  Probabilistic calculation of geothermal energy reserves, Randsburg area, California 

RYE00 Rye Patch-Humboldt House District Field-wide summary 

RYEOO-1 Map showing hole locations and temperature 
district, Nevada 

Rye Patch-Humboldt Hou 

RYEOl-1 Probabilistic ergy reserves, Rye Patch area, Nevada 

Rye Patch - Humboldt House 

RYE02 Rye Patch-Humboldt House District Humboldt House 

RYEO2-1 Probabilistic calculation of geothermal energy reserves, Humboldt House, Nevada 
SAL00 Saltonsea Field-wide summary 

BRWOO-2 Total depths and bottomhole temperatures of deep wells in the Salton Sea, Brawley, 

SALOO-1 
Niland and Westmoreland areas of the Imperial Valley, California 
Hole locations and shallow thermal 
area, California 

maps of the Salton Sea geothermal 

used for capacity estimate, Salton Sea geothermal 

f geothermal energy rese n Sea field, California 
SAW00 Salt Wells 

SAWOO-1 Map showing hole locations and temperature data, Salt Wells Basin, Nevada 
SAWOO-2 Probabilistic calculation of geothermal energy reserves, Salt Wells Basin, Nevada 

Eight Mile Flat 

SESOO Sespe Hot Springs 

SESOO- 1 Probabilistic Calculation of Geothermal Energy Reserves, Sespe Hot Springs, 

SHOO0 Shoshone-Reese River 
SHOOO-1 Map Showing Shoshone-Reese River area, 

SHOOO-2 Probabilistic calculation of ge 
area, Nevada 

SILO0 Silver Peak 

Silver Peak area, Nevada 
SILOO-2 Map showing hole locations and 

Prospect), Nevada 
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Proj Figure 

SOD00 Soda Lake Soda Lake No.lNo.2 

SODOO-1 Well location map, Soda Lake, Nevada 
SODOO-2 Approximate temperature distribution at +2,000 fi (msl), Soda Lake, Nevada 
SODOO-3 Approximate temperature distribution at sea level, Soda Lake, Nevada 
SODOO-4 Probabilistic calculation of geothermal energy reserves, Soda Lake, Nevada 

SOH00 Sou Hot Springs (Seven Devils/GiIbert's H.S.) ! 

~ 

I Nevada 

I Valley, Nevada 

I SOHOO-1 Map showing hole locations and temperatures, Sou Hot Springs, Dixie Valley, 

SOHOO-2 Probabilistic calculation of geothermal energy reserves, Sou Hot Springs, Dixie I 

STEOO Steamboat Hot Sprs Field-wide Summary 

STEOO-1 
STEOO-2 

STEOO-3 

STEOO-4 

Well and lease location map, Steamboat geothermal field, Nevada 

Approximate initial temperature distribution at +4,000 feet (msl), Steamboat 
geothermal field, Nevada 

i Approximate extent of the 320°F isotherm at +3,500 feet (msl), Steamboat 
~ geothermal field, Nevada 

Probabilistic calculation of geothermal energy reserves, Steamboat Hot Springs 
field, Nevada 

i 

STIOO Stillwater Stillwater Geothermal 1 
STIOO-1 
STIOO-2 

Well locations and temperature contours, Stillwater, Nevada 
hobabilistic calculation of geothermal energy reserves, Stillwater field, Nevada 

STIOl Stillwater Stillwater N Expansion 

STIOO-1 
STIOl-1 

Well locations and temperature contours, Stillwater, Nevada 
Probabilistic calculation of geothermal energy reserves, Stillwater N Expansion, 
Nevada 

SUMO Sulphur Bank Clear Lake 

SULOO-1 Geologic map of the Sulphur Bank Mine- Borax Lake area, with locations of four 
exploration test wells and lines of cross-sections 

SULOO-2 Geologic map of Sulphur Bank Mine, geologic cross-section A-A', pattern of fault 
intersections, and area of gas leakage 

SULOO-3 Isothermal cross-sections 
SULOO-4 Contoured temperature in OF at a depth of 100 feet. 
SULOO-5 Probabilistic calculation of geothermal energy reserves, Sulphur Bank anomaly, 

Clear Lake region, California 

SUP00 'Superstition Mountain 
SUPOO-1 Geology and isotherms at Superstition Mountain 
SUPOO-2 Lease map with isotherm contours, Superstition Mountain 

c, 

6; 
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Proj Figure 

SUPOO-3 Probabilistic calculation of geothermal energy reserves, Superstition Mountain, 
California 

TRIO0 Trinity Mountains District Telephone Well area 
- WOO-1 

WOO-2 
Map showing hole locations and temperature data, Trinity District, Nevada 
Map showing hole locations and temperature data in Telephone well area, Trinity 
District, Nevada 

WOO-3 Probabilistic calculation of geothermal energy reserves, Telephone well area, 
Trinity District, Nevada 

WABOO Wabuska 

WABOO-1 Map showing hole locations and temperature data, Wabuska Hot Springs, Nevada 
WABOO-2 Probabilistic calculation of geothermal energy reserves, Wabuska Hot Springs, 

Nevada 

WESOO Westmorland 

BRW00-1 Locations of geothermal areas of the Imperial Valley, California 
BRWOO-2 Total depths and bottomhole temperatures of deep holes in the Salton Sea, Brawley 

and Westmorland areas of the Imperial Valley, California 
WESOO-1 Deep well data: Westmorland area, Imperial Valley, California 

WIMO Wilson Hot Springs 

WILOO-1 Map showing hole locations and temperture data, Wilson Hot Springs, Nevada 
WILOO-2 Probabilistic calculation of geothermal energy reserves, Wilson Hot Springs, 

Nevada 

HHWP-042, D1.3.10.3,31 D ~ c .  2003 Page I-I1 of I1 500-01-042 
Friday, Fe- 06,2004 





Hetch Hetchy/SF'PUC Programmatic Renewable Energy Project 
ti 

Project: 1.3 New Geothermal Site Identification and Qualification 
Project Team: GeothermEx, Inc. 
Task: 13.10 FinaI Project Report 
Subject: D.13.103 mal Report 

Appendix II: 
Project Data Summary 

Report (example) 

Project Data Summary Report 
P R W m  -1 

Project 
PRO= ID: Mwinstaned: 116.7-gr -]-net . 
Name - Ms'bidlAreplField. $emawe Mw prodnced (yr): 115 (1998) I 
Name - Area /Power Plant: Plant Technology: b F l a s h  

Exploration~dopment state: E ~.t :  '(0.551 LOW: Start Date Wr): 11985 

Generation Caadty 
Estimated: y 

CStegOI'y: A @) - 
- 

ccrr$ Government Funding 

19977 DOE grant to Idaho National Engin&ring 

Property Name: 

TWU-RIlgSeC: 

Base & Meridinn: 

Private Owner Name: 

lN, R47E, Section 24 and portiohs of Sections 13,14 and 23 
1N,R48E.Sectian 18sndpOrtionsofScctions7.8.17tnd19. 

Fmloration / DeveloDment Cost OntcomelComments 

Drilling W' diameter hole(@ 
.year 

~rilling: wr - hie(s) 

LJ 2 



11974 Drilling: 'Ml' diameter hole(s) 1 

11974-1985 Drilling: 'full' diameter hole@) I 

Engineering: power plant on-line I 

11988 Reservoir Engineering: field behavior I 

11991 Drilling: 'full' diameter hole@) I 

11991 Financial: project developer/owner I 

11994 Reservoir Engineering: field operations I 

11999 Financial: project developer/owner I 

Well Summaries 

First deep productive well: Chevron drilled Gnn 1-13 to 9,563 feet and 
encountered deep production in a fractured interval associated with the 
down-dip extension of the Malpais Fault Zone (MFZ), at a location 1.1 
miles SW of the sinter terrace area, in Section 13. Maximum temperature 
420OF. 

Development drilling: Chevron drilled 5 more full-sized wells along the 
MFZ. Three were productive (wells 33-17 (later abandoned), 85-18 (now an 
active injector), and Gnn 2-13). Two were non-commercial (wells Bak #1, 
Rossi 21-19). Another non-commercial full-sized well was drilled by Getty 
(Collins 76-17) southeast of the MFZ. 
Power plant on-line: Chevron put plant on l i e  with capacity of 16.7 MW 
(gross). Production from 2 wells (Ginn 1-13 and Ginn 2-13) and injection 
into a third (Bak #1, later switched to well 85-18). 

Coolii  trend begins: Plant output begins to decliie, reaching 12.5 MW 
(gross) by early 1991 (Ben97a). 

Make-up well: Oxbow drilled a make-up well 77-13 and put it on l ie .  
Plant output initially recovered to full capacity, but decliie in reservoir 
pressure accelerated (Ben97a). 

Change of operator: Oxbow assumed operatorship of surface facilities at 
Beowawe. 

Change injection strategy: Oxbow shifted injection from Bak #1 to 85-18. 
Reservoir pressure recovered to levels above those before 77-13 went on 
l ie ,  then leveled off (Ben97a). 

Change of operator: Caithness bought out Oxbow's interest and became 
operator of the wewield and the existing power plant. 

Well Type Self-Flowing Production 
Nmmber - total I 

-active 3 I 
- standby I 

Max. 
TD *to/- ft. 
CsgShoedepth '-1 ft. 

OWLinerID 7bl I 19-5/8bW) in. 

Permanedepth -67001 ft. 
PermDneTemp ,4201 OF 

csg ID r- r i n .  

424 I 420 OF 

LogT ypes Avail: 
Locations Avail? 
Dev Svys Avail? 

SIWHP 
Flowing WI3T 
Flowing WHP 
TD Rate 
Water Rate 
Steam Rate 
Steam Pressure 
Enthalpy 
Capacity 

P-pType(s) 
Pump Set Dpth 

T, lith, various others 

Yes 
VeS 

Min. Max. 

ft. 
Inversions? 
Closed homa)y? 
Comments/ Reservoir tempenltures declined h m  an initial value of 420°F to a range of approximately 348" to 365°F (Ben97a) 

1) in one hole, the liner is cemented to 7,857 ft, in another, liner is hung to about 9,500 A (NVGEOWEL) Notes 
2) liners are hung (in one well, cemented), from casing shoe to the top of the permeable zone, which is open hole (NVGEOWEL) 
3) 5 MWgr is average 15 MWB wells. 1 1  

W 
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Number-total 2 

-active 1 

-standby 1 

I 1 LogTypesAvail: 

Locations Avail? 
Dev Svys Avail? 

-active 1 

Max. Max. 
TD -%q to-. ft. SIWHP Alto 1- esig 
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Locations Avail? yes 

Number - total 13 LogTypesAvail 



PROJECTID: BEOOO I 
I O F  
1- PSk 

Temperature: '-1 7 O F  

Depth to Top: ~6ooo1 ft. 

bi 

.Max is at the permeable zones of the production wells Min is suggested by the chalcedony 
temperature. Mlk is the average. 

Temperature model (Figure BE000-2) suggests that the reservoir above about 6,500 ft is 
confined to a very narrow zone within the Malpais fault. Uppermost major permeability is at 

- 

CsgShoedepth -1 7. ft. 
csg  ID I 7 in. 
O n i n e r m  I in. 

Permanedepth  -1 7 ft. 
Perm %ne Temp I-' O F  

BHT I I ° F  

M u - T  I O F  

T Gradient (QTQ ' 1  OF looft 

Thickness: 7 -1 7' ft. 

Flowing WHT 
Flowing WHP 
TD Rate 
Water Rate 
Steam Rate 
Steam Pressure 
Enthalpy 
Capacity 

Inversions? P&pType(s) 
Closed Anomaly? Pump Set Dpth ft. 
Comments/ Exploration and development holes drilled during 1959 - 1981 by Magma, Chevron, Getty. All in Section 17, most on the "sinter terrace" (hot 
Notes spring area). Various outcomes (commercial producers, wn-wmmercial). All but one have been abandoned (Rossi 21-19 is idle). 

fNVGEOWEL\ 

c.6,700 A. Min and Max represent uncertainty. 
Thicknesses &om top to 10.100 ft (deepest production plus 500 ft) 

I 
I 
I 
I 
I 

Area: '2.01 mi 

Porosity: 3.01 % 

RecoveryFactor: 5.001 120.001 

I 
1 

Mlk is based on a high temperature area of about 3 square miles at l0,OOO ft (Figure BU)OO- 
2), adjusted downwards for cooler conditions and more limited area at higher levels 
particularly at the NE end. Min and Max represent an uncertainty of a . 5  mi2. 

Standardvalues 

Reservoir Properties: Chemical 
Dominant Phase: 1 1  
Fluid Comnosition 
WaterType: 

Min. Max. 
TDSTotalDisch: 7 ppm-wt 
TDSSep. Water: ppm-wt 

GasType: I 
Min. , , Max. , , Avg. ppm-wt 

Gas/Steam: 

GasmotalDisch: 7 n ppm-wt 

Comments 

Chemical Geothermometers 

Q u a e .  
Chalcedony: 
Na-K-Ca: 
Na-K-Ca-Mg: 

K-Mg: I U L 0 F  
swmo Iso.: '1 n 1484 OF 
Comment.. 

%, 
3631 
3851 

O F  

O F  

)426 O F  

Ranges and averages among 6 samples (4 boiling hot springs and 2 boiling wells). I Adiabatic corrections have been applied to the silica temperatures. Mg at 0.1 to 02 
(GEOTHERM). S O e H 2 0  &ope temperatun & USGSOFf9-1135. 

Minimum and maximum TDS values are from Ginn 2-13 and Ginn 1-13, respectively (Ben93a). Range of C1 among 6 samples (4 boiling hot springs and 2 
boiling wells) is 30 - 70 mgA (GEOTHERM) 

Reservoir Properties: Physical 



SettingLithology: 

ODerational Constraints 
Constraint DescriDtion 

-1 1 
Estimated Generation Capacity , 
M W  for 30 vears 
Minimum Most-Likely Mean Standard 
(90Y0 (modal) Deviation 
probable) Comments/Notes 

130 4 1 1  1581 7' F i p e  BEOOO-3. Based on relatively good and complete data. Estimate does not include heat reserves in 
the discharge (upflow) zone to the hot springs area (above a depth of about 6,500 ft), but the temperature 
model (Figure BW0-2)  suggests that the volume of this zone is quite small relative to deeper reserves. 
The histogram of estimated values has a broad maximum, which makes the most-likely value relatively 
non-unique. 

Figures 
Number Name 

BE000-1 

bd ;;;;: 
Well location map, Beowawe geothermal fie!d 

Beowawe initial-state temperatures withim Malpais fault zone 

Probabilistic calculation of geothermal energy reserves, Beowawe, Nevada 

(1) Geographic Areas: 
Area 1 - Greater Reno, Nevada (includes California locations) 
Area 2 -Nevada sites with direct access to the California grid 
Area 3 - Other Nevada locations 
Area 4 -All other California 

(2) Exploration-Development Categories: 
A - Existing power plant operating 
B -One or more wells tested at *c 1 M W  (no power plant in operation) 
C - Minimum 212OF logged downhole (no well tests at *c 1 MW) 
D - Other exploration data and information available (-212OF not proven) 
No category assigned -area does not meet the minimum criteria (see Final Report section 2.2) 
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Appendix 111 
Methodology of Estimating Generation Capacities 

(Geothermal Energy Reserves) 



Hetch Hetchy/SEPUC Programmatic Renewable Energy Project 
Project: 
Project Team: GeothermEx, Inc. 

Subject: D.13.10.3 Final Report 

1 3  New Geothermal Site Identification and Qualification 

u Task 13.10 Final Project Report I 

APPENDIX JlI 
METHODOLOGY OF ESTIMATING 

GENERATION CAPACITIES (GEOTHERMAL ENERGY RESERVES) 
1. THEORETICAL BASIS OF THE ESTIMATION METHOD 

1.1 Introduction 

To estimate energy reserves in the various project areas, we have used a methodology 
that has been used by G e o t h e d x  over the past two decades. This methodology is a 
volumetric reserve estimation approach introduced by the U.S. Geological Survey (ref: 
USGSC790), modified to account for uncertainties in some input parameters by using a 
probabilistic basis (Monte Carlo simulation). 

This technique to estimate reserves is based on a volumetric calculation of the heat-in- 
place at each project area, reasonable assumptions made 

0 the percentage of that heat that can be expected to be 

0 the efficiency of converting that heat to electrical energy, 

d at the surface; and 

i 

bd As explained below, the heat-in-place calculation takes into account only a volume of 
rock and water that is reasonably likely to contain adequate permeability and temperature 
for the generation of electricity using contemporary technology. Hot rock that is deeper 
than likely to be economically drillable in a contemporary commercial project is not 
included. 

The term “reserves” as used herein is anal0 
USGSC790 (p.4), and different from the overall “geothermal resource,” which includes 
all heat underground. In USGSC790 the concept of “resource” is further subdivided into 
“inaccessible” (very deep) and “accessible” (likely to be drillable in the ‘foreseeable’ 
future), and “accessible” resource is further subdivided into “residual” (too deep for 
present economics) and “useful” (perhaps drillable at currently acceptable cost). Finally 
“useful” is subdivided into “subeconomic” (probably too deep, especially if the resource 
temperature is not very high, or displaying inadequate permeability), and “economic” 
(considered likely to 

In USGSC790 (p.4) the term “geothermal reserve” is defmed as “that part of the 
geothermal resource that is identified and also can be extracted legally at a cost 
competitive with other commercial energy sources at present.” It must be emphasized 
that an estimate of reserves using the volumetric method does not imply any guarantee 
that a given level of power generation can be achieved. Before a given level of 
generation can be realized, wells capable of extracting the heat from the rock by 
commercial production of geothermal fluid must be drilled and tested. This is the only 

the “geothermal reserve(@” of 

4 d  
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way to unequivocally establish the presence of commercially viable reserves and 
demonstrate the desired generating capacity of each locally defined resource. 

1 3  New Geothermal Site Kdentification and Qualification 

1.2 Calculation of Generation Capacity 

In the GeothermEx method, the maximum sustainable generation (power plant) capacity 
(E) is given by: 

where V = volume of the reservoir, 

Cy = volumetric specific heat of the reservoir, 

T = average temperature of the reservoir, 

To = rejection temperature (equivalent to the average annual ambient 
temperature), 

R = overall recovery eficiency (the fraction of thermal energy in-place in the 
reservoir that is converted to electrical energy at the power plant), 

F = power plant capacity factor (the fraction of time the plant produces power on 
an annual basis), and 

L = power plant life. 

The parameter R can be determined as follows: 

W - r - e  R =  c, - (T - To) 
where r = recovery factor (the fraction of thermal energy in-place that is recoverable as 

thermal energy at the surface), 

Cf = specific heat of reservoir fluid, 

W = maximum available thermodynamic work from the produced fluid, and 

e = utilization factor to account for mechanical and other losses that occur in a 
real power cycle. 

The parameter C,, in (1.1) is given by: 

cv = pr cr (1-9) + pf Cf cp (1.3) 
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where pr = density 

1.3 New Geothermal Site Identification and Qualification 

u 

The parameter W in (1.2) is derived i?om the First and Second Laws of Thermodynamics 

( 1.4) 

(1 3) 

2. ASSIGNMENT OF PARAMETERS FOR GENERATION ESTIMATES 

61 believed to be likely, on the basis 

most-likely (Mlk) value. 

The Monte Carlo method proceeds by calculating a large number of generation estimates 
s). Each time the calculation is done, each uncertain 
value within the span of Min and Max, or a random value 
istribution that is defined by Min, Mlk and Max. The 

Estimate (here defined as the capa 
than 90%; i.e. 90% of estimates 
ely Generation Capacity Esti 

ilable information about the resource. These 

results of the multiple generation estimates are then compiled to obtain an overall 
Minimum Generat 
cumulative probabil 
than this value), and 
modal generation c 
of the estimated values is also recorded, as well as the standard deviation of the mean. 

most-fiequently estimated value). The mean (average) 

2.1 

If there is deep drilling, testing andor production data, this information is used to 
estimate minimum, maximum and most-likely average temperatures for the hydrothermal 
system within the likely reservoir volume. There is a certain amount of feed-back 
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between this process and the process of defining the thickness and area of the reservoir, 
to insure that the temperature values and volumetric parameters are compatible. 

If the amount of down-hole temperature information is limited (usually the case if there is 
no developed geothermal field), then temperature estimates are chosen from the chemical 
and isotope geothermometers and fiom such drilling data as may be available. In most 
cases, the geothermometers provide at least two temperature estimates: the maximum 
temperature that is likely to be present in the hydrothermal system, and a minimum 
temperature that reflects the latest full or partial chemical equilibration between hot water 
and hot rock, usually in the shallowest part of the hydrothermal system. A most-likely 
average temperature is estimated from the minimum and maximum, fiom a third 
chemical temperature if suitable, or from drilling data. Explanations for the choice of 
minimum, maximum and most-likely average temperature are included with the reservoir 
physical properties of each project area. 

Prospect areas where there are no deep drilling data and no chemical data (the thermal 
anomaly is blind and/or there are no chemical data) present a special problem for both the 
thickness of the reservoir (as discussed below) and for temperature. In all such cases 
there is a thermal anomaly that is indicated by shallow temperature gradient drilling 
(generally to 300 or 500 ft), and sometimes also by ID (Intermediate-Depth) slim-hole 
drilling (to about 2,000 ft). Elevated gradients in multiple holes can establish the 
approximate surface area of an anomaly (see more below), but otherwise they indicate 
only the rate of temperature increase moving downwards. Temperature gradients do not 
indicate at what (greater) depth and temperature a reservoir is present. 

13 New Geothermal Site Identification and Qualification 

In these cases: 

If there is some indication that a hot aquifer has been reached in some holes, and a 
likely minimum temperature can be inferred, then that temperature is used as the 
minimum average (such as 250°F at the Aurora, Nevada, project AUROO). If 
there are insufficient data to indicate even a likely minimum temperature, then the 
default minimum average temperature that is used is 225"F, which is the lowest 
average production zone temperature at 1 1 geothermal fields in Nevada, with no 
known or suspected volcanic heat source, that are actually in commercial 
production or extensively drilled (part A of Table 111-1'; Wabuska project). 

The default maximum average that is assigned is 440"F, which is the highest 
average permeable zone temperature at the same set of 11 geothermal fields (part 
A of Table 111-1; Dixie Valley project). 

Temperatures fiom Table 111-I are herein rounded to the nearest 5 O F .  
' 
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1.3 New Geothermal Site Identification and Qualification 

LJ Task 1.3.10 Final Project Report 

The default most-likely average reservoir temperature that is assigned is 345’F, 
which is the average of the 1 1 geothermal fields (part A of Table 111-1). 

In all of these cases we have based the averages on well-known fields without volcanic 
heat sources because few, if any, of the new fields being estimated are likely to have a 

heat source. Exceptions are handled as individual cases. , 

2.1.2 Reservoir Thickness (factor of V) 

Reservoir volume (see Section 1.2 of this appendix) is calculated as the product of 
reservoir thickness and reservoir area, which are each separately assigned a statistical 
uncertainty. The database of geothermal project areas also includes (among reservoir 
properties) the depth to top of reservoir. This parameter is not used for the actual 
reserves calculation, but it is documented because it provides a guideline for required 
minimum drilling depths. 

The top, bottom and corresponding thickness of the reservoir (all assumed to be average 
values) are based on drilling data if available, Typically, the thickness value is adjusted 
by adding 500 ft, to allow for the probability that the deepest permeable zones reached by 
drilling will be mining the heat and fluid from another 500 ft belod. This adjustment 
may be omitted, however, if there is evidence that the commercial reservoir zone overlies 
a temperature inversion. 

Often, the top is reasonably well-e 
drilling has not been done at all, or has not been done 
confident estimate. 

cid 
but the bottom is uncertain because deeper 

wells to support a very 

to bottom or depths to both top and bottom are unkn 
average thickness values are applied, based on the thicknesses of permeable intervals in 
the 1 1 geothermal fields of Table 111- 1 : the minimum permeable thickness is 2000 it, the 
maximum is 5,000 fl, and the average is 3,000 ft. As with the data from drilling, these 
values are adjusted by adding 500 ft, to allow for the probability that heat and some fluid 
can be mined from below the principal zone of permeability. Therefore, the minimum 
reservoir thickness that is assigned is 2,500 f t  (0.8 km), the maximum reservoir thickness 
that is assigned is 5,500 ft (1 , and the adjusted av 
for the most-likely vaIue. 

Correspo icknesses in Circular 
1.5 km). The more conservative thickness values used herein are justified by three 

This 500 ft interval is seen as an integral part of the “reservoir” and of the initial “reserves,” and is not a 
“recharge” or “resupply” increment, since thermal recharge (or resupply) is not included in the heat-in- 
place calculation. w 
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observations. First, they are supported by the data in Table In-1 (largely obtained since 
1979). Second, most field developments since 1979 have succeeded in developing only a 
fraction of the reserves estimated in Circular 790. Thiid, drilling costs have a practical 
limit on the commercial viability of development, particularly for moderate-temperature 
resources. In Circular 790 the heat reserves were calculated to a standard depth of 3 km 
(9,800 Et), but this depth is likely to exceed the limits of practical commercial viability for 
heat extraction if the resource temperature is less than the average 345°F. 

1 3  New Geothermal Site Identification and Qualification 

2.1.3 Reservoir Area (factor of Vy 

If there is actual evidence concerning the reservoir area, from temperature contours based 
on deep well logs or from temperature gradients in shallower wells, this information is 
used to pick the minimum, maximum and most-likely areas. Hot spring locations and 
temperatures are used to guide the estimates, knowing, however, that a hot spring 
represents the outflow from a hydrothermal system which may be horizontally displaced 
from the principal area of the deep reservoir, at distances of several miles or more. 

If downhole information is very limited, and the existence of a reservoir is implied only 
by the presence of a hot spring, then the most-likely area is considered to be 0.8 square 
miles, which is very close to a circle of one-half mile radius (0.79 square miles or 2.03 
square km). The minimum is taken as one-half of this, or 0.4 square miles (1.04 sq km), 
and the maximum assigned area is 1.2 square miles (3.1 1 sq km). These values are 
nearly equal to the 1 , 2 and 3 square km areas assigned in Circular 790. 

It is reasonable to relate the minimum, most-likely and maximum areas using simple 
multiples of the minimum area (1 , 2 and 3), instead of expanding the radius of a 
minimum circle by some multiple, because most geothermal reservoirs that are heated by 
deep circulation in a tectonic regime (the dominant type in Nevada) tend to be elongated 
in one direction, rather than circular in shape. Sometimes the elongation is extreme, as at 
Empire (San Emidio), Nevada (project EIWOO). In fact, the real shape of the default 
most-likely area of 0.8 square miles is likely to be closer to a rectangle or elongate oval, 
with an aspect ratio somewhere between 5:l and 1 S:l, than to a circle. 

In areas where two or more hot springs or wells are present and it is believed that a 
continuous reservoir volume or heat anomaly is likely to connect them, but the 
boundaries of the thermal anomaly remain uncertain, the most-likely value is the area 
encompassed by the springs and wells to a distance of 0.5 mile radius around the outer- 
most points3. The minimum area is one-half of the most-likely area, and the maximum is 
1.5 times the most-likely area. 

For example, if two points are separated by 2 miles, then the most-likely area is calculated as a rectangle 
with rounded corners (r = 0.5 mile) that is three miles long (0.5 + 2.0 + 0.5) and one mile wide (0.5 + OS), 
or 3 square miles, minus 0.05 square mile at each corner. The total area is thus 2.8 square miles. 
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1.3 New Geothermal Site Identification and Qualification 

2.1.4 Porositv ((PI 
Unless there is a compelling reason to apply other values, a default minimum porosity of 
3.0% and a default maximum porosity of 7.0% are used, without a most-likely value. 
Reservoirs known or likely to reside in sedimentary rocks with significant inter-granular 
porosity (as in the Imperial Valley of California) are assigned a range of 10% to 20%. 
Porosity has very little effect on the overall outcome of the generation capacity estimate, 
because it represents only the small fraction of the overall reservoir volume that is 
occupied by water instead of rock. Water has a smaller heat capacity than rock, so a 
higher porosity translates into less heat in place. 

2.1.5 Recovery Factor Crl 

In Circular 790, the U.S.G.S. used a recovery factor of 0.25 for reserves estimates of 
individual hydrothermal convection systems. Based on our assessment of more than 100 
geothermal sites around the world, we have found it more realistic to apply a recovery 
factor in the range of 0.05 (Min) to 0.2 (Max) without application of a most-likely value. 
These values are assigned herein as default values. For a specific site that is reasonably 
well-known, this range is adjusted based on an integrated analysis of the available 
exploration, drill and production data. For example, at the reservoirs in sedimentary 
rocks of the Imperial Valley of California the Min value is adjusted to 0.10 (Min), 
because the reservoir fluids in these sedimentary systems are considered less likely than 
elsewhere to short-circuit through specific fractures. 

2.2 Parameters Assigned a Fixed Value 

2.2.1 Rock Volumetric Heat Capacity CC,) 

A default average value of 39 BTU/cu.ft "F (2,613 W/m3"C) is used, based on data for 
heat capacities in a variety of rocks at 350°F in Prats, 1982 (Pra82a) and an average 
crustal density of 168.6 lb/cu.ft (2.7 gm/cc). The heat capacity used herein is slightly 
lower than the value of 2,700 kJ/m3"C (c.40 BTU/cu.fi OF) used in Circular 790. 
Differences of heat capacity between different types of well-consolidated rock are fairly 
small, and much smaller than other uncertainties in the generation estimate. 

2.2.2 Reiection Temperature (TO) 

A default value of 59°F (15°C) is applied, unless there is specific knowledge of the local 
mean annual air temperature. 

2.2.3 Utilization Factor (e) 

Utilization factor (e) represents the efficiency of power generation at a given power plant 
in converting theoretically available work to actual electrical energy. The value of e can 
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vary considerably, from about 0.2 to about 0.5, depending on many factors that include 
the efficiency of the basic power plant design, the resource temperature, the concentration 
of dissolved gases in the reservoir fluid, and the condition of plant maintenance. For 
example, the value of an air-cooled binary plant will be lower than a water-cooled binary 
plant. The exact efficiency of a given plant is often difficult to determine without a 
detailed knowledge of historical plant and resource performance, and the efficiency of a 
proposed plant (not yet in operation) is subject to the claims of manufacturers and 
designers that may be less than fully documented. In addition, the efficiency of a plant 
may change with time during operations. General examples are included in Circular 790. 

Because of these uncertainties, a default value of e is applied. Circular 790 used a value 
of 0.4, but we believe that advances in plant efficiency since the publication of Circular 
790 justify a default value of 0.45, which is used herein. 

1.3 New Geothermal Site Identification and Qualification 

2.2.4 Plant Capacity Factor (F) 

A value of 0.90 is used, which is reasonably typical of modern geothermal plants that are 
well-maintained and operated. 

2.2.5 Power plant life a) 
All cases herein assume a power plant (and project) life of 30 years. 
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Table 111-1: Physical characteristics of producing geothermal fields 

A. Areas with no volcanic heat source Depths of Major Permeable 
Zones (ft)’ Thickness(ft)* Temperature (“F) (initial conditions) 

min max min max av93 

BEOOO 
BRA00 
DES00 
DIXOO 
EMPOO 
FlSOO 
HONO1-03 
RYE01 
SOD00 
STIOl-02 
WABOO 

Beowawe 6700 

Desert Peak 2500 
Dixie Valley 5600 
Empire 1700 
Fish Lake Valley 5000 
Honey Lake - all projects 1300 
Rye Patch - Humb. District (Rye Patch) 1900 
Soda Lake 1000 
Stillwater 1000 
Wabuska 2000 

Average of 11 resources 2700 
Standard Deviation 1966 

Brady‘s Hot Springs 1000 

Medi8n 

9600 
5500 
4200 
9500 
3700 
10000 
5300 
4000 
4000 
3000 
4000 
5709 
2532 

2900 
4500 
1700 
3900 
2000 
5000 
4000 
2100 
3000 
2000 
2000 
3009 
1111 
2900 

420 
340 
390 
402 
305 
360 
223 
260 
360 
320 
220 
327 
66 

420 
390 
41 9 
478 
306 
390 
250 
405 
375 
360 
227 
365 
72 

420 
365 
405 
440 
306 
375 
237 
333 
368 
340 
224 
346 
66 

365 

Excludes shailcwer and nanuwer outllow m e  to hot spring area 
Exdudes shallow, d e r  brjection area tothe nalh 

Max assumed 2OOO R below Min (no deep drilling In central m e )  
Not yet producing but Condtions reasonably wen-deflned 

Not yet producing but conditions reasonably welcdefinad 

Max assumed 2OOO R bekw Min (no deep drilling done) 

8. Areas with Identified or possible volcanic heat source 

fi min max av 

Production Zone 
Temperature (“F) (initial conditions) 

cos00 cos0 392 650 521 
LVCOO Long Valley - Casa Diablo (Mammoth Pacific Field) 320 355 338 
STEOl-03 Steamboat H.S. - all Lower Steamboat projects 320 340 330 
STEO4 Steamboat H.S. - YankeeEaithness project 434 400 457 

1. Produdion zones and permeable hot injection zones (significantly shallower or cooler injection zones not included). 
2. This thickness is the simple difference between min and max depth and may not be equal to the most-likely reservoir average thickness 
used in the calculation of the projeCrs estimated generation capacity. 
3. This average is the simple mean between the min and max and may not be equal to the most-likely reservoir average temperature used 
in the calculation of the project‘s estimated generation capacity. 
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APPENDIX IV 
METHODOLOGY OF ESTIMATING 

EXPLORATION AND CONFIRMATION COSTS 
1. INTRODUCTION 

Exploration and confumatio 
database that has a corresponding estimation of generation capacity. 

sts are estimated for every geothermal project in the 

1.1. 

In the context of this study, exploration encompasses all activities up to and including the 
site selection for drilling either: A) the first deep, full-diameter confirmation well 
(projects in Exploration-Development Category C or D) or; B) a first additional 
production well (projects in Exploration-Development Category A or B). In some other 
contexts, the first well might be teped  an “exploration well,” but herein, all deep, full- 
diameter drilling is part of confirmation and development. 

An exploration cost estimate is not made if a project area is considered adequately 
explored to enable a well to be sited. This includes most Category A projects, and some 
Category B projects. “Adequately explored” means that exploration has been carried out 
and the data and information obtained are likely to be available in some combination of 

ity of past exploration (incl 
uncertain because much of the information remains in 

private hands. In such cases, we have chosen to estimate that new exploration work must 
be done. Although privately held exploration data may be available for purchase, we 
have not attempted to estimate such purchasing costs, but rather estimate the costs of a 

wellhead, 25% of the previously unconfi 
of the resource. This is done by drilling 
for production. 

Based on GeothermEx’s experience, 25% is about the amount of proven wellhead 
capacity that is likely to be required by a bank before it will provide credit for complete 
field development and power plant design and construction. (Some banks may require 

d overall generation capacity 
full-diameter wells designed 
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higher or lower percentages based on field-specific risk factors.) In estimating the 
confirmation costs, it is assumed that a certain percentage of holes drilled will not be 
successful producers (the dry hole fraction; see below), and a reservoir study that 
confirms the likely total capacity is also included. 

Lender’s likely requirements for injection capacity are typically less predictable than 
requirements for production capacity, but injection capacity is considered, particularly 
when only one production confirmation well is expected to be required. In such cases, it 
is usually estimated that a second well must be drilled, unless there are existing holes that 
might be used for reservoir- and well-testing purposes. In some cases, “existing holes” 
may include ID (Intermediate-Depth) slim holes (see below) drilled already or planned 
during exploration. 

Confirmation costs are estimated for both the Minimum (Min) Generation Capacity 
Estimate (Monte-Carlo 90% probability) and Most-Likely (Mlk) Generation Capacity 
Estimate (Monte-Carlo modal estimate). For some Category A projects the Min Capacity 
Estimate is smaller than current production, and in such cases no confirmation cost is 
estimated for that Capacity value. 

13 New Geothermal Site Identification and Qualification 

2. PROGRAM COMPONENTS AND UNIT COSTS 

The exploration and confirmation program components and unit costs for each 
component are listed and described in Table IV-1. The unit costs listed therein are used 
as a starting point for program cost estimation. To accommodate differences among the 
various geothermal projects, all exploration unit costs and some confirmation unit costs 
may be adjusted within a particular cost estimate, by applying cost adjustment factors 
(Appendix V is an example). 

2.1. Exdoration Program Components 

The exploration program components (Table IV-I) are those considered to be most likely 
useful for evaluating the resource, constructing a conceptual model, and siting a 
confirmation well. 

By far, the most expensive exploration component is ID slim-hole drilling. In the context 
of exploration costs this refers to a hole that is drilled to approximately 2,000 Et 
(occasionally less), which is not designed for commercial production, but which is drilled 
with blowout prevention equipment and designed with casing to stabilize the hole to 
permit injection testing and (in a few instances) limited production testing’. Such a hole 
is typically drilled to obtain a combination of information on geology, temperature and 

Li 

d; 

~~ 

This definition is somewhat more restricted than the definition applied to ID slim hole within the database 
of resource characteristics (see Final Report chapter 7 (Glossary) and the Abbreviations & Definitions 
button on the Projects screen of the PRP Geothermal Database). fl 

Lid 
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permeability. The cost of testing an ID slim hole is included in the exploration program 
when it is deemed reasonably likely that permeability will be encountered at a 
commercially interesting temperature. 

The estimated basic unit (per foot) cost of drilling an I hole is about 10 times that 
of drilling a simple temperature gradient hole (restricted in the exploration programs to 
500 fi), and about one-half the cost of drilling a full-diameter production hole. Because 
ID slim holes are relatively expensive yet cannot be used for commercial production, 
there has been little consistency in the historic use of ID slim-hole drilling. Some 
developers have chosen to skip ID slim holes entirely, and proceed directly to full- 
diameter drilling. The historic trend of geothermal exploration has been to increasingly 
include ID slim holes, as a way to reduce initial exploratiodconfirmation risk at the 
potential expense of higher 11 cost, so the bias herein is to include ID slim 
holes in the exploration pro 

The second most expensive exploration component is a magneto-telluric (MT) or direct- 
current @C) resistivity survey. It has been GeothermEx’s experience that these surveys 
have mixed success in aiding the siting of ID slim holes and deep full-diameter holes at 
the small- to moderate-sized resources of Nevada and California (greater success has 
been found at larger resources hosted by young volcanic systems). Accordingly, these 
surveys are included in only a few projects, where there is already a relatively confident 
indication of high temperature and generation capacity, which reduces 
with the substantial expense of this ge 

‘ 

2.2. Confirmation Program Components 

The confirmation program is basically a combination of deep, full-diameter drilling with 
inistration and regul 

confirmation are e relates well cost 
to total well depth (Table IV-1 and Final Report section 3.3). This cost includes road and 

reservoir) + (most-likely average reservoir thickness) - 500 fi. These thicknesses 
are included in the reservoir physical properties section of the PFW Geothermal 
Database. 

If a project’s most-likely (Mlk) value is not listed, then the average of minimum 
in) and maximum (Max) values is used. It should be noted that this estimate 
vides for drilling to nearly the bottom of the oir, and some wells will be 
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successful at shallower depths. A lesser thickness is not used for cost estimation 
because many wells need to penetrate multiple permeable zones, and some wells 
may be shallower, but deviated. When depth-to-top is unknown, a default value 
of 2700 ft is substituted: this is the avera e depth to uppermost permeability 
among 11 geothermal systems in Nevada . 

2. Emected total number of wells is a hc t ion  of: 

8, 

a. MW sought (size of project). This is equal to the Estimated Generation 
Capacity (the Monte-Carlo Min or Monte-Carlo Mlk value) minus any 
existing generation capacity (MW currently being produced). 

b. Expected MW/well. This is calculated from average reservoir temperature 
and well productivity (MW) as a function of temperature (see Final Report 
section 3.3.2 and Table IV-1). 

Average temperature is the Mlk estimated average value if one is listed 
under reservoir physical properties. Otherwise, the average of Min and 
Max estimated average temperatures is used. If a given project is likely to 
have a different MW/well value, an adjustment is made using the drilling 
cost factor. 

c. A standard unsuccessful hole factor of 40% (60% of confirnation holes 
successful as commercially viable production wells; 40% dry or otherwise 
unsuccessful). See below and Table IV-1. 

d. The requirement (described above) that 25% of the wellhead power 
capacity sought be confirmed by successful drilling. At a few projects 
some of this capacity has already been confirmed (successful production 
wells drilled but not in use). 

The unsuccessful hole factor is a parameter that is difficult to predict for any 
individual project. Historical experience at geothermal projects in California and 
Nevada has included a very wide range of unsuccessful hole factors, which has 
varied partly in relation to the difficulty of finding adequate permeability and/or 
temperature at depth, and partly in relation to historical context. At many projects 
that were started in the 1960s and 1970s there was a considerable amount of 
drilling that was done with limited geothermal drilling experience and relatively 
little geotechnical support for well siting. Some of the wells drilled were 
unsuccessfbl, and in some cases this was due to lack of drilling experience. Other 

See Appendix 111, Table III-1. The Nevada average is used because the project mas that need 
assignment of a default value are all in Nevada (with one exception: Superstition Mountain in the Imperial 
Valley of California). 
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b, 
holes, although successful, were never used because the binary technology needed 
to exploit moderate temperature resources was not yet available. Accordingly, 
many of these holes were eventually abandoned unused, and mahy would not be 
drilled in the context of a project started in year 2003. Reasons for abandonment 
are not always clear, and it is not possible to simply ignore all of the early drilling 
experience, because the results of these early holes helped to guide the siting of 
subsequent holes. 

To approach the question of an appropriate unsuccessful hole factor, we have 
compiled historical drilling information from the public domain into Table IV-2 
(Totals of full-diameter, production and injection wells at geothermal projects in 
California and Nevada). These data show that if the sum of total available (active 
and idle) production (P) and injection (I) wells at a project is divided by the 
number of full-sized wells drilled (T), the result (P+I)/T has ranged from about 
0.3 to 1 .O, and the historical average (P+I)/T is about 0.65. When experience is 
considered and the total T is adjusted to a best estimate for each project if 
developed in year 2003, the adjusted (P+I)m becomes 0.5 to 1 .O, with an average 
of about 0.8. 

This suggests that about SO% of all holes drilled will be successful as production 
or injection wells, and 20% will not be successfil. A separate value for 
production wells only has not been estimated in Table IV-2, because there is no 
way (without much more detailed information) to know which injection wells are 
converted or unsuccessful (dry or cool) producers, and which were drilled only 
for injection. 

The 80% overall success rate suggests that a 60% success rate for production 
wells during the confirmation phase is probably reasonable, because confirmation 
drilling is based on very limited data about the deep resource, and the reservoir 
information gathered during confirmation later leads to the higher overall success 
rate of combined confirmation and development. 

hd 

3. DISCLAIMER 

It is emphasized that the exploration and resource confirmation programs herein are not 
necessarily the ones that will be followed by geothermal developers, since every 
developer brings its own experience and bias to the exploratiodconfirmation process. 
Additionally, the estimated costs are only approximate, since real program costs can vary 
significantly from area to area and time to time, due to economic factors that may be out 
of the control of any given project. Drilling costs, for example, vary historically with the 
amount of competing activity at other projects and the availability of drilling rigs. 
However, the programs and estimated costs herein are believed to be reasonable. 

bd 
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Table IV-I: Unit Costs and Other Factors for Evjdoration and Conflmation 
Phase Method Unit Cost per unit (')Comment 

Drilling: ID slim hole@) foot $140.00 Based on recent experience in Nevada. The cost may be as low as $lOO/ft if drilling 
is easy (as in poorly consolidated sediments) and a rig is available locally, to $200/fl 
if drilling is difficult and mobilizalion costs are high. For the exploration associated 
with a given project area and with the goal of developing several 10s of MW, a 
developer would be unlikely to spend more than $600 - $1000K on ID Slim holes. 
Accordingly, the number of holes and estimated footage to be drilled is limited to not 
exceed this range. This cost includes mobilization. Access (roads and pads) to the 
drill site(@, and temperature logging are separate items. 

Drilling: ID Slim hole@): roads and pads well 

well 

foot 

$50,000.00 May be much less orl flat topography 

ID Slim hole@): temperature logs $5,000.00 Most of the cost is mobilization, so decreases with an increasing number of holes to 
be logged. 

$1 5.00 Based on past experience m Nevada. The cost may be a 
donan per 500 ft hole (abaut $5/ft) to $25-$50/R, depending upon the difficulty of 
drilling and access. Includes mobilization, access (roadslskiddinglpads) and the cost 
of temperature logging. 

$30,000.00 Approximate lumped cost for a selected combination of springlwell water, springhell 
gas, soil gas (helium or radon) and soil mercury surveys for the (new or additional) 
exploration of an area where the amount of existing fluids chemistry data and 
information is small. Any one of theSe surveys is likely to cost $10,000-$20,000 
and doing more than two is likely to be difficult to justify. Many exploration sites, 
after initial reconnaissance (assumed already done) and especially in dry lands 
areas, will have only a few springs and wells of interest. Spring and well data can be 
very useful. Soil gas and soil mercury have historically yielded minimally useful results 

Geochemistry surveys projed 

Geology: field mapping pr0jed $20,000.00 Cost of field mapping in sufficient detail to assist well siting. May be much less 
depending upon amount of existing data and extent of rock exposures. 
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Phase Method Unit Costper unit ("Comment 
Geophysical survey: gravity 

Geophysical survey: ground magnetics 

Geophysical survey: MT or DC resistivity 

Other 

Well Test: ID slim hole, 3-10 days 

Administration 

Reporting-Doc: data integrationlstudylmodel 

Drilling: 'full' diameter hole@) 
Confirmation 

Drilling: Hole Productivity 

Drilling: Unsuccessful hole factor 

Other 

HHWP-042, D1.3.10.3,31 December 2003 
Friday, March OS, 2004 

project 

project 

project 

project 

well 

project 

project 

foot 

"F 

% 

project 

$25.000.00 Often very useful to assist well siting. Generally considered to be cost-effective. 

$12,500.00 Generally considered to be cost-effective although results do not always have a 
clear interpretation. 

$200,000.00 Based on about 200 stations at a cost of $1 ,OOO/station. Indudes reporting and 
modeling of the results. Generally, a survey requires 50 to 200 stations to yield 
enough Information to be useful and allow the calculation of a resistivity model. 
MT indudes related techniques (TDEM, CSAMT, AMT). 

added to this category. Includes: 
a) seismic surveys (active reflection and refraction and passive monitoring) 
b) hydrologic surveys 
c) selfpotential (SP) surveys, and 
d) 1-meter soil temperature surveys. 

$10,000.00 Default cost allows for minor data collection. Other surveys may be considered and 

$40,000.00 Usually an Injection test. Rarely a flow test. The common cost range is $30,000 - $50,000. 

Standard cost: 10% of all other exploration costs 

Standard cost: 10% of all other exploration costs except administration 

Cost per foot is calculated using the formula that relates well cost to total well depth. 
See final report section 3.3 and Table 6. This cost includes drilling, mud logging, 
temperature logging, geophysical logging, mobilization and road and pad construction. 
Cost in $ = 240,785 + 2lO'(depth in feet) + 0.019069*(depth in feet)'. 
Adjustments for special cases are handled using the drilling cost factor or the Other Cost component. 

Hole productivity (used in the estimation of total feet to be drilled) is estimated using 
the formula that relates well productivity to resource temperature. See final report 
section 3.3 and Table 6. Mw/well= (average reservoir temperature In "F)/50 - 3.5. 
This relationship is very approximate, and adjustments are made for individual 
projects using the drilling cost factor. 

A standard unsuccessful hole factor of 40% (60% of confirmation holes successful 
as commercially viable production wells: 40% dry or otherwise unsuccessful). See 
Appendix IV. 

exploration surveys may be considered and added to this category, to assist ongoing well siting. 
$20,000.00 Default cost allows for other data collection and contingencies. A re-visit to 
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Phase Method Unit cost Der unit 0)Comment 
Well Test: full diameter hole, 3-10 days well 

project Well Test: multi-well field test, 1530 days 

project 

ptoject 

$70,000.00 Each successful deep hole is assumed to require a test. 

$100,000.00 Each successfult confirmation project is assumed to require a test, which may 
include reservoir interference measurements in both production and injection wells. 
The cost may vary from about $100,000 to $200,000, depending upon the number of wells. 

Standard cost: 7.5% of all other confirmation costs 
Standard cost: 5.0% of drilling. Includes permitting and environmental compliance 
(the cost of which may be highly variable, depending upon local conditions and regulations. 

Reporting-Doc: data integrationlstudylmoddel project Standard cost: 5.0% of drilling costs. Includes data compilation, integration, 
interpretation and the preparation of a bankable report. 

(I) These costsper units 
exploration unit costs and Most confzrmatlon unit costs may be aausted by applying a cost adjustment factor. 

r developing qloration and confirmation program cost estimates. When the mates arc made, all 
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Table IV-2: Totals of fulldiameter, production and injection wells at geothermal projects in California and Nevadd 
- -  

Pmduetlon InjMIon 
(P) o 

Total 
M w m u c e d  Plant Drld A&e Ad]. 

PROJlD DlaU Areal Fleld Area/ P m r  Plant st gr net (year) Technology IT) lot A& lot A& p*l' UP (p+ijrr (Pwr'comment 

Toll1 d d M  (horn FCun BEOOO-1) Includes m n y  vmlh ddlbd vefy enfly 

; Mw 

BEOOO Baawane 1 NV j0.7 18 15(1996) MtalFlash 17 3 3 2 1 5 0.33 0.29 0.56 Mj~~rt.dtP+lflasunr*s\ot.lotS. 
Dual Fhlh + 

BRA00 Brady's Hot Sprlngs 1 NV 26 20 15.0gr(2000) Elnary 

cos00 cos0 Fidd-wideSummary 4 CA 300 270 281 (2001) DualFlash 153 84 84 32 31 f f6  0.37 0.76 0.94 smmreillrmna. M~sbd(P* Iyra~~umstoblof lz4  
DES00 DesactPeak 1 NV 11 9.9 9.9(2WO) DualFlash 7 3 2 1 1 4 0.50 0.57 0.67 Mjwt.d(~+~yrarrunnstd.lofO 
DIXOO Dixta vaney CailhnessDixieValley 2 N V 82 56 68+(2000) SlngleFlash 25 9 7 10 10 f9 f.43 0.76 0.76 

T lndudn aM a b m d d  p m d u m  and hjedon and *ut 8 'non- 

B i na w A  I r 

Dual Fhlh + 
BRA00 Brady's Hot Sprlngs 1 NV 26 20 15.0gr(2000) Elnary 

I I I IT lnoludn a30 . b . n d d  amd- and h h n  and &ut 8 '- ~~~ ~~ ..... . ~~ . .. 
Fidd-wideSummary 4 CA 300 270 281(2001) DualFlash 153 84 84 32 311 f f6  0.37 0.76 0.94 Ismmreillrmna. M ~ s b d ( P * M a ~ ~ u m s t o b l o f l z 4  

NV 11 9.9 g,g2000 DualFlash 3 2 rl .I 

B i na w A  I r 

1 * L A  n C 7  ne7,.*. . _  ~. .~.~._ cos00 cos0 
DES00 DesactPeak 
DIXOO Dixta vaney CailhnessDixieValley 2 N V 82 56 68+(2000) Single Flash 25 9 7 ' 

€AS00 EaatMWa Fldd-wldesummary 14 CA 73 58 49.7 Cooled(N1) I 104 45 35 51 441 96 f.26 0.92 0.92 I 
I I I I 

Binary-Water 
HONOI Hcimy Lake Amedee 1 CA 3.2 1.5 0.75net(mo2-3) Cooled 5 2 2  2 0.00 0.40 0.07 (PllyT-sdjwtadas~unustoblof3 

Binary-Water 
f 0.00 0.50 0.50 WndelMneagle 2 1 1  H O W  HoneyLake I CA 0.7 0.4 0.4rmt Cooled 

WendeVHoney Lake 

A m  0.66 0.63 0.n AwNoa ofal dab Mms BEOOOhmW WABM) 
Aven~ga sN proleaa wllh injection fexcepf Geysers) 0.62 0.66 0.82 

Awmgailasshplsnis 0.7s 0.63 0.79 
Average blnsryplants (Wudlngpranta I*lthOuthpcUon) 0.93 0.67 0.62 

Notes: 

2) Sum of total P end I wells, W available, othemlse, sum of acthre P and I wells 
3) Total ~811s drilled Men Includes holes drilled h the 1960s - 1970s which were questionably sited and/or designed, or drilled before field developmen1 was efmmlcally or 
lechnlcally poSSlble. Adjusted (P+I)/T Mecta an adjustment of T to a value Mat Is bellwed likely at the same wed il It were started in year 2003, in Me ccmtext of 
contemporary e@mUonkonIlnnatlon and development technology and m l c s  

1) O h  In thk tabk h W  bwn m m p M  hM1, the Hach Mchy / SFPUC Prcgnmatlc Remable  Energy Prom peoUlemul dhbaw, ol which this Ubb 18 a pall. Soum d ~ ~ s  forthe dola h this table am cont.lned themin. 
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Appendix V: 
Exploration, Confirmation and 
Development Costs - Detail by 

Project (example) 

Exptoration, Confirmation and Development Costs = Detail by Project 
PROJID -1 

Name - DistridAredF'ietd barom I 
Name - n nu /power plant 7 1  

MW inmiItd: 

MW prodad Qr): 7 1  
Start Date (Yr): -1 

7 1  -gr -1 -net 

State T I  PRP Area: 121 
Exploration ProPrans (4 County 7 1  

Cast 
Sfd Adjmfmmt 

Mefhod Unit 'Units Codunif Factor COSt Commmf 
#I of 

Drilling: ID sflm hole(s) foot 4000 $140 1 .o $560,000 Two holes to 2000 R wch 
Drllllg: TO hole(s) faat 2500 $15 1.0 . $37,500 Fhre holes to 500 ft each, to better deflne the heat 

anomaly between the A u m  hole and tho hot area at 
Borealis mine. 

Dflng: ID Slim hole@): roads wefi 2 $50,000 0.5 $50.000 

G- field mapping proiecf 1 $20.000 1 .o $201000 May be less if Phillips data can be obtained. 
Drilling: ID Slim hole(s): tempe well 2 $5,000 1 .o $10,000 

Geophys~ca~~nrey:gravity proiect 1 $25,000 1 .o $25,000 May be less If Phllllps dM survey and data can be 
Obtained. 

('Jeahysicai survey ground m project 1 $12,500 1 .o $12,500 May be less If Phillips dM survey and data can be 
obtained. 



Subtotal: $715,000 
Reporting-Documentation: $71,500 

Administration: $71,500 

Exploration Total: $858,000 

H r n - 0 4 2 ,  DI.3.10.3 - 3I Drcemher2003 EqIorafion, Confinnaon and Development Costs - D e t d  by Project- Page 2 of 7 500-01-042 
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Con flrmation Program for Mininum (90% Probable) Estimated Capacitv (2) 

hktirnafed Capacity 31 MW c i ~ t ~ ~ ~ t ~ r : ~ m ~ g  1.0 TotalDrilli $8,748,000 Comment 
Wellhead W i n  use 'Mw coslrFnctoc Well T w s )  1 .o well Tests: $140,000 
Wellhead MWiiniised 

Additional MW needed 3 I. Mw 

Regulatoy: $437,000 Need To Confirm 7.8 Mw 

Reporting: $437,000 Expect to drill 4 wells 
Expected TDhvell 6000 ft Administration: $740,000 

Expected Cos& $2J 87,000 Estimated Total Conflmation Cost : $1 0,602,000 

Confirmation Program for Most-liklv Modal) Estimated Capacity (2) 

Cart Fnetar: Eleld Test 1 .O Field Test: $100,000 

Other Cost($): $0 

Exp&ell 3.4 Mw 

hktimated Capadty 5 1 MW cosr F&r: Driltng 1 .o Total Drilling: $1 3,122,000 Comment 
Wellhead M W  in use - Mw cost Faefor: Well T w s )  1 .o Well Tests: $280,000 

$100,000 Wellhead MW unused .Mw 
Additional h W  needed 5 1. MW 

$0 Need To Co 12.8 Mw 
hpe&efl 3.4 Mw $656,000 

Expect to drill 6 wells $656,000 
Expected rnhell 6000 ft tration: $1,111,000 
Expected Costhell $2,187,000 

Estimated Tota tion Cost : $15,925,000 

c 

PROJID: AUROO 

-42, D1.3.10.3 -31 DeCrmbcr2003 500-01-042 
Wednesday, March 03,2004 



Development Program for Minimum (90% Probable) Estimated Capacitv (3) 

&timated Capadty 31 MW Plant + Gathering System (On-Site Capital) Comment PROJID: AUROO 

Drilling (well) Cost: Exhting plant 
In use at wellhead . MW New Plant 
Unused at wellhead . MW On-site Unit Cost 
Confinnation plan 7.8 MW aiwellhead Total On-site Capital 
Development drilling plan 24.8 M W jbr 105% aiwellhead 

.O MW 
31.0 MW 

$1,500 /kW 
$46,500,000 

Expe&ell 
Production need (p) 
InjectomLhducm 
Injection need @) 
P+I success rate 
Expect to drill total 
Expected TDhvell 
Expected Cos65vell 
CosfFactvr 1.0 
Dw. DdlHng 

Total Dev. Drilling 

3.4 MW 
7 wells 

7 wells 

18 wells 
6000 A 

$2,187,000 

0.95 

0.80 

$39,366,000 

Other: 
Other Developmmt Cost 

Subtotal all On-Site Costs: 
Total Site Development 

Transmission Line: 
Line Cost (unit or tot): 

Cos? Factor (I or tot.): 
Total Trans Ln: 

Total Development Cost: 

$0 

$85,866,000 

$268,000 Transmission Line Comment: 

$536,000 transmission line. 
2.0 Cost Factor = about 2 miles to an existing 5569 kV 

$86,402,000 

HRTP-042, D1.3.10.3 - 31 December 2003 Exploratbn, Cong7rmahn and Development Can3 - W l  by Pmject - Page 4 of 7 500-01-042 
Wdnesdq, March 03,2004 
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c 
Development Program for Most-likelv Modal) Estimated Capacitv (3) 

Estimated Capad@ 51 MW Plant $- Gathering System (On-Site Capital) Comment 

Drilling (well) Cost: hkistingplant .O MW 
In use at wellhead .Mw New Plant 51 .O MW 

$ 1,500 k W  Unused at wellhead . MW 
Confinnatlon plan 128 MW at wellhead Total On-site Capital $76,500,000 

Development drlllingplan 
Expecthell 3.4MW Other: 

Injedom#oducm 0.95 Subtotal all On-Site Costs: 

On-site Unit Cost 

40.8 MW for 105% at wellhead 

Production need (p) 12 wells Other Development Cost $0 

Injection need (I) 11 wells Totalsite Development $1 39,923,000 
H I  success rate 0.80 
Expect to drill total 29 wells 
Expected lDhvell 6000 ft 
Expected Cos#velZ $2,187,000 
CostFadr 1.0 
Dev. Driliing elopment Cost: 
TotaZ Dev. Drilling $63,423,000 $140,459,000 

Transmission Line: 
Line Cost (unit or tot): $268,000 Transmission Line Comment: 
Cost Factor (1 or tot): 
Total Tmns Ln: 

2.0 Cost Factor = about 2 miles to an existing 5569 kV 
$536,000 transmission line. 

500-01-042 



Summan of Total Ekploration + Confirmation -I- Development Cost 
PROJID: AWOO GENERATION ESTIMATE 

Minimum (90% Probable) Most-likelv (Modal) 

Resource Capacity Estimate: 31.0 MW 51.0 h4W 
51.0MW 

Estimate exceeds current power plant generation capacity by: 31.0MW 51.0MW 
Net new development: 31.0 MW 51.0 MW 

Estimate exceeds current used + excess proven wellhead capacity by: 31.0 MW 

COST ESTIMATES TO EXPLORE, CONFIRM AND DEVELOP TO ESTIMATED RESOURCE CAPACITY 
Total Exploration: $858,000 $858,000 

Total Confinnation: $1 0,602,000 $1 5,925,000 

$1 6,783,000 Total Exploration + Confimtati on: $1 1 , 460,000 

Total Site Development: $85,866,000 $139,923,000 

Total Ewploration + Confirmation + Site Development: $97,326,000 $156,706,000 

Transmission Line: $536,000 $536,000 

$1 57,242,000 Total Exploration + ConfErmation + Site Development C Transmission: $97,862,000 

HHW-042, D1.3.10.3 - 31 December2W3 

Wednesday, March 03,2004 

c 
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c c c 
NOTES: 
(1),(2) See definitions of terms and headings in Appendices m, IV and VI. 
(2) Estimated Capacity is the total estimated generation capacity of the resource (Monte Carlo heat-in-place estimate Minimum or Most-likely value). 

Wellhead MW in use and unused are based on current production andlor the results of drilling and testing wells that are not in use. 
Additional MW needed is the difference between Estimated Capacity and the sum of Wellhead MW in use and unused. 
Need to Confirm is 25% of the expansion from current production to Estimated Capacity, minus wellhead MW proven but unused. It is likely that a 

lending institution will demand that this percentage be proven at the wellhead, before committing to loan finds for field development and power plant 
construction. 

and Table IV-1 of Appendix IV). 

and assuming a success rate of 0.6. 

reservoir thickness (see database entries under Reservoir Physical Properties). if most-likely values have not been estimated, then 
then the average of estimated minimum and maximum is used. 

Expdwel l  is the expected average MW per successful production well, calculated as a function of resource temperature (see main report section 3.3 

Expect to drill is the number of wells planned to prove the Need to Confirm value, calculated from Expect/well and Need to Confirm, 

Expected TDhell is the expected average well depth, calculated from most-likely average depth to top of reservoir, and most-likely average 

Expected Costhell is the expected cost for the expected TD, calculated as a function of depth (see main report section 3.3 and Table IV-1 of Appendix 

Drilling, Well Test and Field Test Cost Factors are adjustments that may be applied to local conditions, as explained under Comments. 
Total Drilling Cost is the product of (Expect to Drill) * (Expected Cost/well) * (Drilling Cost Factor). 
Well Tests Cost is the product (number of successful confirmation wells needed) * (standard cost of testing, as reported in Units Costs for Exploration 

Field Test Cost is the cost of a medium to long-term multi-well field test, including pressure interference measurements, that is likely to be required by 

Other Costs(s) may be included, and explained under Comments. 
Regulatory, Reporting and Administratiofi are standard percentrages of other costs, as explained in Table IV-1 of Appendix IV. 

IV). 

and Confirmation) * (Well Test Cost Factor). 

a lending institution. 

(3) See definitions of terms and headings under note (2) above, and in Appendix VI. 

500-01-042 
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Hetch Hetchy/SFPUC Programmatic Renewable Energy Project 
Project: 
Project Team: GeothermEx, Inc. 

Subject: Deliverable 13.10.3 Final Report 

1.3 New Geothermal Site Identification and Qualification 

13.10 Final Project Report - Task 

APPENDIX VI 
METHODOLOGY OF ESTIMATING DEVELOPMENT COST 

1. BACKGROUND 

For every project with an estimation of generation capacity, development cost is 
estimated as the sum of three components: 

1. Drilling Cost 
2. All other On-site Capital Costs, and 
3. Transmission Line Cost. 

2. DRILLING COST 

The cost of development drilling (which includes well completion) is calculated using an 
approach similar to the cost of confmation drilling (see Appendix IV), adjusted to 
account for the wellhead Mw already confi 
Injection wells are not included in the confi 
tests can be conducted by injecting into other successful production wells, unsuccessful 
production wells and/or existing slim holes. 

for drilling injection wells. 
timate, as it is assumed that well 

General Process 

The process of development drilling cost ion is as follows: 

Expected reservoir temperature. (The relationship 
between temperature and productivity is described in the main report section 
3.3.2, and also listed in Table IV-1 of Appendix IV.) 

duction wells needed (P) is estimated from MW/well and the 
wellhead MW needed for development (including a 5% reserve), after 

subtracting the 25% of required wellhead capacity already demonstrated at the 
stage of project confirmation. 

0 All projects with an avera 
assumed to be binary, an 
380°F are assumed to be flashed steam (except for The Geys 
assumed to be dry steam). 

0 Number of injection wells needed (I 
production wells in the case of a flashed steam project, 95% of production 
wells in the case of a binary project, and 10% of production wells for The 
Geysers (dry steam). (This is based on data in Table IV-2 of Appendix IV, see 
section 2.2 below.) The ratio (I/€’) can be changed for an individual project, 

rvoir temperature of 380°F or less are 
with average reservoir temperature above 

ed to be 75% of 

500-01-042 HHWP-042, D1.3.10.3,31 December 2003 VI- 1 



Hetch Hetchy/SF'PUC Programmatic Renewable Energy Project 
Project: 
Project Team: GeothermEx, Inc. 

1.3 New Geothermal Site Identification and Qualification 

Task: 
Subject: 

a 

a 

0 

a 

a 

1.3.10 Final Project Report 
Deliverable 1.3.103 Final Report 

based on specific considerations, as described in the comments on 
development cost estimates (Table 10). 

The VP ratio is applied only to development drilling; Le., it is assumed that the 
confmation program will have yielded enough injectivity that injection fiom 
successful confmation holes later used as producers can be handled by other 
confirmation holes or other existing holes. This may cause the total number 
of needed injectors to be underestimated by up to 25% and the total number of 
development wells to be underestimated by up to about 12%. It is assumed 
that this is offset by the assumption of identical cost for production and 
injection wells (see section 2.3 below). 

The estimated total number of producers (P) and injectors (I) is corrected by a 
success rate (P+I)R, where T is total wells drilled (see section 2.2 below). 
The default value of this ratio is set at 0.8 (also based on data in Table IV-2). 

Numbers of production, injection and total wells are calculated in sequence, 
and all interim and final residuals are rounded as follows: 

i. all residuals <0.5 are rounded down to the nearest lower integer value 

ii. all residuals >= 0.5 are rounded up to the nearest higher integer value 

iii. any value >O and 4 gets rounded to 1. 

For example: 3.3 producers is rounded to 3. At I/P = 0.95 this means 2.85 
injectors, which is rounded to 3. At total success rate 0.8 this means 7.5 wells, 
which is rounded to 8. 

Production and injection wells are assumed to have identical depths and costs 
per well (see section 2.3 below). Average well depth is calculated fiom 
reservoir characteristics, and costlwell is calculated fiom depth. @filling 
cost/foot is described in the main report, section 3.3.1, and listed in Table 
N-1 of Appendix IV.) 

A development drilling cost factor is applied, to correct for assumptions made 
that are likely to be inaccurate. For example, if MW/well based on 
temperature is 6 MW, but historic drilling results in the area indicate 3 MW, 
then the Cost factor is 2.0 (twice as many wells needed). 

Total development drilling cost is estimated as (total number of wells) * (cost 
factor) * (cost/well). The wells at'some hypersaline fields in the Imperial 
Valley of California are assumed to need corrosion-resistant titanium casing, 
which is included later as a separate component of total development cost. 

HHwp-042, D13.10.3,31 December 2003 VI-2 500-0 1-042 
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Hetch Hetchy/SFPUC Programmatic Renewable Energy Project 
Project: 
Project Team: GeothermEx, Inc. 
Task 1.3.10 Final Project Report 

1 3  New Geothermal Site Identification and Qualification 

Deliverable 13.10.3 Final Report 

2.2. ProductiodIniection Well Ratio and Drilling Success Rate 

Table IV-2 of Appendix N is a compilation of historic well information fiom projects in 
the database, which shows that the ratio of active injection wells to active production 
wells ranges from as little as 0 at a few small projects where there is no injection, to 0.1 
at The Geysers steam field, to as high as 1.3 at Bradys Hot Springs (Flash and Binary) 
and East Mesa (Binary) and 1.4 at Dixie Valley (Flash). The average of all projects with 
injection (excluding The Geysers) is 0.82, the average at flash steam projects is 0.75 and 
the average at binary plants (excluding plants without injection) is 0.93. Although the 
flash and binary averages are used in the development cost calculation, it is recognized 
that these averages have a very high standard deviation, and an adjustment is made for 
each individual project if information allows. 

Table IV-2 also shows that if the sum of total available (active and idle) production (P) 
and injection (I) wells at a project is divided by the number of full-sized wells drilled (T), 
the result (P+I)/T has ranged from about 0.3 to 1.0, and the average (P+I)/T is about 0.65. 
When experience is considered and the total T is adjusted to a best estimate for each 
project if developed in year 2003, the adjusted (P+I)/T becomes 0.5 to 1.0, with an 
average of about 0.8. This suggests that about 80% of all holes drilled at a project in year 
2003 will be successful as production or injection wells, and 20% will not be successful. 
A separate value for production wells only has not been estimated in Table IV-2, because 
there is no way (without much more detailed information) to know which injection wells 
are converted or unsuccessful producers, 

The information in Table IV-2 suggests using 0.8 (80%) as the ratio of successful 
production and injection wells drilled to total wells drilled during field development. 
Strictly speaking, if the overall success rate is 80% and the success rate for confirmation 
of 25% of needed wellhead capacity is 60% (used for confirmation cost estimates, as 
explained in Appendix IV), then it follows that development drilling to 100% wellhead 
capacity should have a success rate of 86.67%, and development drilling to 105% 
wellhead capacity should have a success rate of 81.25%. We believe that 80% is a more 
reasonable default value for M e  projects where exploration has not even been 

ich were drilled only for injection. 

completed, and an adju is made for each individual project if information allows. 

shallower and/or designed with a less-expensive diameter andor casing program. 
However, some wells used for injection are originally designed and drilled for 
production, some injection wells are 
sometimes the success rate of injecti 

er than corresponding production wells, and 
etter than the success rate of 
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Hetcb Hetchy/SFPUC Programmatic Renewable Energy Project 
Projeck 
Project Team: GeothermEx, Inc. 
Task 1.3.10 Final Project Report 
Subject: Deliverable 1.3.10.3 Final Report 
production well drilling. Considering these uncertainties, it is assumed herein that the 
production wells and the injection wells are identical in terms of cost per well. 

1.3 New Geothermal Site Identification and Qualification 

3. ON-SITE CAPITAL COSTS 

On-site capital costs in addition to drilling and well completion include the costs of 
pumps for binary systems, water and/or steam gathering and disposal systems (including 
injection pumps but not injection wells), stedwater separation systems (flash plants 
only), the power plant, the local substation and transmission line connections (see 
section 4, below), pollution abatements systems (as needed), other infrastructure, surface 
facilities and civil works, land, regulatory and environmental compliance, other legal 
costs, engineering, all construction and assembly, permits, interest, administration, and 
initial system testing and start-up. 

It is typical to consider the aggregate cost of all of these components, described simply as 
the cost of the power plant and gathering system, and the value used herein is 
US$1,500/kW installed. This is multiplied times the difference between Estimated 
Generation Capacity in MW (resource capacity) and gross MW of existing installed plant 
capacity (if any). 

The $1,50O/kW value is only approximate and has an uncertainty of about +-25% or even 
more. It is based on data and information in a number of recent publications, which 
include Brugman and others (1 996) ’, Entingh and McVeigh (2003), Entingh (1 997), 
Fredriksens and others (2000), Gawlik and Kutscher (2000), Girelli and others (1 995), 
Greider (1 998), Hiriart and Andaluz (ZOOO), Jenkins and others (1 996), Liguori (1 995), 
Miller (1 996), Owens (ZOOZ), Stefsinsson (2002), Tiangco and others (1 996) and Wheble 
and Islam (1995). 

The development costs listed in these publications are not always compatible, because 
some describe or estimate only the cost of the power plant, others consider only a total 
capital cost that includes drilling and exploration, some appear to consider “plant” to 
include the gathering system, but are not specific about this, and only a few consider 
specifically the combination of plant + gathering system. In addition, very few clearly 
indicate that the local electrical substation (typical cost about $60/kW) is included. 

Entingh and McVeigh (2003) consider that the power plant (60%) and field piping (5%) 
are typically about 65% of total capital cost, and exploration, confirmation and 
development wells are about 35%. We consider this to be a reasonable breakdown, and 
using these percentages applied to cases of total development cost that includes drilling, 

The references cited herein are listed in the main report chapter 6, section 6.1. In the Access database 
they appear under All Other References (General Citations) and as the report entitled Section 6.1 General 
References. 
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Hetch Hetchy/SF'PUC Programmatic Renewable Energy Project 
Project: 
Project Team: GeothermEx, Inc. 
Task 13.10 Final Project Report 
Subject: Deliverable 13.103 Final Report 
some of the estimates of power plant and gathering system are as follows, sorted by 
increasing cost/kW (the various references cite dollar bases that 
2003, but corrections for inflation are not included): 

1 3  New Geothermal Site Identification and Qualification 

from about 1994 to 

Plant 
Tvl3e 

Plant and 
Gathering 
Svstem 

(uS$nCw) 

Single flash $872 

Single flash 

Single flash 

Single flash 

$970 

$1,039 

$1,040 . 

$1,047 Single flash 

Dualflash I $1,166 

Reference Comment 

Stefhsson (2002) Plant, gathering system zind 
exploration. Svartsengi, Iceland 
co-generation plant, (heat and 
electricity, 30 MW, constructed 
1999)'. 

Stefhsson (2002) Plant, gathering system and 
exploration. Bjmarflag, Iceland 
(detailed planning report, 40 
MW, 1994)'. 

Stefhsson (2002) Plant, gathering system and 
exploration. Nesjavellir, Iceland 
co-generation plant (heat and 
electricity, 60 MW, constructed 
1998)' 

Stefhsson (2002) Plant, gathering system and 
exploration. Bjmarflag, Iceland 
(detailed planning report, 20 
MW, 1994)'. 

HHWP-042, D1.3.10.3,31 December 2003 VI-5 500-01-042 



Hetch Hetchy/SFPUC Programmatic Renewable Energy Project 
Project: 
Project Team: GeothermEx, Inc. 
Task: 
Subject: 

1.3 New Geothermal Site Identification and Qualification 

1.3.10 Final Project Report 
3.10.3 Final Report Deliverable 

Plant and 
Gathering 
Svstem 

Plant - mE 
Reference Comment 

Dual flash $1,546 Tiangco and others (1996) Calculated fiom total average 

Binary $1,560 Entingh and McVeigh (2003) Calculated h m  total 
development 

Flash $1,564 Owens (2002) Calculated h m  total 
development (flash type not 
specified) 

Calculated h m  plant average Binary Tiangco and others (1996) $1,836 

Single flash $1,837 Wheble and Islam (1995) Calculated from plant, Leyte 
Philippines (1 80 h4W) 

Single flash $1,938 Wheble and Islam (1 995) Calculated fiom plant, Tongonan 
Philippines (120 MW) 

Calculated h m  total average 

Calculated h m  plant 

Binary $1,940 bj Tiangco and others (1996) 

Miller (1996) Unspecified - 
maximum 

$2,012 

$2,270 Jenkins and others (1996) 
~ 

Calculated fiom plant (flash type 
not specified) 

Flash 

Unspecified- 
minimum 

$23 13 Calculated h m  plant Miller (1996) 

Binary $3,372 Gawlik and Kutscher (2000) Calculated from plant average. 
Estimates for 17 small (=<1 MW) 
and very low temperature 
projects in the Western USA 
(185OF - 30O0F, one 346OF) 

Binary $3,475 Calculated from plant Jenkins and others (1 996) 

1. The estimates of Stefhsson (2002) include exploration, but no correction for the exploration component 
is attempted herein, because exploration is described as a "very small hction" of the total investment costs 
Df power plants larger than 5 - 10 MW. 

The large range of these estimates is obvious and due, in no small part, to severe 
limitations on the amount and detail of geothermal cost data that gets released to the 
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Project: 
Project Team: GeothermEx, Inc. 
Task 1.3.10 Final Project Report 
Subject: Deliverable 13.10.3 Final 
public domain from private developers in the USA (Entingh, 
September 2003). 

1.3 New Geothermal Site Identification and Qualification 

communication, 25 

The average of all $/kW values in the table above, excluding the two highest, is 
$1,5OO/kw, with a standard deviation of $470/kw. 

Entingh and McVeigh (2003) note that their estimates are lower than previous estimates, 
but cite evidence of large cost reductions in the past twenty years for both flash and 
binary technologies. The flash plants installed in the U.S. are typically dual flash, so the 
average $1,500 /kW used herein can be compared with the Entingh and McVeigh (2003) 
dual flash value of $1,170/ kW. 

4. TRANSMISSION LME COST 

Transmission line costs are estimated on top of on-site capital development costs, as 
described in the following sections. In the case of an existing project where generation 
capacity is expanded, it is assumed that existing transmission lines can handle this 
expansion. The Salton Sea field of the Imperial Valley is an exception, for which major 
expansion and new transmission capability are estimated. 

Each transmission line estimate is based on a single chosen alternative for connection to 
existing or new grid capacity. It is recognized that alternative connections may be 
available now or in the future, but an attempt to evaluate all of the available alternatives 
would be outside the scope of this investigation. 

Transmission line cos estimates provided b ford (2003) (Electranix 
ction 6.1 of the main 

developed in several stages, and makes cost estimates for an integrated power delivery 
to herein as the Woodford grid) constructed to serve these sets of new 
estimates include 16 geothermal projects in Northern Nevada (Table 

3, plus two large wind f m s  (500 MW each) and one pumped 
storage facility (600 MW). The total estimates provided by Woodford (2003) represent 

on to the 1 000-kV Pacific Direct-Current Intertie 

The geothermal MW values used by Woodford (2003) and listed in Table VI-1 are estimates that were 
contained in draft deliverables under Project 1.3 that have since been updated for this final report. The new 
total for the same 16 projects is 495 MW (most-likely estimate). It is assumed this change would not affect 
the transmission lime cost estimates. 
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Project Team: GeothermEx, Inc. 
Task 1.3.10 Final Project Report 
Subject: Deliverable 1.3.103 Final Report 
(PDCI, referred to elsewhere in the present report as the HVDC intertie). Schematic 
diagrams and a map of the Woodford grid are included in Woodford (2003). 

1 3  New Geothermal Site Identification and Qualification 

Table VI-1 is a summary of the collection and delivery systems for the 16 geothermal 
projects alone, which has been developed by GeothermEx using the data in Woodford 
(2003). This includes common lines within the geothermal collection system (lines 
shared by more than one project), but not the collector lines from the wind farms and the 
pumped storage. 

The local site substations at the 16 geothermal projects (Table VI-1) have per-kW costs 
that range from $21 to $1 86, with an average cost of $57/kW (standard deviation 
$44/kW). As explained in section 3 (above), this cost is assumed to be part of the on-site 
per-kW capital development cost, not part of the transmission cost. 

The total transmission line cost for the integrated system that delivers power from 16 
projects is $125 million for 468 miles, with an overall average of $268,00O/mile 
(standard deviation $145,00O/mile). For individual transmission lines there is a wide 
range of line cost per mile, from $133,00O/mile to $670,00O/mile, because both 
1 15112O-kV and 345-kV lines are involved, and each separate estimate is affected by 
multipliers for terrain, length, and permitting and environmental factors. The 
1 15/120-kV lines alone (25 1 miles) average $1 64,00O/mile, and the 345-kV lines alone 
(217 miles) average $388,00O/mile. 

The integrated collection system also includes upgrades to some substations and taps into 
the 345-kV common line for wind, pumped storage, and geothermal projects. Those 
upgrades and taps total $49 million. If this is combined with the total line cost, then the 
cost per mile increases from $268,00O/mile to $372,00O/mile. However, if the line cost is 
adjusted to a value that would represent 115/120 kV only and combined with the $49 
million, then the cost per mile remains at approximately $268,000. 

In summary, the total transmission line cost for each of the 16 individual projects is a 
combination of two components: a) the transmission line from the site substation to the 
first node in the delivery network where power from that project is combined with power 
from at least one other project; and b) the project’s MW-weighted share of all common 
lines from that node forward, including new and/or upgraded substations and taps within 
the common system. These costs have been calculated, using the data in Table VI-1, and 
the results for the 16 projects are included in the total development costs in the MS 
Access database for Project 1.3. The range of transmission line costs per project in 
Area 1 is as low as $3.7 million and as high as $3 1.6 million, and the range per kW is as 
low as $99kW and as high as $627/kW. 

Area 1 projects that are not in the set of 16 considered by Woodford (2003) are handled 
by assuming that they can be connected to the Woodford grid, or otherwise to an existing 
transmission line, if closer. (It is assumed that the Woodford grid or the existing line can 
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handle the extra capacity, which is not necessarily true.) The reference for existing lines 
is Nevada Bureau of Mines and Geology Map 126 (Shevenell and others, 2000; SheOOa), 
which shows transmission lines greater than or equal to (>=) 55 kV in Nevada, 
supplemented by project and transmission line locations on U.S.G.S. topographic maps. 
The cost of connection is calculated on the basis of estimated distance fiom the project 
location to the nearest point along the line, at $268,00O/mile. Any exceptions are 
explained in comments to the 
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line cost estimates in the MS Access database. 

4.2. Area 2 (Nevada with direct access to California) 

These projects are assumed to be connected to the line into California fiom Dixie Valley 
(230-kV Dixie Valley - Sierra Pacific line), or to another existing line (Shevenell and 
others, 2000, and U.S.G.S. topographic maps), if closer. (It is assumed that the existing 
line can handle extra capacity, which is not necessarily true.) The approximate cost is 
calculated on the basis of estimated distance fiom the project location to the nearest point 
along the line, at $268,00O/mile. Note that connection of a single project directly to the 

These projects are assumed to be connected directly to the Woodford grid, or to another 
existing line (Shevenell and others, 2000, and U.S.G.S. topographic maps), if closer. (It 
is assumed that the existing line can handle extra capacity, which is not necessarily true.) 
The approximate cost is calculated on the basis of estimated distance from the project 
location to the nearest point along the line, at $268,00O/mile. Note that connection of a 

garded as not possible, even if the project is closer 

/ 

(Imperial Valley) to the PDCI has been estimated by Woodford (2003), in which the total 
for a 500-kV transmission line plus substations is $237.1 million. Transmission 
estimates for resources in the broader Salton Sea area are assigned as follows. 

1. Projects BRWOl, BRW02, BRW03, 0, SALOO (all >=62 MW): 

The current estimate for most likely new or expanded capacity at these 
fields is 1802 MW, which is close to the 2000 MW used by Woodford 
(2003). The $237.1 million cost is apportioned among these 5 projects on 
a MW fiaction basis. In addition, it is assumed that $237.1 million 
represents transmission starting at the Salton Sea field (project SALOO), so 
transmission to that location fiom the other projects is also estimated, at 
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$200,00O/mile, which is assumed to cover a 115/120-kV line plus 
substations and taps to the 500-kV line. 

2. New small projects at the margins of the Imperial Valley @ W O O ,  
GLAOO, SUPOO): 

It is assumed that transmission can tap into an existing transmission line at 
the nearest existing geothermal power plant, and the line cost to that 
location is estimated at $1 80,00O/mile, which is assumed to cover a 
1 191 20-kV line only. 

3. Expansions at existing projects (except SALOO): 

As for existing power generating projects in the other geographic Areas, it . 
is assumed that there is no new transmission line cost. 

Transmission line costs for Area 4 projects not in the Imperial Valley (e.g. Medicine 
Lake) are handled as individual cases and presented (with annotations) in the PIER 
Geothermal Database. 

5. DISCLAIMER 

It is emphasized that the development programs used herein for cost estimation are only 
approximate and may not be followed, since every developer brings its own experience, 
bias and opportunities to the development process. Additionally, real program costs can 
vary significantly fiom area to area and time to time, due to economic factors that may be 
out of the control of any given project. Drilling costs, for example, vary historically.with 
the amount of competing activity at other projects and the availability of drilling rigs. 
Transmission line costs depend both on project location and on the location and 
availability of existing transmission capacity (which is a major uncertainty). In spite of 
these uncertainties, the estimated overall costs herein are believed to be reasonable. 
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2. Assume that Pumpernickel Valley > Leach is 12 miles, LeachSKyle is 24 miles and Kyle>Omana is 29 miles 
3. Assume Oreana>Trinity Mtns is 45 miles, and Trinky MtnszNorth Valley is 26 miles 
4. PDCl is the I000 kVDC Pacific Inter-tie from Los Angela, north into Oregon. 
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at Honey Lake (345 kv) and Alhrras (345 kv) and Capt. Jack 
A6(345/500 kv) 
(b) Not induding Trans Sierra ac transmission line at 500 kV from 
Honey Lake to Table Mtn. 
(c) Not induding 1500 MW.+/-SOO kV DC Tap at PDCl 
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APPENDIX VI1 

HOW TO USE THE DATABASE / TECHNICAL INFORMATION 

1) DATABASE VERSION 

The PIER Geothermal Database has been 
Microsoft Windows XP, using Microsoft 
format setting. This means that the database should operate properly in Access 2000 or 
2002. Users who need a file format compatible with Access 97 should contact 
G e o t h e d x  (see below), and an Access 97 v 

2) SETUP ON HARD DISK 

The database MUST be opened into Access from a hard disk. It will not work properly 
from a CD, but can be copied 

When the READ-ONLY attribute of 
the database file remains set to ON, and it MUST be turned OFF. To do this: 

gned and create 
ess 20020, with the Access 2000 file 

a computer running 

i) Copy the database from the CD to 
ii) Tag the filename (in Windows 
iii) Right-click the mouse button and select Properties. 

a) Screen Resoluti 

The database user-interface has been designed 
1024 pixels. Video displ 
windows to over-fill the 

en resolution of 1280 x 
lower resolution may cause some of the interface 
and make them awkward to use. 

i) On the Windows Desktop, right click 
UP. 

ii) Select Properti 
iii) Select the Settings tab. 
iv) Drag the Screen Res 

(usually the far right) 
v) ClickOK. 

s Window should open up. 

and stop at 1280 x 1024 
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b) Font Size and/or DPI Setting 

Some users (particularly with older versions of Windows) may find that screen fonts in 
the database (e.g. on data input screens) are truncated either vertically or horizontally, or 
command buttons appear to have incomplete captions. 

These problems can be related to an inability of Windows and Access to correctly 
manage one of the Display settings of the Windows desktop, and can be corrected by 
changing the display font size (all versions of Windows) and/or DPI setting (newer 
versions only): 

i) Right click on the Windows desktop 
ii) Select in sequence: 

(1) Properties (a menu option) 
(2) Settings (a tab) 
(3) Advanced (a button on the Settings tab) 
(4) General (a tab on a video properties window) 

iii) At this point, the General tab will show a pull-down list of options that says 
either: 
(1) Display Font Size (older versions of Windows) - Choose Large Fonts 

or 
(2) DPI Setting (newer versions of Windows) - Choose Large Size (120 DPI) 

iv) Select OK or Apply, and re-boot 

If the formatting problem remains, it may be necessary to change the Display Font Size 
setting that alternatively appears under Properties (menu option) Appearance (tab). The 
database has been designed with "Normal" size. 

If there are additional formatting problems, please contact G e o t h e d x  (see below) 

4) DATABASE FIGURES AND DOCUMENTS DISPLAY 

The database includes figures and some documents as embedded Adobe Acrobat .pdf 
files. Be aware of the following: 

a) A .pdf file is opened by double-clicking on the icon that represents in a database 
figure list or report. 

b) The user's computer must have the Acrobat reader installed. 

c) Most (not all) of these .pdf files are programmed to open in "Full screen mode", 
i.e. the Acrobat window frame and menus are hidden. 
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' d) To close the figure (Le., the .pdf), hit Esc. This causes it to revert to the Acrobat 
window. Once in the Acrobat window, the figure can be closed by closing it 
(closing the .pdf file) or closing Acrobat, or it can be z 
printed, etc.. 

ed to see fine detail, 

e) Interactions between Access, Windows and Acrobat are imperfect, and double- 
i 
i 

clicking the .pdf icon in Access occasionally produces a blank screen, or a blank 
document in the Acrobat window. 

f )  In such cases, it has been fo 
document (use the Esc key and close the .pdf or close Acrobat), 
.pdf from Access by again double-clicking on the .pdf icon. 

ient to close the Acrobat screen or I 
I 

5 )  STRUCTURE OF THE DATABASE 

The database comprises a set of: 

i 
! 
i 
i 
i 

a) Tables which contain data and information, 
b) Forms for viewing the data, 
c) Reports that generate detailed or summary lists of the data on screen andor to a 

d) Queries that extract the data for the Forms and Reports (see below), 
e) Modules (essentially hidden from the user) that contain code, and 
f )  Figures and Documents, which are stored in Adobe Acrobat (.pdf) format and 

embedded into the database as "OLE" objects. 

printer, 

There are also hidden Relationships which link the data tables. 

orms, Reports, Figures, Documents 
via the Database Startup Form, as follows. 

ss, the user is presented with a window 
entitled "PIER Public Renewable Partnership 
(Figure 2). This has comm 

which the data for individual projects can be viewed in a set of diRerent 
forms, project pigures can be accessed, reports for the currently displayed 
project can be generated, and certain other reports and queries can be 
generated. 

1 
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b 
Move from one project to another by using the Page Up and Page Down keys, 
or by using the Projects List under “Choose Project” at upper left (see further 
help at the list box). Each project has a unique Project ID number, which 
serves to establish its unique identity. 

ii) Preview and Print Reports and Documents - puts the user directly into a 
window from which pre-formatted Reports and Documents can be generated 
or viewed. A button in the Projects window (“Multi-Project Reports & 
Documents”) also accesses this reports window. 

Some reports prompt the user to specify which project(s) are to be included, using the 
Project ID number. It is possible to enter a single project (e.g. AUROO), or a set of 
related projects using wildcards (e.g. LVM*) 

7) ABOUT QUERIES, EXPORTING DATA AND USING ADVANCED FEATURES 
OF ACCESS 

A Query is a structured command that extracts information fiom a database according to 
the criteria written into the query. The information gets extracted into a table viewed on 
screen, or in background mode into a report or form that displays data on-screen or to a 
printer. Most of the queries in this database are hidden from the casual user, but can be 
accessed as described below. One query is made available via a button on the Projects 
window (“Query Main Facts”). This displays a large amount of basic information from 
the database in a simple tabular format that is suitable for export to MS Excel. 
Instructions for doing this are given at the adjacent help (”?”) button. 

Data can also be exported from any Database Report into MS Excel or MS Word by 
displaying the report on-screen and selecting Tools/Office Links from the main menu. 
This process successfully transfers data and variable names, but will not completely 
transfer all of the information in column headings that have a complex format. 

If the user who is familiar with Access desires to further explore the project data using 
more complicated queries, the normal Access database window (all tables, forms, 
queries, macros, modules, etc.) can be obtained as follows: 

i) close the Database Startup Form but do not close Access. 
ii) re-open the database via the File pull-down on the Access main menu, by 

selecting the database name at the top of the “most recently used” list at the 
bottom of the File menu. 

GeothermEx, Inc. 

e-mail mw@geothermex.com. Put “Attn: Chris Klein” in the Subject line. 
5 10-527-9876 

d; 
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