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EXECUTIVE SUMMARY

INTRODUCTION

The growing realization of the finite nature of fos-
sil fuels has led to increased interest in the viability of
alternate energy sources. Geothermal energy is one such re-
source that shows great promise as a substitute for oil and
natural gas in electric and direct heat applications. The
Geothermal'Energy Research, Development and Demonstration Act
of 1974 (P.L. 93-410) provides for a comprehensive program to
effectively develop geothermal energy resources. Extensive
studies have shown that substantial differences exist in the
factors involved in geothermal development in various regions
of the Nation. Therefore, the Division of Geothermal Energy o
(DGE) of the Department of Energy has elected to proceed on a

regional basis.

This document outlines the Pacific Region Team (PRT)
programs to accelerate the commercialization of geothermal
energy development in the Pacific Region, which consists of the
States of Alaska, California, Hawaii, Oregon and Washington.
The plan is intended to be a dynamic one, responsive to the
needs of the geothermal community in the Region. It will be
refined and updated in collaboration with industry, state and
local government, and other eantities in the Region. '

Both an extensi;é resdurce base'and a market for
economical utilization of geothermal energy have been iden-
tified within the Region. With respect to electrical devel-
opment, the major area has been The Geysers, which has a gen-
erating capacity of over 300 MW. In addition, over the past
several years, there has been extensive exploration and devel-
opment activity in the Imperial Valley, as well as the Puna
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rift area of Hawaii, where an exploratory well resulted in the"
discovery of a maximum down hole temperature of 676°F, prob-
ably the hottest well in the world. Resources suitable for
direct use are widespread throughout the Region, with notable
utilization at Klamath Falls, Oregon, and Susanville, .Califor-
nia.

APPROACH

The Pacific Region programs are intended to accelerate
the utilization of geothermal energy in the Region by stimulating
the industry to achieve the following goals:

—_Jear 1985 1990 2000 2020
Application
Electric Power
On-Line (MW) 2700 5000 10,000 20,000
Direct Heat Uses
(Quads/Yr.) 0.01 0.02 0.1. | 0.3

Achievement .of these goals requires coordinated commitments by
the key participants in the development process. The basic
PRT program strategy is to help provide the basis for these
commitments, using a prospect-specific approach to development.

Because the geothermal resources of the Pacific Re-
gion are at different stages of development and commitment, the
near-term emphasis must be on working with involved interests
to not only advance certain prospects to the stage where com-
mercialization can be considered, but also to stimulate activ-

- ity in those areas where the resource has already been proven.

In these areas, power-on-line programs are being implemented,
commencing with scenario development to identify those sites
with production potential.
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For direct heat applications, the scope of funded
activity will focus on broadening the applications considered
and limiting studies to sité—spécific, industry-specific fea-
sibility analyses. A field commercialization team is being
considered to serve as the focus for planning and execution of
commercialization projects and a center for information dissem-
ination and technology transfer activities.

PROGRAM STRUCTURE

The Pacific Region Program is composéd of Six elements.
In the first element, Regional Planning, primary emphasis is on
defining potential geothermal uses and the actions required to
achieve them. This is accomplished through the development of
aggressive scenaricos, market analysis and pehétration studies
and the. establishment of feedback channels to the program. The
goal of the’Cémmercialization‘Support'eiement is to transform
the geothermal optiom from a technologically demonstrated alter-
native to commercial implementation, The activities invdlved
include cooperative programs anhd tests, techmical and financial
support and education and technology transfer. The third ele-
ment, Institutional Support, -focuses om one of the chief impedi-
mentsftovdevelepmepf~— the need for coordinated policies and
timely agency review of proposed industiry geothermal develop-

ment activities. A reliable inventory of proven geothermal

resources capable of supporting commercial electtic or direct

heat use on a site-specific basis is the goal of the fourth

element of the program, Resource Definition and Development
Support. Environmental Support is the next element. This ele-
ment provides sdppor% to various  activities in the Region which
ensure that proper consideration is given to the identification
and resolution of potential issues, so that development can pro-
ceed in an environmentally responsible.manner. The last element
is Technology Applications.. Through interaction with industry
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and feedback on ﬁroblems encountered, specific technology
application needs have been identified in the following areas:
resource and well technology, geochemistry, extraction tech-
nology, conversion technology, and direct use hardware. Co-
ordination with the DGE technology development program will
ensure complementary efforts.

MANAGEMENT STRUCTURE

Development of the PRT goals and 6bjectives, program
planning and execution, interface with other govermment agen-
cies and industry, budget formulation and defense, and detailed
project planning and project management are the responsibility
of the Pacific Region Program Manager as the Pacific Region Team
Leader. Members of the team are located in the Division of Geo-
thermal Energy, Washington, D.C., and the Geothermal Energy
Division of the San Francisco Operations Office, Oakland, Cali-
fornia. Specific functional responsibilities for each member
and for support from the DOE Regional Offices are being devel-
oped in Management Agreements for approval by the Director of
the Division of Geothermal Energy and the Manager of the San
~Francisco Operations Office.

A Regional Industrial Review Panel is being consid-
ered within the structure of the Advisory Committee on Geother-
mal Energy to focus on industrial participation in implementing
geothermal energy utilization. In order to coo;dinate'geother-
mal policy formulation and program development among the fed-
eral agencies involved in geothermal activities, a group may
be formed among the regional offices of the various agencies
to provide a formal mechanism for input to the planning process.
Formal mechanisms will also be set up to provide for state and
local input. The PRT will orchestrate these activities in
addition to fostering communication of ideas and resolution of
concerns. ‘
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The Geothermal Energy'RESBarcbi Development and Demon-
stration Act of 1974 (P.L. 93-410) provides for a comprehensive
program to effectively develop geothermal energy resources. The
role of the Federal Government is to accelerate the commercial
development and utilization of geothermal energy as an economic,
reliablie, and énvironmentally acceptable‘enezgy source.

Different areas of the nation have different energy
needs, as well as different econcmic, eaviroumental and institu-
tional issues and conceras. Geothermal resources also vary from
region to regiom.  These factors have led the Division of
Geothermal Energy (DGE) of the Department of Energy to adopt a.
regional approach t¢ the definitien and implémentation of its
geothermal energy program. :

This dééumeﬂt outlines the plan of the Pacific Region
Team (PRT) of DGE for the commercialization of the geothermal
resources in the Pacific Region, considering both direct use and
electric applications: In order to achieve the stated
objectives, the program must reflect not only the ;goais, and
responsibilities of state, local and Federal agencies, but also
the needs of industry in the area of geothermal exploration and
development. This interaction will determine theée future of
geotherma)l energy in the Region. '

This document represeants the initial Federal and state
cooperative effort to develop a dynamic and comprehensive
commercialization - plan. Subsequent documents will incorporate
the inputs>of;ofher Federal agencies and the principal thrust of
each state's geethérmal commercialization plan, specific input
from other sectors of the geothermal community, and site develcp-
ment scenarios. The individual commercialization plans for each
state and the Federal commercialization plan will be key appen-
dices to an overall Pacific Region Master Development Plan to be

prepared irn the near futtlire.
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I.  INTRODUCTION

A, The Region

For the purpose of the DGE's Geothermal Energy Program,
the Pacific Region 1s defined as +the states of A4laska,
California, Hawaii, Oregon, and Washington, The Region's
geothermai energy resources can be utilized to meet a substantial
amount of the five states' energy needs. However, the present
status of development is such that only'a small fraction of the
geothermal potential is being utilized.

B. The Resource

An assessment of the geothermal resource base by the

'USGS in 1975 (Circular 726) identified 131 hydrothermal sources

distributed throughouf the Region. The. temperatures of 32 of
these systems were estimated to be abowe 150°C, with the rehain~
ing 99 systems exhibiting estimated temperatures between 90 and
150°C. The ideatified electrical potential of the high tempera-
ture systems was estimated to be in excess of 20,000 MWe (for 30
years). This assessment 1is presently being updated, with

particular empbhasis o6n low- and moderate-temperature resources.

c. Potential

The market for the utilization of geothermal energy

is such that resources must be located where they aré capable of

supplying needs meore ecOnomicélly than other existing resources,
or where they meet a regional shortfall in supply. Many studies
have concedtratéd on the potential of geothermal development and

the projected utilization rates, dnder various assumptions.



An informal survey was made by EPRI* of the électric
utility industry estimate of the growth of geothermal -energy
developmeént., Figure 1 shows estimates of development #ithin the

Pacific Region, primarily in California. The lower bars in
Figure 1 represent tfthe utilities' announced plans - either
publicly or through PUC biennial reports - for geothermal

electric power development. The higher bars depict DGE's
power-on-line projections agsuming execution of -this plan. In
California alone, the demand increase projected by utilities
through 1990 is in excess of 20,000 MW of generating capacity.
Acceleration of geéthermal energy development over the aannounced
projections could contribute significantly to meeting the demand
increases of the utilities.

Figure 2 shows projections of the potential development
of direct use applications, and the impac¢t of this plan on
direct use development. '

In both figures the lower bars represent the development
pace which would ‘be likely if there were no DGE program. Since
it is in the national, as well as the regional, interest to
ensure thHe most effective utilization of all energy resources,
the DGE program exists te stimulate and accelerate geothermal
development on a time scale gpproacning that represented by the
upper bars.

Ref: Kruger, Paul and Roberts, Vasel, Utility Estimates of
Geothermal Electricity Generating Capacity, EPRI,
Proceedings of the 1978 Geothermal Resources Annual
Meeting, July 1978.
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Figure 1. Projeétion of Geothermal Electrical Power
Generation in the Pacific Region
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Figure 2. Projection of Geothermal Direct Use in the
Pacific Region



D. Current Development Status

Electrical Applicatiocns

The gedthermal reéourGQSfof the Pacific Region are in
various stages of development. At present; California is leading
the Region in development of the resource for production of
electricity. The major geothermal development in the Geysers
area began in 1957 and. currently has a generating capacity in
excess of 500 MW with an additional 400 MW under construction.
By 1979, ovér 900 MW will be on~-line. TUtility forecasts show the
field reaching develdpment of 2000 MW in the 1985 time period.

Over the past several years, there have alsoc been,

exténsive resource exploration and development activities in the
Imperial Valley of Califorania, which show strong promise for
major development. In 1976, San Diego Gas & Electric <Co.
(SDG&E), jointly with DGE, established the Geothermal Loop
Experimental Faclility (GLEF) using fluid supplied by Magma Energy
Company's wells near the Salton Sea. This cooperative industry-
DOE project has made tremendous strides in controlling silica
scale and reducing injection well plugging.

Magma 'is also constructing an 11 MWe binary cycle power
plant at East Mesa, to be completed late this year.  Union 01l
Company has entered. into a contract with Southern California
Edison Company (SCE) to sell SCE geothermal ecnergy produced at
Brawley, with first power preoduction coming from a 10 MW pilot
plant te be built by SCE. Republic Geothermal has announced
plans for a 48 MW plant, with the firgt 10 MW increment scheduled
for 1980. SDG&E will operate the plant and distribute the -power
generated. At Heber, SCE has -announced plans jointly with
Chevron for a 30 Mwe'double flash plant to be completed in 1982.
Recently, the Union 0il Company joined with the Southern Pacific
Land Company and SCE in 2 project that could lead to an 4initial
10 MW power plant- using the highly saline fluids of the North

w
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Salton Sea area. At the Puna rift on the Island of Hawaii, an
' exploratory well has resulted in the discovery of what could
prove to be a major geothermal resource with a maximum down hole
tgmperature~of 676°Fx  With DGE's support, a 3.5 MW, wellhead
generator will be installed with power expected on-line in. 1980.
" 'The developmental status of électric power generation
projects throughout the Pacific Region is summarized in Table 1.

Direct Use

Geothermal resources suitable for direct use applica-
ticas in the -Region are abundant, with substzntial known re-
sources in each state. To date, utilization has been limited to
a few sites, most notably at Klamath Falls, Oregon, and Mammoth

Lakes and Susanville, California. The Federal program has
recently made inrocads’ in stimulating dincreased usage in the
Reglon via <&ost-sharing of field experiments. °'Projects are
currently underway in Ofégon and California. I't is antic¢ipated

 that additional. projects will commence in FY 79.

Table 2 summarizes the status of direct use projects
and studies in the Pacific¢ Region.

E. Barriers to Geothermal Energy Development

Ever with the increased wactivities and interest
associated with geéothermal development, there are still signifi-
cant technical, economic and institutional barriers which will
make accelerated development difficult to achieve. These
barriers are discusSed in detail ‘in subsequent sections. The
Pacific Region Program will address each of these impediments and
the programs which will be implemented to alleviate their impvact.



Table 1. Pacific Region - Status of Selected.
Electrical Prospects

STATE PROSPECT STATUS

CALIFORNIA HEBER ) SURFACE RIGHTS: PRIVATE
POTENTTAL: 1000 MW , ‘
DEVELOPERS: CHEVRON, UNLOM. MARCO

EAST MESA SURFACE RIGHTS: BLM-LEASED

POTENTIAL: 500 Md - TENTATIVE

DEVELOPERS: MAGMA: 11 MW BINARY PLANT, START-UP 11/78
REPUBLIC: 10 MW FLASH PLANT, START-UP '79

48 MW FLASH PLANT, START-UP '80

BRAWLEY SURFACE RIGHTS: PRIVATE"
: POTENTIAL: 1000 MW - TENTATIVE .
DEVELOPERS: UNION/SCE: 10 M4 FLASH PLANT, START-UP '80
CHEYRON: , '
MeCULLOCH CURRENTLY DRILLING, §. BRAWLEY

SALTON 3EA, INC. SURFACE RIGHTS: PRIVATE; STATE

"WESTMORLAND, POTENTIAL: 2000 i - TENTﬂTIVE

N.55. DEVELOPERS: MAGMA/NARCD: 49 MW BINARY PLANT, START-UP '82

' UNIUN!SCEKSPL 10 MW BINARY PLANT START-UP '82
REPUBLIC/SDGE: 50 MW FLASH PLANT, START-UP '83
MeCULLOCH DRILLING. N.S5.

MOND-LONG' VALLEY SURFACE RIGHTS: BLM + USFS - LAND MGMT PLAN BEING COMPLETED
POTENTIAL: 2000 MW - TEMTATIVE
- DEVELOPERS; MAGMA,. UNION - OM PRIVATE LANDS

coso : SURFACE RIGHTS: BLM & USN

POTENTIAL: 2000 M - TENTATIVE
. DEYELOPERS.:
HAWAT | PUNA 'SURFACE RIGHTS: PRIVATE

POTENTIAL: .S00 MW - TENTATIVE o
DEVELOPERS: DOE-FUNDED 3 MW WELLHEAD GENERATOR PROJECT

OREGOM ALVORD KGRA SURFACE RIGHTS: 8LM + PRIVATE
: POTENTIAL: UNKNOWN
DEVELOPERS: ANADARKQ: 71 TEHPERATURE HOLES PEQMITTED
REPUBLIC, GETTY, RHILLIPS

YALE HOT ‘SPRINGS SURFACE RIGHTS: PRIVATE + .BLM

POTENTTAL: UNKNOWN

DEVELOPER: UNIONM, REPYBLIC, AMAX GEOTHERMAL RESOURCES INTERN" L
TECHNOLOGY INTERN

CRUMP GEYSER SURFACE RIGHTS: BLM
| POTENTIAL:  UkmOWN ,
DEVELOPER: CHEVROM 1S DRILLING

10
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Table 2.

‘Project Description

Plans to construct 150 greenhouses.

ALASKA

Greenhouses: Cantaloupes

Space Heating

Salmon Aquaculture

Space Heating

CALIFORNIA

Water desalination - initial operations of the

BuRec pilot progiam showed promise for feasible

develdpment of geothermal resources to provide
an econowical high-quality water. supp]y

Geothermal Compﬂnent Test Facility

Investigating applications of geothermal energy:

greenhouse culturing of European cucuniber and

,aquacu]ture operations using the Malaysian

fresh water prawn.

Raising
tomatoes, lettuce, cucumbers, and other
experimentally grown produce, which will be
sold locally and to major markets and chain

outlets.

CDWR drying of lumnber mill waste and possible
retrofit of mills for geothermal use to dis-
play additional wood waste for wood fired power
plant.

Sponsor

DOE/Alaska State
Energy Office
DOE/Pacific Sierra
Research Corp.

DOE

DOE
DOE/JPL

State of California

STATUS OF DIRECT USE PROJECTS
PACIFIC REGION

Location

Manley Hot Springs

Alaska

Alaska-

East Mesa KGRA

East Mésa, KGRA

Desert Hot Springs

Lassen County

Northeastern

California

Status

Operating
Study Completed

Study tomp]eted

Project Abandoned

as Uneconomic

Dperating

Proposed



STATUS OF DIRECT USE PRdﬁECTS (CONT)

Project Description

Fish farming, procéessed and smoked catfish,
live fingerlings, fish for stocking other
Farms.

Greenhouse. Hobo Wells - tomatoes, bell peppers,
potted plants. Expect to harvest 160 tons of
tomatoes per acre of greenhouse per year.

Utilize hydroponic technique. Plan to expand
outside Susanville to north around Surprise
Valley.

Refrigeration for food processing

Evaporation and crystallization of industrial
liquids and wastes

District space/water heating Mammoth lakes

Food production and processing

Greenhouse: fish farming

Holly Beet Sugar Refinery

Production of fertilizer-valley nitrogen
District heating system for industrial and
agribusiness applications

District heating system for space industry
and agribusiness in €1 Centro

Sponsor

DOE/Aerojet Energy
Conversion Ca.

DOE/Bechtel Corp.
DOE/The Ben Holt Co,
State of Calif.
DOE/Geonomics, Inc.

DOE/International
Engineering Co.

DOE/TRW, Inc.

DOE/WESTEC Services,
Inc..

DOE/Aerojet Energy
Conversion Co.

DOE/WESTEC Services,

Inc.

Location

Paso Robles

Susanville

Multiregional

Multiregional
Mammoth Lakes Village

Lake -County

California

Imperial Valley
Heber KGRA.

Susanville.

Heber KGRA

Status

Operating -

Operating

Study
Study
Study
Pilot

Study

Study

Study

Study

Study

Study-

Completed
Completed
Completed
Plant Operating
Completed

Completed

Completed

Completed
Completed

Compieted
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STATUS OF DIRECT USE PROJECTS (CONT)

Project Description Sponsor

Space Heating Department of Defense
(Navy)

HAWALL

Puna Canesugar Refinery DOE/Puna Sugar

Company, Ltd.

OREGON

Milk pasturization in Medo-Bel Creamery. Melt-
ing snow from pavement. Prevent floor from
freezing and frost heaving in cold storage plant.
Accelerate curing of concrete. Direct use in a
laundry. Space heating for 500 buildings includ-
ing residences, schools, OIT campus, hospital,
and businesses-construction of Klamath County,
Nursery home underway, to be heated geothermal.

Investigating prospects for using hot water

from the Mt. Hood area for space heating and

industrial needs.

Space heating of ski lodge DOE/

Greenhouse heating. Steel-framed fiberglass.

70°F year-round, automatic environmental con-

trol -ystem, heat exchanger, tomatoes. 2415 m2
greenhouse. In Cove, Lehman Hot Springs,
Lakeview, Vale, and Klamath Falls. Studies
being conducted at the Oregon Institute of
Technology on greenhouse and aquaculture
applications, as well as food processing

for sugar beets.

Location

China Lake NWTC

Puna, Island of
Hawaii

Klamath Falls

Portland

Mt. Hood

Oregon

Status

Suggested by Navy

Study Not Completed

Exploratory Well
Drilling Continuing

Drilling Ongoing

Operating
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STATUS OF

Project Description

Ore-Ida is undertaking a development program
with DOE to locate and use geothermal heat in
their potato processing plant. About one-half-
of their energy needs may be met with geo-
thermal energy at about 300°F.

Food Proceséing, District heating system.

WASHINGTON

NO ACTIVE PROJECTS

DIRECT USE PROJECTS (CONT)

Sponsar Location

' Ontario
DOE/OIT Klamath Klamath and snake
Falls. river basin.

DOE, Klamath Falls
and county-joint
funding '

Stutus

" Study Completed

Study Completed

To begin in 1978,
heating for 14 city,
county, state and
federal buildings.
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II. REGIONAL PROGRAM APPROACH

A, Objective and Goals

The objective of the Pacific Region Program is to
accelerate the utilization of geothermal energy in the states of
Alaska, California, Hawaii, Oregon, and Washington, by stimula-

ting the growth of the geothermal industry in order to achieve
the following goals:

1985 , 1890 2000 2020

Power-
on-line (MWe) 2700 5000 10,000 20,000
Direct heat 0.01/700 0.02/1400 0.1/6,700 0.3/20,000
uses
(Quads/yr./(MWt)
B. Regional Approach - Electric Power

1. Strategy

In pursuing the power-on-line goals, the PRT recognizes
that:

® geothermal development will be the result of a
coordinated commitment process by resource develop-
ment companies, potential users, and associated
government agencies; .

° the program must be supportive of that decision/
commitment process; and

° the program must address prospect-specific require-
ments due to the variety of responsible agencies,
key industrial entities, geothermal resource
properties, technology requirements and eanviron-
mental issues within the Region.

16



Figure 3 shows the major participants in the geothermal
development process. These participants ineclude:
1. Resource Developers: the high-rigk organizations
“that drill and produce the resource. -

2. Users: the low-risk regulated public. and private
utilities and industrial users that produce their
oWl POWEr.

3. Industry Infrastructure: A & E's, planners,

exploration companies, c¢omponent suppliers, etc.

4. Goverament Agencies: the PFederal, state and local

agencies whose résponsibilities cover geothermal

resource development and user applications.

5. Fipancial Community: the idvestors who fund
speculative high-risk efforts, and those banks and
other lenders which support the orderly development

of geothermal enérgy.

Development is the result of the coordinated commitment
of those participants on a prospect-to-prospect basis. The
underlying strategy in the program approach is to lay the
groundwork for favorable commitments by key participants.

Economic analysis by the private sector is an ongoing
-process,'and forms the basis for each of tﬁe private sector
commitments. Early in the developmental process, risks are
higher. These, risks must decrease in order to Justify increased
financial :commitments. \

17
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The general phases of the plant development cycle may be

summarized as follows:

is,

Resource Exploration and Land Acquisition

Rights are acquired to tie prospect area by purchase
or lease from public or private landowners. The
geological and geophysical exploration of likely
prospects is made.

Exploration Drilling

Permits are obtained with appropriate environmental
review for exploratotry drilling. Subsequently, deep
drilling proceeds to verify the existence of 1
resource;

Environmental Assessment

In parallel with final exploration activities,
permit requirements are -defined, and preliminary
data for the euvironmential assessments are obtained.

Resource Characterization

Following a "successful" discovery, permits are
obtained for the additional deep drilliag and
testing to characterize and determine the magnitude
of the resources. This phase is c¢ritical to proving
the resource viability to the potential user.
Typically, the potential user works with the
resoiirce developer on preliminary plant design
during this phase.

Plant Design and Construction

Once the resource is well characterized and the
necessary agreements are consummated between the
resource company and the user, the plant design is

finalized and construction and field development

proceeds. The: actual construction phase and
subsequent operations are preceeded by a substantial
environmental regulatery review. 4n important

aspect of geothermal development 1s to anticipate
the required environmental review process and fto

appropriately address the requirements 4t each

stage. If the review is only addressed in a
reactive fashion after decisiong and commitméents
hiave " been made, substantial risks of delays will

The key regulatory steps are:

- a. The environmental review and associated land use

approval proceeding explorafory drilling;



A closely-coupled interface with the DGE, Rocky Mountain
Region will be effected in an effort to maximize the overall
benefits of the individual regional programs. Periodic meetings
will be instituted to encourage the timely exchange of infor-
mation regarding all projects and commercialization activities so
as to enbourage an exchange of information.

D. Program Structure

The Pacific Region Program is structured to meet the
needs of each of the participants in the development process as
well as to provide a coordinated and integrated effort.  The
program is comprised of the following elements:

) Regional Planning

® Commercialization Support

° Institutional Support

e Resource Definition and Development Support
° Environmental Support

- Technology Application

These elements will be addressed in detail in the
following sections.
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b. the environmental review of the permits neces-
sary for deep drilling and testing for explera-
tion and resource characterization; and

c. environmental review (dand,; in the case of
utilities, cerfification) for siting and
potential impact of the proposed plant.

- As ome proceeds through the development cycle, there is
a substantial increase in the investment of industry capital,
time, and public resources,; such as land, water, site prepara-
tion, etc. These commitments will only be made if it can be
shown ‘that the associated risk is acceptable. The PRT programs
are directed to this end. '

2. Near-Term Regional Program Emphasis

The geothermal resSources of the Pacific Region are at
different stages of development and commitment. At The Geysers,
& rapid expansion of power plants is planned, providing environ-
mental concerns are resolved. In the Imperial Valley and at the
Puna rift, the geothermal rescurces are being proven and increas=-
ed user interest and activity exists. Considerable resoﬁrce‘
assessment and exploration will be required te advanceé the other
preospects in the Region until they can be commereially developed.
Because of these different stages of development, it would be
expected ‘that. power-on-line will be realized first from The
Geysers, then Imperial Valley and Puna, and subsequently from
other anomalies which are yet to be proven.

In order to achieve ‘significantly acceleratéed geother=-
mal energy utilj;za.-’tionT the. PRT will work with the geothermal
community in the Regior to (1) demonstrate the required HZS
abatement technology aidd resolve other eanvirommental concerns,
(2) develop and demonstrate the technology required to reliably
utilize, the hot water resources of the Imperial Valley, (3)
encourage and facilifate resource assessment, exploration and
demonstrations to expaﬁd the ''proven" resocurce base; (4) stream-
line the Federal/state/local regulatory procedures, (3) assist in

20



the demonstration of the technology required to reduce costs and
increase system reliability, (86) encourage substantive changes in
tax and regulatory policy to put geothermal resources on a parity
with other energy resources, and (7) develop integrated program
plans reflecting the needs of each state in the Pacific Region.

3. "Power-on-line" Programs

The development of these programs is an evolutionary
process, which is ipitiated with scenario development to identify
those sites with the greatest power production potential. The
site-specific scenarios have been aggregated to develop an
optimistic regional assessment, which then sefves as a basis for
identifying needs and developing supportive programs- to meet
those needs. In parallel, power plant conceptual designs and
estimates of power costs are generated for those sites identi-
fieq, via the scenarios, as most likely to provide power-on-line
at an early date. Based on these initial designs and analyses,
methods for reducing capital and operating costs are identified
and programs implemented to reduce the subsequent cost of power

" until it is competitive with other available energy forms.

C. Regional Approach - Direct Use Applications

The Pacific Region Team will pursue a direct use program
to meet the specific needs of the Region and to emphasize
commercialization activities leading to the increased utilization
of the geothermal resources for direct use purposes.

At present, the program includes DGE spoansorship of
engineering and economic feasibility studies and field experi-
ments for direct heat applications. The studies and the field
experiments result from competitive solicitations, such as
Program Research and Development Announcements (PRDA's) and
Program Opportunity Notices (PON's) issued periodically over the
past two years.
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In the future, the scope of planned activity will be
modified to broaden the potential applications considered,
eliminate certain applications, and limit engineering and
economic (E&E) studies to site-specific, industry-specific
application and feasibility analyses. New applications to be
emphasized include forest products, mineral extaction/ pro-
cessing, food processing, chemical processes, cosmetic pro-
cessing, etc. In addition to technical viability, all such
studies will emphasize real-world economics, financing mechan-
isms, marketing strategies, and institutional incentives and/or
barriers. Where necessary, co-sponsorship of projects qualifying
for other Federal agency subsidies may be actively pursued to
permit the development of substantial direct heat systems.

Further, the National PON approach for effecting field
experiments may be discontinued and be replaced by the issuance
of solicitations for selected applications on a regional basis.
The scope of planned activities may be expanded to include ﬁybrid
systems, heat augmentation, and initial phase funding of scale-up
projects. The latter projects may be in conjunction with a loan
guaranty for later project phases. In concert with an expanded
PRT resource confirmation program in the Region, most project
related resource work may be completed prior to proposal sub-
mittal.

As viable resources are idéntified or developed as a
result of state-coupled and Federal resource asseéessment programs,
the field experiment program will, in effect, perform a brokerage
function. Solicitations for potential projects could be made
based upon resource confirmation and user .profile éata. These
solicitations would be targeted at applications that represent
intensive energy savings, potential for improved energy system
economics, and more optimum wutilization of the resource.
Industry associations will be enlisted to help maximize the
probability of reaching organizations likely to participate.
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Progirammatic activities that’ fall within the categories
‘of proven 4dpplications dnd projects requiring extensive Federal
assistance (> $10M) are likely candidates for the Geothermal Loan
Guaranty Program.

| Concurrently, a commercialization field team is being
considered and could include representatives from the San
Francisco Operations Office, the Regional Representatives offiece,
Lawrence Berkeley Laboratory, Jet Propulsion Laboratory, regional
planning contractors, and the states. This team could serve as
the focus for the planning and execution of the .initial com-
merclalization projects ia the Region, and for information
dissemination and technology transfer activities.

Continued support of the énvironmental assessment work
for the 'field experiments will be performed by the Oak Ridge
National Laboratory or suitable contrictor. In addition, the
field team <could identify specific areas in the Region which’
warrant regional environmental baseline studies. This determina-
tion will be largely dependent on the prospects for near-term
development.

As previously mentioned, the program will continue to
emphasize PRT spoasorship -of ~the perceived ﬁigh-risk. resource
asséssment and confirmation actions in the Region. This front-
end activity is designed to increase private sébtor investment in
energy-intensive geothermal applications, such as iandustrial
process heat or industrial-agribusiness ventures. The state-
coupled assessment will continue to be coordinated with USGS
programming.  Additionally, the current resource engineéring and
reservoir management support will provide the necessary link to
move fledgling: projects into full geothermal development and
expansion. The PRT i$ planning to establish a working relation-
ship' with the University of Utah's Resource Assessment group, in
order to utilize their considerable  espertise in assessment of
lower~temperature hydrothermal anomalies.
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III. PROGRAM ELEMENTS

In the sections that follow, the elements of the Pacific
Region Program are summarized. '

A. Regional Planning

The primary emphasis in regional planning is on defining
the type and magnitude of potential geothermal energy uses, and
the specific actions required to achieve early commercialization
0f geothermal energy. Planning for geothermal development
extends far beyond actions to be taken by PRT. Almost all of the
decisions which determine the course of future devglopment will
be made by organizations other than PRT, both public and private.
In pursuit of the goals of accelerating geothermal energy
development, optimistic, aggressive developmental scenarios have
been prepared to depict possible future conditions. These
scenarios are being refined as additional information is being
gathered. Market analyses and penetration studies are used to
provide ‘realistic information on how to achieve results approach-
ing the scenarios in the energy marketplace. Feedback channels
to the planning program, and to the users and the other decision-
makers, have been established to ensure timely transfer of
information and further refinement of user needs. These
activities will also provide a means of maintaining and updating
the Pacific Region Plans, -whose hierarchy is shown in Figure 4.

Recognizing the substantial differences involved in
planning for direct use, as opposed to electrical applications,
the planning activities will be segregated by application. This
segregation will be most apparent in the utilization of parallel
pPlanning support contractors addressing the scenario development
and market analyses for direct use and electric applications.

1. Scenario Development

Specific goals: have been developed for

bringing’ geothermal energy on-line at various
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prospects in the Region. Prospect-specific
scenarios will continue to be developed to define
internally consistent sets of actions which; if
taken by the various key entities, will lead to the
achievement of goals depicted in the scenarios. The
scenarios are aggressive projections or plans that
provide a contexf for detailed planning and searve to
identify critical issues and the near-term actions
which are most critical to successful commercial
development. The scenarlos also serve as a basis
for providing "reference” time lines to be used to
focus discussion among the various organizations and
help lead to a coordinated set of activities.. In
addition, the,scenariqé provide a basis for DGE, in
its crucial role as coordinator of the entire
Federal program, to assess Federal manpower
requirements in areas such as leasing and to
recommend staffing and budgetary priorities to other
agencies on the basis of potentiadl impaét on
development: Specific examples of scenarios whiéh
bave been developed for the Heber, California and

Puna, Hawaii sites are presented in Appendixz III.

In addition to generating the scenarios as products,
the'prOCess of developing ‘them provides other bene-
fits. As 1issues and 1interfaces are identified
during the process, the responsible Federal, state,

local, or industrial entity is made aware of thHe

situation in general and their role in particular,

often prompting action to be taken much socner than

would normally have been the case.

Market Analysis and Pénetration Studies

To supplement and provide a basis for achiev¥ing the

scénarios, the primary near-term emphasis will be on
identifying the market and devising a- strategy for
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pénetriting the market. Preliminary work has been
done on each aspect of this analysis. Further work
will pursue the analysis in more detail and provide
a. basis for refining the strategy. The current
energy supply picture is being assessed. The market
position of the primary competitors to geothermal
energy (nuclear, coal, oil, natural gag, and
hydropower) must bé well understood s¢ that an
effective market strategy can be formulated.

In addition to expanding analysis of other enérgy
sources which comprise the competitiod, for geo-
thermal energy, detailed analyses Hre being made of
end use demands. Each class =-- residential, com-
mérﬁial, industrial, and governmental --= will be
‘analyzed to determine the end uses most dppropriate
for substitution or replacement with geothermal
energy.

Further analysis is being performed on institutiocds
involved in each of the primary end use areas, The
decision-making process of iisers in each category,
and the motivating factors and key parties to the
proceéss, are being eé;mined. In addition, modes in
which the market might be stimulated are -being
analyzed.

Based on the foregoing analyses, a strategy is being
~developed in collaboration with the industrial
entities in the Region, as well as- state and local
governments.

In conducting the market studies, emphasis is being
pl&ced on involving those private sector organiza-
tioms normally ‘involved in performing this type of
work. This is intended to maximize the relevance of
the analysis to the real marketplace.
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3. Regional Feedback and Information Transfer

Tt is essential that the regional planning process
be fully integrated into the activities of the
Region. A monitoring operation will be established
to keep track of geothermal development activities
in the Region and disseminate the information, so
that unusual events or trends can be factored into
the decision process in. a timely manner. Extensive
reviews and feedback cycles and mechanisms are also
being established to ensure that the output of the
regional planning process is most respoansive to the
needs 6f the: key decision makers in the Region.
Important mechanisms for this purpese are the state
geothermal coordinating councils and the Region
Geothermal Coordinating Committee. Industry ad-
visers, developers and other federal agencies will
all provide input to this Reéegion Geothermal Co-
ordinating Committee. As discussed above; it is the
action of tTheése key players, .more than any in-
dependent actions by the PRT, that will determine
the rate of geothermal development in the Region.

B. Commerciaiiz;tion Support,

This program element includes those program activities
involved with transforming the geothermal option from a techno-
-logically demonstrated alternative to commercial implementation.
The activities in this program are focused on working side by
side with the potential developers and users of geothermal
energy. These activities, interactions, and relationships take
several fOrms, such as cooperative programs and tests, technical
and financial analyfiqal support, and education -and technology
transfer.
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1. Cooperative Programs and Tests

It is sometimes appropriate to provide substantial DOE
assistance. and support; so that an industrial partner is
able' to take the last few steps 'leading to commercial
deployment. The industrial entity has a. lead role, with
PRT's program objective being to have the industrial
parfner become seif-sustaiﬁfngw Two current examples
include:

. Geothermal Loop Experimental Facility (Niland, Ca)

An industry-coupled, cost-shared facility .operated
by the industrial partner (San Diego Gas & Elec-
tric), the GLEF is intended to provide infeormation
and experience leading to the resolutien o6f problems
‘agsociated with +the production of power at the
S8alton Sea. KGRA. Tt is anticipated that information
.sufficiently definitive to enable commercial pladt
decisions to be made will be available in mid=1979.

e Hawaiian Geothermal Project (Pina, Hawaii)

The HGP is a DOE-state-county~industry cost-shared
effort. which began as 2 well drilling project and is
20w to the point of design and installation of a
wellhead generator. The project, which is using the
hottest operational .geothermal well in the world
CAUVSGSOC), should demonstrate commercial viability
by producing electrical power in late 1980.

Consideration is alseo Dbeing given to T©other industry
cost=shared activities. Possibilities under con-
sideration include obtaining techniéal and economic data

on wellhead generators as a possible source of bootstrap
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power for geothermal well drilling and pursuing further
the options of hybrid power generation and cogeneration.

Another facility providing the opportunity to obtain
pre—-production or pre-commercial data on components and
systems is the Geothermal Component Test Facility (GCTF)
at East Mesa, CA. Selected components of the GCTF are
being modified to 1increase flow rates and improve
auxiliary equipment for pilot plant tests of the direct
contact heat exchanger and other hardware.

2. Technical and Financial Analytical Support

Support to potential wusers, which has been somewhat
limited in the PRT program in the past, is planned to be
exﬁanded. Technical support will be focused parti-
cularly on the small potential user of geothermal
energy. In addition, expertise in the sometimes un-
familiar and cumbersome financial aspects of geothermal
energy use will be made available. Close coordination
will be maintained with the Geothermal Loan Guaranty
Program (GLGP) to ensure that ‘the assistance available
from that program is properly disseminated and
adequately understood.

3. Education and Technology Transfer

One of the most significant impediments to commercial-
ization is the level of perceived risk in geothermal
development. In collaboration with key organizations in
the Region, mechanisms will be set up to ensure the
rapid dissemination of information. As needed, confer-
ences and workshops will be held not only to further
disseminate information but to provide feedback from
potential users on what information is needed for them
to make decisions.
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4. Direct Use Support

This program element will focus upon active dissemina-
tion of information and technology transfer activities .
that are designed to enhance the overall commercializa-
tion potential of direct use applications of geothermal
resources. The information dissemination and technoldgy
transfer activities would be planned and implemented by
a commercialization field team now under consideration
(headed by a representative of the Department of Energy,
San Francisco Operations Office, and comprised of
selected principals in the Pacific Region), in order to
ensure well integrated and focused information dissem-

ination and technology transfer activities.

Major emphasis will be directed at technical assistance
to users and potential users 1in an effort to reduce
perceptions of risk, stimulate general interest in
direct use applications, develop marketing tools, es-
tablish an interactive forum with the geothermal com-
munity, and accelerate the creation of a support indus-
try.. In implementing these functions, the team 1is.
expected to perform in the capacity of energy extension
specialists and brokers in bringing potential users and
developers together and providing potential users with
opportunities for hands-on training. A subset of these
activities includes the conduct of seminars and work-
shops, as well as the construction and utilization of
display and mobile units. An inventory of loan equip-
ment is also being considered in order to provide poten-
tial users with ready access to representative equipment
for the conduct of site-specific c¢ritical experiments.
Such an arrangement will enable the feasibility assess-
ment of candidate applications with minimal capital
outlay, as well as provide invaluable hands-on training.
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Concurrently, a planning support contractor will perform
analyses of the market, industry/user infrastructure,
and institutional barriers. Results of previously
completed engineering and economic studies can serve as
'a useful point of departure for these market oriented
investigations. Results will include recommended policy
actions, financial incentives, mechanisms for leveraging
investment decisions, cost-benefit assessment, user-
resource overlays, user profile assessment, and market-
ing strategies. These data will be compiled and sya-
thesized with related data. Further synthesis of the
data can be accomplished by the unification of economic
analysis and project results.

Additionglly, field experiments may be selected to serve
as representative direct use projects exhibiting major
industrial/developer involvement and private sector
investment opportunities (e.g., via system expansion).

The goals of these field experiments are as follows:

3 Promote sharing of technical and economic informa-
tion gained during the experiment with interested
prospective users, developers, lenders, and the
“public. :

e Determine the most advantageous goveranment and
private sector roles on major direct use projects
via documentation of participants' approaches to and
analyses of critical decision points.

One goal of the commercialization program for direct use

includes the development and maintenance of a regional

inventory and information system which will serve as the
focal point from which information dissemination
activity is launched. The team will seek the assistance
of appropriate agencies at a local level (e.g., state,

university, county extension agency, state energy
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office, industrial associations, or professional
geothermal organizations) in order to determine the
specific ‘information needs of these organizations.
During FY '79, the groundwork of sucéh a system will be:
designed. and constructed and the disseminmation of -
existing data ipitiated.

C. Institutional Support

A substantial number of governmental agencies in the
various states of the Region are involved in regulation of
geothermal energy development. These agencies have eifther
counstitutional or statutory fequnsibilitres defining the
policies which the 2gency must pursue. Geothermal &evelopment{
if it is to occur, must coanform with these pdlicies. One of the
chief difficulties fhat has plagued development id the past has.
been the lack of coordinated 'policies and timely agency review of
proposed industriazl development activities. . This problem has
manifestéd itself primarily as substantial federal, state and
local permitting o&bstdcles and federal leasing delays. These
delays are primarily the result of competing agency priorities
and incoasistent policy implementation. The relevant agencies at
the Regional level are listed below.

Federal Agencies:

e The Bureau of Land Management (BLM) which is
respodsible for the leasing of Federal lands

e The U.3. Forest Service which is responsible for
establishing the bases for leasing decisions od the
lands under their jurisdiction

e The U.S. Geolbgical Survey (USGS) which is res-
ponsible for the enforcement of all pertiment
regulations on ‘Federal lands under a geothermal
lease and decisions on the federal income to be
derived from their use.

State Agencies:

The titles for these entitiées vary from state to state.
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Each of the following exists in some form in each of the
five states, however. They include public utility
regulators, power plant siting regulators, land use
planning/regulation agencies, environmental/air/water
agencies, drilling regulators, geologist/resource
assessment offices, taxation department, and the
legislature. '

Local Agencies:

Land use regulators, tax agencies, environmental/
air/water regulators and local legislative and admin-
istrative governing boards of some sort, such as county
commissioners.

Other:

In addition to the above governmental agencies, the
public has a strong input omn the acceptability of
proposed geothermal projects via public interest groups.

The Pacific Region program recognizes the legitimacy of
each of the organizations in fulfilling its responsibilities. It
is the intent of this program to help provide a positive frame-
work for the many interactions and interfaces to be properly
accomplished without undue delay in the responsible yet acceler-
ated development of geothermal energy.

I. Planning Support

It is clear that any institutional planning for geo-
thermal development must involve all of the diverse but
related entities involved. Financial support from PRT
y for state and local planning is already in place in
California, with several grants involving the Conserva-

tion Department, Geothermal Resource Board, Energy
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Commission, and Imperial, Napa, Sonoma, Mendocino and
Lake Counties. g

PRT is actively working with state and local govern-
mental agencies in the other four states to develop
coordinating committees and prioritize tasks which may
be jointly undertaken, as described in Section IV .D,
below.

The Pacific Region Team is also assisting in planning
legislative, regulatory and procedural changes in the
Region. Under a DGE grant, the National Conference of
State Legislatures (NCSL) is working with the legisla-
tures of Oregon and Hawaii. This activity will soon be
expanded to include Washington and Alaska. DGE is also
working with the United Indian Planners Association to
involve tribes, native corporations, and Native

Hawaiians in the participative planning process.

2. Policy Analyses and Development

As the geothermal resources of the Pacific Region move
into commercial development, policy matters take on
added significance. While a few policy issues (e.g.,
federal tax treatment) also effect the other regions,
most of these barriers are specific to the five.states
in the region. Although it is not always possible to.
quantify legal and institutional roadblocks as to the
precise number of megawatts lost, etc., there is little
doubt that a failure to alleviate these problems will
hinder geothermal development in the Pacific Region.
Some of the major issues are briefly described below.

e Federal Tax Treatment:
Since the early 1970's, present federal tax treatment

has been perhaps the most significant policy-related
barrier to geothermal development. A certain amount
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of activity takes place nonetheless, but it is not an
adequate level of aetion, given even the most modest
of "targets" for power-on-line. Congress has recent—
ly provided for the expensing of intangible drilling
costs and for a percentage depletion. Such tax
enactment will provide. an extremély important stim-
ulus for geothermal energy in the Pacific Region.

Leasing:

On. Federal acreage in key prospect areas of the
Region, there has been a substantial failure fo

-expedite geothermal leasing. The wilderness study

programs of both the TForest Service and BLM have
contributed fo delay, particularly in- - Oregon and

California. . Industry response to this problem has

been masked somewhat by a shift to land plays on
state and private land and a parallel shift to states

‘outside the Region. The State of Hawaii presents a

somewhat different set of issues in this respect.
Despite a paucity of Fedéral 1land, there is an abund-
ance of state land which is presently interpreted as
being mineral-severed. If the Federzl tax problem
can be resolved, access to land will emerge as the

‘pre-eminent legal issue in the Region.

Permitting:

This barrier, like that found in the leasing arena,
has beeén obscured in great part by lack of available
federal land and a favorable tax regime. In the more
devéloped areas, there are also problems at the state
and local levels involving the permitting of both.
wells and power plants.

Utilizagtion/Distribution:

Although some of the problems associated with this:
phase are techrical in nature (e.g., demoastrating
utilization technology), there are also legal and
institutional aspects. Utility coucern over reser-
voir life may be susceptible to a policy solution
(e.g+, reservoir insurance). The dedication of
transmission line corridors must be cleared through a
maze of Federal, state and local land coatrols and
classifications, as well as utility siting systems.
Where existing lines with adequate éxcess capacity
are located nearby, wheeling arrangements with their
owners must be negotidted.

Water Law;

Though it has not, as yet, become a serious obstacle,
state water law regimes may pose roadblocks to geo-
thermal development rivaling thoese in the tax, leas-
ing dnd permitting areas.
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e Land Tenure and Access (Alaska only):

This subject is currently in the legislative process
and impacts will be developed later.

3. Direct Heat Use

In addition to the issues discussed above, direct use
applications have numerous specific institutional issues
associated with them, including:

-~ Legislative definition of low- to moderate temper-
ature geothermal resources

-- Regulation of exploration for low- and moderate- tem-
perature resources

== Land-use regulation associated with direct utiliza-
tion

-- Formation of special utility districts
-— Reservoir cohservation and management

== Environmental ,protectidn of 'wildermess areas, hot
springs and other fragile environments

-~ Stimulating private sector investments; providing
financial assistance via tax incentives, Geothermal
Loan Guaranty Programs, intergovernmental coordina-
tion and resource advisory capability; information
dissemination and federal cost-sharing

-— Future price regulation of hot water for direct uses
-~ Hybrid systems

The impact of .these problems on development of direct
uses, along with needed actions, is being analyzed in

detail, and plans and recommendations are being formu-
lated. '

Resource Definition and Development

The ultimate goal of resource definition and development

is a reliable inventory of proven geothermal resources at each
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site within the Pacific Region that is capable of supporting
commercial production af electricity and/or direct heat use. At
present, only a fraction of the rescurce has been identified, and
very little of it has been characterized.

Two approaches are being pursued:

e Discovery and definition of geothermal reserves for
post-1985 commercial development.

e Confirmation of "proveam reserves” at sites capable
0of power and/or heat-on-line by 1985.

Determination and evaluation of the resource base includes the
geosciences and engineering activities which begin with explora-
tion at a regional scale, continue through the definition and
delineation of geothermal prospects and specific sites, and end
with an inveatory of proven recoverable reserves at each site.
Economic analysis of geothermal erergy production costs versus
the cost of competitive sources of power and heat at that site
are an integral‘part of resource eétimationa Resource definition
'is a heawily funded federal activity within fne Pacific Region
because resource uancertainty is the major initial barrier to
geothermal energy development.

One o©f the major technical problems ‘inhibiting the
current development of geothermal energy is the degree of risk
inherent in the prediction of resdiurcer magnltude, reservoir
characteristics and performance, and longevity. Uncertainty as
to the size, quantity, and lifetime of gedthermal resources
beneath specific leaseholds is a primary deterrent to private
investment decisions by utilities and other users of eleatricaL
and thermal energy. Lack of financial commitment by pétential
purchasers of geothermal steam constrains the activities of
geothermal éxploration and drilling companiess
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1. Rescurce Program Approach | ‘ .

The purpese of the geothermal rescurce assessment
program is to locate, delineate and evaluate the energy
potential of specific geothermal resource sites. To
best accomplish this a comprehensive and systematic
approach is require& that iacorporates gecological,
geophysical, geochemical and hydrological surveys to
determine locations for a sequence of drill holes aad
well tests.

Results from the surveys are analyzed to justify the
siting of shallow (<100m) héat flow holes. Those data,
in turn, ‘inflqence the location and depth of inter=
mediate depth (500-1000m) calibration test holes. All
information is then focused on the siting of one or more
deep (1500-3000m) tést wells. If successful, these deep
wells will prove that commercial temperatures exist
within economic drilling limits, and that the chemigtry
of the geothermal {fluids can be handled by proven
methods.

Well tests are then conducted to prove that commercial
flow rates can - be maintained without depleting the
reservoir over the 1lifetime of the plant, and that

scaling, corrosion and reinjection problems can be

controlled within the economic limits of the project.

2. Resource Discovery and Definition

The DGE Pacific Region Team will fund within budgetary
limits, resource data collection, c¢ompilation and
analysis activities within the Region. This support
includes:

® USGS national and regional resource inventories;
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1 3 Cooperative regional and site exploration surveys
with industry and other government agencies;

® Cooperative resource exploration drilling through:

- bottom-hole contributions which encourage geo-
thermal leaseholders to test promising acreage by
cost-sharing the drilling of exploratory wells,
and to offer existing data for sale, thereby
accelerating the gathering of reliable information
on known geothermal reservoirs;

- drilling DOE-funded exploratory wells in order to
stimulate commercial interest in the Region and
possibly discover new geothermal reservoirs; and

- DOE cost-sharing of coring in exploratory wells,
to provide essential core material for reservoir
parameter measurement, testing of completion and
production techniques (e.g., muds and pumping
rates), and analysis of reservoir production and
injection problems (e.g., injection plugging).

- potential programs coupled with the GLGP whereby

the Region Program may cost-share an exploration
phase preceeding a loan guaranty.

3. Reservoir Confirmation

One of the most critical barriers to acceleration of the
development of geothermal resources 1is the 1lack of
reliable test and production. experience from hydro-
thermal reservoirs. Extensive geologic and engineering
information is -needed to. facilitate field development,
reservoir operation, economic analysis, and financial
investment. ‘

Substantial funding is planned for cost-shared high-

temperature reservoir confirmation under the Industry-
Coupled Case Studies Program. This program offers
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industry financial assistance for reservoir confirmation
wells, while making geoscience, reservoir engineering
and other- data available to the rest of the dindustry.
‘Requests for Proposals specify acceptdance criteria for
industry cost-sharing proposals. The successiul
industrial condéern acts as project mamager. . PRT
receives the contracted. data package and initiates
interpretation, additional data collection and com-
pilation, and publishes integrated case studies through
‘selected contractors.

Defiinition and donfirmation of low- and moderate-
temperature reservoirs will be accelerated by the State
Cooperative Resource Program. This program provides
funding for the state geologist or his equivalent 1in
each state in the Pacific Regiou,’workingﬂin cooperation
with the U.S. Geological Survey, where desired, to
conduct resource definition at specific sites of
greatest potential for direct heat utilization. The
USGS. assimilates the data generated iptoc the GEOTHERM
resource assessment computer file, and helps to inter-
pret the data. The Department of Energy’'s laboratories
are funded to provide technical assistance where
require&. The National Oceanic and Atmospheric Admin-
istration (NOAA)} is funded to compile the data and
publish the final state geothermal resource maps.

The State Cooperative Program provides important input
to PRT Program Opportunity Notices (PONs) for .direct
heat use by identifying geothermal sites that are ready
for developments It is anticipated that these state
projects may lead to the initiation of industry cost-
shared projects at selected sites by 1982 to develop
more low- and modergte~temperatire geothermal
reservoirs; once the resource base is better understood.
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A paramount consideration’ in the reservoir confirmation
program for direct heat use is matching the location of
confirmation activities to the availability of potential
users. The flexibility afforded electrical applications
by being able to transmit the energy to the ultimate
customer from a remote site is severely restricted in
the case of direct heat applications. Studies aug-
menting currently available information will be per-
formed to determine the correct balance between expected
resource locations and availability of on-site custom-
ers, giving particular attention to potential retrofit
customers. The study results will be used in setting
priorities for the direct use reservoir confirmation
efforts.

4. Resource Technology Transfer

]

The need to ensure timely transfer of the information
and technology development through the PRT program 1is
critical, and is reflected in the manner in which the
resource program 1s organized. Primary emphasis 1is
placed on joint efforts with industrial partners.
Industry participates in the settiﬂg of site priorities
and defining the problems to be addressed. To ensure
transfer of information . beyond the necessarily limited
participants in joint cooperative programs, special care
is taken to widely disseminate up—-to-date information.

Environmental Support

Geothermal energy resource development (both electric

and direct applications) c¢an be accomplished in an environ-

mentally acceptable manner by identifying environmental issues at

an early stage, acquiring appropriate baseline data, coordinating

all interested parties, and resolving environmental concerns. The
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Pacific Region Team will meet these requirements through funded
activities that include f{inancial anhd technical support for
eovironmental activities im the: Region, control technology
demonstrations, coordination of envirommental assessments, and
environmental technology transfer to industry, universities,
_government agencies, other institutions and the public.

1. Support to Regional Activities

Support By the Pacific Region Program to environmental
activities in the region takes several fomms:

- Qverviews

Withiep DOE, tHe responsibility for environmental
overview and research 1s in the COCffice of the

Assistant Secretary for Environment (ASEV).. The
ASEV program is coordinated with the Pacific Region
programs through several mechanisms. 4 Geothermal

Energy Environmental Overview Committee is set up to
coordinate within DOE. The epviroamental program is
also represented on the PRT to ensure a coordinated
program through all of the:implementation phases.

Through consultation with Key organizations in the
region (e.g., industry, Federal, state and local
agencies), the Pacific Region Team identifies high
priority areas for environmental attention. Based
on these priorities, the ASEV program conducts
overview studies, from which envirommental prieri-
ties are determined. These studies and related
projects, are the wvehicles used to evaluate the
environmental acceptability of geothermal develop-
ment and investigate such parametefs as air quality,
meteorology, water gquality, mnoise, hydrology,
seisimicity, subsidence, resource-use, demqgrh@hy,
socio~economics, existing and future land use and
archeology.

"Overview studiées” are adctually a form of prelimin-
ary planning. They use locally available resources
for development o¢f preliminary assessments of
available data in Known Geothermal Resources Areas
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(KGRA's) and 1dent1flcat10n of information gaps and
'key issues requiring further study. The following
list identifies present "overview studies,' priaci-
pal contractors and associated time framés:

PRINCIPAL START COMPLETION
ACTIVITY CONTRACTOR(S) DATE DATE
(a) The ' .
Geysers LLL Mid FY 77 Early FY 79
(b) Coso Hot Naval Weaﬁons
Springs Center Late Early FY 79
China Lake FY 77
(¢) Long / UCLA and U:S, Early ,
Valley Forest Service FY 78 Mid FY 79
(d) Hawaii HI Natural
Energy Late S
Institute FY 78 Late FY 79
(e) Oregon Oregoun )
Gradua te Late
Center FY 78 Late FY 79
e Baseline Studies and Projects
If overview studies or other program considerations
indicate the need, baseline studies are undertaken
to provide a more detailed basis for environmentazl
assessment. These may be sponsored by either the
DOE Environmental or Pacific Region programs. The
Imperial Valley Env1ronmental Project (IVEDP),
completed in FY 7% under the management of LLL, has
been the major study t& date. The continuing
responsibility for data maintenance and follew-on
monitoring activities should be transferred to a
local entity.
Expanded activities for baseline data collection are
being considered, particiularly in suppert of direct
heat use commercialization activities.
. Special Studiés: and Projects

As the need arises, special studies and projects are
being ”undgrtaken where an opportunity exists to
expedite the geothermal environmental process. For

example, technical and £financidl suppert was
provided to the USES in preparing the Inyo National

Forest (Mono-Long Valley KGRA) environmental
assessnent. Support is being provided to Sonoma
County to study Peregrine Falcon behavior as part of
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an envixonmental assessment. . Similar opportunities
will continue to be sought.

A significant study which is being supported by PRT
jointly with the state. and local governments is the
Geothermal Resource Impact Projection Study (GRIPS),
in the four-county (Napz; Sonoma, Mendocino, Lake)
Geysers area. The planping phase has been completed
and a Joint Powers Agency has been formed to help
provide an envirommental base for Llocal pernititing
decisions.: The planning phase was closely coordin~
ated with thé DOE Overview Project performed by LLL,
smnce the two studies had similar objectives.

Finally, consideration is being given to other
activities, such as ‘the development of a rough
ferrain model to predict ambient ground level
concentration of hydrogen sulfide at the Geysers.
Consideration is also being given to compiling
information in handbook form to provide assistance
to users, particularly small organizations contem-
plating direct heat use which may be unfamiliar with
geothermal related environméntal issues.

e. Environmental Assessments for Field Experiments
It is® often the case that direct heat users are

unfamiliar with federal environmental assessment
requirements and/or lack the technical capability to

prepare adequate énviromnmental reports. PRT
provides suppoft and active technical assistance to
contractors preparing environmental reports. This

arrangement helps to expedite the enviroonmental
review process and promotes better understanding of
the environmental acceptability of geothermal
systems.

2. Control Technology Demonmstration

It is 4important that geotherﬁai development 1s not
impeded by the unavailability of provén eidvironmental
control technology. The need for demonstrating advanced
technology is underscored by the standards and regula-
tions currently being discussed by the Califormia Ailr
Resourcées Board, which require more effective abatement
techniques. A cooperative program has been undertaken
with the Pacific Gas and Electri¢ Company (PGRE) to
demonstrate at pilot scale the copper sulfate upstream
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HZS scrubbing process developed by EIC with DGE support.
This process e&hows great promise of ensuring that
further development at The Geysers will not be impeded
by hydrogen sulfide concerns, and will be immediately
applicable to flash steam applications at hydrothermal
prospects.

3. Coordination

Close coordination among the various governmental
entities at the Federal, state and local levels is a
major aspect of the program. This coordination pri-
marily relates to the preparation of eanvironmental
assessment documents for geothermal development in the
Region. The preparation of joint environmental docu-
ments is befng encouraged. Recent examples of success-
ful coordination include assessments completed or
underway in the Imperial Valley and in The Geysers. PRT
is generally an interested external party in such
coordination, except when DOE funding or a loan guaranty
is involved.

The Pacific Region Team will continue to attempt to
identify promising areas, particularly for direct heat
use, to help ensure that other responsible agencies will
appropriately reflect the priority of geothermal
potential in planning environmental assessments.

Finally, PRT will continue to actively review environ-
mental assessments issued by other agencies so that the

impacts of geothermal development are fairly assessed.

4. Information Transfer

It is critical that fully open and effective channels of
communication be established to disseminate information
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and define information needs to feed back into the
program. Technical environmental assistance,
Environmental "Overviews" and '"Projects" will be
transferred to the appropriate state or local agencies.
Inpuf to the regulatory processes at all levels of
government will be maintained to ensure geothermal
commercialization is carried out in an environmentally
sound manner. In particular, Federal agencies preparing
EA's, EAR's and EIS's involving geothermal projects will
be actively solicited as to their data needs and sent
all relevant output of the "overviews" and '"projects'.
This includes the Forest Service (at Mono-Long Valley),
BLM (at The Geysers, Coso and North Salton Sea) and the
USGS. A similar level of coordination and sharing of
data will be set up with the various states and
counties.

F. Technology Applications

Available technology is generally adequate for the
commercial development of the more attractive geothermal
reservoirs. However, there are some applications in which
technology improvements are essential to accelerating near-term
commercial development and enhancing the likelihood that the mid-
an& long-term goals will be achieved. Improved technology will
result in the increased capability to utilize the resource, and
in improved - economics. By interacting with 'industry and ob-
taining more Zfeedback on problems being encountered by industry
at specific sites, development needs are being identified by the
Pacific Region Team that will be used to focus the DGE Technology
Development program. Development requirements which have been
identified are summarized below.

1. Resource and Well Development Technology

7

Improvement in well drilling ‘and completion technology
would offer the most substantial economic benefits to
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geothermal development. While the costs incurred by =
developer in these areas are substantial, there: does not
appear to be one §ingle cost cémpcﬁent whose reduction
v‘would,have a. major impact on the total cost. However, a
steady incremedtal cost improvement over the entire
range of factors. can havée a significant aggregate
effect. In particular, it has been found that some
technological improvements, such as higher penetration
rate, longer lived rock bits, higher temperature
drilling £fluids, improved completion {techniques and
improved direc¢tional drilling techniques, have the
potential for significantly reducing geothermal well
costs.

Increased emphasis will be placed on securing industry's
specification of needs for technology and information
critical to geothermal development at specific sites,
particularly. in the rescource/geosciences area. It is
intended that a much more specific and prioritized set
of development needs will be assembled and communicated
to the appropriate DGE Technology Development program.

2. Geochemistry

Based on experience in the field, an improved under-
standing of the chemistry and methods o¢f handling and
managing geothermal fluids is désirable to improve the
economics of geothermal energy use. Presently; the most
significant géochemical problems requiring development

attention at the various sites are;:

Salton Sea = Silica depoesition in injection system

Corfbsion,due to low pH fluid

Sulfide scale in inlet lines

Disposal of waste material



East‘ﬁESa - Calcite scale
- Carbon dioxide gas

Puna - Sulfide scale
- Calcium scale

In addition, there is a need to develop the capability
for on-line monitoring of geochemical conditions as they

vary with time.

These development needs are being addressed in the DGE
Geochemistry program element.

3. Ex%traction Technology

Once wells have been completed, there is a strong
economic incentive to enhance productidn and avoid the
expense of premature well replacement. In additiom, it
13 often desirable to maintain sufficient pressure in
the geothermal fluid system to avoid flashing (e.g., for
binary cyecles) or minimize plugging and scaling. The
development of pumps capable of operating :in the well
for long periods of time under geothermal fluid con-
ditions will be required to address these coansidera-
tions. Development of more effective reservoir stimula-
tion tecéhnigues will also be required to- enhance £luid
extraction from geothermal wells. The state-of-the-art
for production strategy planning is such that improved
- understanding of two phase flow imn geothermal well bores
can significantly improve: production. Techniques, such
458 the Eguilibrium Flash Production (EFP) system,
whereby Telatively small quantities of 002 are injected
into the well, which can increase production rates while

minimizing calecite scaling, are also .needed.

Each of thesé development needs is being addressed in
the DGE Extraction Technology activity.
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4. Conversion Technology .

4 substantial fraction of the resource in the Region is
in the moderate~temperature range. This segment of the
resource must be utilized as fully as practical in order
to enhance the prospects of achieving longer range
goals. The most significant development need is the
development of the binary heat conversiom systém, This
includes requinements.for the development and demonstra-
tion of improved heat exchange equipment. The economics
of exploring the moderate-temperatiire resources can be
improved significantly by enhancing the effectiveness
the heat. exchangers, reducing cost, and reducing
dncertainties in estimates of heat exchange size
required for a given application-. In particular, the
direct contact heat exchange concept appears to be
cdpable of improving cyvele efficiengies, reducing costs,
and reducing fouling problems. A‘éignifiCant amount of
development remains, however, for that concept. Use of
the hydrocarbon binary system also permits advantage to
bBe taken of lower condénsing teémperature, thus leading
to a need for improved condenser equipment. Finally,
further development of devices to use the total flow
from wells, particularly wellhead power generation
devices, such as the helical screw expander,; has a
strong potential for enhancing geothermal development.

These negeds are being addressed in the DGE Conversion
Techrnology program element.

3. Direet Use Hardware Development

This activity provides the mechanism that. will endble
the sponsorship of industrial conceras for the design,
development, and testing of components. Programmatic
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scope will include cost-sharing with equipment suppl-
iers. For equipment tested at the GCTF, staging of
projects will be considered to maximize the utility of
the test site. '

Where appropriate, solicitations for R&D of critical
components and new system precesses will be issued
(e.g., low temperature absorption refrigeration units,
low cost heat exchangers, low cost effluent treatment
and disposal techniques, and innovative concepts of
energy cascading and byproduct recovery). Emphasis will
be placed on those devices and systems that show promise
of yielding significant overall energy savings, improv-
ing system economics, or eanabling the utilization of a
wider range of resource temperatures (e.g., suppressing
the lower temperature threshold so that lower quality
Heat resources might be utilized for a given applica-
tion}).

Consideration is also being given to iastituting
independent research and development programs under
government contracts and grants that are discrete and
dedicated to energy related research, Such am al-—
location -'should spur eguipment and service industry
organizations to eX¥pand their produc¢t lines and build
upon the capabilities of a support industry to better
serve the needs of ‘the geothermal CQmMﬁnity.-



4. MANAGEMENT STRUCTURE

The specific roles and responsibilities of those
entities involved in the management and coordination of the
Pacific Region Geothermal Commercialization Plan are described
below.

A. Roles of DOE Organizations

The Division of Geothermal Energy has .assigned respon-
sibility on a regional basis to three teams: Fastern Region,
Rocky Mountain/Basin & Range, and Pacific Region.

The Pacific Region Team (PRT) manages programs in the
areas of planning and policy development, resource definition,
engineering applications, environmental conformance and facil-
ities. The PRT is responsible for developing regional commer-
cialization and development plans. It has the programmatic
responsibilify for coordinating with other Federal agencies,
state and local governments, developers, financiers, industry and
users. This commercialization plan is a first step in the
process of developing a realistic, coordinated program that
addresses the resources, goals and responsibilities of all
parties.

Development of the PRT goals and obfectives, program
planning and execution, interface with other Government agencies
and industry, budget formulation and defense, and detailed
project planning and project management are the responsibility of
the Pacific Region Program Manager as the Pacific Region Team
Leader. Members of the team are located in the Division of
Geothermal Energy, Washington, D.C., and the Geothermal Energy
Division of the San Francisco Operations Office, Oakland,
California. Specific functional responsibilities for each member
and for support from.the DOE Regional Offices are being developed
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in Management Agreements for approval by the Director of the
Division of Geothermal Energy and the Manager of the San Fran-
cisco Operations Office.

B. Industrial Coordination

The PRT recognizes the critical role played by induétry
in implementing geothermal energy utilization. Presently,
structured input is given to DGE by the Advisory Committee on
Geothermal Energy on which industry has representation. This
channel of input could be expanded if the Pacific Region formed
under the joint auspices of the ORR's in Region IX and X, a
Regional Industrial Review Panel within the framework of the
Advisory Committee on Geothermal Energy. This Panel could
provide input, focusing on the unique industrial experience 1in
the field to make the program as responsive as possible to the
needs of the geothermal .industry. ‘

c. Federal Agency Coordination

By statute, DGE 1is respoansible for 1leading the co-
ordination of geothermal policy formulation and program manage-
ment among the Federal agencies involved in geothermal activi-
ties. . The formal mechanism for accomplishing this is the
Interagency Geothermal Coordinating Council (IGCC), made up of
Assistant Secretary-level members of the various agencies. This
has proven to be a particularly effective coordination tool, due
in large part to the extensive staff work accomplished in the
periods between formal Council meetings.

D. State and Local Coordination

In addition to the assistance to state aand 1local
planning describéd earlier, working relationships have Dbeen
established with state and 1local goveranment bodies and public
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organizations in the Region. gﬁT's role is to foster commun-
ication and identification and good faith resolution of issues,
and to serve as a resource for information. Formal mechanisms
are being set up to provide for state and local input ipto DGE's

program activities in areas in addition to the planning program
element.

Alaska has formed an Interagency Geothermal Working
Group, to be supported by a Geothermal Advisory Board. Calif-
orania's Energy Commission, in concert with the Geothermal
Resources Board, works regularly with its Technical Advisory
Committee to develop geothermal policy and pursue urgent actions.
Washington State has established an Interagency Geothermal
Deveiopment Council, supported by a Technical Advisory Group, and
has regular meetings to develop policy and plans, and to exchange
information. Oregon has formed the Oregon Interagency Geothermal
Coordinating Council which is supported by an advisory group and
expects to pursue a vigorous program. Hawaii is expanding its
state project activity to. include additional state agencies in a
Geothermal Coordinating Council.

The PRT and the state geothermal committees are working
jointly to develop state planning and to direct and monitor the
work of the regional site-specific planning contractors. In
addition, they are currently formulating a Pacific Geothermal
Coordinating Committee to provide a forum for development and
comparison of policies, legislation and plans, and for inter-
action with the regional officers of Federal -agencies and the
regional panel of the ACGE. This Pacific Geothermal Coordinating
Committee will assist the PRT in prioritizing sites and geologic
regions for the PRT and USGS resource assessment activities,
areas for leasing by BLM and USFS, areas for industry-coupled
drilling, market areas for direct use emphasis, etc. Ianput will
be used from the regional panel of the ACGE and from the states'’
knowledge of user interest and commitment, and the likelihood of
early field development, for the prioritization activities.
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APPENDIX I

ENERGY SUPPLY AND DEMAND

PACIFIC REGION

The Pacific Region of the United States includes the
states of California,. Oregon, Washington, Alaska and Hawaii.
Together these states had a total installed capacity for electric
power generation of 64,000 MW 1in 1976. California accounted for
55% of the power, Washington 28}9%, Oregon 12.3%, Hawaii 2.1% and
Alaska 1.6%. The annual percentage change in installed capacity
for the region was 4.6% from 1970 to 1976. Residential use
accounted for 34.3% of the power generated, commercial accounted
for 27.1% and industrial use for 35.5%.

Natural gas coansumption in the region amounted to 1.877
quads, 85% was consumed in California, 8.3% in Washington, 4.5%
in Oregon, 1.6% in Alaska and .2% in Hawaii. Residential use
accounted for 35.05%, commercial use for 14.28%, and industrial
use- for 50.2% of the natural gas used.

The Pacific Region's manufacturing industries purchased
1.013 quads of fuel and electric energy in 1976 for heat and
power at a cost of $2.3 billion dollars. Some industries which
may show particular promise for geothermal energy are the food
processing industry, lumber and paper industries, chemical in-
dustry, and the petroleum refining industry, 'all of which use
large amounts of process heat. It should be noted that these
projections are for purchased fuels. Some industries may not
have a purchase transaction for all energy. For example, lumber
mills are using wood residue for fuel, oil companies produce much
of the fuel that they consume and much of the chemical manufac—
turing is done by o0il companies. Oftentimes a large energy using
sector will want to produce its own energy in order that its
price can be controlled. '



The table below displays the purchased fuels and

012

electric energy in terms of trillion Btu's (1 ) as well as the

prices paid for them.

QUANTITY AND COST OF PURCHASED FUEL AND ELECTRICITY FOR
HEAT AND POWER FOR SELECTED INDUSTRIES IN THE PACIFIC REGION"

1976
TRILLION MILLIONS
BTU OF DOLLARS
FOOD AND KINDRED PRODUCTS 137.5 8304.6
LUMBER AND WOOD PRODUCTS 73.5 192.9
PAPER AND ALLIED PRODUCTS 142.4 469.9
CHEMICALS AND ALLIED PRODUCTS 82.2 183.2

PETROLEUM REFINING 149.0 302.3

Population growth for the Pacific Region from 1970 to
1976 was 1.3%

The Pacific region of the United States has a major
share of the geothermal resources in the United States. There
are currentl? over 500 MWe of installed capacity on-line at the
Geysers, California, 60 MWt in operation in Oregon in the Klamath
Falls area, and a large number of small direct uses (such as
swimming pool heating and greenhousing) scattered throughout the
Region. California has the highest potential for electric power

generation. Mitre Corporation, the National Operations Research

x
Reference: Annual Survey of Manufacturers, 1976, Fuels and
Electric Energy Consumed, U.sS. Department of

Commerce, Bureau of the Census. .




contractor, has made projections of geothermal electric power
generation on-line, as well as millions of BTU per hour for
direct heat applications with Federal participation in develop-
ment activities. The Federal government's participation in the
development of geothermal energy has already contributed to an
accelerated g}owth rate for geothermal energy in the Pacific
Region.

Figure I-1 indicates the dynamic character of the evolv-
ing geothermal industry in Imperial County, California. Compar-
ing the recent SAI scenario for development with the Mitre Cor-
poration's projections of a year ago, it can be seen that signi-
ficant progress has been made.and the expectations for energy
on-line have been accelerated by as much as 1 to 2 years.
Without government interest in geothermal energy, this level of
activity might be greatly reduced. .

\ At the present time there are no firm plans for geo-
thermai eiectric power generationm in Alaska, Washington or
Oregon. Washington and Alaska are just beginning to investigate
the potential for geothermal energy. Reports are currently being
prepared in each of the states by Operations Research Contractors
in conjunction with State Energy Offices and a higher level of
planning for energy needs is presently evolving.

Projections of technical energy development were made
for each state by Mitre Corporation and are included in the
discussion of each individual state. California appears to be
the major target for electric power generation accounting for
over 90% of the projected power on-line. Geothermal energy
development in California can be used to displace petroleum,
natural gas, and new nuclear plants. Fuel o0il costs have been
increasing, natural gas may face future curtailments, and nuclear
energy is facing problems with power plant siting.
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Vashington and Oregon- derive a large portion of their
electric energy from hydroelectric systems which are very cost
competitive and environmentally preferable. However, new hydro
Sites are limited and geothermal energy may help ease future
reliance on a petroleum based energy supply.

Hawaii is heavily dependent upon petroleum products
which account -for 92% of the energy in the state. The state is
actively involved in finding 1local alternative energy supplies to
reduce the balance of payments pressure that oil places upon the
state economy. At the present time the State and Federal govern-
ment are participating in providing for a well head generator at
the Puna site on the Big Island of Hawaii.

There is no projection of electric power on-line in
Hawaii, Alaska, Washington and Oregon without Federal assist-~
ance.* The projection with Federal assistance is displayed in
Figure I-2 with a potential 400 MW by 1990.

In the following paragraphs each state is addressed with
regard to energy supply in the state and energy demand. A dis-
cussion is given of the electric power on line, as well as esti-
mates of energy uses by commercial industries which are primary
targets of geothermal process heat.

ALASKA

Alaska's energy is prédominantly derived from petroleum
and natural gas. Residents of Alaska use the largest amount of
energy per: capita partly due to the climate and partly to the
long distances between centers of population. The components of
energy supply and energy demand for Alaska* are given in Figure
1-3.

*
Reference: Result of discussions with officials of the State
Energy Departments.
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ALASKA'S ENERGY suppPLY
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§9%
PETROLEUM
LIQulios

ALASKA'S ENERGY USAGE
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Figure I-3. State of Alaska Energy Supply/Usage
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From 1970 to 1976, Alaska's installed capacity for
electric power generation increased at a rate of 15% per year,
the highest rate of the‘five states. Installed capacity in 1976
was 1,000 MW, the lowest of the five Pacific states. Of Alaska's
electric power generation, 50% went to residential use, 36% went

to commercial, and 9% went to industrial use.

Natural gas consumption in Alaska in 1976 was .031 quad:
19% went to residential use, 22.5% to commercial and 41.9% to
industrial use.

Alaska's manufacturing industries consumed .00838 quad of
fuel and electric power for heat and power purposes in 1976.
Major industries in Alaska include only two of the industry
groups: food & kindred products, and lumber and wood. The table
below displays the quantity and cost of the energy purchased by
these two industries.

QUANTITY AND COST OF PURCHASED FUEL AND ELECTRICITY FOR
HEAT AND POWER FOR SELECTED INDUSTRIES IN ALASKA, 1976.

TRILLION MILLIONS
BTU OF DOLLARS
FOOD & XKINDRED PRODUCTS 1.3 4.5

LUMBER & WOOD PRODUCTS 1.3 3.7

Since the o0il embargo, Alaska has been growing at a muqh
faster pace than was projected in earlier years. The OBERS
" .
Projections have increased from a 3.9% rate of earnings growth

*OBERS: Office of Business Economics of the Commerce Department
and Economic Research Service of the Department of
Agriculture

I-8



to 5.6% per'year. The population growth in Alaska from 1970 to
1976 was 3.9% per year, the highest of the five Pacific states.

There is no projection for geothermally produced elec-
tric power without Federal involvement at this time. - Figure I-4
projects direct heat application at a relatively low level.
Further investigations of the resources in Alaska may project a
higher usage level as Aiaska is in the process of evaluating its
geothermal resources with the help of the Federal government.

CALIFORNIA

California'; energy supply is heavily dependent upon
petroleum (69%) and natural gas (25%). The components of energy
supply and demand are given in Figure I-5,. California consumes
the largest amount of energy of the states in the Pacific Region.
From 1970 to 1976, California's installed capacity for electric
power generation increased at an average of 3.6% per year. In
1976, installed capacity was 35,300 MW. Of California's electric
power production, 33.0% goes to residential use, 32.4% to com-
mercial activity, and 31.0% to industrial uses. Natural gas
consumption in California in 1976 was 1.618 quads: 37% went to
residential use; 13.2% to commercial, and 49.56% to industrial
use. Manufacturing‘industriés in California purchased .624 quads
of fuel and electric energy for heat and power purposes in 1976.

I-9
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The table below displays the energy purchased by major hrocess
heat users in the state. '

QUANTITY AND COST OF PURCHASED FUEL AND ELECTRICITY
FOR HEAT AND POWER FOR SELECTED INDUSTRIES IN CALIFORNIA

1976

TRILLION MILLTION

, BTU OF DOLLARS

FOOD & KINDRED PRODUCTS 98.5 223.2
LUMBER & WOOD PRODUCTS 19.6 61.1
PAPER & ALLIED PRODUCTS 36.7 88.4
CHEMICALS & ALLIED PRODUCTS  60.9 147.8
PETROLEUM & COAL PRODUCTS 134.9 ' 277.5

The OBERS Projections for earnings growth in Califormia
range from 3.7 to 4.2% per year. DPopulation growth in California
averaged 1.2% per year from 1970-76.

California is the only state that hkhas projections of
geothermal electric power on=-line without Federal involvement.
Figures I-6 and I-7 display projections of geothermal electric

power production and direct heat in production.

The State of California has higher estimates of the
potential power on line than does Mitre, projecting geothermal to
be 12% of California's installed capacity by 1985, 19.9% by 1985
and 15.1% by the year 2000. Bringing about such .ar aggressive
development sc¢hedule would require Federal assistance, enough. to
bring geothermal to parity with alternative fuels. Such issues
as tax incentives are particularly important in California where
geothermal energy is vigorously competing with oil, gas, nuclear,
and coal for position in the utilities energy grid. Of the five
states, California .stands to gain the most from ‘development of
its geothermal resources.
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HAWAII

The energy éuppIy in Hawaii is highly dependent upon
petroleum products. All the petroleum is imported. Bagasse, the
waste product from‘sugar refining is burned to generate eléectric
power in the refineries. 7:8% of the energy in Hawaii is sup-
plied by bagasse. There is also a very small amount of hydro-
electric power supplying only .2% of the energy in the Islands.

* Over half of the energy consumed in Hawaii goes for
transportation (54.9%). Of this .amount, 27.4% is taken for aif
transportation, 15.68% for ground transporfation, 3.5% for water
transportation and 8.4% for the military.

The breakdown of energy supply and ‘energy wusage are
given in Figure I-8 on the following page.

At the-»present time (1978) petroleum is consumed in
Hawaii at a rate of 112,000 Bbl/day or about 225 x 10%2 BIU/year.
By 1985 it is projected that Hawaii's needs will be 140,000
bbl/day, = 25% ‘ineredse in seven years. At this rate Hawaii

12

would exceed an increment of 8.0 x 10 BTUO per year for each of

the next seven years.

From 1970 to 1376 Hawaii installed capacity .for electric
power generation has increased at a rate of 4.,3% per year.
Installed capacity in 1978 was 1,400 MW. Qf Hawali's eleéectric
power generation 31.5% went to .residential use, 20.4% to. conm-
mercial use and 46.2% to industrial usage. There is verY’iittle
gas consumption in Hawaii; as it must be manufactured from fuel
oil, only .004 gquad was coasumed in 1976. Hawaii's manu-
facturing industries consumed ,0096 ‘quad in 1976, the main
industries being sugar refinming and pineapple processing. Sugar
refining accounted for 44% of the fuel and electric energy used
by the manufacturing sector, using 4.2 trillion BTU's at a cost
of $10 million.



HAWALI's ENERGY SUPPLY
1978

.2% HYDROELECTRIC

7:8% BAGASSE

922
PETROLEUM

HAWAII“S ENERGY USAGE
1978

L
RESIDENTIAL

14,9%-
cuM1ERCIAL 5493

e 54
IOt AL \| TRANSPORTATION

9.2%
MILITARY

Figure I-8. State of Hawaii Energy Supply/Usage

I-16



Projections of direct use geothermal development in
Hawaii with and without Federal government participation are
found +in Figure I-9. ’

OREGON'

Oregon’'s supply and demand for enérgy is presented in
Figure I-10, petroleum dominates with 55%. A substantial amount
of electric power generation iﬁ Oregon is hydroélectric (85%).
From 1970 to 1976 Oregon's electric power production. increased
3.7% per year; installed capacity increased at an average rate of
5.6% per vyear. Instfalled cdpacity in Oregon in 1976 was 7,300
M¥. Residential users consume 38.9% of the electric power pro-
duction, commercial uses 28%, and industrial usage is 32.1%.
Natural- gas consumption in Oregon in 1976 amounted to .087 gquads.
Residential usage was 25.3%, commercial 17.2%, and industrial
57.5%. Manufacturing industries in Oregon purchased .130 quads
in 1976 at a cost of 3264.9 million. Major industry in the state
includes lumber and wood products, paper and allied products and
primary metal industries. '

The table below displays selected industries thit are
major process heat users in the state.

QUANTITY AND COST OF PURCHASED FUEL AND ELECTRICITY FOR
HEAT AND POWER FOR SELECTED INDUSTRIES IN OREGON, 1976

TRILLION MILLIONS

BTU OF DOLLARS

FOOD & KINDRED PRODUCTS 9.8 , 20.4
LUMBER & WOOD PRODUCTS 32.1 81.5
PAPER & ALLIED PRODUCTS 36.6 73.8
CHEMICALS & ALLIED PRODUCTS 7.2 13.2
PETROLEUM & COAL PRODUCTS 2.5 . 4.4

I-17
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All of the 1industries above are potential users of
geothermal . energy, having process heat requirements. The OBERS
Projections of earnings growth for Oregon range from 4.0 to 4.8%.
The population of Oregon averaged a 1.7% per year increase from
1970 to 1976.

] Klamath Falls, Oregon presently has 60 MWt in use and
hés been the location of several demonstrations of direct heat
application. There are no projections as yet of electric power
production without Federal involvement. However, Oregon holds
great promise for further direct use development. The projection
for BTU's in production with Federal participation are displayed
in Figure I-11.

WASHINGTON

The energy supply and demand components for Washington
are displayed in Figure I-12. From 1970 to 1976 Washington's
installed capacity for electric power genera%ion increased by

6.1%. 34.6% of Washington's energy sales go to residential
consumers, 15.0% to commercial and 47.0% to industrial users.
Installed capacity in 1976 was 18,500 MW. Natural gas con-

sumption in Washington in 1976 amounted to .159 quads, 35% going
to residential users, 14.3% to commercial, and 50% to industrial
users.

Manufacturing industries in Washington purchased .240
quads of fuels and electric energy for heating and power at a
cost of $393.2 million. The major industrial users include paper
and allied products, primary metals, lumber and wood products.

I-20
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The table below displays energy purchased for the main industries
that could' use geothermal process heat. '

QUANTITY & COST OF PURCHASED FUELS AND ELECTRICITY FOR HEAT
AND POWER FOR SELECTED INDUSTRIES IN STATE OF WASHINGTON

1976

TRILLION MILLIONS

BTU QF DOLLARS
FOOD AND KINDRED PRODUCTS 21.8 41.2
LUMBER -AND WOOD PRODUCTS 20.5 : 46.6
PAPER AND ALLIED PRODUCTS 69.1 114.8
CHEMICAL AND ALLIED PRODUCTS 14.1 22.2
PETROLEUM AND COAL PRODUCTS 11.6 ' 20.4

The industries above are major users of process heat,
and would be primary targets for geothermal energy usage. Growth
rates for state earnings for Washington are projected at 3.7 to
3.9% per year by OBERS. The average percent change in population
from 1970 to 1976 was .9% per year, the lowest of the five Paci-
fic Regional states.

There is no projection for geothermal electric power
production in Washington without Federal participation. Washing-
ton has the lowest projection for direct heat BTU's. This may
reflect the fact that many of the resources are on’ protected

lands. However, it should be noted that Washington's energy
demand is second to California for the region and the resources
have not Dbeen explored adequately. Figure I-13 displays the

projection for direct heat usage in Washington with Federal
participation at this. time.
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APPENDIX II. RESOURCES

The Pacific Region is an area which is rich in geo-
thermal resources. Electrical power has been generated from a
vapor-dominated reservoir at The Geysers in Northern California
for years. Plans are being developed for the exploitation of
geothermal reservoirs for future generation of electrical power
in the Puna Rift Zone of Hawaii and the Salton Trough of Southern
California. Direct use plans for geothermal reservoirs in the
Pacific Region include space heating and cooling, bathing, and
industrial processing of forestry and agricultural products.

The geothermal resources which exist in each of the five
states that make up the Pacific Region are discussed in the
following sec:tion.:.r It is clear that the Pacific Region needs
more extensive exploration work in order to determine the full
potential of geothermal resources in this area.

The five states making up the Pacific Region can be
divided into sixteen physiographic provinces, as shown in Figure
II-1. Those provinces which have associated recent volcanism and
active fault zones were found to contain most of the geothermal
reservoirs of the region. In this section, high-temperature
resources (with the temperature exceeding 150°C) and low- to
moderate—temperature resources (with the temperature less than
150°C) are discussed sepératelyAfor each state.

*
More details will be given in USGS Circular 790, to be published
shortly.
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ALASEA

INTRODUCTION

Alaska is divided into four physiographic provinces from
north to south: the Arctic Slope, the Brooks Range, the Central
Plateau and the Pacific Mountain Region (Fig. II-1). Most of the
lands classified for geothermal resources are found _in the
Central Plateau and the Pacific Mountain areas. The Central
Plateau in central Alaska, 1s located within the Yukon and
Kuskokwim River Basins. The plateau has associated low hills and
valleys and . extends from the Brooks Range southward to the
Alaskan Range.

The Pacific Moyntain Region, which is part of the
circumpacific volcanic belt and earthquake zone, includes the
Coast Mountains of southeastern Alaska, the Alaska Range of
south~-central Alaska, and the Aleutian Range of southwestern
Alaska. The Alaska and Aleutian Ranges are geologically equiva-
lent to the Cascades of Washington and Oregon. Most of the
Alaska Range is underlain by a granitic intrusion and Paleozoic
and Mesozoic metasediments. °~ Mesozoic fault lineaments extend
parallel along the length of the range. The Aleutian Range is a
chain of some 80 volcanic peaks on the crest of a submarine
ridge. ‘The Aleutians are formed of Mesozoic and Cenozoic marine
sediments and granitic intrusions and Cenozoic volcanic rocks.

HIGH-TEMPERATURE RESOURCES
1. KGRA's

The KGRA at Geyser Spring Basin in the Aleutian Islands
is a high temperature reservoir, whose subsurface thermal water

temperature is 210°C. This reservoir is a result of the active
volcanic area in the Aleutians.
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2. Other Prospects

The Pacific Mountain Region of Alaska is a good prospect
for high-temperature resources. The Aleutian Islands and Alaska
Peninsula have the greatest ratio of thermal springs to regional
area of any other region in the state (Fig. II-2). The Aleutian
Islands, themselves, have thirty-four of Alaska's 100 thermal
springs and over forty active volcanos. The Coast Mountains of
southeast Alaska is another prospect for high temperature
resources. The area contains twenty of Alaska's 100 thermal
springs. Geochemical curves have indicated that resource
temperatures could be 170°C in parts of southeastern Alaska, so
more exploration is needed in this area. '

3. Potential for Discovery

The Brooks Range and Arctic Slope areas of northern
Alaska may have geothermal potential, but because of the harsh
climate and rugged terrain, very little geothermal exploration
has been conducted. '

LOW-~ AND MODERATE~- TEMPERATURE RESOURCES
1. KGRA's

Okmok Caldera, on Okmok Isle in the Aleutian Islands, is
a KGRA whose subsurface'femperatures have been recorded at 125°C
(Fig. II-2). Another low-temperature resource 'is at the KGRA of
Pilgrim Springs, on the Seward Peninsula in the Central Plateau
province, where subsurface temperatures have been recorded at
150°¢. Primary non-electric usage of the resource at these sites
would include commercial and residential space heating, green-
house and soil heating, and bathing. It has been suggested that
geothermal energy in Alaska might provide electricity generation
for mines in remote areas of the state. For example, the KGRA's
at Geyser Spring Basin and Okmok Caldera might be able to supply
electrical power for the development of a deposit of =zinc
mineralization in a fault zone across Sedanka Island in the
Aleutians. 11-4
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2. Other Prospects °

The Central Plateau province is a good prospect, because
several low-temperature geothermal convection systems are located
in this area. Surface danifestations of geothermal activity are
indicated by at least thirty-nine thermal springs in the Central
Plateau province.

Southeastern Alaska is another prdspect for low- and
moderate-temperature geothermal resources, with several hydro-
thermal convection systems near the Pacific Ocean being located
in this area.

3. Potential for Discovery

Discovery potential for low- and moderate—température'

resources appears to be high in the Alaskan Panhandle and the
Central Plateau regions.

CALIFORNIA

INTRODUCTION

California has a rather complex regional composition
which is made up of six physiographic provinces that include:
the Klamath Mountains, the Cascade Range, the Basin and Range,
the San Andreas Fault Zone, the Great Valley, and the Sierra
Nevada provinces (Fig. II-1). Most of the geothermal resource
areas of California are sited in the San Andreas Fault Zone along
the Pacific Coast and in the Salton Trough, in the Sierra Nevada
near the Nevada border and the Basin and Range province of North-
eastern California.
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Much of California's geothermal resources are related to
areas of Cenozoic volcanism and active fault zones which have
shown displacement in Quaternary times. Northeastern California
is such an area. It has Quaternary and Tertiary volcanic rocks
and extensive northwest-trending Quaternary fault 2zones (Fig.
I1-3). Another geothermal resource area 1s north of the San
Francisco Bay in the San Andreas Fault Zone where Mesozoic
ultramafic plutonic rocks and metasediments of the Franciscan
Formation, élong with Tertiary volcanic flow rocks, are found in
a region of extensive, northwest-trending, pre-duaternary faults.
Tﬁe faulted granitic rocks of ;he Sierra Nevadas in eastern
California, along with the associated volcanic systems of Mono
Dores and Long Valley, is a region of geothermal interest. The
Salton Trough in Southern California is a notable geothermal
resource area, composed primarily of Quaternary sediments located
in a zone of major Quaternary faults.

HIGH-TEMPERATURE RESOURCES
!
1. KGRA's

Most of the KGRAs in California have ‘subsurface tempera-
tures exceeding 150°C. One of the most noteworthy of the KGRAs
is The Geysers in Northern California, which is a vapor-dominated
source that is presently being exploited for the generation of
electricity by PG&E. Figure II-4 shows California's KGRA's. The
USGS has projected recoverable geothermal resources for power
production in California of up to 6000 MWe-centuries. High
temperature resources in Northeastern California .include Glass
Mountain, Lake City-Surprise Valley, and Lassen (Fig. II-4).

The Mono Valley and Bodie KGRAs in the Sierra Nevadas of

east central California would also have direct use applications
for distinct heating and in the lumber industry. The resource at

II-7
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Coso Hot Springs in south central California has proposed

non-electric usage for industrial applications, space heating and
cooling.

The thermal resources found in the Salton Trough of
Southern California have direct use applications for food pro-
cessing, fertilizer manufacture, and possibly various agricul-
tural applications.

2. Other Prospects

Little Hot Springs Valley, Big Valley, Susanville, and
the Sierra Valley in Northeastern California (Fig. II-4) are all
prospective geothermal resource areas that are associated with
hydrothermal convection systems in the area. North California,
with the associated thermal spring activity, 1is another good
prospect.

3. -Potential for Discovery

Potential for discovery of new resource areas in
California is very high. Extensive vulcanism and tectonism give
promise of many areas with deeply buried heat sources. While the
most obvious resources have been identified, large areas remain
to be explored. '
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LOW~ AND MODERATE- TEMPERATURE RESOURCES
1. KGRA's

The Wendel-Amedee KGRA in Northeastern California has
subsurface temperatures of about 140°C which classify it as a low
temperature resource. Direct use applications for this resource
include greenhouse heating. The KGRA .at Glamis in the Imperial
Valley of Southern California, with a subsurface température of

about"l35°C, is another low temperature thermal resource.

2. Other Prospects

The north end of the Imperial Valley and the Coachella
Valley are good prospects for low- to medium-temperature geo-
thermal resources. Low-temperature hydrothermal convection
systems in these areas indicate the prospect of geothermal re-
sources. Large areas of northern and central California may also
have exploitable low-temperature resources, and California's
coastal regions may not be totally devoid of potential; the Mt.

Diablo and Sespe Hot Springs areas are good examples of such
areas.

HAWAII

INTRODUCTION

A southeast-trending rift in the floor of the Pacific
Ocean, through which molten lava has welled up in layers onto the
sea floor over geologic time, was the beginning of volcanic
activity in the Hawaiian Islands. The Islands are primarily
composed of porous and fragmented vulcanic materials, which are
parfially mantled by alluvium (Fig. II-1). Today, the big Island
of Hawaii is the only area of active volcanism in the Hawaiian
Islands. There are five volcanos on the 1island of Hawaii:
Rohala, Hualalei, Mﬁuna Kea, Mauna Loa, and Xilauea, however,
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only the last two are active at the present time. Each of these
five volcanos has rift zones which are associated with them. The
Puna area of Hawaii, which is traversed by the east rift of
Kilauea, is characterized by eruptive vents and steam seeps,
which show surface manifestations of hydrothermal activity at
depth. In addition to the Island of Hawaii, other areas in the
Hawaiian Islands which show some potential for possible geo-
thermal resources include the islands of Maui (which contains the
Haleakala volcanic system), Molokai and Oahu. The prospects on
Kauai are not clear at this time.

HIGH-TEMPERATURE RESOURCES
1. KGRA's

The Puna Rift Zone ‘in eastern Hawaii (Fig. II-5) has
subsurface temperatures ranging from 250°C-350°C. Situated in an
extremely active seismic area, the Puna Rift Zone is a forested
plain with low mountains and sparse population. The lithology of
the.area consists primarily of Tertiary and Quaternary volcanic
rocks. This resource, if developed, would probably have such
direct use applications as space conditiohing, industrial uses
and agribusiness, in addition to electricity production.

2. Other Prospects

Areas of active volcanism, such as the Mauna Loa and
Kilauea volcanos on Hawaii, are good prospects due to the high
temperature of the deeply-buried magma associated with the
region. Surface expressions of geothermal activity (hot springs)
in the Hawaiian Islands are rare because heavy rainfall and a
generally shallow water table dilute the thermal waters.

II-12
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3. Potentiai for Discovery

More

extensive

geophysical

studies in

the areas of

active volcanism on the island of Hawaii may further elucidate

the possibility of greater high-temperature resource potential in

that region.

LOW- TO MODERATE-TEMPERATURE RESOURCES

1. KGRA's - None

2. Other Prospects

The west and southwest coastal areas of the island of

Maui,
whose

in particular the Olowalu Valley,
warm water temperatures have been recorded at 35°C-

contain shallow wells
This

area appears to be a prospect for low-temperature resources.

LOW-TEMPERATURE THERMAL SPRINGS AND WELLS IN HAWAII

Name

West Maui Island

West Molokai Island

Kawaihae, North Hawaii

Kailua, West Hawaii

Puu Kukae, East Hawaii

Puu Kukae, East Hawaii

Water Temperature

36°C

Warm
30°c

30°¢

II-14

Description

drilled well

drilled well

on shore

near shore

small pool

small flow



Kapoho, East Hawaii 34°c on shore

Waiwelawela Point, S.E. Warm ' small flow
Hawaii

A“warm water well found on West Molokai Island might indicate a
low—-temperature proépect here, too. The Puna Keaau area in
_eastern Hawaii is also a good prospect. The southwest shows warm
spring activity.

3. Potential for Discovery

More exploration of geothermal potential is called for
on the islands of Molokai, Maui and Hawaii (Fig. II-5), where
warm watér temperatures appear to indicate potential for geo-
thermal resources at greater depths. The Island of Oahu, in
particular the Lualualei Valley and Waimanalo Regions, also
warrants exploration. The U.S. Navy hopes to do further explora-
tion in the Lualuai Valley, where warm temperatures in the water
table may indicate a geothermal resource at depth. The Hawaii
Geothermal Resource Assessment Program of the Hawaii Institute of
Geophysics is collecting data on springs and water wells and has
found a large number with some degree of favorable geochemistry.

OREGON

INTRODUCTION

Figure. II-1 shows that Oregon can be divided into five
wysiographic provinces: the Pacific Northwest, the Klamath
wntains, the Cascade Range, the Columbia Plateau, and the Basin

Range provinces. The geothermal resources of Oregon are
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primarily associated with the Cascade Range and the Basin and
Range brovinces. The Cascade Range is a heavily forested belt of
rugged mountains, created by the arching and folding of meta-
sediments and lavas, which makes a north-south 1line through
wvestern Oregon. Several peaks in the Cascade Mountains are of
volcanic origin, including Mount Hood, Mount Jefferson, the Three
Sisters, and Mount McLoughlin. The Basin and Range province of
southeastern Oregon is a youthful, high lava plain which is’
distinguished by fault-block mountains, saline 1lakes, and rim
escarpments.

HIGH-TEMPERATURE RESOURCES
1. KGRA's

Eastern and southeastern Oregon have some high-
temperature KGRA's found in the Vale, Alvord, and Lakeview areas,
as seen in Figure II-6. Vale, located in the Columbia Plateau
province of eastern Oregon, has a high-temperature geothermal
resource associated with a fault-controlled érea of Tertiary.
sediments and lavas. Uses of direct -geothermal energy at Vale
include agriculture (sugar beets) and possibly residential
heating. Alvord and Lakeview are botﬁ sited in the Basin and
Range province of southeastern Oregon, which has Cenozoic basalt
flows and faulting activity over parts of the area. Primary
non-electric usage of the geothermal energy at-Alvord and
Lakeview include residential space heating, greenhouse heating,
industrial processing of forestry products, and bathing.

Other Prospects

Southeastern Oregon has a good prospect for finding more
ermal potential, because 75% of the thermal springs in the
are found here, where they rise along faults in the lava.
‘ical analysis of thermal water from some of the springs

‘d the occurrence of reservoir temperatures exceeding
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primarily associated with the Cascade Range and the Basin and
Range provinces. The Cascade Range is a heavily forested belt of
rugged mountains, created by the arching and folding of meta-
‘sediments and lavas, which makes a north-south 1line through
western Oregon. Several peaks in the Cascade Mountains are of
volcanic origin, including Mount Hood, Mount Jefferson, the Three
Sisters, and Mount McLoughlin. The Basin and Range province of
southeastern Oregon 1is a youthful; high 1lava plain which 1is’
distinguished by fault-block mountains, saline lakes, and rim
escarpments.

HIGH-TEMPERATURE RESOURCES

1. EGRA's

Eastern and southeastern Oregon have some high-
temperature KGRA's found in the Vale, Alvord, and Lakeview areas,
as seen in Figure II-6. Vale, located in the Columbia Plateau
province of eastern Oregon, has a high-temperature geothermal
resource associated with a fault-controlled area of Tertiary
sediments and lavas. Uses of direct geothermal energy at Vale
include agriculture (sugar beetsj and possibly residential
heating. Alvord and Lakeview are both sited in the Basin and
Range province of southeastern Oregon, which has Cenozoic basalt
flows and faulting activity over parts of the area. Primary
non-electric usage of the geothermal energy at Alvord and
Lakeview include residential space heating, greenhouse heating,
industrial processing of forestry products, and bathing.

2. Other Prospects

Southeastern Oregon has a good prospect for finding more
geothermal potential, because 75% of the thermal springs in the
state are found here, where they rise along faults in the lava.
Geochemical analysis of thermal water from some of the springs
indicated the occurrence of reservoir temperatures exceeding
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14005, showing that there are high~temperature reservoirs
existing in southeastern Oregon.

LOW- AND MODERATE-TEMPERATURE RESOURCES
1. KGRA's

The Cascades Range province contains several low
temperature KGRA's, including Mount Hood, Carey Hot Springs,
Breitenbush Hot Springs, Summer Lake, and Klamath Falls (Fig.
11-6). The subsurface water temperature in these KGRA's ranges
from 120°C to 150°C. The Mount Hood site in <the Northern
Cascades, is in a National Forest ski area. The country rock is
a fractured, Quaternary lava. Primary non-electric usage of the
geothermal resource at Mount Hood is for space heating of 4 ski
lodge and snow melting on roads and parking lots in the ski area.

The geothermal resources at Klamath Falls in the
Southern Cascades have been utilized for decades for space heat-
ing private residences, commercial buildings, and the Oregon
Institute of Technology buildings.

2. Other Prospects

The Basin and Range province of . Southeastern Oregon
appears to have good prospécts for low- and moderate-temperature
resources. - Southeastern Oregon is an intensely faulted region of
Cenozoic volcanic and sedimentary rocks, in- which many low-
temperature thermal springs are located.

The Northeran Cascades area around Mount Hood also shows
prospects of low-temperature resources, as indicated by the
existence of geothermal convection systems, with subsurface
temperatures of up to 150°C in this region.
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- WASHINGTON

INTRODUCTION

Four physiographic provinces occur within the state of
Washington: the Pacific Northwest, the Cascade Range, the Col-
umbia Plateau and the Northern Rocky Mountains (Fig. II-1). The
Pacific Northwest province follows the Pacific coast in Western
Washington and consists of the Puget Sound, the rugged Olympic
Mountains in Northwestern Washington, the flat-lying Puget Sound
Lowlands, and the shallow siopes of the Wallapas Mountains 1in
Southwestern Washington.

The Cascade' Range province forms the backbone of the
state, extending the length of the state of Washington, just east
of the Pacific Northwest province. This ‘region lies within the
Pacific ring of fire, and several peaks in the Cascade Mountains
are of wvolcanic origin including Mount Rainier, Mbuﬁt Adams,
Mount Baker, Mount St. Helens, and G;acier Peak.

The Columbia Plateau province in Central and South-
eastern Washington makes up part of the largest lava plateau in
the world, consisting of an elevated plateau of 15 million
year-old Columbia River Basalts. The 1lava plateau is cut by
occasional .cbulees and scablands and is partially covered by
glacial alluvium. )

The Okanogan Highlands, a branch of the Rocky Mountains
in Northeastern Washington, make up much ©of the Northern Rocky
Mountain province. This province consists of mountain ridges and
valleys which contain commercial deposits of copper, gold,
silver, lead, and zinc.
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The primary region of geothermal potential in Washington
is found along the Cascade Range province, where many prominent
thermal springs emerge from the - granites and basalts of the
Cascades. The Mount St. Helens Known Geothermal Resource Area is
also located in the Cascade Range province.

HIGH-TEMPERATURE RESOURCES
1. KGRA's

Geothermal convection systems with subsurface tempera-
tures above 150°C are located in the Northern Cascades, near the
Mount Baker volcanic system, and in the Southern Cascades, near
the KGRA at Mount St. Helens, (Fig. II-7). The thermal resource
is associated with the granitic and basaltic lithology of the
Cascades, which has been complicated by periods of faulting and
folding. The principal developmental problems associated with
these geothermal areas are their 1location in scenic National
Forests of high relief and sparse population density. The
primary usage proposed for the geothermal resource at Mount Baker
is for residential space heating and agricultural applications.

2. Other Prospects

The entire area of the Cascade Range province in
Washington has been classified as having geothermal resource

.potential, due to the relatively recent volcanic activity there.

The Glacier Peak volcanic system, just -east of Mount Baker, may
contain a high-temperature reservoir because of the location of a
hydrothermal convection system at that site.

LOW- AND MODERATE-TEMPERATURE RESOURCES

1. KGRA's - None
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2. Other Prospects

The rocks of the Quaternary basalt field in the Southern
Cascades Range, eastward of the Mount Adams volcanic system, have
been found to have occurrences of thermal spring activity (Fig.
I1I-7). Geochemical analysis of the thermal waters has shown an
apparent aquifer temperature inm the neighborhood of 140°C-
Unusual gravity anomalies have been found here, ‘and continued

geophysical‘investigation of the area is planned for the future.
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APPENDIX III
PROSPECT-SPECIFIC DEVELOPMENT SCENARIOS

Prospective development plans will be prepared on a
state-by-state basis within the Pacific Region. These plans will
be assembled by contractors under the direction of specific state
representatives and the PRT. The process of preparing these
development plans will include preparation of realistic
prospect-specifid scenarios for commercial utilization:' of
geothermal resources, followed by preparation of developmental
schedules and implementation plans for each prospect. These
site-specific plans will then be integrated over each state to
provide state-by-state development plans.

“ The resulting development plans will eaeh contain a
schedule of (electric or direct use) power-on-line, explanation
of barriers to development, and programmatic recommendations
which state and federal agencies should pursue in order to in-
crease the likelihood of realization of development plans.
Scenarios which have been prepared for electric power development
at the Heber, California prospect, and for integrated electric
power and direct use development at the Puna, Hawaili prospect are
discussed below:

A. HEBER ELECTRIC SCENARIO

A typical prospect-specifib electric- power developmental
scenario is included in Figure III-1 for the Heber, California,
prospect. This scenario depicts development schedules for

geothermal-electric power production at Heber.

Heber was selected as the 1initial step in a site-

specific scenario development program for the following reasons:
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o) The Heber prospect - 1located between El
Centro and the Mexican border - promises
to be the site of the first commercial
scale power plant on a liquid-dominated
reservoir in the U.S. Several producing
wells have- been drilled and two major
utilities have announced plans to

" construct separate 50 MWe plants at the
site.

o} The nature of the resource is well known.
A capacity of 1000 MWe for 30 years is
assumed. Development of the resource is
within the state-of-the-art technology.

o} Other aspects essential to development of
power are at a relatively advanced state
compared to other geothermal prospects
such as Coso Hot Springs:

~ The county planning process is well
underway,

- environmental Dbackground data and
impact studies have made good progress;
and "

- utility commitment in principle has
been obtained.

o} A Heber scenario could serve as a starting
point for the development of other
scenarios in the Imperial Valley - East
Mesa, Brawley, and Salton Sea/Westmorland.
Logic and data generated here may be

transferred to these other areas. Other
plants are proposed or in process at these
prospects. :

Using JPL's previous work* as a poinf of departure, a
detailed, site-specific scenario for the Heber prospect was
created, utilizing a time-scaled, activity-oriented network
approach to trace the developmental process of bringing geother-
mal power on-line. Each step in the detailed process was defined

*Reference: Fredrickson, C.D., Analysis of Requirements for
Accelerating the Development of Geothermal Energy
Resources in California, Jet Propulsion Laboratory,
November 15, 1977.
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and the requirements for completion of one step before initiating
succeeding steps were laid out. Next, time estimates for the
duration of each step were obtained. Finally, a time-scaled
calculation of the entire network permitted the detection of
rate-controlling activities and events.

The network approach makes possible the graphic display
of the developmental process in such a manner as to aid analysis
and understanding of the scenario. It also allows ready analysis
of the effects of hypothesized program alternatives on the timing
of the scenario. Whole plant developments were configured as
modules capable of being moved in response to varying circum-
stances.

A portion of the scenario is presented in Figure III-1,
which shows the sequence of activities from the present through
1987 with the completion of the sixth plant in the field. The
actual working scenario on which this figure is based is con-
siderably more detailed; ‘however, for clarity of presentation,
many‘subactivities have been combined to form the major activi-
ties displayed here. '

In Figure III-1 the events which are shown as diamonds
represent the milestones of the development process. They con-
stitute, at least tentatively, the milestone events which will be
used in monitoring the progress of 'geothermal electric ehergy
‘development. Less significant events are displayed as simple
circles in the figure.

The major activities in the development of each plant
are presented as horizontal lines. The solid portion of the line
represents the time needed for the activity. Dashed continua-
tions of activity lines display the slack time available in the
completion of that activity. The critical path in the develop-
ment of each plant is shown by the activities which reach their
terminal eQent with no dashed continuation.

ITI-3



Figure ITI-1.

FVPOTRIZTICAL RICBIZR SCENARIC WL ROUT FILDERAL PARTICTPATION IN 7 IRST F_ANT

.

1578 | 1979 T 1980 i (221 | 1533 | 1933 I 15854 I T78% I T736 I 1587
“
ST ALY
s s 7
o 1RC FIna LG RLIT %’tm! QAVRAT I .
AV ReNT T \/ IR /
e "
FO 1PN FRAX RNFNT - :
QVRATION OF naga's K :
TAST FESA ALANT
R Y P\éﬂl‘ 2
Vi Y M
_____ N
s SR AT IO
' ‘ W T
o N NG AR FinaL heS Ru -T10H w'ﬁ' AYRAT I
AFNGTENT \ A RRNITIDS N S IoN \/ V —‘?
STATF, ¢ 4 '
, I e T o CAIIFTENT PROCATTEN O -- ‘
)
Wlﬁ%‘m LINGS &
. Y w ¥ 4
\
' % PRGACTLON .
a2 U S , NIGI YY) -G~
3 Y ool ORILL NG R NT( LOBRLTION ARTY
LEASIG . A~ PEAT ARITIING
s 3
Q n§m s
—
= o guTion -
. a * g
'L POYL, LS .
S’ TR TTON Nrar
LEADING
4
mared . ~O-- &..
™ AT ¢
N0
o R PSCACT QN
MLy, e Lon s =0~
SITT . LN TRATIO ALY N

a1 Y. 154 G -
ARATTING -

’
Cryev—ro 'O"’

PR F IO

Y

s

CVGIAL I

o M ;
AN ,\4}’\ [ T2
STOIR wh Dt I Caare
w& TP e -

< - -~




This revised scenario reflects the recent decision
concerning the Heber demonstration plant. Without federal par-
ticipation in the first plant, power-on-line is anticipated to be
delayed one year. The resulting program need is to nourish the
interim utility concept by special incentives.

Two factors impose constraints on -'geothermal development
at Heber - cooling water availability and transmission lines and
corridors. ©- Cooling water availability must be determined by
mid-1980 when the county permitting process for plant 2 com-
mences. The second problem, dealing with transmission lines to
transport power from Imperial County to markets in San Diego or
elsewhere, must have a resolution by 1982, when the NOI process
for plant 3 is scheduled to reach completion.

Reviewers of the scenario, which included the Imperial
Irrigation District, agreed with the projections, stating that
the resolution of both issues is absolutely vital to the large-
‘scale development of the Imperial Valley geothermal resources.
IID urged that a transmission plan that will utilize the existing
transmission network to its fullest capability (including
enlargement) be developed before full consideration is given to
separate transmission corridors.

A further requirement that is clear from examination of
the scenario is that a high level of early utility commitment to
geothermal development will be required to realize the scenario.

It should be noted that construction of plant 3 does not
begin until affer plant 1 has been in operation for more than one.
year. While there is no fixed time requirement for operation of
~one plant before construction of the next (hence the "operation"
activity is displayed on the scenario as a dashed line), this
would be a desirable outcome.
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The first four plants in the scenario are assumed to be
50 MWe capacity. It is felt that by the time plant 5 is begun,
the site will be sufficiently developed to warrant commitment to
power plants in the 100 MWe range - or alternatively, commitment
tp construction of two 50 MWe plants simultanedusly.

Full development of the Heber "~prospect to 1000 MWe
capacity - the value which has been used for the 30-year capacity
of the field - would extend through 1996, according to the basic
scenario. Figure III-2 (updated from a March 1978 draft) shows
the generating capacity added in each year, and the cumulative
total power-on-line for the scenario. All figures were based on
discussions with various utility representatives. It must be em-
phasized that this represents an aggressive but achievable devel-
opment goal.

Technical and institutional processes involved in the
‘development of geothermal power were examined for their role in
the scenario. The technical aspects addressed included subsi-
dence and seismicity, power plant technology, cooling water,
water use and availability, and comprehensive waste disposal.
The most critical and rate-controlling institutional processes
were identified with a view toward how they could be accelerated.
As the scenario is a dynamic process, it will continue to change
as new regulatory procedures are defined.

Findings in the area of institutional program needs fell
into these categories: those actions needed by DOE, those per-
taining to CERCDC and those pertaining to the Imperial County
Planning Office. They may be summarized as follows:

o DOE
- dissemination of information
- EIR preparation done in common
- grants to Imperial County
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Figure I1I-2,

HEBER SCENARIO (JULY, 1978)
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o CERCDC/GRB
- allocate resources/manpower to county .
- use EA documents prepared in common with NOI/AFC
- workshop on permitting procedures
- Imperial County given lead in permitting
0o Imperial County
- allow prospect-wide EIR's
- =serve'as clearinghouse for permitting activities

Ten programmatic recommendations for realization of the
scenario were also developed and are listed below:

o} Provide funds to expand Imperial County's ability to
© process geothermal permits

o} Increase sensitivity of Heber seismic baseline study

o Provide for a long-term source of c¢ooling water
and/or reinjection make up water

0 Provide for routing of transmission lines out of
Imperial Valley

o} Provide for sludge disposal
o Coordinate ERCDC and County EIR efforts

o Provide support to counties other than Imperial to
facilitate rapid geothermal development

o] Consider the impact of the possible elimination of
demonstration funding

o} ProvideAfinanciai incentives for geothermal devel-
opment

B. DIRECT USE SCENARIO

1. Introduction

The scenario format which worked well for the Heber
electric scenario should also be well suited Zfor developing a
picture of the scenarios for direct uses. The format was
utilized to develop the integrated Puna scenario, which 1is
discussed later in this section.
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In the electrigal case, the focus was on presenting the
activity of the developer with concentration on scheduling and
the constraints that develop. Programmatic actions were defined
from the coanstraints. The requirements of the direct use
scenarios will be somewhat different, necessitating some modifi-
cétioﬁs and reprogramming. For direct use, the problem of
initiation increases in importance. Concurrently, the scale of
many direct uses 1is such that government involvement in the
performance of development is minimal. At the same time, for
many areas, the steps that must be performed to initiate a direct
use, and indeed even to evaluate whether a direct use will be
profitable and desirable, are not clear. Scenario emphasis will
therefore be on defining this phase. The analysis of the primary
factors controlling development needs to be represented and the
data used in the analyses will become part of the scenario.
Thus, the various discriminating factors developed should follow
from the scenarios. This in turn will make it possible to
consider federal and state .programs in terms of their impact on
the scenarios. The change in the discriminators resulting from
modifications in the scenario will provide a guide to the impact

and importance of various programmatic alternatives.

Scenarios will have to include more than oné possible
application and the'steps.leading up to the’various applications
will have to be shown. In some cases, this may mean that govern-
ment programs to encourage development, and even R&D programs
will become key activities in the scenario. This impact and
scheduling of some activities may be difficult to'represent; it
may become necessary to incorporate some features of decision
analysis into the scenarios to represent probable outcomes and
the effect planned actions have on changing the desirability of

various programs.

The desirability of a particular program is propor-
tional to the probability of success of that program. It is
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essential to the 1large-scale acceptance and implementation of
direct use applications of geothermal energy that the majority of
proposed and ongoing programs have a high degree of desirability,
and therefore, a high probability of success.

As soon as key information and data needs of the
scenario have begun to come in, program needs or recommendations
are identified and developed, which are designed to:

o increase the desirability of various site-specific
or region-specific programs;

o accelerate the development at a particular site; and

(o} accelerate the development of direct use applica-
tions in general.

These program needs generally fall imto four cétegories:
managerial, technical, institutional (regulatory/permitting), and
economic. Any recommendations made take into account the present
stage of development, and are designed to accelerate further
development in a dramatic, but timely and feasible manner.

2. Puna Integrated Scenario

As a starting point for the development of an authorita-
tive scenario for geothermal development on the Puna area in
Hawaii, a. "straw man'" scenarid was developed showing the proc-
esses leading up to placement of a wellhead generator at the
existing well HGP-A and retrofit of the Puna Sugar Company's
Keaau plant which appears to be located within a reasonable
distance of viable resources. This scenario correctly reflects
the State of Hawaii plans for a wellhead generator at HGP-A, but
does not necessarily represent the thinking of the sugar company.
Puna Sugar Company has shown a favorable response to discussions
of the potential of geothermal utilization in the sugar industry,
but there has not been sufficient discussion of this preliminary
scenario with them‘to determine what thinking they may have done
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regarding conversion of existing plants. One concern that has
been expressed is whether or not the capital investments involved
in geothermal development are compatible with the sugar industry
in Hawaii. However, the'possibility of integrated development of
resources in the Puna Rift area might tend to lower projected
capital costs for the sugar company.

The first. case developed is shown in Figure III-3.
Presentation is in the form of an activity or arrow network. The
major steps in development, such as drilling wells or obtaining
permits, are shown as arrows. The extent of the solid arrow on
the time scale at the top shows the probable duration of the
activity. The dotted lines represent '"slack", unconstrained
time. For example, in the scenario for the sugar plant retrofit,
prior to starting drilling, both a special use permit and a
gfading pérmit must be obtained. These can be applied for in
parallel; however, since the special use permit takes longer,
there is slack time shown between the acquisition of the grading
permit and the commencement of drilling. The diamonds show
events which mark the beginning or end of important phases or
steps in the development process. These are the milestones that
can be used for monitoring. The small circles are for less
important events.

The present condition of the wellhead generator (the
upper part of the scenario) is as shown. A state EIS has been
prepared and approved. A Federal EIS, based on the state's, 1is
in preparation. -Available information indicates that Puna Sugar
has not begun any efforts, although they have carried out feasi-
bility studies. '

The wellhead generator line at the top of the scenario
requires little clarification. However, it is not complete.
What, 1if any, connection there will be between the wellhead
generator and the sugar plant is not clear. This is partly due
to uncertainty as to the use of the bagasse. The plans of the
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State for further development at Puna must be investigated and
included in the scenario. Preparations for transmission of the
power and disposal of the brine from the wellhead generator are
not shown. These parts of the scenario must be developed. The
time estimates for procurement and installation of the wellhead
generator are also being revised.

The portion of the scenario dealing with the sugar plant
shown in Figﬁ}e II1I-3 is based on the fact that the Keaau Plant
is located near some areas that may be potential resource areas.
The scenario assumes that the Puna Sugar Company, or some other
agenéy, begins this year with exploration of these resources,
including drilling heat flow holes and follows up with a program
to drill some wells. It is assumed that a resource with tem-
peratures satisfactory for sugar proéessing (near boiling or
above) is located and that the plant is retrofitted to use it.
Since a retrofit is envisioned, it can be accomplished fairly
rapidly. On this basis; the wellhead generator and the converted
sugar plant could be in operation in 1981.

.This scenario was constructed primarily as a way to
begin approaching the question of what might be accomplished.
However, it must be tied more closely to the realistic capabil-
ities and options of the principals involved. The various per-
mitting processes make up a large part of the scenario. . The
first thing that 'should be done is to check that the permitting
processes have been appropriately interpreted. It may not be the
case that the sequence in which permits are obtained is fixed.
In that case, Jjudgment must be exercised to construct, from
discussion with appropriate officials, a probable, but optimis-
tic, sequence. Similarly, best guesses of duration must be used;
information on how much these may be excéeded can be given in
accompanying descriptions, if necessary.

Efforts are underway to collect whatever data are avail-
able on resource potential in the vicinity of the Keaau Plant.
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This will form part of the direct use overview for Hawaii. In
addition, the Puna Sugar Company Qill be contacted. It must be
determined if they have made any plans with regard to exploration
for, or use of, geothermal heat. They are now engaged in feasi-
bility studies for the use of geothermal brine in their opera-
tion. Rough estimates will need to be obtained from them for the
time, expense, construction, and equipment requirements that
might be involved in retrofitting the plant. '

The Puna Sugar Company's energy requirements are largely
supplied from bagasse, the fibrous waste from processed sugar
cane. The plant uses about 2.3 x 1012 Btu in heat energy and
about 10'8 hp hours in mechanical energy per year. In addition,
they sell electricity to the utility (HELCO). To meet their full
commitment for electricity, however, they do use fuel oil to
supplement the supply of bagasse. By supplying part of their
energy from geothermal resources, they hope to eliminate their
fuel- 0il usage -and, also, if possible, increase their electrical
output. Depending on the quality of resource that <the sugar
company is able to tap, they might, in fact, be able to displace
a greater quantity of bagasse than could be used at the plant.
For this reason, a dotted line labeled '"Arrange Use for Bagasse"
is shown in the scenario.

To fully present the potential for retrofit of the Keaau
Plant, another alternative must be examined. Figure III-3, as
has been explained, is based on exploration and. development of an
intermediate temperature resource near the sugar plant. However,
Keaau is only about 18 miles from the present HGP-A. In view of
the high temperatures that exist on the Puna Rift, it should not
be impossible to consider transferring geothermal fluid from the
present resource <to the sugar plant. This might 4involve the
brine from HGP-A as it emerges from the wellhead generator,
although this alone would not provide all the plant's enefgy
requirements. Perhaps, a new well, or wells, could be drilled in
the known resource. Pump power for transmission of the fluids
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could be provided by wellhead installation with steam turbines,
or, if wells are to have downhole pumps in order to prevent
flashing in the well (produce the fluid at higher temperatures),
power could be provided from the wellhead generator on HGP-A.

For transfer of fluid from the HGP~A site, the scenario
would not contain the parts dealing with exploration and drilling
in the vicinity of Keaau. Instead, permitting for, and construc-
tion of pipeline- for transferring the brine, would be necessary.
There mighf also be additional drilling in the Puna Rift resource
area. These questions are presently under investigation.

The original scenario has been refined by incorporating
feedback received from industry representatives in Hawaii. The
findings as related to HGP-A's Wellhead Generator Project are
best seen by comparing Figure III-4 with the top activity network
of Figure III-3. The major differences are:

o the activities of the engineering design and imple-
mentation processes comprise the main branches of
the critical path to reach the "power-on' event;

0 the introduction of a Federal Air Pollution Permit
(to construct), as of June 19, 1978, that may re-
quire a review of the emitting source if 250 toas or
more of any pollutant is discharged into the air,
for example, hydrogen sulfide,;

o) a target date for completion of coastruction and
power—on, during the 3rd quarter of 1380; and

o the 1identification and process time of all
permitting/approval activities that can impact the
design, construction and operation (demonstration)
phases.

The first approximation of the direct use scenario for

Puna which included both direct use and electrical generation,
had been shown to representatives of the geothermal community in
an effort to obtain their comments regarding current practices
and expectations. The resulting scenario has not yet been

reviewed by the local community. Cooperative efforts between the
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private sector and the state and county governments could
potentially reduce the overall commercialization time by 12
months or 33%.

Specific measures identified to reduce the schedule are
as follows:

o] Use water well drilling for exploatory efforts, on
private lands only, until the resource is identified
(as regulations governing this type of drilling are
less stringent, it is possible to shorten the sche-
dule). Networks showing both the conventional
approach and this alternative, applied to the direct
use section of the scenario, are presented in Figure
II1-5.

(o} A more detailed analysis of the potential for ob-
taining permits in parallel, and of the engineering
design and procurement schedule, resulting in com-
pressing . the wellhead generator scenario another
three months. '

o} For larger developments, schedules could be shorten-
ed by obtaining a boundary change, thus bringing
development under the regulations pertaining to
urban areas, as opposed to conservation, agricul-
tural or rural areas.

Several other important program needs for expedifing
geothermal commercialization in Hawaii were identified during the
process of revising the scenario. The resource analysis must be
tailored to support institutiomal and physical opportunities by
designating the geothermal prospects and identifying process
in&ustries, candidates for energy complexes, ‘secondary process
uses, and institutional resources.

In order to effectively develop the geothermal resource
on the Big Island, sufficient incentives must exist to make such
development attractive. Several incentives were identified which
would attempt to make geothermal ‘development no less attractive
than hydrocarbon development. These included taxation relief,
such as subsidizing’capital equipment, favorable financing and a
moratorium omn royalties.
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The next area identified was the removal of institu-
tional impediments. Geothermal energy must be brought out of the
"special case" role into a ,["normal course of business" role.
This could be accomplished by streamlining 1land use rules,
_clarifying resource ownership, accelerating regulatory response,
simplifying regulatory processes, and uniformity of regulations.

Finally, an expanded mission-oriented program with
higher energy recovery goals must be implemented. Long range
planning with established policy priorities must be developed,
equity financing funds established, technology improved, and
pre—cast baseline environmental data gathered.

Three future project needs were also identified:
o) Assessment of the impact of native Hawaiian claims

on the geothermal commercialization rate,

o) identification of additional scenarios for direct
use of geothermal resources in Hawaii, and

o. further refinement and future extension of the Puna
scenario.
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APPENDIX IV

REFERENCES

The following listing represents a subset of some of the
recent literature containing relevant data and information on the
various phases of geothermal energy development. in the Pacific
Region. The information storage and retrieval system
incorporates varlous aspects of the Digital Electronics
Corporation (DEC SYSTEM-10) computer software package. Entries
into a computer file are keyed by unique descriptors which are:
utilized in the organization and sorting of an output file. The
present geothermal literature listing keys each entry by the
following déscriptors:

MATERIAL TYPE:

Excerpts from any Material
Miscellaneous--Correspondence, Newspaper Clippings,
etc.

1. Bibliography

2. Books

3. Conferences--Proceedings
4. Journal Articles

5. Journals

6 Reports

7

8

GEOGRAPHIC AREA:

Western U.S: -

- U.8.

- Foreign
California

- Hawaii

mamas
'

The descriptors listed above do not appear in the bibliography
which follows.
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ANALYS1S OF REQUIREMENTS FOR ACCELERATING THE DEVELOCPMENT OF -GEOTHERMAL ENERGY
ggggg¥CE§7IN CALIFCRNIA. FREDRICKSON CD. JPL. PASADENA CALIF., CEZRCDC, NOV. 1977.
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TEX... DOE, OCT 1975. REPORT» NSF-RA-N-74-246.

APPLICABILITY OF CONCRETE POLYMER "MATERIALS FOR USE IN GEOTHERMAL
ZNVIRONMENTS, THE. KURACKA, L., BRCOKHAVEN NATIOWAL LABS. UPTON HEW YORX. ERDA, APRIL
1977. REPORT# BNL-22684. CONTRACT# EY-76-C-02-8010. ' .

APPLICATION OF A GEOTHERMAL COMPUTER FILE SYSTEM TO CHEMICAL GEQTEEENDH@TEES.
PILLIPS.S., SWANSBH,J. LAVRENCE BERKELEY LABS. RESTON VA.,ERDA, JAIN 1977. RIPORT#
L2L~5915, CONTRACT# %W-7405-ENG-48.

APPLICATION OF DIRECT CONTACT A HEAT EXCHANGERS TO GEOTHERMAL POVWER PRODUCTION
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DEPT. OF PLANMING AND ECONOMIC DEVELOPMENT, JAN 1976. 107 PAGES.
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ASPECTS OF GECTEERMAL ENERGY OTILIZATION O STREAM BIOTA aND WATER @UALITY AT TIE
GEYéEBS. QCALIFORHIA. FINAL REPORT. LEGGRE,Rfk PARAMETRII, INC. SEATTLE, WASH..
30E, 19?5. REPORT# NP-21722.

ASSESSIENT OF CEOTEERMAL DEVELOPMENT IN PUNA, HAWAII,AN. KAMINS,RM., TIIWIRG.EJ.
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ASSESSMENT OF GEOTHERMAL RESOURCES OF THE OUNITED STATES 1975. WHITE.D.,
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ASSESSMENT OF SURFACE GEOPHYSICAL METEODS IN GEQTHERMAL  EXNPLCRATION  AND
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BERXELEY LAES. BERKELEY, CALIF., DOE/DGE, /9753 FEPORT# LBL-6815, CORTRACT#
W-7405-ENG~-<¢3, NTIS# TID~4500-R66 UC-66B

ASSESSIENT OF THE CHARACTERISTICS (IN SITU-DOVWIIHOLE) OF GECTHERIAL BRINES. FINAL
REPORT. NATIONAL MATERIALS ADVISORY BOARD, RATIONAL ACADLNMY OF SCIENCE. WASHINGTON,
D.C., DOE, JAN 1973. REPORT# HIMAB-344, CONTRACT# E(49-18) 25351.
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ZRDA,
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MARCH 1977, 46 PAGES.
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E%éﬁggﬁ;gl?ﬁ.c. , LT.AL. OKLAHOMA ORIV, ITORMAN, OSLAHOMA, DOE, 1977. REPORT~
SRU=DG -1.

- DIRECT UTILIZATION OF GEOTERRMAL ENERGY:A SYMPGSIUM. JAIT 31 'I'!'IP.U’ FED 2 1973. sal
DIEGD CALIF. FUNDED BY DOT UNDER CONTRACT#» ZY-76-35-02-10490.

_ _20E RESOURCE DRECOVIRY PROJECT FINANCING WORZSECP. GORDCIT ASSCCIATES INCORPOPATED
VASHINGTON, DC. DOZ, JULY. 1978.. REPORT# CCHF-7G0:143, CONTRACT» Il~78-X-18-2496.

DOWNHCLE ELECTRICAL DETECTION OF EYDROLIC FRACTORES IX  GT-2 AllD ot ok
ZIMTZINGER,P. . WIST,F., ADMODT,R. LOS ALAMOS SCIENTIFIC LASS. LOS ALAMOS.H.M., DOE,
JULY 1997. REPORT# La-6890-1T,

DOWNHCLZ MEASURIMENTS OF THERMAL CONDUCTIVITY [l GZOTHERMAL  RESERVOIRS.
XORPIY, H., ALTOR, R. JOURNIAL OF PRESSURE VESSEL TECENOLOGY. VCL.99, PAGES 607-5611.

(19772,

. ECONOMIC ANALYSIS QF GEOTEERMAL LENERGCY DEVELCPMENT IIT CALIFCRIIA: VOLUME 2.
COST/BEMETIT  ARALVSIS OF GOVERNMENT PREGRAM ALTERITATIVE REGARDING HOT VWATER
SEOTEEDMAL POWER. DBARRAGER,S., QUINNW,D. STANFCRD RESEARCE IP'-’STITUT" IEULO  PAPT,
CALIT., 2CE/DGL, Ay 1977. REPORT+# SAT-115P168-1( VOL.2:, CONTRACT=

ZY-76~-C-05-0115~-108..

TCONOMIC ANALYSIS OF GIOTHERMAL ENERGY DEVELOPMENT I[H  CALIFCTHIA:VOLOIE 1.
RAMACTANDRAN, G.  STANFORD RESEARCE INSTITUTE. METLO PaRE. CALIF., DOE-/DGE, MAY 1977
RWPIRT» SA-115P106-1(VOL. 1), CONTRACT# EY-76-C-0C-0115-108.

.. ECONNMIC AMALYSIS OF POTENTIAL USES OF GEOTHERMSL ENERGY 11 ACRICULTURE z.8
SATTELLL "AGIFIC NORTHWEST LABS. RICHLAND. NasmINGTen. pag oiETURE. REncRTs

*"DDCC corT

ECONOMIC STUDY CF LOW TEMPTRATDRE GEOTEERMAL ENERGY [T LASSEN AD 1ES
DEPARTIMENT

CALIFIRNIA. V7L CONSOLIDATED/CSL ASSOCIATES. CALIF., STATE OF CALIFORITIA
OF CONSERYATION DIVISION OF GAS AND OIL. APRIL 197Y7. REPORT+ 2175-3.

. ECONNMICS OF GEOTHERMAL ELECTRICITY GEERATION FRON HYDRO’I'E"ERI-LM_._ RESOURCEY,
SLOOMSTER.C.. KITUTSEN.C. BATTELLE PACIFIC NORTHWEST LABS. RICILAND, WASZ. . BATTZLLE
PACIFIC NORTOWEST LARS., APR 1996. REPCRT» =SIWL-1989.

LTFECT NF STASONAL VARIATIONS OF AMBIENT TEXPERATURE OF  TCZE P._Rl'f“’:IAIZCE OF LoW
TEMPERATURE PCWER CVCLES. TEALIFA.H. ET72WN  OWIV. PROVIDEICE .I., DCE, 1977,
QEPORT>» CC0-4051-10.

ELECTRIC POX»’ER GERERATION USING GECTHERMAL BRINE RESOURCES FOR A DPROOF-OF-CONCIPT

hi=end

TACILITY. {ISF/RANT. WASHINGTOR D.C., ERDA, MAY 1975. DEPORT# NSTF-Ra-{1-75-9<9,

ZOWTRACT= A_E; N T4=-19931.
TLZCTRIC POWER GIITLRATION USING GnOTEERILAL ERIIE PISOURCIS FOR PROCF-LF-CONCEPT
FACILITY. DBECITZIL CORP. Sal FRANCISCO, CaLIT., ""}E 1976. DREPCRT® [IST~-RA-11=73-0¢9.

L
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ELECTRIC UTILITIES STUDY: AN ASSESSMENT OF WNEY TECHNWOLOGIES TFROM A UTILITY
VIEWPOINT. FINAL REPCRT. TRW. INCLEAN, VIRGINIA, ERDA, IOV 1976. RIPCRT# PA 38830
7-1, CONTRACT+ E(49-1)-3285. '

EMISSION CONTROL OF GAS. ETFLUENTS FROM GEOTEERMAL TPOWER PLANTS. AXTHMAN, R.
ZNVIROINIEZNTAL LETTERS, 8-2, PAGE 135-146. 1975. .

ENERGY BACKGROUND REPORT. DBACKGROUND REPORT FCR TEE ENERGY ELEMENT CF LCS ANGLELLS
COUNTY:PART 1, THE CURRERT ERERGY SITUATION. DEPT. OF REGIONAL PLAHNING. LOS

ANGELES, CALIF., CITY OF LOS ANGELES, MARCH 1978.

ENERGY CONSERVATION PROGRAM GUIDE FOR INDUSRTY AND COMMERCE. NBS EANDBOOK 1135.
,gAgg;NGTOH D.C., DEPT OF COMMERCE AND FEDERAL ENERGY ADMINISTRATION. SEPT 1973. 231
Al . .

ENELGY DEMAND:CONSERVATION, TAXATIOR AND GROWTH. MCUNT,T., TYRRELL,T. CORRELL
UNIVERSITY. ITHACA, REW YORK, NATIONAL ACADEMY QF SCIERCE, AUG 1977. REPORT# 77-C3.

.. ENERGY EXTRACTICN CHARACTERISTICS CF HOT DRY ROCK GLOTHERMAL SYSTEMS. TESTER.J.,
SMITH, M. LOS ALAIMOS SCIENTIFIC. "LOS ALAMOS, N.M., DOE, RCPORT+ LA-UR-77-1298.

ENERGY PROGRAM 3: SECTION-BY-SECTION DESCRIPTICN COF H.R. 6€31. TEE
ADMINTISTRATIONS TAX PRCPOSALS RELATING TC ENERGY. JOINT COMMITTEZE OIf TAMATIOW.
IPUST OF REPRESENTATIVES, WASHINGTON D.C., MAY 1979,

ENERGY PROGRAM <:PART ORE:SUMMARY OF PUELIC TESTIMONY ON THE ADHINISTRATIONS
gNERGY %§OPOSALS. JOINT COMMITIEE OR TAXATIGN. EOUSE OF REFRESENTATIVES, WASHINGTON
.C.., JURNE 1977. .

ENERGY PROGRAM 5: GLCSSARY OF ENERGY TERMS. JOINT COMMITTEE ON TAXATION. EOUSE
OF REPRESENTATIVES, VASHINGTON D.C., JURE 1977. *

ENERGCY PROGRAMS AT TEE JOHNS HOPKINS UNIVERSITY APPLIED PHYSICS LAE, QUARTERLY
REPORT. JOHNS HOPXINS. LAUREL MARYLAND, JOHNS HOPKINS, JULY-SEPT 1977. REPORT#
APL/JHU EQR/77-3.

ENERCY ﬁESOURﬂES CCORDINATOR: 1977 ANNUAL REPCRT. DEPT OF PLANNING AND ECONOMIC
DEVELOPMENT, STATE OF HAWAII. HONCLULU, HAVWAII, 1977.

ENERGY RESCURCES CCORDINATOR: 1976 ANNUAL REPORT. STATE OF BAWAII DEPT OF PLARNINWG
AND ECONCUMIC DEVELOPMENT. HAWAII, STATE OF HAWAII, 1976. REPORT# HD93562.HIE83.

EITERGY SELF SUFFICIENCY FOR THE BIG ISLAND OF HAWAII. VESY C., MULLER J. [HAWAII,
HAWAII NATURAL ENERGY INSTITUTE - UNIVERSITY OF Hawall, MARCH 19¢7. G2 PAGES.

ENMERGY SUPPLY ANALYSIS. FIINAL REPORT. SCIENCE APPLICATIONS, INC. LA JOLLA,
CALIF., SAI, OCT 1974. REPORT# SAI-5-450-02-215-€0.

ENERGY TAX ACT OF 19¢7. REPORT OF THE CCMMITTEE ON VWAYS AITD MEANS-~U.S. HOUSZ OF
ACPRESERTATIVES. TITLE 2 OF H.R. 6331. JULY 1977. REPORT# 95-496 PART 3.

ENERGY USE IN BAWAII. DEPT. OF PLARNING AND ECONOMIC' DEVELOPMENT. HEONOLULD
JAWAII, STATE ENERGY OFTICE, IOV 1977. ;

ENERGY WATCH. (THIRD ISSUE OF A MONTHLY BULLETIN). PUBLISHED BY THE CALIFORNIA
ZNERGY COIMIMISION. JUNE 1978. 19 PAGES.

ENGINEZRING AND ECONOMIC ANALYSIS FOR THE UTILIZATIOR OF GEOTHERMAL FLUIDS IN A
CANE SUCAR PROCESSING PLANT. FIRST QUARTERALY REPORT. HUMME.J. ET.AL. PUNA SUSGAR
£0.- AMFRC, INC. HONOLULU, HAWAII, DOE/DGE. JUNE 1978. REPORT# SaAN/1743-1,
CORTNACT# ET-78-C-03-1743.

_ ENGINEZRING AND ECONOMIC FEASIBILITY OF UTILIZING GEOTHERMAL HEAT FROM THE HEBER
RESERVOIR TFOR INDUSTRIAL PROCESSIRG PURPOSES AT VALLEY WITRCGEN PRODUCERS INC., =L
CENTRO. AGRICULTURAL CHEMICAL PLANT. SHERWQQD,P., NEWMAN,K. WESTEC SERVICES, ENC.
SAN DIEGCO CALIF., DOE.DGE, SEPT 1977. REPORT# SANl/13223-3, CONTRACT# E(04-3)-13I3.

INGINEERING ASPECTS OF GUOTHERMAL DEVELOPMERT IN THE  IIPERIAL  VALLEY
COLDSMITH,M.  CAL-TECH. PASADENA,CALIF., COUNTY O SRIAL. PEE joooniaL | VALLEY.
f0." 20, CONTRACT= NSF GRART AER 75-08793. '@ Of [MPERIAL. DEC 1976. REPORT- ZQL
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ENGINEERIIIC GEOLOGY OF TIE GEYSERS GEOTEZRMAL RESOURCE AREA, LAKE MENDCCINO, AID
SonoMA COUNTIES, CALIFORNIA. SPECTAL REPCRT 122. BACCN,C., AMINOTO,P.,
SHEDRSURNE, R. , SLOSSON J. CALITFORIITA STATE BEPT. CF CONGERVATION. SACRAIZENTO.
CALIF., DCE, 1976. REPORT# NP-21432.

EINVIROHIMENTAL ANALYSIS TOR GROTHEWIAL ENEPCY DEVELOPMENT Il THE GEYSERS REGICH.
WHITZ, R. ET AL. STANFORD RESEARCH INSTITUTE. MEFRLO PARX CALIF.. CALIF. ENERGY
RESOURCES CONSERYATION AND DEVELOPMERT COMMISSION, MAY 1977, REFORT# EGH-5G54,
CONTRACT* 4-0133.

ENVIRCHMENTAL AITALYSIS FOR PLAN OF OPERATIONS FOR DISPOSAL OF GEOTEERMAL FLUIDS.
PHILLIPS PETROLEUM CO. MENLO PARK, CALIF., U.S. DEPT. OF THE INTERIOR. REPORT#»
U-27384

ENVIRORMENTAL ASSESSMENT OF GEOPRESSURED WATERS AND THEIR PROJECTED USES. WILSON
JS. ET. AL. INDUSTRIAL ENVIRORMENTAL RESEARCH LAB. CINCINRATI OHIO, ZPA, APIL
1977. REPORT# EPA~660-/7-039, CONTRACT# 68-02-1329.

ENVIRONMENTAL ASSESSMINT OF GEOPRESSURED WATERS AND TEEIR PROJECTED USES. DOw
CHEMICAL CO. FREEPCRT. TEXAS, U.S. ENVIRONMENTAL PROTECTICN AGENCY. APRIL 1977,
REPORT#EPA-600/7~-77-039, CONTRACT# 63-062-1329, INTIS# PB-268 289.

ENVIROITIENTAL ASSESSLHNT OF TEE HAWAII GEOTEFRYAL PROJECT WELL FLOW TEST PROGRAM.
ERDA. VWASHINGTCN D.C., ERDA, NOV 1976.

ENVIRONMENTAL ASSESSIMENT: RAFT RIVER GEOTHERMAL LOOP PROJECT THERMAL TEST LOCP,
CASSIA CCUNTY, IDAHO. DOE. VWASHINGTON D.C., DOE, MARCH 1973. REPORT# DOZ-/LA-0008.

... EOVIRONMENTAL BASELINE STUDY FOR GEOTEERMAL DEVELCPMERT IN PUNA, HAVWAIIL.
KXAMINS, RIL. ET.AL. EAYAII GEOTHERMAL PROJECT. UNIV. OCF HAWAII. EONOLULU,HAWAII,
ZRDA/STATE OF HAWAII, SEPT. 1976.

ENVIRONMENTAL DEVELOPMENT PLARN(EDP) : GEOTHERMAL ENERGY SYSTENS. DOE. WASHINGTON
D.C., DOE, MARCH 1977. REPORT# LOE/EDP-0014. .

.. ENVIRONMENTAL IMPACT ASSESSMENT @ GEOPRESSﬁBE SUBPROGRAI. ERDA. YASHINGTON
D.C., ERDaA-DGE, JULY 1977. REPCRT® EIA/GE/77-3. .

ENMVIROIMENTAL IMPACT ASSESSMENT FCOR CU1 VENTURE: APPLICATION FOR GECTHEPRMAL  LOAN
GUARANTY. (SCUTH DRAWLEY PROJECT). ERDA. SAN FRANICSCC CALIF., INDL/GEOTHERMAL
LOAN GUARANTY PROGRAM, AUG 197¢. REPORT# EIA/GE/77-7.

. ENVIROMMENTAL IMPACT ASSESSMENT EOT DRY RCCK SUBPROGRAIN. ERDA., WASHINGTCH D.C.,
ERDA/DGE, SEPT 19¢Y7. REPORT# EIA/GE/77-6.

- ENVIRONMINTAL IMPACT ASSESSMENT: HEYDRCTHERMAL SUBPROGRAI. ERDA. WASHIRGTOX
D.C., ERDA/DGE. MARCH 1977. REPORT# EIA/GE/7TT-2.

. ENVIRONMENTAL I[IMPACT REVIEW: AN INTRODUCTION TO TEE TFLDERAL ARD CALIFORIIA
PROCLSSES. conwIn - R. SAN  FRARCISCO, CaLIF., EMVIRONMENTAL INTORIIATION

CLEARINGIOUSE., APRIL 1973. 50 PAGES.

. EPA REGULATCRY OPTIONS AND RESEARCH AND DEVELGPMENT INFORMATION NEEDS:CEQTHERMAL
INDUSTRRYY POSITION PAPERS;EPA GEOTHERMAL WORKING GROUP. D'ALESSIO,G. YASHINGTON
D.C., EPA, AUG 1977. REPORT# EPA-600-/7-77-092, CONTRACT# 68-01-3188.

EPRI JOURNAL. PUBLISHED BY:EPRI,PALO ALTO,CALIF. VOLUME 2, NUMBER 8.

EQUIPKENT DEVELOPMENT REPORT:BOREEOLE-FLUID SANPLING TOOL. ARCHULETA.J.. FITE C.,
‘UuT[NBACH J. LOS ALANGS SCIENTIFIC LABS. LOS ALAIDOS NEYW MENICO, DOE, FEB 1272
DEPORT# LA—?‘oh-MS CONTRACT# W-7405-ENG-36.

. EQUIPLENT DEVELOPMENT REPORT:DOWNEOLE TFLUID INJECTOR. ARCHULETA.J. . EINK.E.,
KFRTENBAéEﬁJ LOS ALANOS SCIERTIFIC LABS. LOS ALAMOS NEW MEXICO, DOCE. FEB 19¥8.
REPORT#* LA-T1531-IS, COHTRACT# W-7403-ENG.36.

ERDA TEST FaCILITIES, CAST MESA TEST SITE. GECTHERMAL RESQURCE INMVESTIGATICHS.

[MPERIAL VALLEY, CALIFORNIA. BURZAU OF RECLAMATION, BOULDER CITY, WEV. BOULDER
CITY, NEV., DOE, 1976. REPORT# NP-21624. .
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ERDA-BCR/LBL GEQTHERIMAL RESERVOIR ENGIREERING MAMAGEMENT PROGDAIN, THE. EQWARD, J.
LAWVRENCE BERKELEY LABS. BERKELEY, CALIF., REDA/DBCE, AUG 1977. REPORT# LBL-6CZ6,
CONTRACT® W-V2¢5-ENG~-4¢8. ‘

TVALUATION AND DISIGN OF DOWNECLE HEAT EXCEANGERS FOR DIRECT APPLICATION: ANNUAL
ATPONT, MAY 1, 1996-JULY I, 1977. CULVER,G.. REISTAD.G. _ CREGON INSTITUTE CF
TECINOLGSY. KLAMATE FALLS OREGON, DOE/DGE, AUG 1977. REPORT# RL0O2429-3, CONTRACT#
IY-76-5-06-2429. ‘

TVALUGATION OF GEOTHERMAL ERERCY EXPLORATION AND RESOURCE ASSESSMENT--FINAL REPCRT.
GROVER, H. ET AL. RBD ASSOCIATES. MARINA DEL REY, CALIF., DOE/DGE, DEC 1977.
REPORT#® SAN-/1269-1, CONTRACT# LEY-76-C-03-1269.

EVALUATION OF GEOTHERMAL ENERCY EXPLCRATION AND RESOURCE ASSESSIERT --FINAL
REPORT: VOLUNE TVWO: TWO PHASED FLOW IN TEE CEOTHERMAL VELLEORE. RIDGWAY,S. RSD
ASSOCIATES. MARINA DEL REY, CALIF., DOE/DGE, DEC 197T7. REPORT= SAN/1269-1(VOL 2},
CONTRACT#» EV-76-C-035-1269. _.

EYPERIMENTAL GEOTHERMAL RESEARCH FACILITIES STUDY (PHASE 0) FINAL REPORT UO.
256405-6001-RU-09. TRV. REDONDO BEACH, CALIF., DOE, DEC 1977. REPORT# [iP-22698/2.

EXTENSIVE GECCHEMICAL STUDIES IN THE GEOTEERMAL FIEZLDS OF CERPO PRIETO. MEXICO.
MANCN.A ET. AL, LBL. BERKLLEY CALIF., ©DBCE, DEC 1977. PREPORT# LDL-7T019/U0C-66,
CONTRACT# ¥#-7405-ENG-48, TTIS# TID-4500-R66.

. FACT SIEET FOR TEZ EAVWAI! GEOTHERIMAL PROJECT [ EGP ] UNIVERSITY OF HAWAIT. JULY
976. BRIEFS ON "CURRENT STATUS, FLOW TEST, CHRCNOLOGY, BUDGET, ETGC.®

FEASIBILITY AND ?OTENTIAL IMPACT OF MANGAKESE NODULE PROCESSING [N EAWAIT, TEE.
CEAVE,K. ©T AL. ECNOLULU HAWAII, STATE OF EAWAII, FEB 1978.

. PEASIBILITY DEMONSTRATION OF THE SPRERRY DOWN-WELL PUNPING SYSTEM: EXECUTIVE
SUMMARY OF THE FINAL REPCRT. SPERRY RESEARCH CENTER. SUDBERY, MASS., DCE/DGE, FAY
1977. REPORT# SCRC-CR~-77~-43, CONTRACT# __EY-76-C-02-2838, NTIS# Cg0-2838-1.

FEASIBILITY OF GLOTEERMAL SPACE/WATER HEATING FOR NAMMOTH LAZES  VILLAGE.
CALIFTORNIA.  FINAL REPORT, SEPT. 1976 - SEPT. 1977. SINS,A., RACINE,C. BEN EOLT
CO.  CASADENA. CALIF., DOE/DGE, DEC.  1977. — REFORT=  SiR/1816~4,  CONTRACTs
Z7-76-C-03-1316.

¢

FINAL ENVIRONMEINTAL STATTMENT FOR THE GEQTHERMAL LEASING PROGRAM. WASHINGTON DC..
7.3. DEPARTMENT OF THE INTERIOR. 1973. 4 VOLUMES. )

 FIRST ANTUAL REPORT OF THE GEOTHERMAL COMMITTEE OF THE AMERICAN BAR ASSOCIATIONS'

JATURAL RESQURCES SICTION. ELMER,D. AMERICA £ . WASHINGTON
DOE, 1976-1977. = AN BAR ASSOCIATION WASHINGTON D.C..

FISH CULTURE UTILIZATION OF GEOTHERMAL ENERGY. ROBERTS, P. EG8C IDa
IDAHO FALLS,IDAHQ, ERDA,JUNE 19795. REPORT# ANCR-1220, COHTRzCT# EY;gg-C—Og:%g%O.INC'
FLOATINIG PCWER OPTIINIZATION STUDIES FOR THE COdLING SYSTEM OF A GEOTHERMAL POWER

PLANTiIGEHAFFER.C. EG AND G IDAHO, INC. IDAHO FALLS, IDAHO, DOE, AUG 1977. REPORT+

FLUID INJECTICH PROFILES: MCDERIf ANALYSIS OF WELLBORN TEMPERATURE SURVEY

MURPOY,H.  LOS ALAMOS SCIENTIFIC LAB. LOS ALAMOS, §. IEX., ALAIT c
LAB., 1977. REPORT# LA~UR-77-1690. MER.. LOS ALAHOS SCIENTIFIC

FUELS FRON BIOMASS: BACXGROUND ON TEE EAWAIIAN SUGAR INDUSTRY. MARATA,D.

AWA
géggﬁ%L” ENEBGY 'IHSTITUTE. HONOLULU HAWAll, UNIV. OF HAWVAII, JULY 1977. TECgﬁ;éii

CECCITY: A COMPUTER CODE FOR CALCULATING COSTS OF DISTRICT HEATING USING
CEOTHERMAL RESQOURCES.


http://ov.ir.ii

GZOGCIAPHICAL AND ENVIFCHIMENTAL ANALYSIS:FINAL REPCRT. PASQUALETTI,J. DRY-LAIIDS
RESEARCH INSTITUTE/TMIVER. OF CALIF. RAIVERSIDE CALIF.. UST~/EIRDA, JAN 1977. REPCRT=
OLRI-11, CONTRACT# CI 75,76~1. NST/ERDA GRANT AER 75-93793.

COUVDICLIGICAL E XVIRONL....NTAL EFFLCTS OF GEROTHIRMAL PCOWER PRCDUCTIONI FHASE 24
PRITCEETT J¥. E'I' SYSTENS. SCIENCE AD SCrTWARE. LA JOLLA, CALIF., KSF, SZPT
1976. REPCORT# :SS-R—-??-QQ‘)B. iI8F GRANT AER 73-14402,

GEOHYDTIOLOGICAL ENVIRONMENTAL EFFECTS. OF CEOTHER!MAL POWER PRODUCTION. PHASE 1.
PRITCOETT JW¥. ET.AL. SYSTENS, SCIENCE AND SOFTWARE. La JOLLA CALIF., MSF, 1977.
"(EPORT# S55-R-73-2732, NSF GRANT GI-43885.

GEOLOGIC CHARACTERISTICS OF A PORTION OF THE SALTON SEA FIELD. TEWHEY JD.
LAVRENCE LIVERMORE LAB. - LIVERMORE CALIF, LLL/ONIVERSITY OF CALIF, A.PRIL 1977.
REPORT# UCAL-32267, CONTRACT# EREQ-0001.

CEQTECIVICAL. ENVIRONMENTAL ASPECTS OF CEOTHEWIAL POWER GENERATION AT HEBER,
[IPERIAL VALLEY, CALIFORNIA. GEONOMICS. BERXELEY CALIF., EPRI, OCT 1976. REPCRT#
ZPRI ER-299, RESEARCH PROJECT $529. '

G"O’I’EERI‘IAL ABSORPTION RETRIGERATION FOR FCOD PROCESSING INDUSTRIES: I"I‘TA._. REPCIT.
ZA8RIS.R ST AL, AECROJET ENERGY COOVERSICN CO. SAaCRAMENTO CALIT., DORE/DGE. ii0V
H)?? REPORT# SAll/1319~1, COWTRACT# ELY-75-C-93-1C19.

CZOTHENMAL ELASTOMERIC [MATERIALS. TWELVE-MONTSES PROGRESS REPORT, OCTOBER .
1976-SEPTEMRER 30, 1977, HIRASUNA.A., ET. AL. L’GARDE, INCORPCRATEZD. KEWPORT
SEACT, CALIF., DOE, DECEIBER 1977. REPORT+ Sali/1808-t, CONTRACT* LTR-T7T-Ag-902. |

GEOTHERMAL ELEMENT/ I2PERIAL COUNTY GENERAL PLAN:FINAL ENVIRCNMENTAL REPORT/FOR.
PASQUALETTI. M. DRY-LANDS RESEANRCH INSTITUTE. PIVERSIDE CALIF., <COUNTY OF
IMPERIAL,APRIL 1977. DEPORAT» EIR-160~77

G:.OTEE;.?L;L ELEMENT: [MPERIAL COUNTY CALIFORNIA. CCTUNTY OF [IMPERIAL. IMPERIAL
CALIF., OOV 1977. 143 PAGES.

"GIOTHERMAL ENERGY AS A SOURCE OF ELECTRIC DOVER: THERMODYNAMIC AND EZCMOMIC DESIGH
CRITERIA. MILORA,S., TESTER.J. CAMBRIDGE, MASS., MIT PRESS, 1977. '1856 PAGES. -~

COTHERMAL INERGY AS A SOURCE. OF ELECTRIC POWER: TEERMODYNANIC AND  ECOHONMIC
gigégﬂ CRITER!A. MILORA,S.., TESTER.J. CAIZBRIDGE, I[IaSS., IMIT PRESS., 1976. 200
PAGES. .

- SEOTHZRIAL Y CONVERSION AND ECONOMICS-CASE STUDIES. HOLT/PROCON. 2al0  ALTO
CALIT, EPRI, HOV 1‘)"’6 REPORT# EPRI ER-301, TOPICAL RLFORT 2.
GLOTIERMAL ZMERGY DEVELOPMENT in [MPERIAL COUNTY. BRY-LAIDS

AESEARCH, UC-RIVERSIDE. DRY-LANDS RESEARCH INSTITUTE, OITIVERSITY OF CALITF. RAVERSIDE.
APRIL 1977. NST/ERDA GRAIIT AER 73-08793.

GCOTHERMAL ENERGY DEVELOPMENT/PROGRAM lPP WOVAL DOCUMENT: QOLAR GIOTEERIIAL  AID
ADVAIICED ZNERGY SVSTLMS DEVELOPMENT. ERDA Jail 1977, Tw0 VOLUMES THE SECOND OF wdlicz

S TIE EXECITIVE SUITIARY.

EOTHERMAL EUTRCY DEVELOPMENT; SOLAR, GEOTEERMAL AFD ADVARCED ENEDGCY SYSTINS
DEVELOPMENT. ERDA. JAIl 1977.

. GIOTHERMAL ENERGY [T EAWAII, SUITIARY (HAWAII GI ‘!'HEP -\L PROJECT) BAWAII TATTURAL
"'77"""‘":' INSTITUTZ. UWIVERSITY OF HAWAII. EONOLULU, HAWA VERSITY OF JAWAILl, JAl

conm——

. s

(3]

. GEGTEF.‘Z;’-H‘-L‘_—LL ENERGY PLART.A. WILSOl, J. DOW CHEMICAL. CEEMICAL ENGINETRIN
PROCEEDINGS. HOV. 1977. PAGE 95-98.

. GIOTOERMAL ENERGY POTENTIAL FOR DISTRICT alfD PRCCESS HEATING .E.PPLICATIONS o =
J.S.-Al ...C"‘NO“'IC“ AFALYSIS. BLCOMSTER CH. F%S-BI:T‘ZER LL. . E'ILDOPTALQ_“,L BATTELLE
PACIFIC NODRTIWIST LARS. RICIOLAID WASHINGTOR. "DCL/OGE, AUGUST 1977. FRIFORT: UC-661,
ZONTRACT» LV-75-C-06-1820, NTIS+ BNV

. GEOTHEMMMAL CNERCY PROSPECTS FOR THE JENIT 50 YEARS. ROBERTS.V. EPRI. PaL0  ALTO.
ZALIF.., EPQI, FLD 1970. REPORT# ER~611-SRe. ~
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GEOTHERMAL ENERGY RESEARCH, DEVELOPMERT & DEMOUSTRATION PROGRAJM. DEFITIGCT REPORT.
ERMA. WASHINGTON 3C., ERDA, OCT 1975. REPORT# ERDA-85.

_ GEOTZETFAL ENERGY RESEARCH., DEVELOPMENT 8 DEMONSTRATICH PROGRAM: FIRST AITUAL
REPORT. LERDA. VASHINGTON DC., ERDA, APRIL 1977. REPCRT# ERDA 77-9.

. GEOTHERMAL ENERGY RESOURCE UTILIZATION PROGRAM PLARNIRG. GROVER FT. HITRE.
MCLEAN VIRGINIA, MITRE CORP, MARCH 1976. REPORT# MTR-7137, CONTRACT#= DGE E11-1-2693.

. GEOTHERMAL ENERCY RTSOURCES IN CALIFORNIA/REPORT ON THE STATUS OF DEVELOPMENT.
CITRON, O. ET AL.- JPL. PASADENA, CALIF., CALIF. ENERGY RESOURCES CONSERVATION AND
DEVELOPMENT COMMISSICON, JOUNE 1976. REPORT# JPL-5040~25,

CEOTHERMAL ENERGY: A NOVELTY BECOMES A RESOURCE. PROCEEDINGS OF THE GEOTHERMAL
RESOURCES GOUNCIL ANRUAL MEETING. 25-17 JULY, 1978. OILO, HAWAII. GEOTHERMAL
RESOURCES CCUNCIL, DAVIS, CALIF. 748 PAGES.

GEOTHERMAL ENVIRONMENTAL SEMINAR, 1976. COTHERMAL SEMINAR, LALEPORT, CALIF.
1976. 295 PAGES.

. GEOTHERMAL ENVIROWMENTAL STUDIES EHEBER REGION IMPREIAL VALLEY, CALIFORIIA,
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LAMORI,P., ROBERTS, V. EPRI. PALO ALTO, CALIF., JAR 1976. SPECIAL REPORT#
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LIVERMNORE LABS. LIVERMORE, CALIF., DOE, DEC 1977. REPORT# UCID-17702.
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50 RESOURCE UTILIZATION EFFICIENCY IMPROVEMENT OF GIOTHERMAL BINARY CYCLES., PHASE 2.
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DIEGO CALIT, ERDA, NARCH 1977. REPORT+ SAN-/1137-35, CONTRACT® E [ 04=-3 1 -1137.

50 SECOINDARY RECOVERY METHCD FOR THE EXTRACTION OF CGEOTHERMAL ENERGY,A. PROGRESS
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6U STUDY OF BRINE TREATMENT. FINAL REPORT. LAWRENCE BERKLLEY LABS. BERKELLY,
CALIF., EPRI, NOV 1977. REPORT# LPRI-ER-476.
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2U SUPFACT TECHIJOLCGY AND RESOURCE UTILIZATICN: VOLUME 4. PROCEEDINGS OF THE SECOND
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ol 7~-LANDS RESTARCT
. 1 - © CEOTHERMAL ENERGY DEVELOPMENT. ROSE A. DRY-LAIDS
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