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FOREWORD 

The Geothermal Energy "Gold Book" has been prepared 
by the U.S. Department of Energy's Assistant Secretary for 
Resource Applications for the purpose of providing the 
Congress with information to supplement the Department's 
FY 1981 budget request. The report describes geothermal 
technology programs currently under the Division of Geo
therraal Energy as well as those geothermal hydrothermal 
commercialization programs under the Division of Geo
therraal Resource Management. 
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PROGRAM OVERVIEW 

Geothermal energy is the internal heat of the earth.. 
Much of it is recoverable with current o:r near-current 
technology.. Geothermal energy can be used for el-ectr.ic 
power production, residential and commercial space heating 
and cooling, .industrial process heat, and agricultural 
applications. 

Three principal types of geo.thermal resources are 
exploitable .through the year 2000. In order o:f technology 
readiness., 'these resources are: 

• Hydrothermal, 

• Geopressured (including dissolved natural gas), 
and 

.• Ho.t dry rock. 

In hydrothermal systems, natural water circulation 
moves heat .from deep sources toward the earth's surface. 
Geothermal fluids (water and steara) tapped by drilling can 
be used to generate electricity o;r provide direct heat. 

Geo.pressured resources, located primarily in sedimen
tary basins along the Gulf Coras.t of Texas, and Louisiana, 
consist of water and dissolved methane at high pressure 
and moderately high temper.ature. In addition to recover
able me.thane, geopressured resources offer thermal energy 
and mechanical energy derived from high fluid pressures. 
The methane, however, has the greatest immediate value. 

Hot dry rock (HDR) resources are geologic formations 
at accessible depths with abnormally high heat content but 
little or no wa.ter. Usable energy is extracted by circu
lating a heat transfer fluid, such as water, through deep 
wells that are connected .by manmade fractures in the rock. 
Like hydrothermal energy, HDR can be used for electric 
power production pr .direct heat applications. 

Of the three types, hydrothermal resources are most 
ready for commercialization, since much of this resource 
can be used economically now. Rapid commercial develop
ment of the Nation's hydrothermal resources is a major 
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objective of the federal geothermal program. The program 
approach for development of hydrothermal resources for 
electric and direct heat applications is to: (1) com
plete, with the cooperation of state and local government 
entities and the private sector, site-specific commercial
ization plans for each known hydrothermal area; (2) iden
tify technical, economic, and institutional barriers to 
development at each prospect and plan actions to overcome 
or alleviate impediments to development; (3) conduct cost-
shared demonstrations and operate experimental facilities 
where necessary to stimulate commercial development; 
(4) encourage greater participation in the Geothermal Loan 
Guaranty program; (5) continue resource assessment and 
reservoir confirmation activities to provide for the 
expansion of the resource base and reserves necessary to 
support the future growth of the geothermal industry; and 
(6) maintain a vigorous supporting research and develop
ment program to provide new and improved technology for 
finding the required resources, reducing energy conversion 
costs, and controlling potential environmental impacts. 
In this approach, the Hydrothermal Commercialization pro
gram is supported by the Hydrothermal Resources program 
and the Geothermal Technology Development program. 

Commercial development of geopressured energy may 
begin in the mid 1980's. Economic feasibility will depend 
on the amount of methane that a given well can produce, a 
highly uncertain factor at present. The Geopressured 
Resources program is supported by many of activities in 
the Geothermal Technology Development program. 

Hot dry rock is currently seen as a longer-term pos
sibility. Significant improvements in drilling and frac
turing technology are necessary to bring about coramercial 
use of this potentially large resource. Commercialization 
may occur by the mid 1990's. The hot dry rock activities 
are a major component of the Geothermal Technology 
Development program. 

The following sections describe each of the four geo
thermal program areas: (A) Hydrothermal Resources, (B) 
Hydrothermal Commercialization, (C) Geopressured 
Resources, and (D) Geothermal Technology Development. 
The Division of Geothermal Resource Management (DGRM) has 
responsibility for the Hydrothermal Commercialization 
Program, while the Division of Geothermal Energy (DGE) 



carries the responsibility for the Hydrothermal Resources, 
Geopressured Resources, and Geothermal Technology Develop
ment programs. 

A. Hydrothermal Resources 

Objectives of the Hydrothermal Resource program are 
to define and confirm high-temperature reservoirs suitable 
for electric power generation; to demonstrate such power 
generation; to identify low-and moderate-temperature 
prospects with potential for direct heat applications; to 
assess environraental, health, and safety factors affecting 
geothermal development; and to develop appropriate control 
technology. 

The Resource Definition subprogram includes the 
assessment of U.S. hydrothermal reservoirs and the confir
mation of hydrothermal prospects through selective dril
ling and testing projects. DGE participates in regional 
and national assessments of hydrothermal resources in 
cooperation with the U.S. Geological Survey (USGS). Low-
to moderate-temperature reservoirs are identified through 
a cooperative program with state agencies. These low-
temperature resources are confirmed through user-coupled 
drilling programs. In addition, DGE conducts exploratory 
drilling programs in cooperation with industry to confirra 
high-temperature reservoirs with near-term commercial 
potential. 

The objectives of some 22 demonstration projects 
administered under the Non-Electric Applications subpro
gram are to provide evidence of the viability of geother
mal non-electric applications in a number of geographical 
regions and' to obtain technieal and economic data under 
field operating conditions. 

Assessing environmental, health, and safety concerns 
affecting geothermal development and developing ways of 
monitoring and ameliorating them are the primary 
objectives of the Environmental Control subprogram. The 
release of hydrogen sulfide to the atmosphere, land 
surface subsidence caused by the withdrawal of fluids from 
geothermal reservoirs, and seismicity induced by geo
thermal fluid extraction and injection are examples of 
geothermal environmental concerns. 



The Facilities subprogram supports field facilities 
for testing and demonstrating new techniques, equipment, 
and systems. This support includes the construction and 
operation of commercial-scale 50-megawatt geothermal elec
tric power plants employing different energy conversion 
technologies. A major program objective is to demonstrate 
the economic feasibility and environmental acceptability 
of producing electric power from geothermal resources. 
These and other facilities provide a foundation for subse
quent commercial development of hydrothermal resources. 

B. Hydrothermal Commercialization 

The Hydrothermal Commercialization program seeks to 
accelerate commercial utilization of hydrothermal resour
ces for electric power and for direct heat applications, 
thereby displacing fossil fuels. 

Activities of this program include formulation of 
geothermal commercial development plans, development of a 
national geothermal progress monitoring system, assessment 
of the market penetration potential for hydrothermal 
resources, and identification of direct heat markets suit
able for early penetration. Further activities are devel
opment planning in cooperation with local and state 
officials and potential users, support for economic and 
engineering feasibility studies, continuing interagency 
coordination and policy development under the aegis of the 
Interagency Geothermal Coordinating Council (IGCC) , and 
outreach programs to acquaint potential users with the 
availability and competitive cost of hydrothermal energy 
and with the availability of financial assistance through 
various federal development programs. 

C. Geopressured Resources 

The Geopressured program seeks to resolve key tech
nical and economic uncertainties now impeding commercial 
development of geopressured resources. Major questions 
concern the size of the resource base, the amount of 



economically recoverable methane contained in geopressured 
aquifers, the production capacities and lifetimes of 
individual reservoirs, the economic feasibility of using 
the thermal and hydraulic energy obtainable from these 
reservoirs, and possible environmental effects of energy 
production from geopressured reservoirs. 

A major thrust of the program is the determination of 
reservoir characteristics of geopressured aquifers on the 
Texas and Louisiana Gulf Coast by means of production 
tests of new and existing wells. Several successful 
short-term tests of existing wells, originally drilled for 
oil and gas, have been conducted under the Wells-of-
Opportunity subprogram. Long-term tests to define charac
teristics of large reservoirs and to monitor environmental 
effects require drilling of new wells. A new well was 
drilled successfully in Texas in FY 1979. Three new wells 
will be drilled in FY 1980 and three more in FY 1981. 

Environraental assessment activities are conducted 
concurrently with well site selection and well drilling 
and testing activities. Monitoring efforts and experi
mental programs at well sites yield information on the 
environmental effects of sustained high-volume production 
of geopressured brines. 

Engineering activities focus on conceptual design of 
surface facilities, production cost analysis, and well 
drilling and completion technology development. The Geo
pressured program is developing equipment and production 
techniques in response to the particular temperature, 
pressure, and salinity regimes characteristic of geopres
sured reservoirs. 

Finally, DGE is working with agencies at various 
levels of government and with the private sector to ana
lyze the legal, institutional, economic, and technological 
factors affecting geopressured resource development. 

D. Geothermal Technology Development 

The objective of the Geothermal Technology Develop
ment program is to reduce geothermal costs by improving 
technology, thus expanding the economically recoverable 



resource base. The two major subprograms are Component 
Technology Development and Hot Dry Rock. 

The Component Technolpgy subprogram is carrying out 
R&D in the five areas summarized below. 

The Drilling and Completion Technology subprogram 
emphasizes improvements in drill bits, downhole motors, 
and drilling fluids in order to achieve a 25 percent 
reduction in well costs by 1983 and a 50 percent reduction 
by 1986. 

The Energy Conversion Technology subprogram seeks to 
reduce gebthermal electric power generating costs. The 
subprogram is directed primarily toward performance 
improvements and cost reductions in energy conversion 
system components, particularly heat exchangers. 

The Reservoir Stimulation subprogram is developing 
new explosive and hydraulic fracturing techniques to 
increase the fluid productivity of geothermal wells. By 
increasing well productivity, stimulation technology can 
reduce the number of wells required to exploit a 
reservoir. 

The Geochemical Engineering and Materials subprogram 
pursues technical solutions to problems associated with 
the handling and disposal of geothermal fluids. This work 
focuses on development of economical materials durable 
enough to be used in hostile geothermal environments. 

The Geosciences subprogram activities include explo
ration technology, reservoir engineering, logging instru
mentation, and log interpretation. Exploration technology 
is designed to improve the accuracy of pre-drilling reser
voir assessments. Reservoir engineering is concerned with 
accurate prediction of reservoir productivity and longe
vity. Other geosciences activities include the development 
of measuring devices that can survive geothermal environ
ments and of geothermal well log interpretation to deter
mine reservoir characteristics from borehole information. 

The second major subprogram is Hot Dry Rock. The hot 
dry rock resource requires a major technology advance if 
its commercial exploitation is to start before the end of 
the century. Recent operation of a five-megawatt HDR 
thermal loop at Fenton Hill, New Mexico, has improved the 
prospects for eventual technical success. In addition to 



the Fenton Hill work, DOE is continuing regional and 
national activities to assess the HDR resource. 

Funding levels for each of the programs and subpro
grams described above are presented in Table I-l. 

The following four sections, structured along the 
lines of the FY 1981 budget, present detailed program 
descriptions. Each program description contains a general 
discussion of relevant technical aspects, a summary of 
project status and plans, a milestone chart presenting 
major decision points through FY 1985, and funding levels 
for FY 1979 through FY 1981. 

A section which describes the nature and extent of 
DOE's participation in international geothermal projects 
and activities follows the program descriptions. The 
final section describes DOE geothermal program management 
functions, at headquarters and in the field. 



TABLE I-l 
Funding Levels for Geothermal Energy Programs 

FY 1979 through FY 1981 

GEOTHERMALENERGV 

HYDROTHERMAL RESOURCES 

Resource Definition 
Non-Electric Applications 
Environmental Control 
Facilities 
Capital Equipment 

Total Hydrothermal Resources 

HYDROTHERMAL 
COMMERCIALIZATION 

Planning and Analysis 
Private Sector Development 

Total Hydrothermal 
Commercialization 

GEOPRESSURED RESOURCES 

Program Coordination 
Resource Definition 
Engineering Applications 
Environmental Control 
Facilities 
Capital Equipment 

Total Geopressured Resources 

GEOTHERMAL TECHNOLOGY 
DEVELOPMENT 

Component fechnology 
Development 

Drilling and Completion 
Energy Conversion 
Reservoir Stimulation 
Geochemical Engineering and 
Materials 
Geosciences 
Subtotal Component 
Development 

Hot Dry Rock 
Capital Equipment 

Total Geothermal Technology 
Development 

TOTAL GEOTHERMAL ENERGY 

BUDGET AUTHORITY 
(DOLLARS IN THOUSANDS) 

ACTUAL 
FY 1979 

26,163 
10,238 
1,859 

22.968 
1,232 

62,460 

5,239 
4,410 

9,649 

• 1,192 
24,455 

72 
551 

0 
111 

26,381 

5,432 
9,344 
4,442 

7,071 
8,477 

34,766 

15,077 
1,479 

0 

51,322 

149,812 

ESTIMATE 
FY 1980 

13,406 
12,200 
1,300 

33,694 
800 

61,400 

5,000 
4,860 

9,860 

882 
32,329 

839 
1,650 

0 
300 

36,000 

7,000 
7,100 
3,000 

3,600 
4,200 

24,900 

14,000 
2,100 

41,000 

148,260 

ESTIMATE 
FY 1981 

19,398 
16,000 
2,600 

15,002 
0 

53,000 

5,040 
4,960 

10,000 

2,200 
31.000 

900 
1,700 

0 
200 

36,000 

8,250 
12,800 
4,500 

5,005 
7,835 

38,390 

13,500 
1,110 

53,000 

152,000 

INCREASE 
(DECREASE) 

5,992 
3,800 
1,300 

(18,692) 
(800) 

(8,400) . 

40 
100 

140 

1,318 
(1329) 

61 
50 

0 
(100) 

0 

1,250 
5,700 
1,500 

1,405 
3,635 

13,490 

(500) 
(990) 

12,000 

- 3,740 



II. HYDROTHERMAL RESOURCES 

Hydrothermal resources consist of hot water and steam 
trapped in porous or fractured rocks beneath overlying 
geologic formations. A specific hydrothermal system is 
classified as 'vapor' or 'liquid' according to the princi
pal state of the subsurface fluid. Different energy con
version systems are used to recover the energy found in 
each of these types of hydrothermal resources. Electric
ity is generated from dry-steam deposits by passing the 
steam directly through turbines. Liquid-dominated depos
its are exploited for power either by partially flashing 
the hot liquid into usable steam at the surface (flash-
steam system) or by transferring its heat to a secondary 
working fluid, such as freon, which in turn is passed 
through the turbines (binary-cycle system). 

Energy derived from hydrothermal resources also can 
be used for direct thermal applications. These nonelec
tric applications, primarily space and process heating, 
are feasible at temperatures suitable for electric power 
generation and at lower temperatures. Hot water is piped 
directly from the geotherraal reservoir to the point of 
use. 

. Thirty-seven states contain hydrothermal resources; 
several western regions contain known major resources. 
Substantial electric power and direct use capacity is 
expected to be realized by 1984. Projections of 
approximately 2600 megawatts of electric power generating 
capacity and nearly 300 megawatts of thermal power by 1984 
reflect the potential for this resource. 

The Hydrothermal Resources program provides research, 
development and demonstration (RDSeD) support to hydrother
mal commercialization activities. This support includes: 

• Assessment and confirmation of geothermal 
reservoirs in cooperation with the USGS, state 
agencies, and industry. 

• Field experiments to demonstrate the engineering 
and economic aspects of direct heat uses of 
geothermal resources. The participants are selec
ted by competitive solicitation of cost-shared 
projects. 



• Experimental facilities constructed and operated 
to perfect new geothermal equipment and process 
techniques, particularly for electric power pro
duction. These techniques will reduce the costs 
of exploiting hydrothermal resources. 

• Major demonstration plants to generate commercial 
quantities (50 MWg) of electric power from 
moderate-and high-temperature geothermal fluids. 
These plants will provide operating experience 
needed to establish the technical and economic 
viability of the technology at full commercial 
scale. They will be built and operated by 
industry, which will share the cost. 

The Hydrotherraal Resources program is divided into 
four major subprograms: Resource Definition, Non-Electric 
Applications, Environmental Control, and Facilities. 
Funding levels for these subprograms are presented in 
Table II-l. 

Table I M 
Funding Levek for Hydrothermal Resources 

Subprograms 
FY 1979 through FY 1981 

HYDROTHERMAL RESOURCES 

Subprograms 

Resource Definition 

Non-Electric Applications 

Environmental Control 

Facilities 

Capital Equipment 

Total 

BUDGET AUTHORITY 
(DOLLARS IN THOUSANDS) 

ACTUAL 
FY 1979 

26,163 

10,238 

1,859 

22,968 

1,232 

62.460 

ESTIMATE 
FY 1980 

13,406 

12,200 

1,300 

33,694 

800 

61.400 

ESTIMATE 
FY 1981 

19,398 

16,000 

2.600 

15.002 

0 

53,000 

INCREASE 
(DECREASE) 

5.992 

3,800 

1.300 

(18.692) 

(800) 

(8,400) 
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Resource Definition 

This subprogram provides quantitative assessment of 
the hydrothermal resource potential and confirms hydro-
thermal prospects through selective drilling. Other major 
objectives are to: 

• Evaluate the hydrothermal resource potential 
of the United States, 

• Determine the geographical distribution of the 
hydrothermal resource, 

• Confirm the existence and commercial potential of 
high-temperature reservoirs suitable for both 
electric power generation and direct heat uses, 
and 

• Identify and confirm low- and moderate-temperature 
prospects with potential for direct heat 
application. 

In pursuit of these objectives, DGE works with the 
U.S. Geological Survey in conducting regional and national 
assessments of hydrothermal resources. Additionally, DGE 
supports drilling to confirm high-temperature reservoirs 
with near-term commercial potential under programs cost-
shared with private resource developers. Areas of high 
promise for low- to moderate-temperature reservoirs are 
the targets of geological and geophysical analyses in pro
jects supported by joint federal and state funding. Fur
ther, an exploratory drilling program focuses on several 
regions with potential for direct heat applications, but 
without confirmed hydrothermal resources. 

The map on the followihg page illustrates known and 
potential U.S. hydrothermal resources. 
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^ ^ Potential Low to Moderate 
^ " ' ^ Temperature Targets 

Known and Potential Hydrothermal Resources 

Status 

National Geothermal Resource Assessment Update 

With DOE support, the U.S. Geological Survey (USGS) 
has completed a major update of its assessment of U.S. 
geotherraal resources. The results were published in 
January 1979 as USGS Circular 790. The update reaffirms 
the existence of large amounts of energy contained within 
the hydrothermal and geopressured resource bases. 
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This activity parallels active USGS and state parti
cipation in the DOE State-Coupled program. This program 
is directed at assessraent of low- and moderate-tempera
ture geothermal resources for direct heat applications. 
This relationship will continue to provide new information 
on low- and moderate-temperature resource areas. 

• Industry-Coupled Reservoir Case Study 

The objective of the Industry-Coupled Reservoir Case 
Study is to accelerate confirmation of geothermal reser
voirs with apparent commercial potential for producing 
electricity. The Division of Geothermal Energy (DGE) 
shares exploratory drilling costs with industry in ex
change for publication of reservoir data. In FY 1978, six 
companies participated in the program. Twenty shallow 
thermal gradient holes and four deep exploratory wells 
were drilled in the Roosevelt Hot Springs and the Cove 
Fort-Sulfurdale areas of south central Utah. In FY 1979, 
nine companies participated in the program. The program 
was extended to northern Nevada, where twelve sites are 
being investigated as candidates for exploratory drilling. 

The National Energy Act (1978) provided incentives 
encouraging the development of geotherraal resources, 
including investment tax credits, expensing of intangible 
drilling costs, and a percentage depletion allowance. 
These incentives will facilitate the financial involvement 
of industry in the exploration for and confirmation of 
high-temperature geothermal reservoirs, thereby minimizing 
further direct participation by DOE. 

State-Coupled Program 

Low- and raoderate-temperature resources for direct 
heat applications are being defined in a program that 
involves joint participation by DOE and 30 of the 37 
states identified as having hydrothermal resource poten
tial. In Phase I, analysis of existing geological and 
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geophysical data establishes the probability 'and distri
bution of these resources. As promising resources are 
identified. Phase II is initiated to provide a raore 
detailed assessment of target areas with commercial 
potential. This phase may include the drilling of deep 
holes to confirm the existence and nature of the 
resources. One such project initiated in the Atlantic 
Coastal Plain region has delineated probable reservoir 
targets as part of the Phase I activity. Phase II 
activities are described in the next section. 

Geothermal resource maps have been published for 
Oregon, Nevada and Arizona. Maps for Montana are being 
prepared. Maps for several other states participating in 
the State-Coupled program will be published during FY 
1980. 

Exploratory Drilling for Low- and Moderate-
Temperature Resource Confirmation 

A limited exploratory drilling program has been com
pleted in several regions where there is significant raar
ket potential for hydrothermal energy for non-electric 
purposes and where there are suspected but unconfirmed 
resources. Examples include the Snake River Plain, the 
Atlantic Coastal Plain, and the Mt. Hood region. An 
expanded User-Coupled Drilling program is under considera
tion. DOE would select a team comprised of a developer 
and a user to undertake a cost-shared project, consisting 
of surface exploration and exploratory drilling, to locate 
and confirm a reservoir suitable for commercial develop
ment near the user. Exploratory drilling activities con
ducted by DOE include the following: 

• A 5500-foot deep test well drilled at Crisfield, 
Maryland recovered 133°F water at a potential 
flow rate of 325 gallons per minute. One addi
tional exploratory well will be drilled in the 
Atlantic Coastal Plain during FY 1980. 

• A well was drilled to a depth of 10,500 feet ih 
the Snake River Plain to explore the possibility 
of locating moderate- to high-temperature fluids. 
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A planned use of the fluids, if located, was to 
provide a source of heat .for a chemical processing 
plant at DOE Idaho National Engineering 
Laboratory. The well encountered temperatures of 
300OF, but the volume of fluid found was insuffi
cient to meet plant needs. 

Two deep wells will be drilled in the Mt. Hood, 
Oregon, area in FY 1980. Hydrothermal energy at 
this location might be useful for district heating 
in the city of Portland and for the space heating 
of facilities on or near Mt. Hood. 

ACTIVITY HYDROTHERMAL RESOURCES LEGEND ^ BEGIN MILESTONE 

SUBACTIVITY RESOURCE DEFINITION V END MILESTONE 

< DECISION MILESTONE 

1 ACOMPLETED TASK 

TASK 

Industry Coupled Reservoir 
Case Study 

State Coupled 
Program 

Exploratory 
Dniling (Crisfield, 
Snake River, Mt. Hood) 

User-Coupled 
Confirmation Drilling 

TOTAL BUDGET AUTHORITY 
(DOLLARS IN THOUSANDS) 

1 CY1979 1 CY1980 | CY 1981 | CY 1982 1 CY 1983 | CY 1984 |CY1985 | 

FY 1979 

A 

26,163 

FY 1980 

S 
Ir 

te 
ves 
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tig 
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Itio 

V 

A 

13,406 

FY 1981 

1S 
( 
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M 
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ng 
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19,398 

FY 1982 

sure :e 

FY 1983 FY 1984 FY 1985 1 
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B. Non-Electric Applications 

There is a large potential market for geothermal 
energy for industrial processing, agribusiness, and space 
and water heating in both commercial and residential 
buildings. The objectives of direct applications demon
stration projects are to provide visible evidence of the 
viability of geothermal non-electric applications in a 
number of geographical regions and to obtain definitive 
technical and economic data under field operating 
conditions. 

The following map indicates the locations of DOE 
direct heat applications field experiments. 

o Industrial Processing 
• District Heating 
® Unit Space Heating 
o Agriculture/Aquaculture 

DOE Direct Heat Applications Field Experiments 
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Status 

The first solicitation for geothermal direct-use 
field experiments was issued during the summer of 1977. 
Twenty-two proposals were received. ' Eight were selected 
for subsequent contracts, with the Government's share of 
the cost varying from 46 to 80 percent. A total of $2.1 
million was obligated in FY 1978 for the initial phases of 
these projects, resulting in commitments of $2.9 million 
in FY 1979, and $650 thousand in FY 1980 to complete the 
wo rk. 

A second solicitation issued in April 1978 resulted 
in 40 proposals; 14 were selected for initial FY 1979 
funding of approximately $4.9 million. Approximately 
$10.0 million will be required in FY 1980 and approxi
mately $7.0 million in FY 1981 to complete this group of 
field experiments. Government cost-sharing amounts to 
approximately 60 percent of the total project cost. 

Of the 22 current projects, the majority are for 
space heating, while a few are directed at agriculture and 
aquaculture, and 3 involve industrial processing. Al
though most of these projects are in the western states, 
greater emphasis will be placed on locating future demon
stration sites in the East as suitable geothermal resour
ces are defined there. 

Milestones for Non-Electric Applications are shown on 
the next page. 
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ACTIVITY HYDROTHERMAL RESOURCES LEGEND ^ BEGIN MILESTONE 

SUBACTIVITY NON-ELECTRIC APPLICATIONS V END MILESTONE 

<] DECISION MILESTONE 

A COMPLETED TASK 

TASK 

District Heating* 
Boise, Idaho 

District Heating* 
Kiamatfi Fails, OR 

Industrial Use* 
Holly Sugar, 
Brawley. CA 

Space Heating-THS* 
Memorial Hospital 
Mariin, TX 

Direct Heat Use 
Pian 

Industrial Use 
Projects (2) 

TOTAL BUDGET AUTHORITY 
(DOLLARS IN THOUSANDS) 

1 CY1979 1 CY1980 | CY 1981 | CY 1982 | CY 1983 1 CY 1984 | C Y 1 9 8 5 | 

FY 1979 

Co 
Re 

A 

nfli 
ser 

m 
voi 

10,238 

FY 1980 

Design & 
Construe 

r,l 1 
V I 1 

Confirm 
Reservoir 

t J t V 
Design & 
Construction 

\ Ul 
• 

:kjr 
V 

str 

V 

uct 

12,200 

FY 1981 

V 

tion 

Confirm 
Reservo 

on 

/ 

r 

16.000 

FY 1982 

V 

FY 1983 

C< 
R( 

^7 
jnfirm 
isenio 

FY 1984 

r 

r 

I 

FY 1985 1 

'Selected from among 22 active projects 

C. Environmental Control 

Environmental, health and safety factors affecting 
geothermal development were identified and discussed in 
the Environmental Development Plan (EDP) for Geothermal 
Energy Systems. Although the use of geothermal heat 
causes less environmental damage than does the use of many 
competitive energy sources, there are adverse impacts. 
Release of hydrogen sulfide (H2S) is a major air quality 
concern and can cause corrosion of sensitive electrical 
components. The withdrawal of fluids from geothermai 
reservoirs may cause land surface subsidence. Additional
ly, seismic disturbances may result from geothermal fluid 
extraction and injection processes. 
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Air 

Some hydrothermal fluids contain dissolved noncon
densible gases such as .hydrogen sulfide, amraonia, boric 
acid, and radon. If these are released to the air in 
large quantities, they could produce toxic effects. Fur
ther, hydrogen sulfide has a disagreeable odor which, if 
emitted in large quantities, could be a nuisance. 

Water 

Disposal of those hydrothermal and geopressured flu
ids which may contain toxic substances is a waste manage
ment problera. Care must be taken to assure that ground 
water quality will not be affected by accidental surface 
spills or leaks in underground pipes. 

Land 

When large quantities of fluid have been extracted 
from the ground, land subsidence may occur. Earthquakes 
may be induced by the injection of water into underground 
fault structures. 

Health and Safety 

Well blowouts have occurred during geothermal dril
ling activities. Excessive noise can result from the 
drilling of wells during the exploratory and development 
phases and from venting during the testing and operating 
phases. These events require appropriate control technol-̂  
ogy and procedures. 
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status 

The Division of Geothermal Energy (DGE) has examined 
each of these major environmental issues and has estab
lished environmental control research programs as needed. 
Experimental impact definition studies of liquid and solid 
waste disposal and well blowout are underway. 

In addition to environraental control studies, DGE 
sponsors environmental monitoring for each of its major 
field projects in part to support program preparation of 
Environmental Assessments/Impact Statements (EA/EIS). To 
further assist with EA/EIS preparation, DGE has developed 
guidelines for environmental reports by contractors. 

In FY 1980, two research activities in control techno
logy will continue. The Subsidence subprogram will devel
op a system to monitor subsidence and compaction at depth. 
The Induced Seismicity subprogram will evaluate the poten
tial for earthquake generation from geothermal activities 
and will provide seismic monitoring in the vicinity of 
geothermal fields under development. 

A hydrogen sulfide removal system has been success
fully tested at The Geysers Geothermal Field in 
California. Better than 98 percent removal efficiency was 
achieved. The systera was developed by the EIC Corporation 
of Boston under a cost-sharing contract between DOE and 
the Pacific Gas and Electric Company (PG&E). The 
Environmental Protection Agency also participated in the 
tests. 
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D. Facilities 

Geothermal demonstration plants and other facilities 
provide technical and economic operating data, hands-on 
experience for industry, and demonstration of new tech
niques, equipment, and systems, all at pilot or commercial 
scale. These facilities foster wider acceptance and use 
of this alternative energy source. In many areas, indus
try will construct commercial plants subsequent to suc
cessful demonstrations. The following subsections 
describe DOE hydrothermal experimental facilities. 
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Demonstration Plants 

The thrust of this activity is to design, construct, 
and operate commercial-size geothermal electric power 
plants based on proven technology. Successful demonstra
tions will stimulate nonfederal development of liquid-
dominated hydrothermal resources for generating electric 
power. 

The plants will demonstrate that production of elec
tric power can be economical, environmentally sound, and 
socially acceptable. Project objectives are to: 

• Demonstrate reservoir performance characteristics 
of specific liquid-dorainated hydrothermal reser
voirs, 

• Demonstrate the validity of. reservoir engineering 
estimates of reservoir productivity (capacity and 
longevity), 

• Demonstrate commercial-scale energy . conversion 
system technologies, 

• Initiate commercial development at resource sites 
with great potential, 

• Reduce unnecessary regulatory requirements and 
resolve other legal and institutional impediments 
to geothermal development, and 

• Provide the financial community with a basis for 
estimating the risks and benefits associated with 
geothermal investments. 

Each demonstration plant will generate statisti
cally reliable engineering and cost data on reservoir 
performance and on plant construction, operation, and 
maintenance for up to five years. This in turn will 
demonstrate predictable technical, economic, and 
environraental perforraance with acceptable risk on a 
commercial scale. 

For the information derived from the project to be 
useful, federal involvement must not distort the data from 
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norraal business practices. Therefore DOE delegates man
agement of the demonstration projects to industrial parti
cipants to ensure that the projects provide a realistic 
basis for the private sector to assess commercial feasi
bility. 

Status 

Under a cooperative agreement, both DOE and the com
petitively selected industrial participants will share the 
costs of design, construction, and operation of a SO-MWg 
commercial-scale geothermal flash-steam demonstration 
plant at Valles Caldera, New Mexico. The arrangeraent 
involves paying back to the Government its portion of the 
investment from operating revenues. 

In September 1977, ERDA issued the Geothermal Demon
stration Powerplant Program Opportunity Notice (PON-
EG-77-N-03-1717). In July 1978, the DOE Under Secretary 
determined, following presentation of the Source Evalua
tion Board findings, that negotiations for the construc
tion and operation of the 50-MWe coramercial-scale 
geothermal demonstration plant should be initiated with 
Union Oil Company of California and the Public Service 
Company of New Mexico, under a cost-shared cooperative 
agreement. The proposed site is the Baca Ranch in Valles 
Caldera, New Mexico. 

A letter cooperative agreement was executed between 
DOE, Union Oil, and the Public Service Corapany of New 
Mexico on Septeraber 29, 1978. The final cooperative 
agreement was completed on August 6, 1979. The final 
Environmental Impact Statement was scheduled for publica
tion in early 1980. The plant should be operational by 
the second quarter of FY 1982. 

An artist's conception of the first 50-MWe demon
stration plant is shown overleaf. 
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50-MWe Hydrothermal Demonstration Plant 

2. Raft River Pilot Plant 

This project is a 5-MWe binary cycle plant that 
uses a Rankine cycle to convert energy from a moderate-
teraperature hydrotherraal resource (300°F) to electric 
power. Plant operating data will supply valuable informa
tion on the geotherraal reservoir and plant equipment, 
operations, and economics for future commercialization of 
moderate-temperature resources. 
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status 

Plant construction is about 80 percent complete. The 
system is now being fitted with a turbine generator set, 
and additional well tests are being undertaken. This 
plant is expected to be operational by the end of FY 1980. 

3. Hawaii Geothermal Wellhead Generator 

The objective of this project is to evaluate the 
feasibility of using a wellhead generator to produce base-
load electrical power. The 3-MWe generator will use the 
geothermal fluid from a well already drilled into the rift 
zone of an active volcano. The design calls for mounting 
of the major power plant coraponents, where economically 
feasible, so that they can be moved to other sites if 
threatened by lava flows. The project is expected to lead 
to commercial applications of wellhead generators in 
remote areas of the western U.S., Hawaii, and other parts 
of the world. 

The construction phase started in the third quarter 
of FY 1979 and will be completed in the fourth quarter of 
FY 1980. The wellhead generator is being installed on a 
geothermal well in the Puna District, Hawaii. 

Construction of this facility is on schedule and 
major equipment has been ordered. The geothermal well, 
which required recementing in FY 1979, is scheduled to 
begin production in the first quarter of FY 1981. 

4. Geotherraal Loop Experimental Facility (GLEF) 

This facility, located near Niland, California, was 
established to evaluate the feasibility of flash-steam and 
flash-binary systems in the production of electric power 
from high-temperature/high-salinity resources. The proj
ect is cost-shared on an equal basis with the San Diego 
Gas and Electric Corapany. 
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The GLEF was constructed in 1975. The facility 
evaluated the flash-binary system initially and was later 
modified to evaluate a two-stage flash-steam plant with 
redundant flash trains. The latter plant design can 
increase production efficiency from well below 75 percent 
to over 85 percent and significantly reduce electricity 
production costs. 

Studies have produced effective pre-injection fluid 
treatment procedures to eliminate injection clogging 
probleras. Additionally, probleras of scaling and corrosion 
have been solved. The facility completed its testing 
during FY 1979. The data derived from the facility have 
prompted Magma Power Company to build a SO-MWg flash-
steam plant on this site. This planf will be operational 
by late calendar year 1982 or early calendar year 1983. 

5. Geotherraal Component Test Facility (GCTF) 

This f a c i l i t y provides moderate-teraperature, low-
s a l i n i t y geotherraal fluid and supporting services to 
experimenters for R&D tes t ing of equipment and components 
to be used in geothermal systems. 

The GCTF, located in East Mesa, Cal i fornia , i s cur
ren t ly being used by several indus t r i a l firms and DOE con
t r a c t o r s . I t wil l be operational un t i l demand diminishes. 
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III. HYDROTHERMAL COMMERCIALIZATION 

The Hydrothermal Commercialization program is 
designed to enable industry to maximize utilization of the 
Nation's geothermal resources in an environmentally and 
socially acceptable manner in the near term. 

The major objective of. the Hydrothermal Commercializa
tion program is to accelerate the rate of commercial 
utilization of hydrothermal resources for electric power 
production and direct heat applications so that geothermal 
energy will make a . significant contribution to domestic 
energy production. The development of hydrothermal 
resources will lead to the installation of new electric 
generating facilities needed to satisfy regional electric 
power demands, displacing fossil fuel required for this 
purpose. The Hydrothermal Commercialization prograin con
sists of two major subprograms: Planning and Analysis and 
Private Sector Development. 

Funding levels of the Hydrothermal Commercialization 
program are presented in Table III-l. 

Table I IM 
Funding Levels for Hydrothermal 
Commercialization Subprograms 

FY 1979 through FY 1981 

HYDROTHERMAL 
COMMERCIALIZATION 

Subprograms 

Planning and Analysis 

Private Sector Development 

Total 

BUDGET AUTHORITY 
(DOLLARS IN THOUSANDS) 

ACTUAL 
FY 1979 

5,239 

4,410 

9.649 

ESTIMATE 
FY 1980 

5.000 

4,860 

9,860 

ESTIMATE 
FY 1981 

5,040 

4,960 

10,000 

INCREASE 
(DECREASE) 

40 

100 

140 
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A. Planning and Analysis 

This facet of the Hydrothermal Commercialization 
program comprises activities that establish program needs, 
priorities, and strategies through analyses of the econom
ics of geotherraal energy use, market penetration, institu
tional and legal barriers, and federal policies. To this 
end, the Division of Geothermal Resource Management (DGRM) 
prepares commercial development plans on site-specific, 
regional, and national levels and monitors progress made 
toward accomplishment of national objectives. 

1. Planning 

Geothermal comraercial development plans at the local, 
state, and national levels are formulated to promote the 
rapid and efficient development of major geothermal pros
pects. State, local, and industrial entities participate 
in developing these plans. 

Status 

The statewide geothermal development planning projects 
and site-specific commercialization project planning in 15 
Western and 3 Atlantic Coastal Plain states will continue 
through FY 1980. These cost-shared cooperative projects 
are targeted for three-year federal financial support 
followed by state-supported project continuation. Pro
jects in additional states will begin in FY 1981. 
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2. National Progress Monitoring 

The Division of Geothermal Resource Management has 
initiated the design and implementation of a national 
geothermal progress monitoring systera as a foundation for 
assessing early indications of success or shortfall in 
coraraercialization. This will facilitate the adjustraent of 
geotherraal programs and plans. The system will provide 
periodic reports on status and progress and will raaintain 
selected data bases to support progress evaluations. 

The diagram below illustrates the geothermal progress 
monitoring network. 
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status 

The design of the system will be completed in FY 1980 
and relevant information will be acquired, analyzed, and 
published. The system will report the pace of geothermal 
coraraercialization and thus raeasure the irapact of the 
federal geothermal program. 

3. Interagency Coordination and Federal Policy 
Developraent 

The major purpose of this activity is to support the 
Interagency Geothermal Coordinating Council (IGCC) and to 
provide an interagency forura for the review of federal 
policies, regulations, and legislation related to geother
raal matters. This activity also coordinates the IGCC 
annual report to Congress, as required by law. 

Status 

The panels and working groups of the IGCC continu
ously review new regulations, coordinate federal coopera
tive planning, and identify regulatory and legal changes 
and new policy measures that could affect the achievement 
of commercialization goals. 

4. Economic Evaluation and Barrier Analysis 

In this effort, DGRM conducts economic evaluations 
and barrier analyses to 'establish the raarket penetration 
potential for hydrotherraal resources and to support the 
design of optiraum marketing strategies. Further, impacts 
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of laws and regulations at the federal, state, and local 
levels on hydrothermal resource commercialization are 
evaluated and' programs td over come, barriers are imple-
mehtedi 

Status 

The market penetration likely in various geographic 
and industrial sector categories under alternative eco
nomic, policy, and technology assumptions will be esti
mated during FY 1980. Also, a cost-benefit analysis of 
the effectiveness of present and proposed federai program 
and policy measures will be cpnducted. 

An analysis of existing federal, state, and local 
laws and regulations will form the basis for recommenda
tions to enhance commercialization, particularly for 
direct heat applications. In FY 1980, basic eeonoraic data 
necessary to support DOE analysis and program prioritiza
tion: will be generated. 

Milestones for Planning arid Analysis are shown on the 
following page. 
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ACTIVITY HYDROTHERMAL COMMERCIALIZATION 
SUBACTIVITY PLANNINQ AND ANALYSIS 

LEGEND 
A BEGIN MILESTONE . 
V END MILESTONE 
<] DECISION MILESTONE 
ACOMPLETEDTASK 

TASK 

State and Local 
Planning Support 

National Progress 
Monitoring 

Interagency 
Coordination and 
Federal Policy 
Analysis 

Economic Evalua
tion and Barrier 
Analysis 

Ccmpiete 
Annual Report 

MVt 

TOTAL BUDGET AUTHORITY 
(DOLLARS IN tHOUSANOS) 

I CY1979 I CY19aO I CY19ai I CYiaflZ 1 CY1983 I CY 1984 ICY 1985 
FY 1978 FY19M 

GurrenlStates 

Compteie 
System 
Development 

FY 1981 

New States 

FY 1982 

Implernentation 
I ) I I 

Complete 
Annual Report 

Monthly 
Reports 

• 4 ^ 

Ongoing Annual Reponto Congress 
and Legislative and Regulatory 
Initiatives 

Cost 1 ^ 
Benefit 
Analysis 

5i239 

Investment 
Analysis 

5,000 5,040 

FY 1983 

Complete 
Annual Report 

Comp 
Annual Report 

ete 

FY 1984 FY 1985 

Complete 
Annual Report 

Complete 
Annual Report 

B. Private Sector Development 

This aspect of the Hydrothermal Commereialization 
program seeks to stimulate private sector development 
through identification of and supjport for site-specific 
commercial opportunities for direct heat applications. 
Funds are provided for site- and application-specific 
engineering and economic studies of large-sGale direct 
heat applications performed by the private sector. Sup
port of regional community assistanee centers is rendered 
along with techhical consultation and information dissemi
nation as part of an information outreach program. 

1. Market Assessment 

This effort seeks to identify market strategy and 
specifie markets suitable for early penetration on a site-
by-site, industry-by-industry, or project-by-project 
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basis. A further goal is to establish the economic compe
titiveness of geothermal energy with alternative fuels on 
a case-specific basis through removal of barriers and 
provision of incentives.' 

Status 

During FY 1980, market analyses will be performed to 
define the market according to particular end-uses, size 
of market, location with respect to resource, density of 
users within a geographic area, and engineering feasibil
ity. An analysis of energy supply and demand on a site^ 
specific basis will be initiated to predict the degree of 
market potential and to identify actions and events which 
would inerease market penetration. The potential- for mar
ket penetration will be assessed throug.h evaluation of the 
cost of competing energy sources, value of special attri
butes, and effeets of alternative * fuel availability. 

Environmental, legal, and institutional barriers and 
financing pro.bl.ems related to specifie, projects will be 
addressed in FY 1980. A marketing strategy which consi
ders these constraints at the state and local levels will 
be developed,. Cooperative studies with various industries 
will be completed to determine the market potential of 
gieothermal energy. 

-Hyd roth ermal Appl ica t i ons 

The aim of this aetivity is to stimulate private 
sector interest in development of' geothermal direct heat 
applications through direet develdper/user participation 
and cost-sharing in feasibility analyses arid direct heat 
utilization demonstration projeets.. 
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status 

The technical/economic studies concerning institu- • 
tional uses, district heating, and industrial use of | 
geothermal energy will be completed. Seven to nine addi
tional assessments will be initiated to establish the _ 
feasibility of specific direct heat applieations. A few I 
selected iridustrial-scale site-specilic pilot projects • 
will be conducted under this program. A number of cost-
shared field demonstrations will also be administered 
under the Program Opportunity Notice (PON) program. The 
experience gained from these projects will provide actual 
cost data for a variety of appiications (see Section Il.B, 
Non-Eleetric Applieations) . 

3. Outreach Activities 

I 
I 
i 
I 

This aspect of the private sector deyelopment effort 
strives to increase the general level of public and pri- mm 
vate understanding, interest, and enthusiasm for using I 
geothermal energy as an alternative to imported or deplet- * 
able doraestic resources. 

I 
I 
I 
I 
I 

status 

Outreach activities undertaken in FY 1980 will 
include technieal eonsultation with potential industry, 
community, and utility end users and public education 
programs that involve the dissemination of information on 
geothermal applications. When appropriate, DGRM will 
function as a broker between the developer and user to 
facilitate agreemerits arid u^er commitm«rits for commercial 
development. 
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4 , Geothermal Loan Guaranty Program 

In order to eneourage. and assist the private sector 
in accelerating the development and utilization of geo
thermal respurces, DGRM supports a loan guaranty program 
to miniraize a lender's finaneial risk so that credit ean 
be made available for the cohstruetion and operation of 
geothermal projects, research and development projects, 
and field exploration. Further goals of the program are 
to encourage normal borrower-lender relationships and flow 
of credit to the geothermal industry in time without the 
need for loan guararities, to erihance competition, to 
encourage new entrants into the geothermal market, and to 
coramercialize .a wide variety of geothermal resou.rce .areas 
and utilization projects. 

status 

The Geothermal Loan Guararity program (GLGP), continu
ing in FY 1980, provides guar ant ies to lenders on loans 
made for geothermal projects. Lenders perform traditional 
loan servicing functions so that experience is gained with 
each geothermal prbject. Guaranties are provided for both 
elee t r i c a nd d ir ec t hea t pr oj ec t s. 

The GLGP presently has giiarah-teed $4-3.4 million on 
four- loans totalling $64.4 million. Applications are now 
pending -for guaranties totaling $87.4 million on loans 
"totaling $ 1 2 6 . 3 million. Three projects will prpvide. an 
added 77 MWg to current electrieity production, and 
other projects will provide 117 billion Btu/yr for food 
processing. 
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IV. GEOPRESSURED RESOURCES 

Geopressured resources are high-pressure aquifers 
that contain dissolved raethane gas. Methane is the raajor 
target of the energy recovery process, although thermal 
and mechanical hydraulic energy may also be obtained from 
the geopressured fluids. Recovery of the latter two 
forms, however, will be contingent on economical recovery 
of raethane. 

Geopressured aquifers, 12,000 to 20,000 feet deep, 
occur in the U.S. primarily in two broad zones parallel to 
the Texas/Louisiana coastline. Reservoir modeling and 
mapping of the Gulf States have identified numerous candi
date sites for exploration. Extensive data frora thousands 
of deep wells, drilled originally for oil and gas, prove 
the existence of these high-teraperature, high-pressure 
zones and identify the geologic conditions under which 
they occur. The resource is estimated to contain between 
3,000 and 50,000 quads of energy and thus constitutes a 
major U.S. energy target. Geopressured energy utilization 
goals are 2000 megawatts thermal (MW^) and 3 quads per 
year raethane production by the year 2000. 

The objectives of the Geopressured prograra are to 
deterraine: 

• The raagnitude of the' resource base, 

• The araount of methane that is technically feas
ible to produce, 

• The probable production lifetimes of the indivi
dual reservoirs, 

•. The economics of methane production, 

• The economics of developing the associated thermal 
and mechanical energy, assuming that methane 
recovery is economical, 

and to resolve environmental and institutional issues 
associated with developing the geopressured resource. 

The existing Gulf Coast oil and gas production indus
try is expected to undertake rapid commercial development 
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of geopressured resources, provided that the resource base 
is shown to be sufficiently large and that its energy con
tent can be tapped economically without adverse environ
mental effects. 

The Division of Geothermal Energy supports resource 
definition and environmental assessment activities at the 
University of Texas, Austin and the Louisiana State 
University, Baton Rouge. 

The program focuses on production tests of wells 
drilled into geopressured reservoirs. The results will 
reveal reservoir characteristics and the basic drive 
mechanisms that cause fluid and gas production, thereby 
allowing reservoir productivity and longevity to be 
estimated. Because the characteristics of geopressured 
aquifiers vary widely, and because reservoir performance 
under production conditions is a complex phenomenon, a 
substantial nuraber of tests will be required before the 
potential of the total resource can be estiraated reliably. 

After the geopressured fluid has been brought to the 
surface, the associated methane can be recovered with 
existing technology. Although some iraprovements in well 
completion technology and in raethods for managing reser
voir production may be required, the conversion of thermal 
and raechanical energy to electric power (or the direct use 
of the thermal energy) apparently does not present signif
icant technical barriers. Another issue to be considered 
is disposal of the brine, which would be produced in large 
volumes. The most practical method appears to be injec
tion into subsurface formations, but the long-term effects 
of such operations have not yet been firmly established. 

The Geopressured program is divided into four major 
subprograms: Program Coordination, Resource Definition, 
Engineering Applications, and Environmental Control. 

Funding for each of these components is presented in 
Table IV-1. 
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Table IV-1 
Funding Levels for Geopressured Resources Subprograms 

FY 1979 through FY 1981 

GEOPRESSURED RESOURCES 

ACTIVITIES 

Program Coordination 

Resource Definition 

Engineering Applications 

Environmental Control 

Facilities 

Capital Equipment 

Total 

BUDGET AUTHORITY 
(DOLLARS IN THOUSANDS) 

ACTUAL 
FY 79 

1.192 

24,455 

72 

551 

0 

111 

26,381 

ESTIMATE 
FYBO 

882 

32,329 

839 

1,650 

0 

300 

36,000 

ESTIMATE 
FY 81 

2,200 

31,000 

900 

1.700 

0 

200 

36,000 

INCREASE 
(DECREASE) 

1,318 

(1329) 

61 

50 

0 

(100) 

0 

Program Coordination 

econom 
viabil 
provid 
techni 
federa 
utilit 
This 
organi 
Univer 

The purpose of this activity is to determine the 
ic, environmental, institutional, and technological 
ity of developing the geopressured resource and to 
e overall program planning. -Policy options and 
cal programs are being assessed in coordination with 
1, state, and local government agencies, industries, 
ies, field operators, and public interest groups, 
coordination of regional planning activities is 
zed through Louisiana State University and the 
sity of Texas. 
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status 

Under these projects, resource characterization data 
are currently being gathered. These data will be used to 
identify impediments to geopressured resource development. 
This information, along with analyses of social and insti
tutional factors that may affect geopressured energy use, 
will help identify impediments to commercial development 
of these resources. 

In addition, studies focusing on the legal issues sur
rounding geopressured resource development have been car
ried out by Louisiana State University and the University 
of Texas. 

DGE is also cooperating with the Gas Research Insti
tute in the investigation of the potential for recovery of 
methane frora geopressured resources. 

B. Resource Definition 

The purpose of the Geopressured Resource Definition 
subprograra is to determine location, size, temperature, 
pressure, methane content and production characteristics 
of geopressured sandstone aquifers along the Texas and 
Louisiana Gulf Coast. This complex analysis is based on 
geophysical log data from thousands of existing wells 
(originally drilled for oil and gas), on seismic surveys 
and core analyses, and on production testing of both new 
and existing wells. 

The location of Gulf Coast geopressured sandstone 
aquifers is shown on the facing page. 
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Area of study 
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Gulf Coast Geopressured Zones 

Status 

Detailed examination of geopressured aquifers is con
tinuing in FY 1-980. The resulting data allow estimation 
of the resource base, and aid in selecting sites for well 
drilling and teting projects. 

Testing of existing wells, originally drilled to 
explore for oil and gas, is a means of obtaining geopres
sured aquifer data at moderate produetion rates in tests 
lasting only a few weeks. Tests of existing wells under 
the Wells-of-Opportunity subprogram will help define 
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requirements for development of the geopressured energy 
source. The first successful test of a geopressured aqui
fer, conducted in Vermillion Parish, Louisiana in 1977, 
produced methane-saturated brine. Additional tests in a 
well loeated in St. Mary's ̂  Parish were conducted in FY 
1979. Existing well tests will continue in FY 1980 and FY 
1981. 

In 1979, DOE suecessfully drilled the Pleasant Bayou 
gedpressured test well in Brazoria County, Texas, which is 
currehtly undergoing tests. Tests on this well will 
continue through FY 1981. 

Approximately fifteen new geopressured wells will be 
drilled and tested through 1984 (about three per year) arid 
about the same number of existing wells Will be subjected 
to short-term tests. 
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I Though existing wells are suitable for short-terra 

testing, these conventional oil and gas Wells are not 
appropriate for long-term tests of fluid production at 
high flow rates. Long-term tests are needed to define ^ 
properly the production capacities and longevities of I 
large geopressured reservoirs, to determine the technieal ' 
and economic aspects of brine disposal, and to define the 
probability of land siirface subsidence and other environ
mental effects. I 
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ACTIVITY GEOPRESiSURED RESOURCES 

SUBACTIVITY RESOURCE DEFINITION 
LEGEND 

A BEGIN MILESTONE 

y END MILESTONE 

< DECISION MILESTONE 

A COMPLETED TASK 

TASK 

Design Wells 

Brazoria Test 
Program 

Sweet Lake 
Test Well 

Pare Perdue 
Test Well 

Additipnal Design Weils; 

Existing Weil Tests 

Beulah Simon 

Tenneco Fee 

Additional 
Wells 

TOTAL BUDGET AUTHORITY 
(DOLLARS IN THOUSANDS) 

I CY1979 I CYigaO I CY19B1 1 eY19a2 I CY19B3 | CY 1984 | CY 1985 

FY 1979 FY1980 

—r-r 
Initial Test 
Pi-pgram 

FY 1981 FY 1982 

. M i l l 
Long-Term Production 
Tests J -

Drill/ - , , . 
Complete 'nit lal Long-Terrr 

TestingvProd^'ctiori 
Tests 

i'T^7 

24,455 

Drill/ 
Com'plete 

i Well 
ic-i't 

i ' i 

32,3i9 

Initial 
Testihg 

Reservoir 
Test Pro
grani' 

FY 1983 

3 Wells/Year 

3̂ -4 Tests/Year 

31.000 

FY 1984 FY 1985 

C, Engineering Applications 

Efforts in this area are directed toward reducing the 
cost of developing and using geopressured resources. The 
program is earried out under the following basic categor
ies: (1) surface technology and resource utilization and 
(2) well drilling and completion. 

Status 

Surface techriology and 
t i e s have been conducted in 

resource u t i l i z a t i o n a c t i v i -
the areas of raethane fuel 
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production, direct heat utilization, and electi:icity pro
duction. This work includes the conceptual design of 
facilities and preliminary economic analyses related to 
production costs. When the preliminary results of market 
analyses and well production tests become available In FY 
1981, a decision will be made whether to support experi
mental facilities for electric power generatioii arid direct 
heat applications from gieop res sured resources, Appropri
ate experiraents would be undertaken in FY 198,2 and FY 
1983. Methane stripping studies will take place in FY 
1980. 

Well drilling and completion technology development 
will focus on problems related to the high temperature, 
pressure, and salinity associated with geothermal wells. 
A program to develop and demonstrate equipment and produc
tion methods suitable to geothermal geopressured resources 
will be carried out in the FY 1980-FY 1982 time period. 

The diagram below conceptualizes 
binary-cycle power plarit installation. 

a geopressured 

Geppressured Binary-Gyele Power Plant 
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ACTIVITY GEOPRESSUHED'HESOUHCES LEGENO ^ ^EGIN MILESTONE 

SUBACTIVITY ENGINEERING APPLICATIONS V ENDMILESTONE 
< ] DECtSION MILESTONE 
ACOMPLETEDTASK 

TASK 

Direct Heat 
Applications 
Studies 

Electric Power Generation 

Dnijing and 
Completion 
Techn'ologif 
Development 

Surface-Equip
ment Technology 

TOTAL BUDGET AUTHORITY 
{bOLL:ARS IN THOUSANDS) 

I CY1979 1 CY1980 | CY1981 | CY1982 1 CY19B3 | CY 1984 |CY198S| 

FY 1979 

let 
trip 
tuc 

ian 

I 

Q 

1 

72 

FY 1980 

839 

FY 1981 

< 

De 
to 

1 

r 

Cisi 
Pro 

on 
:ee d 

900 

FY 1982 

Desig 1 

FY 1983 

Construe ion 
_ l A i • 1 

FY 1984 

7 

FY19B5 1 

D. Environmentai Control 

The Geopressured program also incl tides support for 
continued research on possible environmental effeets of 
sustained high volume production of geopressured brines. 
Land subsidence is the priricipal concern addressed by 
environmental research. The environmental implications of 
disposing of geopressured well fluids are also being 
bbserved through test well monitoring. 

Status 

The Pleasant Bayou Test Well in Brazoria County, Texas 
has been instrumented to measure all environmental para
meters, including subsidence, micrp-seismieity, and air 
and water quality. Data obtained from the monitoring of 
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the well tests will be used to assess the potential impact 
of geopressured aquifer development. 

The disposal of large volumes of brine by reinjection-
is also under study. The predictive capability of mathe
matical reservoir models will be tested against well 
performance data to confirm their reliability. 

Environraental assessment and monitoring of well sites 
in TeJtas arid Louisiana will be accelerated to keep pace 
with the drilling. Appropriate environmental documenta
tion (Environmental Assessments) will be prepared asi 
necessary in connection with well testing activities 
conducted under the Resource Definition subprogram. 

ACTIVITY QEOPHESSURED RESOURCES LEGEND ^ BE^^'" ""-^STONE 
SUBACTIVITY ENVIRONMENTAL CONTROL V END MILESTONE 

0 DECISION MILESTONE 
ACOMPLETEDTASK 

TASK 

Well Moriitoring 

TOTAL BUDGETAUTHORITY 
(DOLLARS IN THOUSANDS) 

1 CY1979 1 CY1980 | CY1981 t CY1982 | CY1983 I CY1984 |CY1985| 
FY 1979 

551 

FY 1980 

1,650 

FY 1981 

1,700 

FY 1982 FY 1983 FY 1984 

T 

FY 1985 1 

? 
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GEOTHERMAL TECHNOLOGY DEVELOPMENT 

Geothermal energy can be exploited with technology 
similar to that used for oil and gas exploration and 
production.. Oil field and water well equipment can be 
used safely and economically for some low-temper at tfre 
geptherraal applications, but conditions associated with 
moderate- and high-temperature geothermal resources often 
exeeed the design capabilities of existing techniques, 
materials, and equipment. 

The objective of the. Geothermal Technology Develop
merit program is to provide improved teehnology in order to 
maxiraize early geothermal exploitation and to expand the 
economically recoverable re.source base. Further, industry 
is encouraged to develop and market equipment and technol
ogy suitable for all geothermal enviroriments. The program 
is divided into two major subprograms: Component Technol
ogy Developmerit and Hot Dry Rock. Funding for Geothermal 
Technology Development is shown in Table V-1. 

Tabic V-1 
Funding Levels for Geothemal Technology Envelopment Subprograms 

FY 1979 through FY 1981 

QEOTHERMAL 
TECHNOLOGY DEVELOPMENT 

ACTIVITIES 

Component Teohnology 
Development 

DrillinaSComplelion 

Energy Conversion 

Reservoir Stimulation 

..Gepctiemical Engineering, 
& Materials 

Geosciences 

Subtotal Componenl 
"Dave lop ment' 

Hot Dry Rocli 

Capital Equipment 

Total 

BUDGET AUTHOfllTY' 
{DOLLARS IN THOUSANDS! 

ACTUAL 
FV79 

5;43a 

9,344. 

4;442 

7.071 

8,477 

34,766 

15,077 

1,479 

Sl,322 

ESTIMATE 
FYBO 

7,000 

7.100 

3,000-

3,600 

4,200> 

24,800 

14,000 

2,100 

41,000 

ESTIMATE 
FY 81 

8,250. 

12,800 

4,500 

5,005 

• 7,83,5 

3S,390: 

13,500 

1,110 

53,000 

INCREASE 
(DECREASE) 

1,250 

5,700 

1,500 

1,405 

3,635 

13,490 

(5001 

(990) 

12,000 
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A. Component Technology Development 

The Component Technology subprogram is orgâ nized to 
corresporid to the activities assoeiated with discovery and 
exploitation of a geothermal resource. 

Drilling and Well completion technology improvements 
could reduce the cost of geothermal wells 25 percent by 
1983 and 50 percent by 1986. These teehnology improve
ments would affect the cost of the projected 10,000 wells 
that must be drilled in order to bring 25,000 MWg of 
geothermal power on line. 

The Conversion subprogram is developing pumps, heat 
exchangers, and systems for use with moderate-temperature 
geothermal fluid for economical production of electricity. 

The Reservoir Stimulation subprogram is working on 
ways to inerease produetion from individual wells, thereby 
reducing the number of wells required to exploit a reser
voir. 

The Geochemical Engineering and Materials subprogram 
addresses the special character Of geothermal fluids arid 
their interaqtion with other materials. Program efforts 
focus on developing materials arid methods to combat pirbb-
lems of scaling, corrosion, injection well plugging, and 
materials failure. 

The Geoseiences subprogram concentrates on improving 
the technologies for exploration, reservoir erigineering, 
loggi rig i ns tr time n tati on, and log interpretatiori. 

1. Drilling and Completion Technology 

This subprogram supports the development of advanced 
drill bits, downhole motors, drilling fluids, well comple
tion methods, and advanced drilling systems that could 
reduce the cost of geothermal Wells by as much as 25 per
cent by 198 3 and 50 percent by 1986. The projected 10,000 
wells that must be drilled in order to achieve the year 
2000 target of 25,000 MWg of geothermal ele.etrie power 
capacity would be affected by these economies. 
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In the initial stage, emphasis is placed on improve
ments in drill bits, downhole motors, and drilling fluids. 
Such improvements are necessary to demonstrate teehnology 
to meet the 25 pereent cost reduction goal. The second 
stage includes the developmeht of a riew drilling system 
which woiild be required in order to achieve the 1986 cost 
reduction goal of 50 percent.. 

Status 

An improved unsealed geothermal roller cone bib was 
developed and commercialized. This improved bit was 
designed specifically for drilling hot, hard fractured 
rock and was field tested at The Geysers Geothermal Field 
in California. The bits drilled 30 percent longer than 
conventional bits drilling the same formation at similar 
teraperatures. Use of this new bit can save a minimum of 
four percent of the total well costs. 

A successful field test of the downhole replaceable 
chain drill bit, developed by Sandia Laboratories, was con
ducted. This test confirmed the cost benefit of changing 
the cutting surface of the bit downhole, Commereialization 
efforts are presently underway. The tigure on the next 
page shows the comporients of this "continuous chain" drill 
bit. 

A new technique for removing scale from pipe was 
demonstrated. This new cavitating descaling system is a 
critical element in overall geothermal developraent, 
because it provides a nondestructive and efficient method 
for cleaning heat exchangers. The basic technology also 
will be applied to removing scale from geothermal produc
tion and injection wells. 
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Continuous Chain Drill Bit {Prototype II) 

Plans for the development of an advanced drilling 
system were formulated. A workshop including fifty parti
cipants from industry, universities, and government was 
held to provide recommendations on the development of 
advarieed geothermal drilling systems. Concepts suggested, 
for development include high speed motors and bits, per
cussion drilling systeras, and jet drilling systems. 

The FY 1980 program is expected to bring about the 
commereialization of the continuous chain-drill bit, 
advances iri the use of manmade diamond materials for drill 
bits, arid the evaluation of carididate technology for 
advanced drilling systems. 
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ACTIVITY GEOTHERMAL TECHNOLOGY DEVELOPMENT 

SUBACTIVITY DRILLING AND COMPLETION TECHNOLOGY 
LEGEND 

A BEGIN MILESTONE 
V E N D MILESTONE 

<| DECISION MILESTONE 
ACOMPLETEDTASK 

TASK 

Bit pevelopment 

Advanced-Drilling 
Systems 

Cbrnpietibn 
Techriology 

TOTAL BUDGET AUTHORITY 
(DOLLARS IN THOUSANDS) 

I CY1979 1 CY19B0 j CY 1981 I CY 1982 | CY19B3 I CY1984 ICY 1985 
• • FY 1981 I FY 1982 I FY 1983 | FY 1984 I FY 1985 FY 1979 FY 1980 

Development and .Testing 

5,432 

Developmerit 

Field Test 
WeilrBore 
Descaling System 

7,000 8,250 

Oevelopment'Casing 
Design Criteria 

Energy Conversiori Technology 

Electricity derived from geothermal resources can 
serve a wide range of energy markets. The objective of 
the energy conversion technology program is to reduce 
geothermal electric generatihg 
sizes conversion technology 
resources, which have a much 
high-temperature resources but 
sive "to exploit.. 

costs. The prograra empha-
for raoderate temperature 
larger resource base than 
are inherently more expen-

Binary conversion systems, which offer the greatest 
potential foi: reducing electric power generating costs, 
are a major focus of the prog ram^ Conversion technology 
seeks to improve perforraance and reduce costs of heat 
exchangers, which now account for 50 , to 70 percent of 
binary plant costs. 
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Status 

• I 
Major aceomplishments and plans of the Conversion 

Technology subprogram include the following: I 

• The one-MWe helical screw expander, a rugged, 
easily transportable wellhead generator system, • 
was * refurbished after a successful field test in | 
Utah and made available under a cooperative agree
ment to the International Energy Agency (lEA) for _ 
testing at geothermal fields in Mexico, Italy, and • 
M A T I T •? & a 1 a n / 1 ^ ^ New Z e a i a n d . 

A 500-KWg skid-mounted binary power system 
employing direct contact heat exchangers has been 
installed at East Mesa and has undergone 
preliminary testing. 

I 
I 

A 100-KWe transportable power system utilizing 
direct contact heat exchangers has been construe-
ted and installed at a test site near El Dorado, I 
Arkansas. Two months of preliminairy shakedbwri and ' 
test runs have been completed. This mobile power 
plant is pietured on the next page. • 
The preliminary design of components for the 
5-MWe, gravity head binary cyc.le system was n 
corapleted and major coraponents and subsystems were I 
ordered for assembly and installation in a test 
well in the Imperial Valley of California. Addi-
tional phases of the test program, including dril- • 
ling of a large diameter well and final design, • 
cpnstructiori, and operation, will occur iri FY 1980 
.through FY 1982,. • 

Several months of unattended continuous opera'tion 
of the 60-KWe binary plant at Raft River have « 
provided new data ori the reliability of binary I 
system operation with low-temperature geotherraal " 
fluids. 

I 
1 
I 
1 
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100-KWe Mobile Power Plant 

• Joint DOE/Electric PpWer Researeh Institute (EPRI) 
heat exchanger equipment tests have begun at the 
East Mesa geothermal component test facility. 

• A coraprehehsive source book on the utilization of 
geothermal ehergy for eleetric power production 
will be published in FY 1980. 

Milestones for the Energy ConvGrsion Teehnology sub
program are shown On the next page. 
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ACTIVITY 

SUBACTIVITY 
GEOTHERMALTECHNOLOGY DEVELOPMENT 

ENERGY CONVERSION TECHNOLOGY 

LEGEND 
A BEGIN MILESTONE 
V E N D MILESTONE 

<] DECISION M I L E S T O N E 

ACOMPLETEDTASK 
I CY1979 I CY1980 j CY 1981 I CY1982 \ CY 1983 I CY19B4 j CY 1985 

TASK 
FY 1979 FY 1980 FY 1981 

I I 1 1 
Start-Up 
and Testing 

FY 1982 FY 1983 FV1984 FY 1985 

100kW Low-Temp
erature System 

Gravity Head 
Binary 

.500 MW Direct 
Contact Tests 

60 KWe Binary 

Source Book 

Helical Screw 
Test 

Construction 

Prelirniriary 
Design Coriipleted 

Construction 

tt 
tWeil 

DriJIed 
Testing at 
East Mesa rrr 

Construction & 
Subsystem 
Testing 

Biriary Gycle Optimization Studies 

rrr 
Publication Testing at 

Hoosevelt 
Hotsprlngs 

Mexico 
Tests 

Italy 
Tests 

Testing 

New Zealand 
Tests 

TOTAL BUDGETAUTHORITY 
(DOLLARS IN THOUSANOS) 

9,344 7,100 12,800 
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Reservoir Stimulat ion 

I Stimul at ion technology is used to ini::rease fluid pro

ductivity of wells. Methods for stimulating geothermal 
wells incliide chemical treatment, hydraulic fracturing, 

I and explosive fracturing. ' Geothermal stimulation methods 
can reduce the number of wells required to exploit a reser
ve lc , thereby decreasing costs. Because of the high tem-

I peratures and the geologic conditions found in geothermal 
reservoirs, requiremerits for geothermal well stiraulation 
technology di-ffer from those for oil and gas wells. Under 
the geothermal well stimulation prograra, new equipment and 

I techniques are being developed to function in the geother

mal i*nv i ronment. 

Statu-; 

An active geothermal well stimulation program was 
started in FY 1979 with the' stimuiation of wells at Raft 
River, Idaho i Stiraulation resulted in a signif ioar-it 
increase in production from orie well arid no discernable 
change in production from the second. 

•New tools and techniques for performing explosive 
stimul at iori of a well at The (Peyser s Geothermal Field in 
California have been developed. Newly developed high 
temperature explosives will be used in an attempt to 
irierease fracture permeability. Explosive tests Will be 
carried out in March 1980.. 

The Stimulation, subprogram will carry out at least 
four field stimulation experiments by the end of FY 80. 
High-teraperature equipi-nent will be developed for use in 
the field experiments. The interactions between hot 
geothermal forraations and various acids used to dissolve 
caleiunt carbonate and silica in the well bore and 
formation will be. evaluated. 

Milestones for this subprograra are shown on the next 
page. 
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ACTIVITY GEOTHERMALTECHNOLOGY DEVELOPMENT LEGEND ^ BEGIN MILESTONE 
SUBACTIVITY RESERVOIR STIMULATION V END MILESTONE 

RESERVOIR STIMULATION <] DECISjON MILESTONE 
A COMPLETED TASK 

1 
TASK 

Stimulation 
Expeririients 
and Tests 

TOTAL B UbGET AUTHORITY 
(ppLLARS IN THOUSANOSJ 

CY1979 1 CY19B0 I CY1981 1 CY19B2 I CY 1983 1 CY1984 tCY1985 | 

FY1979 

4,442 

FY 1980 

' 4 

Ge 
,Ex 
Te 

i 

yse 
plds 
•A 

live 

t 

Fi 
SI 
EJ 

3,000 

FYT981 

t 

eid 
imL 
(pe 

lat 
rim 

Fo 

1 

on 
snt s 

4,500 

FY 1982 FY 1983 

lajor Tests/Year 

1 11 1 

• 

FY19B4 FY19B5 1 
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4. Gieoehemical Engineering and Materials 

The Geochemical Engineering and Materials subprogram 
seeks technical solutions to problems associated with the 
handling and disposal of geothermal fluids. The subpro
gram addresses two main, areas of interestr scale control 
and materials durability. 

Materials and chemistry considerations are closely 
related to individual resource characteristics. To 
achieve oyerall economy iri materials of coristructiori, 
operation, and maintenance of geothermal systems at a wide 
variety of sites, durable materials resistant to localized 
corrosion and catastrophic failure are required, 
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The objective of fluid chemistry activities is to 
increase plant efficiency through improved fluid manage
merit techniques. Fluid disposal procedures and high-tem
perat ure chemical probes are being developed to control 
waste by-prodLict reraoval and' to optimize the poteritial for 
beneficial use of these wastes. A pilot system for 
controlling emission of hydrogen sulfide gas is pict uired' 
.below. 

-iX 

Hydrogen Sulfide Removal Systera at The 
Geyser:s Geothermal Field 

I 
I 
I 
I 

Materials development efforts seek to advance more 
economical coristruction raaterials and to deyelop elastom
ers, metals, and nori-metallics for use In the geothermal 
environment. Major subprbgrams are developing materials 
for use in 1ogging tools, cab1e d?iii bits, and downhole 
pump bearings. Polymer concrete is being developed to re
place expensive stainless steel and titanium for pipes and 
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pressure vessels. Steels, that resist localized corrosion 
in well casing, drill pipe, and energy conversion equip
ment are under development. 

Status 

I 
I 
I 
I 
I 

Major achievements and plans are described below: 
• An analysis of available materials foi: use in geo- I 

thermal applications has been eompleted. The 
work, presented in handbook form, will aid in the 
design of geothermal electric power plants. The • 
handbook' is now being updated to include materials • 
for geothermal space heating and industrial pro
cess systems. • 

• Polymer concrete, high-temperature elastomers, and 
casing materials have beeri developed with 15 to 20 ^ 
percent improvements in durability and corrosion • 
resistance for geothermal environments. Polymer * 
concrete lined pipes were tested at Niland, 
California, and East Mesa, California. 

A series of high-temperature Well cements; has been 
developed and is being tested at the National 

60 

I 
I 

The manufacture of commercial prototype polymer 
concrete pipe and the technology transfer of new 
high-temperature, elastomers were initiated in 
September 1978. Two miles of the pipe arid a 
norirdestructive evaluation technique for predic- — 
tion of drill pipe failure will be field tested in • 
FY 1981. ' • 

An industry cost-shared prograra to instrument the • 
Magma Power Company binary plant at East Mesa, I 
Califorriia has been initiated. DOE will provide 
instrumentation and data interpretation and will • 
gain information dn fluid characteristics. | 

An American Society for Testing and Materials Coin-
mittee (E-45) was initiated to standardize mate- . • 
rials-related geothermal field test procedures. •' 
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Bureau of Standards as part of an American 
Petroleum Institute Task Group • effort for 
geothermal well cement standards development. 

Geothermal materials work in FY 1981 will emphasize 
developmerit and testing of elastomers, metals, and cements 
for geothermal iise that are durable at high temperatures 
and resistant to localized corrosion, wear, fracture, arid 
fatigue failures.. improvements in these materials 
essential for the success of dowrihole pumps, cables, 
motors, and for greater longevity of surface, well, 
drilling eqtaipment. 

are 
and 
and 

Efforts will continue to 
altecnate geothermal materials 
electric power systems-

field test and demonstrate 
in hon-electrie as well as 

ACTIVITY 

SUBACTIVITY 
GEOTHERMAL TECHNOLOGY DEVELOPMENT 

GEOCHEMICALENGINEERING AND MATERIALS 

LEGEND 
A BEGIN MILESTONE 

V E N D MILESTONE 
< | DECISION MILESTONE 

ACOMPLETEDTASK 

I CY1979 I CY1980 j C Y . 1 9 a i | CY1982 j CY19B3 1 CY19B4 j CY 1985 
TASK 

FY 1979 FY 1980 FY 1981 

T 
FY 1982 FY 1983 FY 1984 FY 1985 

Geochemical 
Engineering 

Materials 
Development 

Alternate 
Matenals 
Development' 

Tl 
Sampling 
Analysis 
Handbooks 

Engineering 
Process 
Handbook 

Non-Electric 
Materials 
Haridbook 

Electric 
Materials 
HandtKiok 

I I p 

I I I I I 
PlantMonltor^ 
Control 
instrumentation: A I I ' f 

Byproduct 
Recovery 

High I t • 
Temperature 
Cenhent 

Installation of 
Polyrriar Concrete Pipe 

ST-

Waste Process Handbook 

Corrosi on- Resi stant 
Steels 

Testing of 
Polymer Concrete 
Pressure Vessel 

TOTAL BUDGET AUTHORITY 
(DOLLARS IN THOUSANDS) 

7,071 3,600 5,005 
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5. Geoscience Technology Development 

The Geosciences subprogram, which is aimed at 
removing , technical and economic barriers to geothermal 
development, includes activities in exploration technol
ogy, reservoir engineering, logging instrumentation, and 
log interpretation. The .objectives of these comporients 
are detailed belowJ 

• Exploration technology - to improve surface 
exploration equipment and techniques in order to 
reduce the number of dry holes drilled in the 
search for geothermal resources; 

» Reservoir engineering - to predict reservoir 
volumes and. productivity accurately over time; 

• Logging instrumentation - to develop downhole 
measuring devices that can survive the geothermal 
environment; and 

• Log interpretation - to determine the charaeter
istics of geothermal reservoirs from borehole 
information. 

Status 

Exploration teehnology activities seek to overcome 
key technical prbblems identified by industry. These aeti-
vfties are undertaken to improve the accuracy of predril
ling reservoir assessments, to reduce the number of dry 
holes drilled, and to reduce the cost of expioration and 
assessment. This effort seeks solutions to near-term 
problems as well as developing methods for finding "hidden 
resources", 

The prineipal objective of reservoir engineering 
activities is to improve the capability for predicting 
longevity and. productivity of reservoirs. This effort is 
systematically addressing improvements in technical areas 
such as well testing, rock arid fluid properties, reservoir 
performance arialysis; and prediction, and economies. 
Research in these areas is important since the performance 
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o.f most hydrothermal reservoirs -has typically been unpre
dictable due to unknown subsurface conditions. Case his
tories of producing geothermal fields are being prepared 
as a basis for modelirig. 

Logging instrumentation activities are aimed at up
grading tool capabilities from the present rating of, 
180OC to typical geothermal temperatures up to 275°C. 
Log interpretation activities seek to analyze problems in 
data interpretation caused by significant differences 
between hydrdcarbon and geothermal wells. The well log
ging services piresently available are often unsuitable for 
the hostile; environment of geothermal wells, and data 
essential for reservoir engineering are difficult to 
acquire. Calibration facilities for industrial facilities 
will continue to be provided as part of this effort* Both 
activities work closely with indiistry in an effort to test 
and evaluate new concepts. 

ACTIVITY GEOTHERMAL TECHNOLOGY DEVELOPMENT LEGEND ^ ^ ^ G I N MILESTONE 
SUBACTIVITY GEOSCIENCES V ENDMILESTONE 

< DECISION MILESTONE 
ACOMPLETEDTASK 

TASK 

Exploration 
Technology 

Reservoir 
Engirieering 

Logging 
Instru rri entat ion 

Log Interpretation 

1 

TOTAL BUDGET AUTHORITY 
(DOLLARS IN THOUSANDS) 

1 CY1979 1 CY1980 | CY1981 1 CY 1982 1 CY 1983 | CY 1984 j CY 1985! 
IFY1979 FY 1980 

Case Studies 

8,477 

C om 
7S' 

mei 

4,200 

FY 1981 

x-r 

cia 
Jipr 
? 

ize 
ner t 

7,835 

FY 1982 FY'19B3 FY 1984 

V 

FY 1985 1 
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B, Hot Dry Rock 

The hot dry rock (HDR) geothermal resource is defined 
as the heat stored in rocks that contain little or no 
water. The lack of sufficient water to transport heat 
distinguishes HDR from hydrothermal resources., HDR has an 
extremely large resouree base. 

Energy is extraeted from hot dry rock by drilling two 
wells, fracturing the rock between the wells to provide a 
large heat exehartge surface, then establishing a circulat
ing fluid loop. Commercialization will depend on signifi
cant improvements and cost reductions in drilling and 
fracturing technology. The hot dry rock geothermal con
cept is depicted on the following page. 

The Hot Dry Rock subprogram assesses the potential of 
the HDR resouree and supports development of new technieal 
approaches foÊ  extracting energy from HDR. Although HDR 
researeh began in 1972, the present HDR program was for
mally instituted at the beginning of FY 1979 after suc
cessful operation of a five-megawatt thermal loop at the 
Fenton Hill HDR site iri New Mexico in 1978, General pro
gram objectives are (1) to determine the potential of the 
HDR resource, (2) to verify that the requisite technology 
for developing the resouree exists, and (3) tp bring about 
commereial exploitation of HDR before the .end of the cen
tury. A major program decision point will occur in FY 
1986, when a review of technical and economic feasibility 
will determine whether the subprogram should be continued. 

Status 

Since initiation of the HDR program, DOE has estab
lished a program office at Los Alamos Scientific Labor
atory (LASL) , prepared a draft HDR Program Plan, 
established the National HDR Program Development Couneil, 
and prepared the draft FY 1980 Operating Plan. 

The Fehtdn Hill piroject, the largest single program 
element at present, is progressing on schedule. The proj
ect is a multi-phase effort. Phase I, which is nearing 
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successful completion, i s an i n i t i a l f e a s i b i l i t y i nves t i 
gation of LASL's HDR heat extract ion technique. Phase I I 
irivblves creatirig and tes t ing a commercial-scale 20-50 
MWt thermal loop. In, addi t ion , one of the Phase I wells 
wi l l be deepened to become a permanent downhole equipment 
t e s t f a c i l i t y . Dri l l ing of the new v/ells JEor the. Phase I I 
loop has begun.. As a possible thi rd phase, the Fenton 
Hill s i t e cbuld be developed for e l e c t r i c power genera
t i o n . Although such s i t e development i s current ly not 
part of the DOE Fenton Hill p ro jec t , a local e l e e t r i c 
cooperative has shown in t e r e s t in building a small power 
plant if the. large therraal Ipoip proves s^uccessful. 
Environmental survei l lance at the fenton Hill s i t e 
continues to give evidenee of HDR as one of the most 
environinentally benign energy sourees, 

Teehnology development a c t i v i t i e s associated with the 
Fenton Hill project have focused on development and t e s t 
ing of high-temperature mate r ia l s , equipment^ and downhole 
instrumentation arid upgrading of cominercial d r i i i i n g 
equipnent. 

In addit ion to the Fenton Hill work, DOE i s continu
ing regional and national a c t i v i t i e s to assess the HDR 
resouree. In EY 1979, DOE cooperated with USGS to de te r 
mine HpR resource potent ia l arid conducted geological and 
geophysleal s tudies in 34 s t a t e s . S i tes for deta i led 
resouree inves t igat ions have been selected near Boise, 
Idaho and on the Delmarva Peninsula. In addi t ion, a ca ta 
log of potent ia l HDR s i t e s for commereial and i n d u s t r i a l 
development i s being prepared. 

In an t ic ipa t ion of HDR Gommercialization, a prel imi
nary legal study has been, published and a two-year indus
tr ial /economic study has-been i n i t i a t e d . 

In accordance with the program objective of proving 
the general a v a i l a b i l i t y of the HDR resources, a second 
HDR s i t e in a d i f fe ren t geologic se t t ing wi l l be selected 
by the end of FY 1981. Plans for FY 1980 include: 

« Increased acquisitiori. of resouree poteritial data 
and piiblication of a geothermal gradient map, 

o Completion Of Fenton Hil l Phase I system experi-
meritation, 
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o Construe t ion of a 20-̂ 50 MW thermal loop a t Fenton 
Hi l l , arfd 

• Continuation of instrumentation development and 
t e s t ing a c t i v i t i e s . . 

ACTIVITY GEOTHERMAL TECHNOLOGY DEVELOPMENT LEGEND A.BEGIN MILESTONE 
SUBACTIVITY HOT DRY ROCK V ENDMILESTONE 

0 DECISION MILESTONE 
ACOMPLETEDTASK 

TASK 

5 MWt Loop 
Experiments 

20-50 MWt Loop 
Development 

Evaluation of 
Prospective Sites 

Industrial / 
Economic Study 

TOTAL BUDGETAUTHORITY 
(DOLLARS IN THOUSANDS) 

1 CY1979 1 CY1980 1 CY1981 1 CY 1982 1 CY1983 I CY1984 |CY198S| 
FY 1979 

i 

i 

Cc 

S 

•15,077 

FY 1980 

nat rue ton 

'14,000 

FY 1981 

7 

FY 1982 

Testing 

Sitea 

7 

13,500 

FY 1983 

Open 

FY 1984 

itio n V 

FY198S 1 
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VI. INTERNATIONAL GEOTHERMAL ENERGY ACTIVITIES 

Geothermal resourde potential has been identified in 
over 20 countirles. Existing worldwide installed capacity 
is 1.978 MWe,, with planned additional capacity of 3641 
MWg. 

The Unite.d States, participates in international geo
thermal energy programs through multilateral and bilateral 
agreements with other nations. These agreements, which 
can ehhanee domestic coramercialization, cover both 
exchanges of information and cooperative researeh and, 
development efforts, Infbrmatibn exehange facilitates 
expansion of the geothermal data base and helps ensure 
that experience gained elsewhere is available to U.S. 
developers. . ^ ,' 

Status 

In FY 1979,̂  the United States and the Federal Republic 
of Germany signed ari agreement providing for participation 
of German scientists in the Los Alamos Scientific Labora
tory (LASL) HDR program,. The Federal Republic of Germany 
will fund :2 5 percent of the Fenton Hill project, up to a 
ra ax im um of $2.5 m illi o h pe r ye a r. Th e ag r eement w i11 be 
effective for an initial period of four years. In addi
tiori, a cooperative agreement under the International 
Energy Agency (lEA) was signed for overseas testing of a 
U.S. manufactured wellhead generator unit, the helical 
screw expander. Partieipating countries in this agreeraent 
are Mexico, New Zealand, and Italy. 

The U.S. also has major bilateral agreements with 
four countries. Activities carried under these agreements 
are summarized below: 

• The U.S. ,and Italy have exchariged information on 
driiiing teehniques and materials, Exehange of 
reservoir data has led to initial selection, of 
wells for possible stiraulation. Reservoir 
assessment activities have included testing of a 
computer model at Lardarello, Italy. In addition, 
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A Memorandum of Understanding betweeri the U,S. H 
and Ê ew .Zealand is under negotiation. Areas of • I 
cooperative study will include drilling and com- • 
pletion, logging instrumentation, chemistry and 
materials, stimulation, reservoir engineering, I 
two-phase flow studies, and bririe disposal. • 

I 
tional geothermal developmerits, I 

the U.S. has provided environmental monitoring 
equipment and cooperated in seismic studies. 

The first meeting of an executive coordinating 
committee for UiS.-Japan cooperation was held in 
1979. Possible cooperative projects relevant to 
binary conversion systeras and the LASL hot dry 
rock program were discussed. 

Cooperative investigations between the U,S. and 
Mexico on the geophysical and hydrological charae-
teristies of the Cerro Prieto field continued in 
FY 1979. Bilinguial piroeeedings of the First 
Symposium were published. The Second Symposium 
was held in December 1979. Discussions are 
underway to extend cooperation under the bilateral 
agreement to other geothermal areas.. 

Future international activities include the follow-

A conference in Paris to review recent iriterna-

Observation of stimulation activities at The 
Geysers by Italian scientists. 

Expansion of U.S./Italian brine technology and 
materials testing activities. 

Continued reservoir assessment and engineeririg 
activities by the U.S., Italy, and Mexico, 

Continued exchange of drilling and environmental 
information between the U.S. and Italy, 

Contiriued exchange of information between the 
U.S, arid. Japan, ahd 

Continued meetings to review progress of the • 
lEA/Manmade Geothermal Energy Systems (MAGES) " 
Implementing Agreements. 
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VII. PROGRAM MANAGEMENT 

The geothermal energy programs described in this 
report require about $150 million annually in federal 
funds. These funds are expended via several hundred aetive 
DOE contracts involving projects throughout the UiS. 
Although DOE is designated by the Congress as the lead 
agency' for federal geothermal, energy programs, several 
other federal agencies; have substantial geothermal respon
sibilities. The Department of Interior, for example, has 
custody of millions of acres of federal land containing 
geothermal resou rce ŝ  and is responsible for leasing them 
as appropriate fpr commerical geothermal development.. The 
leasing must be coordinated with DOE reiservoir definition 
and technology development programs if the goals for 
eomraercial geothermal development are to be met. 

The mana'gement of this multifaceted program, -from 
long range planning and policy analysis to the testing of 
geothermal wells and the approval of loan guararity appli
cations, is itself a complex challenge. DOE's approach to 
this task is to concentrate policy, planning, overall bud
get definition and program defense activities In Washing
ton headquarters, while assigning to DOE Operations 
Offices, National Laboratories arid Regional Representa
tives the responsibility for project definition, day-to
day project managemerit in the field, and coordination with 
state arid local authorities. 

This chapter, discusses the organizational structures 
and their responsibilities in twp sections, the first 
coveririg DOE headquarters, the other, field orgarilzatlons. 

ft. Headquarters Organization 

The Interagency Geothermal Coordinating Council 
(IGCC) serves as a board of d-ireetors -for federal geother
mal programs. This Council, chartered by the Congress 
(P.L. 93-410), is chaire<J by the DOE Assistant Seeretary 
for Resource Applications. About 25 federal agencies are 
represented on the Couneil at the Assistant Secretary 
level. 
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The IGCC, which meets as a body four times a year, 
accomplishes much of its work through a staff committee 
and three panels. The Council reviews agency plans for 
geothermal programs to assure that together they consti
tute a coherent federal geothermal plan, submits a coin̂  
,bined federal geothermal budget request to the President's 
Office of Management and Budget (OMB), and recommends 
appropriate changes in national policy and legislation. 

In FY 1979, DOE shifted the responsibility for com
mercialization of hydrothermal resources from the Assis
tant Secretary for Energy Technology (ASET) to the 
Assistant Secretary for Resource Applications (ASRA). 
Most of the DOE geothermal energy programs remained with 
ASET. Early in FY 1980, as part of a major DOE reorgani
zation, the office of ASET was abolished, arid all ASET 
geotherraal program were assigned to ASRA. Therefore, DOE 
geothermal programs are now conducted iinder the direction 
of ASRA, with the exceptiori of some basic research conduc
ted by the DOE Office of Energy Research and environmental 
research conducted by the Assistant Secretary for 
Environment. 

The geotherraal program staff of ASRA is responsible 
for intitiating the geothermal portions of the DOE annual 
congressional budget request; defending that request and 
the program itself within DOE, the Administration and the 
Congress; developing overall program plans; negotiating 
management agreements with DOE field offices and providing 
them with program direction and funding; and conducting 
periodic program reviews. 

B, Field Organization 

DOE field offices and some DGE National Laboratories 
have been assigned major responsibility for the cooxdlna-
tion and management of substantial parts of the DOE geo
thermal program. The Los Alamos Scientifie Laboratory 
(LASL), for example, has beeri given a lead role in the Hot 
Dry Rock subprogram. The DOE San Francisco Operations 
Office conducts the Geothermal Loan Guaranty program, and 
the Nevada Operations conducts drilling activities under 
the Geopressured Resouree Definition subprogram. 

In general, the relationship between each of these 
offices and headquarters is documented in a formal writteri 
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management agreeraent. Headquarters provides overall plan
ning guidance and financial and manpower resources to the 
field offices and laboratories. The field offices and 
laboratories are responsible for project definition, cori-
traetirig and subcontracting, project management, and 
reporting. They are aeeountable for achieving' objectives 
and milestories. 

The major manageraent 
programs are listed below. 

centers for DOE geothermal 

Nevada Operations Office 
Idaho Operations Office 
San Francisco Operations Office 
Chicago Operations Office 
Lbs Alamos Scientific. Laboratory 
Lawrence Berkeley Laboratory 
Idaho Natipnal Engineering Laboratory 
Sandia Corporation 

The organizational relationships of Headquarters, a 
typical field office, and project cpntraetbrs are dis
played below. 

ConlraclorA 

DOE Agsiatant Secretary 
for Resource 
Applications 

Goothermal 
Program statf. 

•DOE Ope ratlofia Oflice. 

QeolhSfmal 
Project Slalf 

Inte rase nc^ 

Codrdliiatlng 
Council 

Support 
Staff 

Contfactbr B Contractor C, 

Program Management Organization 
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