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FOREWORD 

This report, the "Geothennal Energy Research, Development and 

Demonstration Program, Definition Report". (ERDA-86), has been pre

pared In response to the requirements of the Geothermal Energy Research, 

Development, and Demonstration Act of 197A, Public Law 93-AlO. The 

report Is devoted to the broad definition of the Geothennal Energy 

RD&D Prograra Involving the activities of ERDA and other cognizant 

Federal agencies. 

The purpose of this document Is to delineate the major thrusts 

associated with an overall Federal effort. A more detailed definition 

of the ERDA.Geothennal Energy Program published In "A National Plan for 

Energy Research, Development and Demonstration: Creating Energy Choices 

for the Future," (ERDA-A8);June 1975, will be updated on an annual basis. 

ITie ERDA wishes to express its gratitude to the participating 

cognizant Federal agencies for their valuable support, and critique of this 
/ • • • • 

report. 
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SUMMARY 

The Geothermal Energy Research, Development and Demonstration Act 

of 1974 (PL 93-410) authorizes a coordinated Federal program of re-, 

search, development, demonstration and loan guaranty for geothennal 

energy development with.the goal of establishing this energy source as 

a realistic option for tho partial satisfaction of the Nation's energy . 

needs. 

A fundamental premise of the Federal prograra defined herein is 

the provision of assistance to the Nation's industrial community for 

the achievement of National energy goals. Geothermal energy offers 

the promise of a significant contribution to at least three of the 

eight specific energy RD&D goals,* namely: 

e Expand the domestic supply of economically recoverable energy 
producing raw materials, 

• Increase the utilization of essentially Inexhaustible domestic 
energy resources, 

e Protect and enhance the general health, safety, welfare and., 
/ environment relating to energy. 

The goal of this Geothermal Energy RD&D Program Is to work with 

industry to provide the Nation with an acceptable option which, If 

exercised, would permit the timely exploitation of our geothermal re

sources. Federal efforts which will assist industry in accelerating 

*l'he eight goals (reproduced on page 1-2) are stated in, "A National 
Plan for Energy Research, Development and Deraonstraton: Creating 
Energy Choices for the Future," Energy Research and Development 
Administration, Washington, D.C, June 28, 1975 (£RDA-48)\ prepared 
in response to the requirements of the Energy Reorganization Act of 
1974 (PL 93-438) and of the Federal Nonnuclear Energy Research and 
Development Act of 1974 (PL 93-577) which provides for the integration 
of the goals and strategies of the Geothermal Steam Act of 1970 
(PL 91-581) and of the Geothermal Research, Development and Demonstration 
Act of 1974 (PL 93-410) into the National Plan for Energy RD&D. 
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geothermal development have been defined In the areas of resource 

assessment; research, development and demonstration in areas of high 

technical risk; information dissemination and loan guaranties toreduce. 

flnanclal risk; and assistance In the reduction and removal of institu

tional Impediments to healthy industry growth. Integral to the Federal 

program is the continued development and adoption of appropriate mea

sures necessary for protection of the environment. 

Prograra planning for this Geothermal Energy Research, Development 

and Demonstration (RD&D) Prograra has been carried out as part of a 

coordinated interagency effort and within the overall framework of the 

National Plan for Energy RD&D.*' 

The Potential of Geothermal Energy 

The magnitude of the Nation's geothermal resource base is very 

large. With the appropriate technology development and reduction In 

nontechnical problems, a considerable fraction lof this resource, could 

be made economically exploitable while maintaining the protection of 

the environment. 

The accelerated industrial exploitation of this resource is 

presently impeded, however, by a number of obstacles of widely-vary

ing nature, Including: 

« lack of reliable detailed resource infonnation '•• 

O lack of proven technology for definition, extraction and 
utilization of most of the recoverable resource 

• complexities of administrative and regulatory requirements 
on geothermal development 

o insufficient knowledge of possible environraental impacts 
and control technology needs and methods. 

These factors coupled, until recently, with the availability of 

more economically attractive energy alternatives,, has resulted in the 

_____ . 
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slow development of a domestic geothermal Industry. These obstacles 

may be removed or substantially reduced through' a well planned and 

executed Federal program in cooperation with industry, state and 

local governments, and with appropriate participation of universities 

and non-profit institutions. 

Implementation of the prograra defined herein is intended to 

assist Industrial adoption and rapid commercialization of the energy 

options thus provided. This could result in environmentally accept

able geothermal resource utilization on the order of: 0.6 Quads/year 

by 1985, 4.4 Quads/year by 2000 and 18.6 Quads/year by 2020.* 

These estimated potential energy Impacts include both electrical 

and nonelectrical applications. The estimates aire based on ERDA's 

interpretation of recent resource estimates developed in cooperation 

with the U.S. Geological Survey, and assume growth rates for geo

thermal resource.development similar to historic trends in other energy 

industries. 

Nature of the Resource 
- 7 •• • . -

.Geotherraal eriergy is the natural heat contained in the earth's 

crust. The exploitability of the resource is dependent on anomalies 

which produce hot- spots near the earth's surface. Five types of 

geothernuil resources have been defined: 

• Hydrotherraal Convective 

o Geopressured 

'9 Hot Dry Rock : . 

a f-Ligma . 

o Normal Gradient.. 

Of these types, the hydrothermal convection systems, which occur where 

ground wat»;rs infiltrate into formations of heated rock, represent a 

fraction of the total resource, but provide the only resource presently 

*1 Quad equals iol5 Btu's. 
** D.F. Wlilte, ec. al., "Assessment of Geothermal Resources of the United 

States," USGS Circular No. 726, Reston, Va., 1975. 
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'being utilized (primarily in the form of dry steam) and the greatest^' 

potential for immediate indiistrial expansion. • The other four forms, of 

geothermal energy represent the bulk of the- resource, but each of them 

requires substantial technological research, development and demonstra

tion to bring it to the point of commercial exploitation. 

Strategy i 

In order td open the option for industrial development of geo

therraal resources and to avail the estimated levels of resource utili

zation, a Federal strategy with three major thrusts has been defined: 

(1) reduce resource uncertainties 

(2) assist industry in developing the capability of rapid future 
exploitation of the more extensive geopressured, hot dry rock, 
norr.ial gradient and magma resources, by facilitating the 
• present industrial development of identified hydrothermal 
resources, and 

(3) assist industry in development of the advanced technology 
needed to exploit geopressured, hot dry rock, normal gradient, 

I and magma resources. 

To carry out this strategy, programmatic activities have been defined-

in three program areas; resource exploration and assessment; technology 

'deyelopment;and institutional developraent relating to governmental and 

industrial cooperation. . • 

Program Areas • • 

Resource Exploration and Assessment - Efforts in this area are 

aimed at reducing the risks associated with exploration and the un-' 

knovms associated with the location and extent of geothermal resources. 

Includ'̂ d are: geosciences research to improve the fundamental under

standing of the geothermal processes in the earth's crust and their 

a.ssoclated surface manilesCations; assessment and exploration technology 

development to improve the efficiency, reliability and economics of 
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•assessment and exploration; regional and national assessment to identify^ 

and quantify the Nation's geothermal resources; and, resource information 

dissemination "for processing and effective distribution of data on the 

Nation's geothennal resources. 

Technology Development - Technology research, development and 

demonstration projects included in this program area are directed at. 

assuring the availability of options for the commercial extraction arid . 

utilization of the energy frora each of the various types of geothermal 

resources in an environmentally acceptable manner. The major needs 

associated with the ex traction and utilization of each resource type 

that are addressed Include: improved drilling technology; reservoir 

engineering; conversion equipment development; and pollution abatement 

technology development'. Wiiere appropriate, commercial scale demonstration-, 

plants will be considered for demonstration of economic viability and 

environmental acceptability of a resource type and its associated 

utilization technology. • 

I Institutional Development - To enhance the potential for early 

commercial exploitation of geothermal resources in an environmentally 

acceptable manner, the program incorporates the development of Incen-. 

tives, institutional relationships, and policy .to facilitate industrial 

.commitment. It includes: the leasing program to make federal lands 

•available for geothermal development; the Gepthermal Loan Guaranty 

Prograrn to reduce the financial risk; and policy research to identify 

and develop- policy alternates to resolve the social, legal, economic, 

and environmental problems a.s.sociaced with developraent of these energy 

resources. The scope of this effort goes beyond the technology RD&D 

program. It is, liowever, an integral part of the total Federal effort. 
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Coordination and Management 

As provided by the Energy Reorganization Act of 1974 (PL. 93-438), 

ERDA will manage the major portion of the Fede.ral Geothennal Energy 

RD&D Prograra. It will carry out its responsibilities in cooperation 

with the National Science Foundation, which conducts basic and long-

range advanced r'esearch; with the Department of the Interior, which 

conducts resource characterization, regional assessraent, and exploration 

.technology research, and which, in cooperation with the U.S. Department . 

of Agriculture, administers the Federal geothermal leasing programs; 

with the Environmental.Protection Agency to assure that geothermal 

development shall be within acceptable environmental bounds; with the 

Department-of the Treasury.which participates in'the administration of 

the Geotherraal Loan Guaranty Prograra; and with other cognizant Federal,, 

state and local agencies whose responsibilities relate to the development 

and operation of a geothermal energy industry. ERDA will also cooperate 

with the Federal Energy Administration in the development of National 

energy policy, particularly in attempting to reduce or elirainate unnecessary 

fiscal' and Institutional constraints which affect the development of a 

geothermal industry. 

Prior to the formation of ERDA, the overall responsibility for. 

coordination and management of Federal geothermal RD&D activities was 

the responsibility of the Geothermal Energy Coordination and Management 

Project created under Public Law 93-410. The legal responsibilities of 

the Project were acquired by the Administrator with the transfer of ' 

these functions to ERDA. The continuation of policy level coordination 

among key Federal agencies is being considered. 

The ERDA Division of Geothermal Energy will be responsible for the 

implementation of the major portion of the technology RD&D defined 

herein." The Division will work with other ERDA divisions and offices to 

coordinate pertinent and related research areas. Specific attention 

S-6 



will be given to: developments In conservation and transmlusion tech

nology under the Assistant Administrator for Conservation, drilling and 

fracturing technology development In cooperation with the Assistant 

Administrator for Fossil Energy, assessment of health and environmental 

Impacts of new technologies under the Assistant Administrator for Environ

ment and Safety, basic materials and geosciences research within the 

Division of Physical Research; and direct thermal applications within' 

the Division of Solar Energy. 

The ERDA Office of Industry and State and Local Government Relations, 

will take an active role in providing a two-way communication channel 

between ERDA and all segments of the geothermal industry, state and local 

governmients. 

Issues and Impacts 

Tlie lack of reliable, quantitative information about the magnitude, 

location and longevity of individual geothermal reservoirs is a serious 

obstacle to the willingness of Industry and the financial community to 

commit capital for their development. Similarly, the absence of proven, 

reliable technology for exploration, reservoir definition, field develop

ment, conversion and utilization of most forms of geothermal energy has 

resulted in the postponement of development of all but high quality 

hydrothermal resources. 

Present regulatory requirements at several levels of government, 

and present complexities of leasing regulations may present impediments 

to accelerated geothermal development. Geothermal energy utilization, 

as other extraction industries, entails considerable financial risk 

that, without compensating Incentives, may Inhibit developraent. How

ever, some of these other industries, including energy industries. In 

direct competition with geothermal energy, have tax and fiscal incen

tives which geothermal utilization does not presently enjoy. Issues 
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Involved here go far beySrid the RD&D scope, but will be considered in 

the Federal effort. Additionally, the lack of comprehensive knowledge 

of the possible environmental impacts and control technolcSgy require

ments for geothermal developraent raay also, iniiibit rapid industrial 

growth. 

Investigation of these and other issues and associated Federal 

policies which raay impact industrial development of geothermal resources 

forra a key an'd integral part of a continuing refinement and improvement 

in the program plan defined in this document. Cost-benefit studies, 

throughout the course of the program implementation, will provide the 

basis for evaluation and decisions regarding the technology RD&D efforts 

as well-as the desirability and extent of other forms of direct and 

Indirect federal support of geotherraal industry developraent. 

It is expected that implementation "of the Federal strategy, with 

continued prograra review, refinement and update, will overcome many of 

these problems and enable the industry to provide inexpensive, and 

clean geothermal energy to help"fulfill a portion of our National energy 

/needs. 
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SECTION I 

INTRODUCTION AND BACKGROUND 

THE NATIONAL ENERGY PROGRAM 

The National Plan for Energy RD&D has been designed to create a 

wide range of energy options for the future. Its Intent is to stimulate 

a changeover from the Nation's current dependence on dwindling supplies 

of oil. and gas to the larger resources of coal, uranium, solar energy, 

geothermal energy, and fusion energy. The Nation has little time to 

accomplish this change, for without rapid development of our more ex

tensive resources, a serious shortfall in domestic energy availability 

may occur, with associated severe economic and social impacts. The U.S. 

economy is presently 75 percent dependent on petroleum and natural gas, 

20 percent dependent on coal, 2 percent on nuclear, 2 percent on hydro

electric, and ] percent on wood. U.S. rate of petroleum production has 

been estimated by ERDA to be insufficient to meet national needs beyond 

the'^1990's.* ' • 

Development and commercialization of new energy alternatives is a 

time consuming process, requiring early planning and commitment. The 

decisions made now can determine the options for future generations. 

Development of our domestic resources, including geothermal energy, 

under an accelerated National program can reduce our reliance on im

ported fossil fuels, iraprove our balance of payments position in foreign 

trade, and help to stabilize our political, social and economic future. 

*"A National Plan for Energy Research, Development and Demonstration: 
Creating Energy Choices for the Future—Volume I: The Plan," ERDA-48, 
The Energy Researcii and Development Administration, June 1975, pp. S-2 
and S-3. 
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In response to the present energy problem, eight national RD&D 

goals have been established by ERDA:* 

• expand the domestic supply of economically recoverable energy 
producing raw materials • 

• increase the utilization of essentially inexhaustible domestic 
energy resources 

• efficiently transform fuel resources into more desirable forms 

• increase the efficiency and reliability of the processes used 
. in the energy conversion and delivery systems 

• transform consumption patterns to iraprove energy utilization 

• increase end use efficiency 

• protect and enhance the general health, safety, welfare and 
environment related to energy 

• perform basic supporting research and technical services 
related to energy. 

The Congress has mandated in the Geothermal Energy Research, Devel-' 

opment and Demonstration Act of 1974,** that "The Federal Government 

encourage and assist private industry through Federal assistance for the 

development and demonstration of practicable means to produce useful 

energy from geothermal resources with environmentally acceptable proces

ses." The Act calls for activities in*: 

• resource inventory and assessment ' 

e RD&D projects 

• scientific and technical education 

*Ibid., p. S-4. 
**The "Geothermal Energy Research Development and Demonstration Act 
• of 1974," Public Law'93-410, September 3, 19.75, Section 2.12. 
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• I : 

• financial assistance to private industry 'for the ultimate 
purpose of accelerating production of geothermal energy in 
environmentally acceptable ways. 

Subsequent legislation; i.e., the Energy Reorganization Act of 

1974 (PL 93-438) and the Federal Non-nuclear Energy Research and Develop

raent Act of 1974 (PL 93-577) further delineated the basic statutory 

framework for ERDA and other Federal agencies to vigorously pursue a 

program aimed at increased and'stimulated geothermal energy utilization. 

This Definition Report is in response to this mandate. 

GEOTHERMAL. ENERGY i. 

The extent of geothermal energy utilization is highly technology 

dependent, in that the exploitable resource can increase substantially 

each time a new advanced method of utilization is developed. The re

source base, from which exploitable resources derive, is defined by the 

U.S. Geological Survey to be the entire heat content of the earth's 

crust_in the U.S. above 15''C to a depth of 10 km.* Non-'uniformltlesin 

the geological structure, of the earth's crust can allow heat from the 

earth's interior to be transported preferentially to certain limited 

.areas near the surface. It is in these "hot spot" areas that geothermal 

energy is most easily extracted, technologically and economically. 

Thus, only a portion of the resource base is currently considered to be 

exploitable, and estimates of the portion that raay be exploited are 

dependent upon the maturity of extraction and utilization technology. 

Five types of geothermal energy resources with' distinctively dif

ferent characteristics have been defined. These are: 

*D.E. Wiite and D.L. Williams, Editors, Asses.->ment of Geothermal Resources 
of the United Sl.-itc.s - 1975. Tlic United States Geological Survey, Geo
logical Survey Circular No. -726, Reston, Virĵ iiiia, 1975, in cooperation 
with ERDA's Division of Ceothermal Energy. . 
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(1) Hydrothermal Convective: systems containing relatively high-
temperature water at shallow depths. These systeras are gen
erally subdivided into: 

•Vapor-dominated - at a characteristic temperature of 
greater than 150°C (300°F) and capable of producing 
superheated steam. 

Liquid-dominated - ranging from below 90°C (190°F) to 
-. above 350''C (660°F) and capable of producing a mixture 
of liquid and vapor or hot liquid only.-

(2) Geopressured Resources: pressurized water reservoirs within 
sedimentary basins capable of supplying both heat and mechani
cal energy, and dissolved methane. 

.(3) Hot Dry Rocks: non-molten but very hot rock structures with 
insufficient water to be considered a hydrothermal convection 
system. Temperature is usually less than 650°C (1200°F). 

(4) Normal or "Near Norraal" Gradients:: conduction-dominated areas 
produced by heat flows, radiogenic heat production and thermal 
conductivity of rocks, exhibiting temperature ranges from 15°C 
(60°F) to about 300°C (570''F) within the first 10 kilometers 
of the crust. 

/ (5) Magma:,; molten rock at temperatures in excess of 650°C (1200°F), 

Each of these resource types presents differing probleras in ex

ploration, development and extraction of the energy contained therein. 

.EXTENT"OF GEOTHERMAL RESOURCES ' 

The USGS has estiraated the heat content of doraestic geothermal 

resources.* These estimates for the resource base** are sliown in 

Table I-l. 

*Ibld. 
**It should be noted that the grouping of resource estimates presented 
in the USGS Circular No. 726, varies slightly from the definitions 
presented above. The quantities presented in Table I-l are, however, 
consistent with the USGS e.stimates. 
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TABLE I-l 
HEAT CONTENT OF GEOTHERMAL RESOURCE BASE BY TYPES, 

(HEAT IN THE GROUND ABOVE IS'^C WITHOUT REGARD TO RECOVERABILITV) IN QUADS* 

RESOURCE TYPE 

liydrothermal Convective** (<3km) 

. "Vapor Dominated (>150°C). 
Liquid Dominated 

High Temperature (>I 50*^0 
Low Temperature (90°-150°C) 

. Geopressured (<lOkm) 

"Hot Dry Rock" (<10km) 

Ma Rma (<10km) 

/ 
Normal Gradient (slOkm) 

KNOWN 

100 

1,500 
1,400 

4i«,000 

48,000 

52,000 

32 X 106 

INFERRED 

100 

4.900 
4.100 

132.000 

150,000 

150,000 

0 

* 1 5 • ' • • 

1 Quad = 10 B tu ' s , and I s equivalent to approximately 170 mi l l ion 
ba r r e l s of o i l or 50 mil l ion short tons of coal . Although somewhat 
uncer ta in , these estiin.ntes are based on the best ava i l ab le da ta . They 
wi l l be updated as add i t iona l f ield data become a v a i l a b l e . 

** 
Does 'not include less than 90 C systems due to lack of data. 

1-5 



Table 1-2 presents estimates of the amount of heat that raay be 

extracted from this resource base with present or near-terra technology, 

without regard for cost or type of application, for each resource type. 

The norraal gradient is not included because it is the most diffuse form 

and presently viewed as very difficult to recover economically. The 

grand totals in Table 1-2 indicate that the estimated recoverable heat 

is of the order of the entire energy consumption of the United States; 

for 50 to 100 years'. The concentration of these resources in the 

Western and Gulf Coast areas makes them particularly valuable to those 

regions. Much of the total resource is suspected to be renewable, lying 

in close proximity to active magraatic flows which transport energy frora 

deep within the eartli. 

GEOTHERMAL ENERGY EXTRACTION AND UTILIZATION 

Technology to utilize each of the types of geothermal resources is 

in varying stages of development. Technology exists today for genera-

tipn of electricity frora vapor-dominateid hydrothermal resources produc

ing high-quality steam, and to a raore liraited extent, frora liquid-

dominated hydrothermal resources. Hydrotherraal resources have been used 

for the production of electricity in Italy since 1904 j- and have been 

used for space heating.in Reykjavik, Iceland, since 1928. Other coun

tries actively using or building hydrothennal plants for electric and/or 

nonelectric applications* include El Salvador, France, Hungary, Japan, 

Mexico, New Zealand, The Philippines, and the. USSR. 

In the United States, the primary application, has been for the 

production of electricity at The Geysers.dry steam field' in northern 

California. The Pacific Gas and Electric Company has an installed ' 

capacity there of 520 megawatts (MlO of electric power, and plans to 

Increase this to 1400MW by 1985. Ih Mexico, the Cerro Prieto wet 

steam geotherraal plant in the Mexicali Valley of the Baja Peninsula 

*These nonelectric applications include space heating, industrial 
process heat und agricultural applications, 
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TABLE 1-2 
GEOTHERMAL RESOURCES 

ESTIMATED RECOVERABLE HEAT WITH PRESENT OR NEAR-TERM TECHNOLOGY, 
WITHOUT REGARD TO COST; (IN QUADS)* 

RESOURCE TYPE 

Hydrothermal Convective** 

Vapor Dominated (>150°C) 

Liquid Dominated 

High Temperature (>150°C) 

Low Temperature (90" - 150°C) 

Geopressured 

Electrical Utilization 

Methane Production 

Hot Dry Rock 

Scenario I 
1 1 

Scenario II 

Ma Rma 

Scenario. 1 
1 1 

Scenario 11 

TOTAL 

/ Scenario I 

Scenario 11 

GRAND TOTAL (Knoifl̂ i plus Inferred) 

Scenario l"̂  3400 Quads 

Scenario II''"*' 8000 Quads 

KNO'iifN 

2 

20 

80 

100 

500 

80 

• 600 

80 . 

650 

-900 

-2000 

INFERRED 

2 

110 

250 

230 . 

1500 

240 

1900 

240 

1900 

~2500 

~6000 

*Normal Gradients arc not Included.at this time as they are not presently 
considered recoverable. 1 Quad = 10 Btu's. 

**Does not include Ic.is th.nn 90"C systems, although such systems may be 
economically exploitable especially lor non-electric applications. 

'''Scenario I: Assuming. 2% Extraction Recovery, 8% Conversion Efficiency. • 

Scenario II: Assuming 12-5% Extraction Recovery, 10% Conversion Efficiency. 

Magma resources may be renewed by n.Ttuiral resupply from thê  interior of 
the earth; therefore, this estimate may be conservative. 
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utilizes two turbo-generators with a combined electrical generating 

capacity of 75 M17. These units have been operational since 1973. 

In. the Rotorua-Wairakei- area of New Zealand, extensive use is raade of 

geothermal energy for both nonelectric and electric applications in

cluding commercial use of geothermal energy for space cooling. The • 

nonelectric use of geothermal energy in all of New Zealand amounts 

to approximately 140 M\7. The total New Zealand geothermal electric 

capacity is about 170 MW and an additional 210 M\J are planned. The 

combined electrical power production capability at Larderello and 

Mt. Amiata in Italy is over 405 MW. Several sites for geothennal 

electric power generation have been, developed in Japan, At the 

present time these sites have a capacity of 53 MW and an additional 

75 MW are planned. At Ahuachapan, El Salvador, wet steam will be 

.used in 1976 to feed the first of three 30 MW electric generating . 

plants that have been planned by the Salvadorean Government. Devel

opment of a geothermal electric generating capacility is also being 

planned by the Nicaraguan Government and at La Boulllante, in Guade-: 

.loupe'. 

' The nonelectric application of geothermal energy in the United 

States has developed on a sraall scale when corapared to that in Russia, 

Hungary and Iceland. Utilization of geotherraal energy for space heating 

in the United States has developed primarily in the cities of Boise, 

Idaho and Klamath Falls, Oregon. The Boise system has served about 200 

houses and 10 to 12 businesses and is one of the oldest district heating 

systeras. It was built during the I890's. In 1970 it had a capacity of 

slightly over 9 megawatts. Plans are also underway to use geothermal 

energy for heating the capitol building in Boise, Idaho. In Klamath . 

Falls, the Oregon Institute of Technology and many private homes are 

heated by fluids from geothennal wells. Single wells are generally used 

to heat the private homes with several users sharing one well. In 1974 

there were 468 residences in Klamath Falls that were heated by geothermal 

waters. The total developed heating capacity in Klamath Falls is 
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estimated at slightly over 5 megawatts. Utilization of small amounts 

of geothermal energy for heating greenhouses has also been achieved 

in both Oregon and in Idaho. The total nonelectric utilization of 

geothermal energy in the United States has been estimated at between 

15 to 16 raegawatts. In addition, liquid-dominated hydrothermal re

sources have been proposed as a possible source of water in arid 

regions of the country. The U.S. Bureau of Reclamation has. for several' 

years been working on the desalinization of geothermal waters for this 

purpose. Other experimental uses include mineral recovery and enhanced 

petroleum recovery. 

Geothermal research in Russia has been given practical and scien

tific attention in national planning since the 1920's.. . In January 1964, 

the Scientific Council for Geothermal Research was formed under the USSR 

Academy of Sciences. Under the current Five Year Plan (1971-1975), the 

Ministry of the Gas Industry has a goal to drill over 10,000 meters of 

additional geothermal test wells and has established several organiza

tions and prospecting expeditions for the development of geotherraal 

resources in general, and of steara resources in particular. Using data 

available at the present time, the USSR appears to be the world's larg

est user of geothermal energy for nonelectric, applications with over 

5100 megawatts being available for residential and industrial heating, 

agricultural use such as hothouse/greenhouse heating, refrigeration, 

thawing of frozen soil and for swimming pools, and baths. 

In Budapest, Hungary, a section of the city with a population of 

about 20,000 has been heated by geothermal fluids since the 1930's. 

Individual space heating and district heating has been successfully 

utilized in pther Hungarian cities, however, agricultural applications 

account for most of the geothermal energy use. It has been reported 

that .131 geothermal wells in Hungary have a total output of 4000 kg/sec 

'and that the total energy production at peak load is about 770 mega

watts. 
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The city of' Reykjavik, Iceland, began a 70-house pilot heating 

program in 1928. Today the city uses geothermal fluids almost exclu

sively for home heating and hot water. At present, about 46 percent of 

the Icelandic population live in houses centrally heated by geothermal 

fluids. In addition, the geothennal fluids are used to provide heat to 

over 120,000 square meters of greenhouses that are used to provide fresh 

vegetables and flowers to the domestic raarket. It.has been estimated 

that in Iceland, between 275 to 300 megawatts of geothermal power are 

utilized for nonelectric applications. 

Utilization of geopiressured resources, hot rock, magraa and the 

normal gradient has not yet reached a state of demonstrated technological 

feasibility and requires differing degrees of fundamental and applied 

research, field testing and experiments, and pilot and demonstration 

projects to bring them to a point of economic viability and environ

mental acceptability. Of these resource types, geopressured is the 

nearest to commercialization. Tests are needed to confirm the ability 

of geopressured resources to sustain flow over extended tirae periods 

and to assess the economic viability of recovering the methane found 

in'these resources. Hot rocks, normal gradient and magma, are furthest 

frora commercialization, requiring considerable and relatively long-

lead-time basic and applied research. These larger resources, however, 

provide the basis for the greatest potential impact of geothermal energy. 

EXPECTED IMPACTS OF GEOTHERMAL ENERGY DEVELOPMENT 

Development of each type of geothermal resource will result in a 

slgftificant contribution to at least three of the above mentioned 

National Energy RD&D goals, specifically: 

.o Expand the domestic supply of economically recoverable raw 
materials used for producing energy. 
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• Increase the utilization of essentially Inexhaustible domestic 
energy resources. 

o Protect and enhance the general health, safety, welfare and 
environment related to energy. . " 

Preliminary estimates of the recoverable geothermal resource, using 

present or near-terra technology and without regard to cost, are shown 

in Table 1-2. , 

Given successful implementation of this Geothermal Energy RD&D 

Program and provided that the option made available is exercised by the 

Nation to use our geothermal resources by rapid commercialization, 

potential irapact on geothermal utilization is estimated as:. 

/ 
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ESTIMATED GEOTHERJ-IAL UTILIZATION GIVEN SUCCESSFUL 
FEDERAL PROGRAM IMPLEMENTATION* 

f;. . 1985 2000 • 2020 

Electric Capacity (MW) 6,000 39,000 . 140,000 

Electric Applications -
Equivalent Energy (Quads/yr) 0.5 2.9 10.4 

Nonelectric Applications 
(Quads/yr) 0.1 1.5 8.2 

Total Energy (Quads/yr) 0.6 4.4' 18.6 

The associated potential geothermal industrial growth rate is 

estimated at 0.1 Quads per year in 1985, 0.4 Quads per year' in 2000 

and 0.6 Quads per year in 2020. 

Under this prograra the various resource types will reach coramercial 

demonstration earlier than otherwise expected, opening the option to 

utilize the larger resources more rapidly: 

-T 
*The rationale for those estimates is presented in the following pages. 
It should be noted that a variety of different impact estiraates have 
been made over the past few years, and that there is a fair degree of 
uncertainty in the estiraates presented above.- These estiraates are, 
however, based in part on the latest data available from the USGS 
resource assessment (Circular No. 726). Such resource'assessment was 
not available prior to this analysis. These estimates will be contin
ually updated as improved resource estimates become available and 
utilization technology develops. 

For the purpose of this table, geothermal electrical capacity was 
converted to Quads (lO-'-̂  BTU's) by assuming a net conversion effi
ciency equivalent to fossil fuel combustion of 1 megawatt-hour = 
IO'' BTU's and an 85 percent load factor. 
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RESOURCE DEVELOPMENT OPTIONS UNDER FEDERAL PROGRAM 

1985 2000 2020 

Hydrothermal Hydrothermal Hydrothennal 

Geopressured Geopressured Geopressured 

Hot Dry Rock Hot Dry Rock 

Norraal Gradient 

Magma 

With no Federal prograra, by 1985 an estiraated 1500 MW will be 

on-line,* and by the year 2000 perhaps only the geopressured resource 

may be added to the list of resource options: 

PROBABLE RESOURCE DEVELOPMENT WITHOUT. FEDERAL PROGRAM 

1985 2000 2020 

" Hydrothermal Hydrothermal Hydrothermal 

Geopressured Geopressured 

Hot Dry Rock 

.Implementation of the Federal Geothermal Energy Program may thus 

be expected to significantly contribute to the national energy supply in 

the critical 1985-2000 time frame while providing options for develop

ment of significantly large geothermal resources beyond the year 2000. 

As the bulk of the presently identified resources is located in the 

Western and Gulf Coast states, the impact on regional energy supply is 

much more significant; 

These estimates of the utilization potential resulting from the 

Federal program are based on the assumptions that: 

*The bulk of this development is the planned expansion of The Geysers 
dry steam fields with limited additional development of liquid-domi
nated hydrothermal resources in Soutliern California and scattered 

. small scale nonelectric applications. 
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(1) The iraplementation of the Federal program along with reduc
tion in institutional barriers in the near-term would result 

• in accelerated hytirothcnnal development. Site-specific 
estimates are used; i.e., about 2',500 M\7 at The Geysers, 
about 3,000 W in the Imperial Valley, and about 500 MW in 
Texas and Louisiana. . ' 

(2) For the period beyond 1985, the rate of utilization of the 
geothermal resource over time follows the same general bell-
shaped curve as those exhibited by oil, gas and other highly 
exploited finite resources.* 

(3) the total exploitable resource (supply) is finite and equal 
in magnitude to that shoi%m in Table 1-2. 

(4) The peak utilization rate is a function only of the supply 
and a time scale factor which represents a-measure of the 
rate of growth; and is defined as the time, m.easur.ed from 

. both sides of the year of peak utilization, during which 
80 percent of the resource is exploited. This factor is 
17 years for Hydrothennal, 20 years for Nonelectric, 30 
years for Geopressured, 35 years for Hot Dry Rock, and 45 
years for Magma. No factor is chosen for Normal Gradient 
as it is not presently considered recoverable. 

(5) The year at which peak utilization occurs, the peak of the. 
. bell-shaped curve, depends on when-the resource is first 
/ exploited. For this analysis these "first exploited" dates 

are the expected year when utilization of each resource 
type v;ill reach 500 Mt-J. The estimates are based on success
ful implementation of the RD&D program defined herein fol
lowed by a commercialization period ranging from 2 to 6 
years. The first exploited dates-are 1983 for liquid-dorai
nated hydrothermal electric, 1981 for nonelectric, 1985 for 
geopressured, 1987 for hot dry rock, and 2000 for magma. 
Normal gradient is not included. 

The Federal program was assumed to have the effect of shortening 

the time required to reach commercialization (through the' RD&D program) 

and decreasing the time scale factor (through removal of institutional 

and financial impediments). The rate of growth for the geothermal 

*The model for projecting utilization of finite resources, developed 
by M. King Hubbert of the USGS, has been used in developing these 
preliminary resource exploitation estimates for the period beyond 
1985. 
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"Industry under this accelerated development scenario is comparable to 

that of the U.S. nuclear ind.iistry. between 1965 and 1985. It is expected 

that such growth is possible if the industry exercises the options made 

available by the Federal prograra. 

The level of uncertainty in the estimates of future geothermal 

resource utilization may be such that the range of utilization and 

growth rate may vary significantly above or below the values presented. 

Greater values are possible if few alternative energy options prove to 

be viable, bringing a greater industrial effort to bear on geothermal 

utilization. Inaccuracies in the assumed values for the araount of 

the exploitable resource supply, the expected dates of initial commer

cialization, and the time scale factors impact strongly on the accu

racy of these utilization and growth rate estimates. Further, some 

of the resources may prove to be renewable (e.g., magmatic flows re

plenishing magraa chambers near certain magma, hot dry rock, and 

hydrothermal reservoirs), thus nullifying the finite resource assump

tion and raising the potential growth and utilization rates. Also, 

the Kubbert model depends heavily on historical values of the utili-

zation so that more accurate estimates of the time scale factor can 

be made as developraent proceeds. Time scale factors for the estimates 

presented were chosen to be comparable with the light water nuclear 

reactor industry for hydrothermal development (17 years), with the oil 

and gas industry for the geopressured and hot dry rock resources (30 to 

35 years).and a longer period for magma (45 years). 
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SECTION II 

GOAL, STRATEGY ' 

GOAL OF THE NATIONAL GEOTHERMAL ENERGY PROGRAM , " • 

Given the characteristics of. the Nation's geothermal energy re

sources and the present fledgling state of our domestic geothermal 

industry, the goal of the National Geothermal Energy RD&D Program is: 

To work with industry to provide the Nation with an acceptable' 
option which, if exercised, would permit the timely exploi
tation of our substantial geothermal resources. 

In order to meet this goal and thus assist the development of a 

substantial geothermal industry prior to 2000,.a concerted effort will 

be required to reduce the present costs and financial and technical 

risks. These risks, if not reduced, would probably maintain the rela

tively slow rate of geothermal energy development, even if other, rela

tively cheap energy sources, were not available. 

Industry Loday is actively seeking to develop the limited number 

of nigh quality steam resources, as the required technology has been 

proven and the economics deraonstrated in commercial applications. With 

somewhat greater hesitancy, industry is moving toward the development of 

our higher temperature, liquid-dominated hydrothermal resources, prin-

clpally in California's Imperial Valley. This hesitancy stems primarily / /-

from the risks and high costs associated witVi unproven technology for :,̂,. 

energy extraction and utilization, uncertainties regarding reservoir 

extent and useful life, institutional impediments associated with 

leasing, environmental Issues, taxing and incentive policies, and 

limited capital availability from lending institutions faced with as

sessing these uncertainties. Also, other fuels such as oil and gas are 

presently available at a relatively lower cost. 

The development of the more abundant geothermal resources (geo

pressured, hot dry rock, magma and the normal gradient), has been pre

vented by the greater uncertainties associated with the extent of the 
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resources- and the absence of proven technology to develop them. Thus, 

attainment of the above goal requires the implementation of a multi-

faceted strategy to overcome these uncertainties and impediments. 

PROGRAM STRATEGY '' 

Three major .thrusts characterize the Federal strategy for assis

ting in the development of a viable geothermal energy industry: 

(1) reducing resource uncertainties 

(2) assisting industry in developing the capability of rapid 
future exploitation of the more extensive geopressured, 
hot dry rock, normal gradient and magma resources, by 
facilitating the present industrial development of iden-

- tified hydrothermal resources, and 

(3) assisting industry in developing the advanced technology 
needed to exploit"geopressured, hot dry rock, magraa and 
norraal-gradicnt resources. 

The Federal Program is aimed at opening the option for early ex

ploitation of the geothermal energy resources of the Nation". Such an 

opti9n, when exercised by the national industrial community, will pro-

vide meaningful contributions to satisfying the Nation's energy needs. 

' Resources i.. 

. .Reduction of resource uncertainties will be approached through the 

resource assessment activities of both the U.S. Geological Survey and » 

ERDA in support of present and future exploration activities on the 

part of industry, and the field and site-specific reservoir confirmation-

associated with federally-assisted projects. Under appropriate arrange

ments, Federal lands will be open to exploration under the Geothermal • 

Leasing Program administered by the Department of the Interior in coop

eration with the U.S. Department of Agriculture. Both of these activi

ties will be enhanced by the development of improved exploration and 

reservoir assessment technology, and drilling to confirm estimates. 
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Industrial Growth • 

It Is likely to take differing time periods (ranging from ten to 

25 years) to develop and deraonstrate the technology for extraction and 

utilization of geopressured, hot dry rock and magma re.sources. During 

this tirae frame, an industrial infrastructure would have to be developed 

so as to allow for rapid commercialization of the new technology when it 

becomes available. Near-term development of hydrothermal resources in 

both electric and nonelectric applications would form the foundation of 

such an industrial Infrastructure. Plants may be brouglit on-line in 

the near-term that could supply energy in the interim period while ad

vanced technology is being developed. The development of hydrothermal 

resources would allow equipment manufacturers to develop product lines 

and distribution channels, financial institutions to gain confidence In 

the technology and its applications, and governmental bodies at all 

levels to gain the data base needed for effective evaluation and planning. 

It is expected that hydrothermal development within ; 

these, objectives would require the demonstration of technical and eco

nomic viability, coupled with implementation of the Geothermal Loan 

Guaranty Prograra to assist in,making capital available from.lending 

institutions, and acceleration of the Geothermal Leasing Program to make 

federal lands available for developraent. Additionally, early emphasis 

•will be placed on analysis of institutional impediments and development 

of appropriate incentive policies to further geothermal industry growth. 

Throughout this effort, continuous attention will be placed at all times 

on protection of the environment, and reduction of adverse regional 

social and economic irapacts associated with resource development. 
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Technology Development ,. 

The development of advanced technology to provide the capability of 

exploiting the considerably more abundant geothermal resource types 

constitutes tl̂ e third part of the strategy. Significant unknowns still 

exist regarding the nature of these resources and economic means of 

extracting energy from. them. Of these resources, geopressured zones, 

offer the highest potential for utilization within the next ten years, 

and as such, early research and development will be undertaken for their 

exploitation. Hot dry rock-utilization is expected before 1990, pro

vided that RD&D efforts are launched now to support its development. 

Technology for iraproved resource discovery and utilization of the normal 

gradient requires extensive research and development and consequently, a 

longer term R&D effort is anticipated for this nearly ubiquitous and 

essentially inexhaustible resource. The economic problems of normal-

gradient exploitation are also significant. The utilization of magma 

presents greater difficulties of a basic science and materials nature 

requiring more basic and exploratory research. 

Strategy Dynamics 

•As technology development continues and the industry grows through 

successive utilization of larger classes of geotherraal resources, the 

potential profitability of successful R&D raay be expected to increase. 

Thus, a greater share of the future R&D and demonstration project burden 

may be expected to shift toward industry. Similarly, it is expected 

that as the financial coramunity becomes more familiar with the nature of 

geothermal reaources and the economic viability of its development, 

appropriate lending policies will develop and the Ceothermal Loan Guaranty 

Prograra may be phased out. Cost-benefit analysis of the total geothermal 

program will be instituted to support its goals and objectives and to 

provide in.siglits into their implementation. This analysis will not only " 

Include the piiasing of major shifts in emphasis, hut will also provide a 
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basis for evaluation of many of the policies and issues which will 

develop in the course of pro.gram implementatio.n. 

The geothermal energy program will thus, be maintained dynamic and 

goal-oriented. Program plans will be updated annually, to miaximize • 

effectiveness, on the basis of both the progress of the Federal program 

and .the response of the industry in achieving the National goals. 

/ -
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SECTION III 

GEOTHERMAL PROGRAM DESCRIPTION ' i-

' i 
I 

The Federal Geothermal Energy Program addresses three major areas: J 

(1) Resource Exploration and Assessment; (2) Technology Developraent; 

and (3) Institutional Development. The content of each of the program ' '. 

areas is indicated in Figure III-l. Specific objectives, technical ; 

and institutional probleras, and an implementation approach and utiliza- , 

tion plans for.transferring the results of the Federal RD&D to the , 

public sector have been developed for each of these major areas in I 

formulating this program definition. . ' . 

RESOURCE EXPLORATION AND ASSESSMENT ; 

Objective 

The Resource Exploration and Assessment area is directed at assis

ting industrial development by reducing the risk of exploration and . 

improving the technology for reservoir assessraent. 

.Problems 

At present, the scientific understanding of the geothermal pro

cesses in the earth is incomplete. Detailed knowledge regarding the 

location, size, energy potential, and availability of geothermal re

sources is limited. Most of today's geothermal resource assessraent and 

exploration technology has been acquired frora ralneral, gas and oil . •. ' 

exploration. Reliable surface assessraent and expiloration methods for 

locating subsurface concentrations of heat and water are lacking, and 

difficulties are encountered where there are few or no surface raani-

festations. The final step for confirraing that a coramercially viable, 

geothermal resource exists is to deep drill to tap the reservoir, and 

then to perform flow tests for extended period? of time to provide data 
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on the energy potential. Deep drilling in fractured, hard rock within 

high temperature geologic formations is expensive and time-consuming. ^ 

The current lack of a reliable exploration technology and the necessity .; 

for deep drilling make geothermal exploration a costly, high-risk under- ; 

taking. The lack of adequate exploration and assessraent technology also f 

hampers the process of accurately estimating the regional and National ,i 

• geothermal potential by the United States Geological Survey (USGS). i 

Iraprovements in surface and shallow hole assessraent and exploration ;: 

technology are necessary to increase the accuracy of prediction for both | 

• resource assessment by the Federal Government and exploratory site ;i 

selection by industry. Such efforts could improve the success ratio in ' 
' ij 

exploratory drilling, significantly improving the economics of. explora- 'i 

tion.. . ; 

There are many assessment and exploration techniques that are . i-

available for use prior to deep drilling. Geological, geophysical,. j 

geochemical, and hydrological data and inforraation in various forms and 

extent can be obtained from surface and sliallow hole measurements and * 

used to locate geothermal resources. It is difficult.to comprehensively 

/determine the strengths and weaknesses of these techniques for the- " '• 

following reasons: the resource could be situated in a variety of , 

• geological structures and rock type; too few utilizable reservoirs have 

been found to provide sites for test and evaluation of improved tech-

. niques and instrumentation; and the technology currently in use or poten

tially available is coraplex. • -' . ,' 

There is a real need to be able to. correlate the data of various 
- . . i. 

assessraent and exploration techniques with the reservoir characteristics 

determined by deep drilling to better interpret surface and near surface . ,-

measurements. Industry is a potential source for this deep hole data. 
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Implementation Plan .̂  i. 

The Resource Exploration and Assessment effort is divided into 

four activities: Geoscience Research; Assessraent and Exploration" 

Technology; Regional and National Assessraent; and Resource Information 

Dissemination. Geoscience research is concerned with understanding 

the geothermal processes in the earth's crust and their associated 

manifestations. Basic data from this activity .should be of great help 

to the Assessment and Exploration Technology effort in the development 

of the instruraentation and analysis-techniques for improving the capa

bility to locate and deterraine the energy potential of geothermal reser

voirs from surface and near surface measurements. These technology 

developments will lielp reduce the risk associated with exploration and • 

will facilitate the accomplishment of the task of the Regional and 

National Assessment of our geothermal resources. The last of the four 

efforts. Resource Information Dissemination, provides for establishing 

and maintaining a data bank for the storage and rapid retrieval of 

geothermal resource data. A description of the four^activities follows, 

. / • ' • 

VvGeoscience Research- The Geoscience Research.effort is concerned 

with the basic geologic processes in the earth's crust that are funda

mental to understanding the existence and nature-of potentially useful 

geotherraal resources. The geoscience research tasks that are included 

.in the geothermal prograra are: •• 

(1) Investigations of the"natural geothermal-background"away from 
local anomalies to understand the relationship of regional 
heat flow and geology. 

(2) Investigations of inactive geothermal systems (i.e. , systeras 
no longer operating but in which the deep portions are now 
revealed hy erosion).. 
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(3) Studies of active geothermal systems to investigate factors 
such as geothermal iieat sources and mechanisms of heat trans
fer, reservoir dimensions and diaracteristics (especially 
nature of reservoir and country rocks, permeability, and 
lifetimes), hydrogeology, hydrology, .and hydrogeochenii.stry. 

(4) Laboratory experiments, in the physical cliemistry and geo-
chemi.stry of geotiiermal systems. 

(5) Studies of the effect of geotherraal systems on crustal physical 
and chemical properties lhat can be used for remote detection-
(exploration).-

Because of its large impact on prograra cost, the role of drilling 

in"this research effort needs special attention. Three activities di

rectly involving drilling are being considered: 

(1) An effort to raeasure and understand thê  heat flow pattern 
• .over a geological region and its relation to the geology, 

using a large nuraber of small holes to reduce drilling costs, 
3 to 10 cm (~1 to 4 in.) in diameter and perhaps 30 m (~100 
ft) deep. Occasionally, deep hole (""l km) drilling will also 
be required. 

(2) An effort to obtain increased scientific data from holes... 
drilled coimnercially, for geothermal -energy, oil,, gas, or 

I minerals. Holes of no commercial interest (abandoned or to be 
'/ abandoned) and new holes of commercial value may be used. 

(3) Though much useful information will be obtained from the 
above and other research efforts, a.few deep research holes 
drilled into the crystalline basement are also needed. 
Objectives include understanding of heat and fluid flow in 
the deeper portions of geothermal systems and interchange 

of volatiles between the country rock* and underlying magma. 

The basic knowledge gained from the geoscience research effort will 

provide a basis for developing a better assessinent of the Nation's 

geothermal energy potential and materially aid the development of 

iraproved assessment and exploration technologies by the early 1980's. 

*Rock that existed at the geotiiermal site before the anomaly was 
formed, usually in close proximity to rock carried up by the fissure 
or magna chamber which caused the "hot spot" near the surface. 
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• Assessment and Exploration Technology - Based ,in part on an im

proved understanding of geoscience, the effort in developing assessment 

and exploration technology is directed at.improving the exploration and 

assessment instrumentation and techniques necessary to locate promising 

resource areas and to provide accurate estiraates of reservoir energy ? 

capacity. A number of resource assessment and exploration techniques 

are in use- today that have the potential for improvement. 

Regional assossments'presently utilize surface and aerial studies 

of regional geology, volcanology, hot springs and other surface geo

thermal phenomena; electrical, electromagnetic, magnetic, seismic, 

and'gravity surveys-; heat flow measurements; chemical and isotopic 

analyses of surface and subsurface water; and hydrologic reconnaissance. 

Exploration surveys using similar techniques, including aerial and 

surface geological observations serving to identify.recent fault and 

volcanic activity (intersecting faults are of special interest); hydro-

logic studies of subsurface water flow and temperature; electrical 

surveys, particularly DC resistivity techniques with large electrode 

spacing (hundreds of meters) to identify the presence of deep water 

,.with high temperature and/or high salt content; and electromagnetic 

techniques. 

Several passive seismic techniques are used to define fault posi

tions by local.low-level seismic sources.and by seismic velocity changes 

through an area, indicating the presence of subsurface intrusions. 

Generally speaking, magnetic and gravity studies have been of less value 

so far. Analyses of silicon (SiO„) content and sodium, potassium, 

calcium (Na/K/Ca) ratios in water samples are indicative of reservoir 

.temperatures. Chloride contents in excess of 50 parts per million 

characterize most high-temperature hot water systems, whereas vapor-

dorainated systems consistently display less than 20 ppm. Other geo-

.chemical measurements are also of value. 

Measurements of local therraal gradients and heat flows, obtained in 

shallow, smal'l-dianieter drill holes (depths to a few hundred meters) are 
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also useful. A core from ;t;lie hole is usually needed for the heat-flow 

determination. Sorae techniques that do not require a core sample are 

being examined. 

Tlte federal program to improve the assessment and exploration 

technology includes the following activities: 

• a detailed definition of the present capabilities'and 
limitations to gather data, to analyze data and to 
predict geothermal resources. 

• an evaluation of the state of knowledge of individual 
geothermal sites or reservoirs. 

/ $ • . ' - " • / " ^ • • ' 

/̂  • an analysis of the potential for improving the raajor 
techniques, technology, and/or instrumentation. U r - -

/ -

• planning of efficient use .of multiple instruments and 
data analysis techniques in a systeraatic sequence to 
converge reliably on selection of a drilling target. 

• studies of new and/or improved analytical techniques 

• a determin'ation of geological, geophysical, geocheraical, 
and hydrological parameters and circumstances (such as 
detailed descriptions of formations) of geothermal 
resources and their relationships to location. 

• efforts to improve or devise new advanced exploration 
instruments and supporting equipment. 

• field work to evaluate the new exploration techniques 
and improved hardware, software, analytical teciiniques, 
and methods of interpretation including verification of 
results with information from deep wells and tlieir logs. 

Efforts to improve the technology•are presently being supported 

under ERDA, NSF, and USGS sponsorship. The U,SGS also is developing, case 

histories of .specific geothermal areas in which they can compare the 

results of a.s many of thcije techniques as possible. Extramural work is 

funded to support this effort. It .is expected that much of the technol

ogy evaluation effort will he com|jJeted by 1980. It will then be 
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possible to concentrate the development effort on the more promising 

activities, which could then be made available for widespread use by the, 

mid-1980's and could significantly reduce the current high risk of 

exploration and improve the accuracy of the assessment prograra. 

National and Regional Assessraents - The early assessment of the 

extent of our geotiiorma] re:;ources at the national and regional level, 

will help industry (particularly the smaller corapanies) in .selecting 

sites for potential development, will provide data for financial 

institutions to develop prelirainary investraent plans, will provide 

state and local governments with planning and resource developraent 

data, and will provide the Federal Government with information needed 

to establish program priorities. The recently published USGS study, 

"Assessment of the Geothermal Resources of the United States r 1975" is 

the first step in developing a National assessment. Regional assess

ments will be used to upgrade the National assessment and will play a 

significant role in identifying the potential resource areas for devel

opment. Periodic updating of this study will be necessary as resource 

data'become available. Deep slim hole drilling is planned to help im

prove the accuracy of the assessment. 

The National and regional assessment effort has been emphasized 

in the Geothermal Act of 1974, Section 102(a)(3), and is a continuation 

and acceleration of an ongoing effort under the direction of the U.S. 

Geological Survey. Areas of greatest suspected potential are being 

assessed first. The planned sequence for the accomplishment of re

gional assessments can be generally defined by the following state and 

regional boundaries: 

(1) California and. Nevada 

(2) Oregon, Idaho, Alaska, Utah 

.(3) Colorado, Gulf Coast, New Mexico, Arizona 

. (4) Washington, Hawaii, Montana, Wyoming 
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(5) Central and Eastern U.S. 

The major phases of those assessraents should be corapleted by the end 

of 1980. 

Resource Inforraation Disscraination - Resource assessment, research 

nnd exploration vsrili produce much information that will be of continuing 

value to industry and government. Sucli information will be used by 

new and continuing participants cf the exploration industry in the 

development of exploration techniques and reservoir analysis methods 

and by.the government in future energy planning. A National data bank 

on geothermal resources is planned to ensure retention and distribution 

of these data. The data bank will be organized for ease, of access and 

data retrieval, and will be user oriented, providing information oriented 

toward both technical and non-technical users in various aspects of the 

geothermal energy development. A key part of the resource information 

dissemination activity is the preparation of synthesized data and hand

books oriented to user education. These efforts will be directed 

toward educating future geothermal personnel and encouraging new 
/ 

participants in the geothermal exploration and utilization industries. 

ERDA, with the cooperation of USGS, has a computerized data stor

age/retrieval project underway. 

Utilization Plan " 

Th 

un ' 

e utilization by the private sector of the technology developed 

der this program area will be facilitated by their active participa

tion in its development through contracts. In addition, data on the 

technology will be disseminated througii the preparation of the technical 

material for professional, semi-professional and specialized journals of • 

the various user groups. Research results will be. made avai.lable through 

information systems, educational in.stitution.'r, workshops, and symposia. 
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Data on the resource base will be made available through the 

periodic updating of the USGS assessment study as well as frora the data 

bank established for resource information dissemination. 

/ 

III-IO 



TECHNOLOGY DEVELOPMENT 

Objective 

Technology Development is directed at developing and demonstrating 

the technology to economically extract and utilize the energy from the 

different types of geotherraal resources in an environmentally acceptable 

manner. Many of the dev-clopment activities included under Hydrotherraal 

Technology Development will benefit the comraercial developraent of the 

other resource types. This includes improvements in drilling tech

nology, utilization technology, and brine chemistry and materials re

search. However, each of the resource types does have unique technology 

problems associated with its use that must be resolved before it can be 

used commercially. The technology associated with each of the resource 

types is at a different stage of development maturity. The expected 

sequence in which these resources will be brought to commercial maturity 

is as follows: 

(1) Hydrothermal 

(z) Geopressured 

(3) Hot Dry Rock 

(4) Magma 

(5) Norraal Gradient. 

Hydrothermal 

Problera . 

Even though the hydrotherraal. teciinology is the raost advanced of 

all the resource types, the technology exists to commercially utilize 

only the high quality, high temperature resources. 

One of the more'important requirements in developing hydrothermal 

resources more extensively is to reduce the cost of drilling. At present, 

the cost of drilling a geotherraal well is two or three times that of 
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drilling a petroleum well of similar depth. The drilling equipraent pre

sently in use was developed foXi. drilling of petroleum wells at relatively 

low temperatures in sedimentary rock. Geothermal well drilling involves 

rauch higher temperatures (up to 350*̂ 0) (662°F). and sometimes takes place in 

hard, abrasive volcanic rOck that is difficult to drill even with the 

best tungsten carbide insert bits. Penetration rates are low with ex

cessive bit wear. 

Present drilling muds, used to lubricate and cool the drill pipe 

string and bit,, as well as to remove cuttings from the hole, rapidly 

deteriorate above 177"'C (350°F). This deterioration results in in^ 

creased mud viscosity which affects its circulation rate. " The raud can 

also form a hard, caked lining in the well bore, v;hich can ruin a pro

ducing formation. As a result, wells are usually drilled into low pres

sure strata using air. The high air velocity required to reraove cuttings 

can destroy a drill string by abrasion. It is necessary to replace the pipe 

more frequently after use in drilling. 

Work is required to iraprove cementing compounds and techniques and 

elastomers for use in drilling equipraent such as bits, logging devices-

and blow-out preventers. 

The capability to log in high-temperature geothermal wells does not 

presently exist. Most of today's devices and instruraents operate at 

teraperatures up to 177°C (350''F.) and sorae up to 260°C (500°F). Logging 

cables suffer frora similar problems. Consequently, only limited and 

stop-gap measurements are made. In addition, the high temperatures and 

a variety of other conditions in geochermal wells"raay create unusual 

device corrosion probleras. Because geotherraal exploration imposes new 

and different well-logging applications, the requirements for and the 

interpretation of downhole logging measurements are not well defined. 

One of the raost significant limits on geotherraal growth rate is the 

risk of premature,reservoir failure. This risk can be eliminated by 

developing reliable reservoir modeling techniques to predict reservoir 
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llfetiracs and production rates, and by the development of well stimula

tion techniques to restore aging wells and improve the flow rates in 

marginal wells. 

Improvement and development in utilization component technology 

are required for the advanced power cycles to commercially utilize 

the lower temperature hydrothermal resources. These components include: 

downhole pumps; heat exchangers; heat rejection equipment; and advanced 

absorption refrigeration systems for nonelectric applications. 

.A better understanding of brine chemistry, scale control, and 

materials corapatibility (corrosion/erosion) and disseraination of the 

resulting inforraation to potential users is required. This inforraation 

is essential for coping with the severe cheraical and therraal environraent 

encountered with these fluids in order to increase the plant availabil

ity factor. 

Production of electricity from geotherraal energy is considered to . 

be attractive environmentally corapared with fossil-fueled plants because 

no solid atmospheric pollutants are emitted. However, geothermal genera

tion is not without potentially detrimential environmental effects. 

Effldents frora either a hot-x>;ater or a vapor-dominated system can pollute, 

streams or ground waters.' Consequently, federal and state regulations 

may require injecting objectionable fluids and gases back into a deep 

reservoir if practical. Noise, objectionable gasesj land use, visual 

impact, potential subsidence of the land surface due to fluid withdrawal, 

and potential seismic disturbances are other problems faced in geothermal 

energy development. Very little data is available on the effects of 

geothermal energy on the environment. As a result of this lack of data 

and associated standards, the environraental approval process is slowed. 

Iraplementation Plan • 

The hydrotljermal technology development effort includes the follow

ing activities: • . 
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(1) Reservoir engineering and field development. 

(2). Utilization technology. 

(3) Brine chemistry and materials. ' 

(4) R&D test facilities. 

(5) Advanced systems and applications. 

(6) Environmental effects and abateraent technology. 

(7) Demonstration projects activities. 

Descriptions of each of these activities follows: 

Reservoir Engineering and Field Development - This area is directed 

at the development of reliable predictive, control, and manageraent 

techniques and production technology to improve the economics and reduce 

the risk associated with the development of geotherraal fields. 

The following tasks are a part of this effort: 

• Advanced drilling technology which includes the developraent 
/ of: (1) improved drill bits and automated drill rigs; 

(2.) high temperature drilling fluids, elastomers and cements; 
and (3) the capability for directional drilling in hard 
fractured rock. 

• Well-logging technology to develop the Instrumentation and 
evaluation techniques for geotherraal applications. 

" • Reservoir raodeling development to better predict reservoir 
characteristics and lifetime. 

• Well-stimulation technique development, to improve the flow 
rate of marginal wells. Field•testing of these techniques 
is planned. 

» Downhole pump development for the high-temperature environ
ment of geotiiermal wells. 

Activities are currently underway on downhole puraps and drilling tech

nology developraent. They should begin to reach, fruition by the late 

III-14 



I970's. The advanced well logging, well stimulation and reservoir 

modeling efforts are targeted for completion in the early 1980's. 

Utilization Technology - This effort is directed at developing the 

key technology required for the advanced utilization cycles including 

nonelectric applications.. This key technology includes: (1) heat 

rejection equipment (both water and air cooled); (2) fluidized-bed and 

direct contact heat exchangers for the binary cycle; (3) total flow 

systems which'includes both prime mover development and field evaluation; 

and (4) advanced absorption refrigeration system for nonelectric appli

cations. 

Many of these efforts can be corapleted by the late 1970's. If 

successful they will help provide improved methods for converting geo

thermal resources and their by-products into useful forms. They will 

also help extend the commercially exploitable resources and will en

hance the utilization of geothermal resources in regions of liraited 

cooling water availability. 

/ - . : ^ - ^ • ' • • • . . - . , • • 

Brine Cheraistry and Materials - This prograra element will develop 

a better understanding of brine cheraistry, scale control, and materials 

corapatibility (corrosion/erosion) and will provide for the disseraination • 

of the results to potential users. This inforraation is essential for 

coping with the severe chemical and therraal environraent encountered with 

geotherraal fluids. 

R&D Test Facilities - Field test facilities are iricluded for 

advanced component testing and evaluation in real geotherraal environ

ments. These facilities will be raade available to industry and educa

tional institutions as well as governraent laboratories. These facili

ties will provide a mechanism for developing a cadre of trained person

nel, uniformity of test procedures, and support to a large base of 

equipment manufacturers. 
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The construction of these facilities will be coordinated with key 

R&D activities. The first is planned for completion, in 1977. 

Advanced Systems and Applications - There will be a continuing 

effort to examine the feasibility of applying advanced technology and 

concepts to enhance the utilization potential of geotherraal resources. 

It will provide guidance in Identifying key technology probleras, estab

lishing programraatic priorities, and in evaluating technical alterna

tives. 
4 

• •• • • ' 1 

Environraental Effects and Abatement Technology - This effort includes i 

the prediction and evaluation of surface and subsurface environmental S 

effects of geothermal field production and the deyelopment of new methods 5 

and techniques for predicting, controlling, and monitoring emissions and l 

wastes from geothermal utilization facilities. j 

Key geothermal-related environraental problems to be Investigated in ' } 
i 

the research and development activities include the areas of gaseous j 

erolssioyi, liquid waste disposal, noise regulation, and land subsidence, J 

leading to the development of standards and the development pf key i 

abatement equipment and technologies. This research and development j 

will provide powerful tools for predicting environmental effects, result i 

in better Environmental Impact Statements, and yield greater confidence 

in proceeding with geothermal development. . -J 

Deraonstration Projects - Demonstration projects provide for the 

development of pilot plants for the engineering verification of new . - -: 

systems and coraponents and full size, and commercial-scale plants for 

the demonstration of commercial economic viability. Two such coraraer-

clal-scale facilities are tentatively planned. These and other such 

projects will be considered based on the development of key technology, 

and regional development needs.• Nonelectric demonstrations are being ! 
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gijVen special emphasis in ongoing application studies involving the 

cities of Susanville, California and Boise, Idalio and through the issu-

ance of program opportunity, notices for more nonelectric pilot plants 

and nonelectric applications experiements. " " . 

These plants will be very effective in increasing user participa

tion in the development and operation of geothermal plants. In addi

tion, data from these plants should stimulate additional industrial com

mitments to the development of similar facilities. Both these efforts 

could stimulate the expansion of the related- service industries. 

Geopressured 

Problems 

There are strong indications of large volumes of geopressured 

water located in three zones in the United States: a wide onshore and 

ofifshore belt along the Gulf of Mexico from Mexico to Mississippi and 

two areas from Northeastern Texas to Florida. Well data'from thousands 

of deep wells, drilled for oil and gas, confirm the existence of high 

pressure, high temperature zones and provide data on the geologic con

ditions where these zones occur. However, the actual volura.e and perrae-

abillty of these aquifers have not been demonstrated by prolonged flow 

tests. Consequently, the economic viability is unconfirmed. 

A geopressured resource is distinctly different.from hydrothermal 

geothermal resources in three ways. 

Hydrotherraal Geopressured 

(1) Localized thermal anoma- Located in large deep 
lies associated with sedimentary basins, 
volcanic and/or tcctoiiic 
(crustal movement) 
activities. 
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(2) Areas of high near- Low surface heat flow, 
surface heat flows, 
often.with hot springs 
and/or fumaroles. 

(3) Energy is derived Energy derived can be in " 
entirely from the three forms: thermal, 
earth's heat. kinetic, and dissolved 

' . " . raethcine. 

The pressure in a typical geopressured aquifer in Texas, for ex

ample, is between 10,000 and 14,000 psi at 4 km to 5 km depths and the 

temperature is between 160°C (320°F) and 200''C (392°F). The top of 

the aquif.cr can be as shallow as 1 km deep or as deep as 6 km. Tem

peratures of up to 275°C (527°F) have been, measured and pressures may 

reach 20,000 psi. Because of the depths and high pressures involved, 

the development of economic drilling technology to accomodate the unique 

requirements of geopressured resource is a key to its comraercial exploita

tion. The developraent of a high pressure turbine is also needed. 

Because of the high cost of drilling and well corapletion, the size 

and energy potential of these geopressured reservoirs has not been 

demonstrated to date in flow tests. As a result there are two major 
/ • • • 

reservoir technical uncertainties that should be resolved before committing 

to expensive technology development programs. These uncertainties are: 

(1) The unknown number of aquifers with sufficient volume and 
permeability to sustain large flows of water over long in
tervals of time, 

(2) The unknown methane gas content in the geopressured water. 
(The araount of gas which can be recovered is a priraary factor 
in the economics of utilizing geopressured water.) 

Irapleraentation Plan 

The approach to the geopressured development is first to verify the 

existence, viability, and utility of geopressured resources and then to 

develop the technologies necessary to the commercial utilization of these 
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resources. State surveys of the resources will be made. Exploratory 

drilling at representative sites v;ill be initiated. Upon successful 

completion of the wells, drawdown tests will be conducted to determine 

reservoir characteristics, natural gas content, well interaction effects, 

and brine composition. Brine disposal techniques will also be investi

gated. 

Reservoir modeling and mapping of the Gulf states will be under

taken to evaluate the resource and to identify additional candidate 

sites for exploration. Resource studies of this type are presently in 

process using existing well logs to get a better understanding of geo

pressured zone boundaries, temperatures, pressures and gas content. 

If these exploratory studies prove successful, advanced technology 

development activities would follow. The developraent of the following 

new technologies is envisioned: high pressure prime mover, improved 

water well construction techniques, improved drilling techniques, high 

temperature elastomers for wellhead dynamic seals, well logging instru

mentation, and resource parameter modeling. Concurrently, environraental 

R&D -will be initiated including the conduct of subsidence, seisraic, and 

tilt monitoring studies will be undertaken along with the acquisition of . 

background data to assess the effects of geothermal production upon the 

environraent. During this phase-of development, an additional set of 

.wells in the geopressured geothermal reservoirs typical of the Southern 

Mississippi Salt Basin (early-stage medl-sedimentary rocks) will be 

considered. 

Test beds and experiments will be prepared to evaluate.heat ex

changer fouling factors, materials compatibility, mineral recovery 

feasibility, and pollution abatement equipment adequacy at each of the ' 

resulting producing fields. 

These activities will be completed by the early-1980's at whicli time 

consideration could be given to the construction and operation of com

raercial scale demonstration plants. 
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Hot Dry Rock. ' •' f 

Problems L . )l 
. .̂;; • . • i' 

. . . - • • . I 

The hot dry rock geothermal resource is defined as those geological ^ 

formations having an abnorraally high heat content but not containing ''̂  

sufficient water or sufficient rock, permeability to permit withdrawal of ;• 
• . ' • .'i 

hot water as a heat transfer medium. The resource is estimated to be i-

very large and its exploitation could be significant to the nation. At '_. 

this time locating hot dry rock areas as opposed to hydrothermal areas 

is difficult on the basis of surface evidence. Even high temperature 

gradients measured in relatively shallow holes can be raisleading, as ,; 

evidenced by the Marysville, Montana project where a large convective 

system was found with no surface manifestations. Hence, a need exists 

to develop improved hot dry rock resource assessment and exploration 

techniques. 

The key to the extraction of the energy from this resource is to 

establish a circulatory fluid flow loop through the hot rock by frac-

turin&,-_the rock between wells. In this way injected water can be 

circulated through the rock to extract the heat. Demonstration of 

this technology is underway at Los Alamos, New Mexico. Another key 

factor to the economic viability of this resource is the availability of 

low cost drilling technology. An extension of the drilling technology 

pursued under "hydrothermal" is required for the hot dry rock develop

ment. It is expected that the utilization technology developed under 

"hydrothermal" can be used directly in hot dry rock applications. 

Irapleraentation Plan 

Los Alaraos Scientific Laboratory (LASL) has been conducting a 

research project on hot dry rock on the Jemez Plateau near the western 

edge of Valles Caldera, New Mexico. Hot dry rock, has .been discovered in 

deep drilling operations,, and preliminary rock fracturing tests 
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performed. Drilling of a second hole to establish the fluid circuit 

is completed. A circulation loop has been constructed and heat extrac

tion at various rates will be evaluated. These activities will be 

completed by the late 1970's. 

A laboratory simulation and modelling study will be conducted in 

parallel with the field operations.. The efforts planned under the 

"Resource Exploration and Assessraent" prograra will provide raore data on 

the extent of the resource. 

After establishing the feasibility of extracting heat from hot dry 

rock, at the Jemez Plateau, consideration will be given to establishing 

a test loop at a second site, probably utilizing a different extraction 

technology, oriented to the verification of comraercial potential by the 

early 1980's. This could then be followed by .a commercial-scale demon

stration plant. 

Normal Gradient . . 

Problem 

Most of the eastern and central U.S. has a relatively low ("normal" 

or "near-normal") heat flow and relatively low geothennal temperature 

gradient as a result. Rather deep holes are necessary to reach even 

moderate temperatures i.e., 4 kra for lOÔ 'C or 10 km for 200°C (12,000 

ft for 212''F or 30,000 ft for 392°F). Because of the cost of drilling 

the utilization of geothermal heat is more expensive in these regions 

than where the heat flow and geothermal gradi'eht are high. Moreover, 

the deeper rocks in substantial portions of the eastern.and central 

states may have low permeability, so the flow of geothermal water into 

wells raay be low. Reservoir stimulation may be required. 
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• •• • • • I 
Implementation Plan . | 

Becau.se pf the long-range nature of normal gradient applications, I 

the initial activity in this area will be t6 investigate the character | 

of the near-normal gradient resource and possible nonelectic applica- ] i 

tions. A group of studies is planned to define the factors affecting :| 

the use of the deep, low-temperature geothermal resources typical.of the | 

Central and Eastern states. These studies would be corapleted in the | 

1978-1979 time period. If these studies indicate that these applica- 1 

t'ions are proraising, then feasibility experiments would be initiated. | 

Near normal gradient development would draw heavily upon the drill- -̂  

ing, well stiraulation, and utilization technology developed as a part of | 

the "hydrothermal" and hot dry rock developments. i 

Magma Resources - . ' I 

Probleras . - I 

• • • . - ' î 

i 

/Magma (hot, liquid or partly-liquid rock) lies beneath the entire ! 

crust of the earth, starting at 20 to 50 km (66,000 to 164,000 ft) depth 1 

and extending dô m̂ward. These depths are too great for economic utill- | 

zation. In some areas however, raagma exists closer to the surface, even f 

at the surface in active volcanoes, for exaraple. This near-surface | 
magma potentially could supply a great deal of geothermal energy. The I 

temperature is very high (650°-15.00''C) and the volume of magraa very I 

large. No techniques are known, however, for converting this energy j 

Into useful forms in commercial quantities. Because of the magnitude of ; 

the technical difficulties, it is not expected that magraa energy utill-" i 

zation can reach the pilot plant stage before the 1990's. This will be I 

constantly evaluated as new technologies emerge. ! 

• ' • - ' • • . • • ' • • i 
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Implementation Plan 

Long-term research and studies on magraa utilization are in progress 

under ERDA sponsorship. These research and study activities will con

tinue at a low level. Experiments and advanced development will be 

initiated when the probleras associated with the utilization of raagraa 

resources are better defined. ..• .-

Utilization Plan 

The transfer to the private sector of the technology developed 

under this prograra area will be accoraplished primarily by encouraging 

the Industry's active participation in its development. The breadtli of 

the prograra requires the support of industry, universities, non-profit 

organization and government laboratories. Much of the work will be . 

contracted. In addition, data on the developments will be disseminated 

through tlie preparation of technical material for professional and 
• . ' i 

specialized journals of the various, interest groups. Research results ; 

will be raade available through inforraation systems, educational insti-

tutions, workshops, and symposia. ;. 
" i 

As the technology developments associated with each of the various j 

resources reach appropriate levels of maturity, joint governraent/indus- j 

try constructed pilot and deraonstration plants will be utilized to . , 

establish user confidence in the economic viability of the conimercial } 

application of geothermal energy. These plants will provide "hands-on" .. •. i 

experience to expand the cadre of trained personnel, in addition to 

Introducing geotherraal energy utilization to regions of large potential. 
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INSTITUTIONAL DEVELOPMENT 

Objective 

The objective of the Institutional Development area is to enhance 

the potential for early, commercial exploitation of the resource in an 

environmentally acceptable manner through developraent of national policy, 

incentives and institutional relationships. 

Problems 

In addition to the technical barriers described, there are major 

institutional barriers to the growth in the commercial utilization of 

geothermal energy that need to be resolved. Much of the geothermal 

resource is located on federal land. The progress in leasing of these 

Federal lands, as provided for in the Geothermal Steam Act of 1970, 

has been slow. The first competitive leases became effective August 1, 

1974. The first noncorapetitive lease had an effective date of February 

1, 1975. The processing of, leases has accej.erated considerably over the 

past few months. The industrial response to the leasing program has 

been disappointing in that no bids have been received on some competi

tive lands and applications have been disallowed or withdrawn on non

competitive lands. 

Because of the many technical uncertainties currently associated 

with the utilization of geotherraal energy, its development is viewed 

as a high risk venture. As a result, raost industrial investment to 

date has been limited to the development of the high temperature hydro--

thermal resources. This is reflected in the leasing activities. The 

investment in geothermal development is further retarded by the lack 

of economic parity between the developraent of geothermal energy and 

the industrial development of other energy resources (e.g., coal, 

uranium, oil, gas, etc.). One of the key disincentives may be the 
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Inequity in tax treatment with respect to the v;rite-off of intangible 

drilling costs and the depletion allowance. 

Geothermal development also has been slowed by the lack of en

vironmental data, technology, and standards necessary for environ- ' 

mental approval. Those problems are being addressed in the technology 

development program. However, the environmental approval and permit

ting process also is slowed by tlie lengthy, coraplex, and often incon

sistent rules, laws and regulations at the local, state, and Federal-

levels of governraents. The overlap of jurisdiction of the responsible 

agencies further compounds the approval process. 

There are many other institutional factors that act as disincen

tives to geothermal development including issues relative to tax treat

ment; leasing policies; patent rights; and, utility regulatory prac

tices. 

Implementation Plan . . ' 

The current Federal program in Institutional Development includes 

•the implementation and administration of the Federal Leasing Program and 

the Loan Guaranty Program. Consideration is being given to establishing 

and maintaining geothermal resource clearinghouses at the state level. 

Finally, a policy research activity is included for the evaluation of 

various alternatives associated with policy.issues, or barriers, af

fecting the implementation of the Geotherraal Energy Program. In addi-̂  

tion to these activities, the Federal Government is establishing insti

tutional relationships between the involved agencies at the Fe'deral 

level of Government to provide a forum for the coordinated resolution 

of policy related issues. 

Leasing - This activity provides for the implementation and ad

ministration of the prograra to lease .Federal lands for geothermal ex

ploration and dev.elopmont as authorized by the Geothermal Steara Act of 
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1970. This prograra is administered by' the Department of Interior and is 

supported by the United States Forest Service. The activities included 

in this effort include: 

• 0 the establishment of "Known Geothermal Resources-Areas" (KGRA'S) 

.• the scheduling of areas to be leased and the preparation of 
environmental assessment reports (EAR's) and/or environmental 
impact statements (EIS's) - ' 

e the proces.sing of competitive bids as well as noncompetitive 
applications 

• .the administration of the lease operations by the USGS. 

The leasing program will be coordinated with the "Resource Assessment" 

activity in establishing leasing priorities. Leasing rates recently 

have been established to minimize "backlogging"' of applications to 

assure the availability of federal lands for industrial exploration and 

development. 

Loan Guaranty - This.element provides for the administration of the 

Loan Guaranty Program authorized under Title II of PL 93-410. The 

Guaranty Program is. provided to encourage commercial production of 

energy frora geothermal resources. The Guaranty Prograra is designed to 

protect lenders against loss of principal or interest on loans raade by 

siich lenders to qualified borrowers the purpose of: 

• the determination and eval .tion of the resource base, 

• reservoir development projects, 

• • research and development with respect to extraction and 
utilization technologies, 

o acquiring rights in geotherraal resources, 

o development, construction and operation of facilities for the 
demonstration or commercial production of energy from geo
thermal resources. 
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However, the Loan Guaranty Program may be used for projects with an 

early potential for producing income rather than for research and devel

opraent. Inquiries received to date indicate most applications will have 

the purpose of drilling test wells to prove reservoir potential and for 

field development. It is expec.ted that future applications will also 

include the. development of utilization plants once the planned demon

stration projects have been corapleted. 

The proposed regulations for the Loan Guaranty Program will be 

published in the Federal Register. A final regulation is. planned to 

be published early in 1976. 

Geothermal Resource Clearinghouses - The establishment and support 

of geothermal resource clearinghouses at the state level, as authorized 

in Section 104(a)(11) of PL 93-410, is being considered. These clear- . 

inghouses could serve to: (1) provide geothermal resource developers 

with information with respect to applicable local, state and federal 

laws, rules and regulations, (2) coordinate the processing of permit 

applications. Impact statements, and other inforraation which geothermal 

resource developers are required to provide, (3) and encourage uniformi

ty with respect to local and state laws, rules, and regulations with 

respect to geotherraal resources developraent. 
i . . '• -

The implementation of this program element will provide for ex

pediting the environmental and perrait approval process and will provide 

a public forum for identifying problems that need to be addressed in the 

prograra. • * • 

Policy Analysis - The Geothermal Energy Research, Development, and -

Demonstration Act of 1974, Section 104(a)(9) of PL 93-410, provides for 

the identification of social, legal, and econoraic problems associated 

with geothermal development (both locally and regionally) for. the 
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purpose of developing policy and providing a fraraework of policy al

ternatives for conimercial utilization of geothermal resources. 

' Many such institutional barriers already have been identified that 

need resolution. These barriers include considerations relative to the 

leasing program, the environmental approval process, patent rights and 

financial incentives. This prograra activity provides for the -conduct of 
- I 

special studies and, analyses relative to these types of problems. . . "j 
\ 
i 

Utilization Plan . .1 
. Is 

The industrial and public sectors will be encouraged to contribute : 

to institutional developraent arid policy analysis activities through j 

their participation in special panels or working groups and . through ?; 
'1 

workshops and symposia. Data and reports will be raade available through ; 
f, 

norraal inforraation disseraination.processes. . * 

/ 
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SECTION IV • 

PROGRAM COORDINATION AND MANAGEMENT 

ERDA, under the general provisions of the Energy Reorganization Act 

of 1974 (Public Law 93-438), will manage the major portion of-the 

Federal Ceothermal- Energy Research Development and Demonstration Pro

gram.* It will promote coordination of its activities with those of 

other Federal agencies. ERDA will establish and conduct an RD&D prograra 

that addresses all technologies applicable to the developraent of the 

geothermal resources contained within the United States, and will seek 

the assistance of private instit-Jtions, public institutions and industry 

in the conduct of the RD&D program and in the effort to apply the results 

of the program to the rapid development of geotherraal energy utilization 

within the United States. ERDA will disserainate the scientific, tech

nical, economic, and institutional information acquired in the geo

thermal energy prograra and will promote the free interchange of ideas in 

pursuit of scientific and industrial progress and public- understanding 

of/geothermal energy technologies. Realization of program goals will 

*Specific responsibilities assigned to the administrator of ERDA by 
PL 93-438 include: (1) central responsibility for policy planning,' 
coordination, support and management of research and development 
prograras with respect to all energy sources, (2) encouraging and 
conducting research and development, including demonstrafion of cora
mercial feasibility of energy sources, (3) engaging in and supporting 
environmental, biomedical, physical and safety research related to 
energy, (4) taking into account other public and private researcli, 
(5) participating in and supporting cooperative research, (6) col
lecting and distributing scientific and technical energy information, 
(7) creating and encouraging development of information for distribu-r 
tion to the general public, (8) encouraging and conducting energy con
servation R&D, (9) encouraging and participating in international 
cooperation in energy R&D, .(10) helping to assure an adequate man
power supply for energy RD&D, and (11) encouraging and conducting R&D 
In clean and renewable'energy sources. 
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require that industry be ehdouiraged to accompli'sh its own R&D, partici

pate In joint projects with the Federal Government, and introduce new 

geo t h c r ma I t e c 11 n o log ie s when . t ti e y a ]> p e a r to b e. c o [iiiiie r c ial 1 y vl ah 1 e, The 

Fe.dernl jJrogram will be continually i-ey-iewed to i<tentlS:y those activi

ties which are no longer appropriate Candidates for. government support 

and for which industry is capable of taking the lead. 

ERDAiMANAGEMENT ORGANIZATION, , • : . 

Within ERDA, responsibilities for- geothermal energy develapment are 

centered in the Division of Geothermal Energy under the AssLstarit 

Administrator for -Solar, Geothermal and Advanced Energy Systems (see 

Figure'IV-1).• The ERUA Division of Geothermal Energy provides manage

ment for the determiriatioh arid evaluation of resource availability, for 

the development, and utilization of geotiiermal energy, for research and 

deveippment of geothermal technQlogles to iniproye system performance and 

economic viabili'ty, for demonstration of new engineering approaches and 
/ 

i'-system capabilicy and reliability,' and for implementa-tion of programs of 

data dissemination to supp'ort widespread commercial use of geothermal 

energy. The Division administers the Geothermal Loan Guaranty Srog.ram, 

designed to mAke capital from priyate lending agencies available for the- • 

support of thpse activities critical to geothermal development. 

.'The ERDA Division of .Geothermal Energy 'is-organized into three 

techhicai offices and an administrative office. This structure ,1s shown 

in Figure IV-2. • , • r -' ' • . 

•P'RIVATE SECTOR PARTICIPATION '• - . 

The success of a national geo'̂ thernial energy development effort depends 

not only on the successful cohduet of the, research, development and demon

stration projects, but on the Integration of geothermal technology into 

the national economy on a widespread and continuing basis. This success 
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is dependent upon the involvement in the program of the many small and 

large business entities, private organizations, and institutions to help 

develop the guidelines, criteria and specifications that the program 

will require in order to produce those technological and institutional 

developments needed to accelerate the utilization of geothermal eriergy. 

Throughout, the program, careful attention will be paid to the needs of 

small business, especially with respect.to nonelectric RD&D areas likely 

to be commercialized by these activities. 

One of ERDA's primary considerations in structuring the plan for 

geothermal energy development is to provide the opportunity for and to 

encourage the private sector to participate in all phases of the research, 

development and demonstration prograra. ERDA will seek to design ap

proaches and select participants for specific projects in a manner that 

.will ensure the early and continuing participation of those segments of 

the economy whose acceptance of geothermal technology will be essential 

to its general adoption. 

SPECIFIC RELATIONSHIPS BETWEEN ERDA AND OTHER FEDERAL AGENCIES 

/' 

The Energy Reorganization Act of 1974 (PL .93-438), specifies that 

the Administrator of ERDA "...shall utilize, with their consent, to the 

fullest extent he determines advisable, the technical and management 

capabilities of other executive agencies having facilities, personnel, 

or other resources wliich can assLst or advantageously be expanded to 

assist in carrying out (ERDA's) responsibilities." 

In order to coordinate these activities ERDA is considering the 

formation of a Geotiiermal Advisory Council with representation from 

the Federal Energy Administration, National Science Foundation, En

vironmental Protection Agency, Departraent of the Interior, Departraent 

of the Treasury, the National Aeronautics and Space Administration 

and other cognizant agencies. This Council would advise ERDA on carrying 

out the policy and functions previously assigned to tlie Geotherraal 

Energy Coordination and Manageraent project under Public Law 93-410. 
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Additionally, the Interagency Panel on Geothermal Energy Research (IPCER) 

raay continue in operation providing v/orking level coordination araong all 

Federal agencies involved in. geothermal related-activities. 

STATE AND LOCAL GOVERIs'MENT 

ERDA, through the Division of Geothermal Energy, the Office of 

Industry, State, and Local Government Relations and other appropriate 

Federal agencies, and in cooperation with non-Federal entities, shall 

establish programs that will encourage the states to establish and 

maintain geothermal resources clearinghouses, which shall serve to: 

• Provide information with respect to applicable local, state 
and Federal laws, rules, and regulations, . 

• Coordinate the processing of permit applications, impact 
statements and other information that developers are required 
to provide, 

« Encourage uniformity in local and state laws, rules arid regu
lations with respect to geothermal development. 

ERDA will also develop a plan that will encourage individual cora-

munit;y acceptance of geotherraal energy and that will guard against ad

verse Impact on a community in the immediate locality of a geothermal 

development activity. 

UNIVERSITY AND NON-PROFIT INSTITUTIONS PARTICIPATION 

Universities and, where appropriate, private non-profit institu

tions through the norraal request-for-proposal raechanism, will partici

pate in the research, development, and demonstrations. Unsolicited 

proposals will also be accepted according to ERDA and other Federal 

agency guidelines. 
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PROFESSIONAL SOCIETIES AND INDUSTRIAL ASSOCIATIONS-PARTICIPATION 

.The appropriate professional societies and • industrial associations 

will he solicited to support the program through symposia, technical 

meetings, technical and consumer information dissemination, and, where 

appropriate, RD&D activities. They will also be solicited to partici

pate, as appropriate, in the promulgation of standards, criteria and 

codes. 

/ 
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SECTTON V 

MA.IOR ISSUES AND T!ll-:iR rOTl-:NTlAL IMPACTS 

. The development of a new Industry in this country depends on the 

Interaction of many activities including the perception of a need, the 

creation of a concept tu satisfy tiie need, tin; technologicnl development 

required to transform the concept into a feasible process, system or 

product, the ability to commercialize the process through appropriate 

marketing, sales and service functions and, of course, financing tlie 

entire venture. Traditionally, private industry assumes the initiative 

for these activities. Under normal circumstances, the Government's role 

involves protection of the public interest and the raaintenance of a 

political, social and econoraic environraent which allows private enter

prise to pursue appropriate opportunities. Because of the national 

concern with the energy.problem ERDA, in collaboration with cognizant 

Federal agencies, is examining the role of the Federal governraent with 

respefct to energy development generally and development of geothermal 

resources specifically. The following sections highlight some specific 

characteristics of the industry which affect the rate of development of 

the geothermal energy resource' to be considered in the definition of the 

Federal Government role. 

INDUSTRIAL DEVELOPMENT CHARACTERISTICS ' • ' 

. The geothermal industry in this country is faced with techni'cal 

and economic uncertainties which have a significant irapact on the 

rate of exploitation and utilization. 

In electric power generation, for example, key technical uncer

tainties which affect the rate of development include: (a) reliable 

Information abou-t the location, extent and magnitude of exploitable 

resources; (b) information about resource lifetime and ability to 

sustain a given level of power generation; and (c) lack of proven 

technology to exploit the more abundant resource types. 
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Teclinical uncertainties create economic difficulties because 

the lack of reliable, quantitative inforraation abovit the geothermal 

resource poses a serious obstacle to the willingness of industry and 

the financial comraunity to commit capital to the development of geo

thermal resources. Absence of proven, reliable technology for explora

tion, reservoir definition; field developraent, conversion and utiliza-. 

tion of most forms of geotherraal energy also postpones the exploita

tion of geothermal energy. There is also a geographic factor that im

pacts on geothermal economics. If a geothermal reservoir is used 

for production bf electricity and is located in a remote area away from 

•potential users, then additional capital is required for construction of 

a transmission system. . . . . 

There are institutional uncertainties which irapact geothermal 

investment.' Because of the long lead times arising from leasing, en

vironmental assessment, resolution of siting issues and technical develop

ment discourages investors from providing the needed capital, due to the 

high risk associated with achievement of ultimate profitability. Further

more, even if a geothermal. development venture were to be profitable, 

unac(/eptably long times may be involved in realizing monetary returns on 

investment. Time delays arising from Federal, state and local juris

dictional requirements for lease processing and.environraental assessments 

also contribute to increased capital requirements. State public utilities 

coramissions differ widely in their policies concerning the amount of 

development expenditure which will be allowable in the establisiiing of 

the utility's rate base. Thus, a singular approach to solving capital 

problems may not be appropriate. 

Nonelectric applications of geothennal energy for space heating 

and industrial process iieat may sliow considerable promise for reducing 

reliance on scarce nonrciiewable resources. With the exception of long 

distance transmission needs, and allowable development costs on whicii 

to establisii a rate base, tlie. previous discussion of technical 
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uncertainties and related economic and institutional issues for geo

thermal electric appl icatipn-s applies also to nonelectric applications. 

However, based upon tlie premise that geothermal energy utilization 

contributes to the nationa.l welfare, it is reasonable to explore the-

extent to which tlie risks of development should be liorne by the devel

oper, the utility, the beneficiaries of tlie power and the Federal 

Government. 

FEDERAL APPROACH TO REDUCING UNCERTAINTIES ' 

The Federal Governraent is actively engaged in a research and 

developraent prograra to help assure that appnapriate technology is 

available for industry use in the development of geothermal resources. 

The Federal Government is determining to what extent additional incen

tives raay be useful in helping to insure that industry uses the avail

able appropriate technology. The preceding discussion has indicated 

that risks and uncertainties tend to discourage industry from making 

the necessary investments which could result in harnessing this poten

tially significant resource for the benefit.of the U.S. econoray by the 

year 2000. Increased capital availability and investraent is necessary 

in order' to achieve this result. An iraportant step towards this end 

is tlie Loan Guaranty Program in which the government will assume 75 

percent of the risk associated with projects that have an early poten

tial for producing income. Capital formation also may be stimulated by 

other means, such as financial incentives and regulatory procedures, 

that can make investment more attractive. Financial incentives tend to 

reduce capital requirements while favorable regulatory procedures tend 

to reduce the time to recovery of invested capital. •. 

ERDA believes that the institutional, environmental, and legal 

Issues will be extremely important in determining the rate of geo

tiiermal develoi)ment. . . • 
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t. 

FINANCIAL INCENTIVES 

The range of possible federal policies with respect to financial 
.•i 

Incentives that raay iiave significant impact on capital formation in- -

eludes loan guaranties, tax incentives, and direct subsidies. Of these, î 

only tlic loan guaranty is at present a part of the ERDA geothermal . 'I 

program. Other future incentives may take the form of depletion al

lowances, a reservoir investment indemnity program, allowance to write

off intangible drilling costs against incorae, subsidies for high risk 

projects or for cost of delivered energy, cost sharing for pilot and 

demonstration programs, and financial support to local communities for 

planning grants related to geothermal development. The precise impact. 

of these incentives is not clear. Their implementation would be likely 

to favor capital accumulation and accelerate development. However, j 

detailed studies will establish quantitatively the degree of accelera- . ' ••' \ 

tion and ultimate energy price as well as the associated costs of these .. ' 

options. This data, could be used to define the optimum mix of incentive 

options. 

REGULATORY PROCEDURES" . • . . -. 

't 

The raajor regulatory and institutional procedures affecting capital, 

forraation and rate of industrial developraent include leasing- policy and 

procedures, environmental assessments, permits for operations and 

rights to data and patents. 

Some of the key issues related to'the leasing program include 

whether or not" there should be: 
(1) processing of lease applications on non-KGRA lands without 

regard to subsequent .reclassification as KGRA after the 
close of the filing period; 

(2) raising of the acreage liraitntion on federal lea.ses, and 

(3) additional provisions and penalties for lease termination 
resulting from inadiiquate exploration activities. 
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These issues have important implications. For example, at the 

present time, if a discovery is made on private, state or federal 

KGRA lands near unleased federal non-KGRA lands, then the adjacent non-

KGRA lands would ba reclassified, lease applications on.file would be 

rejected, and leasing delayed because all leases would be obtained 

• through competitive bids. Changing this procedure according to Item 

(1), above, would undoubtedly stimulate more exploration but could, 

result in disposal of public resources to industry at less than true 

.value. Also, any increase in acreage increases the likelihood that a 

leaseholder may find and develop this resource on his site, but it also 

increases the capital required and thus might result in large energy 

companies obtaining a dominant position in the geothermal industry at 

the expense of less affluent independent operators. These issues re

quire careful study to help define those policies which best balance-the 

public interest and industry development.-

Uncontrolled geothermal developraent could result in adverse environ

mental impacts. As a result, careful planning and proper use of control. 

/technology is required to reduce these impacts to an acceptable level 

/ ' 

from a regulatory as well as from an aiestheti.c point of view. Environ

mental assessments and irapact statements are required to indicate how 

environmental control can best be accomplished. These are time con

suming and costly to prepare and. involve obtaining concurrence or ap

provals for operations from multiple federal, state and local government 

agencies. 

Key environmental issues include whether there should be greater 

coordination and standardization of reporting and public hearing pro

cedures while maintaining separate decision authorities for the multi

plicity of jurisdictions which may be involved. Consideration could 

also be given to separate environraental assessraent requireraents for 

exploration in contrast to development and utilization activities. 

These issues, as those associated with leasing,are being carefully 

exarained frora the standpoint of cost and impact on capital formation and 
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rate of development in order to achieve a proper balance between public . 

interest and industry growth and development. Streamlining of pro

cedures for granting leases and permits and for. preparing' environmental 

assessments may reduce both cost and time to achieve coramercial o'pera-

tions, thereby reducing capital requirements for exploration and devel

opraent. 

In the area of patent and proprietary data rights, it is desirable 

to strike a proper balance between satisfying those industries that re

ceive government funding to provide comraercial level development of 

necessary technologies, and preserving public interest in the form of 

providing for government patent and data rights frora the technology 

developed with public funds. The Federal Nonnuclear' Energy Research and 

Demonstration A.ct of 1974 permits the Administrator of ERDA to waive 

title to inventions at tlie time of contracting. Prudent application of 

the waiver policy might stimulate participation of these firms without 

proliferating private rights to teclmologies developed at public expense. 

Su.itable guidelines for granting these waivers sii.Tuld be developed 

to achieve a proper balance between the general public interest and 

support to industry development. 

Policy Researcli ' 

The geothermal program will explicitly address these and related 

issues in order to assess the costs and impacts as they' apply to the 

public and to the industry on a regional and National basis. Key to the 

analysis of these institutional, financial and technological options and 

issues will be the development and application of cost-benefit studies. 

These studies would integrate teclinological, environmental and socio

economic data. The results of tliese studies would then form a basis for 

.evaluation and. decision-making regarding the teclinical R&D program as 

well as the manner and extent .to which tlie Federal Government should 

support the developraent cf a geotherraal industry. 
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tration of the system, -"̂  ;•;--.:'r ^ ".;: ̂ _ '"" - -"T̂  ..'1;̂  •̂. .-̂. .', ""'J/..̂ : ;';r.-'..:- . Tciv;. "'r.'̂ . "T^. 

'.The Assistant Administrator 'for.--Adm^inis tration is - responsibl'e.^f bf de v e"l oping..., . 
/^-"reporting procedures., ..for_the monthly" status revievjs and other information 
. pro.cesses which will'be^against" "the milestones and" understand'ings contained 
-"i.-iri. the approved .PAD's.-^" ""•—• ~T "••.".• . ' /~" ." ... ." "." . ..'-• 
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The Assistant Administrator for Planning and Analysis, in conjunction 
with the Controller, is responsible for establishing planning factors, 
and standards for such related data and information which is to be 
incorporated into a PADo This includes review and concurrence of PAD's 
to assure consistency with agency-wide planning processes, goals and 

, documentation as well as with indices used to measure a program's 
.'effectivenesso*.\..-'. ,•;•-. .,. ' ' . . ' ' . • 

The Assistant Administrator for Environment and Safety is responsible 
- , for,.:reviewing all PAD's from the standpoint of environment and safetyo 
" • ' ' - ; • ' : ' " ; • • ' - / • • ^ " . d i ^ . r „ . v : - . . \ - - ' - ^ - f ' '.-• ' ' . i : - ' * - ^ ' ^ . . / •• ' 

•Tne'Director,, 'Office of Public Affa i rs , w i l l advise Prograra Assis tant 
.• ".Administrators on the forraula t ion of public awareness/technology transfer 

programso • t'v-'' ^"--H^.i"-"' " -.'- ' ' • ''> '̂-';-̂ "'. 

Submission: PAD's and"PAD revis ions wi l l be prepared by the cognizant 
Program Ass i s t an t Administrator. Tliey w i l l be c i rcu la ted for comment 
to a l l other Program Assis tant Administrators and the Assis tant Admin
i s t r a t o r for Laboratory and Field Coordination, Ass is tant Administrator 
for Administration, Assis tant . Administrator for Planning and Analysis, 
General Counsel, the Control ler , Office of Public Affairs and the Office 
of Industry and Sta te and Local Relations in a l l cases , and 
to other Headquarters Offices by exception whenever the i r r e s p o n s i b i l i t i e s 
are involved. Five working days should be allowed for comments. The 

' Office of Program Approval and Control w i l l a s s i s t in the coordination 
process by serving as a cent ra l d i s t r i bu t ion and co l lec t ion point , se t t ing 
schedules for review and coordinating the reso lu t ion of problems that may 
a r i s e^ 

Upon reso lu t ion of comments the PAD wil l be submitted by the cognizant 
" 'Program Assis tant Administrator to the Administrator/Depu'ty Administrator 
- for approval. Tne comments received during the.coordinat ion phase wil l 

accoinpany the formal submission.. . . . " , «' ' ._ '_ " J _ 

- F o r th i s i n i t i a l year , su'Dmittals w i l l be.-in ac'cordance with the J schedule-:" 
contained .in Attachment .Co In. future" years , the Controller w i l l i s sue a' - ,•' 

- coordinated annual- PAD Call which, wi l l contain the •schedule for, submit ta l . "-. 

-; .Reporting": . Status repor t ing is. an in t eg ra l pa r t of Tfie -system.-." The. primary / 
: i ' s t a tus repor t ing mechahism-iB--the monthly^'status .reviews o-"'Status "repof'ti'nig . .--
/'".at^-these reviews w i l l be. aga ih s t ' t h e mlTestones. and'undersitandings contained 
"̂  in :t"ne approved PAU's"."'Specif i c report ing requirements, and f prmat.'.ai're Jbeing 
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• : , : . '<:..:•-• • . i ^ ' \ ' ; ' ' ' ' i^-?f tc i r ; i ' i ; . - ' .? 'V- ' ,' 

nov-snbor 19, 197[-
• " I ' j ' f .v r ' -VC, 

developed by the Assistant Administrator for Administration. The Controller 
will be responsible for keeping the Administrator/Deputy Administrator 
currently informed on the status of PAD preparation and approval schedules. 

System Evolution: It is-vitally important to ERDA to install quickly 
basic management system elements that i-;ill aid in achieving and sustaining 
"excellence in prograc manag.ement. .The Program Approval System is considered 
'to-be a basic-and reiquisite element of any management system. It is for 
that, reason we are installing now the Program Approval System even before 
all'."elements of. a.-total, management system are defined. However, we are 
• mindful that ̂ it is absolutely, -necessary to integrate elements into a 
coherent system" at an-early.ldate. 

'̂ -• -. - : : - - • - - •^tJ'#^i»l?!5j''.i 1 ^ . -•^;^'%>;^ '•• .;• • • - • 

;Executive Sumjr.ary :•• vAn Executive Sum-T-ary of 
cognizant Program Assistant .Adm.inistratcr.• 
along with the-PAD, and it is this document 
approved by the Administrator. The summary will be limited to approximately 
five pages cr less and will embody the essence of the P/VD. It will" summarize 
the. prograin scope and objectives, major milestones and schedules, funding, 
reprogramming authority and limitations. Administrator controlled items, 
management approach, and any special key consideraticns (e.g. environmental, 
public awareness, comjnercialization, or other policy aspects) 

each PAD v.-'ill be prepared by the 
This PAD summary will be submitted 
that will actually be signed and 

<r ) 

. ^ - C. 
r 

J 
Robert C. Scanians, Jr. 

Administrator 

Attachments: 
A; Required Program Approval Do<. ume'i-!t.s -
B. Guidelines-for Preparation of PAD 
" C. Planning Scheciul'.e. F'l' l.y./b PAD Approval 

-Lc 
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-:-,* ;K,:''ERDA IAD NO:.^8OOO-I -5' 

'^v:'\>;;-/r-3'=-;'- • • -a-

'" - , 'i.,j'Budget Activity 

':, -^[Fossil. Energy Developraent 

-ijĉ'v'-i ""Goal • -
•'-.'..$̂--.?'•'-'•;-"• Petroleum and Natural Gas. 
...'i„.'r;,K,„.-.;-. Oil Shale -• '— ./ 

: > ' ^ : - k ' V ' f . •••: ' ' ' ^ ' • ' . : • : - •-. '• ^ - - X ' ' '••'• "•'' " • • ' 

' - :'•' REQUIRED PROGRAM APPROVAL DOCUMENTS 

November 19,. 1975 

Number 

1 
1 
1 

Total 

_)'.ĵ -'Solar, Geothermal and. Advanced Energy Systems Development 
,,'Vi.''̂'- .'•' .'Solar Energy Development ; .-. 
••'u;*''.̂.̂  .•(•]•->Geothermal .Energy Development ' "' "• 
'^?2i|\;:i^t>i|^.PhysicarResearch. •-•'; ;. . ; '-̂..- .',-c ." - •; 
/ 'v̂ .,vî 4-..4̂ -,̂ ,-Fusion iPoweir Research and Development 

~ '^2'-A^ ' ' ' - ' ' ' ' ^ V ^ t ' : ' - ' I '.••'. :• f :• :".:i -''v"''' Total 

'-..Conservation Research and Development 
^ Transportation Energy Conservation 
.,•-•. • Interprogram Applications 

Electric Energy Systems 
"•• •' Buildings Conservation 

., Conservation in Industry 
Conservation Research and Technology 

1 
1 
1 
1 

1 
1 
1 
1 
1 
1 

Total 

Nuclear Energy Development 
Fission Power Reactor Development: 

Liquid Metal Fast Breed Reactor 
Technology Program. Reactor Safety 
and /Advanced Fuels 

Clinch River Breeder Reactor Project 
GCFR and MSBR-Technology and Safety (Breeder 

Reactors) . . 
Light Water Breeder Reactor Program. . —.—--.-. 

•• : -Thermal Reactors -. Technology and Safety -" 
Naval" Reactor Development — -•̂.?-̂.-- --.- -'"-''•-,:-

""Space Nuclear Systems-"* * -r .. "--r""'.--- '-. . ..̂-'J 
"_ " . "-Nuc-lea'r Fuel-Cycle:'&- Pr'oducti'on:. ""-'--. -" .'-̂-'- -.--r 

• Uranium, Enrichment ,and. Resource Assessment -' 
-̂ '•Special Macer"i_al.s_Prpduct-ion..'-"."'"". ' ^ ' ' - ' : ^ :''n-^ 

.; • V-'-^Fuel: CycljS.;R&D:. ̂ e ^ ™ --,^"^--:^^irX ^ - C r-!-̂  
• • • -•••--,••"."-••• .••T"'-^':r"5^^r'''^"Jl:^--^ " " ^ • - T d t a i . ^ ^ 

1 
1 

1 
" 1 
. 1 
: : ^ 
• ' 1 . 

•T' 
^ • " 1 - -

' r i 

National Security ; --" '_ ~; _ . 
Weapo'ns Act ivrtie.s-"_:".̂ .'..:"" -

.. Laser •Applications^?'"''* i./~" '̂^ 
"' •,'Nuclear-Macer-ials'-'Seeucity 

l Q i - r . i n : ^ . . 

- 1 " 
' 1. 
• - 1 

~'~^:*?r'=>'-Totar \ 3 

Envi ronmenta l a n d ' Sa"f ety- Research" '~ ? . "-;~ '"•' 
• \ . ".Biomedical .and E n v i r q n m e h t a l ' Resjearch 
. ~7." ••"Op''eracional""Saf et"y "T-""--.!-!-;." "- ' ' ' '-'l-:^^'y." 
"~- ••'~~"̂ : En v ' ir o nme ri t a 1'' Co n trol-T-Te c hn o 1 q gy.-:-.' .I\-' 

"1 
A 
1 

.Total h::AT.j: ' i 
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-t-.V-;-'-''"GUIDELINES FOR PREPARATION OF PROGRAM APPROVAL DOCÛ IENT (PAD) 
^ t ' , , ; - . ' , ; — — — • ^ — — ' -

G e n e r a l . ' : ;v l ' ' : " '^'.v . - ' ; • 

• 'This a t t a c h m e n t . c o n t a i n s a g e n e r a l d e s c r i p t i o n of the in format ion to be 
i n c l u d e d i n a PAD. A l l PAD's w i l l have some common e l e m e n t s ; on the o ther 
hand',', c e r t a i n ' . e l e m e n t s may be unique to a p a r t i c u l a r program. Ifliere s p e c i f i c 

.^'elements of."the " i l l u s t r a t e d format a r e hot. a p p l i c a b l e to a given program, 
' ; t h e - - ' t i t l e of . - . the 'e lement x^/ill be followed wi th a n o t a t i o n of "not a p p l i c a b l e . " 

W h e r e " a d d i t i o n a i V i n f o r m a t i o n i s r e q u i r e d which does not l o g i c a l l y f a l l w i t h i n 
the i . fo rmat^ .cap t ibns , a d d i t i o n a l c a p t i o n s may be used . 

l'.''̂  f?..The-PAD'--i"'s""riot"Tthe"place for j u s t i f i c a t i o n of approach or h i s t o r i c a l back
ground.'v'The'-PAD shou ld be. addressed to program con ten t and e s s e n t i a l elements 
of the p l a n for e x e c u t i o n and should emphasize the management and programmatic 
' aspec ts of the- 'program r a t h e r than t e c h n i c a l i n f o r m a t i o n . Because t h i s document 
s e r v e s a s an agreement between the Admin i s t r a to r /Depu ty A d m i n i s t r a t o r and a 
Program, A s s i s t a n t A d m i n i s t r a t o r , i t s c o n t e n t should be l i m i t e d to t h a t l eve l of 
i n f o r m a t i o n r e q u i r i n g the agreement of the Admin i s t r a to r /Depu ty Admin i s t r a to r 
b e f o r e i t may be changed . S ta t emen t s should be c l e a r and conc i se and ve rb iage 
should be kep t to a minimum. 

M a t e r i a l shou ld be p r e s e n t e d i n a way t h a t the A d m i n i s t r a t o r and Deputy 
A d m i n i s t r a t o r can r e a d i l y see the impact of t h e i r d e c i s i o n s on the program. 
The use of ne twork , flow d iagrams , g r aph i c d i s p l a y s and c h a r t s i s encouraged. 
For Advance Research arid Suppor t ing Technology Programs, networking raay not be 
f e a s i b l e ; t h e r e f o r e , words may be used t o d e s c r i b e the program c o n t e n t . Be 
c o n s i s t e n t i n t h e use of program and program element t i t l e s and in the use of 
STJch terms as g o a l s , o b j e c t i v e s , s t r a t e g i e s , and p r i o r i t i e s . Acronyms should 
be exp la ined and g r a p h i c a l symbols foo tno t ed . 

Dec i s ion p o i n t s , key .mi les tones and even t s should be l a i d out in' the "Program 
A c t i v i t y S c h e d u l e . ' D e t a i l e d i n fo rma t ion w i l l be a v a i l a b l e only- for the i n i t i a l 
inc re raen t s -o f work and subisequent i n c r e m e n t s - w i l l have—t'o.be'presented""'in ai ' .„. ;= 
more genera l , way. These, l a t e r increments.-woulG_-.be vde.veloped. more . fu l ly in l a t e r _ 
annua l upda tes of the-PAD. -• ; ..-:~^"--'•''-'--'--"''-. "'"....i": -̂ "."-.--•-" •̂-vH J".'"" ^ --"•'->"'-." 

Redundancy should be.-avoided. For" examp-le','~s-±hce -•program-,and~subprogram ' :•;. 
o b j e c t i v e s ahci. program, s . t fategy:af"e ' - included in-^-Volume'?2r o f - t h e Nat iona l •Energy..'̂ -.. 

•.R,l5iSD""Pla.n, . there ..is 'no need^.ro repea t"..'thern i n the PAD." . _ . j . . ". _: .,„J- -r :"''" ~L-' 

The PAD should , be-a ri" u n c l a s s i f i e d document whenever pos i s ib l e . However,"-"-"--": 
i f the use Of 'classi'fi'ed'-matef"ia"l'^cari"riot'-b"e-'avoide'd-,* 'th'g~-do""cunient-'mu&trb'e~.--"--=r': r--"^ 
a p p r o p r i a t e l y c lass i f i ed"" br2-the~'"u'se-df 'a c l a s s i f i e d supplement.,may be "considered . 

.J- .. '-.The Annua l-..PAD3ail-;.wi-l.r..iden.ti-fy- any spec ia l . , issues^ -V.'hicli - a r ^ ^ t o . be _. - . J J . .1; 
a.ddress.ed i n "the." prep4ra'.tl.ort^'ot-the-;PAp;^^_^^^ J "" '"" " • " " ? . " . " . ' ' " 

-...;"The "FY "1976,•Budget-wi-l-tibe-us'ed-.-,a"s^the b a s i s - fo r the" p r e p a r a t i o n , of the ' .. 
-FY-1976 P A D ' S . "At. such Itim'e "as the: budget i.s amended ,-...the PAD'.'s^ for Jthe a f f e c t e d 
programs w i l l " be - rev i^se j accordi jngiy . - _ . . ; - . . . . - ' _' - : • • - . . 

taci 
^wwyywMPgww 

http://increments.-woulG_-.be
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. P A D ' S T R U C T U R E A N D CONTENT ; .'.'.,•:.:•:'̂  " •. ;.' ' y ' •.\.;:'|-'- • 
. - / . '.,, •-.-- .., • ..- ' • ' - • ' ' • • : " ^ > i ; i ' . . ' - . - • • • - . . • 

Title Caption -.'-'-Y ' .̂"-'.''•, .:..i'::':-'ir.: ' • ••-':' •• ''""••: 

;•• The-;following standard title .ca:ption will appear on the top center of 
the first-.page of. all PAD's. ' . .-. - • • - . • , 

•' ..- • ;•-:'.,."••:'';. : : ' • ' -- •".• - ' 

'••','•-tl-';':'•.>'- .', Program Approval Document 

-* J'-.•-.-..--c •:.'.- Energy Research,.-and Development Adrainistration 

v̂.-. ../^r?:t;'^?^ Activity Title (e.g.. Fossil Energy Development or 
' '. ' •rr.,.U'>''̂ l'"V.'..;'' '',';:̂  Conservation Research and Development) 
••• " J'̂ '̂f ••,.,•; Program Title (Write Title in Caps) 

''"̂t •' --f'̂ 'f'ft -J-i'-•'.'̂ .̂-"'."''i-'Date of Submission 
•:.-• •"^•^:•;M,^^^'•''•>'''ijSv-^•:; x'^^VV-^'-U-^ •:, ..• . . '•-.• .-—~ '—~. •'. 

1. .Program Elements:' Specify by title and Budget and Reporting Classification 
all elements covered by this PAD, for-example: 

BA 00 Coal • ' . • ' HD 0100 Buildings Conservation 
BA 01 Liquefaction "" HD 0101 Commercial Buildings 
BA 02 High-BTU Gasification HD 0102 Residential Buildings 
BA 03 Low-BTU Gasification HD 0103 Performance Standards 
BA 04 Advanced Power Systems HD 0104 Comraunity Systems 
BA 05 Direct Combustion HD 0105 Appliances 
BA 06 Fossil Energy Research HD 0106 Technology 
BA 07 Demonstration Plants HD 0107 Disseraination and Transfer 
BA 08 Magnetohydrodynamics 

2. Prograra Division: Title of applicable ERDA prograra division (e.g.. Coal 
Conversion and Utilization or Reactor Research and Development Division). If 
a program cuts across more than one Division or Office, the title of the lead 
Division- or Office is noted first, followed by a .tabulation of all other 

;,--r--.".'."; ': Divisions or Offices involved. _ . - • .." - • . - . —-- -- - ." .. - — . 

^"Si-irV^. Program Plan: . This."section will be structured ̂ as.appropfia^te for the program 
i S 2 w " ,.in'volved and tailored to" the . particular-'characteristics-and" needs of • the prograra. '" 
î|ii.-=.. The major'em'phasis arid."foGus-.at-_this ti-me--sh"ould"""be on "f-iscal •year-1976'^ Future- .̂^̂  
S&.;>̂._;.:.. _P AD's will.be on-the -upcoming liscal.year'i -.,In-.all" eases the^-w&rk" discussed in. .-
;ii;̂L''r̂-T this section will-..direc.tly.',rela.t.e...to approved.'agency plannihg~,ahd "budget' docuraents,-
•.r%Jii'.-V̂ e.. g. , the National-Energy" R-,p6tD.Pl-an-i ..-- ; -"'--̂ J'.-- -""".rr-̂ '"'"" " •""•"'"'--•-'-* " ' - --' 

l̂ Ĵ IrŜ -":,The. intent -of this ̂ section •is;>.t.o-'-communicate.""clearly andj'cbnci.sely".'.the.'-results. " '" '\̂  
SS3"--". r.^'^P^cted from the- program-, the :content .pf^the~ program", -and t h e o'v'erall "P.lan .f or •--—• 
'̂ '.f'/-':.._-.'proceeding with the"executi6n-of--:"-t-he prograra.-."-'Towaird" this-end ,-r-and "as" an aid' --• ' 

-possible. " Elaborateness:_s"Rb"uid- be commensurate with~'the;"ma'gnitu"d'e' and cp.-r.ple 
:̂frrf-r;-. -the" program.-v?.esults.^expec,ted,_,f r̂ .m .the.p̂ ^̂ ^̂  quads, of energy") "can-best "oe 
SJ--"̂ -:z.f.shown in "near-tViT-V.:!̂ -i<̂ ~-ttrm;,'';̂ Ji.hci'..1̂  ';...! . "": " " 

JCr;i7.->;. JState. the.-jc-jpr ..pr.ogr5irSikGic--"re§ur.t̂ |...td_'"p,e..',sc;iiev£̂  - during;.th-s' fiscal, .year 
r:^x-'..\ ...viouslV'thc key results-Jr,ch-be.:̂ -2c.ni:"er"*iec-''Co..-iie"t g-viarantee-s.uc'cess;.-."nov7ever, . 

S'J?: 'I'"' planned .accomplishment^. s"nou-ld ' r.epr'esentif'he -bes-t-.-.t.echnical- and- schedule .judgment 
J^-^";.v-as to. what î s. to. be._aGcprapllshed.; •;-;-;.;;o:J -̂ .̂-1;'. -;--l .ll-..J - .'I'. ""̂ î;..-̂  ̂  "-;-̂  ' "' 

. • - ̂  .' '-I-.;-.-..- •-.•.••• •,.--., . . . : . . .̂  - - . . . - . . - - '',."*-''t-^.'"•:"'•'--:'--•".T;.;-^:-.i^Srii;i^Sri= 

gj«M»g»iiBMjKHijj|iM8L..^!3-'J'-iL-!J.At.}! 

http://will.be
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4T-V Management 'P'lan: Identify the .respons.ibilities of all major participants 
in the management of the program. Identify t.he Field Offices", Laboratories, and 
Energy Research Centers involved in the program and their areas of responsibility 
in-support of the program. This can best be portrayed iri the form of organiza-
tion-.,charts and flow diagrams depicting, the flow of responsibilities through 

•-theiorganization-together with the related, resources required, financial and 
' manpower, :'f or major-activities. . \ ' . -

' : ' i i . ' ' : i > % - ^ ^ i . - & M ^ ! ^ ' - ' ' i ^ t ' ' - ' - ^ ' ' ' ^ ' ' . ' - '- ' ' • • ' • : ' • . • • • ' . 

''befine'rolesanS. responsibilities of government and industry in mutually funded 

•"-fprograms.i'.'̂ -v--..,''v$jiT̂ :'-'̂  •̂•' . - .)•- r -'•- -.•.:•:" .- . : 
' . . . . - . . . , . . • • • - I ;• ' . - B ' ^ ' • - ' " ' • ' ' ' • ' - • ' - •• :- - " -• • • • J - .,.-••-''•'' - ; 

'•-Describe'the involvement'of "and interface with other agencies involved. Include 
•"jthe.scope of "any. work assigned to other agencies for execution. 
' - ' ^ ' • ' . ^ ' i s ' *."''̂ ** ' ^ ' . - .*•-'', • '*•'-' *i •'- ' ' ' " ' •,..- .. * '• 

•5'̂ '''"Resource Requirements:. 

'• A/' Funding: Total ERDA funding will be identified in the following table. 

• ' '."• Summary of Resources Required 

(Dollars in Thousands) 

Funding Category 

Operating Expenses 
(Detail by Sub- -
program) 

Plant and Capital 
Equipment (obligŝ .) 
-Equipment 
Construction Proj. 

Current 
Fiscal Year 

Obligs. 
M.Y.'s $ 

Costs 
M.Y.'s $ 

• ' - • - ~ 

Transition 
Quarter 

Obligs. 
'I.Y.'s $ 

Costs 
^.Y.'s $ -

- " • - : - • 

TOTAL 
AT 

COMPLETION 

M.Y.'s $ 

. -

"Total at Completion"-represents the.'total-funding (including prior year 
funds) for discrete major programs with definable end-point (e.g.. Liquid 
Metal Fast'Breeder .Reactor) :.Five-yeaY run-̂ qut funding details will be ' 
shown .in. Attachment 2 "of tfTe PAD"- --' : •'~~~ ..- .-'1 • •-• ' ' 
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In addition to the summary resources table, curves depicting the funding buildup 
for major elements-of the program (e.g., major contractor) will be displayed. 

I-.Tiere applicable, include tabulation-of industry cost participation. Identify 
by fiscal .year and/or total for all-years. 

IsTiere-appropriate,, other agency funding should- be displayed in tabular form. 
Funding in prior yearsj for the current year,'total to completion and total 
at completion should.'.-be displayed. , , , .... C - ' ' ' 

• • '.'- f' B..." • Manpower: " ':' Where. manpower build-up is a major management concern, 
curve-or.'table showing program manpower buildup for each major element of the 
program to program completion or for the next five years beyond the current 
year-will be included. . .-•.,,..'. -• ...'„-.; . ' ; . .;... :/ -

Note: '• Resources data should be included in such a way so that a relationship 
may be drawn between the employment of funds and manpower and program activity. 

6. Additional Considerations and Special Issues: This section raay include 
any special considerations appropriate for additional discussion and raay be 
structured as appropriate for the prograra. These considerations could include 
such items as: special environmental considerations, public awareness consid- ^ 
erations, cooperative agreements with industry, etc., and special licensing ^ 
requirements and considerations. 

Set forth the key assumptions with respect to commercialization. When appro
priate, identi.fy the manner in which the program will ultimately be commercialized 
and the steps that will be considered. Describe the type of demonstration 
program and method of achieving as broad an approach tp industry as possible. 
Describe the incentives which should be considered including -possibility of loan 
guarantee, grants,, etc— List the. constraints, which" exist'^toward commercialization • 

"and describe the maruier in which they may be. alleviated.-^ • ..j.-.̂ - .;̂.- ."'.-..:. . " .. • 

-In the areas of basic research arid'advariced Wld. supp.orjfih'g technqlogy, "tĥ  
-may be used for identifying^'sripplementary information ""(other than key milestones) . 
._wh'lch the- Adrainist'-rator/Ilepiity Admin-istratorĵ ân/mcrsG"̂ ^̂  ,u^er-fpjc. .•.•._..-..- ..; 
ievaluating the'^^tatisv-of the;- prpgram^;;.j~^^ ••>'i'' ,, •; 
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• -̂  Attachment 1.:.-. ''• Prbgrafn ActiVity" '"Schedufe":'-'""-""-""The' j a d t f v i t y . ^ c K e d u l e i s _a -com-. / -̂  J ;• 
~ •;• p r e h e n s i v e , tabula . r surrmary:_o"f,';^ajci'r-p:rpgram 'mi les . --."r- .'•". 

..... -. - and admin i s t"Fal:i;y^,~'fpri;".th'e:rj^^ 
• V' • cliar't s:r-in tlYe^.I'roVrajSl'Pj-siriri^^^^ ^'"&°:5-'^5'?^r;' 

—^ „ . even t s? -'-Th'e "ac't'iv^it'y sch'edule'"shquid^be-"struc,.tu^ °'^. •'•; 
" ' ' • - ma j or p'rogx am-'akti\fM'±^^ r^f^en t'i/ied'.'prd'p-'a.m ..milJes^to'nes- and' ;. " p."-'.'-'"" 
\. • • should inclmle;-such'"items-as.r.--J*J.rI ^~^'/.-^^.y^•J '• ". ".:"";:-." 

• 'Major -prbcuremenf_'actxcms ",;Cr:"u'.'C.T;'--- v ..r. --.; i=;̂ -;̂ .S'-.-;"̂ 'CV̂ -̂ '. -̂-""Ir-: j:-'--'^i.^.;>--..xj -' 
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- • • - . . -.'.•-, " . - - . r-. - • ' . - - . • ' • . _ ' - i ' . - •- - . ' - - - - . . . - , • • - . • ; . ,- . r - - : - ^ :;• - . . - • . • . . . . ^ . . r - - . - r t - r - ^ > ^ . f t - i r ^ ^ n r f , 
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11 - November 19, 1975 

- ,-..,,v - Preparation" and approval of technical and economic f e a s i b i l i t y statements 

• jj^/,'«..:?--•" -Preparat ion and approval of environmental "impact stateme-. 's 

.:: T. ..., „„^ ciiVmroeram obiec t ives 

--li-

-ji>Program and subprogram object ives 

- .u%-'-i;w'\"-.?r :;^or.other .nat ions .; . . . . - * • •. 

; , ; l ^ n h ' ^ n r i h o u l d b l u p d t o l d e n t i f y t h o s . elements. 

•'vS--

Attachment 2 : ' Funding: The funds shown in th i s attachment are expressed in terms 
...-of Budget Authori ty (BA) and Budget Outlays (BO). The funds shown in th i s a t t a ch -

'.••. ment must be cons i s t en t with the funds shcn.7n in the National Energy R,D&D Plan, 
-'..'Volume 2 : Program Implementation. The tabula t ion w i l l show do l l a r s for pr ior 
• -'-.years, for the cu r ren t yea r , for each of the next f ive years beyond the current 

. ^̂ . y ea r , t o t a l to completion and t o t a l a t completion (for those programs with 
;3; . 'def inable end-po in t ) . Genera l ly , the funding level displayed should-be one 

,-'•-.level below the t o t a l funding level covered by the PAD. 

• Attachment 3 : Key Milestone History Chart: The i n t e n t of t h i s char t i s to pro-vide 
"a s impl i f ied h is tory , of the programs and subprograms with program changes, 

''-"•'' accompanying explanat ions and c o s t s . The current milestones on th i s char t must 
agree with the key miles tone cha r t of Attachment 1 of the PAD. The former 

_• milestones w i l l be i d e n t i f i e d from the previous PAD's, the approval dates of 
-".̂ .' which are-shown on the . char t . 

. .Project costs, which have been reported in th^ .PAD funding attachments wil l" a l so 
be tracked in the m i l e s t o n ^ ' h i s t o r y chart'.j^-l^hose^pfoject's which""have-not i den t i f i ed 
i nd iv idua l -p ro j ec t costs--in the funding'at tachment-wil l not :be required to r epo r t X-
cos ts in".this chart..•^- ( C o s t s ' w i l l be "total" a't 'completion.") --- ^ "!. "̂ . ' - . .J 

. . Miles tones 'are" showri"'as-;^'^'.?~"-Ch£mges-^in_miiest'ones;w shown-with the or ig ina l"* 
miles.tbme-plus 'the'-new-s'ymbol moyed'^tb-Vjnew da ce""and...a reference number a longs ide . ' 
"the symbol. The r^ferenc.e;jiumber^7t."f^r-" ^a'ch-program-.or-subprogram "̂^̂^̂  s t a r t a t . i-v 

. " 1 " and-wil l c.orres'pbi\d rFo.;the"-^"e'xpi3nation'.'of c --:.-- -;.--•̂ ' '.: ' rf-

2t-=i;-'rir;- =;-:idr.-_-, -, - * . 
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ATTACHMENT 2 

FUNDING 

( D o l l a r s , Thousands) 
f l : 

OPERATING- EXPENSES (Budget A u t h o r i t y , Budget O u t l a y s ) 
: . < • ' . 1 

r-.'::r:ii|-'-; 

• : S U B ^ P R O G R A M / C A T E ' G O R Y • -i ' " ' J - ' ' iV 

i ^ i ' ^-^:; .^i ' ' -v-ri ' ;-o;, . ,H(;.i : : : -^'^.e^..: TQ 

F i s c a l Years 

77 78 79 

.^- ... . • „ X) .-it . 
.;"r=-';:ir:$t=a-V'-'. 

^ • • • 5 - , : ^ ^ ' 

i o '• 

CD 
O 
C . 

: O ...; 

X ^ 8 0 M # : ^ , ' : 8l•;a^/l;;C0MPLETl0N 

wv-TOTAL-':, :, 
AT -

CaiPLETION" 

i | . . . . . j . ' ^ i , • , - ? , - , • . . . . ..; | i - i . . ; • ; , • ; j j , : ' ( . . : . - . • i , , - • * ' • i - • ' i . . . ' 

! .- ,• '•- ' - • ' f '• I ' H ' - • ' . ! r V ^ ;•• v - . i I ' • ;. ; . : • ! ! • * • • • • . . ' 
.~:k: 

'• 'i.'.' '<'-.''-^Hr-.'t<.'--'..'^i'' ' ' '.!--

- ' PROGRAM'-TOTAL ! )|f: •':' ,'i} .i.ti'.!;;;;," -'il;'J;; ii - • . .'•'.:! v ' • 

I -; PL/\NT''&.,GAP-fTAL. kQUlIPl-lENT-'-;, (Bu'dget: Authority, Budget Outlays) 

\ • • . - ' . •;' I - . ' n , - - i : ; / l | i ' fl! ' . -i.-.-l. • ..' ,; , •.. . :', 
I • u< i-.i,,- k " I' • ; ' I - "i • , '!•' lj ••'•'' '!• ', "'..!'.. •; . F i s c a l Y e a r s 

:̂ 'TQ" '". • 77 78 79 &0.. . . r^ ' ' . 81 

f•* '•'-. • -. 
.- f . . ' 

.f 

' ' \ ' ^ 

TO' 
COMPLETION 

, • , . . " • ' . 

• • • - • • : . f c - ' ; ^ 

,-•':-.: 

TOTAL. . ' 
AT 

COMPLETION 

* ; • • - - \ i 

H . 
U ) . • 

> ;.CONSTRUCTION PROJ;i:eT.;,;.,j;|-, |i vj.-i.:-, 
i , CONSTRUCTION-PROJ-ECt;'-! •;,J: ,,-••,•"'V-r:! -i 

CONSTRUCTION'PROjECT- i ; ;-"'•»,•.;[;"'•' 
i EQUIPMENT: CATEGORY: •!•••-'-I?''';l- ^ • f"'! 

1 •-,' ''•:;'•••••>.. .^' v i f t ' - - n i ' . i ' i t H . ' • 

, : ;- ,U-. 

"I 

TOTAL 

!;', * • : I!" , • , , 1 , ' ; • : • • • - . - . , ; - . -
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I-I 
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* y>--ij Plant'and capital:'equipment identified here'-will include all items in the Five-Year Plan-for "the program, 

' ,:. !'' NOTE: Funding,beyond budget'yearr'for planning purposes only, '-•',' -•' • 
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PROGRAM APPROVAL DOCUMENT TbH f: L ?, 

FOR 

GEOSCIENCES TECHNOLOGY DEVELOPMENT 

OVERVIEW SUMMARY 

SXiA^o^nAJk }-AeMi^J'^j/i 

Introduction 

The greatest technical issue hindering the commercial use of 

geothermal energy is the assured production of heated fluids. As 

long as uncertainty exists about the long term productivity of geo

thermal reservoirs, geothermal energy vill never become a viable 

energy source. A competitive geothermal industry will not develop: 

bankers will be reluctant to lend capital for geothermal proiects; 

developers will be unable to explore systematically for geothermal 

resources nor develop them quickly to their maximiun potential; and 

users will be cautious about making long term commitments to geothermal 

energy. The perceived high risk associated with extracting geothermal 

energy must be reduced. 

Although some geothermal fields such as Larderello, Wairakei, and 

the Geysers are pointed to as examples of mature, reliable sources of 

geothermal energy, they are largely regarded as fortuitous exceptions. 

Geothermal fields are not considered reliable until they have produced 

large quantities of fluids over many years. 

The problem of reliability is manifest, perhaps unknowingly, in 

geothermal nomenclature . Geothermal energy supplies are invariably 

referred to as "resources" rather than "reserves." "Reserves" is a 

mineral industry term meaning the amount of economically extractable 

commodity. Even the most ardent proponents of geothermal energy stop 



short of estimating geothermal reserves. And yet the petroleum Industry 

calculates oil and gas reserves all the time. 

Goal 

Recognizing the importance of removing the uncertainty surrounding 

reservoir productivity, the Division of Geothermal Energy is creating 

a Geosciences Technology Program. This program seeks to promote the 

development of reliable, economic, and environmentally acceptable 

geothermal reservoirs. In other words, the program's goal is to 

provide the means to transform geothermal resources into reserves. 

The economic impact of the program can be illustrated by a sensitivity 

analysis of the major cost factors affecting geothermal power. The 

results of such an analysis by Bloomster are ahown in Table 1. Only 

those -factors reducing the cost of power by 10% or greater are included. • 

Of the 8 cost factors listed, 4 will be affected directly or indirectly 

by the Geosciences Technology Program. The program will not only 

create geothermal reserves but in so doing cause a substantial reduction 

in the cost of power. 

If the program's goal is attained, every geothermal reservoir for 

which sufficeint data exist will be defined in terms of its recoverable 

reserves by 1985. And the cost of power rate should measurably decrease. 

Then", and only then, will geothermal energy assume its proper place as a 

commercial energy altemative. 

Approach 

The success of the program revolves around the three attributes of 

a useful geothermal reservoir: It must be reliable, economic, and 
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Table 1. Sensitivity Analysis of Geothermal Power Cost Factors 
(Modified from Bloomster, 1975) 

Cost Factor 

Cost of Capital 

Well Cost 

Wellhead Tempera
ture* 

Well Flow Rate* 

Injection Costs* 

Plant Capital 

Internal Power 
Consumption 

Well Life * 

Change in Factor 

$500K to $300K 

200°C to 250°C 

500,0001b/hr to 
750,0001b/hr 

Injection to No 
Injection 

$15M to $7.5M 

10.5 MWe to 5.25 MWe 

10 years to 20 years 

% Change 

-50 

-40 

+25 

+50 

% 
in 
reduction 
Cost of Power 

31 

20 

19 

17 

-100. 

-50 

-50 

+100 

16 

14 

10 

10 

•Factors influenced by Geosciences Technology Program 



environmentally acceptable. Of these, reliability is most important; 

other considerations are immaterial if the reservoir is not a proven 

source of extractable energy. Reliability is the outcome of predictability 

which,in turn, implies a model. Hence the key to reaching the program's 

goal is a model that can predit reservoir performance and productivity (i.e., r< 

liability) over a long period. The economics of energy extraction and 

environmental factors are very important considerations as well, but their 

Importance is site dependent. The need to prove reliability is universal. 

Therefore, the focus of the Geosciences Technology Program plan is the 

consutrction, testing, and verification of a geothermal reservoir model 

V or models. The major program elements are designed to support model develop-

i ment. They supply the scientific and technical information needed to build 
I 

I - -
•I 

j and maintain the models. 
i 
,1 
! The modeling elements of the program are: (1) Case Studies,.the compi-
\. lation of knowledge gained from past experience; (2) Reservoir Characteris-
j 

tics, the detailed specification of those factors that determine or describe 

reservoir performance; and (3) Reservoir Production Theory, the 

physical and chemical description of reservoir behavior. 

The plan also includes economic and environmental considerations 

as a separate program element. When combined with the product of the 

modeling elements these considerations lead to a set of production strategies, 

strategies that define the limits of a reservoir's productivity, its 

reserves. Production strategies comprise the goal element of the program. 

The program elements and their relationships are shown in Figure 1. 

The element. Other Considerations, includes the economic and environmental 

issues; Note that the product of the modeling effort is an essential 

Input to resolving these Issues. This Interface between the elements is 



Figure 1. Major Functional Elements of the Geosciences Technology Program 
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the unifying tie that binds the program. i 

Organization 

To facilitate prograra management and for budgetary and administrative 

purposes, a hierarchical program organization has been adopted. The 

organization has five levels: 

Program 

Element 

Component 

Subprogram 

Project 

This is in contrast to the more typical tri-level organization: program-

subprogram-project. The two intermediate levels, element and component, 

have been added to give logical coherence to the program plan. More 

importantly they serve to focus and define the program into manageable 

units of increasing complexity. 

The five elements of the Geosciences Technology program were previously 

identified (Figure 1). They describe the program^ goal orientation for 

planning purposes, but they have a passive role with regard to program 

implementation. Elements are too unwieldy to be useful in a practical 

managerial sense. The components are the real structural framework on 

which the program will be carried out. 

Components 

Each program element may consist of one or more components. There are 

a total of 10 components in the Geosciences Technology Program, and they are 

listed in Table 2 under their respective elements. The objectives and 
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current status of the components are summarized below. 

Table 2. - Working Coraponents of the Geosciences Technology Program 

Element 

I. Case Studies 

II. Reservoir Characteristics 

III. Reservoir Production 
Theory 

IV. Other Considerations 

V. Production Strategies 

Component 

A. Case Studies 

A. Borehole Geophysics 

B. Well Testing . 

C. Surface Geophysics 

A. Material Properties 

B. Physical Processes 

C. Geochemistry 

A. Economics 

B. Environment 

A. Production Strategies 
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Case Studies involves the collection and documentation of field 

experience from producing geothermal reservoirs. The studies should give 

valuable insights about geothermal development as well as feed real data 

about reservoirs into other program components. (Status: At present 

the Case Studies component has several subprograms, each devoted to the 

examination of a particular geothermal field. Work has begun to build 

V 

.Q sJ a data base for the following fields: Wairakei, New Zealand; Cerro Prieto, Mexi-

\P y y ^ co; East Mesa, CA; Raft River, ID; of these the effort at Cerro Prieto is the 

^ J~^ most comprehensive and should have the greatest impact on the remainder of 

the program.) 

Borehole Geophysics involves the taking and analysis of well logs. 

Geothermal well logging is one of the best tools available for under

standing the geology and hydrology of reservoirs. The component's objectives 

are: (1) to find the best means of evaluating geophysical variables; 

(2) develop logging instrumentation capable of withstanding the geothermal 

environment; (3) improve interpretive techniques for analyzing well logs; 

(4) build a geothermal well log data base. (Status; These objectives 

are currently being met by two subprograms, Geothermal Logging Instrumen

tation and Geothermal Log Interpretation. The instrumentation program 

is funded and managed apart from the geosciences program. This inconsis

tency should be corrected.) 

Well Testing deals with evaluating production and injection wells 

under flow conditions; it is the basic technique for determining well 

flow capacity. As such well testing is a critical factor In assessing 

reservoir productivity. The component's objectives are: (1) develop 

Improved instrumentation for testing; (2) define ateRtino nw.̂ l̂nr̂ /̂ «̂""• 



(3) Improve interpretive techniques. (Status; Except for some overlap 

from the Geothermal Logging Instrumentation subprogram, there are no 

subprograms functioning under the well testing component. Some project-

level activities are underway, but they have to be integrated as part of 

one or more subprograms.) 

Surface Geophysics is concerned with using geophysical techniques to help 

define the boundaries and characteristics of a geothermal reservoir. 

These techniques can also be applied to improve well drilling success 

ratio and monitor overall reservoir behavior during production. The 

objectives of the component are: (1) develop better geophysical instrumen

tation and measurement techniques; (2) improve existing data interpretation 

methods with greater emphasis on geothermal applications. (Status; The 

component has not yet been totally defined; a question remains as to the 

degree to which geothermal exploration activities should be included. Con

sequently, subprogram development has not advanced beyond the conceptual 

stage). 

Material Properties deals with measuring the physical properties of 

reservoir rocks. Such measurements are obtained from core samples and are 

performed under simulated reservoir conditions. Some specific measurements 

Include: porosity, permeability, compressibility, sonic velocity, electrical 

conductivity, thermal conductivity, thermal expansion, and heat capacity. 

The component is directed at perfecting instrumentation for making physical 

measurements on rocks and building a rock properties data base. (Status: 

At present there are no formal subprograms under Material Properties. 



8 

o 

However, an instrumentation development effort underway for some time 

at Terra Tek is nearlng completion. The results of this work, especially 

the rock mechanics test apparatus, should form the basis of a rock 

measurements subprogram.) 

Physical processes lies at the center of the entire program. This 

component addresses the theoretical development, testing, and verification 

of a comprehensive reservoir model or models. And, as stated previously, 

modeling is the key factor in reaching the program's goals. The component's 

objectives are to (1) understand the processes taking place in geothennal 

systems and (2) simulate those processes such that reservoir behavior can 

be reliably predicted. (Status: Subprogram planning has not yet been done. 

3 Several projects, including work at LBL, S , Princeton, and elsewhere have 

involved reservoir modeling; they should be critically examined in light 

of the program's goal. An Implementation plan for handling Physical 

Processes is badly needed because this component will dictate the success 

or failure of the program.) 

The Geochemistry component, is concerned with understanding the chemical 

reactions that take place in geothermal reservoirs. Specific study areas 

Include reservoir petrology, fluid geochemistry, isotope fractionations, 

and behavior of dissolved gases. The component seeks to determine the 

r 
chemical interactions taking place as geothermal fluids flow through reservoir 

rocks. (Status: Work in brine chemistry has been done in other pro

grammatic areas of DGE. Much of this work is ongoing and should have direct 

application to the Geochemistry component. A component plan has not been 

developed. When planning is done, considerable attention should be paid to 

coordinating like activities among programs.) 



The Economics component involves the proving of geothermal reserves 

based on t-he economic value of a reservoir under a given production strategy. 

The component's objective is to develop an assessment methodology which 

evaluates economic risk from geothermal energy production. The methodology 

would combine the economic aspects of reservoir performance prediction and 

energy conversion technology in its approach to minimizing risk. (Status: 

Considerable work on the economics of geothermal development has been 

done in other program areas of DGE. Some of this work would apply to the 

objective of this component. The extent to which Economics is developed as an 

Independent program component would depend on the applicability of the 

work already done and scheduled to be done.) 

I Environmental factors of a geologic niature that could impede geothermal 

j energy development are included under the Environment component. This 

'- 1 component has the objective of minimizing or mitigating damage to the 
I 

.1 environment due to geologic hazards that might arise from geothermal 

I reservoir production. Note the limitation to geologic hazards. Other 
1 -

J . -

hazards, such as hydrogen sulfide emission, are covered in other program 

] areas. (Status: A subprogram dealing with the subsidence issue is in place and 

.| functioning. Another subprogram on induced seismicity is entering the 

planning stage. A question remains whether institutional environmental 

constrains in the geoscienoes should be included as part of the component.) 

The goal component. Production Strategies, is designed to synthesize 

information generated by the other components and arrive at optimum pro

cedures for extracting geothermal energy. These production strategies are 

an estimation of reserves as well as a guide for geothermal reservoir 

development. (Status: No work as yet has been done to plan this component.) 
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Integration ^ 

The structural components of the geosciences program 

have been identified. They have been characterized as the framework on 

J which the program will be carried out. In order to function properly, 
t 

i that framework must be tied together or integrated: the relationships 
• i 

-j .between components should be well defined. This is the key to sound prograr. 

planning. 

' j The integrated structure of the Geosciences Technology Program is 

I illustrated in Figure 2. Case Studies is the initial component, the 

; bank of knowledge about how known geothermal reservoirs operate. Such 

I knowledge is useful, if not essential, to the other program components; 
.1 

i experience is the foundation on which new work can be based. Furthermore, 

\ active case studies can be used as test sites for products from other 
'i 

components (e.g., field testing of a new well logging instrument). Such 

studies can be so closely related to subprogram tasks in other components 

/ that the distinction between components vanishes. 
.1 

j Although Case Studies can provide information of varying types to all 

.y components, the bulk of the information is applicable to Borehole Geophysics, 

! Surface Geophysics, and Well Testing. Well Testing in particular is especially 

dependent on case study input, since, by definition case studies are largely 

composed of well test data. 

Physical Processes is the focal point of the program. This component 

receives input from those components that directly affect reservoir 

I production: Borehole Geophysics, Well Testing, Surface Geophysics, Material 

i 
< Properties, Geochemistry, (and Case Studies). This information becomes 

" I ' • • 
\ the working materials for building, testing, and verifying the general-purpose 
'; reservoir model(s). The model(s) in turn feeds back results that influence 
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model(s). This iterative process is the means for perfecting the 

model(s). 

Important as the feedback mechanism is, the thrust of the program 

Is forward to .the goal. The output of Physical Process, the model(s), is 

the essential factor in devising production strategies that satisfy the 

program goal. The two other factors affecting those strategies, economics 

and environment, also depend on Physical Processes for input in meeting 

their objectives. When properly combined these three factors determine 

reserves and dictate production strategies for individual geothermal 

reservoirs. 



Figure 2, Geosciences Technology Program Strucutre 
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Figure 3. Program Management Structure 
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