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FOREWORD

This report, the "Geothermal Energy Research, Development and
Demonstration Program, Definition'Report“ (ERDA-86), has been pre-
pared in respénse to the requiremeﬁts of the Geothermal Energy Research,
Development, and Demoﬁstfation Act of 1974, Public Law 93-410. The
réport is devoted to the broad definition of the Geothermal Energy
RD&D Program'involving the activities of ERDA and other cogdizant
Federal agencies. - '

. Thevpurpose gf this document is to delineate the major thrusts

assoéiated with an overall Federal effort. A_more detailed definition

. of the ERDA.Geothermal Energy Program published in "A National Plan for

- Energy Research, Development and Demonstration: Creating Energy Choices

for the Future," (ERDA-48); June 1975, will be updatedvon an annual basis.

The ERDA wishes to express its gratitude to the participating
cognizant Federal agencies for their valuable support andcritique of this

/ .
report.
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SUMMARY

The Geothermal Energy Research, Development aqd'Demonstration Act
of 1974 (PL 93-410) authorizes a coordinated Federal program of re-
aéarch, development, demonstration and loan guaranty for geothefmal
energy development with.the goal of establishing this energy source as
a realistic option fér the partial satisfaction of the Nation's energy .
needs. .

A'fﬁndamentél premise of the Federal program defined herein is
the pfovision 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:

o Expand the domestic supply of economically recoverable enefgyi
producing raw materials, ’

° Increase: the utilization of essentially inexhaustible domestic
energy resources, ’

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

L ‘

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

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

s s

exercised} would permit the timely explolitation of our geothermal re-

soutces. Federal efforts which will assist industry in accelerating

*The eight goals (reproduced on page I-2) are stated in, "A National
Plan for Energy Research, Development and Demonstraton: Creating
Energy Choices for the Futire,' Energy Research and Development
Administration, Washington, D.C., June 28, 1975 (ERDA-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; ipformation dissemination and loan guaranties to reduce.

finapcial risk; and assistance in the reduction and removal of institu-
tional impediments to healthy industry growth. Integral to the Federal
program is the coétinded development and adoption of appropriate mea-
sures nccessary for protection of the environment.

Program planning for this Geothermal Energy Research, Development
and Demonstration (RD&D) Program has been cafried out as part of a
coordinated interagency effort and within the overall framework of the

‘Natlonal Plan for Energy RD&D.*’

The Potential of Geothermal Energy

The magnitude of the Nation's geothermél resoyrce'basé is very
large. With the appropriate technology development and feduction in
nontechnical problems, a coﬁsi@erable fraction of this resource. could
be mﬁde economicglly exploitable while maintaining the protectiop of
the ‘environment.

. The accelerated industrial eiploitation of this resource is
‘presently impeded, howuver, by a ﬁumber of obstacles of widely-vary-
1ng nature, including

° lack of reliable detailed resource 1nformation .

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 environmental impacts
. and control technology needs and methods. .
~ These factors coupled, until recently, with the avallability of

more economically attractive energy alternatives, has resulted in the

*Ibid.
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slow developmené of a domestic geothermal industry. These obstacles-
may be removed or substantially'redbced through a well planned and
executed Federal program in cooperation with industry, state and
local governments, and with appropriate participation of unive;sities

and non-profit institutions.

Imblementatiop of the program defired herein is intended to

assist industrial adobtion and rapid commercialization oflthe energy‘

options thus provided. 'This cohld'result in gnvi?onmentally.accebt-
able geothermal resource utilization on the order of: 0.6 Quads/year
bf ;985, 4.4 Quads/year by 2000 and 18.6 Quads/year by 2020.% -
These eétimaﬁed potential energy impacts include both electrical
and nonelectrical épplications. The estimates are bgsed on ERDA's
, ipterpretatioﬁ of'recent resource estimates de%eloped in.cooﬁeration
with the U.S. Geological Survey, and assume growtﬁ rates for geo- .
-thermal resource.development similar to historic trends,;n other energy

industries.

-Nature of the Resource

!

i

.Geothermal energy is the paturél heat contained in the earth‘s‘AA
crust. The exbloitability of the fesource is dependent'on anomalies
which produce hot spots near the earth's surfacef -FiQe types of
geothermal resources have been defined:

° Hydrothermal Convective

° Geopressured

‘o ot Dry Rock

] - Magma .
"o Normal Gradient... _
Of these types, the hydnofhermal convection systems, which.occur where
ground waters infiltrate into fo;mations of heaféd rock,:représént a -

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

L gt ron

*1 Quad equals 1015 Btu's. : ) :
** D.F. White, et. al., "Assessment of Geothermal Resources of the United
States,” USGS Circular No. 726, Reston, Va., 1975. ' 3
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‘being utilized (primarily 1n the form of dry. steam) and the greatest?

.potential for immediate 1ndnstrial expansion, * The other four forms of
geothermal energy rcpresent-the bulk of the- resource, but each of them
requires suﬁstantial technologicalzresearch, development and.demonstra-

tion to bring it to the point of commercial exploitation,

Strategy <

In order to open the option for industrial development of geo-
" thermal 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,

norusl gradient and magma resources, by facilitating the
present industrial development of 1denc1£1ed hydrothermal
‘resources, and

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

"To carry out this strategy, programmatic activities have been defined.
in three program areas; resource exploration and assessment; technology
“development; and 1nst1tucional,dévelopment relating to governmental and -

industrial cooperation.

Program Areas

' Resource Exploration and Aséessment - Efforts in this area are

' aimed at reducing the risks associated with exploration.and the un--
knowns associated with the location and extent of geothermél resources.
Includad are: gebsciences research to improve the fundamental under-

* standing of the geothermal protesses in the earth's crust and their
associated surface mianifestations; assessment and expioration technology

development to improve the efficiency, reliabilicy and economics of
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.assessment and exploration; regional and national assessment to identify', e
and quantify the Nation's geothermal resources; ‘and, resource information'
dissemination “for processing and effective distribution of data on the

Nation's geothermal resources.

Technology Development - Technology research development and

demonstration pro1ccts included in this program area are directed at
assuring the ava;lability of options for the commercial extraction and
utilization of the energy from each of thg various types of geothermal
resources in an environmentally acceptable manner. The major needs
associated with the extraction and utilization of each resource type

that are addressed include:v imprdyed driliing technology; reservolir
engineering; conversion equipment developmeqt; and pollution abatement
technology developments, where appropriate, commercial spale demonstration-.
plants will be considered for demonstration of economic viability and
environmental acceptability of a resource type and its associated

utilization technology.'

/ Tngtitutional Development - To enhance the potential for early

commelcial exp101Latlon 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

-avéilable‘for geothermal development; the Gepthermal Loan Guaranty

| AR

and develop: policy aliernates to resolve the social, legal, economic, /HJAJ7f,

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

and environmental problems associated with development of these energy ciri-
; : A

resources. The scope of this effort goes beyond the technology RD&D
program. It is, however, an integral part of the total Federal effort. | . -

—



_Coordination and Management : - : - . . c

As provided by the Energy Reorganization Act of 1974 (PL.93—438),» ' ' :
ERDA will manage the major portion of the Federal Geothermal Energy '
. . RD&D Program. It will carry out ifs résbonsibilities in cooperétion'
with the NacionaI.Scienée Foundation, which conducts basic and long- ’
range ;dvanced rescarch; Qith'the Department of the Interior, which
;coh@ucts resource chéracterization, regional assessment, and exploration
technology_reseafch, and which, in cooperation.with the U.S. Department .
of Agriculture, administeré the Federal geothermal leasing programs;

with the Environmental.Protection Agendy to assure that geothermal

development shall be within acceptable environmental bounds; with the
Department.of the Treasury:which participates in:the administration of ‘ |
the—Geothermal Loan Cuaranﬁy-Program; and with other cognizant Federal,, . - .
sta%e and local agencies whose responsibilities relate to the development
and operafion of a geothermal energy industry. ERDA'will also codperate
with the Federal Energy Administration in the development of National
energy policy, particularly in attempting to reduce or eliminate 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
' thé‘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 LRDA. The continuation of policy level coordination
among key Federal agencles is being.considered.‘
The ERDA‘Diéision_of_Ceothermal Energy will be responsible for the.
impleﬁentation of the major portion of the technology RD&D defined
“herein.” The Division will work with other ERDA divisions and Affices to .

coordinate pertinent and related research areas. Specific attention
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will be giQen to: developments in conservation and transmiscion tech-
nology under the Assistant Administrator for éonservation, drilling and
fracturing technology development in cooperation with the AssistantJ
.AdminiSCrator for Fossil Energy, assessment of health and envifonmental
impacts of new technologies under the Assistant Administrator for Environ-
ment and Safety, basic materials and:geosciences résearch 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 gedthermal industry, state and local’

governments.

Issues and Impacts

The lack of reliable, quantitative information about the.magnitUAe;
location and longevity of inaividual geoéhermgl_reservoiré'is a serious
obstacle to the willingness of 1ndﬁstry and the financial commuﬁity to
éo&mit capital for their development., Similarly, the absence of proven,
reliable technoiogy for exploration, reservoir definition, field develop-
ment, conversion and utilization of most forms of geothermal energy has
- resulted in thé postponement of development of all but high quality
ﬁydrothermal résobrces. '

Present regulatory requirements at several levels 6f.government,
and present complexities of leasing regulations may present impediments
to acceieraﬁed geothérmal development. Geothermal energy dtilization,
as other exFraction industries, entalls considerable fiﬁancial risk
that, without éompensnting'ihcentives, may inhibit development. How-
ever, some of.chese other industries, including energy 1ndustfies_in

direct competition with geothermal energy, have tax and fiscal incen-

tives which geothermal utilization does not presently enjoy. Issues
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5

involved here go far beygﬁd the RD&D scope but will be considered in
the Federal effort. Addigionqlly, the lack of comprehensive knowledge
of the pbssible enviroqmental impacts and control technoldgy reéquire-
ments for geothermal development may also, inhibit rapid industrial
growth. ' .
o Inbesfigation of thesé and other issﬁes and associated Federal
policies which may impact industrial development of geothermal resources
.form a key and integral part of a continuing refinement and improvement
in the brogrﬁm plan defined.in this document. Cost-benefit studies,

thpoughoht 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 geothermal industry development.

It is expected that impiementatioﬁ‘of the Federal strategy, with
continued program review, refinement and update, will overcome many of
these problems and enable the industry to providg ineﬁpensive,'and
€lean geothermal energy to help fulfill a bortiop of our Nationql energy

/

/ needs.
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" SECTION ‘I
INTRODUCTION AND BACKGROUND

THE NAT1ONAL ENERGY PROGRAM

The National Plan for fnergy RD&D has been desiéned 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 o0ll and gas to the lérger resources of coal, uranium, solar energy, ‘
geothermal energy, and fusion energy The Nation has little'time to
accomplish this change, for without rapld development of our more ex-

ten31ve_resources, a serious shortfall in domestic energy ava1lab111ty

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. ' _ ‘ |
Developmenﬁ and commercialization of new eﬁergy alternatives is a.
time consuming process, requiring early planning and commitment. The"
decisions made now can determine the options for future generations.
iDevelopment bf our domestic resources, including geotherﬁél énergy,
under an accgleratediNational program can reduce our reliance on'im—

ported fossil fuels, 1mpruve our balance of payments position in foreign

‘trade, and help to stqblllze our polltxcal social and economic future.

o

*"A National Plan for Energy Research, Development and Pemonstration:
Creating Enerpy Choices for the Future--Volume I: The Plan,” ERDA-48.

The Energy Research and Development Administration, June 1975 pp -2

and S 3.
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In response to the present enerpy problem, eight national RD&D

goals have been established by ERDA:*

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

increase the utijilization of essentially inexhaustible domestic
energy resources :

.

efficiently transform fuel resources into more desirable forms

increase the efficiency and reliability of the procgssés used

.in the energy conversion and delivery systems

transform consumption patterns to improve energy utilization
increase end use efficiency

protect and enhance the general healhh, safety, welfare ‘and
environment related to energy : '

perform basic supporting xesearch 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

encouragc 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."

RD&D projects

The Act calls for activities inwe

resource inventory and assessment -~

scientific and technical education.

*Ibid., p.

S-4.

**The "Geothermal Energy Research Development and Demonstration Act
of 1974," Public Law 93-410, September 3, 1975, Section 2.12.°
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. financial assistance to private industry for the ultimate
purpose of accelcratlng production of geothermal energy in
environmentally accéptable ways.

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

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

ment Act of 1974 (PL 93 -577) further delincated 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

The extent of geothermal energy utllization is hlghly technology
dependent, in that the exploitable resource can increase substantially
each .time a new advanced method of utilization is developed. The re-
sourcé base, from which exploitable resources derive, is defined by the
. Uls. 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-uniformities-in
'the geological structure. of the earth's crust can allow heat from the
earfh's interior to be transported preferentially to certain limited
.areas near the surface. 1t 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 eurrently'considefed to be
‘exploitable, and estimates of the portien that may be exploited are
dependent upon the maturity'of‘extraction and ucilization'technology,

Five types of geothermal energy resources with'distinctivel} dif-

ferent characteristics have been dcfined. These are:

*D.E. White and D.L. Williams, Editors, Assessment of Geothermal Resources

of the United States - 1975. The United States Geological Survey, Geo-
-logical Survey Civcular No. -726, Reston, Virginia, 1975, in cooperation
with ERDA's Division of Ceothermal ELnergy.




(1) Hydrothermal Convective: systems containing relatively high.
temperature water at shallow depths. These systems are gen-
erally subdivided into: )

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

Liqu&d-aominaced - 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 dlssolved 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 Normal' 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) w1th1n the first 10 kllometers

" of the crust. ..

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

Each of these resource types presents differing préblems in ex~-

" ploration, development and extraction of the energy contained therein.
-EXTENT«OF GEOTHERMAL RESOURCILS
The .USGS has estimated the heat content of domestic geothermal

resources.® These estimates for the resource base** are shown in

Tabhle I-1.

*Ibid.

"#*%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 Tgble I-1 are, however,
consistent with the USGS estimates. ‘
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TABLE 1-1
HEATCONTENTOFGEOTHERMALRESOURCEBASEBYTYPES

(HEATINTHEGROUNDABOVE1?CVWTHOUTREGARDTORECOVERABHJTHINQUADS'

RESOURCE TYPE KNOWN INFERRED
Hlydrothermal Convective** (<3km)
. "Vapor Dominated (>150°¢). 100 _ ' 100
Liquid Dominated . o
High Temperature (>150 c)y 1,500 4,900
Low Temperaturc (90°-150°C) 1,400 . ' 4,100
. Geopressured (<10km) 44,000 _ 132,000
"Hot Dry Rock" (<10km) ‘ 48,000 ' . 150,000
Magma (< 10km) T | 52,000 150,000
7 o .
‘Normal Gradient (<10km) © 32 x 106" . 0

* 3 - ‘.
1 Quad = 1015 Btu's, and is equivalent to approximately 170 million

barrels of o0il or 50 million short tons of coal. Although somewhat ‘
.uncertain, these estimates are based on the best available data They
will be updated as additional field data become available, T

k ) .
Does mot include less than 90°C systems due to lack of data.




Table 1-2 presents estimates of ‘the amount of heat that may be
extracted from this resource base with present or near-term technology,
without regard for cost or type of application, for each resource type.
The normal 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 I-2 indicate that the estimated recoverable heat
“is of the order of the entire enefgy consumption of the United States .
for 50 to lOO‘yehrsZ The concentration of these resources in the i
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'érokimity to active magmatic flows which transport energy from

deep within the earth.
GEOTHERMAL ENERGY EXTRACTION AND UTILIZATION

Technology to utilize each of the tyées of geothefmal resources is
‘in varying stages of developmént. 'Technology exists today for genera-
tion of electr1c1ty from vapor-dominated hydrothermal resources produc~-
iné—hlgh -quality stcam, and to a more limited extent,. from 11qu1d-
dominated hydrothermal resqurces. Hydrothermal ‘resources have been used
for the production of electricity in Itély'since‘1904$ and have been
used for space heating.in Reykjévik, Iceland, since 1928. Other coun-:
tries §ctively using or building hydrothérmal plants for electric and/or
nonelectric applications* include El'Salvador,_F?ance;'Hungary, Japan,
Mexico, New Zealand, The Philippines,. and the USSR. L
) - In the United States, the primary applicacion,has beeh for the
productipn'of electricity at The Geysers.dry stecam field in northern
Californiaf The Pécif;c Gas and Electfic Company has an installed -
capacity there of 520 megawatt§ (MW) of é;ectric power, and plans to
increase this;to 1400 MW by 1985. In Mexico, the Cerro Pﬁieto.yet

steam geothermal planf in the Mexicali Valley of the Baja Peninsula

*Theqe nonelectrlc applicacions include space heating,.industrial
process heat und agricultural applications.

1-6 -



" TABLE -2
GEOTHERMAL RESOURCES :
ESNMATEDRECOVERABLEHEATVWTHPRESUWFORNEARTERMTECHNOLOGY
WITHOUT REGARD TO COST; (IN QUADS)*

RESOURCE TYPE . ' KNOWN . INFERRED
Hydrothermal Convective** )
Vapor Dominated (>150°C) h 2 .2
Liquid Dominated . ' )
High Temperature (>150°C) 20 110
Low Temperature (90° - 150°C) . 80 250

. Geopressured

Electrical Utilization . ) 190 230
Methane Production . 1~ so00 " 1500
Hot Dry Rock i ) ‘
$cenario I' -] 80 240
Scenario 117+ 1. e00 1900
Mapma ) .
Scenario 17 - © 80 . 240
- scenario 11" . 650 1900
TOTAL : . S
. . .
/ Scenario I ~900 ~ 2500
++

Scenario 11 . ~2000 ~ 6000

GRAND TOTAL (Known plus lnferred)
Scenario I © " 3400 Quads
Scenario II++ - ' 8000 Qua@s

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

" **Dges not include less than 90°C systems, although such systems may be
cconomically exploitable especially for non-electric applications.

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

++Scenario 11: Assuming 12.5% Extraction Recovery, 10%Z Conversion Efficiency.

Magma resources may be rencwed by natural resupply from the interior of
the ecarth; therefore, this estimate-may be conservative.

I-7
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utilizes two turbo-generators with a combined electriéal generating
- capacity of 75 MW. These units have beén operational since 1973.

In. the Rotorua-Wairakei: area of New Zeaiand, extensive useAis.made of
'gepthermal energy for both nonelectric and electric apbliéatiohs in-
cluding commercial use of geothermal energy for space cooling. The
nonelectric use of geothermal energy-in all of New Zealand amounts
to approximately 190 MW, ‘The-tdtal New Zealand geéthermal electric
bapacity is about 170 MW and an additional 210 MW are planned. The

combined elecérical power broduction capability at Larderello and
Mt. Amiata in Italy is over 405 MW. -Several sites for geothermal
electric power generation’have been. developed in Japan, At the
present time these siteé have a capacity of 53 MW and an additional
.75 MW are p}ahned. At Ahuachapan, El Salvadqr, wet éteam will be
..used in 1976 to feed the first of three 30 MW electric generating
plant§ 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 Bouillante, in Guade-
_loupf: | ‘ o '
/ The nonelectric application of geothermal energy in the United
~States has developed on a -small scale when compared'to'that_in>Russié,
Hunéary and Iceland. Utiliéation of geotherﬁal energy for space heating
iﬁ the United States has developed primarily in the cities of Boise,
Idaho and Klamath Falls, Ofegon., The Bdise systeﬁ'has served about 200
houses and 10 to 12 businesses and is one 6f:the olaest district heating
systems., It was built dhring the 1890's. TIn 1970 it had a capacity of
slightly over 9 megawatts. Plans-are also underway to Qse geothérmal
energy for heating the capitol building in Boisé, I@aho. In Klamath . °
Falis, the Oregon Institute of Technology and many private hbmes are
heated by fluids from geothermal wells. Single wells are generally used
to heat the private homes with several users sharing one well. 1In 1974
.there were 468 residenceg 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 Orégon and in Idaho. The total nonelectric utilization of
geothermal energy in the United States has been estimated at between:
15 to 16 megawatts. In addition, liquid-dominated hydrothermal re-~
sources have been proposed as a possible source of water in arid -
regions of the countfy.‘ The U.S. Bureau of Reclamation has for several’
~years been working on the desalinization of geothefmal waters for this
purpose. 0thef experimental uses include miﬁeral recovery and enhanced
.petroleum recovery. ' ) |

Geothermal research in Russia has beén given practical and scien;
tific attention in national planning since the 1920's,  In January 196&,
Fhe Scienfific Council for Geothermal Reséarcﬁ‘was formed under the-USSR
Academy of Sciences. Under the current Five Year Plan (1971-1973), the
Ministry of the Gas Industry has a goal to drill over 10,000 meters of
additional geoﬁhermal test wells and has established several organiia;

. tions and prospecting expeditions for the development of geothermal
resoyrces in‘general, énd of steam resources in particular. Using data
avaf&able at the present time,. the USSR appears to be the worla's larg-
est user of geothermal energy for nonelectric.applications with over
510b megawatts being avéilablé for residentiai and industrial heating,
~§gricultural use such as hothouse/greenhogse heating, refrigeration,
"‘tﬁaWing of frozen soil and for swimming pools and baths.

In Budapest, Hungary, a section of the gity with a population of
about 20,000 has been heated by geéthermal fluids since the 1930°'s.
Individual spéce heating and district heating has been successfully
'utilized in other Hungarian cities, however, agficultural applications
account for most of the geothermal energy use. It has been reported
that 131 geochermal‘wells in Hungary have a total output of 4000 kg/sec
‘and that the total energy production at peak %oad.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 centrglly heated by geothermal
fluids. In addition, the geothermal fluids are uéed to provide heat to
over 126,000 square meters of greenhouses that are used to provide fresh
vegetables and flowers to the domestic market. It has been estimated.

" that in Iceland, between 275 to 300 megawatts of geothermal power are
utilized for nonelectric applications. .

‘ Utilization of geopressured fesources,‘hot rock, magma and the
normal gradient has not yet reached a state of demonstrated technological
feasibility and requifes differing degrees of fundamental and applied
researcﬁ; field testing and experiments, and'pilot and_demonstration
projects to bring them to a point of economic viability aqd environ-
mental acceptability. Of these resource fypes, geop;esédrqd is the
.nearest to commercialization. Tests are needed to confirm the ability
of geopressured resources to-sustain flow over extended time periods
and to assess the economic viability of recovering the methane found.
in/these resources.  Hot rocks, normal gradient and magma, are furthest
from commeréialization, 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 resburée will result in a
sigfiificant contribution to at least three of the above mentioned ]
National Energy RD&D goals, specifically:

) Expand the domestic supply of economically recoverable raw
materials used for producing energy.

I-10.
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° Increase the utilization of essentially ingxhaustibie'domestic
‘energy resources. '

° Protect and enhance the general hea;th, safety, welfare and
environment related to energy. o )

Preliminary estimates of the recoverable geothermal resource, using
present or near-~term technology and wifhoht regard to cost, are shown
in Table 1-2, . . ' .

Given success%ul implgmentation 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 impact on geothermal utilization is estimated as:.
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ESTIMATED GEOTHERMAL UTILIZATION GIVEN SUCCESSFUL
FEDERAL PROGRAM IMPLEMENTA ION*

. - 1985 2000 2020
Electric Capacity (MW) - ‘6,000 " 39,000 . -140,000
Electric Applications - S . )
Equivalent Energy (Quads/yr) 0.5 2.9 10.4
Nonelectric Applications o ST
' (Quads/yr) : 0.1 1.5 8.2
Total Energy (Quads/yrx) : 0.6 . 4.4 . 18.6

ihe associated potential geothermal indugtrial 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 program the various resource types will reach commerc1a1
demonstration earlier than otherwise expected, opening the option to

utilize the larger resources more rapidly:

/

*The rationale for these estimates is presented in the following pages.
It should be noted that a variety of different impact estimates have
been made over the past few years, and that there is a fair degree of -
uncertainty in the estimates presented above.: These estimates 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 thlS table, geothermal electrlcal capac1ty was
converted to Quads (10 15 Bru's) by assuming a net conversion effi-
clency equivalent to fossil fuel combustion of 1 megawatt-~hour =
107 BTU's and an 85 percent load factor. :
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RESOURCE DEVELOPHMENT OPTIONS UNDER FEDERAL PROGRAM

1985 . 2000 . 2020
Hydrothermal Hydrothermal Hydrothermal
Geopressured . Geopressured . -Geopressured

' Hot Dry Rock " Mot Dry Rock

Normal Gradient

Magma

With no Federal program, by 1985 an estimated 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 Céothermal 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

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

much more significant: . _ ; ’
These estimates of the utilization potenti&l 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 Southern California and scattered

. small scale nonelectric applications. ..
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(1) The implementation of the Federal program along with reduc-
tion in instituticdhal barriers in the near-term would result
*"-in accelerated hydrathermal development. Site-specific
estimates are used; i.e., about 2,500 MW at The Geysers,
about 3,000 MW 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
exp101ted finite resources.*

(3) The total exploitable resource {(supply) is finite and equal -
in magnitude to that shown in Table I-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, measured from
both sides of the year of peak utilization, during which
80 percent of the resource is exploited. This factor is
17 years for Hydrothermal, 20 years for Noncélectric, 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 will reach 500 MW. 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-~domi-
, ) 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 waé'assumed_to have the effect of shértening
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 perlod beyond
1985. :
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“industry under this acceleraged development scenario is comparable to
that of the U.S. nuclear indﬁétry.between 1965 and 1985. It is expected
that such growth is possible if the industry exercises the opf{ons made
available by the Federal program. ‘ .

The level of uncertainty in the estimates of future geothermal
.tesource 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 1f few alternative energy options prove to
be viable, bringing a greater 1ndustr1al effort to bear on geothermal
utilization. Inaccuracies in the assumed values for the amount of
the exploitable resource supply, the expected dates of initial commer—
cialization, and the time scale factors impact strongiy on the accu-
racy of these utilization and growth rate estimates, Fufther, some
of the resources may prove to be renewable (e.g., magﬁafic flows re-
pleﬁishing magme 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 Hubbert model depends heavily on historical values of the utilic
zati%n so that more accurate estimates of the time.scele factor can
be made as development proceeds. Time scale factors for the estimates,
. presented were chosen to be comparable with the llght 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 ycars).
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SECTION 1I
GOAL, STRATEGY

GOAL OF THE NATIONAL GEOTHERMAL ENERGY PROGRANM

Given the characteristics of the Nation's geothermal energy re;
sources and the present flédgling 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'geochermal industry prior to 2000, a concérted effort will
be required to reduce the present costs and financial and technical
risks. These risks, if not reduced, would -probably maintaiﬁ the rela-
tively slow rate of ggdthermal energy development, even if other, rela-
tively cheap energy sources, were not available.
IndustVJ Loday is actively seeking to develop the 11mited number
of hégh quality steam resources, 3s the required technology has been
proven and the economics demonstrated in commercial applications. With . .Y§:
4
v,

somewhat greater hesitancy, industry is moving toward the development of

our higher temperature, liquid—dominated,hydrothegmal resources, prin- :i(ﬁ;‘h
cipally in California's Imperial Valley. This hesitancy stems primarily /ﬁ'/92_ '
from the risks and high costs associated’witﬂ unproven technology for (/:;h:f;
- energy extraction and utilization, uncertainties regarding reservoir ’ e

extent and useful life, institutional impediments associated with
leasing, environmental issues, taxing and incentive_policieS, and
limited capital availability from lending institutions faced wirth as-
'seSSing these uncerhaiﬁties. Also, other fuels such as oil anq gas are
- presently available at a relatively lower cost.

The develop&ent of the more abundant geokhermal 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 impIemcntation of a multi-~

faceted strategy to overcome these uncertainties and impediments.

PROGRAM STRATEGY °

Three major . thrusts characterlye the Federal strategy for assis-
ting in the developmenL 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, magma and
normal-gradient resources. .

The Federal Program is aimed at opehing the opﬁion for early ex-
ploitation of the geothiecrmal energy resources of the Nation. Such an
opthn, when exercised by the national industrial community, will pro-

vide' meanlngful conLrlbutlons to saLisfylng the Nation's energy needs.

"Resources 4

ReducLion of- resource uncertainties will be approached through the
resource assessment aCLIVLtLeS of both the U.S. Geological Survey and

ERDA in qupporL of present and future exploratlon 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 Dcpaftment.of the Intérior 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.

I11-2 .
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“ Industrial Growth

It is likely to take diffé}ing time periods (ranging from ten to
25 years) to develop and demonstrate the technology for extraction and

" utilization of geopressured, hot dry rock and magma resources. During

this time frame, an industrial infrastructure would have to be developed’

- s0 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 brought 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 p;oducc lines
and d;stribution channels, financial institutions to gain confidence in

the technology and its applications, and goﬁefnmeptal bodies at all

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

It is expected that hydrothermal development within '
th653f;gjectiveé would fequire the démonstration of technical and eco-
nomic viability, coupled with implementation of the Geothermal Loan
Guaranty Program to assist in making capital available from. lending
institutions, and acceleration of the Geothermal Leasing Program to make

féderal lands available for development. Additionally, early emphasis

will be placed on analysis of institutional impediments and development ~

of appfopriate 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 impacts 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 resourée typeé
constitutes the third part of the strategy. Significant unknowns still
.exist regarding the nature of these resources and economic means of
extracting energy from.them. Of thesc resources, geopressured zones.
offer the highest potential for utilization within the next ten years,
and as such, early rescarch and development will be undertaken for their
exploitation. Hot dry rock-utilization is expected before-1990, pro-
vided that RQ&D efforts are laqnched now to support its development.
Technology for improved resource discovery and utilization of the nérmal
gradient requires extensive research and development and consequéntly, a
longer term R&D effort is anticipated for this nearly ubiquitous and
essentially inexhaﬁstible resource. The ecopomic problems of normal-
gradient exploitation are also significant. The utilization of magma
presents gfeater difficulties of a basic_science and materiais nature
requiriqg more basic and exploratory research. ’

I

.Strategy Dynamics

*As technology development continues and the industry grows‘through
successive utilization of'larger classes of geothermal resources, thé
pbtential.profitability of successful R&D may be.expected tb‘increase.
Thus, a greater share of the future R&D'and.demoﬁétfation project burden
may be.expécfed to shift toward industry. Similarly, it is expected
that as the financial cbmmunity becomes more'familiér with the nature of '
geothermal resources and the economic viability of its development,
appropriate lending policies will develop and the Geothermal Loan Guaranty
Pro%ram méy be phased out. Cost-benefit analysis of the total‘geothermal
'prograﬁ will be instituted to support its goals nﬁd objectives and to
provide insights into their implementation. This analysis will not énly

include the phasing of major shifts in emphasis, but will also provide a
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 basis for evaluation56f many of the policies and iséue§ which will
develob in the course of ﬁroéyam implementation.

The geothermal energy p;ogram will thus be maintained dynamic and
goal-oriented. Program plans will be updated annually, to maximize '
effectiveness, on the basis of both -the progress of the Federal progrém

" .and the respénse of the indhscry.in achieving the National goals.
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SECTION II1
GEOTHERMAL PROGRAM DESCRIPTION

The Federal Geothermal Energy Program addresses three major.areés:
(1) Resource Exploration and Assessment; (2) Technology Development;
and (35 Institutional Development. The content of each of the program

areas is indicated in Figure III-1. Specific objectives, technical

and institutional problems, 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

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 .
improyihg the technology for reservoir assessment.

K

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'availabiiity of geotﬁermal re-
sources is limited. Most of tpday's geothernial resource assessment and
explqratioﬁ technology has been apquired from minerhl, gas and oil
exbloration. Reliable surface assessment and explorqtion methods for
locating subsurface concentrations of heat and water are lacking, and
difficulties are encountered where there are few or no surface mani-
festations. 'The final step for confirming that a commercially viable;
geotherimal resource exists is to deep drill to-tap the reservoir, and

then- to perform flow tests for extended periods of time to provide data

. I1I-1
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on the energy potential.’ Deep drilling in fracturég, hard rock within
high temperature geologic formations is expensive and time-consuming.
The current lack -of a reliable exploratidn‘technology-and the necessity
for deep drilling make geothermal exploracion a costly, high~risk under-
:taking The lack of adequate exploratlon and assessment technology also
hampers the process of accurate]y estimating the regional and National

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

Improvements in surface and shallow hole assessment and exploration

technology are necessary to increase the accuracy of predictlon for both
~resource assessment by the Federal Government and exploratory site .
selectlon by industry. Such efforts could improve the success ratio in
exploratory drilling,‘significéntly'imbroving the economics of, explora-
tion..:' o
There are many assessment and explofation techniques tha; are
available for use prior to deep drilling. Geological, geophysical,
geochemical, and hydrological data and informaﬁion in various forms and
extent Ean.be obtained from surface . and shaliow.hole‘measurements and
used to locate geothermal resources. It is difficult. to comprehensiveiy
/ﬁetermine 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 instrﬁmentatibn; and the technology currently in use or poten-
‘tially available is complex.

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

assessment and exploration techniques with the reservoir characteristics

deternmined by deep drilling to better interpret surface and near surface .

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

. III-3
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'Implcmentation Plan.

The Resource Exploration and AsqossmenL effort is divided into
four activitles Geoscience Research; Assessmcnt and Exploration-
Technology; Regional and National Assessment; and Resource Information
Dissemination. Geoscience research is.conéerned with understanding
the geothermél processes in the earth's crust and their associated ‘
manifestations. Basic data from this activity should be of.grgat help
to the Assessment and Exploration Technology effort in the development

of the instrumentation and analysis-techniqués for improving the capa-

bility to locate and determine the energy potentidl of geothermal reser-’

voirs from surface and near surface measurements. These technology
developments will help reduce the risk associated with exploration and -
‘will facilitate the accomplishment of the task of ihe.Regional and
National Assessment of our geothermal resources. The last of the four
efforts, Resource Information Dissemination, provides for estéblishing
and maintaining a data bank for the'stofage and rapid retrieval of ~
geothegmal resource data. A description of the four-activities follows.

,".

vr Geoscience Resoarch,— The Geosciencé Research.effort is concerned
with éhe basic geologic processes‘in the earth's crust that are funda-
mental to understanding the existence and nature- of potentially useful
'ggothermal resources. The geoscience reseérch tasks';hat are included
.An the geothermal program are: . . e

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

(2) Investigations of inactive geothermal systems (i.e., systems

no longer operating but in which the deep portions are now
revealed by er051on)
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(3) Studies of active geothermal systems to investigate factors
such as geothermal leat sources and mechanisms of heat trans-
fer, reservoir dimensions and charactevistics (especially
naturc of rescrvoir and country rocks, permeability, and
lifetimes), hydrogeology, hydrology, .and hydrogcochemistry.,

(4) Laboratory experiments. in the physical cﬁemistry and geo-
chemistry of geothermal systems,

(5) Studies of the effect of genthermal.qystcms on crustal physical
and chemical properties lhaL can be used for remote decactlon
(exploration).-

Because of its large impact on program cost, the role of drilling
in-this research effort needs special attention. Three activities di-
rectly involving drilling are being considered:

.(I) An effort to measure and understand the, heat flow pattern
: ~over a geological region and its relation to the geology,
using a large number of small holes to reduce drilling costs,
-3 to 10 cm (71 to 4 in.) in diameter and perhaps 30 m (7100
ft) deep. Occasionally, deep hole ( 1 km) drilling will also
be requxred

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

/ minerals. Holes of no commercial interest (abandoned or to be

i 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 assessment of the Nation's
geothermal energy potential and materially aid the development of

improﬁed assessment and exploration technologies by the eariy 1980;5,

*Rock that existed at the geothermal site before the anomaly was
formed, usually in close proximity to rock carried up by the fissure
or magma 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 cexploration technology is directed at. improving the exploration and
assessment instruﬁuntation and techniques necessary to locatce promising
resource areas' and to pfovide accurate estimates of resérvpir energy ?
capacity. A number of resource assessment and exploration techniques
are in use today that have the. potential for improvement.

Regional assessments*presently utilize surface and aerial studies
of regional geology, volcanology, hot springs and other surface geo-
thermal bhenomena; electrical, electromagnetic, magnetic, seismic,
and’ gravity surveys; heat flow measurements; chemical and isotopic
analyses of surface and subsurface water; and hydrologic reconnaissance.

. Expioration surveys using éimilar techniqugs, including aerial and
surface geological observations serving to identify recent fault and
volcanic activity (intersecting faults are of special interesf); 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
ﬁith high temperature and/or high salt content; and electromagnetic
techniques. ‘ ‘ )

Several passive seisﬁic techniques are used to define fault posi-
tions by local, low-level seismic sources and by seismic velqci;y'changes-
.through an area, indiéating the presence of subsurface intrusions.
Generally speaking, magnetic and gravity studies have been of less value
so far. Analyses of silicon (SiOZ) contént and sodium, potassium,
calcium (Na/K/Ca) ratios in water samplés'ére indicative of reservoir
.temperatures. Chloride contents in excess of 50 parts per million
characterize most high-temperature hot water systems, whereas vapor-
dqminated systems cbnsistently display less than 20 ppm. Other geo-

. chemical measuréments are also of value.

Measurements of local thermal gradients and heat flows, obtained in

shallow, small-diameter drill holes (depths to a few hundred meters) are -
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also

determination.

useful.

A core from:the hole is usually nceded for the heat-flow

e

Some techniques that do not require a core sample are

being examined.

'technology 1ncludcd the following activities:

The federal program to improve the assessment and exploration

IS

a detailed definition of the present capabillt]es 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 major
techniques, technology, and/or instrumentation.

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

studies of new ‘and/or improved analytical techniques

a determinmation of geological, geophysical, geochemical,
and hydrological parameters and circumstances (such as
detailed descriptions of formations) of geothermal

. resources and their relationships to location.

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

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

Efforts to improve the teéhnologylare presently being supported

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

histories of specific geothermal areas in which they can compare the

results of as many of these techniques as possible.  Extramural work is

funded to support this effort. 1t is expected that much of the technol-

ogy cvaluation ¢ffort will he completed by 1980. 1t will then be
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possible to concentrate the development effort on the more promising
activitics,‘hhich could theun 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 program. ’

National and Regional Assessments - The early assessment of the

extent of our geothermal resources at the national and regional level
~will help industry (particularly the smaller.companies) in selecting l
sites for potential development, will provide data for financial
lustitutions to develop preliminary investmept plans, will prgvide
state and local governmcnts with planning and.resource development
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 Stdtes = 1975" is
the first step in developing a National asseésmenﬁ. Regidnai assess~
ments will be used to upgrade the National assessment and will play a
significant role in identifying the potential resource areas for devel-
opmen;. Periodic upda;ing of ﬁhis study will be necessary as resource
data ‘become available. Deep slim hole drilling i; planned to help im-
prévg 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. ‘Argas of greatest suspected botential'age being
assessed first. The planned sequence for the accomplishmenf of re-
gional assessments can be ggnerally 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) MWashington, Hawaii, Montana, Wyoming
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(5) Central and Eastern U.S. ‘
The major phases of these assessments should be.cohpleted by the end

of 1980,

Resource Information Disscmination - Resource .assessment, research

and exploratipn will produce much'informntion that will be of continuing
value to industry aﬁd_government. Such information will be used by

new ana continuing partiéipants 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 éeothermal resources is planned to ensure retention and distribution
of.these data. The data bank will be organized for ease. of access and
data retrie§al, and will be user oriented, proﬁiding information oriented
toward both technical and non-technical useré in various aspects'of the
geothcrmal energy developﬁent. 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

. pan{icipants in the geothermal exploration and utilization industries.
.ERDA, with the Eooperation of USGS, has a computerized data stor-

age/retrieval project underway.

Utilization Plan

The utilization by the private sector of the technology developed
under this program area will be facilitated by their active.barticipa—
tion in its devciopment through contracts. 1In addition, data on the
téchnology will be disseminated through the preparation of the technical
material for professiodal, semi-professional and specialized journals of
the various user groups, Research results will be made available through

" information systems, educational iastitutions, workshops, and symposia.
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Data on the resource base -will be -made available through the

periodié updating of the USGS assessment study .as well as from the data

" bank established for resource information dissemination.
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TECHNOLOGY DEVELOPMENT
Objective

Technology Development is directed at devéloﬁing and'demonsgraging
the technology to cconomically extract and utilize the energy from the
different types of geothermal resources in an environmentally acceptable
manner. Many of the .development activities included under Hydrothermal_
Technology Development will benefit the commercial development 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 uniqué technology
problems associated with its use that hu§t be resolved.beforé it can be
uééd commercially. The technology associated with each of the resource
types is at a different stage of development maturity. THeAeXpected .
sequence in which these resources will be brought to commercial maturity

" is as follows: ' ) i

(1) Hydrothermél
(ﬁ) Geopressured
(3) Hot Dr& Rock
(4) Magma‘

'(5) Normal Gradient.

Hydrothermal

Problem

Even though the hydrothermal.teéhnology is the most advancéd of
all the resource types, the teqhnology exists to commercially utilize
only thé high quality; high temperature resources. ‘
. One of the more'important.requirements in developing hydrothermal
resources more extehsively is to reduce the cost of drilling. At present,
the cost of driiling a geothermal well is two or three times that df '
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drilling a petroleum well of similar depth. The drilling equipment pre-

sently in use was developed fox drilling of petroleum wells at relatively

low temperatures in sédiméntaf?irock. Geothermal well drilling involves
much higher temperatures (up to 350°C) (662 ¥) and sometimes Lakes place in
hard, abrasive volcanic r0ck that is dlfflcult to drill even with Lhe

best tungsten carbide insert bits. PepecraCLon 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 guftings ffom the hole, rapidly
deteriorate above 177°C (350°F). This deterioration results in in-
creased mud viscosity which affects its circulation rate.  The mud can
also form a ha;d, caked lining in the weli bore; which can rdin a pro-
duéing fofmat%on. As a result, wells‘are usually drilled ‘into low pres-
sure strata using air. The high air Qelocity required to .remove 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 improve cementing compounds and technlques and
elastomels for use in drilling equipment such as bits, logglng devices
and bng-oug preventers, . :

The capability to log in high—temperapufe geothérmél wells does not
preseﬁtly exist. Most of today's devices ‘and instruments opérate at
temperatures up to 177°C (350°F) and some up to 260°C (500°Fi.' Logging
caSles suffer from similar problems. Coﬁsequeﬁtly, only.lihited and
;étop—gap measurements are made. In addition, thg high temperatures and
a variety of other conditions in geothermal wells may create hnuguai
device corrosion problems. Because geotﬁermal exploration imposes new
and different well-logging applications, the requirements for and the
interpretation of downhole'logginv measurements are not well defined.

One of the most significant llmlts on geothermal growth rate is the
risk of premature, rescrvolr failure. This risk can be eliminated by

developing reliable reservoir modeling techniques -to predict reservoir
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lifetimes 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 téchnblogy

are required for the advanced power cycles'to commercially utilize

the lower temperature hydrothermal resourcés. These components.include:'
~downhole pumps;‘heat‘exchangcrs; heaﬁ'rejection equipment; and adyanced
absorption refrigefhtioq systems for nonelectric applications.

.A better understanding of brine chemistry, scale control, and
materials compatibility (corrosion/erosion) and dissemination of the
resulting information to potential users is required. This information "
is essential for coping.with the severe chemical and thermal environment

'eﬁcounte;ed with these.fluids in order to increase the plant availabil-
ity factor. ' . . .

Production of electricity from geotherﬁal ernergy is-considered to .
‘be attractive environmentally combared with fossil-fueled plants because
no solid atmospheric pollutants are emitted. However, geothermal genera-

tion js not without potentially detrimental environmental éffects.

Effldents from either a hot-water or a vapor-dominated system can pollute

streams or ground waters.’ Conscquently, federal and state regulations
may iequife injebting objéctionaple fluids and gaées back into a deep
reseryoir if ﬁracti;al. Noise; objectionable gases, land use, visual
'iﬁpact, potential subsidence of the land surface due to fluid withdrawal,
and potential seismic disturbances are other problems facéd in geothermal
energy development. Veryllittle data is available on the effects of
éeothermal‘enefgy on the envirpnment. As a résult of éhis la;k of data

and associéteq standards, the environmental approval process is slowed.

Implementation Plan

The hydrothermal technology development effort includes the follow-

ing activities:
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(1)

).

(3)
(4)
(5)
(6)
(7)

‘Reservoir engineering and field development.

Utilization technology.

Brine chemistry and materials.

R&D test facilities,

Advancéd sysieps and appliéations.
Environmental effécts apd abatement téchﬁology.

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 management

techniques and production technology to improve the economics and reduce

"the risk associated with the development of geothermal fields.

The following tasks are a part of this effort:

/

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

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

Well-logging technology to develop the instrumentation and
evaluation techniques for geothermal applications.

Reservoir modeling 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 hlgh Lemperature environ-
ment of geothermal wells.

Activities are currently underway on downhole pumps and drilling tech—

nology devclopment. They should begin to reach. fruition by the late
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1970's. The advanced we%; logging, well stimulation and reservoir

modeling efforts are taré%ted for completion in the early. 1980's.

Utilization Technology - This effort is directed at'develdping the

key technology required for the advanced utilization cycles including
nonelectric applications.. This key technolqu includes: (1) heat' .
rejection equipment (both water and air cooled); (2) fluidizea—bed and
direct contact heat exchangers for the binary cycle; (3) total flow.
systems which’ includes both prime mover.deveIOpment and field evaluation;
and (4) advanced absorption refrigeration system for nonelectric appli-
cations. A .

Many of these effofts can be completed by the late 1970's. If
successful they will help provide improved metﬁods fér converting geo-
tﬁermal resources and their by-products ‘into useful forms. They will '
élso.help ektend the commercially exploitable resources énd will en-
hance the utilizatiﬁn of geothermal resources in regions of limited
cooling water availabilitf.

Brine Chemistry and Materials - This program element will develop

‘a bette; understénding of brine chemistry, scale control, and materials
‘compatibility (corrosion/erosion) and will provide for the dissemina;ion
of the results to potential users. This }nfdrmatipn is essential for
coping with the severe chemical and thermal environment encountered with

_geothermal fluids.

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

advanced component testing and evaluation in real geothermal environ~
ments. These facilities will be made available to industry and educa-
tibnal institutions as well as government laboratories. - These facili-
ties will provide a mechanism'for_developing a cadre of trained person-
ncl, uniforﬁitx of test procedures, and suppéft to .a large base of

equipment manufacturers.,
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The construction of thesc 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 coﬁtihuing

effort to examine the fensibiliﬁy of applying advanced technology and
‘concepts to enhance the qtilization potential of geothérmal resources. . | 5
It will provide guidanée in identifying key technology problems, estab-
lishing programmatic priorities, and in evaluating technical alterna-

tives.

aEd dinS K i N,

Environmental Effects and Abatement Technology - This effort includes

the prediction and evaluation of surface and subsurface environmental

effects of geothermal field pfoduction and the deyelopmeﬁt of new methods
and techniques for predicting, controlling, and monitoring.emissions and
wastes from geothermal utilization facilities. '
Key geothermal-related environmental problems to be invegtigated in
the rescarch and development activities include the areas of gaseous
eﬁissiqﬁ, liquid waste disposai, noise regulation, and land subsidence,
.leadiné to the-develophent of standardé and the development qf key
abatement equipmént and technologies. This research and development
will provide poverful tools for pfedicting enviroﬁmental effects, result

-in better Environmental Impact Statements, and yield greater confidence
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in proceeding with geothermal development.

Demonstration Projects - Demonstration projécts pfovide for the

development of pilot plants for the engineering verification‘of new ' .- ';
systems and components and full size, and commercial-scale plants for
the demonstration of commercial economic viability. Twa such commer-~
clal-scale facilities are tentatively planned. These and other such - -}
projects will be considercd based on the development of key technoiogy?

and regional development needs.- Nonelectric demonstrations are being ' . o
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given special ehphaéis in ongoing application studies in§q1ving the
qities of Susanville, California and Boise, Idaho and through_the issu~
ance of progranm opportuniﬁ?'hocices for more nonelectric pilot plants
and nonelectric applicatiopS‘ekperiements;f

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 Addicional industrial com-

" mitments to the dévelopment of similar facilities. Both these efforts

could stimulate the expansion of the related service industries.

* Geopressured

Problems

There are stréng indications ofAlarge volumes of éeopressured
water ioéated in three zones in the United States: a wide onshore and.
of fshore belt along the Gulf of Mexico from Mexico to Mississippi'and
;Qo areas from Northeastern Texas to Florida. Well data’from thousands
of Qeep wells, drilled for oil ‘and gas, confirm the existence of high
preéShre, high temperature zones and provide data on the geologic con-
ditions where these zones occur. However, thé actual volume and perme-
ability of these aquifers haye not been demoﬁgtrated by prolonged flow
tests. Consequently, the economic viébility is'unconfirmed.

A geopressured resource is distinctly different from hydrothermal

geothermal resources in three ways.

Hydrothermal o Geopressured

(1) Localized thermal anoma- Located in large deep
lies associated with * sedimentary basins.

volcanic and/or tectonic
(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

methane.

The preSSufe in a typical geopréésurcd aquifer in Texas, for ex-
ample, is between 10,006 and 14,000 psi at 4 km to 5 km depths and the
temperaturc is between 160°C (320°F) and 200°C (392°F). The top of
the aquifcf cqﬁ be as sha}low as 1 km deep or as deep as 6-kmi Tem-
peratures of up to 275°C (527°F) have been, measured and pressures may
reach 20,000 psi. Bécause of the depfhs and ﬁigh pressures involved,
the development of economic drilling technélogy to accomodate the unique
rgquirements of geopressured resource is é key to its comﬁerciél exploita-
tion. The development of a high pressure turbiné is also needed.

. Because of the high cost of drilling and well completion, the size
and energy potential of these geopressured réservoirs has not been
demonsfrated to date in flow tests. As_a result there are two major
reserJoir technical uﬁcertainties that should be resolved before committing
to expensiye techndlogy development pfograms. 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 amount of gas which cani be recovered is a primary factor
in the economics of utilizing geopressured water.)

implcmentatioﬁ Plan

The approach to the geopressured development is first to verify the
existence, viability, and utiiiny of geoﬁressured resources and then to

develop the technologies necessary to the commercial utilization of these
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resourcés. State surveys of the resources will be made. Exploratory
drilling at representative sites will be initiated..Upon successful
completion of the wells, drawdown tests will.be conducted to determine
reservoir characteristics, natural gas-contéﬁt, well interaction effects,
aﬁd brine composition. Brine disposal techniques will also be investi-
gated. ) V ' ‘ '

Reservoir modeling and mapping of the Gulf states will be under-
taken to evaluate the resource and to identify additional candidate
siteé éor exploration. Resource studies of this type are presently in
process using existing well logs to get a better understanding-of geo-
pressured zone dendaries, temperatures, pressures and gas content.

AIf these exploratory studies prove successful, .advanced technology
'development act1v1t1es would follow. The deve]opmcnt of the following
new technologles is env151oned high pressure prime mover, improved
water well construction techniques, improved drllllng techniques, high
‘temperature elastomers for wellhead dynamic seals, well logging 1nstru—
-mentation, anq resource parameteL quellng. _Concurrently, env1ronmenta1
.R&Djwill be initiated including the.conduct of 5ubsidencé, seismic, and
ti1t monitoring studies will be undertaken along with the acquisition of
Baquround data to assess the effects of geothermal production upon the
environment. During this phase of development, an ‘additional set of '
wells in the geopressured'geothermal reservoirs typical of the Southern
Mississippi SalL Basin (early-stage medi-sédimentary rocks) w111 be
considered.

Test beds and experiments will be prepared to evaiuate_heat ex-
.changer fouling factors, materials compatibility, mineral recovery
feasibility, and poliution abatement equipmént adequacy at each of the -
resulting produCJng flu]dé. . '
“These activities will be completed by the early- 1980 s at whlch time

con51derat10n could be given to the construction and operation of com-

mercial scale demonstration plants.
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Hot Dry Rock.

Problems

The hot dry rock geothermal resource is deflncd as those geologlcal

formatlons hav1ng an abnormally high heat content but not containing

sufficient water or sufficient rock.permeability to permit withdrawal of

hot water as a heat ttanSfér medium. The resource is estimated to be

" very large and its exploitatioﬁ 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 misleading, as
evidenced by the Marvsville, Montana project where a large convective
system was found with no surface manifestations. Hence, a need exists
to develop iﬁﬁroved 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-
turln% the rock between wells. In this way 1n3ected 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 avéilability of
low cost drilling technology. An extension qf the drilling technology
pursued under "hydrothermal" is reqhired for the hot dfy.rock develop-

“ment, It 1s expected that tﬁe utilization technology deveioped under

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

Implementation Plan

Los Alamos 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. MHot 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 éxtrac-
tion at various rates will be evaluated.' These activitieg'will‘be
completed by the late 1970's. ' ' .

A luboratofy simulation and modelling study will be conducted in

Eparallel with the field operations.. The effqrt§ planned under the

"Resource Exploration and Assessment" program will provide more data on’

the extent of the resource.

After establishing the feasibility of extracfing heat from hot dry
rock, at the Jemez Plateau, consideration will be given to establishing
a test loop ét a second site, probably utilizing a different extraction
téchnology, oriented to the verification of commerciql potential'by the
_early 1980{5. This could then bé followed by a commercial-scale demon-

stration plant.

Normal Gradient

Problem

Most of the eastern and'central U.S. has a relatively low ("ﬁormal"
- or "near-normal') heat flow and reiatively low geothefmal temperature
gradient‘as a rgsul;. Rather deep holes are necessary to reach even
moderate temperaturecs i.e.,.h km for 100°C or 10 km for 200°C (12,000
ft for 212°F or 30,000 ft for.392°F). Because of Ehg.cost'of drilling
the‘utilization of geothermal heat is more exﬁensive in these regions
.than where the heat flow and geothermal. gradient are high. Moreover, |
the Qeeper'rocks in substantial portions of:the eastern.and central »
states may have low pefmeability, so the flow of'geoghermal water into

wells méy be low. Reservoir stimulation may be required.
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Implementation Plaﬁ .

Because of the long-range nature of normal gradient applications,
the initial activity in this area will be to iﬁvestigutc the character
of the ncarfnérmal gradient resource and'possiblc nonelectic applica-
tions. A group of studies is planned to define the factors affecting'
the use of the deep, low-temperature geochermal‘fesources typical of the
Central and Eastern states. These studies would be completed in'the"
1978-1979 time period. If these studies indicate that these applica-

tions are promising, then feasibility experiments would be initiated.

Near normal gradient dev¢10phent would draw heavily upon the drill-

ing, well stimulafion, and utilization technology developed as a part of

the “hydrothefmal" and hot dry rock developments.

Magma Resources

Problems

Magma (hot, liquid or partly—liﬁuid rock) lies bene%éh the entire
cruét'bf the earéh, starting at 20 to 50 km (66,000 to 164,000 ft) depth
aﬁd_extending downwgrd. These depthé are too great for economic utili-
zation. In some afeas however, magma exists closer to the surface, even
"~ at the surface.in active volcanoes, for example. This near-surface
magma potentially could supply a gréat.deal'of geothermal energy. The'
témperature is Qery high (650°;1500°C) and the volume of magma very
large. No techniqges are known, however, for converting this energy
into usefu} forms in commercial quantities. Because of the magnitude of
the technical difficuities, it is not expected that magma energy utili--
zation can reach the pilot plant stage before the 1990‘5. This will be

constantly evaluated as new technologies emerge.

I11-22

Stk

P it AT ek s B Y B2

 ——




Implementation Plan ] l .

Long-term research and studies on magma 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 problems associated with the utilization of magma

resources are better defined.

Utilization Plan

The transfer to the private sector of the technology developed
under this program area Qill be accomplished primafily by encouraging
the industry's active patticipatioh in its developmené. The breadth of
the program rgquires the support of industry, universities, non—profit
organization and government laboratdries. Much of the work will be '
contracted. In addition, data on the developments will be disseminated
through the preparation of technical material for professional and
specia}ized journals of the varibus,iﬁterest groups. Research results
will be made available through information systems, educational insti-
tutiops,'workshops, and symposia, -

As thg technology developmcpts.associatediwith each of the various
resources reach appropriate levels of maturity, joint gﬁvernment/indus—
try constructed pilot and 4emoﬁstration plants will be utilized to

-establish user confidence in the econdmic viability of the commercial

application of geothermal energy. These planfs will provide "hands-on" '

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

introducing geothermal energy utilization to regions of large potential.
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INSTITUTIONAL DEVELOPMENT
Objective

The objective of the Institutional DLvelopment area is to enhance
the potential for early, commerc1al exploitation of the resource in an
environmentally acceptable manner through development of national policy,
incentives and institutional relationships.

Problems

In addition to the technical barriers described, there are.major
- institutional barriers to the grdwth in the commercial uti;ization of.
geothermal energy that need to be resolved. Much of the geothermal
resource is located 6n federal land. ' The prdgress in leasing of these
iFederal lands, as prov:ded for in the Geothcrmal Steam Act of 1970,
has been slow. lhe flrst competltlve leases became effective August 1,
'1974. The first noncompetitive lease had an effective date of February
1, 197s. The processing of leases has accelerated‘cons;derably over the
past few months. The industrial response to the-leasing program has
.bé;n disappointing in that no bids have been received on some competi-
tive lands and appiicapiong have been disallowed or withdrawn on non-
competitive lands. ' . t
Because of the many technical uncertainties currently associated
' with the utilizafion of geothermai energy, its development is viewed
“as a high risk ventuxe._ As a result, most industrial in&éstmenc to
.date has been limited to the development of the high temperature hydro—
thermal resources. This is reflected in the leasing activities. The
investmenp‘in geothérmal development is further retarded by the lack
-of économic parity between the development of geothermal energy énd
the industrial development of other energy resources (e.g., coal,

"uranium, o0il, gas, etc.). One of the key disincentives ma& be the
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‘inequity jn tax treaLment with rcspect to the write~ off of intangible
drilling costs and the deplctlon a]lowance.

Geothermal deve]opment a]so has been slowed by the lack of en—
vironmental data, technology, and standards necessary for environ-
mental app%oval. These problems are being addressed in the technﬁ;ogy
development program. However, the environmental approval and permit-
ting process also'is slowed by the lengthy, complex, and often fncon-
'sistént-rules, laws and regulations at the local, sfate, and Federal:
levels of governments. The overlap of juyisdiction,of the responsible
agencies furthef compcunds the approval process.

Tﬁere~are many other institutional factors that act as disincen-
tives to geothermal dcvelopman including issues relatlve to tax treat-—
ment; leasing policies; patent rights; and, utility regulatory prac-

.tices.

Implementation Plan

The current Federal program in'institdtional Development includes
-the ;mplementation.éﬁﬂ 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 reséarch attivity is included for the evaluation of
'vapious alternatives associated with policy, issués, or barriers, af-
fecting the implementation of the Geothermal Energy Program. In addi-=
.tion to these activities, the Federal Government is establishing insti-
tutional relationships between the inleved ageﬁcies at the Féderal
level of Government‘to provide a forum for the coordinated resolution

of policy related issues,’
Leasing - This activity provides for the implemenratiOn and ad-

ministration of the pxogmnm to leasc Federal 1dnds for geothermal ex-

ploraLlun and development as authorized by the GcoLhelmal Steam Act of
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1970.

This program is administered by’ the Department of Interior and is

supported by the United States Forest Service. The activities included

in. this effort include:

the establishment of "Known Geothermal Resources.Aréas' (KGRA'S)

the scheduling of areas to be leased and the preparation of
environmental assessment veports (EAR's) and/orx env110nmental
impact statements (EIS's)

the processing of competitive blds as well as noncompetltlve

appllcatlons

.the administration of the lease operations by the USGS.

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

act1v1ty in esLabllshlng leasing prlorltxes. Lea51ng rates recenLly

have been established to minimize 'backlogging' of appllcatlons to

assure the availability of federal lands for industrial exploration and

development.

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

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

Guéranty Program is provided to encourage commercial production of

energy from geothermal Tresources.

The Guaranty Program is designed ta

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

.such lenders to qualified borrowers

the determination and eval

the purpose of:

.cion of the resource base,

reservoir development projects,

"research and developmenL w1th respect to extraction and
utllization technologics,

acquiring rights in geothermal resources,

development, construction and operation of facilities for the
demonstration or commercial production of cncrgy from geo-

thermal resources.
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However, the Loan Guaranty ?rogram may be used for projects with an
_early potential for producing income rather than for research and devel-
opment. Inquiries received to date indicate most applications will have
the purpose of drilling test wells to prove reservoir ﬁotenfial and for
.field development. It is expected that future applications will also
. include the development of utilizatidn plants once the planned demon-
stration projects have been completed.

" The proposed rogulatlons for the Loan Cualanty Program will be
* published ln the Federal Register. A final regulation is planned to
be published early in 1976. | '

Geothermal Resource C]earlnghouses - The establishment and support

of geothermal resource clearinghouses at the state level as authorized
in Section 104(a)(ll) of PL 93-410, is belng considered. These clear- .
inghouses eould serve to: (1) provide geothermal resource develobers'
with information with respect to applicable local, state and federal
laws, rules and regulaeions, (2) coordinate the processing of permit
applicétions, impactlstatements, and other information which geothermal
‘;esource developers are required to provide, (3) and encourage uniformi--
t§ with respect to local and state laws, rules, and regelations with
respect to geothermal resources development. A .

The lmplementatlon of this program element w111 prov1de for ex-
ped1t1ng the environmental and permit approval process and will provide
a public forum for identifying problems that neecd to be addressed in the

-

program.

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 cconomic problems.associated

with geothermal development (both locally and regionally) for the
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purposc of developing policy and providing a framework of policy al-
ternatives for commercial utilization of geothermal resources.

" Many such institutional barfier§ already have been identified that
need resolution. These barriers include considerations relative to the
~ leasing program, the environmental approval process, patent rightsiénd
‘ financial incentives.‘ This program activity provides for the -conduct of

special studies and analyses relative to these types of problems.

Utilization Plan

" The induétrial‘and public sectors will be'encoqraged'to contribute
to institutional development and Eolicy.analysis activities through
'their partiéibation in speciai panels or working groups and.through
workshops and éymposia. Data and reports will be made available through

normal information dissemination. processes.
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SECTION 1V
PROGRAM COORDINATION AND MANAGEMENT{

‘ ERDA, under the gencral provisions of the Energy Reorgan}zation Act
of 1974 (Public Law 93-438), will manage the major portion of .the
Feéderal Geothermal Energy Research Development and Demonstration Pro-
gram,* It will promoce'coordinatiqn of its acfivities with those of
other Federal agencies. ERDA will establish and conduct an RD&D program
that addresses all technologies applicablé to the development of the
'géothermal resoufces contained within the United States, and will seek
the assistance of private institﬁtioﬁs, 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 geothermal energy utilization
within the United States. ERDA will disseminate the sbientific, tech-
‘ﬁical, economic, and'inétitﬁtionél’information.acquired in the geo-
thermal energy pfogrgm aﬁd will promote the free interchange of ideas in
pursuit of scientific and industrial progress and public-understénding

of/geothefmal 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
programs with respect to all energy sources, (2) encouraging and
conducting research and development, including demonstration of com-

-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 research,
(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=
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, .(L0) helping to assure -an adequate man-—
powver supply for energy RD&D, and (11) encouraging and conducting R&D
in clean and rencwable energy sources. :



require that industry be eﬁd@htdgéd-totaCCOmpltgh its own ﬁ&D; partici-
pate in joint projects with the lFederal GoQErﬁment, and Introduce new
geothermal technoloyies when .they appear to bc‘cummerciplly viable, The
Federal, progrﬂm will be continually vevicwed to identify those activi-
ties which are no lenger approprlate candldﬁtub for government support

and for which industry is ¢apable of taklng the lead
ERDA ‘MANAGEMENT ORGANIZATION

) Within ERDA, fesponsibilities ﬁor'geothermal energy develquenc aré
centered in the Division of Geéchermal Energy under‘the &s;igbant
Administrator for Solar, Geothermal and Advaﬁtéd Fnergy Systéﬁs (see
Figure 'IV-1}).. The ERDA D:v1510n of GeoLherma] Energy provides manage-
ment for the determlndtlon and evaluation of resource availability, for
the development.and utilization of geﬂthermal energy, .for resea;ch and
development of geothermal technologies to improve system perfermance and
~economic viability, £or'dem0n§tration of new engineering approaches and
7-system capability and feliﬁbilfty} and for implementation of programs of
data aiSseminﬁtidn to éupﬁart qidespread commercial use of geothermal
encrgy. The Division adminiﬁters the Geothermal,Loan‘Guananﬁy Program,
designed to make capital:frgm priQ&Ee.lending agencies available for the: -
support of those acbivities'critical to geothéémal development:"
. ‘The ERDA Division of Geothermal Energy is-organized into three
technical officés and an admlnlstratlve offlce This.st%GCture.is_Ehéwn

in F1gure Iv-2,

‘PRIVATE SECTOR PARTICIPATION

The success of a national gecthermal eﬂergy‘deVEIOPmPnt effort deﬁends
not only on the successful conduct of the. research, dcvelopment and demon—.
‘stration prqjegté, but on the integration of geothermal Lechnolcgy into

the national etonomy om 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 buéiness entities, privaté oréanizations,‘and'institutions to help
develop the guidelines, criteria and speéifications that the program
"will require in order to prqduce those technological and institutional
developments needed to accelerate the utilization of geothermal éhergy.
Throughout. the program, careful aLLcntlon will be paid to the needs of
small business, espec:nlly 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 program. ERDA will seek to design ap- '
ﬁroaches and select participants for specificAprojects in a manner that
will ensure‘the early and cohtinuing participation of those segﬁents of
the ecoromy whose acceptance of geothermal Lechnology will be essential

to its general adoptlon

'SfECIFIC RELATIONSHIPS BETWEEN ERDA AND OTHER FEDERAL AGENCIES

i/ ' o

The Energy Reorganizatiop Act of 1974 (PL<93—438),'specifies'that
the Administrator of ERDA "...shall utilize, with their consent, to the
?ullest extent he detcrm{ngs 9dyi§ab%ei”the ﬁechnical'Snd management:
~ capabilities of other executive agencies having facilities, personnei{
or other resources which can assist -or advaﬁﬁagdousiy bé:e%pandcd to
assist in carrying out (ERDA's) reopon31b11111es ' )

_ In order to coordinate these activities ERDA is considering the
formation of a Geothermal Advisory Council w1th-rcprcsentat10n from
the Federal Energy Administration, National'Science.Foundation, En-
vironmental Protection Agency, Department of the Interior, Department
of the Treasury, the National Aeronautics $nd Space Administrafion
.ana other cognizant agencies. This Council wduld advise ERDA on carrying
out the policy énd functions previously assigned to the Ceothermél

Energy Coordination and Management project under Public lLaw 93-410.
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Additionally, the Interagency Panel on Geothermal Fnergy Research (1PCER)
may continue in operation providing Qorking level coordination among all

Federal agéncies involved in, geothermal related- activities.
STATE AND LOCAL GOVERRNMENT

ERDA, tHrOugh the Division of Geothermal Energy, the Office of
Industry, State, and Local Government Relations and other appropriaﬁe
Federal agencies, and in cooperation with non-Federal entities, shall
establish programs thét'will encourage the states to establish and
maintain geothermal resources clearinghouses, whicb 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 ip locél and state 1aws; rules and regu-
lations with'respect'to geothermal deyelopment.
ERDA will also develop a plan that will encourage indi&idﬁal com-
muni;é acceptance of geothermal energy and that will guard against ad-
verse impact on'a_COmﬁunity in the immediate locality of a geothermal

development activity.
UﬁIVERSITY AND NON-PROFIT INSTITUTIONS PARTICIPATION

Universities and, where appropriate, private non-profit igstitu—
tions through the normal_réquest—for-prbposal‘méchanism, will partici-.
pate in the research, dévelopment, 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 ﬁpprOPriatc professiéﬁnl societies and-industrial associations
Qill be solicited to support tﬁc'program through syﬁposia, technical
meetings, technical and consumer infdrmaiiontdissemination, 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 _
MAJOR TSSUES AND THELR POTENTIAL TMPACTS

- The development of a new industry in this country dependé on the
interaction of many uqtivities incluQing the perception of a necd, the
cncﬁtion of a concept ty satisfy the nﬁed,'thc technological development
required to transform the.cbncept into a feasible process, system or
product, the ability to commercialize the'prpcess through appropriate
marketing, sales and service functions and, of course, financing the ‘
entire venture. Traditionally, private industry assumes the initiaéivé
for these activities. Under normal circumstances, the Governménc‘s role
. involves protection of the public interest and the maintenance of a
political, social and economic environment which allows pfivate enter-
prise to pursue appropriate opportunities. Because_of the national
ponbern with the energy problem ERDA, in collaborétion with cognizant
Federal agencies, is examining the role of the Federal government with
rgspgﬁt to energy development generally and development of geothermaL
feso@rces 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.gedtherhal industry in this country ié faced with technical
and economic uncertainties which have a significant impact on the
rate of exploitation and utilization,

In electric power generation, for example, key technical uncer-
tainfies which affecp the rate of development include: (a) reliable
. information aBout 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 provén

technology to cxploit the more abundant resource types.
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Technicai uncerﬁaintiés create cconomic difficulties because
the lack of reliable, quant%?ative information about the geothermal
resource poses a serious obé@acle to the willingness'of industry and
the financial community to commit capital.tb'the development of geo-
thermal resources. Absence of pfoVen, relighle technology for explora-
tion, veservolir definition; ficld development, conversion and vtiliza-.
tion of most forms of geothermal 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 produétion of 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 thcﬁ impacg geochermal
" 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‘thé needed capital due to the
'higﬁ risk associated with achievemeﬁt of ultimate profitabili;y. Further-
mére, even if'a‘geothérmal.developﬁenﬁ venture were to be profitable,
unac¢éptably long times may be involved in realizing monetary returns on
investment. Time delays arising from Federal, state and local juris-
diEtional requiremehts for lease processing and_environmental'aséessments
. also contribute to increased capital requiréments. State public utilities
commissions differ widely in their policies cpncerning»the.am0unt of
 devclopment expenditure whicﬁ will be allowable in the estaﬁlishing of
the utility's rate baéc. . Thus, a singular approach to solving capital
problems may not be appropriate. . s

Nonelectric applications of‘geothermal energy for space.heating
and industrial process heaﬁ may show considerable promise for reducing
reliance on scarce nonrciiewable resources. With the exception of long
distance transmission nceds, and allowable devclopment costs on which

to establish a rate base, the previous discussion of technical
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uncertainties and related economic and institutional issues for geo-

.thermal electric dppllcaLJons applies also to nonelectric applications.

However, based upon the prcmlsc that geothermal energy utilization
contributes to the national welfare, it is reasonable to explore the-
exteﬁt to whic¢h the risks of development should be borne by the devel-
oper, the utility, the bcneficiaries of the power and the Federal

Government.
FEDERAL. APPROACH TO REDUCING UNCERTAINTIES

The Eederal Government is actively engaged in a research and
development program to help assure thét.appropriate technology is
available for industry use in the development of geéthermal resoutces:
The Federal Government 1is dctermining to what extent addifional incen-
tives may be useful in helping to insure fhat industry uses the avail~
~able appropriate technology. The precediﬂg discussion has indicated
~that risks and uncertainties tend to dlscourage 1ndustry from making
th? necessary investments whlch could result in harnéssing this poten-
tially significant resource for the benefit of the U.S. economy by the
year 2000. Increased capital availability and investment is necessary
15 order to achieve'this result. An importsnt step towards this end
is the 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 iscenfiﬁés tend to
reduce .capital requirements while favorable regulatory procedures tend
to reduce the time“to.recqvcry of.investcd capital.

ERDA believes that the institutional, .environmental, and legal
issues will be extremely important in determining the rate of geo-

thermal development.
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FINANCIAL INCENTIVES

The range of possible federal policies with respect to financial
incentives that may have Qignificant impact on capital formation in--
cludeshloan guaranties, tax incentives, and direct subsidiés. Of these,
only the loan guuranpy is at present a part of the ERDA geothermal
program. Other future incentives may take the form of depletion al-

- Yowances, a reservoir investment indemnity program, allowance to wfite;
off intahgible drilling costs against income, 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 developmént. ~The precise impécc~
of theseiinbgntives is not clear. Their implementation would be likely
to favor capital accumulation and accelerate dévelopmenx. However,
detailed stbdies-wilL establish quantitatively the degree of acceleré—
tion and ultimate enérgy price as well as the associated costs of theése
options. This data_céuld be used to define the optimum mix.of incentive
options. )

/

' REGULATORY PROCEDURES’

The major regulatory and institutional procedures affecting capital
‘formaticn and‘raEe of industrial development include leasing. policy and
‘prdcedures, envirbnmen;al 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 Jands without
regard to subsequent reclassification as KGRA after the
closce of the filing period; ’ )

(2) raisiug of the acreage limitation on federal leases, and

(3) additional provisions and penaltics for lease termination
resulting from inadequate exploracion activities,

V-4

LY St i

A,

N e et Goearaeb s

-




These issues heve important implications. For example, at the
present time, if a discovery is made on privafe, state or federal
KGRA lands near unleased federal non-kGRA lands, then the adjacent non-
KGRA lands would be reclassified; lease "applications on file would be
rejected, and luaé}ng delayed because all leases would be obtained
.'through competitive bids. Chenging this procedure according to Item
(1), above, would undoubteédly stimulate more exploration but could .
Tesult in disposal_of_publie'resources to industry at less than true
value. Also, any increase in acreage iﬁcreases 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 géothermal development could result in adverse environ-
mental impaces. As a resualt, careful planmning and proper use of control,
/technology is required to reducé these impacte to an acceptable level
" from a regulatory ‘as well as from an aesthetic point of view. Environ-
mental assessments and 1mpact statements are required to 1nd1cate how
environmental control can best be accomplished. These are time con-
suming and tostly to prepare and. involve obteining concurrence or ap-
provals fof-operations from multiple federal, state and local government
agencies. ' 4 ' '

Key environmental issuee include whether there should be greatef
‘cooraination and standardization of reporting and public hearing pre—
ceeures while maintaining separate decision authcrities for the,multi—
plicity -of Jurlsdlctlons which may be involved. Consideration could
also be glven to separate cnv1ronmcntal assessment requlrements for
exploration in contrast to devclopment and utilization activities,

These issues, as thOSGAaSSOCldLQd with leasing, are being carefully

examined from 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 developmenc.' Streamlining of pro-
cedures for granting leases and permits and for preparing envirommental
assessments may reduce both cost and time -to achieve commercial opera-
tions, thereby reducing capitai réquirements for exploration and devel-
opment. ‘ o ' '

In the areé of pétedt and proprietary data rights, it is desirable
to strike a propér balance between satisfying those industries that re-
ceive governﬁent funding to.provide commercial level development of
necessary technologigs; and preserving public interest in the form of
providing for government pakent and'data rights from the technology
developed with public funds. Thé Federal Nonnuclear Energy Research and
Demonstration Act of 1974 permits the Administrator of ERbA to waive

_title to inventions at the time of contracting. ?rudenc application of
the waiver policy might stimulate particibation of these firms without
proliferating private rights to technologies deveioped at public expense.
Suitable guidelines for granting these waivers should be developed
to achieve a prbper balance between the general pullic interest and‘

support to industry development.

Policy Research

The geothermal program will explicitly address these and related
dssues in order to assess the costs and impaccé_as they apply to the
public and to ﬁhe industry on a regional aﬁd National basis. Key'to the
analysis of these institutional, financial and techﬁological options aﬁd
issues will be the development and applicacion of cost-benefit studies.
These studies would integrate technological, environmental and socio-
ecoﬁomjc data. The.resu]ts of these studies would then form a basis for
.evaluation undidccision—making regarding the technical RSD program as
well as the manner and extent to which the Federal Government should

support the development of a geothermal industry.
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ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION
ERDA MANUAL -

RALSESIATE ACTIOR RIRECTIVE

ERDA 1AD NO.: 8000-1 7 L November 19, 1975
: 3 R S ST o
SUBJSCT: ESTABLISHMENT OF ERDAZPROGRAMAPPROVAL ‘SYSTEW

t

Purpose: This Directive establishes the ERDA Program Approval System and
describes the policy and management process for obtaining approval to
execute major research and development programs.

Definition: The ERDA Program is implemented (and documented) through a
series of agreements between various organizational entities. The Program
Approval Document (PAD) is the top level document in the series. A PAD
documents program agreements between the Administrator/Deputy Administrator
and a Program Assistant Administrator governing the execution of programs
included in agency budgets and planning documents, These agreements set
forth the essential elements of fhe plan for program execution,- state the
Tésources that will be committed to accomplishing the objectives, and list
the schedule and milestones for evaluation of the results against what

was planned, -

The PAD serves as an instrument of the Administrator/Deputy Administrator
to provide definition, control and approval of programs. It is the docu-
ment through which the Administrator/Deputy Administrator:

- approves program execution, -including annual operating -plans
- for specific programs; i

,»::f‘éstablishes'the'controISjwhich;goberﬁ‘implementation by the
- -operating elements -and prescribes- the control limits requiring

review, and approval by .the. Administrator/Deputy Administrator,

‘- establishes the milestones or other means for. management ~

LTI Creview considered essential to control the program and ;-

prescribes the. framework for timely reporting against _
those milestores,. < . .. ... . - ‘ -

'AfRﬁD wilf7ﬁé prep&red by the éogﬁizant Ptdgram Assistant
" ‘Administrator.for approva¥ by the Administrator/Deputy Administrator for each

“d;.h’eygmént of the agency-swride; coding: structure. identified in Attachment A,
" TAdditional elements of our’ structure may be added as the PAD system evolves
" i-.-and matures.: - - C-on ;o : : .

SRR ;_«"Published: in advance of incorporation in-
o - - - ot - A7 .f ~e A":r'\
‘ERDA Manual _¥2U™0

<
Fi_léand-retain in Manual-until superseded.
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http://Adminis.tr.ator/Deputy

November 19, 1975

The PAD's will be prepared Ain accordance w1th Attachment B which provides
ceneral instructioms for preparatlon ‘The FY 1976 PAD's will be submitted
in accordance w1th Attachment C IICRE

In future years when_thé"Program Appfoval System is fully operational, the

PAD's will be updated annually, and beginning with FY 1977, will be submitted
for approval three months prior to the beginning of the new fiscal year. .
The PAD will be prepared -assuming congressional approval of the agency budget
request. The lack of f1na1 congress1onal ‘action on the budget request prior

to PAD preparation and subm1851on should present no major problem except
possibly for new starts or progran ‘additions. - The PAD will be revised, as
required,. to reflect the nnpact of any budget dec151ons on the program..

: ;&, N A,,;.“', :n ST

Compatibility: Thls Dlrectlve prescrlbes the pol1cy and management process

for obtaining Administrator/Deputy Administrator approval to execute programs
defined and approved in the planning and budgeting process, The emphasis is
on near-term operational planning, current resource requirements and near-
term milestones in program execution. The documentation to be used by the
Program Assistant Administrators and their suborganizational elements is not
being specifically prescribed by this issuance, Many different management
documentation techniques are currently being used in the management of the
diverse ERDA program. As long as these documentation systems are compatible
with the agency-wide Program Approval System and feed in a natural way into
the PAD and PAD reporting system, and are consistent with agency management
objectives, no changes in these systems are being proposed in connection
with this IAD. At some point in the future, it may become desirable to
specify a more neaily uniform agency-wide documentation system.

Responsibilities: The Program Assistant Administrators are responsible for

. coordination. and approval process, and is respon31b1e for o"erall adm1n15-7
N tratlon of the system : ' .

X he A551st 324 AdmlnlstraLor forr&dminlstratlon is- respon51b1e for developlng_..;~

‘1nAthe approved PAD ST

“the preparatlon and submission of their respective PAD's and review of other - - -
3Act1v1ty PAD's,-as required.  Also thiey’ are -responsible for reporting periodi- - .

cally to“"the Admlnlstrator/Deputy Administrator -actual~accomplishments-against . -

: the mllestones and undeerandlnﬂs contalned in the1r approved PAD s . ES
The Controller is’ respon31b1e for developlng and 1mp1ement1ng the ERDA. =£~;” :
Progran Approval- System . Jlthxn.the Office_of the ControlIer, “the: Offxce of - T

: Program Approval -and Control- wikt. coordinate this effort .and. is respon31b1e,_.‘j_:§i
.for providing .assistance- in the preparatlon of PAD' 's,; -will supervise- the f?':?'fﬂﬁ‘

-~ DA,

reportlng procecures for_ the montﬁly status reviews and other information , . T
processes which will be agalnst the mlleqtones and‘understand1ngs contaxned S




November 19, 1G7%
The As51stant Admlnlstrator for Plannlng and Analysis, in conjunction

. with the Controller, is responsiblé for establishing planning factors,

! and standards for such related data and information .which is to be
incorporated into a PAD, This includes review and concurrence of PAD's
to assure consistency with agency-wide planning processes, goals and
documentatlon as well as w1th indices used to measure a program 's
effect;.veness° oo » -

: The ASSlStant Admlnlstrator for Env1ronment and Safety is responsible
) : for rev1ew1ng all PAD's from tne standpoxnt of env1ronment and safety, .

- ;'_‘. 4..

The Dlrector,_Offlce of Publlc Affalrs, 'will advise Program Assistant
Admlnlstrators on the formulatlon of publlc awareneSb/techno ogy transfer

programso

Submission: "PAD's ;ha'PAD revisions will be prepared by the cognizant
 Program Assistant Administrator. They will be circulated for comment
to all otner Program Assistant Administrators and the Assistant Admin-
istrator for Laboratory and Field Coordination, Assistant Administrator
for Administration, Assistant. Administrator for Planning and Analysis,
_General ‘Counsel, the Controller, Office of Public Affairs and the Office
.of Industry and State and Local Relatioas in all cases, and
to other Headquarters Offices by exceptior whenever their responsibilities
are involved. Five working days should be allowed for .comments. The
\ " Office of Program Approval and Control will assist in the coordination
process by serving as a central distribution and collection point, setting
schedules for review and coordinating the resolution of problems that may

arise.,

Upon resolurion of comments the PAD will be submitted by the cognlzant

. PR

ST "Pregran Assistant Administrator -to the Administrator/Deputy Administrator
.. - for approval. The corments received aurlno the. coordlnatlon phase will
accompany the fornal subm1551on. A : S LT 2. c

. “For this 1n1t1al year, SUDmlttalS ‘will be - 1n accordénce w1th ‘the_ schedule
4T = contained in Attachment .C. 1In. future” years, the Controller’ Wikl issue a® -7 -
w“;-icoordlnat:ed annual PAJ Call whlch wlll contaln thc scnedule for submlttal :

Regortlng'_ Status renortlng is. an 1nt60ral part of Lhe svstem.' The primary“"
‘status reporting ‘mechanfsm_is. .the montnly status Treviews, - Statué reportlng 5.;;;
at“these reviews will beé. against the nllestones and’ unaerstandlngs contained
Spec1flc reportlng rcqulrements.and format are bc1ng

tne approved PAU ST
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developed bv the A551stant Adﬁlnlstrator for Administration. The Controller
will be respon51ble for -keeping the Administrator/Deputy Administrator
currently 1nformed on the status of PAD preparation and ‘approval schedules.

RS w‘n

System.Evolution: “It is. v1tally important to ERDA to install qu1cL1y
basic management system elements that will aid in achieving and sustainirg

“excellence in program management. . The Program Approval System is considered
”“to -be .a basic:and requisite element of ‘any management system. It is for

' that reason ¥e .are installing ;now the Program Approval System even before
all elements -of 1utotal nanagement svstem are defined. However, we are .

'” ‘mindful thut‘lt is abqolutely .necessary to integrate elements into a

-

“along with the PAD, ‘and it is this document that will actually be signed and

&- 4
5ExeLLL1Ve umeagz

. coherent s"stem at " an arly. date. ~

-An ExécdﬁivéﬂSummary of each PAD will be prepared by the
cognizant Program-Assistant Administratcr. This PAD summary will be submitted

aoproved,bv the Adnwnlstrator. - The summary will te limited to approximately
“five pazes or less and will embody the essence of the PAD. It will summarize
the. program scope and cbjectives, major milestones and schedules, funding,
repregramming ‘authority and limitations, Administrater controlled items,

‘manzgement appreach, and any special key consideraticns (e.g. environmental,

sublic zwareness, commercizlization, or otner pelicy aspects). (/w—~~n

e <

S A S G S

Rohert C. Seamans, Jr.

Administrater

Atrachments:
A. Required Program Approval Documents < - < ST T .- T L
B. Guidelines-for Preparation of PAD 'w, e e :

2. Planning SQthpL. F{ 9/h PAD Approval et AL e T e 'A;
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.REQUIRED PROGRAM APPROVAL DOCUMENTS

~ - N B

.o : - ‘ =" 7 ‘Number

- - K LRI

~~TCoal -
i< Petroleum and Natural Gas
» 0il Shale - '-- S

W
, ‘

iSolar Geothermal and Advanced Enerov Slstems Development - .

--Solar Energy Development e

Geothermal Energy Development o

Physical* Research. -“-': " . £ . 3

.-Fusion ower Research and Development : ;-
) - T Total

H
Bl b

*‘Conservatlon Research and Development
Transportation Energy Conservation

f%- ' Interprogram Applications
Electric Energy Systems
-~ *" ' Buildings Conservation
N , Conservation in Industry

"~ 7 Conservation Research and Technology

PR L . _ .+ Total

Lo P N S R g AP

Nuclear Energy Development
Fission Power Reactor Development:
Liquid Metal Fast Breed Reactor
Technology Program, Reactor Safety
and Advanced Fuels 1
Clinch River Breeder Reactor Project ) 1
. GCFR and MSBR-Technology and Safety (Breeder
- - Reactors) '
Light Water Breeder Reactor Program .
-Thermal Reactors - Technology ana Safety
Naval Reactor Developnent e
""Space Nuclear Systens T "',
Nuclear-Fuel Cvcle Productlon.

Natlonal Securlgy
Weapons Acc1v%££esf
Laser~hpplidatiéhi
Nuc]ear acenlals

Env1ronnental and Sare:y Reseakch TR
“Bismedical and Env1ronmental Research .
Operatlonal ﬁaxet'-v" :




"more general. way.

{n,DbD Plan,‘there.ls o need. Lo repeat them ln the PAD Co el

- if the use of CraSSlfled naterlal candot-be- ‘avoided the™ -dodument. must"be :
‘approprlately cla551f1ed or the use of a c13551r1ed SLpplement may be con51dered

27 f‘ o § November 1G, 1975

i “This attachment contains a general descr«ptlon of the information to be
1nc1uded in a PAD.' All PAD's will have some common elements; on the other
handy, certaln elements may be unique to a particular program. Where specific
’elements of’ the 111ustrated format are not. applicable to a glven program,
the t1tle “of -the* ‘element will be followed with a notation of "not applicable.’
Where addltlonalrlnformatlon is required which does not logically fall within
the format” capt1ons audltlonal raptlons may be used.

The PAD :is'nott.the” place ‘for Justlflcatlon of approach or historical back-
ground “The “PAD should be.addressed to program content and essential elements
of the plan for ‘execution and should emphasize the management and programmatic

‘"aspects of theﬁprogram'rather than technical information. Because this document

serves as an agreement between the Administrator/Deputy Administrator and a
Program Assistant Administrator, its content should be limited to that level of
information requiring the agreement of the Administrator/Deputy Administrator
before it may be changed. Statements should be clear and concise and verbiage

should be kept to a minimum.

Material should be presented in a way that the Administrator and Deputy
Administrator can readily see the impact of their decisions on the program.
The use of network, flow diagrams, graphic displays and charts is encouraged.
For Advance Research and Supporting Technology Programs, networking may not be
feasible; therefore, words may be used to describe the program content. Be
consistent in the use of program and program element titles and in the use of
such terms as goals, objectives, strategies, and priorities. Acronyms should
be explained and graphical symbols footnoted. .

key. milestones and events should be laid out in the Prograun

Decision points,
Activity Schedule. Detailed information will be ‘available only for 'the initial

increments- -of work and subsequent increments. w111 have._to be- presented in a K.,;

anﬁual updates of the PAD

Redundancy should be—av01ded ' For'example ~since programaand subprogram'
objectives and. program. strategy areclncluded 1n~Volum° (2% of-the Natlonal Energy

The PAD should ‘be-an- unc13551f1ed dOCUmenL whenever p0551b1e

Yo LTS

- -

:‘The FY 1976 Budget”wrll~be-used as the ba51s for, the’ preparatlon of the
“FY~1976 "PAD's. -At. such.time -as "the: budget is emended; _the PAD s fpr the affected

': programs. w111 be- revrsed accordlngly.-; B ol

P2 e . oL % J e R TSN . Pty P
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PAD STPUCTUR AND r'O'\VI‘E\IT

£ o . foe

T1tle Captlon ' f:Z:e:~,;:;¢n_

,‘.'-; ERt

The follow1ng standard title caption will appear on the top center of
the flrstmpage of.all PAD's. N SO - '

7

-

‘Program Approval Document‘

Energy Research}and‘Developmeut Administration

r ) A4 K1

'fAct1v1ty Tltle (e. g., F05311 Energy Development or ;
SN Conservation Research and Developﬂent) .
Prograﬂ Tltle (erte Title 1n Caps)

1. . Program Eleuents: Spec1fy by tltle and Budoet and Reportlng Cla551f1cat10n
all elements covered by this DAD for example:

T“‘I’ [ B A

:l“

BA 00 Coal ) L e HD:0100 Buildings Conservation

BA 01 Liquefaction oo ; 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 Community Systems

BA 05 Direct Combustion HD 0105 Appliances

BA 06 Fossil Energy Research HD 0106 Technology

BA 07 Demonstration Plants HD 0107 Dissemination and Transfer L

BA 08 Magnetohydrodynamics

2. Program Divisiom: Title of applicable ERDA program division (e.g., Coal
Conversion and Utilization or Reactor Research and Development Division). I1f
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

PR’ D1v151ons or Offlces 1nvolved 2-; ’ | - ’ - -

-3. Prograﬂ Planlr ThlS sectlon Wlll be structured as approprlate for the program
_1nvolvea aﬂd tallored to the-. partlcularfcharacterlstlcs-and needs of - the program.

Toward this- end»—and 48 an a1d Tl
nEFTF --decision p01nts,-maJor program_.,::
:Cth“S, key events and. mllest nes” should be conveved 1n networ Form: whenever T
possible..” Elaborateness should be commensurate w1th**ne na"pvtude ‘and CO"plCXlt” of
-tbéiprogranfm‘Results expected'from the«prcoram J(e.g .chads o; energy) can. best oe,

Jonﬂ—term tlme frames.' 2 A

hieviad 4 : *Lscai yee“ NG
'tarantee"success;~nowever eacb-- &

‘Stdte the.majol orog

'ious;j-_nc kev re 3
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e

bov- Managenent'?ian' Identlfy the responsibilities of all maJor participants
in. the management of the program. Identify the Field Offices, Laboratories, and
Energy Research Centers involved in the program and thelr areas of responsibility

: :in-support of the program. This can best be portrayed in the form of organiza-

. tion;charts and flow diagrams depicting the flow of responsibilities through

e . - the: organlzatlon together with the related. resources required, financial and

! "manpower,“for maJor act1v1t1es. ) A aﬁ

';wDeflne roles and respon51b111t1es of government and industry in mutually funded

W

;Descrlbe the 1nvolvement of and 1nterface w1th other agencies involved. Include
u-the scope of any work a531gned to other agenc1es for execution.

S et e

: S 2 A." Funding: Total ERDA funding will be identified in the following table.

; o o Summary of Resources Required

.t

(Dollars in Thousands)

.i! o : ~ TOTAL

o waretns oA seria iy T e rn s

o ‘ Current Transition AT
Funding Category | - Fiscal Year - Quarter COMPLETION
L
Obligs. | Costs Obligs. | Costs

i M.Y,'s|$ M.Y.'s|§ M.Y.'s|$ M.Y.'s|$S - IM.Y.'s| $
Operating Expenses
T (Detail by Sub- -
program)

: ) Plant and Capital = - ) R e Pk T

ST Equipment (obligs.)| - e "*1f1‘ S -

Tia. . .Equipment o R R
S 1. Construction Proj.| . .- S T

U AP RO ORI SRR
o T
'
’
]

i ) "Total at Comnletion ~reoresents the total fundlno (1nclud1ng prlor year LT
.. 7"~ funds) for discrete major programs w1th definable” end-point (e.g., Liquid = = - .=

..... e e et

Metal Fast “Breeder Reactor): F1ve year run- out fundlng detalls w]ll be
shown in, Attachment 2 of the PAD i,_d;.,,iu.;. - "~
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In addltlon to the summary resources table, curves dep1ct1ng the funding buildup
for maJor elements of the program (e g., major céontractor) w111 be displayed.
Uhere appllcable 1nclude tabulatlon of 1ndustry cost part1c1pat10n. _Identify
by flscal year and/or total for all years. :

Where'approprlate other agency fundlng should be dlsplayed in tabular form.
Funding in prior years, for the current year, total to completion and total
at. completlon should :be dlsplayed Co . '

el bR

: i B. MangoWer- -.Where manpower bu11d-up is a maJor management concern,
! curve-or table showing program manpower buildup for each major element of the
i program- to program completlon or for the next. five years beyond the current
year: w111 be 1nc1uded.._ e e e . ok

F P T

w,»". Lyl s

. . 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 may include
any special considerations appropriate for additional discussion and may be
structured as appropriate for the program. These considerations could include
such items as: special environmental considerations, public awareness consid-
erations, cooperative agreements with 1ndustry, etc., and special licensing
requ1rements and considerations.

ik

3

: Set forth the key assumptions with respect to commercialization. When appro-

i priate, identify the manner in which the program will ultimately be commexrcialized
and the steps that will be considered. Describe the type of demonstration
program and method of achieving as broad an approach to industry as possible.
Describe the incentives which should be considered 1nclud1ng possibility of loan
_-.guarantee, grants,. etc.. List the,constralnts which- exist’ toward commerc1allzat10n
"and describe the manner. in Uthh they may be allevrated~:. Sl e L

In the areas of ba51c research and advanced and- supportlng technolo ay

may be used for 1dent1fy1ng supplementary 1nformat10n (other than key mllestones)

evaluat1n° the status of the- proaram

:Attachnent 1:: Program “Activity Schedufe?

‘prehensive, tabular’ sunmary-of'maJor prooran nllestones, both technlcaI
and adnlnlstratlve,,w rt ‘

ured“as a log cal sequence of

1

TR LI CC O ST G JUE SIS
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o .~ "Volume 2:
.:*-.years, for the current year,

e R
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on and approval of technical and economic feasibility statements

© «! "Preparati
. ; o ,

‘.- Preparation and approval of environmental ‘impact statemen”s

%Progfam'and subprogram objectives
DRI Al o e . . . - .
3 Execution.dates of agreements with other agencies, state governments, - -

or .other.nations .: , R Sl
[ . L D : N . v -

SHig
»i FLy O I

o e “«

ecause of their significance, certain elements of the Program Activity Schedule:
twill.be. controlled by the Administrator and cannot be changed without his approval.
uld. be ‘used to identify those elements.
U T LTS -

i sérQé'és.the basis for- the preparation of the ERDA Annual
;Operating Plan which is a compilation of the ma jor programmatic results to be
«. achieved by each of the ERDA programs during the upcoming fiscal year.

W, .
R S

Attachment 2: Funding: The funds shown in this attachment are expressed in terms
* :.-of Budget Authority (BA) and Budget Outlays (BO). The funds shown in this attach-
" ‘ment must be consistent with the funds shown in the National Energy R,D&D Plan,
Program Implementation. The tabulation will show dollars for prior

for each of the next five years beyond the current
total to completion and total at completion (for those programs with’

" -definable end-point). Generally, the fuunding level displayed should-be one

- Jevel below the total funding level covered by the PAD.

. year,

" Attachment 3: Key Milestone History Chart: The intent of this chart is to provide

- 7a simplified history of the programs and subprograms with program changes,

"* accompanying explanations and costs. The current milestones on this chart must
agree with the key milestone chart of Attachment 1 of the PAD. The former

. milestones will be identified from the previous PAD's, the approval dates of

which are -shown on the .chart. B . -

_ Project quts‘which have been reported -in the PAD funding attachments will also

be tracked in the milestone history chart,. -Thosé’ projects whith"have~no€’idehtffiéd
individual- project costs.-in the funding ‘attachment -will not ‘be requiréd to report i
costs ih]this~charp.;.(Qgéfs'will be “totalfét?bombletion.") =t T LT

. 4Milestqnééf;fé‘éhbwﬁ:észﬁ,
_miles;@nqlplus‘ché-neg4sym
~the symbol. The feférence’ numbers’

" éhd:Will,Cb{fasbbﬁﬁczﬁtﬁhé?féﬁﬁiqhﬁ}iap?qﬁ;pbahge"wnumberf‘4--

T PR .- . R

~“Chgggg§;iq‘miieéfoHES{willgbe,shpwn.with the original D

561'ho&é¢?t6féfﬁé§faapéfandmé reference number alongside -
fSr:é@phiprpgrém:or-subprogréﬁ'dill'star;ﬂ§t¢-ﬁ;5

-
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(Dollars, Thousands)
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PROGRAM APPROVAL DOCUMENT D"" FEY
1y 22 %
YA E
FOR -

GEOSCIENCES TECHNOLOGY DEVELOPMENT

OVERVIEW SUMMARY

Jlow(_a_(\;gx-a/‘k %

"The greatest technical issue hindering the commercial use of

Introduction

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 will never become a viable

energy éource. A competitive geothermal industry will not develop:
bankers will be reluctant to lend capital for geothermal projects;
developers will be unable to explore systématically for geothermal
resources nor develop them quickly to their maximum potentiél; and
users will be cau;ious 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 és Larderello, Wairakei, and

- the Geysers are pointed to as eiamples 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 ;11 the time.

Goal

| Recogniziﬁg the importance of removing the uncertainty surrounding
teservoir productivity, the Division of Geothermal Energy is éreating '
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 geothe%mal reéources into reserves,

The economic impact of the program can be illustrated by a senmsitivity
analysis of the major cost factors affecting geothermal power. The
fesults of such an analysis by Bloomster are ahown in Tabie 1. Only
those -factors reducing the cost of powér by 10% or greater are includéd.-
Of the 8 cost factors 11§ted, 4 will be affected directly or indirectly
by the Geoscien;es Technology Program. The program will not only
create geotgermal 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 Sy 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 alternative.

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

Z reduction

% Change in Cost of Power
=50 31
40 20
+25 19
+50 17
-100. 16
-50 ' 14
~50 10
+100 10

*Factors influenced by Geosciences Technology Program
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environmentally acceptable. Of these, reliability is most important;

other considerations are immaterial 4{f the reservoir is not a prern

source of Extractable energy. .Reliability is thg outcome of predictability
which, in turn, implies a model. Hence the key to reaching the program's

goal is a model that can predit ¥eservoir performance and prodﬁctivity (i.e., Y
liability) over a long period. The economics of enetgy 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 Géosciénces Téchnology Program plan is the
consJZSEtion, testing, and verification of a geothermal reservoir model
or models. The major program elements are designed to support model develop-
ment. They supply tlie scientific and technical informatidp needed to build
and maintaiﬂ the models., .

The modeling elements of the program are: (1) Case Studies,.the compi-
lation of knowle&ge gained from past experience; (2) Reservoir Characteris-
tics, the de£ailed specification of those factors that determine or describe
rese;voir performance; and (3) Reservoir Production Theory, the
physical and chemical description of reservoir behavior,.

The plan also includes economic and environmental considerations
as a separéte 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 6f 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 1is



Figure 1. Major Functional Elements of the Geosciences Technology Program
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the unifying tie that binds the program. - :

Organization

To facilitate program 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 cbherence to the program plan. More
importantly they serve to focus ana éefine the program into manageable
units of increasing complexity.

The five elements of the Geosciences Technology program were previously
identified (Figure 1). They describe the érogram% goal orientation for
planning purposes, but they have a paséive 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 Geoscience; Technology Program, and they are

1

listed in Table 2 under their respective elements. The objectives and

N
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current status of the components are summarized below.

Table 2. - Working Components of the Geosciences Technology Program

I.

11.

III.

Iv.

Element

Case Studies

Reservoir Characteristics

Reservoir Production
Theory

Other Considerations

Production Strategies

Component

Case Studiés
Borehole Geophysics
Well Testing
Surface Geophysics
Mﬁterial Properties
Physical Processes
Geochemistry .
Ecoaniés
Environment

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 preéent

the Case Studies component has several subprograms, each devoted té the
examination of a particulér geothermal field. Work has begun to build

a data base for the following fields: Wairakei, New Zealand; Cerro Prieto, Mexi-
co; East Mesa, CA; Raft River, ID; of these the effort at Cerro Prieﬁo ;s the
most comprehensive and shou}d have the greatest impact on the remainder of

the program.)

Borehole Geophysice involves the taking and analysis o£ well logs.

Geotherpal well logging is one of the bést 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 légging instrumentation capable of withstanding the geothermal
environment; (3) improve interpretive techniques for analyzing well logs;

) bﬁild a geothermal well log data base. (Status: Theee 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 a’ testino methadnlasw.
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(3) improve interpretive techniques. (Status: Except for some overlap
from the Ge&thermal Logging Instrumentation subprogram, there are no

subprogra&s functioning under the.well testing component. Some project-
level activities are underway, but they have to b; 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 measuremenf techniques; (2) improve existing data interpretation
methods with greater emphasis on geothermal applicationms. (Status: The
component has not yet been totally definéd; a question remains as to thé
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 buil@ing a rock properties data base. (Status:

At present there are no formal subprograms under Material Properties.

1
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However, an instrumentation development effort underway for some time
at Terra Tek is nearing completion. The results of this work, especially
the rock méchanics 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 theéoretical 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 précesses.taking place in geothermal
systems and (2) simulate those processes such that reservoir behavior can
be reliably predicted. (Status: Subprogram planning has not yet been done.
Séveral projects, including wérk at LBL, S3, Princeton, and elsewhere have
involved reservoir modeling; tﬁey'shoula be critically examined in lighf

of the program'é 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 behaviof of dissolved gases. The component seeks to determine the
chemical intergctions 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 sﬁould 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 Econoﬁics component involves the proving of geothermal reserves
based on the 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 metﬁodology
would combine the economic aspects of reservoir ;erformance predictién 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 fhe'
objective of this component. The extent to which Economics is developed as an
independent program coﬁponent would depend on the applicability of the
work already done and scheduled to be doné.)

Environmental factors of a geologic nature that could imbede geothermal
energy development are included under the Environment component. This
component has the objective of minimizing or mitigating damage to.the
environment due to geologic hazards that might arise from geotherﬁal

reservoir production. Note the limitation to geologic hazards. Other

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 geosciences 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
which the brogram will be carried out. In order to function properiy,
.that framework must be tied together or integrated: the relationships
.between components should be well defined. This is the key to sound program
planning.

The integrated structure of the Geogciences Technology Progranm is
illustrated in Figure 2. Case Studies is the initial component, the.
bank of knowledge about how known geothermal reservoirs operate. Such
knowledge is useful, if not essential, to the other program components;
experience is the foundation on which new work c;n be based. Furthermore,
‘active case studies can be used as test sifes for products’ from other %
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 diétincti&n between components vanishes.

Although Case Studies can provide information of varying types to all
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
production: Borehole Geophysics, Well Teéting, Surfa;e Geophysics, Material
Properties, Geochemistry, (and Case Studies). This information becomes
ghelworking materials for building, testing, and verifying the general-purpose

reservoir model(s). The model(s) in turn feeds back results that influence

actdvitrdtae vwadas o - - -
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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 pwo other factors affecting those strategies, economics
and environment, also depen& 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.
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Figure 2. Geosciences Technoiogy Program Strucutre
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Program Management Structure

Figure 3.
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