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Deprtment of Energy
Washington, D.C. 20461

July 7, 1981

MEMORANDUM TO: Members, Budget and Planning Working Group
Interagency Geothermal Coordinating Council

FROM: Fred H. Abel, Chairman
Budget and Planning Working Group
Interagency Geothermal Coordinating Council

i *
SUBJECT: IGCC Annual Report to Congress

Enclosed 15 a copy of the final draft of the IGCC's Fifth Annual Report to
Congress. Please review it carefully. Call any correction (no rewrites
please) to Don Clements, 633-8820 or Fred Abel, 633-8814 by July 23, 198l.

Letters have been prepared for Mr. Tribble (Chairman of Council) to send
to IGCC agencies requesting the designation of Staff Committee members.

As soon as this is accomplished, a Staff Committee meeting will be called
to get approval of the report. You should be prepared to brief your Staff
Committee person on this report before the Staff Committee meeting.

The Staff Committee will then determine the appropriate way to get Council

approval of the reporte. // W
» ”//6/’1{:d He. Abel

Enclosure
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PREFACE

This is the Fifth Annual Report to Congress of the Interagency Geothermal
Coordinating Council (IGCC), a body established by Congress to facilitate
residential, industrial, commercial and utility sector use of geothermal energy.
This report describes progress during fiscal year 1980 (FY 80) for the Federal
Geothermal Program. In addition, it describes achievements in geothermal
development by state and local governments and, where available, by the private
sector.

The report also summarizes the goals, strategy, and plans that are the basis
for the FY 81 and FY 82 program activities and reflects the recent change in the
national policy affecting Federal research, development and demonstration
programs.

Although its Jegal mandate and primary purpose is to provide information
to the U.S. Congress, the report is also designed for use by the public.

It is the firm belief of the IGCC that geothermal energy is a clean, safe,
and economical source of power, and is one of the most promising alternatives to
conventional energy. Electric power | production from the higher quality
hydrothermal resources and direct heat applications from the lower quality
resources are technologically feasible today. Widespread geothermal power will
become increasingly available as research and development yield technologies
appropriate for electric power production from moderate temperature fluids,
dlscovery of new hydrothermal reservoirs, and economic extract:on of energy from
- geopressured and hot dry rock resources. ‘

Geothermal energy has the potential to expand quickly to meet near-term
domestic needs. By the year 2000, geothermal energy could contribute

significantly to the domestic and international energy supply.

‘ Chairman
Interagency Geothermal Coordinating Council
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« - ~EXECUTIVE SUMMARY - | - =7 o i o

- :Geothermal energy is the natural heat of the -earth, and can be tapped as.a
clean; safe, economical alternative source of -energy. Much of the geothermal.
energy resource is recoverable with current or near-current technology and could
make a significant contribution both to increasing domestic energy supplies and to
reducing the United Stat'es"dependence on irnborted oil..  Geothermal energy can:be ..
used- for electric power production, residential and commercial space heating and
cooling, industrial process heat, and agricultural process applicati ons.

‘l’hxs report descrnbes the progress for ﬁscal year 1980 (FY 80) of the;
Federal Geothermal Program. It also summarizes the goals, strategy, and plans.:
‘which. form -the basis for the FY 81 and FY.22 program activities and reflects the -
recent change in.national. policy - affecting Federal research, development and.
demonstration programs. ' e '

GOALS

The :Inte,ragency- .Geothermal Coordinating ‘Council (IGCC) believes - that . -
substantial progress can and will be made in;the."developmentv_of ; geotherrnal :
energy. There are no quantitative goals for the -"amoun,t of power to have on-line -

- for future ‘years, asv;this,will be ‘detverrni'ned not by direct‘Federal -‘actions 'to.get -
_ power?onfline, but by ‘the private sector-as it responds to rnarket forces. The IGCC-
~ goals focus on the removal of instittstional (including Federal regulations) barriers
that inhibit the private. sector and on research -and development that will: reduce.

cost and risk to the pnvate sector. eI R PR I e g

- ‘l'he .,IGCngoals~,are:~~. (1) reduce ',the institutional barri'ers'zsolthat;f:
geothermal projects can be on-line in one-half the_current tlme;:l(Z)imake -moderate -
temperature resources an economically competitive source of electricity; (3) -

" remove the backlog of noncompetitive lease applications; (4) competltive lease all
K GRA lands; and (5) cut the cost of hydrothermal technology by 25%.

xi”




The IGCC has developed estimates of production potential that provide a
basis for framing the Federal program. The estimated productioh potential is well
within the private sector's capability, taking into consideration the amount of
capital, material, skilled Jabor and geothermal resources required. However, the
amount ' of geothermal- energy "acfually obtained will depend -on comparative
economics and the degree of ri’skacceptance' by industry. - - -

 The IGCC: estimates of production potential for hydfothermal energy
utilization in the year 2000 are electric power generation equivalent to 2 quads of
- fossi] fuel energy (approximately ] million barrels of oil per day) and direct heat -
use eqhivalent to | quad of fossil fuel energy (approximately -500,000 barrels of oil
per day). It is known that the hydrothermal resource potential greatly exceeds the
production estimates. In -addition, it is estimated that geopressured resources
could contribute 2,000 MWe for electric power production and 3 quads of methane -
by the year 2000. The energy Vpotential‘fOr hot dry rock resources is estimated at
700 MWe for electric power production and 0.007 quads for direct heat applica-
tions. These production estimates are shown in Table ES.l. "-These production
estimates provide a basis for framing Federal, state, and local policies and for
determining measures necessary to increase the use of geothermal energy.

Geothermal energy production at the above levels could make a significant
contribution to the national energy needs. The second National Energy Plan (NEP-
11, May 1979, moderate oil price case) estimates that domestic energy production
will reach about 103 quads per year by 2000; an increase of 28 quads/year over the
198 0 production rate. Of this domestic energy production, 10 quads are expected to
come from "renewables," or resources other than coal, oil, natural gas, and
conventional nuclear. NEP-II identifies geothermal energy as one of the major -
long-term energy options to be pursued for national development. The hydro-
thermal energy resources of the U.S., if vigorously developed, could supply as much -
as 10% (3 quads) of the needed increase in annual domestic energy production.
Geopressured (primarily methane production) and hot dry rock resources could
supply ‘an additional 10% (3.2 quads) of the required increase in domestic produc-
tion. e R LT o ‘
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Table ES.1
~ ESTIMATES OF GEOTHERMAL PRODUCTION POTENTIAL

1980 . 1985 - :1990. .- 1995 -~ 2000 - -2010,'“ +. 2020 -

Hydrothermal

Electric Applications

MWe
QUADS/YR** '

663%
7 0.05

Dzrect Thermal Apphcatnons

QUADS/ YR

TOTAL HYDROTHERMAL -
QUADS/YR - ,

Geopressured

Electric Applications**

Methane

TOTAL GEOPRESSURED
- QUADS/YR

Hot Dry Rock o

Direct Thermal -
Apphcatxons

TOTAL HYDROTHERMAL o

QUADS/YR

TOTAL GEOTHERMAL

I Ol***o 12«5

*3000 -
© 0324

7000 -
 .”606

0.2

14000 -
117

0.4

~0.06"

0.0
0.0

0.0

Electnc Apphcan ons** .0 .0
‘.',i;i 0.3}0?:‘?:»
04023

0.0

0.06

' o.»34'

010_01'«
o2

0.021

- 0.001

0,001 -

0.363

0.8 1.5

©40.006 0.04

0.1 0.7

0.106 0.7%

‘50p003*00011f~v

0.001° 0.004. -

T 0.11 (0,754

£ 0.910 2.254

25000,
2.0

3.0

3;6 BN

3.16

0.06

0.007 .
3.227

6.227

38000
3.0 40

50000

a;3JOjﬁ'fu\6.0
6.0 10.0

5.3 7.4

L0.15..:0.5

- .0.015-. ' 0.6
5,465 g 5

* Actual hydrothermal electric capacity On_line is 908 MWe.

**Based on MWe capacity estimates. ‘Equivalent fossil fuel input needed to produce
estimated MWe. Assumed capacity factory 0.80; fossil fuel plant efficiency 0.33.

***Actual hydrothermal direct thermal usage is .01 quads.
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FEDERAL BUDGET

The overall objective of the Federal geothermal rprggra‘m is to enable
private industry to undertake commercial development of geothermal resources by
~ providing an appropriate level of Federal assistance while removing disincentives
to exploration and deve]opm’énf. “All of the activities of the program are directed
toward achieving this objective. : : o S

The Federal geothermal program comprises the efforts of the various
. Federal agencies that support the development of geothermal resources. These
-agencies include the Departments of Energy, the Interior, Agriculture, Treasury,
Commerce, Defense, Housing and Urban Development, and the Environmental
Protection Agency. The total Federal budget for geothermél development has
‘remained fairly constant over the last several years, although there has been a
-significant reduction in funds requested for FY 82. This reflects a policy decision
to rely on the marketplace for geothermal energy industrialization activities. Most’
notably, budget cuts have occurred in the DOE resource definition and
hydrothermal industrialization activities. Table ES.2 presents the Federal funding
levels for the geothermal program, ES.3 the geothermal resources development
fund and guaranty authority and ES.4 the Federal leasing status.

ACCOMPLISHMENTS

During the past year, a number of significant accomplishments have been
“achieved through the Federal program. Highlights of planning activities and
advances in the areas of Jeasing; environment; resource identification, assessment,
and exploration; hydrothermal industrialization; GLGP; Federal use of geothermal
energy; hydrothermal technology development; geopressured resources; hot dry -
rock resources; and international activities are given below. : e

Planning Activities

. The most recent coordination efforts of the IGCC have resulted in the

Federal Geothermal Program Plan, which is designed to provide -an integrated =
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s oo . . Table ES2 . - , |
FEDERAL FUNDING FOR GEO‘I‘HERMAL ENERGY (5000)*

Actua) Actual  Actual Estimated Requested

ORGANIZATION UNIT Fiscal Year 1978 1979 1980 1981 1982
Department of Agnculture
u.s. Forest Servnce 678 780 7500 700 77 650
Department of Defense e
Navy O su2 300 230 930 . 1110
Air Force -~ . 0 To 200 1010 __ 430
DOD Total - CosW2.. . 300 . 430 1940 1540

Department of Energy

Conservation & Renewable Energy 105962 152990 149870 ‘142521 48375
(Formerly Resource Apphcatlonss

Office of Energy Research 2800 2100 '~ 3102~ 3305 3520
Environment ' : 3896 2820 - 1950 o ... 723 1325
GLGP (Administrative Expenses) 410 - 0 181.,;: 193 . 200

DOE Total 113068 157910 155103 146742 53420

Department of the Interior .

Fish & Wildlife Service. .. . .200 .  200. 200 70 . o k%%
Bureau of Land Management iy 2300\ 72590 2550’,, ,'_ 2650.“,". 2865
Bureau of Mines . . .. ... 5!50-,5 ' .‘.050"‘;g 800 - 400 7 400
Bureau of Reclamation © 1800 - 7550 0 910 o 607 “‘_j;_‘,_eO'
USGS, Geothermal Research ’

 Program 1018% 12043 10047 7889 . 7889
USGS, Geothermal Evaluation o L o :

& Lease Regulation - 1854 - 750 860 898 898

Dol Total ' 16888 17183 15367 12024 12169

Environmental Protection Agency 670 ’ 9207 . 850 1550 1550

TOTAL FEDERAL GEOTHERMAL , : ,
PROGRAM BUDGET 131846 177093 172500 162956 69379

*QOperating expenses rounded to nearest thousand.

**Dependent on transfer funds from other agencies.
xv




Table ES.3
GEOTHERMAL RESOURCES DEVELOPMENT FUND AND GUARANTY AUTHORITY*

a FUND  AUTHORITY
-Unexpended Appropriations, Carried : :

Forward from FY 79 $ 43,832,277 o
New Guaranty Authorization, FY 8l $150,000,000 -
FY 80 Guaranty Authorization : 37507,,000,000
Value of Loans Guaranteed 91,048,000
'Uncommltted Guaranty Authonzatlon '

- ‘Carried to FY 8l , . 258,952,000
'Uncommltted Guaranty Authorization for FY 8l 408,952,000 °
”Admlmstratwe Expenses Incurred**(FY 80) 1,043,7000 N
‘Guaranty Fees Collected in FY 80 ' 334,490
Unexpended Appropriation Carried to FY 8| 43,123,767
‘Guaranty Fees Collected in FY 80 and

Deposited in GRDF 118,715

*Thls financial information is mcluded in the Fifth Annual Report to satxsfy
the requirements of PL 93-410, Section 204(C).

_ *xContractor and consultant costs necessary to assist in evaluating
“technological, geophysical, financial, marketing, management and legal data

submitted with guaranty applications and to assist in monitoring guaranteed
‘projects,

xvi




0 Table ESu - L e

" FEDERAL LEASING STATUS, =
' CUMULATIVE AS OF SEPTEMBER 30,1980 = -

" LEASES

" APPLICATIONS

YPE

. Nun_wbgr_ 1

Acres

. Filed Rejected  Withdrawn

oncompetitive . ;
Bureau of Land Managémgnt D
U.S. Forest Service -

Total Noncompetitive

ompetitive <

OTAL

1,611 .
64

1,675

uem

2,933,901

2,827,767

106,136 2,429

8,263 1,615

I VR U

smsoe sa3 Lels

27678

2,678
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overview of the geothermal program and activities of the IGCC member agencies.
The Plan presents goals, objectives, proposed strategy, and planned activities for
geothermal development in fﬁéfFY%O%Z time frame. - It also identifies major
problems, inconsistencies, and shortfalls in the overall program and makes
‘recommendations for improving program effectiveness. ‘

In Sepfembe_r 193 O, DOE published the fourth issue of the Geothermal
Progress Monitor, the first issue to receiveVWide distribution. The repor't Vwasr '
produced by the Geothermal Progress Monitor System which is designed to collect
and compile information about 'igéothermal activities.. The report serves both

program management and_ information dissemination functions for the member .

_agencies of the IGCC.

Also in 1980, the report of the IGCC Environmental Controls Panel,
entitled "Status of Environmental Controls for Geothermal Energy Development,"
was published. This report assesséé thé adequacy iof exisﬁng environmental
controls for geothermal energy sYstéms, reviews ongoing programs to develop
environmental controls and identifies kcon‘trols-related research areas where

Federal efforts are appropriate and necessary.

Leasing

In response to an identified need for guidelines on leasing Federal Jands for
geothermal development, the DOE/Leasing Policy Development Office has begun a
project to establish production goals for energy from leased Federal lands. The
goals are intended to help land management agencies in determining leasing
programs and schedules and thereby prevent unnecessary delays in leasing that
.impede progress toward geothermal utilization. A pre]imihary analysis of the
production estimates suggests that a minimum of L7 million acres of the highest
potential Federal land would have to have been leased by 198 0, 3.3 million acres by
IR 5, and 6.0 million acres by 1990 in order to reach the geothermal energy
production estimates for the period 198 5-2000 for both electric and direct heat
uses. The analysis suggests further that (I) leasing of lands with potential merit for
electric power production must be increased markedly; and (2) the BLM and USFS
will have to lease about 500,000 acres per year of these high potential lands during
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198 1-1990 to ensure that enough Jand is explored to.reach the geothermal utilization
estimates for the year 2000. To ensure that this _amount; of‘highkpotentialv._ land is
leased, BLM and USlj'S will have to lease ’a‘llavailable known geothermal resource" |
areas (approximately 1.5 million acres) and at least I8 million acres applied for
noncompetitively by geothe_rmal developers by 1990. . v -

" The number of noncompetitive leases issued bv DOl in FY‘ISO. lncreased bv
almost 50% from FY 79. -The general status of geothermal leases indicates that

Federal, geothermal leasing is proceeding at a rate of 600,000 acres per.year.

- Although this exceeds the rate of leasing (500,000 acres per year) mdxcated by the
DOE/Leasing Policy Development Office's analysns as necessary to meet the IGCC
potential production estimates, it is generally recognized that .the areas being
leased. are. not necessanly the areas having the l'ughest _geothermal. potentzal.
DOE/DGE has 1mt1ated a process to aid BLM and USFS in selectmg specxﬁc areas, ;,:
on which to concentrate their efforts.

. Only 25,000 acres were added to Jands with Known Geothermal Resource
Area (K GRA) status in 1980, resultmg in a cumulative total of 3,410,000 acres being .
SO desxgnated._. About 2.2 million acres. of this ,land..ar:e‘l‘-‘ederallv,%vadm;nxstered.7; -
Only 4 competitive lease sales were held in FY 80, COmpa’redto‘a_t,,least.‘_lz sales .
held per year during the period FY 75 through FY 77. . Most of the BLM
administered K GRA parcels have already been offered for sale with the exception
of those in California. Future competitive lease sales will involve primarily
parcels administered by the USFS. . The greatest amount of - bonus bid money -
received has come from California and by far the greatest share of these momes: '
has come from Jeases at The Geysers. ' '

- Environment

A technology assessment mtegratlng envxronmental, health, . and_“_‘;
soc;oeconomxc impacts of full-scale development of geotherrnal resources ln the
lmpenal Valley of Caleorma was completed by DOE. Th:s study will serve as a
basis for understandmg lmpacts from hquxd-dommated resources in other reglons of

the country. .




The Pacific ‘Gas and Electric Company (PG&E), under a Cooperative
Agreement with DOE and EPA, completed pilot scale tests during FY 80 of an HaS
removal process for geothermal steam developed by the EIC Corporation. A pilot
scale field test documented H3S emissions abatement efficiencies to 99.996 and led
PG&E to announce that they planned to build a full-scale emissions-control plant at
their Geysers' power Unit 7 site.

The clarifier developed at the DOE-sponsored Geothermal Loop Experi-
mental Facility in Cahforma ‘was turned over to Magma Power, Inc. for their use in
controlling solid wastes on a & MW geothermal power plant. :

“EPA issued revised 'Prevention’df Significant ‘Deterioration regulations and
new Underground Injection Controls and Hazardous  Waste Disposal regulations.
These regulations clarify Federal environmental requxrements for geothermal
operators. '

A rnajor National Environmental Policy Act (NEPA)'compliance’éctivity
involved the 50 MWe Geothermal Demonstration Power Plant on the Valles
Caldera, New Mexico. “The final environmental impact statement (EIS) for this
project was prepared, approved and issued and a Record of ‘Decision (ROD),
documentxng the deasxon by DOE to proceed with the pro; ect, was issued.

Resource Identification, Assessment, and Exploration

The geologic and geophysical study of the Snake River Plain of Idaho was
completed by the USGS. The region shows considerable promise for the develop-
ment of Jow- and moderate-temperature hydrothermal resources.

Several geophysical surveys undertaken in the Cascades region by the USGS
have produced encouraging results; i.e., magnetotelluric data have revealed
potential geothermal sources in the western high Cascades. Data were prdVidéd by
five magnetotelluric profiles completed in California, Oregon, and Washmgton
Cascades- 55 reconnaissance soundings completed in Oregon and Northern |
California; and a geomagnetic-telluric array traverse of the Cascade Mountains of -
‘Oregon.




Experiments with an airborne electromagnetic (AEM) system have shown .
that geothermal systems with a near-surface electrical signature can be detected
. by AEM. : In surveys of five. K GRA's, AEM techniques were successful in defining
conductivity zones that had been previously;mapped by AMT. - - .

Increasingly - encouraging evidence -of the “utility of the self-potential -
technique for delineating hydrothermal convective systems was gathered during the
year.- It appears more likely .now that this technique has a great deal of promise as.
" anew exploration tool. - - : ”

The - DOE-sponsored -State-Coupled ‘Program has resulted in: cooperative
agreements with 22 states' agencies to perform resource assessment activities in’
their states, as well as contracts with several institutions that provide geothermal
investigations extending over.a number of states. -In all,'assessmeht~activi1:ies are
under way in _e]most.'allk;states that have manifestations of a fgeothemial resource. -
To: date, resource - maps have ﬂbeen;publ‘ished " for Arizona, Oregon, Nevada,

Colorado, Idaho, New Mexico, and Utah. A more detailed definition of low- and -
moderate-temperature. resources is éccomplished “'under : this :-program’ than: is :
performed by the USGS in their regional sui'veys.- ST T | |

The USer-Coupled Confirmation Drilling Program was established by DOE
in :FVYF--8OT to .stimulate the development of low- and moderate-temperature
hydrothermal resources for direct heat applications. Projects selected for’ funding -
under. this program..will begin in early 1981, As a precursor to this program, five
reservoir confu'manon dnllmg pro;ects were initiated in FY:80; three in Oregon,:«,
one in New York, and one in Delaware, .. - oo o D s

Analysis of the hydrothermal resource estimates of the USGS was recently
conducted in support of a study by, DOE designed to obtain improved estimates of
the market potential of - geothermal energy.f; "Fifty-three development "sites -
associated with known hydrothermal reservoirs havmg fluid temperature higher
than 1500C are -estimated to: have a:total electric power generatzon potenual of
23,85 MWe. U ‘




Hydrothermal Industrialization:

During FY 80 DOE continued to support geothermal commercialization °
teams in seventeen states, including Alaska, Hawaii, Idaho, Washington, OregOn, K
California, Arizona, Nevada, Colorado, Montana, New Mexico, North Dakota, South
Dakota, Utah, Wyoming, New York, and Delaware.. The New York and Delaware
state teams projects were initiated in'FY 80.. The level of consciousness of the
benefits and values gained through the..use of geothermal energy has been
significantly advanced during the past year through  individual - state
.commercialization team activities such as resource area identification, site-
specific development analysis, formulation of development plans, and information
dissemination. S Lo S

A series of ‘outreach materials based on drilling, financing, resource’
definition, market, and. R&D data, gathered from a national network of sources,”
has been prepared and disseminated, as appropriate, to the general public, to target
audiences of potential end users, and to decisionmakers in government “and
industry. In addition, technical consultation has been made available on a limited -
scale to potential industry, community and utility end users through four regional
technical assistance centers. ' -

Recent market penetration studies based on extensive inputs from geo-
thermal developers, utilities, and financial institutions have confirmed that in -
addition to a favorable busbar cost of geothermal electricity, factors such as rate
of return on investment, size of project, and capital-at-risk determine whether a
field developer-utility combination will undertake the development of a geothermal

site.

‘DOE is supporting the design, construction, and operation of pilot and -
commercial-scale electric power plants. Current facilities include: - -

o Cost-Shared 50 MWe Flash-Steam Demonstration Power
Plant at Baca Ranch, New Mexico - The final EIS was
released in January 198 0; plant design is under way and
orders for a turbine and other long-lead time
procurements have been placed; well drilling and flow
testing have been initiated. The plant is scheduled to be

operational by 198 2.
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e 5 MWe Binary Cycle Pilot Plant-in_Raft River area of -
Idaho - Work on construction is complete and the system
“is being checked .out. .- Additional well tests are:under-
way. The plant is expected to be operational in FY 8 1.

e -3 MWe Wellhead -Generator: System near.Puna,- Hawaii -~
Plant construction is well under: way..- -The plant: is
scheduled to be operational in FY 8 1.

To date, 42 technical and economic feasbility studies: of direct heat
applications have been supported by DOE; 34 of these studies have been completed;
Ilin FY80. A competitive solicitation ‘C\overingcbs_teshared industrial applications
was issued near the end of FY 80. This led to the support of eight new studies, four
involving direct heat use for ethanol plants. ' |

Twenty-four cost-shared direct heat demonstration projects'are now under
way. The maiority of ;these projects are for sp'acesand -district heating, while four
are directed toward agribusiness, and three involve industrial pi'ocessing.' Ten of
these projects are in the reservoir confirmation phase’, and five field experiments
currently involve construction and installation.  The fdllbwing five projects are in
operation: | _ o ‘

- . -Haakon, South Dakota --space conditioning for five «‘sc;hool buildings
- Klamath Falls, Oregon - space conditioning and hot water for YMCA
- Midland, South Dakota - agricultural uses on ranch '
- Truth or; Consequences, New: Mexxco - ‘space condmomng for a
hospital R TN E e T SR S E I
- Pnerre, South Dakota - - space condltxomng for a hospntal

The Geothérmal -I}.oan[vGuaran;ty ;»P_rogra,m presently; has.guafanteed parts of
six loans, including one refinahcihg.f The guaranties from this p'i'bgra‘mv now total
$136.0 million for projects totalling $202.7 million in cost (two projects were
approved for loan guarahties of $94.4 million in FY 80). Four of these projects will
provide an added 2% MWe (gross) to current electric power. productxon. Another,‘-{
- project will provide 117 billion BTU/year for food processmg |
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Federal Use of Geothermal Energy

The following DOD-sponsored projects are in the planning or initiation
stage: o '

e Adak Naval Station, Adak, Alaska - space heating and
electric power. generatxon

e China Lake Naval Weapon Center, Coso, CA - electric

power generation -

e Fallon Naval Air Station, Fallon, NV - electric power
- generation ‘ N '

e Hill Air Force Base, Utah - space heating

e. Keflavik Naval Station, Iceland - space heating; con-
struction is under way

® Norfolk Naval Station, Norfolk, VA - space heating

‘e Williams Air Force Base, Arizona - space cooling and
electric power generation

e Kings Bay, GA - space heating; DOE/DOD-sponsored
exploratory well drilled

e MX Weapon System - electric power generation in

Nevada and Utah for MX system and its support facxh-' ‘
ties. :

Hydrothermal Technology Development -

A strategy of exploration for hibgh-temperature hydrothermal systems in
the Rocky Mountain Basin and Range Province has been developed, based on
exploration data that were generated by DOE's Industry-Coupled Program.
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.+ - _An automatic seismic processor has been successfully field tested at The

Geysers geothermal field in California.. The processor obtains microearthquake
data that can be used in identifying and delineating hydrothermal reservoirs. ..

Further field tests were conducted on a continuous chain drill, leading to a
design incorporating all Stratapax (polycrystalline diamond) cutters.. A new hlgh-_
temperature drilling mud was also developed, and is now used commercrally for
geothermal drilh_ng in the Imperial Valley, California.

| Two wells at the Raft vaer snte in Idaho _were. treated by hydrauhc s
fracturing techmques. The analysis of the results of this well stimulation showed
- improved fluid flow for one of these moderate-temperature wells..

A 500 kWe binary power system employing a direct contact preheat/boiler
was mstalled and operated at the DOE Geothermal Test Facrllty at . Holtville,
' Cahforma. .The boiler and associated workmg fluid- recovery and noncondensible
- gas recovery subsystems have exceeded desrgn performance goals. . : . A

Al MWe total flow wellhead power plant utilizing a helical screw expander
was installed and tested at Cerro Prieto, Mexico, -under a cooperative program of -
the International Energy Agency. DOE provided the power plant and technical
spec1ahsts who advxsed the Mexrcan scientists on.the operation and evaluanon of
the power plant. Prehminary data suggest that»the power system. could be.a.

rehable and effrcxent small-scale prime mover, well su1ted for geothermal applnca—j
tions. '

GebpresSured Resources e
Final preparauons were made for long-term testmg of the geopressured ‘
‘ well in Brazona County, | Texas.. S e
| Recompletion of .an exxstxng gas well in Loumana .was imtated pnor toi -
geopressured aqu1fer testmg, and negotiations were completed for four additional
Wells-of-Opportunity in the Gulf Coast.




Two new "geopressmed' drilling projects for designed produeﬁon wells in
Louisiana were started, and a solicitation for proposals was issued for the druhng
of four additional geopressured wells in Louisiana and Texas. a ’

Hot Dry Rock Resources -

Sixty kilowatts of electricity were gerierated on a continuous basis at the
Fenton Hill, New Mexico, research installation, demonstrating the technical
~ feasibility of electric power production from hot dry rock resources.

The first well of a large (20-50 megawatt thermal) hot dry rock thermal |
loop was completed at the Fenton Hill site.

A cost-shared agreement with the Federal Republic' of Germany for
participation in the Fenton Hill hot dry rock project was executed under the
auspices of the International Energy Agency. ' o

International Activities

At present, worldwide installed geothermal electric capacity is 2,475 MWe
among 14 countries. There are also twelve countries with significant direct use of
geothermal energy totalling 8,300 MWt for space conditioning, water heating,
agricultural and industrial applications.

DOE currently is involved with three multilateral cooperative efforts
through the International Energy Agency; has bilateral agreements with’ Itafy,
Japan, and Mexico; and is negotiating an agreement with New Zealand.

The 1.2 MWe geothermal power system (helical screw expander) xd,evelo'ped: ‘
by DOE is undergoing a program of research and development and demonstration of
geothermal equipment involving test sites in Mexico, Italy and New Zealand.

xxvi




PROGRAM PLANS

The Federal geothermal program activities are designed to transform several types
of geothermal ' resources into an -array - of 'technically,Z"econ'omically, and
environmentally sound commercial ventures. ~The major barriers to commercial
development” of "geothermal ‘energy are: (1) -the ‘initial risk associated with the
expensive drilling needed to confirm geothermal reservoirs of all types prevents
many . potential ‘users from starting projects; (25' the vast majority of higher-
tempera‘ture hydrothermal reservoirs ‘suitable for electric: power production are
only margi‘nally economic with present technology; (3) the ‘overall rate of leasing of
Federal lands appears to be tooslow to sustain rapid development of hydrothermal
resources in ‘the 1990-2000 time period; (4) the present state laws need further
development to promote a clear:Jegal climate for industrial geothermal activities;
(5) there is ‘a ‘lack of “an‘ industrial ‘infrastructure ‘to - suppport direct heat
.applications; (6) there is‘a general lack of knowledge ‘about geothermal energy on
the part of potential ‘users and developers; and (7) ‘the ‘technology ‘and economics
have not been proven for geopressured and hot ;dry rock resources.

The overall strategy for accomplishing ‘the. Federal geothermal program is
to support industrial development of ‘U.S. geothermal resources: through a time-
phased set of government -actions designed to alfow more | rapid action by the
existing geothermal’industryv and to facilitate ‘entry “into :the geothermal
marketplace by ‘additional “resource developers, utilities;'flnancial institutions,
service firms, and- cons'umers. ‘I'he strategy is- based on" the . concept that U.S.
industry will develop all types of geothermal resources rapldly if the government
provides initial assistance to resolve technical problems, economxc questlons, and
institutional issues‘that are umque to geothermal energy systems and novel to the
U.S. industry. The strategy ‘emphasizes: (1) actions needed ‘to. resolve barriers to
- immediate industrial development oi hydrothermal resources that are now econom-
~ical; and (2)- actions’required tov ‘enable. ‘midterm development :of ‘geothermal
“resources for which technology and et:ono'micé‘liavé‘ not beenfﬂ.illyfproven.

Ma;or Federal ‘actions: that “are ' expected to: support rapid growth of
vgeothermal energy” producuon include development of ‘new. leasmg -policies and
environmental regulations, construction andoperation of a.ma)or:demonstratxon
plant, refined resource ‘estimates, and: construction ' of ‘geothermal facilities to

RS
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supply energy to military installations throughout the U.S. These: actions are
discussed briefly below:

. @ The Bureau of Land Management (BLM) and-the Forest
Service (FS) have begun to formulate new regulations for
leasing Federal lands for geothermal exploration. Under -

~the new rules, Jands could be explored prior to the

- exhaustive environmental assessments required to permit
construction of facilities to produce energy. Compre-
hensive production-related- environmental reviews are
conducted if and when the developer determines poten-

.= . tial for -geothermal : energy production. -~ This new. . .

- approach to leasing should help to reduce the backlog of
lease applications and ensure -that sufficient acreage is
available for exploration. The Forest Service issued
guidelines -on leasing Federal lands for geothermal
exploration during the year.

e The Environmental Protection Agency (EPA) revised the
Prevention of Significant Deterioration (PSD) regulations
under the Clean Air Act. Hazardous Waste Disposal and
Underground Injection Control regulations have been
issued under the Resource Conservation and Recovery -
Act and the Safe Drinking Water Act respectively.

o DBecause of the lack of sufficient data, the current
inventory and assessment of national . geothermal
resources are based on a large number of assumptions -
about the Jocation and size of identified hydrothermal
systems and geopressured geothermal formations. In -
addition, relatively little is known about - the . undis-
covered portion of the nation's geothermal resources. As
new data become -available from resource character- :
ization studies and reservoir exploration, the national -
inventory .and assessment of the various types of

- resources will be periodically updated to provide refined
estimates of thesé resources.
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¢ The 50 MWe hydrothermal flash-steam demonstratxon
plant at Baca, New Mexnco, wxll begnn operatlon m 1982

o DOD wxll construct geothermal facrhtxes to provnde

energy to Navy and A1r Force bases throughout the U.S.

Pro;ects bemg planned or under conslderatzon xnclude
both space heatmg and electric power generatxon.

PROBLEM A’REAS e

In sprte of the Federal 1mt1atxve )ust descnbed, achlevement of the IGCC's
objective to encourage rapxd commercxal development of geothermal resources
may be mhrbxted by several short-falls in the program. These madequacxes relate
to regulatory delays, low prlonty treatment of geothermal in some agency budgets,
and- a need for increased partxc;patlon by agenc1es with capablhtxes to support the
program further.

- Problems and issues are summarized below:

o o The rate of leasmg lands for geothermal development' i
_ “between l980 and l990 may have to be double that of the |
" previous decade if the production potentnal is to be
{reached. Moreover, the bulk of the leased acreage will "
; have to be on lands 1dent1f1ed as Known Geothermal
" Resource Areas (K GRA'S). Federal land management‘ N ‘
~ agencies have resolved to expedxte leasxng procedures,
’ “;k'parncularly thh respect to envnronmental reviews.
| BLM and the Forest Servnce are lxkely to requxre"_':';?___
k 'addltnonal manpower to be able to process enough leases/ ; o

B 'to help meet energy utxhzatlon ob) ectlves.

/ :';Jiiwmle Federal envrronmental regulatlons fOf clean axr.fi‘
’_ areas, underground aqUIfe!‘S’ and hazardous wastes were: :
,v j““lssued by EPA in 1980, emxssxon and drschargé e
: .technology-based standards tO EUIde mdustry remam al, v
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crmcal need. Uncertamty over the regulatory
framework surrounding future geothermal pro;ects can
,delay actlon by compames otherwise ready to develop
geothermal energy. In addmon, other environmental
problems (e. gy hydrolog:cal alteratxons, subsxdence and

sexsmlaty) may prove severely constralmng

e Agencies that do not have budgets that show geothermal
energy as a "line" item often have difficulty obtaining
sufficient resources for their programs. For example,
the Forest Service has adequate manpower in the field to
‘conduct geothermal leasmg actlvmes, these resources,‘
however, are being demanded to meet the needs of
competmg programs (1.e., coal leasmg, oil and gas leas-
‘mg, forest management, and recre_atlonal services). '

OUTLOCK

Private industry has the leading role in the direct planning and construction
of geothermal energy systems. The activities of the Federal geothermal program
are designed to enable the existing geothermal industry to act more rapidly, and to
encourage additional resource developers, utilities, financial institutions, and
consumers to enter the geothermal marketplace. A close liaison will be maintained
with the industry to ensure that the current and planned Federal actions are those
most vital to geothermal development.

Hydrothermal energy has great potential in the near term. Indications are
that the pace of development is rapxdly acceleratmg and that even more plants will
be built and more resources developed by the middle of this decade than previously
estimated. For example, Utl]lt)' companies have pubhcly announced their intention
to build hydrothermal electric generating plants totalling more than 1,000 MWe
from hot water resources. Tl'ns, along with the announced expansmn of dry steam
generating capacxty at The Geysers, California, to l,900 MWe, would produce
installed capacxty of about 3,000 M\Ve by 198 5. Federal activities that support the

hydrothermal industry in the near term include resolution of Federal lands leasing




' 1ssues, contmuation of techmcal assxstance programs~ and establishment and
1mplementation of mteragency agreements between DOE, HUD, the Farmers Home
Admimstration and Rural Electnc Admimstration w1th respect to geothermalg
electric power and direct heat pro;ects. Other planned acthties in support ofv
hydrothermal resource development include a demonstration of a full-scale flash-
steam electric plant in. operation by late FY 83 and a pilot-scale blnary-system .
plant by early FY 81- improvement of technology for reservoir assessment, .well_;
drilling and stimulation, energy converszon, and geochemical engineering through;
1985 and the completion of direct heat demonstration prqects and dissermnation |
of information to industry ’ These activmes are desxgned to enhance thev"
commercxal use of hydrothermal resources WhiCh has been mhibited by the
mdustry's perceptxon of economic and techmcal risk, reserv01r uncertainties, and a
variety of legal and institutional barriers.

The geopressured resource base is unquestionably large, but little is known
about the economics -of recoveringits methane, thermal, and hydraulic energy.
Hence, geopressured energy use is viewed as a midterm probability. Tests of the
first design production well in Barzoria, Texas, will be completed in FY 82 and
tests of additional design wells will continue through FY 86. If the assessment of
the feasibility of energy extraction (particularly methane) is favorable, commercial
,' development of the geopressured resources could begin in FY87. Systems for using
the heat from geopressured fluids for electric power production and direct heat
applications will be adapted from hydrothermal technology.

Extensive use of energy from hot'dry rock is a long-term possibility. The
successful operation of a 5 MWt Joop at the Fenton Hill site in New Mexico has
established the technical feasibility of energy extraction.r In FY 81, Phase II
drilllng at Fenton Hill will be completed in preparation for a 20-50 MWt loop
scheduled for .operation in FY 8 2. Expenments at Fenton Hill will continue to be
conducted under the international agreement with the Federal Republic of
- Germany. Energy eXtraction experiments at a second site in a different geologic
setting will be completed in FY 87. Commercial deployment of hot-dry rock
technology could begin around the year ]990. "l'he industrial infrastructure
associated w1th hydrothermal resource development is expected to participate in
the development of hot dry rock, once the technology and economics are shown to
- be favorable. -
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Technology development efforts have successfully overcome many imped-
iments to commercxa] geothermal activity. The efforts are now focused on those
areas where techmcal advances will cut costs, 1mprove reliability, and allow
economic use of marglnal resources. Geothermal component development efforts
are expected to: () develop the technology for reducxng the cost of deep '
geothermal wells by 50% by the end of FY8 7 through the development of advanced .
drilling systems, (2) increase the productwnty of selected geothermal wells by 50% K
by the end of FY 86 through development of well stimulation techmques, and (3)
complete the development of advanced downhole pumps in FY 84. The component
development ‘work focuses on hydrothermal systems and mamtams a schedule‘
relationship with the hydrothermal mdustrlalxzanon actlvmes, however, many |
products of this effort will contnbute to the mdustrxahzatlon of geopressured and
hot dry rock resources as well. ' |
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1.0 INTRODUCTION

1.1 OVERVIEW

The Federal government has been actively involved in the development of
~ geothermal energy since 1970, when ‘the Geothermal Stéam Act was ‘passed. Since
then it has. undertaken numerous research, development, and demonstration pro-
grams to promote the use of geothermal ‘energy. “This report summarizes the
activities of the Federal government ‘during fiscal year 1930 (FY 80), and describes
the near-term plans and’ programs for geothermal energy development.

In 1979, the United States produced about 63.5 quadrillion BTU _(quads) of
energy. Of these about 18 ‘quads were from ‘petroletim; 22 were from natural gas;
17.5 were from coal; 3 were from hydroelectric; 3 ‘:were""from nuclear; and about
0.1 was "other," which included geothermal, biomass, and solar énergy.

In order to kéép*éﬁ'er'gy' 1‘mpo£’t§ ‘at a';manag'eabl‘e ‘level, thé U.S. must increase
‘domestic energy productlon and reduce energy ‘demands.. The second National
Energy Plan (NEP-II, May 1979, 'moderate oil prxce case) estrmates that domestic
energy productwn ‘will reach about 103 ‘quads per year by the year 2000, an
increase of 2 quads/year over the 1980 productnon rate: -Of this domestic energy
productnon, 10 quads are expected to come from "renewables," or resources other
than coal, ozl, natural’ gas, and conventional nuclear.” NEP«II identifies géothermal
energy as one of the ma;or longoterm energy optlons to ‘be pursued ‘for national
; development. ‘Current commercial geothermal energy" comes from very highgrade
resources; the natxonal research and development plans are axmed toward develop-
ing the entlre range of potentlally suitable - geothermal resources.  The
hydrothermal energy resources “of 'the’ u. S., if wgorously developed could
contribute as much as 10% (3 ‘quads) of the needed: annual increase’ of domestic
energy production. Geopressured (primarily methane productnon) and hot dry rock

resources could’ supply ‘an addxtxonal lO% (3 2- quads) of the requxred increase in
‘domestlc productlon. SR o R r )
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1.2 SCOPE OF GEOTHERMAL ENERGY

Geothermal energy sources are concentrations of the earth's internal heat
stored in subsurface rocks and fluids. Some of these resources can be tapped by
drilling, and the hot fluids brought to the surface for generation of electric power
or for direct uses of heat from the thermal fluids. F |

° ;Hydrothermal_sources,‘iqglude water .and-steam trapped in

| - -fractured . or porous._rocks. = A hydrotherrﬁal $ystem is

- - Classified.as either hot-water or vapor-dominated (steam),
according to the. pfincipal physical state of Vthe” fluid,v
Hydrothermal resources are used both for electric power '
producfion and fpr direct thermal applications.

. Geopressured resources consist bf watef at moderafely ,high',
temperatures at pressures higher than normal hydrostaﬁc '
pressure. This water, in many cases, contains dissolved
methane. Geopressured sources in sedimentary formations
_along the Texas and Louisiana Gulf Coast are believed to be
. quite Jarge. Geopressured formations also exist in
sedimentary basins elsewhere in the U.S. Commercial-scalvéri
recovery of these methane and thermal energy resources
may begin in the Jate 1980'.

~ @ Hot dry rock resources consist of relatively unfraétt;lréd and
unusually hot rocks at accessible depths that contain little
or no water. To extract usable lpower from hot dry rock, the
rock must be fréctured and a confined fluid circulatibh
system created. A heat transfer fluid is then introdgced,
circulated, and withdrawn. Commercial-scale utilization of
hot dry rock resources may begin in the 1990's. '

Geothermal energy has been used in this country since ihe_ :enrd of ;lje 19th
century. In 1894, fluids from a geothermal system were used to heat homes in
Boise, Idaho. In 1960, the geothermal resources at The Geysers field in California

were tapped for the generation of electric power. Today, in more than a dozen
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states, geothermal energy is used for space heating and industrial and agricultural
processes. e e el e |

1.3 THE INTERAGENCY CEO;'I%HERMAL COORDINATING COUNCIL

The efficient and ‘timely-development of geothermal resources depends. on
the coordinated. efforts of Federal, state, and local governments, mdustry, 7
consumer and envnronmental groups, and private citizens. Figure 1.1 deplcts the
geothermal commumty in the United States, those entities with a direct stake in
developing geothermal energy sources. Federal responsibilities and programs are
- divided among a number of agencies, whose activities are coordinated through the
Interagency Geothermal Coordinating Council, which was established in 1977. The
IGCC brings together all of the Federal agencies with responsibilities related to
geothermal energy development, and serves as a forum for interagency program
coordination and information ‘exchange. It develops detailed Federal program plans
and goals, and defmes actxons and pollcxes to be followed by Federal agencnes to

= accomplish these goals. The IGCC's organization,. membersl'up and activities are

described in Appendix-A. ' A history of the Federal geothermal program, mcludmg -
legislative and program actmtles, is presented in Appendix B. ‘

1.4 ORGANIZATION OF THE FIFTH ANNUAL REPORT

- This report discusses geothermal energy development in FY 80, with
particular emphasis on Federal activities and -their relationship to commercial
geothermal energy development. The report encompasses the following topics:

e The national geothermal potential prodi.lcti‘on' estimates,

. as established by the lGCC, are described. The
est1mates for hydrothermal, geopressured, and hot dry -
rock energy reflect the current state of knowledge of
the resource base and the likelihood of its development.
The estimates have been set by the IGCC to illustrate
the potential contribution of geothermal energy, and to
encourage further exploration and development efforts.
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Treasury . .
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Non-Profit Entities .
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Other

Figure 1.1 The Geothermal Energy Community in the U.S.
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The geothermal development strategy is designed to
surmount the economic, technical, and environmental
barriers to development. The strategy considers the
resource potenﬁaﬁ and production potential, and
determines the appropriate distribution of the Federal

activities among the various programs.

The national plan outlines the responsibilities of the
participating  Federal agencies in - Jand leasing,
environment, resource assessment, reservoir evaluation,
technology transfer, and research and development.
Planning activities examine program plans and goéls, and
contribute to policy recommendations. |

The Federal program, designed to aid private industry's
commercial development of geothermal energy, provides
assistance and removes disincentives to exploration and
development. The current activities of the participating
Federal agencies are presented in ‘detail, and future
programs are described. |

Many states and local governments have active
geothermal development programs. = Their efforts and
accomplishments also are described.

Private sector geothermal activities that are requi:"ed to
_accomplish the goals of the Federal program are
enumeréted and reported.  These data -enable program
‘ persbnnél and the IGCC to measure progress.







2.0 NATIONAL GEOTHERMAL PRODUCTION POTENTIAL ESTIMATES

2.1 * OVERVIEW °

The Interagency Geothermal Coordinating Council has established
production potential estimates for geothermal energy resources ‘over the next 40 |
"“years. The production estimates are based in part on the estimated quantity of the
- exploitable geothermal resources in the United States and in part on estlmates of
how rapidly the resources could be developed ina techmcally fea51ble manner, and
reﬂect knowledge of exxstnng and planned geothermal development. " '

22  NATIONAL GEOTHERMAL PRODUCTION ESTIMATES

The IGCC's estimates of the achievable commercial utilization of geother-: -
- mal resources are presented in Table 2.1.. These potentlal productlon estimates
provnde a basis for framlng Federal, state, and local pollaes and for determlmng
measures necessary to increase the use of geothermal energy.

The potential production estimates for hydrothermal electric po\{rer' are
3,000 MWe capacity (about 0.24 quads) in 198 5; 25,000 MWe in 2000; and 50,000

MWe in 2020. Reaching the electric power estimates will require aggressive :

exploration throd’gh 2010, identification of new prospects, technology -to rproduce-;
electric power from reservoir fluids with temperatures as low as 1500C, and a
- financial cllmate that ensures successive installation of plants at each appropnate'

- geothermal site, until the currently estimated production capaclltyr of each site is.

developed.

o HYdrotHermal resources could supply 0.1 qu'ad/year of energy ‘for direct
" ‘heat applications in 1% 5,""91 'quad/year" in- 2000, -and - 6 quads/year -in 2020. .
Achievement of the 1985 direct -heat: production estimate-will -require»a greatly
accelerated pace of development. Attaining this estimate will require a tripling of

current drilling rates in identified. low- to moderate-temperature reservoirs and . - -




Table 2.1
ESTIMATES OF GEOTHERMAL PRODUCTION POTENTIAL

1R 0 1% 5 1990 1995 2000 2010 2020
Hydrothermal
Electric Applications o o
‘MWe - ~663% . 3000 7000 14000 25000 . 33000 50000

QUADS/YR** 10,05 0.2 0.6 1.1 2.0 3.0 4.0
Direct Thermal Applications S - A

QUADS/YR 0.01%%x%Q.1 0.2 0.4 1.0 3.0 6.0

TOTAL HYDROTHERMAL  0.06 0.34 0.8 1.5 3.0 6.0 10.0
QUADS/YR

Geopressured
Electric Applications** 0.0 0.001 0.006 0.0  0.16 0.3 0.4
Methane 0.0 0.02 0.1 0.7 3.0 5.0 7.0

TOTAL GEOPRESSURED 0.0 0.021 0.106 0.7% 3.16 5.3 7.4
QUADS/YR

Hot Dry Rock
Electric Applications** 0.0 0.001 0.003 0.01 0.06 0.15 0.5

Direct Thermal :
Applications 0.0 0.001 0.001 0.004 - 0.007  0.015 0.6

TOTAL HYDROTHERMAL 0.0  0.023 0.11 0.754 3.227  5.465 8.5
QUADS/YR L :

TOTAL GEOTHERMAL 0.06 0.363 0.910 2.25¢ = 6.227 11.465 18.5

* Actual hydrothermal electric capacity on line is 988 MWe.

**Based on MWe capaéity estimates. Equivalent fossil fuel input needed to produce
estimated MWe. Assumed capacity factory 08 0; fossil fuel plant efficiency 0.33.. -

*x*Actual hydrothermal direct thermal usage is .01 quads.
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increasing direct heat project starts by a factor of 20 within the next two to three
' years. Reachmg the direct heat estimate also will depend on contmued exploration
and assessment of the lower-temperature resources, reservoir - confirmation,
substantial user education and technical assistance, and qevmoval_n of numerous
institutional and legal barriers to development. . -

“The production ‘estimates for geopressured-resources are 2,000 MWe for
electric power production and 3 quads/year methane production in the year 2000,
and 5,000 MWe and 7 quads/year methane produc'aon by 2020. Reachmg this level
of utilization would require proof of the economic feasibility of producmg ‘methane
by about 1933 no significant adverse findings from ongoing environmental studies,’
no significant degree of ground surface subsidence in production areas, and use of . .
offshore resources. : :

A level of output of about 700 MWe of electricity and 0.007 quads/year of
direct heat use are possible from hot dry rock resources by the year 2000, and a
corresponding 6800 MWe and 0.6 quads/year by 2020. This level o)f‘o‘utput would
require extensi}v,ebcharacterization of geological environments conducive to the use
of hot dry rock technology, development of effective and economical technology
for extracting thermal energy, and significant improvements in technology for
drilling deep holes in hot hard rock. | |

2.3 ESTIMATES OF.GEOTHERMAL UTILIZATION

Estimates of hydrothermal electric power production can be made with a
reasonable degree of confidence. The resource assessment work of the U.S.
~ Geological Survey and 'annbunced‘plans of field developers and electric utility
~ companies provide a useful basis for estimating rates of development.

" In contrast, estimates of hydrothermal nonelectric use, geopressured
methane production, and extraction of other energy from geopressured and hot dry
rock resources are clouded by uncertainties related to the size of the producible
resource, colocation of resources and markets, and the economics of production.
Table 2.2 presents estimates of the current use of geothermal energy for
nonelectric applications in the United States.
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| © Table 2.2
~ SUMMARY OF K NOWN NON-ELECTRIC USE ON-LINE, 198 0*

Area Number ‘ " Btu/Year

of Use of Users (109)
Current Uses On-Line - - 187 . . L 71 R7.1
Enhanced Oil Recovery 1 e SR 10,000.0 -
Baths and Pools s s1s
TOTAL o Y B | 11,58.9

*Because no detailed, systematic survey of non-electric uses has been made,
many projects may not be included.

SOURCE: Geothermal Progress Monitor, Issue Number 4, September 193 0.
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»i..Several recent. estimates ~of .geothermal - hydrothermal . electric power
generation in the United ,States are shown in Table 2.3... The IGCC hydrothermal
electric power goals from the Fourth Annual IGCC Report (FY 79) are included for
comparison. - | ' » ’

+- For the_near term (through 1% 5) the.results of the 198 0. Electric _Power !
Research Institute (EPRI) survey of electric utilities brovide the most interesting
results. Announced plans of utilities indicate a minimum of 1,600 MWe on-line by
the ‘end of 195, with 1,900 MWe viewed as probable, and 2,000 MWe seen as
possible. - This represents about.a-25% decline in‘announcediplanned electrie. power
" capacity for the same five-year. .period covered by the 19728 EPRI survey of
industry.. @ . l '

about 3 500-4 500 ,MWe ,coqld »_be 1ns,talled rgwen _az mpderate er:ce_!eratmn in the
pace of commercial activity, while an intense effort might result in somewhere
between 7,000-10,000 MWe. . . .

'Development of -hydrothermal resources, after 1990 is difficult to predict
due to lack of knowledge about the general economic climate and uncertainty
about the number and size of hydrothermal resources in unexplored areas.

. .- Forecasts for installation of hydrqthermal;electr';c box{(er,plants b‘yithe‘end i
of 2000 fall in the range of 11,000-25,000 MWe. Cost estimates and scheduling
exercises suggest that about13,000-15,000 MWe could be developed from presently.
known resources. Almost all of the capacity installed through 1985 will ‘he m
California;. mstalled ‘capacity . at .The Geysers field wrll still __predominate.
' Srgmﬁcant development of . resources in. the. Impenal Valley, Cahforma, and in
other. western statesis expected in the 198 5-1990 period. .

‘The Division of Geothermal Energy is estlmatmg market share and market
| penetratlon of hydrothermal resources for direct heat utxllzatlon. These estimates
require careful_ analyses involving the colocation of resource and ;potentlal markets,
and the match between v_reso,urce characteristics and end-use vrtempera‘ture and heat
rate needs.  The study is scheduled for completion in FY 8. . . |
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" The National Resource Council's (NRC) Geothermal Resource Panel (refer-
ence g in Table 2.3) estimated that direct heat use by -2000, from all forms of
geothermal resources, will be less than 1 quad, even if crash development occurs.
That panel identified a Jow degree of colocation between resource and cities, and
lack of mobility of industrial users as major limits to growth of direct heat use.
More recent studies, however, suggest that this goal can be met with aggressive

development.

Projections of hydrothermal electric power generation for the years 198 5,
1990, and 1995 were included in the Energy Information Administration's Annual
Report to Congress 1978. These projections are' sensitive to a wide variety of
parameters, including GNP projections, supplies of conventional fuels, and world oil
prices, and are based upon the assumption that the governmental policies in force
at the end of 1978 will continue unchanged: They should be regarded only as
representative projections, but do provide some insight into the potential extent of
application of electric power generation using hydrothermal energy. The input
parameters relating to specific resources that were used for projecting hydro-
thermal electric power generation were derived from a study done by the Mitre
Corporation for the DOE geothermal program, and were provided to EIA by DOE's
Office of Policy and Analysis. ‘ ’

In all of the projections, the vast majority of hydrothermal electric power
generation takes place in California, Nevada, Utah, New Mexico, and Arizona, with
a small amount in the Gulf Coast. In a few projections, a small amount of
geothermal electric power comes from the Rocky Mountain states.

* For the near term (198 5), total U.S. hydrothermal electric power genera-
tion is relatively insensitive to the projection parameters. This is to be expected,
since commitments have already been made for most facilities likely to- be
operating by 19 5. '

Projected hydrothermal electric power generation for 1990 and beyond is
relatively sensitive to the availability of domestic supplies of alternative fuels.
Low domestic supplies of conventional fuels (principally oil and natural gas),
coupled with high world oil prices, could raise projections of hydrothermal electric
power by more than 25%.




-13- .

Table 2.3

COMPARISON OF HYDROTHERMAL ELECTRIC FORECASTS ..

(MWe On-l.me by End of Stated Year)

10 1985 1990 1995 2000
Commerce Department® - 1977. - "Most likely" Supply/Demand Balance - 1,000 = 2,000 - .---- cee- 20,000
EIA Annual Report to | 19% de-R'anée Economic Growth and Oil S T
Congress. 19mb v L Prxce Case R e 2,600 4,500 6,200 c——-
EPRI SurveyC 198 Survey of Industry Estxmates. ) ‘, A
- Announced e 2,019 3,019 0 3,619 3,919
- Probable ———— 2,664 5,414 7,473 9,023
- Possible S 3,374 7,664 11,323 14,723
IGCC Goalsd 1979 Resource Potential and Economics 663 3,000 7,000 = 14,000 25,000
DGRMS 1979 GeneralKnowledge of Developer/ - o
) Utility Plans - : 941 2,478 3,330 ———- e
EPRI Forecastf 1979  EPRIR&D Plans ---- 6,000 9,650 c——— eeee
NRC CONAES Geothermal 1979 . Panel of Experts: B T S
Resource Panel8 : - Business as Usual il i 860 .1,‘80 ,2, 520 Ll dd 5, 500
_ - « Moderately Accelerated Development 970 2,160 3,500 -ewe 8,400
- Strongly Accelerated Development l 180 2,620 6,600 ---- 16,100
e - .- CrashDevelopment . . . . . ,no 3,130 9,900  ---- 26,600
EPRI Surveyh R 1930 _ Survey of lndustry Estimates L o .
o : T =" Announced eIl L Ladat 1,578 2,294 2,599 3,299
.~ Probable - : eee- 1,912 4,216 5,631 7,416
- “Possible 7 Veedal 24117 75,203 3,106 10,761

aForec:ast of likely U.S. Energy Supplleemand Balances for 193 5 and 2000 and lmplxoatxons for U.S. Energy Policy, U.S.
Department of Commerce, 20 January 1977. R SSHEE . .

' bU.S. D.O.E.. Energy Information Admxmstratxon, Annual Report to Congress 1978 Vol. 3, Supplement 1. .

CV. Roberts and P.Kruger, Geothermal Resource Councxl Transactions, September 193 O. o

’ jdGeothermal Energy,. Research, Development and Demonstrat:on Program Fourth Annual Report, Table 1I.1, June 1930.

“eGeothermal Progress Momtor Report #1, December. 1979.

fEPRI New Energy Resource Department Strategy Paper, . January 1979. s

EGeothermal Resources and Technology in the Umted States, Natlonal Academy of Scxences, 1979.

hV Roberts and P. K ruger, Geothermal Resource Council ;Transactxons, September 198 0.
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Most hydrothermal electric power generation capacity projections for 1995
are on the order of 6,200 MWe. Low supplies of domestic oil and gas or a nuclear
moratorium could raise geothermal power demand by 50 to 60%.

A summary of estimates of the quantity of natural gas recoverable from
geopressured geothermal resources in Louisiana and Texas is shown in Table 2.4.
The estimates of producible methane range from 50 to 5,000 trillion cubic feet.
 The spréad in these eStimates is due to the variety of assumptions used for, as yet
~-unknown, factors such as geopressured well productivity, geopressured reservoir
characteristics, the economics of production and reinjection, and the degree to
which environmental effects such as ground subsidence could restrict production
along the Gulf Coast.. | o ‘ '

2.4 GEOTHERMAL RESOURCE POTENTIAL IN THE UNITED STATES

2.4.] National Resou_rce Assessment

" The U.S. Geological Survey is responsible for conducting resource inventory
and assessment through a program of multidisciplinary research. A major ﬁroduct'
of the resource assessment program, USGS Circular '790, was published in 1979,
- "Assessment of Geothermal Resources of the United States, |1978." This circular is
based on data available in July 197, and is an update and expansion of USGS
Circular 726, published in 1975. Circular 726 assessed for the first time moderate-
and high-temperature hydrothermal resources and geopressured resources in a
systematic manner. Circular 790 refines the original estimates and also includes
the first tabulation of data on low-temperature (less than 900C) geothermal waters
at depths of Jess than ] kilometer. Such low-temperature waters appear to be
widely available over much of the country, and could have substantial potential for
space heating and agricultural applications. The low-temperature assessment is
being expanded to provide the first quantitative inventory of these resources using
data from many new sources, including DOE's state-coupled program. Similar
updates for various resource types will follow as new data make further refine-

ments in the resource estimates possible.
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Table 2.4

ESTIMATES OF NATURAL GAS IN GEOPRESSURED AQUIFERS
,, (Tnlhons of Cubic Feet) " =
~ (Resource Base) ' SRR
. Total Methane .. . . .- .Recoverable

| In-Place ' _ Methane*** ] Recever:y'
Date . Source - : .Te:tas ~La. Total Tescas La. Total (%)
1977 Jones - . o == o .-Qf 50,000 == == 5,000 0.
1977 Dorfman(UT) = === =< 5,700 -82° s 257 s
1977  Hise (LSU) e 03,000 eee -l 150 s
1973 Lewin & Assoc.* - 300 - - 800- -1,000 .10 .- 40 . 50 . 5
198 Bernard R T IR USRIt
1979 USGS, #790** SN R
.- e Onshore ,,3,11,8003—~,1,3Oo”v‘ 3,10072 25 97 3
.. e Offshore . e=c -o= 2,600 f e - 032
1980 - - National Petr, '/ =sn i iem };‘%_:_,é_'A. o= === . 81 MMct/day

- Cou_ncil***.*,, _

*The Lewin estimate for ‘l'exas mcludes only the Fno formatxon.

*%JSGS estimate is for sandstone only. ‘The estimate of recoverable resource
assumes sufficiently high wellhead pressure to llmxt subsxdence to one meter,
based on 1975 1nformatlon.~ ‘ :

***Assumes no rem)ectxon mto the produced aqu1fer. Rem) ectxon could -
theoretically increase the recoverable resource by five to six txmes, but R
may not be exther ‘technically or economically feaszble. A LR Y

%% x%The production rate in the year 2000 under the most optlmxstlc case for
~onshore Gulf Coast sandstones. :
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Table 2.5 presents the current estimated potential of geothermal resources
in the United States, based on USGS Circular 790. The energy estimates.in this
table differentiate between estimates of the resource, that is, the energy that
could be extracted economically within a reasonable time (figures in the bold box),
and the accessible resource'base, that is, the energy in the ground to a specified
depth. From the total esﬁmated geothermal resource potential, the USGS has
attempted to estimate the amount of energy available for utilization. Table 2.6
summarizes the energy available for utilization from the three resource types, and
indicates a range from 710 to 3,400 quads of geothermal energy for both electric
and direct thermal applications. - The range of values exists due to a variety of
assumptions used for energy recoverability and utilization.*

Figure 2.1 shows those areas in the United States that have been identified
as having known or potential hydrothermal resources. Data for this map were
derived from the regional and national assessments performed by the USGS and
from state and site-specific assessments performed under the D'OE'stateV-cbupled'
program. The western United States has the greatest potential for hydrothermal
development, particularly for use in electrical power generation and direct heat
applications that require relatively high temperatdres. The Atlantic Coastal areas
and the southeastern United States contain a number of prospe‘éﬁve targets for
develbpment as Jow- to moderate-temperature heat sources.

The results of this assessment provide a foundation for other critical
portions of the Federal geothermal program by identifying target areas for site-
specific studies by DOE and for exploration by industry, proyiding a basis for
estimating potential productivity of individual géothermal ,' systems, and.
establishing guidelines for the development of technology to exploit the resources.

*It must be noted that not all of the calculations for these values are based
on actual resource estimates. It is not possible, given present knowledge, to
estimate "resources" of hot dry rock. The hot dry rock energy values in Table 2.6
were generated from an illustrative calculation using resource base data from
Circulars 726 and 790 and a set of reasonable, but arbitrary, assumptions. These
values do not represent the complete range of reasonable assumptions that could be
made. Because of this, the hot dry rock energy values should be considered to be
illustrative only.




Table 2.5

GEOTHERMAL ENERGY OF THE UNITED STATES*

coastal plain on their Table 13.  The result is then increased by
approxlnately lB percent ‘to give a figure conperable their “best
estimates."

“h.

Accessible ;L Accessible ]Accesaible Fluid Resource: Accessible Resource Base to 3 km Resource . Electricity Beneficial
Resource Base Resource Base Base’ to 6.86 km o Q0!8 gyse (1018 3)*xx | ©  (Me for Heat
_ £0_}0 km to 7 km (1018 gy . _ o 30 yr) (1018 jJ)ax
(1018 Jyar (1018 Jyax Sandstone  Shale ' Total >150°C 90°-150°C Total o
Conduction-dominated: |- b :
Land area 33,000 000 17,000, 000 3,300, ooo i
Offshore gulf L0370, 000 180 000 16,000 ! .
coast ‘ = : )
Igneous-related: ;{ PR :
Evaluated 2+ 101,000
Unevaluated -1 900,000 ;
eservoirs of hydro- - ;
F‘thernal convection | o Lo ‘
systems ( 90°C): .| - O d d " N
Identified Coh : 950 700 1,650 400 0} 23,000 42
Undiscovered § ? 2,800~4,900 3,100-5,200 3,000 2,000 ' |.72,000-127,000 184-310
Norchern Gulf of : :
Mexico Basin = . :
{onshore and ; )
of fshore): e R I v ‘ '
_ Thermal emergy - | . 850,000° ~410,000° - | 11,000 -: 96,000 107,000 21o£-2aoo5
Methane energy - |~ . : S | 6,000 - 57,000 63,000 158 -1640% -
Other geopressured - .| o S S : h
basins R SRR v : ; 46,000
a. "Best estimates™ of Diment and othera (1975, Table 14). These values d. Doea not include 1290 x 1018 3 1n Nationel Parks (mainly 1n Yellowstone).
are each approximately 18 percent greater than the values determined
by the "basic Calculation“ of Diment and others (1975, Table 13). e. Calculated for an area of 310,000 km2 using the "besic calculation® of
Diment and others (1975) and the thermal parameters listed for the
b. Equations on p. 85 and 91 of Diment and others. (1975) (asauning an coastal plain on their Table 13,  The result is then increased by approx-
exposttlal decrease of heat production with depth) give 11,700, 000 imately 18 percent to give a figute comparable to‘thetr "best estimates."
x 10" J for the “basic calculation.” This value is then increased by
approximately 18 percent to give a figure conparable to the “best esti- f. Plan 3 of Papadopuloe. Wallace, Heaaeluen. end Teylor (1975 ).
metes" of Dinent end others (1975 table 14).: .
' ‘B, Plan 2 ot Pepedopulos. Hellaee, Heaselnan. end Taylor (1975).
¢. Calculated for an area of 135 000 ku2 using the "basle calculation of E
Diment and others (1975) and .the thermal parameters listed for the

From Hhite and Hilliane (1975, Table 28) thernal energy only.

*Table 20 of USGS Circular 790, Assessment of Geothermal Resources of the United States, 1978.

#x1018 Jo=) quad.
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Table 2.6
ESTIMATED GEOTHERMAL ENERGY FOR UTILIZATION*

GEOTHERMAL RESOURCE o ENERGY FOR UTILIZATION**
, , (1018 Joules 1 quad)

Hydrothermal |
1500C - ' 142 . 9% * %
900-150°C : : 230 - 350
| Total 372 - W0
Geopressured
Thermal -3 - 320
Methane : 79 - 820
Total 110 - 1140
Hot Dry Rock
Hot Igneous Systems , 75 - 590
Regidnal Conductive Environments 152 - 1190
Total 227 - 1%0
TOTAL (ROUNDED) 710 - 3400

*Totals for identified plus undiscovered and evaluated plus unevaluated
resources. ' : :

f .

**These figures preserit a range for each category because of a variety of
assumptions used for energy recoverability and utilization. o

**%The lower figure of 90 should be used for systems 1500C if the higher
figure of 350 is used for systems 90-150°C, and vice versa. T
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Figure 2.1 Known and Potential Hydrothermal Resources
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It should be noted that the geothermal resource assessment, because of its high
level of aggregation, should not be used to establish specific reserve figures for
short-term investment and marketing decisions. By its nature, this resource
assessment is designed to be useful to industry and government in developing long-
term policy and strategies. It is prepared using uniform methodology and data
analysis to estimate the amount of thermal energy that might feasibly and
economically be extracted from the earth at some future time.

2.4.2 Confirmation of Hydrothermal Reservoirs Suitable for Electric Power
Applications o

An analysis of the ,hydrothermai resource estimates of the USGS was
recently conducted in support of a study by DOE's Division of Geothermal Energy
designed to obtain improved "estimates of the market penetration potential of -
geothermal energy. Them'arket penetration study is being conducted for both |
- electric and direct heat apphcattons, and will eventually examine all geothermal
resource types. ‘

The resource’ analysxs set out to more accurately quant:fy the hydrothermal
resources available for electric power apphcatlons by charactenzmg hydrothermal
reservoirs, establishing reservoir confirmation rates, and evaluatmg the effects of
Federal prografns on hydrothermal electric power development. 'vChara‘cteristics of
known hydrothermal reservoirs were used to predict charactensucs of the
undiscovered resources, and nmmg for confirmation of reservoirs was postulated.

Resource categorization began with information provided in USGS Circular
790, "Assessment of Geothermal Resources of the United States; 1978."  Table 2.7
lists the known hydrotbermal systems identified in Cichlar' 790 as - having
temperatures higher than 1500C pliJs Raft River, which formed the starting point
for the analysis. These development sites are associated with known hydrothertnal
reservoirs and have a total electric power generation potential of 23,85 MWe.
Additional data were obtained from USGS open files on specific geothermal
systems and personal conversations and "expertise. Reservoir types were then
categorized by selecting several characteristics that can be used to distinguish
each type. Reservoir characteristics were chosen that are important in the
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Table 2.7 - - - |
HYDROTHERMAL RESERVOIRS SUITABLE FOR ELECTRIC POWER PRODUCTION

Raft River

149 |

ESTIMATED ESTIMATED
R SRS R RESERVOIR POTENTIAL
SITE MEAN ELECTRICAL
S T " TEMPERATURE ENERGY -
(oC) (MWe for 30 yrs)
ALASKA ,
Hot Springs Cove 164 27 .
Geyser Bight o 208 136
Bailey Hot Springs 2. 162 26
ARIZONA
Power Ranches Inc., Wells .. 165 23
CALIFORNIA | ‘_
Border 160 3
Brawley ©o. 253 640 s
Clear Lake O =+ 190 900 - -
- Coso Hot Springs - 220 650
East Mesa ‘ 182 360
Geysers 237 1610
Heber 175 650
Long Valley o - 227 2100
Morgan Spnngs-Growler Spnngs 217 116
Randsburg 172 34
Salton Sea 323 3400
Surprise Valley = - c= 152 1490
Sulfur Bank Mine .: 194 - 75
Westmorland oo 217 vmoj ST EE
COLORADO - | |
- Paradise Hot Springs' 154 S L
HAWAIL E o
K amaili Homesteads 273 210
K apoho Reservoir (Puna) w0 275 RS SR
IDAHO r | o
Big Creek Hot Springs 162 26
Crane Creek-Cove Creek 171 340

100"

SOURCE: USGS Circular 790, Assessment of ‘Geothermal Resources of the United

States, 197.
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Table 2.7 (Cont.)

ESTIMATED

ESTIMATED

TOTAL POTENTIAL ELECTRIC ENERGY

s RESERVOIR . POTENTIAL
SITE MEAN ELECTRICAL
TEMPERATURE ENERGY
: (oC) (MWe for 30 yrs)

"NEVADA

Baltazor Hot Spring 1R be
Beowawe 229 127
Brady Hot Springs 155 157
Desert Peak Area - 221 750
Fernley Area 182 33
Great Boiling Springs 1R 32 .
Hot Sulphur Springs 165 27
Humboldt House 217 47
Kyle Hot Springs 159 97
Leach 162 77
Lee Hot Springs 166 2
Pinto Hot Springs - 173 90
San Emedio Desert Area 166 Y-
Soda Lake Area 157 146
Steamboat Springs 200 350
Stillwater Areas . 159 450
Sulphur Hot Springs 1B 74
NEW_MEXICO

Valles Caldera 273 2700
OREGON

Alvord 181 49
Crump's Hot Springs 167 61
Hot (Borax) Lake Area 191 91
Mickey Hot Springs 205 160
Neal Hot Springs 138 36
Newberry Caldera 230 740
Trout Creek Area 154 24 -
Vale Hot Springs 157 370
UTAH

Cove/Fort Sulphurdale 167 330
Roosevelt Hot Springs 265 970
WASHINGTON B
Gamma Hot Springs - 165 27

23,85
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economic decisionmakinvg pzfocess;es ‘that lead to the development of hydrothermal
resources for electric power generation. These characteristics include: wellhead
temperature; unpumped well flow rate; and maximum producible acreage. - Other
reservoir characteristics: were considered .constant: or -dependent - characteristics
(such ‘as exploration costs, reservoir life, injection well costs and fractions, etc.),
and‘ do not differ from one prospect: to another. .'Other characteristics were
dropped from “further consideration because they lacked -a significant economic
impact in terms of this sfudy.

.‘Measurements of the above .six characteristics were tabulated for the
important,. known.hydrothermal-’reServoirs in. the world. - -From this data base,
typical ranges of values were ‘determined for each reservoir characteristic and
tested.in the economic model for sensitivity. .The ranges for each characteristic
were used to establish generic hydrothermal reservoir types. The study eventually -
identified 20 generic reservoir types as reasonably representative of all known and
undiscovered -hydrothermal reservoirs suitable for electric power generation.

Characteristics of kr;own hydroth'ermal‘reservoirs' were éompiled and were
subsequenﬂy used to help postulate the ‘rate of reservoir confirmation to the year
2000 and the naturé of those confirmed reservoirs. Three general assumptions
were made when postulating the reservoir confirmation rate: (l) the geothermal
resource data base is adequafe for this task; _(2) the geothermal industry will be

- economically healthy between now and the year. 2000; and (3) each of the Federal

geothermal program elements will succeed in its objectives.

Resources were then considered on a region-by-region basis. The names of
the presently confirmed reservoirs were listed and the total number and nature of
unconfirmed reservoirs in each favorable geologic environment within a-region

were estlmated These esumated, unconfirmed reservoirs formed a candidate list

of potential discoveries.” The nature, problems, and extent of present and future

_exploration activities were considered for each favorable geologic environment,

and the list of candidate confirmations was pared down to those w1th a high
probabllxty of confirmation before the year 2000.

The resource analysis projects that 101 to 134 reservoirs will be confirmed
by 2000. A relatively small number will be confirmed in 1981-I98 5 because the
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current exploration pace is slow. The confirmation rate increases dramatically
from 1986 to 1990, and reaches a maximum in 1991-1995. After this, a decline

occurs because the more obvious discoveries will have been made. At this rate, a
little less than half of the estimated total accessible hydrothermal resource base of
the United States will be confirmed by the year 2000. There is a bias toward
~confirmation of proportionally more reservoirs in the higher temperature ranges;
lower temperature reservoirs are not receiving much industry exploration effort.

Development of hydrothermal resources for electric power generation can
be done either by private industry or the government. The Federal government
recognizes that development. by private industry is preferable; the Federal
geothermal program, therefore, is designed to support discovery, confirmation, and
utilization of hydrothermal resources by the private sector. The Federal program
will not affect the ultimate number of reservoirs confirmed and used, but could
affect the timing of confirmation. Several elements of the Federal program could
be significant in terms of increasing the confirmation rate in the next 20 years, and
include regulatory streamlining and technology development. |

—
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e 3.0 GEOTHERMAL DEVELOPMENT STRATEGY = :.°

37 OVERVIEW =0 oo oot il e

7 The overall strategy for accomplishing the Federal geothermal utilization
program‘is to support industrial development of U.S. geothermal resources through
a ‘time-phased- set of ‘government ‘actions to- support action by -the existing

"géo'th'érmal industry and to support -entry into the ‘geothermal -marketplace by
additional resource developers, utilities, financial institutions, and consumers. The

‘'strategy is based on the concept that U.S. industry: will develop all types of
geothermal ‘resources rapidly “if the government provides .initial- assistance to

‘resolve technical -problems, economic questions, and institutional issues that are
unique to geothefmal energy systems and rio?el to the U.S. industry. The strategy:
emphasizes (1) actions needed to resolve barriers to immediate industrial develop-
ment of resources that are now economical, and (2) actions required to ensure mid-
term deveioprx;ent of resources for which technology and economics have not been
fully proven. In the near term, geothermal energy from hydrothermal resources
can displace oil and natural gas as anh economical and envxronmentally attractive
source of energy. In’ the mid- and long term, geothermal resources can also supply
natural gas from geopressured resources, and large quantities of useful heat from
hot dry rock resources. - C ‘

3.2 ALL GEOTHERMAL RESOURCES = -

The overall objective ‘of Federal geothermal actxvmes iis”to transform
several types of resources into an array of technically, economxcally, and environ-
mentally sound ‘commercial v,ventures. The major barriers to commercial develop-
ment of geothermal energy are: (1) the:initial ‘risk associated ‘with the expensive
drilling needed to confirm geothermal reservoirs of all types deters many potential
users from starting projects; (2) the vast majority of higher temperature
hydrothermal reservoirs suitable for electric power production are only marginally
economic with present technology; (3) the overall rate of 'leasing' of Federal lands
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appears to be too slow to sustain rapid development of hydrothermal resources in
the 1990-2000 time period; (4) the present state laws need further development to
promote a clear legal climate for industrial geothermal activities; (5) there is a
lack of an industrial infrastructure to support direct heat applications; (6) there
exists a general Jack of knowledge about geothermal energy on the part of
potential users and developers; and (7) the technology and economics have not been
proven for geopressured and hot dry rock resources. '

The commercial attractiveness of the three main resource types depends
on the physical characteristics of the local resource and the costs of energy
extraction and utilization technology. Various elements of the Federal s'trategy
reflect the different conditions of technical and economic readiness of these
resource types. -The principal components of the Federal strategy that are
applicable to all types of resources during the commercialization phase, and others
that are tailored to the current needs of specific resource types, are described
- below.

3.2.1 Strategy Components Affecting All Resource Types

1. Accelerate the identification and quantification of the
various types geothermal resources (approximately 80% of
the estimated U.S. geothermal resource has not been
located).

2. Continue an aggressive research and development effort to
improve technology which is likely to reduce geothermal
energy costs, expand the economically competitive resource
‘base and lead to more rapid commercialization.

3. Propose ways in which Federal leasing and permitting
processes can be simplified to speed the implementation ‘of
new development projects.

- 4. Support states in site-specific planning and outreach

activities.
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technology for producing electric power from steam and hxgh—temperature hot
water is commercially available, cost—competmve, and bemg used today on a
limited scale. Electrlc power. producnon from moderate-temperature resources is
techmcally feasxble- however, technologlcal 1mprovements (development and:
demonstratlon of bmary cycle electnc power generatlng systems) are necessary to
realize economic competltweness and estabhsh market readmess. In general, the'
technology for d1rect heat appllcanons of hydrothermal resources 1s proven,
~ available, and economlc.; However, the requxred 1ndustr1al 1nfrastructure for usmg
this’ technology is not 1n place, and conflrmatlon of a larger number of reservoxrsv .
located near use 51tes is requ1red The elements of the Federal strategy affectmg
prlmanly the development of hydrothermal resources are hsted below.A N |
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5. Establish appropriate environmental regulations, continue

monitoring of environmental effects at each resource area,

and develop control technology and procedures for mitigat-
_ing potential problems. '

'HYDROTHERMAL RESOURCES

3.3.0

1.

2.

Hydrothermal energy has a great potential in the near term.

Strategy Components Affecting Hydrothermal Resources

Encourage wxdespread acceptance of the hydrothermal ’

energy resource by developmg a program to increase

technology transfer.

Improve estlmates of the nature and snze of xdentlﬂedf»'”
hydrothermal resources through 1mprovement of geothermo- :
meters and geophysical techmques. Refine estimates of

- undiscovered resource_s through characterization studies.

3.

Provnde techmcal assxstance to support use of conventlonal

technologles for electrlc or dxrect heat appllcatlons. -
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4. Support research to develop adequate environmental

controls.

The aggregate of these strategy elements leads to a carefully' balanced mix of
R&D projects directed at cost reduction. Knowledge gained in the near term from
experience with hydrothermal resources can be applied later to the development of
geopressured and hot dry rock resources. h

3.4 GEOPRESSURED RESOURCES

Although the " geopressdred resource contains methane, thermal, and
hydraulic energy, the methane has the greatest economic value. Technology exists

for producmg methane and other energy from these resources, but the economics

are uncertain. The major 1mped1ment to commercxahzauon is uncertainty about
the methane concentration and productive capacity of geopressured reservoirs. If
the economics are proven to be favorable, development could take place rapidly.
Systems for utilizing the heat from geopressured fluids for electricr:it'y’ production
(by binary cycle systems) and direct heat applications Will be adapted from
hydrothermal systems when industrialization of the geopressdred resource begins.
The elements of the Federal strategy affecting primarily the development of
geopressured resources are outlined below.

3.4,1 Strategy Components Affecting Geopressured Resources

1. Focus on resource definition and assessment of reservoir
performance relating to methane recovery, with thermal
and hydraulic energy treated as potentially valuable by-
products.

2. Collect the needed reservoir performance data through a
series of high-rate, long-term flow tests of geopressured
wells in the Gulf Coast area during the next three to four
years. Test Wells-of-Opportunity (unsuccessful oil and gas

exploration wells that have penetrated geopressured forma-
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tions) for short periods of time for geopressured potential.
Measure the performance of design wells that have been
drilled and completed specifically for the purpose of long-
term tests. These tests will also resolvé uncertainties
related to potential environmental impacts of geopressured
energy production.

3. Assess data from sedimentary basins in areas other than the
Gulf Coast where geopressures have been measured or
indicated.

i

3.5 HOT DRY ROCK RESOURCES

The technology for exploiting the enormous heat content of dry geothermal
resources is under development, and has been proven feasible on a pilot scale at
one site. Of the three major resource types, the hot dry rock technology is at the
earliest development stage. The basic concept must.be proven to be technically
and economically’ feasible for utilizing resources in different geologic settings.
The main strategy elements applicable to the development-of hot dry rock
resources are those below.

3.5.1. Strategy Components Affecting Hot Dry Rock Resources

1. Continue evaluation of resource potential in order to define
more fully the extent to which the energy extraction
technology can be applied nationwide.

2. Conduct energy extraction experiments to refine the tech-
~ nology and improve the economics in the near to midterm.

3. Improve drilling and fracturing technology for high-temper-
ature rocks in the near term. '




=30~




=-31-

"+ 4,0 THE NATIONAL GEOTHERMAL ENERGY PLAN .

4.1 ~ OVERVIEW. :

" The National Geothermal Energy Plan comprises . the: efforfs .of several
Federal agencies, as well as ‘state and local governments, in support of national.
geofhermal ‘resource development. The Geothermal Research, Development, and
.Demonstration Act of 1974 (Public Law 93-410) assigned various reéponsibil_ities to.
Federal agencies, and gave ERDA (now the Department of Energy, DOE) lead
responsibility for the kFederal Geothermal Program. . Other agencies active in
geothermal development include: the Departments of the Intevrio:"‘(DOI),A A‘gri'cul-;
ture (USDA), Defense (DOD), Commerce (DOC), Housing .and ‘Urban Development
(HUD), the Treasury, and the Environmental Protection Agency (EPA) ‘DOl is the
lead agency for resource assessment; and EPA has lead. responsiblity for environ-

mental protection. | '

"Key: orgamzatxons thhln DOE are  the Division: of Geothermal Energy
(DGE), within. the Office of - the - Assxstant Secretary for . Conservation and‘
Renewable  Resources (ASCE); and the Office of the . Assxstant Secretary for
Environmental Protection, Safety, and . Ernergency -Preparedness. - Other . key
organizations in the program are the U.S. Geological Survey (USGS) and the Bureau
of Land Management (BLM) in DOI; the U.S. Forest Service (USFS) in Agriculture;
the Departments of the Navy and the Air Force in. DOD; . and the Office of

Environmental Engineering and Technology and various regulatory offices in EPA..

. Other. participants in the program-are DOE's Office of Leasing Policy
Development (LPD) under -;ASFE;.Offic‘e of Policy, Planning andr Analysis; Ofﬁce_of_f
- Energy Research ‘(ER); the Energy Information Administration -(EIA); and the
Federal Energy Regulatory Commission (FERC); DOI's Bureau of Mines (BOM), Fish
and Wildlife Service (FWS), and Bureau of Reclamation (BUREC); the Economic
Development Administration (EDA) within Commerce; the Office of Community
Planning and Development in HUD; and the Office of Economic Policy in the
Treasury Department. |
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Interagency cooperation was established through the Geothermal Energy
Coordination and Management Project (now the Interagency Geothermal
Coordinating Council), which retains substantial responsibility for coordination of
the Federal program. The Interagency Geothermal Coordinating Council (IGCC)
consists of the Federal agencies that participate in the geothermal program. The
basic function of the IGCC is to promote and support the use of environmentally
acceptable geothermal energy at the earliest possible date. The Council's
functions are: (1) to provide a forum for information exchange among Federal
agencies involved in the geothermal program; (2) to develop detailed Federal
geothermal program plans and goals; and (3) to define actions and policies to be
followed by Federal agencies to accomplish established goals.

~-The most recent coordination efforts of the IGCC have resulted in the
Federal Geothermal Program Plan, which is designed to provide an integrated
overview of the geothermal programs and activities of ‘the IGCC member agencies
for the FY 80-FY 82 time frame. The Plan was submitted to the Office of
Management and Budget (OMB) in October 1980, as backup to the coordinated
geothermal FY 82 budget. The Plan presented the goals and objectives of ‘the
Federal geothermal progrém, and proposed a strategy for achieving those goals. It
described-the missions of the participating agencies and their planned activities for
geothermal development, and proposed ‘budget and manpower levels for those
agencies. The Plan also identified major problems, inconsistencies, and shortfalls
in the overall program and made recommendations for improving program
effectiveness.

The major inadequacies of the Federal program identified by the Federal
Geothermal Program Plan for FY 80-FY 82 relate to regulatory delays, low-
priority treatment of geothermal in some agency budgets, and a need for increased
participation by agencies with capabilities to support the program: further.
Problem areas include: the slow rate of leasing lands for geothermal development
and the uncertainty of environmental regulations. The Plan made several
recommendations addressing these problems and designed to xmprove the
effectiveness of the Federal program. ‘ -
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In the Federal Geothermal Program Plan, the areas of leasing, environ-
ment, resource assessment, reservoir evaluation, industrialization, and research
and development are thoroughly examined, with the’ contributions of each Federal
agency detailed. (Much-of the Plan material is incorporated in later sections of
this report.) The major geothermal program activities for the near ,term (FYS8)-FY
8 2), for each of the above areas, are d'escribed below. - . :

4.2.1 Leasing

‘The regulatory requirements associated with leasing Federal lands for
geothermal exploration and. development, along with administrative .delays in
processing applications, have been identified as.major impediments to more rapid
development of geothermal resources. . A major thrust of the leasing program will
be to surmount some of these ins,'titutional'fbarriersr.-.fl‘hefedéral land management
agencies involved in the leasing program will i,mplémgnt ,recogﬁmendations of the
IGCC Streamlining - Task - Force to reduce delays in processing applications and
accelerate the rate -of leasing - Federal lands for geothermal exploration and
development. Four Federal entities have leasing responsibilitieé: the Bureau of
Land Management (DOD), the U.S. Geological Survey (DOI), the U.S. Forest Service
(USDA), and the Leasing Policy Development Office (DOE). .

~ BLM and USGS share major responsibilities 'withiwn DOIL. . BLM sets,térms
and ‘conditions for surface proteCtion, reélamation, and kadherence ‘to various
environmental laws; USGS assures-compliance.. BLM completes prelease environ-
mental reviews, administers competitive lease sal‘e§,ﬂandi, issues leases. USGS
‘evaluates all parcels for K GRA designation, ;evaluat'es, co»mpe‘titi’v'e, parcels to
establish minimum acceptable bids before BLM offers them for sale, épptbves and
monitors all postlease operations, and collects royaltiés. ’

The U.S. Forest Service's (USFS) primary -role :is ,toﬁ.b)eya‘)pate ‘the possible
impacts of leasing in National Forests on surface _re:s‘ources\,, and .uses, and to
develop terms and conditions to assure that those impacts are eliminated or
mitigated to the maximum reasonable extent, The Forest Service must also give
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its consent and specify terms and conditions for geothermali leasing on National
Forest System lands.

DOE's Office of Leasing Policy Development (LPD) is responsible for
~ promulgating regulations which relate to fostering competition for Federal leases,
implementing alternative bidding systems, setting production rates, and:setting
terms for Federal royalties. LPD also approves the terms and conditions relevant

to the above functions for leases issued by DOL.

4.2.2 Environment

 The plan is to provide continuing environmental assessment of geothermal
resource areas and development sites; develop technological and nontechnological
controls. to reduce negative environmental impacts; and develop standards,
regulations, and other guidance to aid industry in developing geothermal resources.
EPA and DOE study the environmental issues surrounding geothermal energy use,
and develop environmental controls technologies. Studies range from baseline
environmental monitoring of potential geothermal resource ‘areas to control
technology development and demonstration. Efforts are also under way to develop
data bases upon which reasonable standards may be based. EPA has responsibility
for developing environmental standards and regulations. DOE's role is to ensure
that development and commercializatin of geothermal energy is environmentally
and socially acceptable, with minimal risk to health and safety. Key activities
planned for the next few years are summarized below.

l. Develop reliable and economical control technologies for
H2S emissions abatement: UOP's "sulfox" process and EIC's
scrubber process (EPA and DOE); investigate electro-

chemical oxidation as a method of controlling H2S emissions
(EPA). ' :

2. Assess non-H2S' air emissions for their environmental
significance (EPA).

" 3. Characterize geothermal solid wastes and assess the
environmental impacts of solid waste disposal (EPA and
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DOE); determine the applicability of hazardous waste
regulations to geothermal energy systems and revnew the
~-effect of these regulations on such systems (EPA)

4. Address techmcal and regulatory problems related to
. Ageother,ma_l fluids disposal: conduct research on flurd,v’
injection and ocean disposal of ﬂuxds and develop under-
ground fluid injection monitoring methods (EPA and DOE).

- D Perform research on . subsxdence and mduced sexsmrcxty
resulting from geothermal operatxons (USGS and DOE/DGE) o
~develop a system to monitor subsidence and compaction at.
-depth; conduct seismic monitoring near. geothermalv ffieids
under devefopment (DOE). . |

- 6. Conduct a Geothermal Environmental Overview Project to .
identify and assess potential ,envi‘ronmentalproblems in N
Kno,w,n,_,Geothermal - Resource Areas where,commerciaf o B
. development is likely (DOE). .. | o o

7. Revise and update the Pollution Control Guidance doc::ument
for hydrothermal energy systems and prepare a similar
guidance document for geopressured resources and hot dry
rock (EPA). R

4.2.3 Resource Assessment

e ,The -resource. assessment program focuses on. efforts to understand better

the . nature and extent “of geothermal resources in. the Umted States, 1nclud1ng’
undxscovered resources. ...

The‘ USGS. conduets a continuingr broad. assessment of U.S. | geothermal ‘
resources of all types--hydrothermal systems of vanous temperature ranges,‘
geopressured zones ‘and hot dry rock reglmes. This assessment 1dent1f1es reglons
where such resources are known or are beheved to exxst, determlnes characterlstlc
geologic, hydrologlc, geochemical, and geophysical parameters of these resources'
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develops scientific basis for geophysical and geochemical techniques to model
these resources§ and estimates geologic parameters, depths, areal extent, tempera-
ture ranges, and quantities of thermal energy. Emphasis is on the entire
geothermal system encompassing one or more individual reservoirs that are the
focus of DOE studies. Results provide fundamental knowledge for a better
understanding of the nature, distribution, and energy potential of U.S. geothermal
resources. | ' o ‘

The USGS will continue major regional resource assessment and
characterization studies in the Cascades. = Similar studies are being completed for
the Snake River Plain, and are being planned for the northern Basin and Range. In
addition, USGS will conduct the first quantitative inventory of low-temperature
thermal waters usiﬁg data from several new sources including DOE's state-coupled
program. =

DOE will cooperate with DOI/USGS in determining energy recoverability
estimates for geopressured resources and in national and regional hot dry rock
(HDR) resource assessment activities. Detailed HDR investigations by DOE will be
conducted at sites near Boise, Idaho; on the Delmarva Peninsula; and in the Clear

Lake, California, area.

4.2.t Reservoir Evaluation

Hydrothermal Resources

The risks inherent in exploratory drilling have been identified as the most
significant barrier to development of low- and moderate-temperature resources.
Therefbre, 'DOE will complete current activities to confirm hydrothermal
reservoirs suitable for commercial use within the broad resource areas identified
by USGS. In the FY 80-FY 81 time frame, DOE will carry out a program to
identify prospective low- and moderate-temperature hydrothermal reservoirs in
cooperation with states that have identified resource potential. Existing data will
be analyzed to establish ‘probability‘an'd distribution of hydrothermal resource

areas. Detailed assessments will be made of target areas.
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DOE will .also conduct a program. to conflrm low- and moderate-
temperature resources colocated wrth prospectwe users in FY 81. Under the
program, DOE selected teams comprxsed of a developer and a user to share costs of
locating and confirming commercial reservoirs.

Geopressured Resources

DOE's geopressured program will concentrate on reservoir characterization
and determmatlon of commercxal potentzal of energy from geopressured forma-
tions. Major efforts will be dxrected toward productlon testlng of new and existing
wells along the Texas and Lou151ana Gulf Coast. DOE will design, dnll, and test
8 -12 new wells by 198 5, and wxll contmue short-term tests of exxstmg wells through
FY83ata rate of 2 or 3 tests a year. o

4.2.5 = Hydrothermal Industrialization

The approach for mdustnahzatnon of hydrothermal resources xs to provide
appropriate Federal initiatives to support pnvate sector partncnpatxon in resource
development. In FY80 and FY 81, DOE conducted feasibility studies and provided
technical assistance; DOD provzded development opportumtles and demonstration
plants by actually utllxzxng geothermal energy at several oi its facrhtles~ and the
Treasury provided economic assrstance through the Crude oil Wmdfall Profits Tax
Act of 1979, as well as previous energy tax }acts. Ma) or activities planned for the
next few years are described below. '

I Complete sxte-speaﬁc commercxal development planmng m'
15 western states (DOE).

2. Complete state legis'lative reviews in 12 states to identify
~ Jegal barriers to geothermal development and assist states -
o in devel‘oping measures to reduce.t‘hese barriers (DOE).

“A3._:Cont1nue technology-transfer efforts related to dlrect use
of geothermal heat (DOE.) '
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4. Complete reservoir confirmation drilling and construction
activities for 22 hydrothermal direct heat demonstratlon
projects initiated in FY 78 and FY 79.

5. Begin operation of a 5 MWe binary cycle pilot plant in the
Raft River area of Idaho to collect technical and cost
information (DOE). ' ‘

6. Complete final design and initiate construction of an indus-
try cost-shared 50 MWe flash-steam demonstrauon plant at
the Valles Caldera, New Mex1co (DOE).

7. Develop a site for construction of a geothermal powér plant
at the China Lake Naval Weapons Center in Coso, California
(DOD).

2. Select a contractor, prepare an environmental assessment,
and obtain permits to construct a central cooling plant or
electrical plant ‘at Williams Air Force Base in Arizona
(DOD). | ’

9. Coriduct geophysical studies and exploration to determine
feasibility of using geothermal direct heat or electricity at
various Navy and Air Force bases (DOD).

10. Develop implementing regulations for the additional geo-

thermal tax credits provided by the Crude Oil Windfall
Profits Tax Act of 1979 (Treasury). '

4.2.6 Research and Development

The plan is to continue cost-reducing research and devélbpment to’increase
the size of the economxcally recoverable portion of the geothermal resource base.
DOE supports programs to improve the technology for energy extraction and use.
DOE programs pioneer techniques, equipment, and materials for exploitation of
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geothermal resources; reduce the costs of the technology to make geothermal :
- development competitive; and encourage the estabhshment of mdustrywxde
standards for geothermal materials and equipment. Major activities to be
conducted by DOE are 'summarized below. o |
S . - Improve conventional rotary . drilling. equipment:: anc_l
- materials such. as drill bits, downhole motors, drilling fluids,
and completionﬁ equipment for use in ,_geothermal -

environments. -

2. Conduct field stimulation experiments in high-temperatore
reservoirs. and  support. development of _high-temperature
hydrauhc fractyring equipment and materials to back up the '
stimulation experiments.

3.;Field—test high-temperatUre cements for well completiohs,
and remforced polymer concrete pipe and concrete-hned L
pressure vessels for scale control in surface equxpment. »

4. Fabricate and test high-temperature elaStomeric seals. 'for, |
- downhole ,pumps, motors, . and - stimulation. equipment and
metallic seals for very high temperatUre applications.v A

5. Conduct geOSdences activities to ‘improve acc_tlracy ;,61 “ l
reservoir. performance predictions: ﬁeld-test'geophysic':al '

- exploration ' techniques, develop and - validate computer
models for predxctxng reservonr performance, and develop
hxgh-temperature logging tools and cables to obtain reser-

. voir data. ... : B

6. Complete drxlhng of well for a 20 50 megawatt (thermal)' },
.shot . dry rock heat extraction loop at Fenton Hill, Newv
Mexico, and. begm construction of the downhole heat A
. .exchange area. and surface facxh ties.
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4.2;7 " Federal Funding

Critical to the continuation of the above program activities is the provision of
adequate Federal funding. Federal funding levels for FY 78 through FY 8 2 for the
geothermal program are presented in Table &4.l. The status of the Geothermal
Resource Development Fund and Guaranty Authority is shown in Table 4.2. The
total geothermal budgét has remained constant over the last several years, but the
requested budget for FY 82 is sharply reduced. This reflects the policy of
transferring the responsibility for the industrialization of hydrothermal resources
to the private sector. ’

In some agencies geothermal energy is 2 "line" item in the budget process and
the level of funding is determined by the regular Federal budget cycle. In these
agencies geothermal activities must compete for funds only once a year. Other
agencies do not have a specific line item for geothermal energy. In the middle of
the fiscal year, an agency without a budget line item for geothermal might respond
with greater flexibility if a redirection of funds is necessary.

Program development and modification are closely coupled with the Federal
budget cycle. New policies may require new regulations, which can take up to
three years to enact. Policies requiring funding are subject to the appropriations
schedule of Congress. Thus the entire process can be very slow. Only those
actions that do not require significant changes in funding or in regulations can be
implemented in less than a year. '

4.28 Federal, State, Local, and Private Cooperation

The Federal agencies, working in cooperation with states and lJocal
governments and the private sector, seek to support the use of geothermal energy
as soon as possible. The basic responsibilities of the Federal agen’cies in the major
geothermal program areas are presented in Table 4.3. In addition, the states, Jocal
governments, and private sector actively participate in the geothermal program.
There interests are described below, and their activities, as well as those of the
Federal agencies, are summarized in Table 4.4. The table gives an indication of
the scope of activity surrounding geothermal development.
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Table 4.1
'FEDERAL FUNDING FOR GEOTHERMAL ENERGY (5000)* ‘

L Actual Actual Actual Estimated Requested
ORGANIZATION UNIT Fiscal Year 1978 1979 1980 1981 1982

Department of Agriculture

U.S. Forest Service 678 780 750 700 650

Department of Defense

Navy =~ 542 300 - 230 - 930 - 1110
Air Force 0 0 200 1010 430
DOD Total | | 542 a0 430 1940 1540

Departrnent of Energy

Conservation & Renewable Energy 105952 152990 149870 142521 48375
(Formerly Resource Apphcatlons% T ERACS L

Otfice of Energy Research 2800 2100 3102 3305 3520
Environment . v . 3896 - 0 2820 1950 723 - 1325
GLGP (Admxmstrauve Expenses) 410 0 181 193 200
DOE Total SR 113068 157910 155103 146742 53420

Department of the Intenor LT

Fish & Wildlife Service - 2000 - -~ 200 - 200 70 - %

Bureau of Land Management ‘ , 2300 2590 2550 = 2650 2865

‘Bureau of Mines e 5500 - 10500 to 800 400 400

“Bureau of Reclamation - 2 1800 L5500 910-_‘ f »60~ e 60
-USGS, Geothermal Research E TRt I e i T

Program ' 1018!;‘ 12043 10047 7889 - .. 7889

USGS, Geothermal Evaluation ' '

& Lease Regulation : 1854 750 860 898 898

" DOI Total : 16888 17183 15367 12024 12169

Environmental Protection Agency '~ 670 920 80 1550 1550

TOTAL FEDERAL GEOTHERMAL
PROGRAM BUDGET : 131846 177093 172500 162956 69379

*Operating expenses rounded to nearest thousand.

**Dependent on transfer funds from other agencies.
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Table 4.2

GEOTHERMAL RESOURCES DEVELOPMENT FUND AND GUARANTY AUTHORITY*

" FY 80

FUND AUTHORHY'

Unexpended Appropriations, Carried ;

Forward from FY 79 $ 43,832,277
New Guaranty Authorization, FY 81 - ~ $150,000,000
FY 80 Guaranty Authorization . 350,000,000
Value of Loans Guéranteed 91,048,000
Uncommitted Guaranty Authorization

Carried to FY 81 : | , 258,952,000
Uncommitted Guaranty Authorization for FY 8] 408,952,000
Administrative Expenses Incurred**(FY 80) 1,043,000
Guaranty Fees Collected in FY 80 334,490
Unexpended Appropriation Carried to FY 81 43,123,767
Guaranty Fees Collected in FY 80 and |

Deposited in GRDF 118,715

*This financial information in included in the Fifth Annual Report to satisfy
the requirements of PL 93-410, Section 204(C).

*xContractor and consultant costs necessary to assist in evaluating
technological, geophysical, financial, marketing, management and legal data
submitted with guaranty applications and to assist in monitoring guaranteed
projects. . '
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Table 4.3
BASIC RESPONSIBILITIES OF FEDERAL AGENCIES

Energy Production. Incentives
~ Treasury
S HUD e
'DOC/EDA

‘Reduce Institutional Barriers
DOE/CE
DOE/EIA
- ‘DOE/PE -
DOE/FERC

Make Federal Geothermal Resources Avallable _
“DOI/BLM
DOI/USGS
USDA/USFS
DOE/CE "
DOD

Reduce Costs and Economlc Risks (Research and Development)
DOE/CE : PE
DOE/ER
DOI/BOM
DOI/USGS
DO1/BUREC

 Improve Resource Estimates
DOI/USGS
DOE/CERA

- Reduce Envnronmental Risks
EPA- :
DOE/CE =
DOI/USGS:
" DOI/BLM -
~ DOI/FWS.
USDA/USFS

Support Energy Productzon
DOD
DOC/EDA
DOE/CE "
HUD
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~Table 4.4

SUMMARY OF ACTIVITIES OF FEDERAL, NON-FEDERAL,
AND PRIVATE SECTORS ‘

‘Federal Agencies

State & Local Governments

Private Sector

ACTIVITY:
Energy Production Incentives

Treasury

- Administer Tax Incentives

HUD
- Allocate Planning Funds
DOC/EDA

- Award Grants for Planning

Disseminate Information

Plan

Provide Appropriate State
Geothermal Rights Laws

Provide Tax Incentives

- Broker Projects

ACTIVITY:
Reduce Institutional Barriers

DOE/CE

- Make Recommendations on New
Legislation

- Facilitate International
Technology Exchange

DOE/EIA

- Collect, Maintain and Analyze
Data on Energy Production
and Use

DOE/PE

- Review DOE Policy on
Geothermal Energy Development

Formulate State
Environment
Regulations

Issue Required
Permits and
Approvals

Formulate Public
Utility Commission
Regulations and
Decisions

Cooperate with
Federal Environmental
Review Processes

- Provide
Environmental
Data Requested

- Apply for
Permits and
Approvals

)
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. Table 4.4 (Cont.)

DOE/FERC

- Issue Regulatory Decisions - Cooperate with : .
on Geothermal Power Projects Federal Permitting

- Determine Qualifying Status for Procedures
... Small Power Producers of I
' " Geothermal Energy

-

t ACTIVITY: ,
Make Federal Geothermal Resources Available
DOI/BLM
" _ Lease Competitive and Non- - Cooperate Wiih"Fédéfgfl
competitive BLM and FS Land Leasing Procedures .~ .
- - Approve Exploration on ‘ T
Unleased BLM-Administered - - Issue Permitsand - =~
Lands Approvals

- Review Development Proposals
on BLM-Administered Lands
- - Complete Environmental
Analysis of BLM-Administered
Lands ’

DOI/USGS

- ‘Review Development Plans
- = Provide Permits and Approvals
- Evaluate Resource Areas To
Determine Competxtwe Lease
Sales

USDA/USFS

- Consent to Leasing on FS Lands

- Develop Terms and Conditions
for Leasing FS Lands ,

- Review and Approve Operating
and Development Plans =
(shared responsibility with USGS)

DOE

= -Establish-Production Estimates -~ -~
- Set Production Rates for

Federal Leases
- Review Regulations

DOD

- Consent to Leasing on DOD Lands
- Review Permits and Approvals

Apply for Lease
Apphcatxons '

'Bid on Competltive
Leases ..

Meet Requirements

" ‘for Permits and

" ‘Approvals

Submit Plans

of Operations.

Apply for Permits
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Table 4.4 (Cont.)

ACTIVITY:
Reduce Costs and Economic Risks (R&D)

DOE/CE

- Build Hydrothermal
Demonstration Plants

- Undertake Materials Research
and Development

- Undertake Drilling Research
and Development

- Develop Geopressured Technology

- Develop Hot Dry Rock Technology

- Conduct Research

- Undertake Geochemical Engmeermg

Research and Development
- Improve Reservoir Evaluation
and Exploration Technology

DOE/ ER

- Perform Research in Materials
Sciences and Geosciences

DOI/BOM

- Perform Research on Minerals
Recovery from Geothermal Brines

- Develop Standard Test Methods
for Geothermal Materials

- Field-Test Site-Specific

"~ Materials

DOI/USGS

- Improve Resource Assessment
and Exploration Concepts

- Review Loan Guaranty and Grant
Proposals Submitted to DOE

DOI/BUREC

- Investigate Desalting Brines
for Fresh Water Supplies

- Conduct Research
- - Provide Insurance

- Assume Risks

ACTIVITY:
Improve Resource Estimates

DOI/USGS

- Characterize Various Types
of Geothermal Systems

- Assess Resources on a

- Conduct State
Resource '

Assessments

- Conduct
Reservoir
Assessments
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-, Table 4.4 (Cont.)

Regional Basis and Update

and Refine National Inventory
- Improve Exploration and

Assessment Technology

. DOE/CE

- Explore Energy Potential
of Geopressured Hot Dry
Rock Resources

- Cost-Share
Federal Reservoir.

Assessments ~ . ...

- ; - Cost-Share

“Federal’ L
. Reservoir '
Confirmation

- Provide stls

. of Opportunity

ACTIVITY:

Reduce Environmental Risks
EPA

- Develop Environmental Controls
- Formulate Environmental
Regulations
- Perform Environmental
' Assessments

DOE/RA

-. Provide Environmental Impact

“"Assessments and Impact "

Statements on DOE Projects
- Develop Environmental Controls
- Review EAR's and EIS's
- Write Environmental
Development Plans
- Write Area Envu'onmental
Assessments

. DOWUSGS .. 1

- Determine Geology-Related
.. Environmental Problems

- Monitor Federally Leased Lands
To Ensure Compliance with
Environmental Regulations

- Conduct Research k

- Provide Input to

Environmental AsseSsments

" " Conduct Research
- Provide Insurance

.= Assume Risks

. = Collect Baseline

Data and Monitor
~Environment . ..
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" Table 4.4 (Cont.)

- Critique Data Collection
and Environmental Monitoring
Plans j

- Prepare Environmental Assessments

DOI/BLM

- Conduct Environmental
Reviews To Determine
Effects of Geothermal
Development on BLM Lands

DOI/FWS

--Improve Ecological K nowledge
Base

- Provide Environmental Reviews
as Requested by DOE, BLM, USGS,
and USFS .

- Provide Environmental Reviews

. and Assessments for Forest

" Service Lands

'USDA/USFS

- Conduct Environmental
Reviews To Determine
Effects of Geothermal
Development on USFS Lands

ACTIVITY: :
Support Energy Production

DOD

- Construct Facilities - Cost Share Projects - Cost Share Projects
for Own Use o

DOC/EDA - Construct Facilities - Construct Facilities
- Award Grants for Projects

- Provide Capital
DOE/CE S

- Cost-Share Field
Demonstration Projects
Technology Transfer

HUD

- Award Grants for Projects
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4.3 STATE ACTIVITIES

“Each state with a sxgmflcant potentlal for ‘geothermal energy development

“conducts ‘and coordinates ‘a. number of development and regulatory activities

assocxated thh developments. These mclude'

i geothermal development.

thermal development in each state.

Issuing state permits for exploration and development.

“bxhty to geothermal development.

3

Resolving water and mineral rights and regulatory issues ©

where laws designed for other resource uses do not mclude

S ;*‘or actually 1mpede geothermal development. S

o development.

Anticipating and monitoring environmental and use impacts

‘Examining existing - “state legislation to determme apphca- R

: -Evaluatmg ‘and - authorxzmg state-level tax incentives for "

“*’Coordmatmg state “and' local activities to discover - and-
~develop the most benef1c1al uses and 51tes for geothermal RN

of geothermal development to ensure that these comply

- with state regulatlons.

" 'Interacting - with “the: Fede’ral’— ‘government “to” ensure that’
‘Federal policies and regulatlons will be benefncial ‘to- geo-

- Providing funds to meet cost-sharmg requxrements of -
B Federal field demonstratxon pro;ects. =
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4.4 LOCAL GOVERNMENT ACTIVITIES

- County-and city governments promote suitable development of geothermal
_energy use within their local domains while Abalancing requirements for geothermal
development with other local needs. This can be accomplished in Vmany cases by
including geothermal elements in the community's master development plan.

One instance where local government leadership is especially valuable is in
~ the promotion of centralized geothermal- district heating systems. Based on
experience in Iceland and Europe, these vsysten")s .are very. desirable when a
sufficient amount of heat use is available from a common well or set of wells. To
start such a system economically, usually one or two large buildings must be
connected at the outset. Municipal office buildings, schools, and civic centers can
provide the nucleus, with smaller users connecting to the system after its
reliability and economics have been demonstrated.

Municipal utility staff are usually familiar with the simple technology used
in geothermal direct heat systems, and municipal bc:nds can finance such projects
advantageously. Local governments can find, and have been finding; start-up help
with DOE funds for feasibility studies, and cost-shared development of feasible
projects. Technical assistance is also available on a much more informal basis
from DOE-supported regional centers.

4.5 PRIVATE SECTOR ACTIVITIES

The private sector is the primary focus of geothermal energy development.
It is here that most specific projects are conceived, financed, and built. The many
active roles of the private sector include: investment, exploration, field develop-
ment through drilling, sale of steam, purchase of steam and hot water, operation of
electric plants, improvement of drilling equipment, and provision of reservoir
insurance. Federal and state sponsored geothermal activities are intended to
foster an active private sector geothermal industry, rather than compete with it.

The most noticeable activities in the private sector center around
continued development of The Geysers field and the beginnings of geothermal
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. electnc development at' sites in the Imperial Valley, California. : Near-term
potentnal shortfalls in electricy supply in’ ‘California will prowde a strong impetus
. for contmued geothermal resource development. S '

‘The private $ector also contributes to the  Federal program by .providing
members for the :Geothermal Subcommittee of the -Energy ‘Research Advisory
Board. ' The Committee reviews the plans for ‘the Federal program and -advises the
Secretary of Energy on the program. S S '

4.6 PLANNING ACTIVITIES

The Interagency ‘Geothermal Coordinating :Council is responsible” for the
coordination of ‘the etforts of all Federal agencies involved with the development
of 'geOtherrnal en‘éé'g)‘r. ‘In order to develop Federal program plans and goals, the
IGCC undertakes various planning actmties designed to monitor: and ‘assess . the
. status of geothermal development and to determine the actions to be followed by
the Federal agencxes to accomplish the geothermal goals. :

“l'he planning activities of the:IGCC are coordinated by the ‘Budget and
Planmng Working Group (BPWG) and carried out by the approprxate IGCC subgroup.
k‘l'he prxncxpal activities this yeéar were: the: preparation and SmelSSiOl"l to the
‘Office of Management and Budget (OMB) of the Federal Geothermal Program Plan
(described earher), the estabhshment ‘of: a Geothermal ‘Progress Monitor System
and pubhcation of four: 1ssues ‘of the ‘Geothermal Progress Monitor ‘Report; the
’preparation of ‘the Fourth Annual Report of the IGCC to Congress; the design. of
the Geothermal Site Development Forecasting System° an-analysis of the require- -
“ments for the leasmg of ‘Federal geothermal Jands; an assessment of- the. adequacy
‘of exlstmg envrronmental controls, and needed research and development efforts,
{dentification of the malor Federal" fundmg programs available for: geothermal
:development, and the dévelopment of prehminary market penetratlon estimates for
geothermal enhergy. Each of these" activmes is described below. . All.of them are
:‘important to the development of planmng activmes of the IGCC and its member
agencxes ' ’ SRRt

" "The Geothermal Progress Monitor (GPM) System is designed to collect and
" compile information about geothermal activities; and serves both program manage-
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ment and information dissemination functions for the member. agencies of the
IGCC (see Figure 4.I). The principal objectives of the System are to: provide a.
single point of reference for the status of geothermal commercialization acﬁvities;
identify significant trends in these activities; and report events that may have
significant impact on the course of these activities. The primary source of
information for the GPM System is the Division of Geothermal Energy's field
organization, comprised of DOE - Regional  and Operatidns Offices and their
designated contractors and state teams. In addition, data are supplied by other
member agencies of the IGCC, primarily USGS and BLM in the Department'of
Interior, and USFS in the Department of Agriculture. The System has been
operating for about one year.

.. The -Geothermal Progress Monitor Report is published on ‘a quarterly
schedule and presents the information gathered by the GPM System. The report
focuses on two types of information: status, the baseline of how much energy is
being pi‘oduced; and trends, changes that occur with respect to the baseline
information. In September 198 0, DOE published the fourth issue of the Geothermal
‘ Progress Monitor, the first issue to receive wide distribution. The first three issues
were used only for development purposes; the fourth issue contains all the u'pdated
information presented in the previous issues. |

The design for the Geothermal Site Development Forecasting System
(formerly the Project Managment System) was completed. The objective is to
develop a computer-based system to track and forecast development events and
requirements at specific geothermal prospect sites. The complete system will
forecast: power-on-line dates on a site-by-site basis; aggregated power-on-line
summaries on a year-by-year basis; manpower requirements on a yeax;-to-year
basis; and individual and aggregated capital investment, Federal incentive revenue,
and other costs in current dollars. The key information will cover about 50 méj or
‘electric prospects in the United States, and will include: the current status of
development at each prospect; industry's development plans; time and rnanpower
requirements; estimation of the economics of electricity production; and consider-
ation of impediments to development. The system wivll_‘eventuailly be expanded to
include direct heat sites.

- "DOE's Office of Leasing Policy Development (LPD) is responsible for
- promulgating regulations designed to: foster competition for Federal leases;




" BLM—Buress of Land

L N anagement

DGE IRA Dhvtzion of Goothermat
. Enoigy-Resource Apphcations
. DOt —Depatirmentot -

Enetgy ’
. Coordinstng Counch

" and Fleld Support .

P

White House

Congress

I

b 7] svppon.
| ] Contractor.
E

r

Goothermal Progress Monltor Operations

- Governmental

Tuda md v

Aasocmms‘

Private

DOE Fietd

.. Offices
‘s. Rogtons IX 8 X
‘s DOE-Seattle
* DOE-SAN . -
» DOE-tdaho
‘s DOE-Novada

| W

. Suppon
Contractors,
 National .
Laboratories

« State ém@y OIﬁcos 3
. Slno Geothermal

.. Sectos
(The Raw Data)

. :

srce and

Fisid Eftorts

. 1GCC Agency

i} 5 Upper Leveis of
Exmvu .l i Ry :(.i o -
: Sllpporlod by GPM - : — P
| g ' R
K=——"] s

Kov

‘Commercistization Teams

quedumom

USFS—U.S. Forest =~ - . . ca S ; : B L . i . :
o Sevice o S - = Information =°
’ ‘ : SR T T o . P ' - and Tashing , g

usds-—u.s. Geotogical
Survey L

Figure 4.1 Geothermal Progress Monitor System




-54=

implement alternative bidding systems; establish diligence requirements; set pro-
duction rates for Federal leases; and specify procedures, terms, and conditions for
acquisition and disposition of Federal royalty interests taken in kind. A leasing
'study was conducted to assist LPD in setting goals for geothermal energy
productioﬁ from Federal lands, from which overall leasing targets will be
developed. Using these goals, the Bureau of Land Management, USGS, and the
Forest Service will develop a leésihg schedule that can meet these goals.

The report of the Envirbnmental Controls Panel, "Status of Environmental
Controls for Geothermal Energy Development,” assessed the adequacy of existing
environmental controls for Ageothermal energy systems, reviewed ongoing programs
to develop environmental controls, and idenﬁfied controls-related research areas
where redirection of Federal efforts are appropriate and necessary. The report
concludes that environthental‘problems associated with geothermal energy develop-
ment may pose obstacles to the commercialization of geothermal resources. The
report recommends that controls-related research efforts be rebalanced and
enhanced, with the greatest emphasis placed on controls for hydrogen sulfide (H5S),
characterization of non-H2S gaseous emissions, injection monirtor'ing methods, solid
waste characterization and managemenf methods evaluation, and subsidence
controls.

The IGCC established the Financial/Grants Task Force to determine what
Federal funding programs may be applicable to geothermal devélopment projects.
The Task Force reviewed programs within the Department of Housing and Urban
Development (HUD), the Rural Electrification Administration (REA), the Farmers
Home Administration (FmHA), both within the Department of Agriculture, and the
Economic Developmeﬁt Administration (EDA), within the Commerce Department.
The funding programs within HUD include Community Development Block Grants,
Urban Development Action Grants, and housing construction and rehabilitation
grants, totalling more than $30 million. Although this money -is not solely for
geothermal d'evélopment, many geothermal projects are eligible' for funding. REA
funds are designated primarily for electric power generatiorni and distribution
facilities in rural areas, and are available to electric power cooperatives, public
power districts, and other public bodies. FmHA funds, over & billion in FY 80, are
allocated among community programs, business and industrial programs, single and
multiple family housing programs, and farmers' programs. EDA funds are available
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for public works projects, business development, planning, technical assistance, and
* economic adjustment in areas designated economically depressed.

DOE is conducting a study of the geothermal market penetration potential
in order to establish a realistic basis for the establishment of R&D goals. Market
- penetration models were developed for electric power and direct heat applications
(nonelectric), -and generated projections for development schedules of geothermal
systems.. The model -will ‘be used to assess the Federal program and-its impact on
geothermal development. .

4.7 ~ POLICY DEVELOPMENT ... - .-

“The “United States has been working to develop. a comprehensive -energy
policy since the oi] embargo of 1973, Through administrative and - legislative
actions, some directions are emerging The IGCC continually contributes to policy
development, making legislative recommendat:ons .to- Congress . and . regulatory
advnce to admxmstratwe agencxes. i

The second National Energy Plan. (NEP-II) Is. 2 major development toward
establishment of a national energy policy. It outlines the administrative strategnes
to increase U.S. energy security by developing new domestic energy supplies and
‘markets for those supplies.”. NEP-II's immediate'obiective:is,kto reduce the nation's
‘dependence on foreign oil and vulnerability. to supply interruptions. - The midterm
~_‘objective is to maintain a low level of?imports while developing the ,capab_ility— to
‘use.new, higher-priced technologies as world oil prices rise. An abundant supply of
energy from renewable resources is the long-term objective of the National Energy
Plan. ‘ -

-~

The: near-term strategy to reduce the rate- of growth in energy demand and

to improve productmty of . energy ‘use is to_ encourage ‘energy conservation and

productxon through replacement cost pncnng policies for domestic oil, to stream-
line regulations to prevent. excesswe delays in constructnon of energy facxhtles, to -
encourage investments in upgraded oil refinery capacnty and enhanced oi] recovery,
to increase the use of coal as a substitute for oil by developing emission-control
technologies and stable environmental regulations, and to enhance the security of
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U.S. oail Supplies by diversifying world oil supplies and filling the Strategic
Petroleum Reserve. Despite their critica) importance in the long term, renewable
resources are not expected to make a significant contribution in the. near term,

except on a regional basis.

""" In the midterm, the -nation: will begin to reverse the trend toward
increasing dependence on liquid fuels and gases. Natural gas will essentially
maintain its existing share of the market, while direct coal use, electricity (from
both new and conventional sources), and decentralized renewable resources will
increase their share, thereby making scarce liquid and gaseous fossil fuels available
for other uses. The strategy involves continued movement toward replacement
cost pricing of oil and natural gas, regulatory policies and standards to increase
energy efficiency of automobiles, new buildings, and appliances, increased empha-
sis on coal and nuclear as critical transition fuels, and commercial phase-in of new
technologies.

“The long-term strategy rests on two major transitions. The first transition
will be to wide-scale use of nonrenewable sources such as conventional nuclear
technologies, oil shale, coal-derived products, and others. The second major
transition will occur after 2000 when renewable resources and advanced nuclear
technologies will play major roles in U.S. energy production and use.

NEP-II identifies geothermal energy as one of the four major long-term
energy options to be pursued. Current commercial geothermal energy comes from
very highgrade resources; the national RD&D program is aimed toward developing
other potentially suitable resources. NEP-II outlines the following development
incentives for geothermal: '

l. Tax incentives and loan guaranties are the primary tools to
encourage the use of hydrothermal resources. RD&D will be
used where the technology has not been demonstrated.

2. Geopressured energy resources will be developed primarily
as sources of methane and secondarily as sources of heat
from hot water. ' ‘
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3. Research and development will be used to develop the
technology to use hot dry rock geothermal resources.

In addition to the administrativeobi ectives outlined in NEP-II, géothermal
policy has been established through legislative actions: Past actions include the
‘Geothermal Steam Act of 1970 (PL 9)-581), the Geothermal Energy Research,
;Development and Demonstratlon Act of 1974 (PL 93-#]0), ‘and the Federal Non-
‘nuclear Energy Research ‘and Development Act of 1974 (PL 93.577). Legtslatxve
;efforts contlnue to prov:de economxc incentives for the development of geothermal
resources, and include most recently the passage of the Wmdfall Proﬁts Tax Act
‘and the Energy Securxty Act. = S a :

S Aprll 1980, the Crude Oil Wmdfall Profits Tax Act (PL 96-223) was
k’sxgned by the Presrdent. “The law provxdes tax credit increases over those provided
by the National Energy Act. The mvestment tax crecﬁt for geothermal equipment
is 1ncreased to 15% m excess of the normal 10% and extended through 1985. - The
B resxdentxal credit is mcreased to #0% percent ‘of the first $10,000 in expenditures
for geothermal equxpment, for a maximum of ‘$4,000. Fmally, a tax credit is
"prov1ded equal to 10% of the cost of cogeneration equrpment. Geothermal systems
‘desxgned to tap waste heat or steam would quahfy. ' T o

The Energy Security Act (PL 96-29%) was enacted in June 1980. Title VI,
the Geothermal Energy Act of 719 79, contains the following major provisions:

() An %85 million five-year program under whxch ‘the Federal government
}wxll share the risks of drilling for commercxally viable geothermal resources.
g."Loans will cover 50% of the cost of surface exploratlon and drrllmg and 90% of the
cost of a pro;ect to use geothermal for- space condltxomng or process ‘heat. The
“Joans will be repayable ‘out of- prqect revenues and ‘will be wholly ‘or partxally '
:"forglvable 1f a pro)ect is’ unsuccessful Because the hlgh economic risk perceived
‘"by drillers and developers 1s ‘considered to be one of the ma1or forces slowxng
"'"‘development, the reservoir con:nrmatzon Joan’ program could ‘be’ expected to

";accelerate the rate of exploratlon for and confirmation of geothermal reservoxrs. o

No funds have been authonzed for the program 1n FY 81 and FY 82. "
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(2 A program authonzmg DOE to grant low-interest, forgwable loans to
cover up to 90% of the cost of feasibility studies and regulatory apphcatlons and up
to 75% of the construction costs of nonelectric systems. No funds are authorized
for feasibility studies in FY &l. |

(3) A DOE study to examine the need for and feasibility of a Federal
reservoir insurance and reinsurance prqgrém.‘ On the basis_of the repoft, Congress
will determine whether to authorize a program of insUrance or reinsurance against
the risk of reservoir failure after 1nvestment of at Jeast $I million has been made in
reservoir development and use. The direct insurance would be prov1ded only where
the developer could not obtain private insurance at reasonable premiums.

(4) Modification of Geothermal Loan Guaranty P-ogram (GLGP). The law
,,extends: the life of the GLGP from 1984 to 1990 and provides an increased level of
assistance under the program. Loan guaranties foi' loans to mﬁnicipalities and
public cooperatives will increase from 75% fo 90% of project costs. PL 96-29# also
includes provisions to expedite processing of loan guarahties; such reforms include
a four-month deadline for prbcessing applications, requirements to give fastér
consideration to applicants for nonelédﬁc projects, and a 'rvequi,rementb to eliminate
duplicative Environmental Impatt Statements under NEPA for loan guaranty
applications. ‘

(5) A provision requiring consideration of the use of geothermal energy in
Federal buildings or facilities in areas designated by DOE.

(6) New authorities under PURPA. The law explicitly includes geothermal
facilities of 80 MWe or less in the small power producer category under the Public
Utility Regulatory Policies Act (PURPA) Geothermal facilities qualifying as small
power producers are eligible for interconnection, wheeling of power through grid
transmission lines, exemption from the Federal Power Act and the Public Utility
Holding Company Act, and other utility orders as determined by FERC. The law
also allows qualifying utility.-orwned‘ geothermal plants to qﬁalify for these
exemptions and for wheeling and interconnection.

The latest considerations by the Federal government include Federal
leasing and permitting reforms; several Federal geothermal leasing bills are under
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_ consideration by the Congress. They would increase acreage limitations, redefine
K GRA's, require expedited Jeasing procedures, and require geothermal production

goals for Federal lands. Bills passed both the House (HR 6080) and the Senate (S
1388) during 1980. - ~ .
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5.0 THE FEDERAL PROGRAM

5. . . OVERVIEW-

The overall objective of the Federal geothermal program is to enable
private industry to undertake commercial development of geothermal resources by
providing an appropriate level of Federal assnstance whlle removmg dxslncentwes
to exploration and develop_ment.‘ All the actmtxes of the program are dxrected
toward achieving this objective. ,—\-

Geothermal commermahzatxon entmls a number of sUccessxve phases of
development in order to bring power on-line. The Federal geothermal program in
FY 80 attempted to address each of these developments. _This chapter discusses
each of these i issues in turn, and descnbes the FY 80 program actmtnes designed to
~ overcome the economic,. technologxcal, and env1ronmental bamers to geothermal
energy development. Preliminary development steps include leasmg of suitable
* lands; environmental assessment of geothermal resource areas and development‘
sites, and control technology development° reservoxr 1dent1f1cat10n, assessment,
and exploration; field. development and productxon dnllmg, and plant/faculty
constructlon and testmg. . Industrnalxzatxon eﬁorts mclude planmng and technical
assxstance, demonstratlon of electnc and direct heat apphcatxons, and financial
incentives provrded by recent leglslatxon. Current programs are dlrected pnmanly

at hydrothermal resources, because the hydrothermal technology 1s now available
for potentially extenswe development. Federal use of geothermal energy,
‘primarily at Department of Defense facxlmes, provxdes development opportumtnes
~ and demonstration plants for commercial-scale systems. Technology development ‘
is aimed at reducing the costs of geothermal exploratxon, assessment, and field
development, reducing the. capxtal costs of electncxty-generatmg facilities;
improving resource utxhzatlon efﬂcnency, and reducmg the techmcal risks in all
aspects of geothermal fluid handhng (productxon, utzhzatxon, drsposal) in the near
future. Geopressured resource development efforts are a1med at determmmg the
technical, economic, . and .envrronmen_tal feambulxty of extractmg methane,
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electricity, and end-use heat from the geopressured geothermal resources on the
Gulf Coast of Louisiana and Texas. Hot dry rock resource development activities
focus on evaluation of the nationwide potential for application of the hot dry rock
(HDR) technology and supp'ort'for the dévelopment of new technical approaches for
extracting thermal energy from HDR deposits. Finally, international activities
could have an important effect on the pace of commercialization of geothermal
energy in the United States supplying both technologies and ‘materials to U.S.
developers, and créating markets for U.S. manufacturers.

o Major Federal actions which are expected to support geothermal energy
ppoduéﬁoh include development of new leasing policies and environmental
regulations, cdnstrﬁctidﬁ of a commercial-scale demonstration- plant, refined
resource estimates, construction of geothermal facilities to supply energy to
military installations, and new incentives provided by recent legislation. These
actions are discussed briefly below: -

e The Bureau of Land Management (BLM) and the Forest
Service (USFS) have begun to formulate new procedures for
leasing Federal Jands for geothermal explorationr. Under the
new rules, lands could be explored prior to the exhaustive
environmental assessments required to permit construction
of facilities to produce energy. Comprehensive prbduction-
related environmental reviews would be conducted if and
when the developer determined there existed potential for A
geothermal e‘nergy production. This new approéch to leasing
should help to reduce the backlog of lease applications and
ensure that sufficient écreage is available for exploration.
Proposed legislation would require additional changes in’
Jeasing procedures. o ' ‘ '

e The. Environmental Protection Agency (EPA) revised Pre-
vention of Significant Deterioration (PSD) regulations under
the Clean Air Act. Hazardous Waste Dispdsél and Under-

- ground Injection Control regﬁlatibns have been issued
respectfvelj under the Resource Conservation and Recovery
Act and the Safe Drinkihg Water Act. EPA will periodically
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review the adequacy of these regulations and revise them as
necessary.

‘e Because of the lack of sufficient data, the current inventory
~and assessment of national geothermal resources is based on"
" "a large number of assumptions about the location and size of:
~ ‘identified hydrothermal systems and geopressured geother- -
mal formations. In addition, relatively little is known about
the undlscovered portion of the nation's geothermal
resources. “As new data become available from resource
" characterization studies ‘and reservoir ~exploration, the
" national "irivéhtory 'and assessment ‘of the various types of =
‘resources wnll be penodlcally updated by the U.S. Geologlcal»' S
~“Survey (USGS) ‘to provxde refmed estlmates of these -
resources. ‘ : S R
e ' The hydrothermal’ 50 MWe flash-steam demonstration plant-
at Ba’ea'“,i New Mexico, will begin operationin 1982, - <

"~ o DOD will construct geothermal facilities to provide energy -
~ '“t0 Navy and Air Force bases. Projects being planned or °
“""inder consideration include both space heating'aodi electric’
power'generation, so the program maj*cdhtribut'e’ to both
direct heat and electric power production goals.

The Federal geothermal program activities are spread among the agencies-
participating “in ‘the program. - DOE; as lead 'Federal agency -for geothermal.
, development, participates in all prograt ‘areas Vahd‘-f‘plays a Jead role in many ‘of
them. -Other ‘agencies also-have major ‘responsibilities in the geothermal:program,
particularly in ‘thé ‘areas of: resource "a’Sse‘ssment;"Federal lands leasing,' and-
environmental regulatxon and controls development. The program activities of FY. '
80 are detailed below. ‘ ! ERE R :
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5.2 LEASING

The rate at which geothermal resources are developed in the United States
will depend largely on the effectiveness of the Federal lands leasing program.
Since the passage of the Geothermal Steam Act in 1970 and issuance of geothermal
leasing regulations in 1974, Federal agencies have been confronted with the task of
balancing the benefits of rapid resource development against environmental vajues
and sound land management practices.

Federal lands are leased for exploration and development either through a
competitive bidding procedure or through noncompetitive applications, according
to the classification of the Jand. Lands designated as K nown Geotherma) Resource
Areas (K GRA's), about 62 percent of which are Federally owned, are leased
competitively; other Federal lands where there is potential for discovery of
goethermal resources are leased noncompetitively.

Substantial increases -in Jeased Federal acres are needed to reach the
IGCC's production potential estimates. Even though approximateiy & million acres
of Federal land were under application for geothermal lease, only 2.9 million acres
had been leased noncompetitively by the end of FY 80. In addition, over 900,000
acres have already been relinquished. As of September 1930, less than 600,000
Federally leased acres were in KGRA's, which were those areas deemed most
suitable for electric development.

The IGCC's Leasing and Permitting Pane] was recently established to
address problems in the Federal leasing program and attempt to resolve the issues
raised by the IGCC Streamlining Task Force. The earlier group examined the
sources of delays and shortfalls in the Federal leasing program and made
recommendations to alleviate some of the problems now obstructing- greater
development of Federal lands for geothermal energy production. Among the
problems identified were the lack of time constraints on actions in the pre- and
post-lease approval process, the competitive overlap KGRA. designation, the
general low priority given to geothermal in relation to other resource management
programs, and the exhaustive nature of pre-lease environmental reviews. Some of
these problems were addressed by legislation which was before Congress in FY 8 0.

The legislation would have mandated expedited leasing and declassification of
unbid K GRA lands. '
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Leasing responsibilities are divided among the Bureau of Land Manage-
ment, the Forest Service, and the Geological Survey. The activities of these

organizations are described below.

--5,2.] - Bureau of Land Management (BLM), Department of the Interior

- The Bureau of Land Management (BLM) . reviews.applications and issues
leases for geothermal development on BLM lands, maintains records, and supervises
surface activities outside the area of operatxons. BLM also issues leases on Forest
Service lands with the consent of and subject to the terms and conditions
prescnbed by the Forest Service. The Bureau's objective is to make geothermal
resources available for development in response to national energy goals and
industry interest while protecting the environment and assuring receipt of fair
market value for use of the public's resources. k'

The Bureau's functions fall into the following two maior, Nkcatego:'ies:
environmental assessment, which precedes lease issuance, and adjudication, which
~ provides for an orderly, accurate system of 1ssu1ng and mamtammg records of
- leases. The Bureau also approves power plants or nonelectrlcal unlltlzatxon
facilities following a 1omt envu'onmental rev1ew with the USGS '

Spec{fic ObieCti\vee'for FYSI 'are:>:(1¢)k tohold a rmmmum of 8 corhpetitiVe
lease sales and issue at least 400 competitive and noncompetitive leases; (2) to
review 140 applications to explore or drill on geothermai lands; and (3) to process 2
nonelectrical use licenses, and possibly 1 power plant licehse. The schedule for
leasing activities is ‘shown in Table 5.1.  The schedule indicates that BLM is
projecting only a modest increase in the number of leases to be 1ssued, in spite of
| ,’the expection that the Forest Service was expected to allow leasing in many areas

- prevxously ‘withheld, and the fact that BLM implemented a phased environmental

‘review. procedure. The procedure, which matches the level of review to the
proposed or permxtted activity, was intended to eliminate the necessity for'
conducting lengthy envxronmental reviews of phases of development which might
not occur. BLM is now projecting complete ‘elimination of all lease application
backlogs by the end of FY 82 and offering of all unoffered K GRA parcels by the
end of FY 82. To effect this, BLM is entering into 2 new, simplified coordination
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Table 5.1
SCHEDULE OF BLM LEASING ACTIVITIES, 1979-198 6

Fiscal Year 1979 1980 181 1982 1983 1934

1985

1926

Competitive : o o , . }
Lease Sales* . ok 5 8 14 2 2

Noncompetitive ' ' '
Leases Issued** . 202. 343 350 1500 700 700

Applications to

Drill Exploration

or Temperature

Gradient Holes 110 125 140 150 160 170

Powerplant or Large
Scale Nonelectrical :
Use Licenses Issued 1 0 3 5 g ) 12

700

1RO

14

700

180

R

* Approximately 7 paicels result in leases from each sale.

*%198 3 figure includes reissuance of 100 relinquished leases.
198 2-198 6 figures include approximately 200 reissued leases per year.
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agreement thh USFS and USGS. In addltlon, phased environmental rev1ews and
use of categorxcal exclusxon from NEPA compllance for lease 1ssuance will be
empha51zed - ‘ )

-y

5.2.2 . US Forest Service (USFS); lbepartment o’f‘Agriculture

The Forest Service is responsible for evaluating possible impacts of
geothermal leasing on surface resources and considers other uses in developing
terms and conditions for leasing of National Forest System lands. ‘USFS activities
consist of prelease envxronmental analyses, 1ssuance of prospectmg (exploration)
permxts, and consultmg with other agencxes on vanous aspects of the leasing and
permxttmg program. The Forest Servnce ob)ectlve 1s to make Natlonal Forest
System lands available ior mmeral development at levels commensurate wrth
natlonal needs. o - ' ; |

: '_ The Forest Serv1ce is respon51ble for approvmg Natxonal Forest System
lands for leasmg and for provndmg terms and condmons for adequate protectxon of
those lands. Upon recexpt of apphcatlons for geothermal leasmg from the Bureau
of Land Management (BLM) or the notxficatlon by BLM of a proposed competltlve
lease sale, the Forest Servrce schedules a study to consrder ‘the leasmg action and
lts 1mpact upon Natlonal Forest System lands and upon establrshed or planned uses
on those lands. Constderatnon is given to the relative values of geothermal
resources and those surface resources and uses that would be affected as well as
to avaulable controls and mltlgatlon measures to protect or restore affected areas.
‘Upon completlon of such an evaluatlon, the Forest Service then notlfles the BLM of
élts decrsxon on the avatlabxllty of the lands for leasmg and of any specxal terms and
conditions requrred. SRR ’ R

In accordance With ‘the general aim of giving higher priority to mineral
leasing activities by streamlmmg 1ts leasing pollcy, the Forest Service in
conlunctxon with BLM has resolved to ehmmate ‘the- leasmg backlog of several
hundred’ geothermal appllcat:ons and complete envxronmental revrews of all KGRA
’parcels by the end of FY 82. TR g |

The Forest Servxce is currently usmg a "staged" leasrng procedure based on
a condxtlonal development stipulation. The use of the stlpulatxon provides the
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ratlonale for not attemptmg unreahstxc full-scale env1ronmental review of possible
development before leasing land Instead, lease decisions will be based pnmanly
on environmental review of exploration and generalities of development, with the
understanding (as provided in the regulations) that if a lessee discovers a
commercially viable resource and presents a development plan, the plan must be
subjected to a comprehensive environmental review before development can begin.

'5.2.3 U.S. Geological Survey (USGS), Department of the Interior

The role of the U.S. Geological Suh?ey (USGS) is to prdﬁide geologic,
economic, engineering and environmental expertibse to the leasihg pfogram and to
assure comphance with terms and condmOns pursuant to the Geothermal Steam
Act and those set by BLM for surface protection and reclamatlon and various
environmental Jaws. Activities of the Geological Survey‘s Conservation Division
include evaluating lands for KGRA designation; monitoring drilling operations on
leased lands; conducting postlease environmerital assessfnents'; issuing postlease
exploraﬁon, develo_pmenf, and production permits; collecting royalties and assuring
receipt of fair market value for Federal geothermal resoerces; approving baseline
data collection and environmental monitoring programs; and consultirng with other
agencies. Once Federal lands are leased for geothermai exploration and develop-
ment, USGS becomes the lead Federal agency with respect to environmental
protection within the area of operations. "

At the present time, the Conservation Division's Geothe’rmal Section
supervises about 3.5 million acres contained in over 100 K GRA's. Development
plans include increasing the number of economic evaluations in fiscal year 1980 to
a minimum of 12 to keep pace with the proposed BLM sale schedule.

5.2.4 Fish and Wildlife Service (FWS), Department of the Interior '

The Fish and Wildlife Service (FWS) provides biological eXperti'seAto the
Federal surface management agencies (BLM, USFS, and USGS) in both pre- and
post-leasing phases. These actions involve providing biological and ecological input

“to environmental studies, performing biological resource assessments, recommend-
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ing ‘lease stipulations and. mitigation practices, ‘developing baseline monitoring
programs, recomm'endingfiease selections or alternatives,:iand evaluating compli-
ance requirements. The objective of the Fish and Wildlife Service's participation in
the geothermal program is to conserve, protect, and enhance fish and wildlife and
their habitats and facilitate balanced development of geothermal resources by
timely and effectlve prowsxon of fish and wildlife information and recommenda-
tions. - ; '

" The Fish and Wildlife Service conducts programs to (1) develop ecological»
information and techniques to:be ‘used to facilitate - environmentally balanced
geothermal developméﬁt programs, (2) identify specific impacts on fish and wildlife
resources a‘ﬁd techniques to minimize ‘adverse impacts,:and (3) provide technical
support to' other Federal agencies ‘to ensure adequate consideration of fish and
wildlife resources in geothermal development considerations. . This involves moni-
toring geothermal impacts on fish and-wildlife’ and their habitats at specific sites,
ona reglonal and nanonal basw. , ' <

5.2.5 " Leasing Policy Development Office (LPD), Department of Energy -

DOE's Office of Lea.éing Policy Development (LPD) is responsible for
promulgating regulations designéd to (1) foster competition for Federal leases; (2)
implement alternative bidding systems; (3) establish diligence requirements; (4) set
production rates: for Federal Jeases; and (5) specify épr0cedures, terms, and
- conditions for acquisition and dispbsition'_ of Federal royalty interest taken in kind.
LPD is also responsiblefor approving or rejecting terms and conditions for leases
issued by DOI subject to these DOE authorities.: -

In accordance wi'thcavDOE/DOI'-Mém‘oranduml of ;Understanding, LPD will
~establish production goals, sbbject to revision every.two years,: for:enérgy mineral
resources on Federal Jands. The goals are to be used by DOI in determining leasing
programs and lease ’plan'nir'ig schedules.  Concurrent with the LPD's effort to set
‘the production goals, DOE is identifying'western, 'éepthermal resource are‘as. with
priority for Federal ‘=leasing.i +:Other activities planned for the near term include
developing a leasing schedule with USDA/USFS and DOI/BLM, identifying regula-
tory problems that would hinder achievement of leasing -goals, analyzing and
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proposing changes in leasing policy and regulations to promote geothermal produc-
tion, and identifying geothermal areas being atfected by Federal Land withdrawals
for wilderness preservation, wild and scenic rivers, national parks, and other land

preserves.

In response to an identified need for guidelines on leasing Féderal lands for
geothermal development, the Leasing Policy Development Office has begun a
project to establish production goals for energy from leased Federal lands. The
goals are intended to help land management agencies in determining leasing
programs and schedules and thereby prevent the unnecessary -delays in leasing
which impede progress toward geothermal utilization. The production goals will be
established according to parameters of resource  potential, market demand
potential, and social and environmental impacts. - A preliminary analysis of these
production estimates suggests that a minimum of 1.7 million- acres of the highest
potential Federal Jand would have to have been leased by 198 0, 3.3 million acres by
IR 5, and. 6.0 million acres by 1990 in-order to reach the geothermal energy
production estimates for 198 5 to 2000 for both electric and direct heat uses.. To
ensure that this amount of high potential land is leased, BLM and USFS will have to
lease all available known geothermal resource areas (approximately 1.5 million
acres) and at Jeast 18 million acres applied for noncompetitively by geothermal
developers by 1990.

The analysis suggests that:

e Leasing of Jands with potential merit for electricity produc-

tion must be increased markedly; and

e The BLM and USFS will have to lease about 500,000 acres
per year of these high potential lands during 198 1-1990 to
ensure that enough land is explored to reach the production
estimates for the year 2000.

Federal land management agencies (BLM and the Forest Service) have .
expressed a need for the production goals to be set on a location-specific basis so
that lands can be leased according to energy production target areas. DOE has
begun to address this issue by identifying specific prospects within each state
which should receive priority by BLM or the Forest Service in reviewing
applications for geothermal leases. Definitive goals for each of these areas,
however, have not been set.
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5.2.6 Status of Federal Geothermal Leases at End of FY80

The number of Jeases issued in FY 80 increased by 50% from FY 79. The
general status of geothermal leases indicates that Federal geothermal leasing is
proceeding at a rate ef 650,000 acres per year. Although this exceeds the rate of
leasing (500,000 acres per year) indicated by the Leasing Policy Development
Office's analysis as necessary to meet the IGCC production geals, it is generally
recognized that the acres being leased are not necessarily the areas having the
highest geothermal potentnal. DGE has initiated a process to aid BLM and USFS in
selecting specific areas on which to concentrate thelr eﬁorts. :

Tables 5.2 threugh 5.4 present general statistics that describe cornpetitive
leasing of KGRA lands in greater detail. Only 25,000 acres were added to lands
with KGRA status in 1980, resultxng in 3, 410,000 acres bexng 5O desxgnated only
about 2.2 million of which are Federally administered. FY 80 saw. only 4
competitive Jease sales held, compared to at Jeast 12 sales held per year in FY 75
through FY 77 (Table 5.4). Most of the BLM administered K GRA parcels have
already been oﬁerediiorf-sale with the _’éxception;of _thoserin{Celifofrnia. - Future
competitive lease sales will involve priniarily parcels administered by the Forest
Service. The greatest amount of bonus bid money received has come from
California (Table 5. 3) and by far the greatest share of th1$ has come from Jeases at
- The Geysers. ‘ :

The progress for noncompetitive leasing is . detatled in Tables 5.5
‘through 5.7. ) ' : : ‘

53 ENVIRONMENT{;

The Federal geothermal environment program focuses on characterization
of the envxronmental impacts of geothermal energy systems ‘and dehneatmg and
mitigating or elxminatxng envu'onmental or health concerns which are deterrents to
development. Regulatxons and standards applying to geothermal energy develop-
ment are estabhshed by EPA. The IGCC's Environmental Controls Panel and EPA's
Alternate Fuels Group provxde coordmatxon between the research community,
DOE, and regulatxon wnters. ' ’




Table 5.2

COMPETITIVE LEASING BY STATE, TOTAL ACREAGE LEASED, BY YEAR

State 1976 1975 1976 1977 1978 1979 1980*  Total

Nevada 31,499 28,557 60,950 36,663 9,322 21,920 13,407 202,308
Utah 23,800 26,171 26,968 12,788 1,658 ~ -0- - -0- 90,985
New Mexico -0- 18,476 14,088 48,065 8,767 7,062 0- 96,458
Oregon 1,347 47,689 19,836 0- . 5,818 - 19,523 94,213
California 26,354 10,583 -0-- 2,856 4,395 = 6,958 0- 51,146
Idaho -0- 20,963 3,90 6,985 0- -0 .- 31,888
Colorado  -0- 5,036 -0- - -0- -0- 0-  -0-  5,0%

Total Acres o 4 o ‘ )
Leased 82,600 157,475 125,772 107,357 29,960 35,940 32,930 572,034

_ZL-

*September 30, 1980
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Table 5.3

TOTAL HIGH BONUS BIDS BY STATE AND YEAR (IN DOLLARS)

TOTAL

TOTAL

STATE 1974 1975 . 1976 . 1977 1978 1979 1980% -
California 8,614,912 | 134,532 0 780,451 16,016,169 798,595 0 26,308,659
~ Utah 877,188 2,705,661 96,688 668,825 33,862 Y 0 4,382,181
Nevada 1,030,172 ' 392,160 757,991 851,984 480,893 657,869 92,367 = 3,863,036
New Mexico 0 359,682 54,901 1,089,213 72,639 240,631 0 1,817,066
Oregon 13,831 296,798 140,251 0 86,581 0 1,311,119 1,848,580
Idaho 0 168,870 27,006 130,452 "0 0 0 221,928
Colorado 0 13,577 0 0 0 0 o 13,577
10,536,103 4,066,837 1,076,837 3,020,925 16,690,144 1,696,695 1,403,486 ' 38,491,027

B ¥ A

*September

30, 1980
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Table 5.4

DISTRIBUTION OF COMPETITIVE LEASE SALES BY STATE AND YEAR

STATE 1974 1975 1976 1977 1978 1979 1980* TOTAL

Western Region

Nevada 2 3 7 2‘ 19
California 31 0 1 2 1 0 8
Oregon L s 3 ! 2 0 2
Idaho 0 2 2 1 0 0 0 5
Arizona 0 1 0 0 0 0 0 1
Subtotal- 6 12 12 6 5 2 4 47
Central Region
New Mexico 0 1 2 3 | 1 0 8
Utah 1 2 I 1 1 0 0 6
Colorado 0 1 0 1 0 0 0 2
Montana 0 0 0 1 0 1 0 2
Subtotal 1 4 3 6 2 2 0 18
TOTAL 7 16 15 12 7 4 b 65

*September 30, 1980
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CUMULATIVE NONCOMPETITIVE LEASE TOTALS 1976 1980

1980

Withdrawn, .

S Rejected, -~ Awaiting Leases Acreage
Year* . Filings ... . & Refused . Action Issued - - ~ Leased
1976 Su32 0 2,73 2,012 656 1,141,980 -
,:1977 . 6,043 ,_5.,232 1,831 904 1,500,005
198 6,655 3,673 1,806 1,17 1,930,163
1979 7,315 4,027 1,956 1,332 2,314,670

8,243 '4‘,457 2,111 1,67;5‘1 2,933,901

_, *Year ends June 30 untll 1979, thereafter September 30. Data for 1980 are ..
' for 15 months. : SR
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4 Table 5.6
NCNCOMPETITIVE GEOTHERMAL LEASING, 1980

APPLICATIONS
FILED INACTIVE _ . AWAITING ACTION
STATE BLM FS SUBTOTAL - WITHDRAWN. REJECTED REFUSED BLM . FS
Alaska 0 0 0 0 o 0o 0 )
Arizona 108 73 181 15 o35 g 49 61
California 786 Siy 1,300 : 431 307 1 265 262
Colorado 113 83 19¢ 100 17 2 4 23
Idaho €70 375 1,045 279 175 30 188 207
Montana 38 €6 106 6k 28 0 6 0
Nevada . 2,077 77 2,09 - 676 417 78 151 19
New Mexico 676 82 - 718 . 354 87 12 118 19
Oregon €73 €20 1,293 270 302 0 83 406
Utah €47 113- 760 112 160 23 €4 34
Washington 0 376 376 160 70 0 ] 1485
Wyoming . 26 138 164 141 16 o 1 2
Eastern States 0 12 - 12 0 1 0 0 0
TOTALS 5,814 2,429 8,243 2,678 1,615 166 934 1,177
Table 5.6 (Cont.)
EASES
ISSUED ACRES

STATE BLM FS SUBTOTAL BLM FS SUBTOTAL

Alaska 0 0 0 0 0 0

Arizona 12 1 13 19,621 1,920 21,541

California 24 0 24 35,147 0 35,187

Colorado 45 5 50 52,394 10,099 62,493

Idaho 1€5 1 166 291,385 2,560 293,945

Montana ¢ 0 3 10,687 0 10,687

Nevada 750 3 753 1,378,225 4,434 1,382,659

New Mexico 128 0 128 231,179 0 231,179

Oregon 202 25 227 317,091 40,154 357,245

Utah 279 12 291 %92,038 14,635 506,693
Washington 0 2 2 0 5,120 5,120

Wycming 0 4 4 0 7,648 7,448

Eastern States 0 1 11 - 0 19,74 19,764

TOTALS 1,611 64 1,675 2,827,767 106,134 2,933,901

(1) Applications awaiting action for the following reasons:
27 Awaiting KGRA report from USGS
5 Prelease plan of development
701  Pending preparation of EAR (BLM only)
1,069 Awaiting comment of other agencies
31 Lease forwarded for signature
278 Processing (Adjudication)~BLM




Table 5.7

. NONCOMPETITIVE GEOTHERMAL LEASING APPLICATIONS AWAITING ACTION

" AWAITING KGRA “AWAITING PRE- ' PENDING PREP -~ AWAITING COMMENT
'LEASEPLAN * OFEAR. : - -~ OF OTHER
OF DEV.FROM : (BLMONLY) . ~  AGENCIES

STATE . : ' REPORT FROM

- USGS

- APPLICANT

.* Other’ FS

LEASE FORWARDED = PROCESSING
FOR SIGNATURE:  (ADJUDICATION)

BY APPLICANT = BLM -

© TOTALS

Alaska
Arij‘zon‘a
California.
Colorado -

Moﬁtaﬁa i
Nevada -
New Mexico -
Oregon ‘

Utah
Washington
Wyoming =
Eastern Sfé\tes

SUBTOTAL 27

0NN N

b5

260

129

50

60

46

9

5. 7o

61
262
23

168

18
19
434

39

3 1066

95

2% 75

3 278

110

527

27
- 395

170
137

494

- 98
- 144

2111

C-ll=
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DOE, EPA, and DOI are the principal supporters; of the environment
program, with DOE sponsoring most of the research activities. The IGCC
Environmental Controls Panel aids in coordination of environmental activities
under DOE, EPA, DOI, USDA, and DOD. |

The program includes acquisition of baseline data, monitoring, and research
related to air quality, surface and ground water quality, hydrological alterations,
ecology, noise, subsidence and seismicity, health effects ‘and socioeconomic
problems; regional and site-specific assessments of the envirbnqwental, health, and
socioeconomic'impacts of geothermal resource development§ ‘and developmentv and
evaluation of environmental control technologies. '

5.3.1 Environmental Research and Assessment

The objective of environmental research and assesgmént activities is to
help ensure environmentally sound development of geothermal resources by identi-
fying key environmental issues through site-specific and regional assessments
supported by baseline data gathering at development sites. Environmental
assessment activities fall into two general functional categories according to the
principal objective of the assessment.

Some site-specific .and regional assessments conducted under the program
are directly related to industrialization objectives. The purpose of DOE's
Geothermal Environmental Overview Project (GEOP), for example, is to identify
and assess current information on potential environmental concerns in those K nown
Geothermal Resource Areas (K GRA's) where commercial develdpment is likely to

occur.

Other site-specific assessments are not directly relatéd to industrialization
objectives. The purpose of these assessments is to identify research needs and to
guide regulation and controls development.  DOE perférms environmental
assessment in conjunction with its hydrothermal, geopressured, and hot dry rock
resource programs. These assessments are related to specific projects. Current
work includes research programs in subsidence and induced seismicity in conjunc-

tion with USGS; research on possible environmental effects of sustained high-
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volume geopressured brif’ie .production; geopressured test well monitoring of envi-
ronmental problems related to fluids disposal; and environmental monitoring at the
Fenton Hill, New Mexico, hot dry rock site.

Each  of the major  DOE resource .programs,.  Hydrothermal and
Geopressured, contains funding for an environmental subprogram, and Hot Dry
Rock technology development activities include environmental monitoripg. Some
of DOE's programs focus on broad-scale assessments and environmental and health
research, while others are oriented to specific assessments of DOE geothermal
development projects at specific sites and to development of control technologies.

EPA's environmental research activities-are carried out under -the Office
of Environmental . Engineering -and - Technology (OEET) .and -include problem
characterization,  ‘control - technology development, and monitoring systems
dévelopment. Geoenvironmental assessment activities are carried out under the
USGS Geothermal Research Program. EPA/DOE joint projects include solid waste
characterization and impact assessment and studies in fluid injection and ocean
disposal of fluids. -

During FY 80, the following activities were completed:
e A technology‘a,ssessment'intégrating environmental, health,
and socioeconomic -impacts. of full-scale development. of
geothermal resources in the Imperial Valley, California, was
completed by DOE. Although the study is site-specific, it
will serve as'a basis for understanding geothermal impacts
from  liquid-dominated -resources: in other -regions of the

country. .o il

o DOE has completed its environmental overview ‘project.
Preliminary - assessment reports: for the following. KGRA's
will .be available in FY 81: Hawaii; Oregon; New. Mexico;
northern . Nevada- Raft  River, Ildaho; Mono~Long Valley,
Cahforma, and Roosevelt Hot Springs, Utah.
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e A socioeconomic ' study of The Geysers-Célistoga,
California, K GRA was completed, and a final report will be
available in FY 3 1. o '

e DOE initiated planning for a new program to identify
~ potential risks to human health associated with the installa-
tion, vopei'ation, and decommissioning of a reference geo-
thermal system. The program will examine: source terms,
environmental behavior, human exposures and metabolism,
human health impacts, ecosystem impacts, and risk analysis. -

e The planning was completed for environmental studies using
the 50 MWe hydrothermal demonstration project at Baca
Ranch, New Mexico. Data gathering and analysis for this
program is scheduled to begin in FY 8 1.

e EPA has completed the groundwater monitoring method-
ology development study, which prescribes a monitoring
protocol for geothermal operators.

e EPA, with DOE, has completed a preliminary characteriza-
tion of geothermal solid wastes, concluding that drilling
wastes and sludge from air pollution contro] devices and
from brine treatment may frequently not be hazardous.

e EPA completed a characterization of geothermal fluids,
concluding that these fluids' potential for pollution is
extremely site specific, ranging from virtually pure water to
saturated brine.

e EPA completed a limited study of potential air emissions,
concluding that H2S controls will generally be required, and
that the potential for pollution is very site specific. ’
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5.3.2 Environmental Controls Development

The general ob1ect1ve 1s to elxmmate or allevnate envnronmental problems
related to geothermal development in consonance thh other aspects ‘of resource
development.

Envxronmental controls are deflned as technologxcal or nontechnologlcal
methods to reduce, termmate, or prevent detrlmental effects on the envnronment.
DOE, EPA, USGS, and the Fnsh and Wlldllfe Servxce (F\VS) are ‘involved in
developing and evaluatmg controls for vanous envnronmental 1mpacts associated
with geothermal development-—hydrogen sulfnde (HzS) emnssxons, lnqund and solid
wastes, land subsrdence, sexsmnaty and hydrologrc alteranon.

The IGCC Envnronmental Controls Panel, Whl.Ch provrdes strategnc oversight
and coordlnatlon of the varlous agency efforts, has 1dent|f1ed hxgh-pnorlty areas
for controls-related research.‘ ‘l'hese are . HzS and non-HzS gaseous emissions;
injection monltormg methods, sohd waste charactenzatton and management evalu-
ation; and methods for subsxdence preventlon, predxctlon, and control. The Panel
gave middle pnorlty research to brine treatments, in-line mon_1tor1ng, chemical and
physical . modelmg/sxmulatlon techmques, c':haracterization, monxtormg, “and
prediction modelmg of geothermal hydrolognc systems, sohd waste management
technology . development, induced selsrmcxty 1dent1f1catlon and charactenzatxon,
and induced subsxdence charactenzatlon. Lower prnorlty was gwen to induced
seismicity controls and noxse controls. G e

5.3.3 HzS E.rn:issions ébntrol R R

'H2S emissions have been identified as a major environmental concern and
an obstacle to geothermal development. EPA and DOE are workmg to develop
reliable and economical control technologies for H2S emissions abatement. The
following program act,wmes,are.undsr;way- - |

| o DOE 1s closely momtormg HzS abatement technology: f ,4
: development through frequent commumcatlon wnth key |
. mdustry management and research personnel. )
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‘e Ongoing DOE funded research at UOP‘, Inc., indicates favor-
able results on a lab scale catalytic oxidation process to
remove HoS from both vapor and liquid dominated geofher-
mal resources. - ' ' '

e Pacific Gas & Electric Co., under a Cooperative Agreement
with DOE and EPA, completed pilot scale tests during FY 80
of an HzS removal process developed by the EIC Corp. The
process utilizes copper sulfate to effect upstream removal
of H2S and trade constxtuents from steam at turbine inlet
temperatures and pressures. A pxlot scale field test docu-
mented removal efficiencies to 99.9% and led PG&E to
announce that they planned to build a full scale plant at
their Geysers Unit 7 site. This process has also been\
selected as one of three to be 1ncorporated into the
California Department of Water Resources controversial
Bottle Rock plant in order to meet stringent' air quality
standards. ' ‘ '

e DOE and EPA are planning to continue to fund research to
improve the state-of-the-art for H2S abatement and reduce
abatement costs. New projects proposed include initiation
of an advanced system lab research, air oxidation and
partitioning theoretical research, field test of a promising
lab system, and a Cooperative Agreement with industry to
rapidly develop technology to comply with local air pollutlon
requirements. '

5.3.4 Subsidence and Seismicity

Geoenvironmental effects of geothermal energy production-subsidence,
seismicity, and hydrologic alteration--are most frequently associated with fluid
withdrawal and injection and are closely related. USGS is studymg these effects to
understand the natural processes involved. This work is closely coordinated with
and partly supported by DOE. A plan for a National Geothermal Induced Seismicity




«83= .

Program has been prepared in consultatlon thh a panel of experts from mdustry,
acaderma, and government. The program calls for baselme sexsmlc ‘monitoring in
reglons of known future geothermal development, contxnued seismic momtonng and
charactenzatxon of earthquakes in zones of geothermal flund productlon and
1n)ectxon, modehng of the earthquake-mducmg mechamsm, in-situ measurement of
stresses in the geothermal reservoxr, and development of predxctlon and mitigation
‘techmques for potentlally damagmg earthquakes mduced by geothermal
development. A sxmrlar plan lS bemg 1mplemented under the Geothermal
Subsxdence Program.‘ . - '

Selsmlc, geodetlc, and gravrty monxtormg at ‘l'he Geysers, Cahforma, by
/USGS has documented the occurrence of (1 daxly mlcroearthquake actmty, (2)
‘ verucal and honzontal surface dlsplacements of several cennmeters per year- and
(3) development of a mass deficit which 1mphes llttle, if any, recharge of the field.
These phenomena are closely correlated with the regions of maximum reservoir
depletion as indicated by pressure decline data. In addmon, large earthquakes
‘ (magmtudes up to 3.8) have occurred in the field, several in close proximity to
m] ectlon wells. Earthquakes large enough to be felt occur on a weekly basis; some
have caused temporary shutdowns of power plants. ‘l'he contmuxng Geysers
momtormg provndes the data base needed for modelmg, predxctnon, and mltlgatlon
k iof sexsmxcnty and subsxdence under future cooperatlve programs wnth mdustry. -

B 4

5.3.5 Liquid Discharge Control

DOE and EPA plan to develop m;ect:on momtormg 1nstrumentatlon to

'allow remote sensmg of flu1d mtgratron. Thls mstrumentatlon would provxde the

geothermal 1ndustry thh a method to comply wrth EPA underground 1n1ectlon

control regulations to protect drinking water sources. The need for drnllxng witness

wells would be eliminated if a reliable instrument 1s developed, and the cost of
complying with the underground injection control regulatlons would be reduced.

536 : JSolid Waste Characterization and Control b

. DOE and EPA )omtly funded a study to sample and analyze geothermal
fsohd waste in California (at 'l'he Geysers and the Imperlal Valley) and in Nevada.
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The results were compared to EPA hazardous waste limitations (not presently
applicable to geo_thermal) A smail number of waste sample constituents exceeded
the EPA limits. The handhng and dxsposal of these wastes are, however, in
comphance with state regulations, which are as strmgent as the EPA reqmrements.

The Geothermal Loop Experxmental Fac1hty (GLEF) was established to
evaluate the feasxblhty of flash-steam and ﬂash-bmary systems in the productlon
of electric power. It was decommissioned in FY 80, but the techniques and data
from this successful project are being used by developers at the numerous high-
temperature, mgh-sahmty resources in the Imperlal Valley, California. The
clanﬁer was turned over to Magma Power Company for their use in controlling
sohd_ wastes on a 28 MW power plant. Plans are being made to use the clarifier at
other higher salinity resources such as Brawley and Westmoreland, California. |

5.3.7 Noise Control

Noise from geothermal operations may be excessive, particularly from well
drilling and steam venting. Other noise sources include well cleanout and flow
testing, and generating unit operations. Noise emissions will generally be regulated
at the state and Jocal Jevel. The Federal Noise Control Act does not specifically
control geothermal sources, but does foster control of noise from Federal facili-
ties. The USGS limits noise from geothermal operations on leased Federal lands.

Controls (shields and mufflers) are considered available at reasonable cost
for meeting standards that may be applied. Federally funded research and
develepment in geothermal noise control technology does not appear warranted.

5.3.8 Environmental Regulation 7

In the Jast 15 years, numerous laws have been enacted to protect and
maintain the quality of the environment. These laws (listed in Table 5.8) could
have significant implications for the development of geothermal energy. The
Federal geothermal program objective is to provide environmental standards and
'regulatxons to allow development of geothermal resources as a safe, clean,
environmentally acceptable alternatxve energy source.
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o Table 5.8
ENVIRONMENTAL AND CONSERVATION LAWS AFFECTING GEOTHERMAL DEVELOPMENT

The Wilderness Act of 1964 (PL 88-577)
The NationalHiEtoric Preservation Act of 1966 (PL 89-665) -

The National Envu'onmental Pohcy Act of 1969 (PL 91-190), amended 1975 (PL 94-52
‘and PL 94-83) - .

The Geothermal Steam Act of 1970 (PL 91-581)

- The Federal Water Pollution Control Act of 1972 (PL 92-500)
The Marine Protection, Research and Sanctuaries Act of 1972 (PL 92-532)
The Noise Control Act of 1972 (PL 92-574)
The Coastal Zone Management Act of 1972 (PL 92-583), amended 1976 (PL 94-37)
The Endangered Species Act of 1973 (PL 93-205)
The Safe Drinking Water Act of 1974 (PL 93-523)'
The Natlonal Wud and Scemc Rlvers Act of 1976 (PL 94-486) »

- The Federal Land Pohcy and Management Act of 1976 (PL 94-579)
The Resource Conservation and Recovery Act of 1976 (PL 94-580) -
The National Forest Maﬁagement Act of 1976 (PL 94-588) | o
The Clean Air Act Amendments of 1977 (PL‘T9_5V-95) SIS
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EPA is responsible for providing guidance, standards, and regulations for
geothermal development. Although EPA currently does not have regulations in
force written specifically for the geothermal industry, existing standards and
regulations limit allowable levels of pollutants in the atmosphere, receiving waters,
and Jand from significant sources.  Current and near-term EPA regulatory
activities include the following:

1. Revision and update of the .Pollution Control Guidance
-Document for hydrothermal energy development (682).
Guidance documents will be developed for each of the three

major resource types.

2. Revised Prevention of Signiﬁcan't Deterioration (PSD) regu-
lations under the amended Clean Air Act ® 80). Geother-
mal power plants in attainment areas for criteria pollutants
and with potential to emit 250 tons or more per year of HpS
will have to meet PSD permit requirements. _ Determina-
tions regarding application of best available control tech-
nology (BACT) will be made on a site-by-site basis.

3. Final regulations protecting underground drinking water
aquifers (680). Under the rules, groundwater must be
protected from injected fluids by careful containment prac-
tices.

4. Hazardous waste regulations (580). These regulations
specifically exclude geothermal wastes from classification
as hazardous. This classification is pending, per Congres-
sional direction, a two-year EPA study characterizing these
wastes. This study also evaluates management options
including resource recovery potential, management costs,
and health and environmental effects, and recommends

appropriate management options and regulations.

Few regulations are industry-specific, and EPA regulatory activities are
carried out under various offices responsible for specific areas of environmental
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~concern.  Regulations promulgafed by these offices are applicable or: potentially
apphcable to geothermal development. An internal EPA working group supplies
research data to the regulatory ‘development process and prepares "early warning"
Pollution Control Guidance Documents for industry. ~ : :

5.3.9 National Environmental Policy Act (NEPA) Compliance

The National Environmental Policy Act (NEPA) of 1969 (PL 91-]90) estab-
lished for. the first” time a national ‘policy for the . protection of environmental
quality. One of the most significant requirements ‘'of NEPA is the preparation of
environmental impact statements (EIA) for virtually every development project.
‘To meet the NEPA requirements, the responsible Federal agencies have examined a

number of ' their ongoing’ geothermal development sites, and- have prepared the

‘necessary documents.

"One of the .major- NEPA compliance ‘activities :involved the 50 MWe
Geothermal Demonstration Power Plant in the Valles Caldera, Sandoval County,
New Mexico. The final environmental impact statement (EIS) for this project was
prepared, approved by ASEV, issued and widely distributed to interested parties and
government agencies. A Record of Decision (ROD), documenting the decision by
DOE to proceed with  the project,: was issued. - Major .environmental concerns
‘addressed in the EIS, and mentioned»in the ROD included the .possibility of
contamination and depletion of local surface water and ground water supplies,
'disturbance - of ‘archaeologieal"and ‘historic sites, hydrogen sulfide emission, and

interface wi‘th local native American religiods practices._ MO

Another major NEPA compliance activity mvolved the preparatlon and
issuance of an environmental assessment (EA) for the 50 MWe ‘Binary Cycle
Geothermal Demonstranon\ Power Plant Project at H,eber, Imperial. County,
California. Based on this-EA, ASEV concluded that: no significant environmental
1mpact would result from the prolect, and that an environmental 1mpact statement
is not required. A formal finding of no significant nmpact (FONSI) was issued,
-allowing DOE to proceed with parncnpatxon,xn.the project..: i . -

. Other NEPA:compliance activities included the completion. and issuance of
EA's for a geopressured well test project, a direct heating project for a hospital
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and for two geothermal loan guaranty actions. Preparation of a supplement to the
EIS for geothermal development at Coso Hot Springs in California was also
initiated. This supplement addresses a geothermal loan guaranty application by the
California Energy Corporation for field exploration leading ultimately to construc-
tion of a 20 MWe power plant at the Coso K GRA.

5.4 RESOURCE IDENTIFICATION, ASSESSMENT, AND EXPLORATION

 The Department of Energy (DOE) and the U.S. Geological Survey (USGS)
are collaborating on a Federal program to establish the extent and identify the
location of geothermal resources in the United States. The objectives of the
assessment program are: () to characterize the geological nature of each type of
geothermal resource; (2) to estimate location, disfribution, and energy content of
geothermal resources in the United States; and (3) to evaluate geothermal energy
potential in the United States through inventory of the identified portion and
prediction of the undiscovered portion of the nation's resources. Objectives for
each major resource type are:

e To identify and characterize high-temperature ( 1500C)
hydrothermal resources suitable for electric power genera-
tion and low- to moderate-temperature (200C-]500C)
prospects with potential for direct heat applications,

e To determine location and estimate energy content (both
thermal energy and methane content) of geopressured aqui-
fers in the northern Gulf of Mexico and elsewhere in the
United States.

e To assess the long-term potential of hot dry rock as an
alternative energy source and select promising hot dry rock
sites for detailed resource investigations.

To achieve these objectives, DOE and USGS undertake. national, regional,
and in cooperation with individual states, site-specific assessments of the
geothermal resource. Exploratory drilling programs have begun in several regions
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where ‘a ‘strong . interest-in direct heat has been, exhibited but where appropriate
resources have .not yet been confirmed. . -In addxtxon, DOE has mmated several
projects that foster and support detailed 1nvest1gatlons to locate target areas thh'
high potential, and the drilling of exploratory wells to confirm the exlstence of a ‘
suitable resource for either electrical power generation or direct heat uti ll»zatlo_n. o

- 5.4.1 - Resource Assessment

- - The U.S. Geological Survey, which is, the lead ;federal agency f‘or geother-‘
mal resource assessment, is responsible for conducting resource inventory and
assessment through a program of multldlscxphnary research.l ‘l'he Geothermal
Research Program-(GRP) is aimed-at understandmg the nature, dxstnbutlon, and »
energy potential of the various types of. geothermal resources and estlmatlng the
location and magnitude of the nation's geothermal resources. In addmon, the
program advances the methodology -of exploration for geothermal energy sources,
~develops a systematic knowledge of the characterlstlcs of geothermal systems that
" may affect their development, and mvestlgates certain geoenvnronmental problems
that may be .assocra_ted with the extraction lof__ geothermal energy. The principal
parts of the program are directed ,tow\ard resource Vassessment, ;under-these broad
‘categories: | : | R
Natronal and reglonal resource 1nventory o o |
Resource characterxzatlon , : |
Exploration and assessment technology ; ,

Geologlc controls of subsurface porosity and permeabrhty

The results of th:s assessment provrde a foundatlon for other cr1t1cal
- portions of the Federal geothermal program by 1dent1fymg target areas for site-
specxﬁc studzes by DOE and for. exploratlon by. mdustry, providing a basis for
estimating potential productmty of mdmdual geothermal systems, and establish-
ing guidelines for_development of technology to :exploxt'the xr}esources.w

The Survey's Geothermal Research Program mcludes several ma) or projects
in FY81. A wide variety of studies axmed at assessing the geothermal potential of
the Cascade Range of northern: Cahforma, Oregon, and Washxngton is under way
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and will continue in FY 82. The current state of knowledge of geothermal
resources of the Snake River Plain in Idaho and the geothermal potential of the -
Great Basin in northern Nevada and adjacent areas is being summarized for major
publicati'on in FY 81 and FY 82. 'In'addition, a nationwide assessment of low-
temperature (<90°C) hydrothermal resources is being conducted, with completion
scheduled for early FY82. For geopressured resources, the USGS is developing
estimates of potentially recoverable energy, based on their estimates of the
resource base in Circular 790. For hot dry rock resources, the USGS is cooperating
with DOE in evaluating potential locations for hot dry rock energy sources. The
USGS is also cooperating with DOE in studies aimed at the detection of induced
seismicity and subsidence at The Geysers ‘and the Imperial Valley. The GRP
pfoVid'esb information to the USGS Conservation Division in support of its activities
in the classification and evaluation of Federal lands for geothermal leasing. The
major éccomp'liShments of the GRP during FY 8 0 are summarized below.

1. The well/spring file from GEOTHERM was entered into the
General Electric Information Services Network. The file is
now available to subscribers of the GE system. This will
make the data file more easily accessible to the geothermal
community and to other potential users.

2. A preliminary temperature gradient map of the U.S. was
compiled using data from over 190 holes deeper than 600 m.
The map displays temperature gradients in °C/km that can
be expected to exist regionally in a conductive thermal
regime to a depth of 2 km. The map will be used in the low-
temperature geothermal resource assessment to distinguish
between thermal anomalies of local and regional extent.

3. An up-to-date version of the heat-flow map of the United
States was prepared. Although the gross features of the
map have not changed significantly, several new regions of
higher-than-normal heat flow have emerged in the eastern

~ U.S. and many new significant details are apparent in the
western }U.S‘. There is a newly defined high associated with
the southern Cascades, and the Battle Mountain high has
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been extended to link up with the Brothers fault zone
anomaly 1n southeastern Oregon. A hydrologlc heat smk has
been delmeated 1n the eastern Snake Rlver Plann, and there
are some newly defmed heat-flow hxghs assot:lated w1th the’
marglns ot the Colorado Plateau. - N

The Snake Rlver Plam study, under way for the past elght
years, is commg to a conclusxon. ‘l'he study has resulted ina
greatly 1ncreased knowledge of the geology and geothermal
potentlal of the reglon. Informatxon obtaxned from this
study w;ll contnbute to sxte-specnfxc mvesngatxons for low-
and moderate-temperature reservoxrs located in the Snake
Rlver Plam. The Snake Rlver Plain shows consnderable

promxse for the development of low- and moderate- |

t

temperature geothermal energy. -

A 3-day conference on geothermal studies being conducted
m the Cascade Range, attended by about 150 partxcxpants

Afrom umversmes, mdustry, and government agencnes, was

convened at Menlo Park in February 1980 The conference _

‘underscored the need for geologlc mappxng, detalled

volcanologlc and petrologxc studxes, geophyslcal studxes,
drlll-hole mformatlon, and hydrologlc studnes in developmg a
better understandmg of the geothermal potentlal of the '
Cascades.

;Geolognc mappmg of Med1cme Lake volcano m northeastern

Cahforma was completed. lt reveals a much more complex

.,.stratlgraphy than prevxously recogmzed from earller studles, o

and shows that the volcano is not a basaltlc shzeld as

. fprevxously thought by some mvesugators. . .The presence of .
'mgmﬁcant amounts of rhyohte and dac1te, the complex

chemical evolution indicated by the eruptlve products, and
several rhyolite flows erupted within the last 1,200 years
suggest that the volcano may have significant geothermal

' potential.




7.

9.

-92-

Several geophysical surveys undertaken in the Cascades
during FY 80 have produced encouraging results in deflmng
the geothermal ‘potential of this major reglon.’ Five
magnetotellunc profiles were completed in the Caleorma,
Oregon, and Washington Cascades. In addmon, 55
reconnaissance soundings were completed in Oregon and
northern Callforma. Computer modeling of the data has
revealed a major electncal contact in the crust at the
western h1gh Ca.scades boundary. Interpretation of data
from a geomagneuctellunc array traverse of the Cascade
Mountains of Oregon indicates a shallow conductor
associated with the high Cascades. There is some evidence
that this conductor is not only associated with the high
Cascades but also may be an extension of the conductlve
structure along the Brothers fault zone.

Experiments with an airborne electromagnetic (AEM)
system have shown that many geothermal systems have a

near-surface electrical signature which is ‘detect‘able by

AEM. AEM surveys in five KGRA's defined the same
conductive zones mapped by surface AMT surveys,' thus
showing that AEM methods can be useful in exploring for
and in defining geothermal systems with shallow electrical
manifestation.

Increasingly encouraging evidence of the utility of the self-
potential technique for delineating hydrotherrhal convective
systems has been gathered during FY 80. The cause of self-
potential anomalies and their correlation with parameters of
a geothermal system is not yet well known, but it appeers
more likely now that this- technique has a great deal of
promise as a new exploration tool. ‘
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5.4.2 Reservoir Definition .

DOE State-Coupled Prog'faﬁ-, .

As a supplement to the resource assessment performed by the USGS in

FY 80, DOE has mmated the State-Coupled Program, under whlch a more detalled
,def:mtlon of low- and moderate-temperature resources is accomplxshed than 1s
performed by the USGS in thexr reglonal surveys. The State-Coupled Program has
resulted in cooperatlve agreements W1th 22 states' agencres to perform assessment
activities in their respectwe states, as well as contracts thh several mstltutnons‘
that provide for geothermal investigations extending over a number of states. An
example would be the effort that is being undertaken by the Virglma Polytechnical
Instltute and State Umversxty, whereby an evaluatlon 1s bemg made of the
geothermal potentnal along the Atlant:c Coastal Pla:n from New Jersey to Georgla.
These assessment actmtnes wnll be phased out m FY 82. o " B
A product of the State-Coupled Program lS a resource map of the state
showxng the locatlon of hot - sprmgs, wells thh elevated temperatures, and in
general, areas. thh good potentlal for geothermal development. To date, resource
maps have been publxshed for Arlzona, Oregon, Nevada, Colorado, Idaho, New ,

PR

Memco and Utah. o

5.4.3 Exploratory Drilling for High-Temperature Reservoirs

Industry-Coupled Case Studies -

‘l'he Industry-Coupled Case Study Program was 1mt1ated m FY 78 to accel-'
erate the development of hngh-temperature reserv01rs wrth commercxal potentxal
'for electrncal power generatlon. 'The decxsxon was made in FY 79 to termxnate thrs
- program m lxght of passage of the Natlonal Energy Act thh 1ts mcentwes for
contmued hydrothermal development. _ The only contmumg actmty under tlus
program is a compleuon of the dnlhn'g operatlons in northern Nevada that was
prowded for 1n the FY 79 fundmg for the program. To date, 9 of the M exploratory
wells have been dnlled w1th the remalmng wells to be drilled durmg l98l '
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5.4.4 Exploratory Drilling for Low- and Moderate-Temperature Reser\/oirs

User-Coupled Confirmation Drilling Program

| h To stimulate the development of low- anr]‘ moderate-temperature hydro-
thermal resources for direct heat applications, the VUser-Coupled Confirmation
Dnlhng Program (UCCDP) was established dunng FY 80. This program will share
the cost of the exploration, well siting, dnlllng, flow testmg, reservoir engmeenng,
and, if necessary, m;ectxon well dnllmg to conflrm the temperature and flow rate
of a hydrothermal reservoir.

To 1mplement the program, a sohc1tat10n was 1ssued, requestmg proposals
that would detail a plan for sltmg and drxlhng a confirmation well that would be
completed to provide hot water for a derect heat apphcanon. Response to the
solicitation was very encouraging, demonstrating the widespread interest in the
utilization of geothermal energy in a number of different apphcauons. Projects
selected for funding under this program will begin in early 198l.

As a precursor to the User-Coupled Confirmation Drilling Program, several
reservoir confirmation drilling' projects were initiated in FY 80. Two wells were
drilled on Mt. Hood, Oregon, one at Old Maid Flat and one at Timberline Lodge.
The 6,000-foot well at Old Maid Flat was drilled to test for a reservoir that could
be used in providing hot water for district heating in Portland; while the 4,000 foot
well at Timberline was exploring for a resource for use in heating the'lodge. Both
wells encountered zones with sufficient temperatures to meet the user's needs, but
neither provided sufficient fluid flow.

Two of the projects initiated in FY 80 will not begin drilling until early
198l. An exploratory well will be drilled in collaboration w1th the New York State
Energy Research and Development Authorxty at a site near Auburn, New York.
Higher than normal thermal gradients have been measured in the area and there
are prospects for tapping a resource that could be used by Clinton Corn Products as
part of their industrial process. The second project will be undertaken at Lewes,
Delaware, where a"cost-shared well will explore for a resource that can be used by
both the Barcroft Corporation for industrial processing, and the town of Lewes for
space heating. o o ' ' |
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5.5 HYDROTHERMAL INDUSTRIALIZATION

The general objective of the goethermal mdustnahzatmn program is to

_ provide an appropriate level of Federal support to enable ‘private industry to use
high-temperature geothermal resources for electric pOWer generation and low- to
moderate-temperature resources for, dxrect heat apphcatlons at the earliest
) possxble date. Commercral use - of hydrothermal resources is inhibited by the
. percepuon of economnc and techmcal rnsk, reservoxr performance uncertamtxes,
‘and a variety of legal and mstltu'aonal ‘barriers. Figure 5l shows the different
phases of hydrothermal electric development along thh the entmes involved and

the barriers encountered m each phase.,, The role of the DOE geotherrnal

_ industrialization program ‘was to provide fmanc1al ‘and “other” nsk-reducmg
‘ 1ncent1ves to geothermal development, to demonstrate economical and environ-
mentally acceptable hydrothermal resource applncatnons, and to aid in streamhmng
, regulatory procedures and allev:atxng legal constraxnts. The: lower portlon of the
dxagram in Flgure 5.1 ‘shows some of the 1mportant DOE/Federal 1ndustr1altzatlon
activities that were conducted to remove these barrners. i

Hydrothermal 1ndustr1ahzatxon actmtles were de51gned to encourage v

’”explo1tatxon of hlgh-temperature reservoirs for electric’ power generation and low-
“to moderate-temperature reservou's for dlrect heat applxcatlons. - The electric
:--}power generation expenence at The Geysers dry steam fxeld in: Cahforma ‘has
mdxcated that commercxal use of dry steam reserv01rs can proceed with mxmmal

' Federal .support, but electnc power productxon usxng the stxll unproven hquxd-
domxnated hydrothermal reservmrs requxres Federal support. Though electric
power activities will contmue m the near term, mcreas;ng program emphas:s w1ll
be on explortmg the large essennally unuuhzed low- to moderate-temperature
B reservozrs for dnrect heat apphcatlons such as space condltlomng, agricultural use,
and mdustnal process heat." Present u.s. d1rect heat use is only about 0 001] quad '
- compared to the 1985 productxon potentxal of 0 1 quad. QL '

DOE's hydrothermal - mdustnahzatmn program consxsted of commercnal
development planning; outreach activities; construction and operatwn of pilot and
commercxal-scale electric power demonstratxon facxlmes- sxte-specmc direct heat
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i

feasibility studies and: field dernonstrations; .geothermal ;loan;guaranties__; and legal

and regulatory reform and streamlining. Financial and economic incentives - for
private sector development are also provided by other Federal agencies. The
Departmentis"-of Commerce and Housing and Urban Development (HUD): include
financing opportunities for geothermal development in their grant prograrns. s

T

5.5.] Commercial DeVelopment Planning

Energy market studies are being conducted to establish the market
penetration potential of hydrothermal resources and to support development of
market strategies.’ DOE supported state commercialization plannmg teams in an
effort to identify specific cities ‘and industria) ;plants;near,gconomically usuable
reservoirs and to formulate potential schedules for development of such reservoirs.

- State planning activities are enhanced by the state Jaws governing geothermal

resource classification and reservoir ownership and development, - .

State commercialization teams, with DOE support, were centers for
geothermal action at the state level. Each team first prepares one or more reports

'detaiiing the Jocation and potential of the geothermal resources; the types of

energy"demand “they ‘'might meet; and the laws, regulations, and-procedures for
developing ‘geothermal resources. . These teams also respond :to inquiries about

 geothermal development, ‘trigger. the assxgnment of geolognc and engineering

specxahsts who perform free (but :Jimited) prehmmary project analyses for would-
be geothermal developers and users, refer users to sources of financial assistance

- and, .in general, provide other invaluable ‘information, consultmg, and referral

services that. ‘guide geothermal entrepreneurs through the . comphcated legal and

' msntutnonal ‘maze that confronts them. The commer,cnah;atxon teams also serve

as a vital lmkp-between DOE program officials (in Washington and the field offices)

‘and the community of deVelopers, users, financiers, technical specialists, and

regulators whose professional and business decisions, in the final analysis, must be
relied on to achieve the hydrothermal resource utilization goals.

-~ DOE :is currently -supporting. geothermal commercialization. teams in
sixteen 'states, including -Alaska, Hawaii, Idaho, Washington, Oregon, California,
Arizona, Nevada,. Colorado, Montana, New Mexico, North Dakota, South Dakota,
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Utah, Wyoming, and Delaware. The Delaware state team project was initiated in
FY 80. ' ‘

" In general; the level of consciousness of the benefits and values gaihed
through the use of geothermal energy has been significantly advanced during the
past year through the individual state commercialization team activities. The
major accomplishments by several of the state teams are as follows:

Alaska

-Site-specific development plans were completed for Unalaska, Tenakee
Springs, Pilgrim Springs, K otzebue and Adak. Identified electric power potential
ranges from 25 to 85 MW; district heating systems could displace more than 1.5
million gallons of fuel oil each year. A state geothermal prospectus, estimating
the possible pace of resource development, has been completed.

Arizona

The state commercialization team has stimulated geothermal interest
among several major community developers, ten suburban and rural communities
and up to a dozen agricultural groups. Most of the planned activity is nonelectric,
but would conserve considerable fuel oi] and natural gas. The first six geothermal
applications in Arizona should be on-line within the next three years with Federal
encouragement and some incentives. These applications include space heating and
cooling for 5,000 housing units located outside Phoenix “and Tucson; alcohol
production facilities; agricultural cooperatives; and livestock processing.

California

During FY 80, the California Energy Commission (CEC), was instrumental
in expediting the geothermal power plant siting process through the provisions of
‘Assembly Bill 2644. This Bill places a one-year time limit on State Energy
Commission site approval. The State also provided technical and financial support
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for the:Heber binary demonstratioh plant. . The CEC, in conjunction with DOE and
BLM, cofunded a transmlssxon comdor planmng study for Imperial -County and
envxronmental impact studies for. the leand anomaly. They have provxded funds to
the GRIPS Commission and to E.IA'; being prepared for The Geysers area.. The
: Energy Commission - 1s ,also‘ providing assessment of geothermal elegtric;i_l and

~ direct heat potential and estimates of resources that can be rehasona'bly expected to |
be deployed. The CEC supports specific studies to evaluate economic and
technical feasibility of different direct heat projects such as Rohr Industries plan
to space heat their Chula Visto facility, and an alfalfa-drying plant near El Centro
“planned by Handlers. . . - ., - \

'quorado S

In Colorado, 58 .geothermalvresource areas have been.in'\.rentor‘-ied. :,Three_' of

these appear to have electrical power generation potential. Four site-specific
| development analyses have been completed, and one district heating project is in
the final design phase. The ,project'ed use of geothermal energy in Colorado by the
year 2000 has been estimated at 157.7 x 1012 BTU's (equivalent to 28 million barrels
of oil peryear). . ..

Hawaii

b, ;Dui“ing;F\Y-ySO, theHaWa.iian fgééthéfiméi_ commercxahzanonplanmngteam :
engagéd a consultantrteam' to conduct research on probable géqthé'rmal cwlevelop-E ‘
ment in the state. The team pfovided assistance to t\izo major developers‘ in
obtaining exploratory drilling permits and assisted m the compilation of the State
Geothermal Fact Book soon to be published as a public information document.

I'da‘ho;,v

The state commercxahzauon team examxned potentnal mdustnal develop-
ment in six areas, including a potentlal elecmc power facility and ﬁve dnstrnct
heating systems; if constructed, these would displace .an equivalent of 3 muhor)
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gallons of fuel oil each year. “Waste geothermal fluid disposal systems for two
industrial projects (Capital Mall and Raystone Alcohol) wére  engineered and
designed under contract. Four local assistance grants were given to counties and
local governments to draft local geothermal land-use plans, preliminary designs of
two dlStl‘lCt heatmg systems, and to identify ten exploratory drill sites.

Montana

In Montana, 73 geothermal resource areas have been identified, in which 4
sites are proven, 7 are potential sites, and 62 are inferred. Development estimates
for four areas have been published and work is under way for three more areas.
The projected use of geothermal energy that may be economically feasible in
Montana by the year 2000 is 43.4 x 1012 BTU's (equwalent to 7.7 million barrels of
oil per year).

Nevada

The Nevada state commerciafization team provided administrative and
planning assistance to the following private developments which went on-line
during the period: 50 new residences heated with geothermal fluid; greenhouses; a
trailer park; a hospital; a church; a hotel casino; and an ethanol production facility.
Additional BTU's generated in 1980 totalled 24l.15 x 107 to increase the total now
generated in Nevada to 502.90 x 109 BTU's (equivalent to 90,000 barrels of oil per
year). ’

New Mexico

In New Mexico, 47 geothermal resource areas have been identified, 15 of
which are considered to have electrical power generation potential. New Mexico
has a fortunate geologic coincidence of major geothermal resources and the state's
major population centers. Two area development plans have been completed and
work is under way in five other areas. Two geothermal direct heat projects have
been completed and put into operation during the past year. The proj ected use of
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geothermal energy in New Mexico by the year 2000 is 66 5 x 1012 BTU's (equnvalent

to 11.8 million barrels of oil per year).

North Dakota

- The Madison Formationl_,‘underlying the largest par,t_o,f; the state of North
Dakota has considerable potential for industrial, commercial and residential space
heating. -Subsurface temperatures of 4155°FA,_to 205°F ere.‘ not considered high
enough for electncal power generauon. One Area Development plan has been
published, and two additional reports are bemg prepared, one - Site-Specific
Development Analyses for a housmg project for the elderly in Bismarck has been
completed, and two additional promising areas identified. The projected use of

geothermal energy in North Dakota by the year 2000 has been 1dent1fzed as 40. 7 x
1012 BTU's (equivalent to 7.2 million barrels of oil per year).

~Oregon. - -

. The efforts of the Oregon Geothermal Commermahzatlon and the Oregon
-Institute of Technology Operations. Research Planmng Programs have significantly
increased public awareness of geothermal energy and 1ts applicability. In addition
to numerous .presentations: and a state geothermal conference, techmcal data have
been made available m development guidebooks, information kits, Forest Service
geothermal leasing status maps, resource maps.to be published by N’OA}A,‘and state
- geologic maps. The most'important work in the institutional area has been the
development of the Geothermal Task Force Report as a basis for the Governor's
- Alternate Energy 'Development Commission and Special Ehergy Package ,,_.for‘,kthe |
1981 Oregon legislative session. . The recommendations iincl_ude a variety of
institutional reforms and ,financiel_,incenti'vee; to encourage : development in all
'sectors, strong policy support for, geothermal ,development, and ,e‘S_l.ﬁf million
‘exploration f‘und.u A geothermal model ordihance for Klamath Falls was developed
-with iunding from this program. District heatmg feas;bxhty studxes were com-
pleted: for Oakridge and Lakewew- exploratlon dnlhng followed in both cases. .
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Utah

In Utah, 50 geothermal resource sites have been identified, one of which
has proven electrical power generation capability and at which a 20 MW demon-
stration plant is planned by industry. A total of nine area development plans have
been initiated. Three demonstration projects are currently under active construc-
tion, and six additional candidate sites for Specific Development Analyses have
been identified. The potential MX missile system could drastically affect current
population and industrial projections within the states. The projected use of
geothermal energy in Utah by the year 2000 is 111.2 x 1012 BTU's (equivalent to 19.8
million barrels of oil per year). } o

Washington

The geothermal commercialization program in Washington State was
extremely successful during its first year. Major accomplishments include: () the
development of projects in Ephrata North' Bonneville, Yakima and Olympic -
National Park, which could ultimately result in an energy savings of 219 x 1012
BTU's/year; (2) the development of the State Geothermal Plan, which was
completed with assistance from the State Interagency Geothermal Development
Council and the industry-based Technical Advisory Committee; (3) the organization
of two symposia; and (4) a successful challenge to the U.S. Forest Service leasing
policy in the Gifford Pinchot National Forest, which has resulted in the reinstate-
ment of all lease applications for reevaluation.

Wyoming

In Wyoming, 29 geothermal resource areas have been identified as potential
low-temperature, direct-use prospects for agriculture, industrial processing or
district heating projects. Three Area Development Plans are being completed, and
9 additional sites have been identified as candidates for Site-Specific Development
Analyses. The State Commercialization Team has initiated a tol)-free "Energy
Hotline" on which citizens may call for geothermal information, and a monthly
newsletter is being published. The projected use of geothermal energy in Wyoming
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by the year 2000 is 34.2 x- 10'2 BTU's (equwalent to 6.] milhon barrels of oil.per
year). '

National Cpnference of State Legislatures . ..

. Lack -of 'state- Jaws that- clearly define. geothermal energy, establish its
ownership, and provide for access to it, constitutes-a major barrier to industrial
development. -Under. contract to DOE, the National Conference of State Legi_sla-e.d
tures (NCSL) offers research and legal assistance of state legislatures so that they.
can modify ~their,vgeotherm_al laws to better accommodate and ,controi\the,prqduc-‘
tion and use of geothermalenergy ‘in their states.:: There are .currently l4 state
legislatures with which NCSL is actively irivplved.ZDurinngY 80, NCSL held or
participated in 4l state legislative workshops/committee meetings, and prepared 30
- policy letter reports: which have ‘led to the.consideration of a:total of 58
geothermal bills by 12 of the 14 states. Majpr,_legislkation' was passed in Alaska,
Washington, and Delaware.  The majority of the pending geothermal bills will be
reintroduced in the FY 8l state Jegislature sessions. -

5.5.2  Outreach Activities-

Outreach activities in FY 80 and FY 81 were designed (l) to increase the
general Jevel of public and private understandmg, interest, and enthusxasm for
using’ geotherma] energy as an. alternative to. 1mported or depietabie domestic
sources; (2) to stimulate interest'in’ geothermal resource development by miprmmg
potential -users. ahdztheir; support groups of . the costs, -benefits, réliabiiity, -and
enrivonmental effects of geothermal systems; and (3).to encourage commitment to
- hydrothermal energy use within the private sector by providing technical assistance
to.developers and users. .When appropriate, Federal, state and local government
entities . will . facxlitate ‘agreements -and users . commxtments for commercxal
developments.

A series of . outreach matenals based -on drilhng, fmancmg, ‘resource
defimtion, market, R&D data, gathered from a national network of sources, has
‘been prepared and disseminated, as appropriate, to the general public, to targeted
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audiences of potential end-users and to decision-makers in government and
industry. These materials included information sheets, articles, brochures, maps,
direct mailings, conference reports, and audio-visual materials. In addition,
technical consultation has been made available on a limited scale to potential
industry, community, and utility end-users through regional technical assistance
centers. Potential users (private, public, or corporate entities) may obtain up to
100 hours of technical consultation without cost at three research institutes under
contract to DOE. The technical assistance may involve an assessment of
geothermal reservoirs, a brief study of the technical or economic feasibility of a
proposed project, or a review of a proposed system design.. A fourth research
institute, the University of Utah Research Institute, provides assistance in defining
and characterizing geothermal reservoirs. The institutions offering assistance
during this report period, and the geographic areas served by them are as follows: -

Geo-Heat Utilization Center Idaho National Engineering Lab.
Oregon Institute of Technology Idaho Falls, ID '
Klamath Falls, OR States: MT, SD, ND, WY, UT, -
States: AZ, NV, CA, OR, WA, AL, HI CO, NM, ID
Applied Physics Laboratory Earth Sciences Laboratory
Johns Hopkins University University of Utah Research
Laurel, MD Institute
States: All states not listed Salt Lake City, UT

previously

Demand for limited geothermal resource evaluation, planning assistance,
utilization consultation has increased dramatically during the year reflecting the
effects of increased public and corporate interest in geothermal energy as a
realistic and economical energy alternative.

The ultimate goal of the outreach effort was to encourage serious
consideration of the geothermal alternative by prospective users and business and
community Jeaders. This involves working with trade associations and professional
societies, and helping communities to take advantage of various Federal programs
applicable to geothermal development. Such brokering activity is increasing, and
public and private entities other than DOE are becoming:interested in funding
geothermal experiments. In particular, two geothermal projects will be funded
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under the HUD Innovative Grant Program in. FY 81; one w1ll be a joint effort with
FmHA. In addition, 2 number of Community A5515tance Teams will be funded by
DOE in FY 81 to assist municipalities in evaluating the geothermal option for
district heating and cooling bvsystems. - S

5.5.3 - Electric Power Applications

The pllrpose of DOE-sponsored demonstration and pilot 'f.afcilities is to
facilitate non-Federal development of liquid-dominated hydrothermalvresources for
generating electric. power by () demonstrating the technical and economic
feasibility and envxronmental acceptablhty of geothermal systems, (2) providing
"hands-on" operating experience for industry, and (3) fostering growth of an
industrial infrastructure necessary for wide-scale use of geothermal systems.

DOE supports desxgn, constructxon, and operatlon of pxlot and commercxal
scale electric power plants. These facﬂltles generate techmcal and economic
operating data and provxde miormatlon on’ envu'onmental impacts of geothermal

electric power generation. As part of the electric power apphcatlons planmng
effort, DOE gathered data to identify the 5 hxghest-pnonty sites among the 53

- known sites in order to provide immediate assistance to those areas with the

greatest potential for near~term resource development. e

Some projects were cost—shared w1th 1ndustry, while others were wholly
DOE-supported., Facmttes under development include a 50 MWe commercxal-scale
flash demonstratxon power plant at the Valles Caldera, New Mexxco- a 5 megawatt

_binary cycle pilot plant in the Raft Rwer area of Idaho° and a 3 MWe wellhead

generator near the rift zone of an actwe volcano in Puna, l-lawau.

1000 £ < A o e e

.., Demonstration Projects

DOE builds and tests facilities to demonstrate that the )useofhydtothermal
resources is technically feasible, economically sound, and environmentaIIS; 'éctebt-
able. Demonstration will show that the use of geothermal fluids is feasible,
provides vital engineering and economic data, and fosters the business
infrastructure necessary for the private sector to continue Federal initiatives.
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The specific objectives of the demonstration project are:

5 To operate by the end of FY 82 a commercial-scale flash-
steam electric plant capable of generating electricity from
a superheated water hydrothermal resource.

e To demonstrate by 1985 that the environmental effects of -
the construction and operation of electric plants are accept-
able. o ' ' '

e To demonstrate by 1985 the production of electric power
from hot water resources at a commercially competitive

cost.

e To demonstrate at Federal facilities the technical feasi-
'bility of selected electric and nonelectric applications.

The following hydrothermal experimental facilities are under construction
or are being planned: ‘ ' :

Raft River Facility

A pilot plant now being built has a 5 MWe turbine generator with a binary
Rankine pbwer cycle, and will use energy from a moderate-temperature hydro-
thermal resource (150°C) to generate electricity for a utility power grid. The
objectives of the project are to compare costs and methods of geothermal power
generation to those of conventional systems; to verify cost assumptions; and to
supply valuable information on the geothermal reservoir, plant equipment, and
plant operations for use in planning future generation systems. - Work on the
current construction contract is complete. The system is being'checked’ out and
additional wells tests are to be undertaken. This plant is expected to be
operational in FY 8l. ' R
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50 MWe Flash-Steam Demonstration Plant (Baca)

In FY 77, Congress authorized DOE to carry out a geothermal demonstra-
tlon pro;ect usmg ‘a hot water hydrothermal resource.' The pro]ect “entails
constructxon and operauon of a commerual-scale (50 MWe gross output) electric
power plant. The plant will also sérve as a "pathfmder" for the regulatory process
and other legal and mstltutxonal aspects of geothermal development. A coopera-
t1ve agreement between DOE, Union Geothermal - of New Memco, and Public
Serwce Company of New Mexnco was sxgned in August 1979. The final EIS was
'released m January 1980, Plant desxgn is under way for the smgle-stage, flash-
steam plant at Baca Ranch, New Mexlco, and orders for a turbine and other Jlong-
lead procurements have been placed. Well drnlhng and flow’ testmg have been
initiated. Plant construction has been delayed pending successful completlon of
hearings being conducted by the New Mexico Public Service Commission. The
plant is scheduled to be operational by 1982. A

l;lGP‘-'A ‘VGieothermal Wellhead Generator e

Tlus prolect wnll evaluate the feasxbxhty of using a wellhead’ generator to
produce baseload electrxcal power. The generator will use the geothermal fluid
from’ geothermal well HGP-A in the nft zone of an active volcano in the Puna
T District of Hawaii. The ma;or power plant components ‘will be’ mounted in'such a
way that they can be moved to other sites at some future date. The project is
expected to lead to commercial applications of wellhead generators in remote
‘areas of the western continental United States and Hawail. ’

Construcuon of thxs facxlxty is progressxng and major equxpment 1nclud1ng
fthe turbine generator wxll arrive at the site in the flrst quarter of FY '8l. The
, }geothermal well Wthh requ:red recementxng, was flow tested durmg FY 80. Plant
'vconstructmn is well under way, and the plant is scheduled to be operatnonal m the- '

'thlrd quarter of FY 81. - o o : '
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Geothermal Loop Experimental Facility (GLEF)

Located near Niland, California, the GLEF has established the feasibility
of using flash-steam binary systems for electric power production from high-
- temperature, high-salinity resources. The project was cost-shared with the San
Diego Gas and Electric Compeny. The facility was decommissioned in FY &0.

Recently developed preln)ecuon treatments had effectively eliminated
m]ectlon clogging problems. Additionally, problems of scahng and corrosxon had
been addressed and solved. Facuxty testing was completed in FY 79. The data
denved from the facxhty have prompted Magma Power Company to agree to
construct and operate a 28 MWe gross plant on the site by late 1984, followed by
future 50 MWe plants. |

Geothermal Component Test Facility (GCTF)

The facility constructed in 1975 provides moderate-temperature, moderate-
to-low-salinity geothermal fluid and supporting services to experimenters for
testing of equipment and components used in advanced 'geothermal systems.
Located at East Mesa, California, the GCTF is currently being used by several
DOE-sponsored and independent experimenters; it will be operational until demand
for its use diminishes. Both Federally and commercially developed components' are
being tested. ’

5.5.4 Direct Heat Applications

Use of geothermal energy for nonelectric proposes by the private sector
within the United States has been quite small, yet, there is a large potential
market for thermal energy in the temperature range 50° to 150°C utilized in such
industry sectors as industrial processing (papermills, sugar refineries and other
chemical and food processing plants), agribusiness (space, soil, and water heating in
applications such as greenhouses, fish farming, and animal husbandry), and
space/water heating of commercial (downtown business districts, shopping centers,
schools, and hospitals) and residential buildings.
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Detailed studies of the economics of direet heat applications have been
sponsored by DOE to match the energy needs of prospective users with specific
low-to-moderate-temperature hydrothermal reservoxrs. To date, 42 technical and
economic fea51blhty studies have been’ supported by DOE. Thu'ty-four of these
.studies have been completed; eleven in FY 80 (See Table 5.9). A competitive
solicitation covering cost-shared industrial applications feasnbthty aseessinents,
issued near the end of FY 80, led to the support of the following eight new studies -
" for which work will begin in FY 8l:

Project Location - -
Alcohol Plant. Vale, OR"
Ethanol Plant < .-, San Luis Valley, CO.
Ethanol Plant . EastMesa,CA
Ethanol Plant, Mushroom - Fernly, NV. .
Growing Facility & Cannery :
Zinc Processing Facilify"f .. oo Salida, CO
Barley Malting Facility _ . Pocatello, ID
Cottage Cheese Processing. .~ - .Friendship, NY
Waste Water Treatment k ' i _ San Bernardino, CA

The lack of experienced personnel and working relatlonshlps between
nonelectric users and energy suppliers as well as absence of service mdustry
infrastructure are mhxbxtmg the commercial adoptxon of geothermal energy.
Technical uncertainties and associated economic risks can 1n£luence users'
' perceptxon of profxtabzlxty to the poxnt of limiting - prwate investment in
| geothermal direct heat apphcatnons. Demonstratnon-type pro;ects (ﬁeld
expenments) have been sponsored by DOE to (l) provxde visible evidence to the
profitability of various direct heat apphcatlons ina number of geographlcal regxons ‘
and (2) obtain reliable, objective, definitive techmcal/economlc data under field
operating condmons that will facilitate decisions on the utxhzatxon -of . low-to-
moderate-temperature hydrothermal energy.

_ 'Twenty-fo‘ur' cost-shared direct-heat’ demonstration projects (see- Table
5.10) are now under way. The majority of these field experiments are for space and
district heating applications, while four are directed toward agribusiness, and three
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Table 5.9

COMPLETED TECHNICAL AND ECONOMIC FEASIBILITY STUDIES

COMPLETED IN

PROJECT - LOCATION FY 80
District and Institutional Heating
Mini Core District System Glenwood Springs, CO *
Municipal Waste Treatment
Community District System Lakeview, OR *
District System for 1,000 'l.’oplar, MT *

Planned Homes, Fort Peck
Indian Reservation

University of New Mexico
Campus System

District Heating

District Heating with
Possible Augmentation

Six Rural Alaskan Towns

District Heating for Baca
Grand Community
Development Project

Space l-ieating for Edgemont
School Complex

District Heating and Cooling
System Including
Industrial Park

Space Heating

Space Heating and Agribusiness

District Heating

Agribusiness

Salmon Aquaculture

Albuquerque, NM

Mammoth Lakes, CA

Susanville, CA

AK

Alamosa, CO
Edgemont, SD

El Centro, CA
Midland and Philip, SD

City of Desert Hot Springs, CA
Boise City, ID

Alaska
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Livestock Controlled-
Environment

Agribusiness

Greenhouse Corps, Mushroom
Culture, Fish Farming, and
Biigos Generation

Vertically Integrated :
Livestock, Meat and Feed
Processmg Facility

Integrated Feed Lot and
Farming Operation Producing
Methane from Animal Waste

Control Livestock Production
System

Industrial Process Heat

Sugar Cane Processing
Industrial Park
Wetcorn Milling Plant
Hosiery Factory
Frozen Food Plant

Sugar Beet and Barley
Processing

Food Processing Using

Geopressureleeothermal

; Resource ‘
Holly Beet Sugar Réﬁhery

Fertilizer Production, Valley
- Nitrogen.

Potato Processing,
Onion Dehydration, Alfalfa
Drying, Greenhouses, and
Sugar Refinery Feasibility

Susanviile, CA -

"Laké, Napa,?aﬁd Sonoma
Counties, CA

" Lake County, CA

Mountain Hdme, ID
Vale, OR

CAand NV

Puna, HI-
Pahoa, HI
East Mesa, CA
Las Cruces, NM
vSahsbury, MD
San Luis Valley, CO
Louisiana Geopressured
Resources
| Imperial Valley, CA

Heber KGRA Near
El Centro, CA

| Klatﬁath and Snake River
Basin, OR
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Table 5.9 (Cont.)

Refrigeration for Food Raft River, ID; Weiser-
Processing Including Freeze Crane Creek, ID; Vale,
Drying and Meat Packing OR; Coso Hot Springs, CA;

‘and Imperial Valley, CA

Industrial Complexes, Including  Calistoga, CA; Brawley, CA;
Forest Products, Caustic/ Surprise Valley, CA;
Chlorine, and Corn Products Lakeview, OR; Vale, OR;
Brumeau Granview, ID;
Steamboat Springs, NV;
Core/Ft. Sulphurdale, UT

Ethanol Production for Raft River, ID
Automotive Fuel Use

Alfalfa Dehydration Plant El Centro, CA

Evaluation/Crystallization Not Site-Specific

Industry, Including

Tomato Paste Processing,
Sugar Beet Refining, and
Sodium Chloride Production

Tungstan Ore Mining &
Processing Mona Lake, CA
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Table 5.10
DIRECT HEAT APPLICATION DEMONSTRATION PROJECTS

:'O:peration ﬁzl;U/Yr -

Klamath Falls, OR

Operator & " Type ‘ Project Dev.
. State Location of Use First Year (Billions) Phase in FY 80
'CA City of Susanville sP 1982 41.0 ~ Reservoir
b . Susanville, CA | : E Confirmation
ICA -~ City of El Centro sp 1982 7.0 Reservoir
. El Centro, CA . - ... Confirmation
| o - | &Design
CA  Geothermal Power Corp. o AG ... 1982 - 81.9 Environmental
©ot " “Kelley Hot Springs, CA o ' - . Assessment
CA - Aquafarms International AG 1981 171.0 ~ Construction
: Mecca, CA . » :
CA~  Holy Sugar, Inc. IND 1982 144.0 - Reservoir
_ Brawley, CA . Confirmation
e R ‘ & Design
co Town of Pagosa Springs ... DH - 1982 14.0- . ‘Construction
NNy _Eagosa Springs, CO ‘ et -
ID  City of Boise . ... DH .. 1981 95.0 .. Environmental
% ‘Bo1se, ID . ' e . Assessment
t » » - & Design
ID | ~ Ore:lda Foods IND - - - Project
‘ Boise, ID ' - ~ "Terminated
'ID Rogers Food, Inc. . SP&IND - - ‘Under Review
' & Madison County o . o,
| Madison County, ID
MT Warm Spring State Hosp. SP - 6.4 " Under Review
* : , Butler, MT. :
'NV  Hydro Energy Corp. sp 1981 0.1 Reservoir
: ‘ Reno, NV : Confirmation
; D & Design
NV Elko Heating Co. SP 1982 42.0 Reservoir
Elko, NV =~ ' ‘ Confirmation
& Design
OR City of Klamath Falls, OR DH 1981 35.4 Construction
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Table 5.10 (Cont.)

SP

1980

Operational

OR . Klamath City YMCA 5.0
' . Klamath Falls, OR » '
SD -~ Kaakon & Philips Schools ---SP 1980 - 5.2 Operational -
. Kaakon, SD ’ —
SD St Mary's Hospital SP 1980 8.4 " Operational
Pierre, SD

sD Diamond Ring Ranch AG 1980 5.5 Operational
Midland, SD

X Torbett-Hutchings-Smith Sp 1981 0.1 Construction

o - Hospital '

Marlin, TX »

TX Navarro College SP 1981 0.1 Reservoir
Corsicana, TX Confirmation

uT City of Monroe DH - - ' Under Review
Monroe, UT

UT Utah State Prison sp 1981 21.0 Reservoir
Salt Lake City, UT Confirmation

uT Utah Roses, Inc. AG 1981 97.0 Reservoir
Salt Lake City, UT Confirmation

SP - Space Heating and/or Cooling

DH - District Heating

AG - Agribusiness

IND -

Process Heat
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involve industrial - processing.. Each project will go through five phases:
environmental assessment; reservoi_r confirmation; system design;iconstruction and

~ installation or retrofit; and operation. Ten of these projects are in the reservoir |
confirmation phase, and five field experiments currently involve construction and
installation.” The following five proiectS;are in operation: . . . |

Haakon, SD - space. condmomng for fwe school buxldmgs
" - Pierre, SD. - space condxtlomng for a hospxtal o 4
Klamath: Falls, OR -space condmonmg and hot water for YMCA
o k,.,deland, SD - agricultural uses on ranch . e
Truth or Consequences, NM - space condmomng for a hospxtal

-Of the remaining three projects, one encountered a nonproducxng well and
the other two are being reevaluated for possnble redu'ectlon because the fluids of
the geothermal reservoir were found to be of lower temperature than that requ1red
for the intended-use. It is anticipated that a:total.of seven projects will be
operational by the end:of FY 8l, and ]2 additional projects will begin operating
‘during FY 82. A brief description of each d”i_rectm h,eat,fj_e_ld' demonstration project
and the development phase for.each p‘roject%at the end of FY 80 are presented in
‘Appendix D. The;DOE"direct heat field experiments .initlative is expected to lead
to the spread of industrial in,\loh{ement_, and, tne'.l;ul_lcling of :geothermal‘direct use
industry infrastructure in the western states. Greater emphasis will be placéd on
locating future demonstration sites in the East as suitable resources are .defined.

5.5.5 Geothermal Loan Guaranty Program G

The Geothermal Loan-Guaranty- :Program ; :(GVLQP)Jwas‘ tzestabli/s_hed in 1974
under the provisions of PL 93-410. The objective of the prograrn is to assist the
pnvate sector-in- acceleratmg commercxal development and. use of geothermal
energy by minimizing. -the f1nanc1al nsks ~associated .with new technology and
reservoir uncertaxntxes.; Geothermal loan guarantles are: provxded _through the
Geothermal. Resources: .Development .Fund. The guaranteed loans help reduce a
lender's financial risk in making credit available for construction and_;,operation of
geothermal facilities, R&D projects, and field exploration. Total value of loan
- guaranties to an:individual borrower is limited so that other borrowers and lenders
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have access to the guaranty Guarantles are provided for both electric and
nonelectnc pro;ects ‘

 The program presently has guaranteed parts of six loans, including one
refinancing now totalling $136.0 million for projects totalling $202.7 million in cost.
Four projects will provide an added 28 MWe (gross) to current electricity
production, and the other project will provide 117 billion' BTU/year for food
processing (dehydration of onions, celery). Applications are now pending for loan
guaranties totalling $248.5 million for projects totalling $330.5 million in cost.
However, no additional guarantees will be issued after the Jatter part of FY81 as
the GLGP is being phased out. L :

In FY 80, two projects were approved for loan guaranties of $94.4 million
bringing the total portfolio of guaranteed Joans to date to $136.0 million:

e CU-I Venture received a geothermal guaranty on a loan of -
$49.4 willion from the Bank of Montreal (California) for
further exploration and field development at South Brawley,
California. Preliminary field testing results aré optimistic -
for meeting or exceeding a 4 MWe (net) productivity goal
per well to support the 45 MWe power plant.

e Northern California Power Corporation #2 (NCPC #2)
received approval for a geothermal guaranty of a $45
million loan from the Bank of Montreal (California) for the
purpose of constructing a 1l0. MWe power plant in The
Geysers, California. Shell Oil Company has developed the
" field and has dedicated sufficient acreage to operate the
plant by means of a steam sales agreement between it and
NCPC #2. NCPC #2 is owned and operated by Northern -
California Power Agency, a ioint:power municipal agency
‘consortium of ] northern California municipalities and one:
rural electric cooperative, which will have 8 of its members
purchase the power resulting from the project.

" During the year the Program made extensive use of the MITRE cash flow
mode] for analysis of electric power proposals and applications. The model, which
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has undergone intensive study and refinement, is capable of taking technical, cost,
resource, and financial data and. estimating project cash flows and revenue
forecasts. Conversely, expected marketing condmons can be programmed into the
model to determine the technical criteria for success. Several utilities have
availed themselves of this model ‘in assessing-potential geothermal projects and
e boen very eneusiastc about the quality of the analysis.

The E.nergy Security Act of IR0 (PL 96-294) contains a number of ma)or
prowsions for geothermal energy, mcludmg modification of the Geothermal Loan
Guaranty Program. The Act extends the life of the GLGP from 1984 to 1990 and
provides an increased level of assistance under the program. Loans to ‘municipal-
ities and public cooperatives will be increased from 75% to 90% of project costs.
The Act also includes provisions to expedite processing of loan guaranties; such
reforms include a four-month deadline for proeessing applications, requirements to
give faster consxderanon to applicants for nonelectnc pro1ects, and ehmmanon o:t
reqmrements for duphcatlve Envu'onmental Impact Statements under NEPA for
Joan guaranty apphcatlons. :

" Tables 5.11 through 5.13 summarize the status of all loan guaranty appli-

5.5.6  -Financial Assistance Progréms

" The purpose of grants and loans. provided by Commerce's Economic
" Development Administration (DOC/EDA) is to stimulate economic development in
‘depressed areas. EDA encourages use of geothermal energy by giving special
consideration to applicatidﬁs for projects using geotherrhal. ‘

- Under the Public Works athevelopment Facilities Program, DOC awards
project grants of up to 8096 of prbiect costs to é.ssist in codstruction of facilities
needed for long-term economic growth. The Business Development Assistance
Program provides direct or guaranteed/msured loans for busmesses to expand or
establish plants in geographlcally depressed areas.

HUD awards grants for the purpose of alleviating urban blight and
expanding economic opportunities in blighted communities. HUD ecnourages
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Table 5.11

SUMMARY: GEOTHERMAL LOAN GUARANTY APPLICATIONS*.

Category Number , ~ Amount ($M)
. Applications Received
A. Approved . 5. $136
- B.  Under Evaluation 3 $58
II. Applications Currently -
Being Prepared or Pending s
Acceptance 15 $556 (Estimated)
$750 (Estimated)

TOTAL 23

*Figures are current as of Sebtember 1980.




Table 5,12

SUMMARY OF GEOTHERMAL LOAN GUARAl\iTlES MADE TO DATE

Borrower

Lender | Guaranty Project Location ‘vResults
Republic Geothermal Bank of Amerlca - $9,017,000  Resource exploration - East Mesa, ‘Drilled & reinjection
Inc. : and testing California -and 7 production wells
Westmorland Geo-- - Bank of America $29,100,000 Resource ca‘(p/loration,' ) | W.ostmorlan& ) Guaranty awarded:
thermal Associates e ‘ ' ' “testing, and full - g Imperial exploration beginning. .
i ‘field development County, - Additional funding may
‘ _ Callforma -be requnred
Geothermal Food - Georgia State $3,500,000 Process haat to dry Brady Hot R Plant operatnonal and
Processors, Inc. ~ State Teachers agriculture products Springs, running at 88-100% of
. Retirement Systems : Nevada capacity. Additional
S : ’ drying contracts
recewed
Cu-1 Bank of Montreal ~ $49,400,000 ' Resource exploration Brawley, One production well
~ (California) 1 testing and full Imperial : ~drilled to 14,000
= C " field development County,” feet, high temperature
California '  and salinity. Full flow
= testing commenced. Pre-
liminary results indicate
4+MWe (net) per well
Northern California  Bank of Montreal $45,000,000 Construction of 110 MWe Geyers, Guaranty to close on
: Power Plant California

Power Corporation #2 California

10/6/80

—6T1-
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Table 5.13 |
LOAN GUARANTY PROJECTS UNDER EVALUATION

ProjectA S ' Type i  Cost (SM) Guaranty

1. California Energy Corporation, ’ : ' :
Coso Hot Springs, CA ' Field Development $ 32 $ 24

2. Rorabough—The Geysers Field Development $ 39 $29

3. Oregon Trail Mushrooms
Vale, OR Mushroom Plant S 6.2 $ 4.7

TOTALS  $77.2  § 57.7
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projects using geothermal energy, such prqects may quahfy for assrstance 1f other
conditions are met. G e T

The Urban Development Action Grant (UDAG) Program provides grants to
distressed cities and urban countries to attract prwate investment which will
create employment and strengthen the tax base. Private investment in housing,
commercial or industrial real estate pro)ects must be at Jeast 2.5 times the Federal
grant. Community development block grants (CDBG) ‘are awarded to local
governments for a wrde vanety of commumty development actrvxtles. Innovative
Grant Compentxon funds will be awarded to energy conservanon or alternative
fuels/resources projects which help low- and moderate-income areas or small
businesses. Areawxde and commumty planmng may be funded under the Section 70!
Comprehenswe Planning Program and may 1nclude planmng for geothermal use.

The Internal Revenue Servrce (IRS) 1s responsxble for promulgatlng regula-
tions under the Crude Oil Windfall Proﬁts Tax Act of 1979 and the Energy Tax Act
of 1978. Economxc mcentxves to geothermal development provxded by Federal law
are () an optlon to deduct 1ntang1ble drrlhng costs of geothermal ‘wells, (2) a
depletion allowance for income from geothermal reservoxrs, (3) a 15 percent
business investment tax credit (in addzuon to the normal 10 percent lnvestment
credit) for expenditures on geothermal property, and ) a resrdentlal tax credit for
expenditures on geothermal property (maxrmum $# 000 on expendrtures of $10,000).
Regulations for admrmstermg the res:dentnal tax credlt were proposed in 1979, but
final ruling was postponed pending actxon on tax provxsxons of the recently enacted
Windfall Profits Tax Act. Busmess tax credit regulatrons are being written.
Because the 1ntent of leglslatxon for mtangnble drrlhng cost deductlons and the
depletlon allowance was to glve equal treatment to geothermal energy sources and
oil and gas under tax law the IRS intends to deal with geothermal development
- under exlstlng oil _and gas_regulatrons. o -

" The Financlal/Grants Task Force of the IGCC was 'e‘:s‘tablis'hed to determine
what Federal funding programs may be apphcable to- geothermal development
projects. The Task Force revxewed programs thhxn the’ Department of Housing
and Urban Development (HUD), the Economic Development Administration (EDA)
within the Commerce Department, the Rural Electnflcatlon Admxnlstratlon (REA),
and the Farmers Home Administration (FmHA), both wrthln the Department of
Agriculture. These funding programs are detailed below
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Department of Housing and Urbah Development

(1) Community Development Block Grants
e $3.9 billion in FY 0.
e Grants to local 'grovejrnments.‘

e For public works, community development, economic
development. ’

o 75% is distributed byrforjmtjl‘a‘to large urban areas.

e 25% is available for specific projects in small cities
(fewer than 50,000 population) on a competitive basis.

e Geothermal projects are definitely eligible under the
latter category, and probably $0 under the former.

(2) Urban Development Action Grants
‘@ Grants to cities and urban countié; (se\}erely distressed).
e 35675 million estimated for FY 80.

o Competitive awards for a wide variety of projects and
activities. ’

e Private capital of at least 2.5 times the award amount is
required.

(3) Housing Construction and Rehabilitation'
¢ A broad variety of programs.

e $26 billion planned for FY 8l.
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e Grants for district heatmg feas:blhty studles are under
.. consnderatxon.

e Projects iinvolving alternatlve fuels and energy
conservatxon in housing construction are encouraged.

° Projects that involve geothermal energy are el"ig“ible.'”

Economic Development Administrationf__j o

o Budget of $228.5 million in FY 80.

. Grants, loans, loan guarantles for pubhc works pro;ects,
business development, planmng, technical asszstance, and
economic ad; ustment.,

° States, communltles, and busmesses are ehglble for
dlfferent categories of assnstance.

° vPro;ects mvolvmg geothermal energy apparently would
be ehglble for  assistance . under ‘many of these
categories, but would have to be in areas de51gnated by
EDA as elxglble., About 85% of the Jand area. of the
:Umted States and xts temtorles is so desxgnated. o

Rural Electrification Administration

e Loans and joan guaranties for electric power generation
and distribution facilities in rural areas.

o In FY 80, REA will provide about $800 million in loans

_.and will _guaranty%l_oansv;of%ahout $5 billion.

.....

other public bocﬁes are the benefxcxanes of these loans: A‘
and guaranties. '

,'___o__jvElectnc power cooperatwes, pubhc power distncts, and o
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° Geothermal projectswto provide electric powef in rural
areas presumably would be eligible for assistance,
provnded REA is able to make a finding that the

project is using proven technology. ‘

Farmers Home Administration

e Grants, loan guaranties, and loans are allocated for
Community Programs, Business and Industrial Prog'ramrs,
Single Family Housing Programs, Multiple Family
Housing Programs, and Farmers Programs.

e The FY 80 budgetrfor these programs is about $8 billion.

e Funds are allocated by program category, by state, and
by formula (population and income). Financial need is a
criterion for distribution within states. _' '

e States, counties, municipalities, public organizations,
housing developers and individuals are eligible for
assistance under different parts of these programs.

e Projects that involve development and utilization of
geothermal resources could be ’eligible under many - of
these FmHA programs, depending on whether FmHA is
able to make a determination that the projeéte are
technically feasible.

3.6 FEDERAL USE OF GEOTHERMAL ENERGY

The Department of Defense is under the same mandates as the rest of the
Federal sector to conserve energy and switch to alternate fuels. The direct use of
geothermal energy as well as the use of’ geothermal!y generated electr1c1ty are
significant factors in achieving the mandated goals.
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‘Several 'direct-:use‘pr'ojects are -either in the planning or initiation stage and
one at the Naval:Station, K eflavik, Iceland,»is_; being constrdtted. There the entire
Navy base is being converted to geothermal heating. .. .

At the China Lake Naval Weapons Center, Coso, California, the Navy.is using'
a private entrepreneur to explore the resource, develop the field, construct an
electric power plant, and operate it at no cost to the Navy. The Navy has agreed
to .buy " all vpower‘ -produced from. the :plant.. -Through this effort a previously
untapped resource will be used and, if successful, should at_ttact more developers to
the remainder of. the.Cose resource when it is offered for development. =
- "DOE is attempting to help other agencies identify buildings and facilities that
could use :geothermal energy for: heating -and . cooling. Primaty emphasis has been
on DOD, but contacts have also been established with the U.S. Postal Service and
other Federal agencies.

5.6.1 Adak Naval Station, Adak, Alaska

.- The 'Adak~~Geothermal Project is-considering~~ three different types -of
geothermal energy systems, -each: based on an assumed reservou' temperature
FANGE: . e T il I B R :

¢ Space ' heating, ,using«_eitherw_;;above-greund insulated fiber-
- glass pipelines -or in-ground insulated steel pip:elines._‘ sy i

s e Flash steam electrical 'po,#vert_;generation,’ using .geothermal .
jﬂuids’either at a‘central'powe'r plaht or. via indilviduel; _
“.wellhead - generatmg umts, exther :system producxng a 25‘« o

SRS MWe gross output, - :

e . bmary geothermal electncal power plant, where thev iy
geothermal fluids would heat a secondary (binary) fluid to
operate the electncal generatmg equipment, producmg a2’

MWe gross output. R
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Of the systems analyzed, the most attractive are the wellhead generating
units, which have been tested at temperature ranges as low as 1609C." Equipment
can be fabricated in the lower 48 states, thus eliminating much of the cost of
installation and construction at Adak. A wellhead unit system has the best payback
period of all the systems and could be operational within 5 years from the date the
reservoir is defined.

The primary question remaining is, which system can the geothermal
resource of Adak support? This question can only be answered by drilling the
initial production-size wells to test the reservoir characteristics. The estimated
cost for drilling the first production hole at Adak is $8.5 million, due to the high
cost of ‘drilling rig mobilization. This high cost makes the whole project
unattractive until fuel costs increase sxgmﬁcantly. If that increase occurs, the
project will be reevaluated. :

5.6.2 China Lake Naval Weapons Center (NWC), Coso, California

Based on geological surveys by the USGS, China Lake personnel, and
others, the Coso area of China Lake NWC was designated a Known Geothermal
Resource Area (K GRA) with an estimated resource potential ranging up to 650
MWe. About 90% of the high-grade resource lies within NWC boundaries; however,
some of the area are fee-owned lands. The Navy has two objectives--to protect its
military mission capabi.lity, and to develop the resource. Accordingly, the decision
has been made that the Navy will develop fee-owned lands for its own use while
allowing the Bureau of Land Management to lease the remainder of the resource,
subject to appropriate constraints. The Navy has hired a private contractor to
further explore, develop the field, build a power plant, and own and operate it at
the contractor's expense. Under this plan, the Navy will retain ownership of the
resource énd the electricity generated by the resource. The contractor will be paid
for the electricity produced. The Navy filed a draft environmental impact
statement for this undertaking in November 1978 and has completed the
contractural package.

Initially, the minimum amount of power the Navy will accept will be the
entire requirement of the Weapons Center. After this requirement has been
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satisfied, the contractor.may pick up additional loads, up to a maximum of 75 MW.
Development beyond 75 MW will be at the ‘option of the Navy.

A contract was awarded for this effort in December 1979. The contractor
. has completed initial geologic investigations and is now.preparing site-specific
environmental documentation for the initial field development wells. A minimum
of -three wells should ube completed during FY .8l. If successful, power should be
on-line by 1984. | - ‘

5.6.3. ..Fallon Naval Air Station, Fallon, Nevada

For Fallon, USGS studxes gwe a reasonable assurance of a good geothermal
resource potential; mdeed, some geotherrnal apphcatxons have already been 1mple-
mented in the immediate area of .this base, . '

‘ ‘l'he Navy is now conducting heat flow. studles to determine the extent of
the resource on U.S. lands. _During FY 80 the resource analyszs was completed.
Current indications_are :that a. geothermal pro;ect is deﬁmtely feasnble and that
. geothermal electric power. productxon is l1kely. Durmg FY 81 the Navy Wll] be
" preparing envxronmental documentatxon and contractmg for resource development.

5.6.4  Hill Air Force Base, Utah
In a joint project between the "néba}tr}{'eﬁ‘{ 'of'i Energy and the Department
of Defense, the avaxlabtlxty of geothermal resources at Hill AFB was mvestxgated.

- The project was dmded into two phases. Phase T was to 1dent1fy and initiate use of

the geothermal resource. Phase 1, predlcated on the success. of Phase I, would
have expanded the appl:catxon to other areas of, the Base. In Phase l, DOE took

responsibility for surface eXPlQljatlon,and_geologtcal‘rnterpret,at_lons o

Two holes were dnlled to test geologlc structures, one to a depth of about
2,000 feet and the other about. 3 OOO feet.. The scientific team Irom the Umversxty
- of Utah that performed. the initial geologxcal, geochemxcal, and geophysncal studxes
at the Base also managed the test hole dnlhng. Interpretation of the results from




-128-

these test hole wells indicated that the resource temperature was not sufficient for
other than heat pump applications. The undertaking was terminated.

5.6.5 - Keflavik Naval Station, Iceland

Geothermal resources have been used to heat Iceland's capital city,
Reykjavik, for 50 years. The United States is committed by a 1974 Memorandum
of Understanding to join with the Icelanders in developing geothermal heat sources.

Sudurnes Regional Heating Corlsofation (SRHC), a local entity, is develop-
1ng geothermal wells and distribution lines to towns near Keflavik. Distribution
lines now connect the Svartsengi plant area with towns on the Reykjanes peninsula;
connection of Icelandic buildings is well advanced. However, the hookup of U.S.
facilities of geothermal heat has been minor to date. o

In FY 80, a military construction project started conversion to geothermal
energy by providing' connection charges to SRHC. Most of the conversions of Navy
boiler rooms and heating systems are programmed in FY 8l. However, installation
of heating mains proceeded at a pace that permitted usable connections to some
Navy buildings in FY 80. The total budget for connection and conversion is $35
million.

'5.6.6 Norfolk Naval Station, Norfolk, Virginia

The demand potential for geothermal space heating at Norfolk appears to
be excellent. However, before wells to define the resource are drilled, resource
criteria must be established. The Navy is currently developing a progi'am to
identify the potential heating load af the Norfolk Naval Station—-its location,
resource temperature requirements, and flow requirements. In addition, site-
specific legal, institutional, and environmental problems must be resolved. The
Navy will then proceed with development if the pfoiect is still feasible. However,
on the basis of a DOE-sponsored design study, the Navy has agreed to proceed with
a prolect to convert one large buxldxng to geotherma] space heat.
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5.6.7 VWilliams Air Force Base, Arizona

In 1973 a prxvate ﬁrm dnlled two geothermal wells to a depth of 10,000
feet, approx1mately 1 mxle from Williams. These wells demonstrated a hydrother-
mal resource of around 150°C. In June 1979, the Department of Energy completed
a feasrbrhty study for the Air. Force, explormg the potentlal applxcatlons of
geothermal energy at erllams. )

The study concluded that ‘both’ a central coohng plant and an electncal
power plant are promxsmg candldates for geothermal use; the choice wnll depend on
the quantlty and quahty of the resource. The economlc analysxs pro;ected a
‘_potentral payback penod of ll 15 years. B -

" The Air Force has pr;'eparedaconceptual plan that divides the project into
two development phases. - Phase | encompasses exploratory produc'tion’ well drilllng,
and Phase II, follow-up drilling and design and construction of the central plant.
Management and’ fmancnal arrangements to accomplxsh these phases are bemg

sogR e

developed

5.6.8 "»'—K;i'h{zs ‘Bay,"'déorkizé SRR

4 ln a )oxn pro; ect between the Department of Energy and the Department of
usmg the predxcted resource for space heatmg Dunng FY 80, DOE as part of its
Atlantic Coast geothermal program “drilled a’ 1000-foot exploratory ‘well at ngs
- Bay to determme the thermal gradlent. Based on the results of this well, a deep
product:on slzed well may be )omtly funded by DOE and DOD to explore the
,'resource as "basement." 1f the resource proves vnable, work on mstallmg a spacef
heatmg system usmg geothermal fluxds would commence 1n FY 82 '

T o “overcome the vulnerabllxty threat to xts present land-base mnssxle
system, DOD has authornzed the beglnnxng of engxneermg development for the MX
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Weapon System. In a paralle! activity, DOE and DOD are jointly sponsoring a
program to determine. the feasxbxhty of using renewable energy sources to supply
the electncal power requ1rements for the MX system. Under ﬂconmderatlon are
geothermal solar, and wind. |

It is estimated that geothermal energy could 'provide between 20% an_d
100% of the total energy required by MX and its support facilities. However, an
aggresswe resource definition program is needed in order to locate and prove
enough resources to accomplish this. Therefore, extensive assessment activities
are planned for the states of Nevada and Utah, proposed siting areas for MX,
during 1981. At the same tlme, studies will be conducted to determlne the
feasibility of developing several confirmed resources in northern Nevada and
central Utah to generate electrical power that can be wheeled into the MX
deployment area. | |

3.7 HYDROTHERMAL TECHNOLOGY bEVELOPMEl\lT |

The recovery of geothermal energy is accomplished through the use of an
evolving technology. The techniques used by the oil and gas 1ndustry for
exploration and reservoir evaluation have been adapted for their purposes by the
geothermal industry, but due to the marked difference in the geologic target being
sought and the problems associated with making measurements for assessment
purposes in high-temperature, briny environments, the oil and gas techniques are
not always appropriate and new technology must be developed.

The areas of technology development described below apply,primarily to
hydrothermal resources, because hydrothermal appears to be the most likely
resource candidate for immediate development, and has the greatest ‘resource
potential in the near term. Areas of study include exploratxon technology,
reservoir engineering; and well drilling and completion, well stimulation, energy
conversion, and fluid handling technology development. These development .effort_s
are aimed at reducing the costs of geothermal exploration, assessment and field
development; reducing capital costs of geothermal  facilities; and improving
resource utilization eff1c1ency.p Technology development for geopressured and hot
dry rock resources is still in the prelxmmary stages, and will eventually build on the
developments established for hydrothermal resources.
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5.7.) - Reservoir Evaluation Technology“ .

The purpose of reservoxr evaluatxon technology 1s to more accurately
Jocate hydrothermal reservonrs, measure thelr propertles, and predlct their
behavair. Relymg on. 1ndustry to ﬂag key issues and techmcal problems, the
government carries out research m exploratton technology, reservonr engmeermg,
log mstrumentatxon, and log mterpretatlon._ o

Exploration Technology

Deged e

Exploratton technology is. seekmg to develop more rehable and cost-
effective techniques for locating and identlfymg geothermal resources. The
success of this activity must be measured by the 1mprovement 1n the success ratio
of geothermal exploratory wells that are drtlled Success rano m thxs instance is
defined as the number of wells that mtercept potentxally commercnal quantities of
hydrothermal flu1d, dmded by the total number of exploratory holes. The present
success ratxo for wxld-cat geothermal wells is lower than that for oi} and gas wells.
This fact is understandable when it lS con51dered that oxl and gas exploration
technology has been developed over a much longer penod of time than has

- geothermal, but it serves to point up the necessrty for a vngorous technology

development for _geother,m_al. o

o A strategy of exploranon for hlgh-temperature hydro-.
. thermal systems in the Rocky Mountaln Basm and Range
: yiﬁ'lProvmce has been developed based on exploratxon data
. that were generated by DOE's lndustry-Coupled’_ _
A_‘:'Program. _The strategy of exploratton features a balance
of geologncal, geochemncal, geophysxcal, hydrologlcal, 2
and . drilling activities to be employed in locatmg and |
_‘confxrmmg hxgh-temperature resources. 'l'he strategy :
_.can be . appropnately adapted to the search for lower-
v “ temperature resources that would be used m du'ect heat
apphcatlons. Wxth contmumg research on methods of
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exploration for and modeling of convective hydrothermal/
systems, the strategy is expected to be refined and
' _ become more cost-effectwe with tlme. (USGS DOE)

The use of trace elements as an exploratxon tool has
been demonstrated. Analy51s of trace elements in drill-
ing chips and bore samples provides valuable information
on the location of production zones in drill holes, and
trace elements in soil samples collected in a region with
hydrothermal potential can lead to the identification of 3
~ fault zones and other geological features that are keys in

( geothermal development. (USGS) : '

l".l'hree-dimen'sional 'forward and 'im}erse solutions have
been developed for mterpretmg exploranon data
obtained usmg resistivity and magnetotellunc tech-

mques. This permits toxographxc variations, layering, -

and other structural features to be introduced into the
algonthms, providing for a more meamngful mterpreta-
" tion of the data. (USGS)

An automated seismic processor has been successfully
field tested at The Geysers geothermal field in
California. The processor is used to obtain microearth-
quake data that can be used in identifying and delineat-
ing hydrothermal reservoirs. The processor automati-
cally processes and records the arrival times of the
various wave forms, determines probablhty of the initial
] onset of the P wave, computes spectra for the P and S
waves, and determines the corner frequency for the P
and S.. (USGS) N 7

Studies have been initiated, as a resdlt of a solicitation,
to: 1) improve or refine geothermometry techmques that
are used to estxmate the temperature of ﬂuxds at depth
on geothermal systems, 2) investigate the use of micro-
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earthquakes as a geothermal exploratlon tool, and 3)

evaluate the effects of water-rock 1nteractlon ln the
evaluatlon of geothermal reservoxr systems. (USGS)

Reservoir Engineering

[

Reservoxr engmeermg attempts to develop a basnc understandxng of the
nature of hydrothermal reservoxrs, mcludxng the distrlbutlon of temperature,
pressure, porosity, salinity of flmd, and permeabxhty. ‘l'hese factors are then used
in developing numencal ‘models that can be used in 51mulat1ng the productlon of the
reservoir. The ultlmate goal of the snmulatlon 1s to be able to predxct reservoir

productxon capacuy and longevxty.

. A numerlcal code has been developed that sxmulates:
translent flu1d flow in a fracture propagatmg through a
porous. medzum. lt 1s apphcable to the study and de51gn:
of hydrolognc fracturmg expenments. The code has been
valxdated agamst field data. One use of the code is to
investigate problems associated with rem]ectxon of spent
fluids into the reservoir formatlon. (DOE)* R

| .. A workshop was held to mtroduce mdustry to the varxous o
‘ numerncal slmulatlon codes that have been developed by" o
the Lawrence Berkeley Laboratory, and to teach them ; S

k: vhow 10 use the codes. (DOE)

o A tran51ent, two—phase well-bore 51mulator was ‘com- L
- - pleted for use in calculatmg transxent flow m the bore{ - ":"l : | ","‘
vdurmg pressure buxldup tests. (USGS) ! - '. B ,' :
e A "‘two-pha‘sed,‘ multid’imens'i;onal' geoth'e‘rmal::'r,‘éservofr:fi;'&
' simulator has been developed by the ‘Lawrence Berl<ele'y
Laboratory. The algorithm is based on mass and energy
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balance equations for tWo-phase flow in a porous
medium. It can be_'qsed in solving a variety of preblems
related to real reservoir behavior, as well as to provide a
better understanding of the physics of two-phase
systems. Types of applications for the code are one- and
two-phase reservoir depletion, two-phase - reservoir
~ behavior with distributed liquid, simulation of real reser-
v01rs, matchmg productxon data, and esti mating material

parameters from well test data. (DOE)

o The various reservpir simulation codes that have been
~ developed by resérvpir engineering grOLlps have been
tested and compared to provide 'great'er confidence in
these simulators on the part of financial institutions,
utilities, and investors who must rely on their use for
estimates of reserv01r production and Jongevity. A set
of six problems was run using each of the codes and the
results of the comparlson were presented at the Stanford
University Reservoir Engineering'WorkShop. (DOE)

Logging Instrumentation

Logging instrumentation activities are aimed at upgrading tool capabilities
from the present rating of 13 OOC to 2759C, typical of geothermal temperatures.
DOE log interpretation activities seek to analyze problems in data interpretation
caused by significant differences between hydrocarbon and geothermal wells. The
well logging services presently available are often unsuitable for the hostile
envnronment of geothermal wells, and data essential for reservoir engineering are
difficult to acqu1re. Calibration facilities for industrial plants will continue to be
provided as part of this effort. Both actwntles work closely with mdustry in an
effort to test and evaluate new‘concepts. A major achievement was realized in FY
80 with the yproduction of 50 commercial hybrid circuits by Teledyne Philbrick, Inc.
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5.7.2 'Well Drilling and Completion Technology * <%~ 7"

" The purpose-of trﬁs’prograﬁwrls to provide the technology to reduce ‘the ‘cost
or geothermal drilling 25% by 1983 and an additional 25% -by 1987, To do this,
advances and improvements in drill bits, downhole motors, and drilling fluids are

~ sought during the current program. Conducted primarily through contracts with
private industry and universities, the program is directed by DOE.

In FY 80:

e Further field tests were conduCted on a continuous chain
. drill, leading to a design 1ncorporatnng all Stratapax
(polycrystalhne dxamond) cutters. - : I P

e A new, ‘hi'gh-temperature drilling mod was developed,
- and is'ndow used ‘commercially for geothermal drilling in
the Imperial Valley of Cahforma.» R R R

‘e Further field tests were run to evaluate drill bits with
“polycrystalline diamond cutters. ¢ = el e
The program is being conducted in six maj or'categories: -vdrilling' hardWare, ’

.drilling fluids, completion technology. lost circulation control methods, and
su'pp'ortmg “technology. Development of the' technology to effect the 25% . cost
reductlon is progressing on schedule. Next year, it is expected that the: technology :
‘on - the continuous’ ‘chain- drill can ‘be transferred to mdustry for c0mmerc1al'
'apphc_atlon., -Field tests will be conducted‘on inert gas drilling ‘and completxons,m ,
‘high-temperature geothermal wells to reduce ‘corrosion. - ‘A compléte well- bore
“descaling system, using controlled cavita'ting'wa"tei'»jets; will be field mte'sted, A 200
hour-life bearing and seal section for downhole dril‘ling motors will be tested. |

5.7.3  Well Stimulation Technology
% The DOE geothermal well stimulation program builds upon th'eitechnology |
‘available for oil and gas wells to make it-useful for high-température applications
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in geothermal wells. It consists of two parts: first, the development of specialized
geothermal hardware, stimulation treatments, and data analysis from existing well
stimulation treatments; second, conducting field demonstration experiments at

specific sites using specific techniques.
In FY 80:

e Two wells at the,Raftv River site in Idaho were treated
by hydraulic fracture. The analysis of results showed
improved flows for one of these moderate temperature
-wells.

e In East Mesa, California, two treatments on two differ-
ent zones in a well were performed.

e A seminar was conducted to acquaint industry with the
well stimulation program and to present results of acti-
vities to date.

At the present time, plans are being formulated for the next two tests in
the series, while stimulation technology studies, particularly on advanced fluids and
proppants, continue.

During-the next year, the well at East Mesa will be flow tested and the
results of the stimulation treatment will be analyzed. A high-temperature well at
Baca, New Mexico, will be treated, as well as a well in The Geysers field in
California. A second phase of the program will be initiated, whereby an additional
ten tests will be conducted over a two-year period. As. in the previous year, an
industrywide symposium will again be held.

5.7.4  Conversion Technology

The purpose of the DOE conversion technology programr is to réduce the
‘cost of generating electricity from geothermal resources. Emphasis is placed on
developing technologies for exploitation of moderate-temperature (150-200°C)
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hydrothermal reservonrs whxch are more prevalent than the hxgher-temperature
ones but less economxcally attractlve due to the lower thermal efficiencies
dictated by the laws of thermodynamlcs. ’ "

anary Rankxne cycle conversxon systems are beheved to offer the greatest
potential for economtcal utnllzatlon of moderate-temperature resources. Current
development efforts 1nclude the desrgn and fabncatmg of heat exchangers for both
the extraction of energy from the geofluxd and for waste heat rem1 ection, and field
test of these subsystems in pxlot bmary cycle power plants. These efforts seek to
improve performance and reduce cost of heat exchangers, wh1ch now ‘account for
50-75% of blnary plant costs. ' .

" .;Maﬁi or Program A¢¢9rﬂplish,m¢hts AFYE

IS

:contact preheat/bonler was 1nstalled and operated at the
‘ _DOE Geothermal Test Facxhty (GTF) at Holtvnlle,
Cahforma.ﬂ The borler and assocnated workxng fluid
recovery and noncondensxble gas removal systems have
,. ”,'.'exceeded desxgn performance goals. Detalls of the
| system desxgn and data on the frrst part of ‘the
performance test have been publxshed in Lawrence
Berkeley Laboratory Report No. LBL-1153. R

e An electric downhole pump dés{‘gnéa ‘and ‘built for D'oE”f ’

ran nearly six months at the GTF before faxhng ‘During

V, ‘.‘thrs perxod the only shutdowns of the pump were forced;‘ I
,:by local power outages. The pump was modlfled several
4 ;tlmes over the past year as desxgn 1mprovements were S
1dent1f1ed by analysns of faxlure rnodes. ' Thrs test: n 3
extended prevxous pump operatnonal llfe sxxfold ' I

o 'A large dzameter well was dnlled and cased ,

con)unctxon w1th the development and fleld test of a #.2 "‘
. W "gravxty head" bmary power plant that could achxeve
'3596 better brme utnlnzatlon than conventlonal bmaryri
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systems. Components were fabncated for ﬂeld testxng
of a major subsystem of the plant. o '

e Comprehensive reference volumes entitled "Geothermal
~ Energy as a Source of Electrxcxty" and "Sourcebook on

the Productxon Electnaty from Geothermal Energy" ’
,were prepared for DOE by Brown Umversxty. - 4

° Several months of unattended contmuous operatlon of a
60 kWe binary power plant provxded new data on the
reliability of binary systems.

e Al MWe total flow wellhead power plant utilizing a
helical screw-expander was installed and tested at Cerro
Prieto, Mexico, under a cooperative program of the
International Energy Agency. DOE provided the power
plant and technical specialists who advised the Mexican
scientists on the operatlon and evaluatxon of the power
plant. Preliminary data suggests that the power system
could be a reliable and efficient small-scale prime
mover, well suited for geothermal applications.

5.7.5 Geochemical Engineering and Materials Technology

The geochemical engineering and materials program focuses on fluids
handling problems. Fluid disposal and injection well maintenance procedures are
being developed to control wastes and to optlmxze the potentlal for beneficial use
of geothermal waste by-products. Materials activities address the interaction of
geothermal fluxds with other materials. DOE's program. seeks to advance economi-
cal construction materials and to develop elastomers, metals, and nonmetalhcs for
use in geothermal environments. Materials under development ‘include polymer
concrete for pipes and pressure yessels and corrosion-resistant steels for well
casings, drill plpes, and energy conversion equipment. Over the next five years the
geochemical engineering and materials effort will complete laboratory develop-
ment of new corrosion- and ternperature-resistant materials and will apply this

<




“design specrflcatlons for demonstratron plants.i o

-139- .

knowledge to equrpment constructlon and freld testmg of the new components and
systems.

For successful flurd control and chemlcal treatment processes, the compo-‘

srtron and propertres of the geothermal fluxd must be known. A To meet thxs need,
sampling . and . analysls efforts are in progress to develop rehable samphng

‘techmques. In FY 80 a manual of field-tested geothermal fluxd samplrng

techniques was published. A monitoring case study was undertaken, ‘and “will
continue next year to field test the first 2000C high-temperature PH probes
developed in laboratory programs. Laboratory actwltles m FY 8l wrll aim at the
development of smaller probes with 2750C temperature capabrhtles. Recommen-
dations for 1mproved momtormg and new mstrumentatron are bemg mcorporated in

~

| , Scale buxldup and 1n;ect10n well problems are also bexng examrned. Work rs .

proceedmg to characternze m]ected paruculate maternals, develOp and freld test

rm)ectron well mamtenance procedures, and evaluate chemxcals and scale resrstent

materials for, scale removal and. control. ) Applled research and development
actwmes m the fleld and laboratory are evaluatmg hydrodynamrc effects as a
possxble means for mechamcally controllmg scale formatlon and removal. S

New materials are&being :developed “in }a’nt effort toreduce thecost of
geothermal systems. Improved drill pipe, casings, and cements designed for higher
temperature service are under development in. programs that are cost-shared by
industry, the Federal Repubhc of Mexxco, and Italy. Laboratory screemng tests of

-ten new cements will be completed and two years of field tests mrtlated in FY 8l.

Pro;ects are also underway to screen, develop, and commercralxze beanng, seal,

and corrosron-resrstant constructlon materxals for down-hole pumps. ’

LSRR

‘l'echnology transfer is an essentxal part of all materlals research. Pn FY 80

' t_technology transfer actrvmes mcluded the formatzon of a ma;or AS‘l’M cdmrmttee
-on. geothermal resources and energy. A ma) or Geothermal Engnneenng and
Materials Technology Transfer Conference is bemg planned for the fall of FY 81.
Geothermal engmeenng and materrals strategy documents and a Natxonal Research
; Councxl report on mdustry materxals needs through the year 2000 w1ll be completed

in FY 81.
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Ceohrine research is another' fmaj‘or area of study, and is being conducted
by the Bureau of Mines. The objective of their program is to study methods of
recovermg mxnerals from geobrmes and to examine the effects of geobrines on
construction materlals. Mnnerals recovery processes under study include a bulk
precxpltatnon techmque, currently being demonstrated at Niland, California, and a
selectxve sulﬂde process to recover lead and zxnc and other metal values from
hxghly sahne geobrines. ' '

-

5.7.6 ) Geobrine Desalination

‘The contxnued populanon growth m the Pacific Southwest area requires
substantial amounts of water. Current water demands are belng met by overdrafts
of groundwater reservoirs. To augment these water supplies, the Water and Power
Resources Services (DOI began a program to desalt geothermal brines using heat
energy inherent in the geothermal fluid. Field investigations, including a number
of shallow test holes and geophysxcal tests, have now been completed at several
promlsmg sites and the data are belng analyzed for potential geothermal and to
determine whether to continue 1nvest1gat10ns through more detailed resource
assessments. Two reports are now being prepared, incorporating the results of
geophysical investigations and studies at several western sites.

5.8  GEOPRESSURED RESOURCES

The program to develop the geopressured resource is divided into two
activities: reservoir definition and environmental research.

. Tens of thousands of wells have penetrated geopressured aquifers in search
of oil and gas in other horizons i m the Gulf Coast sediments; the magnitude of the
geopressure-geothermal resource is being defined and delineated by logs" from these
wells.' These studies, along with seismic suryeys and core analyses, have located 70
areas with high potential for geopressured production. These studies are being
supported by programs to test Wells of Opportumty (unsuccessful oil and gas wells
‘penetrating geopressured formations which will not be tested by the operator) and
design wells drilled by DOE specifically to test geopressured aquifers.
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A tnaj or accomplishment in FY 79 was DOE's successful drilling of-a well in
Brazoria County, Texas. The well is completed and under long-term testing.

‘Major accomplishments in FY 80 w"ere"the‘tes'tin'g ‘of three highly success-
ful Wells of Opportunity, and the award of a ‘contract to drill four desxgn wells and
test the associated geopressured aquifers. ‘ :

Mapping, including the assembly of a computerized data base, will continue
in FY 8l. Emphasis will again be placed on:resolution of:thelarge . identified
reservoirs, mapping deeper formations, and extending the work to previously
unmapped areas. The sites proposed for testsof exxstmg :‘wells and for drilling of
new wells will also be evaluated within this program.:: 1 :

5.9 HOT DRY ROCK RESOURCES

Do . L PSS

DOE established its Hot Dry Rock (HDR)’:Program after. the :successful
demonstration of the vtechnicai‘feasi‘bility of extracting HDR :energy with a 5 MW
thermal (MWt) loop at Fenton Hill, New Mexico. ‘The goal of the program is to
demonstrate the commercnal feasxblhty of geothermal energy derived from hot dry
rocks - : ’ SN "

“InFY 80:-

* @ The first well of aeommercial-scale,' :20-50; MWt Joop was i
completed at Fenton Hill. The original fhermélloopwas e eEm
expanded from an effective surface area of 8,000 square

- -meters ‘to about 50,000 square: meters- the enlarged loop was ‘,,;';-; v

: operated contmuously for ‘over: 7 months. EIERIES S -
' Evalu’aﬁon, of resource work, as parf of an effort to select a
second HDR demonstration site; continued. "~ . ¢ :

° ‘,Geologlcal ‘evaluations:near- Mountain Home, Idaho, and

-Crisfield, Maryland were completed. L
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" @ A national thermal gradient map was published.

During FY 8] the second well of the commercial-scale Joop at Fenton Hill
will be completed; initial hydraulic- fracturing- tests will be conducted. Data
collection and analysis to determine the Jocation of the second demonstration will
continue, culminating with selection of a site in early FY 82.

510 GEOSCIENCES RESEARCH -

. The Geosciences Research Program of DOE's Office of Energy Research is
divided into five broad categories: .- -

(I) Geology, geophysics and earth dynamics

(2) Geochemistry s

(3) Energy resource recognition, evaluation and utilization
(4) Hydrologic and marine sciences

(5) Solar-terrestrial-atmospheric interactions.

Research supported by this program may be directed toward a specific
energy technology, national security, conservation of the environment, or the
safety objectives of the Department of Energy. The purpose of this program is to
develop geoscience and geoscience-related information of relevance to one or more
‘of these DOE objectives or the development of a broad, basic understanding of
geoscience materials and processes necessary for attainment of long-term DOE
goals.

Geoscience research related to geothermal resources is supported primarily
under the Energy Resource Recognition, Evaluation and Utilization research

category. The research elements of this category may be summarized as follows:

1. Resource Definition and Utilization

.This research area has as its principal goal the development
of new and advanced physically, chemically, and mathema-
tically based techniques for energy and energy-related
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resource exploration and .use.. Efforts supported under thxs
research element include: -

(a) Fea51b1hty of Shear Wave berators for Deep Crustal

- Studies . in. Geothermal Envrronments (Lawrence
p _.ABerkeley Laboratory) The .use of horxzontally

¥ polarxzed shear wave sources to detect the low shear

- rigidity. = zones characterlstrc , of a geothermal

, :'resource has been studied thh a txme domam, finite
element program; a frequency domam, mtegral equa-

tion program; and an analytxcal solutxon for the
radiation pattern and radnauon rmpedence of 2

torsional shear wave vrbrator.

(b) Sersrmc Research in Northern New Mexlco (Los

Alamos Scientific Laboratory) The ob)ectwe of this

’ research is to analyze selsmrc data, collected from a

network of sersmlc stations operated by LASL and

L the ‘USGS, to 1nvest1gate geodynamlcs of the rift

i -where _several . major tectomc reglons (Colorado

Plateau, Basm and Range' Rxo Grande Rxft- and

. .Southern Rockies and Great Plazns stable area) inter-

- sect. Lateral vanatlons m crustal structure, seismic.

~wave, propagatron and attenuatxon and thexr relatzon-

ships to the major geothermal reglmes of Northern
New MEXICO are bexng 1nvestxgated. et

(c) Sexsmology of Crack Formatlons ‘and Natural Geo— o
. -thermal Systems (Massachusetts Institute of Tech-
, _,nology) Al theory for 1nterpret1ng data on seismic
: wave generatlon, transmlssnon, scattermg ‘and atten- -
L ﬁuatlon in a medium containing a fluxd-ﬁlled crack has
L 'been developed The "fluxd-frlled crack" mode! of
geothermal systems has been used to study various
- geothermal areas mcludxng Kllauea, Hawau' ‘Fenton
Hill, New Mexico; Newberry Peak, Oregon; and Cerro
Prieto, Baja California.
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'(d) Seismic Velocity Variations and Attenuation ~of
Deliniated  Geothermal  Reservoirs - (Stanford
_University). A sound velocity log was run in a I
" kilometer-deep borehole in fractured granite to
measure seismic waveform distortion due to'changiﬁg
character of the borehole wall (degree of fracturing).
‘Results of these measurements may provide the basis
~ for improvéd, high-resolUﬁen sonic well logging tech-
mques, with particular apphca’aon to geothermal

7’ reservoir evaluauon.

2. Reservoir Dy’nanﬁiés and Modeling:

This research is related to dynamic modeling of geothermal and
hydrocarbon reservoirs in their natural and pertﬁrbed (production,
injection or reiniection) states. Efforts supported under this
research element include: '

(2) Reservoir Dynamics Related to Geothermal Energy
Development (Lawrence Berkeley Laboratory). A
study is being made to understand the behavior of
reservoir pressure and temperature when a doublet of
one productlon and one injection well is present, with
the injection well being used for injecting cold water.
Another study is investigating single-well, cold-water
injection pressure transient effects.

(b) Thermodynamics of High-Temperature Brines
(Lawrence Berkeley Laboratory). Theoretical and
experimentél studies of solution thermodynamics

" of strong aqueous electrolytes ‘over a wide

A temperature range are being conducted to provide
essential information for technical utxhzatxon of
several geothermal resources.

3. Magma Energy Resources:
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A This area consists of field, laboratory, expenmental and theoretical
research bearmg on the orlgm, mlgratxon, 1mplacement and crystal-
‘ hzatlon of natural sthcate llqu1ds or thelr synthetlc analogues. The
emphasns 1s on studxes related to energy extraction from such

k v :lxquxds. Eﬁorts supported under thzs research element include:

(a) Geology/Geophy51cs (Los | Alamos ~ Scientific

HLaboratory) Geothermal research focuses on

, “iunderstandmg structures, tectomcs, and evalua-

h ‘tlon of potenttal geothermal resources and

propertxes of reservoxrs wnth specxal empha51s on

thermal regimes of the Jemez Lineament and the

. Northern Rio Grande Rift. Geothermal support

- “’;‘fmcludes selsmic proﬁlmg, radloactwe ‘heat trans-

- fer measurements, numencal modelmg, field

| "“'geology, trace elements and 1sotop1c analyses of

- "geothermal waters as well as electron mxcro—

7 f'probe, -ray dnffractlon, and petrographtc examx-

~ nations of deep-hole rock samples. Spec1al atten-
tion is given to three active hydrothermal systems '

'thhm the Rio Grande Rift at Valles Caldera, Ojo

4 Cahente and Lucero Uphft. - '\ " )

(b) Magma Energy Research (Sandxa Laboratorles)
_ This’ pro;ect 1s dlvnded mto flve ma)or research

| ',:tasks desxgned to assess the sc1ent1f1c feasxbxhty

B of ¢ extractmg energy dlrectly from burxed magma

y. i“sources' (l) magma source locatxon and definition,

(2) magma source tappmg (3) magma character-

o ; :1zatxon, (ll) magmalmatenal compatlbahty, and (5)

energy extract:on. ,Geophysxcal, geochemrcal, and

petrographlc measurements are confmed to the
Kilauvea- Ikx lava lake in Hawau. ' o |

(c) Contxnental Sc1ent1f1c Dnllmg Program- Thermal |
) Regxmes (Sandla Laboratones) " The ob;ectxve of
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this effort is to develop an unde‘rstanding} of the

" heat and mass traﬂnsfer within and ~between
' magma and hydrothe_rmal _syStems and the evalua-
tion of hydrothermal_-magma systems in Space and
time, through the utilization of drilling to obtain
samples and data and to conduct downhole experi-
ments. Initial geosmences research wxll identify

7 dnlhng'and in sntu' field measurements that are

7; requ1red to develop, test and confirm physlcal and
'chemxcal models of coupled hydrothermal and
magmanc systems.

4. Information Compilation, Evaluation and Dissemination:

These are research activities that are principally oriented toward
the evaluation of existing geoscience data to identify significant
gaps. ‘l'l'us area includes the necessary compllatlon and dissemina-
tion activities. Efforts supported under this research cateogry

lnclude:

(a) Information and Data Management Component
of the Continental Scientific Drilling Program
(CSDP) (Lawrence Livermore National Labora-
tory). This project provides data. bank and
information services for the CSDP program.

It includes: () subsurface data from

| programmatlc drlllmg by Federal agencies and
new wells drilled by industry that offer oppor-
tunity for cooperatiivet efforts and (2 a
computerilzed data bank for drill-hole data
acquired in CSDP projects. Information on
plans and drnllmg actlvmes can be distributed
to the scientific community.

(b) Comparative Site Assessment Component of
' the Continental Scientific Drilling Program
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(CSDP) (Sandia Laboratory). “Available geologic,
geophysxcal and. geochemxcal data on fwe sites
(The. Geysers, Long Valley, and Salton “Trough,
Cahforma- the Rio Grande let, New Mexnco' and
Roosevelt Hot Sprmgs, Utah) are bemg reviewed
LT and compared to identify - the - specrfac scientific
g?questrons on the evaluatron of hydrotherma]-
R magma systems that can be optxmaIly resolved at
_each site. A prehmmary report, prepared )omtly :
: by the four partlcxpatmg " laboratories and?,_r -
_submitted to. the Offrce of Energy Research,
identifies specrﬁc opportunities for - obtaining
: | fundamental scxennhc information through.._ i
i' exploitation of dnlhng planned for techno!ogncal s
: 'zzpurposes. SRR - . ‘

< s INTERNAfribNAL;ACTI.VITIE.S e 2

The deve)opment of geothermal energy 1nternatxonally is 1mportant 'to the

g .f': pace of commercxallzatlon in the Umted States. Foreign developments can supply
- both technolognes and matenals to. U. S developers, and provrde markets for the
. ;y..‘ - products of U.S. manufacturers Based on 1n£ormatxon from mternauona! activi-
. ties, Federal program plans can . be - desxgned to reﬂect the needs of U.S.
manufacturers tradmg abroad. To axd in these efforts, and to assxst other countries
' “in developmg their own energy resources, the United States maxntaxns both
. bxlateral and multrlateral agreements wrth a number of countrres.

At present, worldwrde xnstalled geothermal electnc capacnty is 2, 475 MWe

: (see Figure 5.2) This reﬂects an xncrease of about 500 MWe in mstalled capacnty
: durxng the past year. There are also 12 countnes thh sxgmhcant direct use of

geothermal energy totalling 8,300 MWt for space condmomng, water heating,
agrrcultural and industnal apphcanons. Total" planned expansron in geothermal
electric capacxty of about 2, 450 MWe among 14 countries through 1985 has been
reported. -




| Iceland Turkey China U.S.S.R. Japan

U.S.A.
a. 932 MWe a. 32 MWe a. 0.5 MWe a. 1.0 MWe a. 5 MWe a. 168 MWe )
b. 115 MWt b. 1141 MWt b, - b. 151 MWt b. 555 MWt b. 4475 MWt .
\ ’ N N\ e\ \ — - - ,
NTTT T T S gy T Tai‘gi;.“._,
a. . Mwe
‘ m b, 100 MWt
‘ ), e .4 | Philippines’ .
a. 153 MWe bo — =
bo hnaned “ :
__.lndohesih
El Salvador |- a. 0.3 MW
bo -
Australia
a. -
b, 5 MWt
DR W W
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S 7 / . \ \
" France Italy __Czechoslovakia Hunghry Rumania New Zealand
a, -- a. 440 MWe a, -- : a, -- a, -- a. 203 MWe
b. 56 MWt b, 265 MWt b. 43 MWt - b. 1166 MWt b, 36 MWt b. 210 MWt

Figufe 5.2. Worldwide Distribution of (a) Geothermal Electric Power (2475 MWe) and
(b) Direct Heat Use (3300 MWt) September 1980

-8%1-




—— L —————

-149-

Many.  developed ‘and less . developed -nations are .assigning increasingly
greater priority to the development of geothermal resources. The growth 'ot ‘this
potential market is generating some export competition among countries with
developed geothermal technology. .. -«

- Wlth few exceptlons, the prospect for commercxallzatlon of geothermal
technology is greatest among less developed countries (LDC's) beca'tlse they are
most - sensitive - to increased petroleum prlces and_are. actwely lookmg to the
-development of . indigenous . energ;'\ resources. . S1nce most. LDC's lack e1ther
:experience. with geothermal . development or- the expertise to closely manage a
‘power - plant project from . exploratlon through constructnon, they have rehed
pnmanly on turnkey projects and the servxces of 1nternatxonal consultmg fxrms. ‘

. There_are,_essentially‘:threeu. Ak,i,nds‘ . of markets m _lgeother'rnal_turnkey
projects: exploration/feasibility study; field development/production; and;power
plant construction. In the exploration and economic feasibility study phase, geo-
thermal projects are :generally subject to international blddmg, and large U.S.
-energy .corporations and archntectural and engxneermg (A/E) nrms are in a good

competitive posxtlon..relat;ve tootherfirnternatlonal compames., e

In the ixeld development and productxon phase, establxshed frrms Wlth local
contacts have sngmﬁcant economic advantage over ﬁrms Wthh must bnng in thexr
operating equipment and personnel. American A/E firms, and equrpment manufac-
turers are at a disadvantage because they cannot finance equxpment quxckly enough

to be - competmve with -other countnes that export geothermal technology,
particularly Japan, Italy, New Zealand, or France; flrms in these countrxes beneﬁt
from a tradition of close .government-business cooperatxon in the development of a
_ busmess opportumty and ready avaxlabxhty of vendor ﬁnancmg packages whlch are
i not available to U.S. companies... ’

The U.S. geothermal industry has, historically, concentrated on domestic ,
: markets bot many companies are now awakening .to the pdtential for export of

. geothermal expertise, especnally to -LDC's. .From DOE's point of view a sngmhcant
~rationale for: marketmg geothermal technology overseas is that export markets
provide an opportunity for. expansron of U.S. manufacturmg capaczty in preparatxon
- for the .emerging domestic geothermal rnarket. At present it is unclear wh1ch
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Faderal gédthermal technology export policy options and/or international program
activities would assure U.S. firms a role in the growing international market.

In FY 80 two efforts were undertaken in-an -attempt to establish an
effective international marketing strategy. The first effort involves the definition
of the potential commercial market for U.S. industry in foreign countries. The
prelirninary studies 'are delineating the structure of the -energy sector in less
devaloped countries. Because energy distribution networks and capital are limited,
the appropriate scale of ge’ofhermal ‘applications is smaller in LDC's than in
devéloped countries. The 50-100 MWe commercial-scale power plants of developed
countries may be too large for many sites in LDC's, where wellhead generators in
the 1-5 MWe range are more appropriate. The characteristics of this potential
market parallel, to some degree, the market for smaller-scale development of
power plant facxhtxes for rural areas and ‘small mumcxpalmes in the western United
States. ' P

A second effort was initiated which is designed to investigate policy
options and implications for the United States in foreign markets, particularly the
costs and benefits that export expansion would ‘have for domestic commercializa-
tion. This study will be completed in the second quarter of FY 8). The findings of
these studies and a review of existing cooperative International Agreements will
‘provxde the basis for the formulation of a DOE/DGE long-range program plan for
mternatlonal geotherma) activities.

_At lJeast 20 countries have active geothermal energy programs, and through
rnUltilateral and bilateral agreements the United States participates in interna-
tional programs. Generally, the agreements call for the exchange of information,
>exchange of visits of scientists, and selection of areas for cooperative activities.
In some cases, agreements have led to more active ‘research and development
programs. '

DOE currently is involved with three multilateral cooperative efforts
through the International Energy Agency (IEA); has bilateral agreements with Italy
‘and Mexico; and is negotiating agreements with Japan and New Zealand. DOE
benefits from these agreements chiefly through access to unevaluated data and
“operating experience which are or were otherwise unavailable to it in the United
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States, and Wthh are needed to vahdate and 1mprove reservonr models. Such
efforts help in estxmatmg the U.S and the world's geothermal resources. For
foreign partxapant, cooperatron w1th DOE in general 1mproves thelr understandmg
of their resources and how best to explort them, and provrdes addltlonal msxght into
new techmques and technologres bemg developed in the Umted States, and a
chance to evaluate thexr worth. Cooperatlve actlvmes are also part of the U.S.
Government's conduct of forergn pohcy and serve such ob1 ectlves a.s 1mprov1ng tles
with allies and reducmg world dependence on 011 /

SALL ,;’Multilateral Agreements o

'~—, ~ s

In the wake of the l973-1974 oxl cnsxs, varxous member countrles of the
Orgamzatlon ot Economlc Cooperatlon and Development (OECD) srgned in l97l+ an
_Agreement of an Internatlonal Energy Program to strengthen cooperatlon on .
energy pohcy. The Internanonal Energy Agency (IEA) was then estabhshed in Parxs
to admlmster the Agreement as an autonomous body wnth OECD 'l'he IEA has set
up.a Commlttee on Energy Research and Development Wthh consxsts of
: ”representatlves of the member countrres and is supported by a small secretanat
staff.’ The Commxttee has varlous workmg partxes under it, one of Whl.Ch is the
Working Party for Geothermal Energy composed of specxallsts from Austrla,
Belgium, Federal Republic of Germany, Italy, Japan, Sweden, watzerland, Turkey,
the United Kingdom, the United States and the European Commumty. Currently
there are three Implementmg Agreements in effect under the Geothermal Workmg '
Party. B e S S S T o

In May 1979 ltaly, New Zealand and the United States signed an Implement-
~ing Agreement for a program of research and development and demonstration on
) geothermal equxpment._ The one and only annex to the Agreement lays out the
' ;,specxflcs of the testmg of a l. 2 MWe hehcal screw expander, developed for DOE by

; Hydrothermal Power Company, ermted, of Cahforma, at test srtes m Mexrco, Italy
: ;and New Zealand. The performance, relxablhty and economrcs of tlus advanced
piece of equxpment over a broad range of geothermal resource condrtlons are to be
, assessed by the host country. The helical screw expander IS undergoxng testlng at
Cerro Prieto, Mexico, in 1980 and is to be shlpped to Italy in early 1981. An
Executxve Committee oversees the test program and has ‘met tw1ce, once in August
1979 in Washmgton, D C., and agam m June 1980 at Cerro Prleto -
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In September 1979 the Federal Republic of Germany and the United States
51gned an Implementmg Agreement for an R&D program in hot dry rock technology
to last for four years. Under the Agreement‘s conditions, the Federal Repubhc of

Germany will make annual cash contnbutlons equivalent to 25 percent of DOE
A annua] fundmg of the Fenton Hul prqect, up to $2 5 million. German scientists
and techn1c1ans are to partxcxpate 1n the management and conduct of experiments
and obtain raw data. Japan is currently consxdermg partxclpatmg in the Fenton Hill
project under the same conditions as the Federal Republxc of Germany

In October 1977 the Federal Republic of Germany, Sweden, the Umted
Kingdom and the United States signed an Implementmg Agreement for a program
of R&D on man-made geothermal energy systems (MAGEYS), primarily hot dry rock.
Japan signed the Agreement in April 1979. Each participant has shared in the cost
of a study to evaluate the techmcal and economlc merits of MAGES and provide
recommendations for future laboratory and modelmg actlvmes, and field tests at
the pilot plant Jevel. The study was completed June 30, 1979, and a final report
was issued to part1c1pants in late 1979. The Geothermal Working Party is now
consrdermg extending the MAGES Agreement to a "hardware" phase, p0551bly a
MAGES experiment in Western Europe. H so, it and the Fenton Hill project will
provide a valuable basis from which the applicability of the Hot Dry Rock/MAGES
concept to various geologic settings could be evaluated. '

5.11.2 Bilateral Agreements

Italy - U.S.

An Agreement between Italy and the United States for cooperation in the
field of geothermal'energy research and development was signed in June 1975 and
subsequently renewed five years later by an exchange oi letters The purpose of
the cooperanon is to develop technology for electrlc power apphcatxons and to
improve eqmpment and techmques for assessing geotherma] resources. The
Agreement covers five proj ect areas. ' ' -

Project 1: .Stimulation' of,'!!-lot Dry Rock and Hydrothermal
Resources. This project concerns itself with the identifica-
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tion and use of sites for hydrothermal stimulation tech-
niques. The Los Alamos Scientific Laboratory, as a result of -
, observing'tests at Larderello, is now testing Italian high-
temperature cementing techniques at Fenton ~Hill, -New
‘Mexico.~ Future effort-will focus on ‘exchange of informa- ~© ~
‘tion on exp]osxve“stlmu]atxon ‘techniques.’” In 1980 Ttaly
‘observed explosure fracturmg ‘tests at The® Geysers usmg

- newly developed, Mgh-temperature explosxves. o

"Pr °)ect 2:° Utihzatlon of Hot Brines. Only limited amounts ~* "
' of ‘information‘on hxghly salme fzelds have been exchanged S
to date under tms pro;ect. , AR T T e

Project 3 Reservoir Defirition. This project is concerned
""”With"proce"dtires?vf“or"""optimiz'ing‘i”teCliniE['iJES for resource '
" assessment and reservoir’ engineering. * A joint report has =~
- ‘been ‘prepared which utilizes -operating data and case his- -
g tories supplied by Italy and ‘analytical techniques supplied by’
““the U.S. "Joint activities are’currently ufider way to refine
techniques for estimating reservoir. capacif’y,*'"“extent"‘and’1' R
- behavior and to validate mathematlcal models of reservoirs
thh actual performance data. LR T L T O

ProleCt 4 Deep Dnllmg The Content: and scope of thls

[

= Proj"éctf‘“S:' * Environmeént! This ‘p'roj ect involves the study 6f
' “the ‘environmental effects of hydrogen sulfide and radon ~'0 <
emissions associated with the production of electricity from
' geothermal energy. An air quality and meterologieal moni-
toring network has been established for the Larderello field. .-
‘The U. S. has provided equxpment for follow-on momtonng»
tests of radon, HZS, and sexsmic noxse ievels. AU R e

S oAU S.-Italy symposxum ‘was held in November 1980 in’ Cahforma 1o review
all progress made under this bllateral agreement over the past five years. R
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MeXiCO - U-S.

The Agreement between Mexico and the U.S., signed July 1977, has allowed
scientists of both countries to study the .geologic setting and hydrothermal
circulation of the world's only liquid-dominated field with seven years of produc-
tion history. Much of the information exchanged is applicable to the development
of the geothermal resources in the Imperial Valley, California, and to Mexico's
plans to expand the use of the Cerro Prieto field. Of the seven task areas under
the Agreement, the first three tasks (geology and hydrogeology, geophysics, and
geochemistry) supply facts and insights from which an accurate, dynamic model of
the Cerro Prieto field can be developed (under Task 4, reservoir engineering) and
used to determine safe production rates, optimum well spacing, and life of the
reservoir. - Under Task 5 the extent of subsidence caused by extraction of
geothermal fluids will be determined. Under Task 6 plans are being developed for
large-scale, spent-brine reinjection operation. Under Task 7, information dissemin-
ation, two conferences have been held, one in San Diego, California, in September
1978 and another in Mexicali, B.C., in October 1979. Future conferences are to be
held at 18-month intervals and workshops.for experts in the various task areas are
to be scheduled as needed.

Currently, the U.S. and Mexico are considering an annex to.the Agreement
to include cooperation at the Los Azufres field, 150 km west-northwest of Mexico
City. To date, Mexico has performed resistivity, magnetotelluric, self-potential,
and surface-geologic surveys, and drilled at least 15 deep wells. Measurements of
this field will provide both countries the opportunity to study a high-temperature,
fractured volcanic geothermal field using the most modern geological and geophys-
ical equipment; the data will be used to enhance reservoir engineerihg techniques.

Japan - U.S. .

On May 2, 1979, the U.S. and Japah signed an Agreement on Cooperation in
Energy and Related R&D. Later in May 1979 the first U.S.-Japan Geothermal
Coordinating Committee met in Washington, D.C., to review each other's domestic
geothermal programs and to determine topics of rhptual .interest (chiefly binary
cycle systems and hot dry tech’nology) and plan future cooperation. In August 1979,
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the U.S. and Japan held a review session of each other's work in the areas of binary
conversion systems, total-flow concepts, and the economics of the hot dry rock
concept, as part of a Japanese delegation's tour of U.S. geothermal facilities.
Since that time, the U.S. and Japan have been negotiating for Japan to join the IEA
Hot Dry Rock 'Implementing Agreement, whereby Japan will contribute to the DOE
Hot Dry Rock project at Fenton Hill, New Mexico, on the same basis as the Federal
Republic of Germany under an IEA Agreement. '

New Zealand - U.S.

» As an outgrowth of the long and successful informal interactions between
U.S. and New Zealand specialists in geothermal energy, DOE and the Department
of Scientific and Industrial Research of New Zealand are currently drafting a
Memorandum of Understanding that will allow exchanges of iinformation, short-
term visits and assignments of personnel, joint plannihg of tests and methodolo-
gies, and cooperative programs and pfoiects in the areas of well drilling and
completion; high-temperature well logging, briné chemistry and materials; well
production stimulation techniques; reservoir engineering; study of two-phase flow;
and brine and waste disposal.
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6.0 STATE AND LOCAL GOVERNMENTS (BY REGION), AND INDIAN TRIBES .

Although the prxmary governmental fundmg source for geothermal prO)ects
is at the Federal level, state energy offices are prov1d1ng mcreased ‘financial and
technical assistance support to geothermal energy - applxcatlons. Many states are
helping localities to develop and 1mplement dxstnct heatmg systems, food process-
ing plants and numerous other projects. “And. there has been a prohferatnon of state
assistance for resource assessment and other exploratory actwmes. State legisla-
tive and regulatory bodies are demonstratmg a concern about the ramlfxcatlons of
developing hot-water reservoirs, as reﬂected in the many proposed bnlls -and
enacted laws defining the nature of geothermal ﬂu;ds. Issues of mmeral rights,
water nghts, ownership, permxttmg, and leasmg are paramount. Regulations to
ensure adequate env1ronmental protectxon measures are bemg formulated

Thls section describes geothermal actnvmes sponsored funded mmated, or

e otherwxse supported by state or local governments. Resource defmmon efforts are

included as well as assistance supphed dxrectly to geothermal apphcatlon pro;ects.
The dxscussxon of state and locally sponsored actwmes is presented by Federal
. _reglon (see Fxgure 6. Lo

"Ceothermal applications on-Indian ‘lands are discussed separately due to
thetr importance in dtsplacxng conventxonal fuels, Prov:dmg employment, and

helpmg to fornfy the economic base of Indxan communmes. G

Ly

61  EASTERN STATES (FEDERAL REGIONS 1, Ii, Ifl, IV, V, AND VI)

6.1.1 Maryland ‘
A State Energy Specxal Subcommnttee revrewed the Maryland Geothermal
Resources Act, passed in’ 1978, A consensus was reached on proposed revzszons that

would resolve ambnguxty about the ownershlp of Maryland geothermal resources.
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'tresources map, Wthh should be complete next year.

-159-

The Columbia Natural Gas Company intends to convert their 1mported
liquefied natural gas (LNG) terminal at Cove Point, Maryland from natural gas to

geothermal energy use for LNG vaporlzatlon. ‘

The Supermtendent of Schools m Somerset 1s consrdermg space heatmg

Crisfield ngh School with geothermal energy. A recently completed study

_ conflrmed the techmcal and economlc feasxblllty of this pro;ect. At the request of

the chomlco County School Board the feasnblllty of space heatxng the Plttsvule
Mlddle School was exammed The pro;ect remams under consxderatxon. h
6.1.2 Delaware

‘Although the state of Delaware passed a geothermal law establlshxng public

ownershlp and deflnmg geothermal resources as umque and separate from water

4.and mlneral resources, lt was subsequently vetoed by the Governor. Some groups
Awrthrn the state oblected that the puth ownershlp portlons ‘of the bill would A
interfere with personal property rlghts. ‘No plans have been made to submlt a
‘modified bill during the 198! legislative sessxon. ' A -

Delaware has been granted fundmg by DOE to undertake a geothermal

'drllllng project._ The utlhzatron of geothermal energy for space condmonmg of a

‘school and hospxtal near Lewes has been proposed and lS under consrderatron. '

6.1.3 Virginia

‘A State Geothermal Site Prospectus has been developed by the State
Energy Office. Virginia continued to meet with the National Conference of State
Legnslatures to consider potential state geothermal leglslatlon. A bxll ‘has ‘been

;mtroduced to the leglslature that legally defmes the resource w1th respect to
“ownershlp and regulatory respon51b111ty., The state 1s complllng a geothermal

) e TR R PN R LI S DU B
it . SR T RN
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6.1.4 Alabama

The Alabama Geologic Survey has completed an assessment of geothermal
resources in South Alabama. The state has proposed a plan for similar investiga-

tions for the northern part of the state and hopes to reeeive Federal funding.

7 Waters from the Tuscaloosa fermation, ‘about 3, 000 feet in depth with
temperatures of 5l°C, currently supphes heat to Sealy Sprmgs. Hot baths, a health
spa, and a recreational facility derive energy from this resource.

6.1.5 New York

~ The geothermal resource potentxal near Auburn is bemg explored by the
Federal and state governments under a cost-shared program. Hydrothermal
rreservoirs at 4,000 feet may have temperatures as high as 125°F. Clinton Corn
Products plans to test the well to determine the su1tab111ty of the rescurces to heat
water for factory operations.

The Dunn Geoscience Corporation, under contract to the state, has
assessed and characterized warm springs in the Lebanon Springs area. The study
has been intensified to include well temperature measurements, magnetic surveys,

heat flow measurements, and gravi-metric survey.
6.2 GREAT PLAINS STATES (REGIONS VI AND VIII)

6.2;1 Colorado

Colorado is pursuing extensive outreach programs and has 7prieposed several
sites for comrnunity and industrial project applications of hydrothermral resources.
The Colorado Highway Department plans te drﬁill several gradient holes in Gérﬁeld
County. The proposed application is snow and ice melting on an interstate

highway.

e i A st
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The Task Force for the Four Corners Regional Commission has funded a

geothermal agripark site demonstration project.  The application is being
developed by Coury and Associates in Southern Colorado. A site northwest of
VAlamosa has been selected for a 2 OOO foot test well. B o ‘
» The Colorado Commercialization Team has submitted an" Area
Development Plan for Chaffee County. The presence of several hot thermal
springs, 8 KGRA, the main line of the Denver-Rio Grande Ra1lroad hlghways, and
airports make this area attractive for geothermal development. -~ - -

k A shoppmg mall m Alamosa is bemg remodeled to use geothermal heat.
Alamosa is located m the San Luxs Valley, an area consxdered a prlme geothermal
prospect for agrlcultural processzng as well as for space and water heatmg. A
3,080 foot artesxan well there has a temperature of 116°F and flows at about 700-
‘l 000 gallons per minute. After heatmg the bu1ldmg, the water would be used by a
‘moblle home park for domestlc water and 1rr1gatlon. S ’

: Western Energy" pl&nﬁefs,"L%d‘ have studied the utilization of geothermal
energy to provxde heat to selected state bu1ldmgs. ‘l'he report has been submltted
’to the state leglslature for conslderatlon. SR “

6.2.2 | Texas

A state-wide survey of well temperatures is being‘performediby@’the Bureau
of Economlc Geology, Umverslty of Texas at Austin, Survey work has ‘been
:conducted by the Department of Geologlc Scxences, Umverszty of ‘l'exas at El Paso
‘:"on the Fort Bliss mxhtary base. Requests for proposals have been sent out by the
Umversxty to drill test wells in the McGregor Range on the base.

'l'he Bureau of Economlc Geology is evaluatmg the potentlal use of
geothermal energy for space and water heatlng at Alr Force bases in Texas. o
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6.2.3 Oklahoma

The Oklahoma Geologicai Survey is preparing a state-wide thermal gradi-
ent map. Due to the relatively high thermal gradient of the Arkoma Basin, this

area is being investigated in more detail.

6.2.4 Montana »

The Montana Department of Natural Resources and Conservation has
mapped potential geothermal use showmg populatlon dxstnbuuon, recource loca-
tlon, and agrxcultural areas where processing facilities might be built.

At Broadwater Hot Sprmgs, the geothermal resource is being used for
forced-air space heating and for the heatmg of indoor hydrotubs at the Broadwater
Health Spa. Geothermal greenhouse and aquacultural apphcatxons are under
consideration at Barkell's Hot Springs and Hunter Hot Springs.

A geothermal ethanol plant has been proposed for Hot Springs. A
completed feasibility study, funded by the state, proposes the use of locally grown

grain as feedstock.

6.2.5 New Mexico

The New Mexico Energy and Minerals Department sponsored a project with
DOE for the Carrie Tingley Hospital at Truth or Consequences. The hospital is
equipped with a geothermal hot water preheating system.

Other geothermal projects being sponsored by the New Mexico Energy and
Minerals Department include: an assessment of the geothermal potentxal of
southwestern New Mexico, exploration and gradient studies near Columbus, geo-
thermal energy development planning for Las Cruces and Dona Ana, and a
geothermal heating demonstration project for Jemez Springs.
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. - A geothermal heatxng and cooling t’eambxhty study 1s bemg conducted for
the University of New. Mexlco at -Albuquerque. Efforts encompass reservoxr
assessment, a campus-wxde energy audit, scallng and corrosion concerns, and
evaluating geothermal effluent disposal methods.

_ Potentxal geothermal proyects thhm the state are a fuel alcohol
productxon plant in southwestern New Mexlco, dxstnct heatmg for the Candle Lxght
Homes subdivision in Las Cruces, and a geothermal ethanol plant in Dona Ana

Country.

6.2.6 North Dakota

The North Dakota Geologlcal Suryey ‘; ls_: :‘_evaluati[n!gr :state;' éeothermal
resources to identify prospective geothermal resource locationsl The data will be
(used. in .a_ market penetration ‘analysis for, North Dakota. = The state
:commercxallzatlon team has completed an area development plan. Comments
-received are being used to aid in the development of an 1nstxtutlonal handbook
The State of North Dakota, the Umversxty of Utah Research Instxtute, and ‘the
National Oceanic and Atmospheric Admxmstratlon are preparing a state geother-—
.,'mal resource map...

The Patterson Hotel located in Blsmarck is. bemg remodeled to unhze
geothermal energy. -Other. potentlal appllcatlons are space heatmg systems at the
Maryvale Convent and the T wxlxght Hills Ski Bowl.

6v.2.71 Sodth Dakota R

A geothermal space heating system is being installed at the Vivian highway
rest area under a cooperatlve agreement between the South Dakota Office of
Energy and DOE. In Haakon, geothermal energy will heat the school and downtown'

§busxness dxstrlcts.‘ At the Dlamond ng Ranch, geothermal energy 1s used to space

{vheat farm buxldmgs, dry gram, and warm stock water. Pro;ects at the Capltol Mall
‘complex, Edgemont school and cxty hall for space heatmg, and at Lemmon for graln
drying, ethanol production, greenhousxng, aquaculture, and space heatmg are under
consideration.
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The state commercialization team has completed a project to 1dent1fy and
rank prospectxve geothermal development on BLM/USFS lands.

The state legislature recently defined geothermal energy as the natural
heat of the earth located beneath the surface that can be used for commercial or
industrial 'heating or electric power generation. It provides for a rental fee of not
less than one dollar per acre, and a royalty of not less than ten percent of gross

revenue.

6.2.8 Utah

Within the state, many direct heat pro;ects are under development. A few
of these projects are highlighted here. ' ' ' \

The Utah State Prison at Crystal Hot Springs may soon be equipped with a
geothermal space heating and cooling system. The hydrothermal fluids may also be
used to heat 20 acres of Utah Roses greenhouses sltuated on property ad;acent to
the prrson.

Geothermal energy and sugar beets will be used to produce alcohol at a
plant in the Cove Fort area. Plans include cascading the water for greenhousing or
'f_ish farming. The geothermal potential of the Wasatch front near Hill AFB is
presently being assessed by the University of Utah, DOE, and DOD.

A map illustrating Utah's geothermal resources has been published under a
state-coupled mapping program sponsored by DOE and the Natronal Oceamc and
Atmospheric Administration. N

6.2.9 Wyoming

Area development plans have been prepared by the Wyoming Geothermal
Commercialization Team for Big Horn Basin and Fremont County. Plans are also
being drawn from the Natrona/Converse county area and Thermopolis. ° '
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The state commercialization team has been working with AMOCO Oll
Company and ARCO to evaluate the potential use of hot water wells for dlS‘tl‘lCt

heating  in. Midwest and Edgerton. Other appllcatlons may include an

agrlcultural/greenhouse complex, a small mdustrlal park and an aquaculture
facility.

. In Laram.!e and in Albany, along two mterstate hlghways, two brldges
demonstrate geothermal snow and ice meltmg. Potentlal developments 1nclude an
aquaculture application in Midwest and a greenhouse near Cody.

6.3 PACIFIC STATES (REGION IX).

6.3.1 Arizona

ln the state government, prlmary emphasxs is currently on testlng the

_resource, The Arlzona Bureau of Geology and Mmeral Technology is contmulng
' evaluation of heat flow data and runnmg conductxv:ty studles in the state. Six
; temperature gradxent holes in Yavapa1 County are belng evaluated. ‘Low and

moderate temperature geothermal commercxal appllcatlons in the Phoemx, Tucson,

z.,Safford and Northern Hassayampa Plam areas wxll also be studxed

State land’leasing regulations have been modifled to require public notice

-of lease bidding to be publlshed twice durmg a four-week perlod to speed up

geothermal development., The state legrslature has enacted geothermal develop-

- ment mcentlves mcludlng tax rellef and a depletlon allowance of 27.5 percent.

Further, new. geothermal leglslatlon has been approved by the Arlzona Senate
Natural Resources Commlttee- amendments w:ll follow. '

At present, the Hooker Hot Sprlngs health spa and hot baths at Safford and

» ,Buckhorn Hot Sprlngs demonstrate geothermal energy use. The posslble utlllzatlon'
of geothermal energy for copper solutlon mxmng at Morenca 1s under mvestxgatlon.
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6.3.2  California

To date, geotherma_l energy development in California has been primarily
at The Geysers for ‘private electric applications. (Electric development in
California is discussed in Chapter 7.0, Private Industry.) An increasing number of
direct heat applications, however, are being proposed for the state. The California
Energy Commission plays a sxgmﬁcant role in acceleratmg the development of
these projects and providing a551stance, where needed. ' T

The Geothermal Office of the California Energy Commission reports that
state and Federal funds amounting to $130,000 are available for technical and
financial assistance to counties with potential geotherma‘l resources. Los Angeles
County has requested funding for an extensive study of resource potential. The
country intends to evaluate ten candidate sites.

In Alameda, the Public Utilities Board is participating in a drilling project
to tap geothermal power from underground steam sources in Lake County. Costs
‘will be shared by the eleven member cities comprising the Northern California
Power Agency. A Federal loan guarenty has been approved for this project.

An aerospace component manufacturer, Rohr Industries, has received a
state grant to 1nvest1gate the feasibility of using geothermal energy for space and
water heatmg and drying freshly painted parts.

Geoproducts Corporation has proposed a 50 MW geothermal power plant in
Wendel. The g'eothermalenergy will heat and dehydrate wood residues burned for
electrical generation, and heat boiler feed and combustion air. The Department of
Agriculture, U. S. Forest Service, and the California Department of Water
Resources are providing partial funding for this $60 million project.

" The Geothermal Resource Information and Planning Service (GRIPS) Com-
mission has been established to stimulate geothermal develdpment in Lake,
Mendocino, Napa; and Sonoma counties. A large timber milling complex in
Cloverdale is being investigated at present. The resource there may be used for
kiln drying or to produce steam for a small generating facility. District heating
and fruit dehydration applications are also under consideration.
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“The Governor ‘has sxgned a bill that creates a. Renewable Resources Fund.
‘The provrslons of the bill stlpulate that 30° percent “of revénues derived from BLM
‘leases in ‘California be placed in'a‘ Renewable 'Resources Fund and that an
additional 30 percent of these revenues be allocated ‘to the California Energy
Commission for drsbursal to local governments as grants for geothermal projects.
The remammg 50 percent ‘of this money goes to the county of lease for:

1) Geothermal resource assessment and exploration tech-
nology development,

42) Local regulatory planning and policy development,

“3) ‘Implementation of environmental mitigation measures, =
TR S R R T B o

) Collection of base data for environmental monitoring,
'5) ‘Preparation of geothermal reésource elements, -

6) Monitoring of geothermal facilities in compliance with
applicable regulations,

7) Providing’ public services necessitated ‘byk geothermal
- ,development or production, and

g i‘Demonstratlon of “technicaland ' ecoriomic feasxblhty of -
: ,geothermal dxrect heat and electric generation.’ Ex

A ﬁﬁhdther‘l_)ill provides for"-éthe return of 60% of all lease money from leases
““on Federal lands t0 the county to cover the costs of dévelopment impacts. -

The California Divisioh of Mines and Geolog'y' is*per'forming1a“rhicr'o-
earthquake survey and analysis of geothermal resources near Long Valley. The San
Bernardmo ‘Board of Water Commxssxoners ‘has' authorized a study to assess the
; 'feaslbllity of usxng geothermal £10id to provude mdustrlal ‘process heat for a waste-
“water treatment plant. The California Energy Commission is fundmg -a space
::heatmg and snow meltmg “application at Mammoth Lakes. - :
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The California Energy Commission has conducted a market survey of direct
heat potential and is assisting the City of Susanville with its ,Vdristr_ic’t’ heating
system. Several public building complexes and a low-income housing development
will be heated with geothermal energy. |

The California State Lands Commission held three competitive .lea.i;e
sales during 1980.

6.3.3 Hawaii

The state is studying potential high-temperature sites near Puna and
Kailua<Kona on.Hawaii. The University of Hawaii- is assessing geothermal
resources on Hawaii, and will extend its program to Maui and Oahu.

A $6 million generating plant for the island of Hawaii is under construc-
tion. The project is a joint venture among the Department of Energy, state,
county, University of Hawaii and the Hawaii Electric Company (HELCO). HELCO
will distribute the electricity and operate and maintain the facility.

6.3.4 Nevada

Nevada already has several commercial direct heat applications. Forty
wells have been developed in Reno for space conditioning and recreational use.
The Bureau of Mines and Geology is studying state thermal waters. '

An ethanol plant using geothermal energy has been proposed for Mineral
Hot Springs and Wabuska Hot Springs. A demonstration alcohol plant is proposed
for the Winnemucca area. The Four Corners Regional Commission and DOE may
jointly sponsor the project.

A cooperative study between the Bureau of Mines and Geology, the Nevada
Department of Energy, and the Oregon Institute of Technology is being jcpnddcted
to assess the potential development of a geothermal district heating system at
Caliente. The City of Hawthorne, which has a hot water well im,medivately‘ outside
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the town limits with.a moderately high flow. rate, is consndermg a geothermal
district heating system.. The Double Dlamond Development Company of Reno is

planning to. heat ‘their new. south Reno housing tract. with geothermal and solar

energy. Preliminary exploration began in 1980 and the 8000 famlly unit pro;ect
will be completed in 1982 or later. Several potentlal direct heat apphcatxons at
Steamboat Hot Springs are being evaluated including district heating of 6000 unit
subdivision, heating of the post ofﬁce, and heating of an amusement_park. e

Resource assessments are belng performed by the Nevada. Bureau of Mines
and Geology and Umversrty of Utah Research Instxtute for Hawthorne, _Gabbs, and
Wells. Exploratory drilling is continuing in Eureka, ChUt‘Chl.", ,and Pershlng

counties. »

6.4 NORTHWEST STATES (REGIONX)

~~~~~~

'Numerous geothermal applications, mostly nonelectric; are under develop-

.ment in Idaho. v Boxse Geothermal is contnnumg to develop a comprehenswe plan for
the Bmse distrnct heating pro;ect. : ,The Econormc Development Admlmstratxon, the
City of Boise, and. .the Boise Warm Spnngs Water District wxll share the costs of

expandxng the exxstmg geothermal space- heatmg system. i

- The _Idaho Water and Energy Resources Research Institute xs assessmg

,.geothermal resources in the Blackfoot Rlver Basln of southeastern Idaho. SERERE

L At Malad, the school dlS‘tl‘lCt 1s mvestxgatmg the potentxal of geothermal
energy for space heating. The POoSlblllty of a geothermal dlstrnct heatmg system is
being examined at Preston through a state grant. If constructed, the project will

~ cost an estimated $3 5 million.  Further, the state has granted $15,000 for a

proposed alcohol plant at Roystone.

The Idaho Leglslature has passed a law which deﬁnes space heatmg as a

;;domestnc use of water, Cmes can 1ssue revenue bonds to fmance constructton of

geothermal systems and operate such systems.
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_ The state has appropriated funds to the Division of Public Works for the
geothermal retrofit of the Capitol Mall state office complex. A production well
‘has been drilled and construction is underway. Morrison Knudson has been
contracted by the state to study waste water disposal. S

6.4.2 Oregon

The State of Oregon first derived benefit from geothermal energy in the
early 1900s. The apphcatlon, located in Klamath Falls, supphed geothermal heat
to over 100 homes. ' '

Since 1971, the Oregon Department of Geology and Mineral Resources has
performed geothermal resource assessments at numerous sites. The program,
which receives extensive state support, is also funded in part by DOE. Tempera-
ture gradient holes have been drilled near Mount Hood, K lamath Falls, Lakeview,
Vale, Malheur County, Powell Butte, Willamette Pass, Lake County, Harney
County, and La Grande. Harney County was ‘among those recommended for
intensive geothermal research.

A study initiated in 1976 by the Eastern Oregon Community Development
Council and funded by the Pacific Northwest Commission is continuing. The
investigation will determine the extent of geothermal resources in Union and Baker
Counties and propose appropriate applications. ’ '

A district 'heating system has been proposed for Lakeview. The plan
includes heating of 51 public and commercial buildings and the construction of an
ethano] plant. The town has received funding from the Economic Development
Admlmstratnon, the State of Oregon, Lake County, and DOE under the User-
Coupled Dnlhng Program. n

Oakridge is seeking funding to district heat the e‘letnent'ary and high school,
post office, city hall, and some residences. A feasibility study is underway.

The state is partlally fundmg a project proposed for Burns. ‘The Hines
‘Lumber Mill, which had been shut down, is being renovated for cogeneratlon. A
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combination of biomass and geothermal energy will be used for preheating the
boilers. '

The Oregon Department of Energy admxmsters a small grants program for
commumty energy projects. and contracts for dxstnct heatnng feasnblhty studles.

: '1 ‘ Durmg the year Oregon voters approved the creatlon of a Renewable
,Resource Program Fund. It empowers the state to sell bonds for up to half of one
percent of the value .of taxable property.. Bondnng capac1ty is set a $300 mllhon,

Joan fund wxll be created, and prlncnpal and interest payments wxll be used to pay
off bonds. Further, the Oregon leglslature has estabhshed the Alternatxve Energy
Development Commission to prepare a comprehensnve alternative energy resource

development state program.

The State Department of Natural Resources conducts a geothermal assess-
_ment and reservoir definition program, wh;ch is funded in part by DOE. Test holes
are being drilled throughout the state.

- Ephrata has been selected, along with 17 ‘othe‘r“‘cities, “to receive a HUD
-grant. for - developxng geothermal energy to heat commercxal and residential

-buildings. Energy derxved will be supphed to the Grant County Courthouse and low
income housing in the area. The city of North Bonnevnlle 1s examlmng the
- potential of dxstnct heat for a new. town sxte. 4

| The state has been studying the potential of area ge‘o’t’hermal‘ resources
since 1972. The Washington Division of Geology and Earth Resources has drilled
thermal gradient holes and conducted heat flow tests. Geologlc, aero-magnetxc,
and grav:ty maps have been comp;led and reports on the locatxon of earthquake
 hypocenters have been published. -

A biil»has been proposed“by the ;statef leglslature to establish a specmc
agency to accelerate energy facility licensing for hydroelectric and geothermal
plants.
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6.b.4 . Alaska

The state of Alaska has expressed interest in geothermal energy develop-
ment. The Department of Natural Resources, Division of Geologic and Geophysxcal
Surveys is assessing the potentnal of geothermal resources on the Alaskan Peninsula
and the Aleutian Islands. Site-specific investigations are planned for Unalaska
Island. The GeonhySical Institute, University of Alaska and the Department of
Natural Resources are exploring the geqtherrnal resource at Pilgri'tn Hot Springs as
part of a six-year program of site-Speeifie- geothermal exploration studies. The
program will include investigating the bedrock structure and evaluating surface
deposits. The information will be published/in an atlas of Alaskan thermal springs.

6.5 INDIAN TRIBES -
Many tribes are pursuing the utilization of geothermal resources to supply

costly energy demands. The development of resources on Indnan reservations can
provide ]obs and strengthen the tribal economies. '

6.5.1 Fort Bidwell Indian Community

The California Energy Commission has contracted with the Fort Bidwell
Indian Commumty to assess local geothermal resources. 'The contract includes
geochemical and geophysical studies and some drilling. Geothermal wells will be
developed on the reservation for space heating of buildings, fish farming, and
commercial greenhouses.

6.5.2 Cheyenne River Sioux

The Cheyenne River Sioux in Ziebach Ceunty, South Dakota, have been
awarded a DOE grant to renovate geothermal artesian wells on the reservation.
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6.5.3 Moapa Reservation

The Moapa Reservation in southern Nevada is considering the utilization of
geothermal resources to heat four acres of greenhouses. A geothermal reservoir
was discovered outside the reservation; the tribe is negotiating for use of the

resource.
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7.0 PRIVATE INDUSTRY

Since the geothermal industry got its start at. The Geysers in the mid-
19505, the private sector has- played the major. role in.developing .geothermal
resources for electricity generation. The Federal geothermal energy program is
designed to accelerate the pace of private development by providing access to
resources on:-public lands and removing technical, economlc, and institutional
barriers to‘the: growth- of the industry, while recognizing that the key role in
developing a strong geothermal .industry -and.producing and using significant
-amounts of geothermal energy must remain in the private sector.

7.1 INDUSTRY STRUCTURE -

The geothermal industry in its present form is dominated by a core group
of traditional companies with well-defined programs oriented toward electric
power generation. - Another distihct xgroup, -consisting of companies and joint
ventures attracted by geothermal direct he,a‘t‘ ppportﬁniiies, lﬂas”s_fartéd‘.to emerge.

The.;corre‘group»rpf- traditional companies has evolved as a:result of the
pioneering efforts to de‘ielop ‘the ste’am—domina'ted_Jh:ydrpthermal resodrc'e at The
Geysers. This group is: comprised primarily. of four distinct types of industrial
entities that are oriented to particular phases of development. Most of the
companies in the categories described below have assumed more than one role and
‘'thus have been engaged in more than one phase of resource development.

; o -Energy - C6mpanies .include - both . small and, Jarge - firms, .:'
foroivie s dincluding latge"‘bil5cofnpanies4,~ whose- miésionr;i_s' to supply .
: ; ~fenekgy'.r " Their geothermal jeffort's‘are focuSed on producing. -
+ fsteam for. électrical. powe;»generation,.,,,rTheSe;firms have - -
been : very.. ,v'aé;tivex din. éxploringA “for --and - d,evel‘op)ing +the "
- resoux"ce;rather,than_»vin building power plants or using ,the:
geothermal energy. . e
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e Geothermal companies have \jsually been formed for the

express purpose of developing geothermal energy. Though
generally small, some have affiliations with large energy
companies. Their current role ranges from exploration
support to steam production, including promotion of joint
action between energy companies as operators and utilities

‘as users.

' @ Engineering companies include both small, special-purpose

- engineering companies that are pioneering certain plant .
~ design concepts or components and large A&E firms that
design and build geothermal plants in the same.manner ‘as
other energy-generating plants. They are often the techni-
cal link between the developer/operator and the final user
of the resource. In some cases, they market geothermal
energy to users (generally utilities) and even underwrite
- project risks. '

e Electric energy suppliers, the most significant users in the

current industry structure, are comprised of regulated and
nonregulated utilities, municipalities, and some large indus-
tries with a substantial need for electrical power. These
users are currently located ‘almost exclusively in the

western U.S.--generally near major geothermal resources.

The traditional core of the industry has established industrial components
with well-defined roles, accepted technological objectives,: and - limited
geographical orientation. The evolving part of the industry;-that portion involved
in developing direct applications of geothermal heat--is currently somewhat
unfocused, loosely structured, and characterized by differentiated and distributed
markets. It is in the use of the resource that the electric and nonelectric segments
of the industry basically differ. The principal nonelectric users are firms seeking
access to geothermal energy, small resource owners wishing to develop or sell the
resource, and engineering companies or companies formed as general
promoters/developers to put together complete ' development packages.
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Unlike the established mdustry, which has electrxc power production as the
'commOn ob;ecnve and focuses on specmc centralized markets (i.e., utilities), the
direct heat mdustry is mterested in a w:d_e ‘variety of ,apphcatmns at dispersed
locations. 'Many of the ‘activities of the ‘evolving direct heat segment -of -the
‘industry remain oriented around government-sponsored and funded programs.

7.2 'RECENT INDUSTRY ACTIVITIES = 7.~

~Significant advances-have been ‘made in the last year ‘in the use of both
vapor- and liquid-dominated hydrothermal resources for electricity generation.

'7.2.1  Power Plant Construction ' '~

" Total'capacity at The Geysers dry steam field in California, which has been
‘developed solely - by - pr’iy“ate‘ “industry,has -been  brought ‘to 910 'MWe  with. the
“addition in 1980 of PG&E Units 13 and 14, with respective capacities of 129 MWe and
‘110 MWe. Unit 13 is the world's largest single facility generating electricity ‘from
‘geothermal resources. Construction of “Units 17 and 18, with planned capacities of

110 MWe each, is underway ‘and Unit 16 is scheduled to beégin -construction in the
spfing of 198l. Approval has been granted to McCulloch Geothermal for a 55 MWe
power plant in Lake County to provide electricity for industry, agriculture, and
municipal uses and to the Northern California Power Agency for a 110 MWe power
plant and a 66 MWe plant. B

g Ou:tsid¢‘ Th'e"GéYsers; ‘historic milestones were achieved in 1980 in bringing
liquid-dominated iesé'rvdir‘s*oh-line for electrical generation with the completion of
“defnonstration arid pxlot plants at East ‘Mesa and Brawley geothermal fields.” Under
:’mdustry/DOE cooperatxve ‘agreements, Magma Energy and :San - Diego Gas® and
Electric (SDG&E) completed construction of a ‘10 MWe binary cycle plant-at East

Mesa, the first geothermal ele'ctrié ‘power plant in the United:States to generate
: electricity from a hot-water resource. Union Oil -and Southern “California “Edison
“{SCE) completed a 10 MWe- flash:steam ‘pilotplant at Brawley. ' SDG&E and Magma
- began negotiations "to build two plants of 24 MWe.and 49 MWe at Niland in the
northern Imperial Valley and Union Oil ‘and” SCE-announced .plans‘ to develop an
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additional 10 megawatts at Niland. . A 48 MWe power plant at East Mesa is being
planned by Republic Geothermal and Jacobs Engineering. A 55 MWe hybrid power
plant at Wendel-Amedee, using-geothermal resources and wood chips, is planned by
the Geoproducts Corporation. DOE and SDG&E concluded. contract negotiations
for construction of a 50 MWe bihary-cycle facility at Heber, just west of the East
Mesa geothermal field. South of Bréwley field, MCR Geothermal completed three
wells in a joint venture with Geothermal Kinetics (CU-I Venture) under a DOE loan
guarantee. The ultimate objective of the project is a 45 MWe dual-flash electrical
generating plant planned in conjunction with the California Department of Water
Resources. ‘

Other electrical-generation projects have been pursued outside California.
Phillips Petroleum has agreed with Utah Power and Light to provxde geothermal
energy for a 20 MWe flash-steam power plant at Roosevelt Hot Sprmgs in
southwestern Utah. Ten wells have been completed at the hot-water resource
there. Construction of the 50 MWe geothermal demonstration plant at the Valles
Caldera in New Mexico, where seven commercial-quality production welis have
been completed, has been delayed by environmental, cultural, legal, and procedural
problems. This project is being carried out under a DOE/Public Service of New
Mexico/Union Qil agreement. DOE is cost sharing this demonstration project.

7.2.2 Exploration

Exploratory activity in 1980 included joint venture agreements in Hawaii
and northern California and drilling of remote wildcats in Nevada, New Mexico,
and Idaho by independent operators and geothermal divisions of large oil
lcompanies, sometimes in conjunction with state agencies and DOE resource
assessment programs. The Petroleum Information Corporation has reported
completion of eighteen wildcat "discoveries" in thirty-eight exploratory éttempts
in 1980. Eight of these were drilled in California as step-out wells from The
Geysers or tapped liquid-dominated reservoirs in the‘ Imperial Valley.. Several
discoveries made in South Dakota, Idaho, and elsewhere in California may result in
direct use projects. Drilling statistics for the last year indicate an upsurge of
- interest in drilling outside The Geysers and the Imperial Valley.
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- Drilling agreements have been made between several compames. Geother-
mal Exploratlon and Development Company (GEDCO) and Water Resources Inter-
national ‘are drilling a well in the Puna Rift Zone in Hawaii. Aminoil USA and
Geothermal . Resources Internatlonal have agreed on a three-year program of
exploration .on some 190, 000 acres_in The Geysers, . CA., Nevada, New Mexlco,
Oregon and Utah. .. Umon Oil of. Cahforma and Mountain States Resources have
agreed. to conduct exploratory drilling in south-central Utah's Monroe-Joseph
KGRA. . . -

) Table 7l provrdes a summary of 1ndustry actwnty in geothermal drlllmg
ventures in 1980. . Table 7.2 is a summary of drlllmg activities for the penod 1975-
1980. .. Leasmg of lands by mdustry in 1980 1s presented in Table 7.3.

7.2.3. (Direct Heat Projects

: Wlth the help of iederal funds, a number of dlrect heat appllcatlons
pro;ects were lmtlated or completed in 1980. Geothermal dlrect heat systems were
‘put into service for ranch operations and space heating of a school and a hospltal in
South Dakota and space and water heatlng for YMCA in Klamath Falls, Oregon.
Other 1980 geothermal dlrect heat activities include completlon of drllhng, testing,
and system. design for the Torbett-Hutchmgs-Smlth hospztal in ‘l‘exas, constructlon
.of a heating. system for a commercxal-scale prawn farm in Rwersxde, California;
confirmation drilling for _space and water heating of a townhouse complex m Reno,
s:Nevada, completlon of a. well by Utah Roses for greenhouse heatmg in Sandy, Utah
resource conflrmatlon for space heatmg of a greenhouse and a prison in Salt Lake
- County, Utah; drlllmg of a well to supply water to heat ‘the Patterson Hotel in
North Dakota- leasing of land by Indian Rock Greenhouse for 10 geothermal
greenhouses in Klamath County; and drilling of a productlon well for pulp-—drylng
operatlons at the Holly Sugar Refmery in Brawley.

- A quickly developlng subindustry that has begun to emerge. from the
geothermal direct-heat industry focuses on the use of geothermal process heat to
manufacture ethanol from a biomass feedstock This industrial application of
1 geothermal energy, besides displacing use of conventlonal fossil fuels for process
heat, has the potentxal to respond to the U.S.' critical need for llqu1d fuels. Sites
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of currently planned and operating ethanol pro;ects, several of which have received
no federal fundmg, are located in nine states. '

 ‘Two ethanol plants have'begun operations this year and two more are under
construction. A plant built by Tad's Enterprises in Yerington, Nevada uses 220°F
flashed steam from Wabuska Hot Springs to distill ethanol from corn at a rate of
#O0,000 gallons a year. The 199 proof ethanol will be used in producing gasohol to
be sold in service stations. At Hot Lake, Oregon, Grande Ronde Commodities is
operating two ethanol stills, one primarily for experimental purposes which
produces 48,000 to 65,000 gallons per year, and another commercial still with 1.5 to
2 million gallon pel' year' capacity. OWyhee‘Energ‘y'Producers of Adrian, Oregon
have started work on an ethanol plant that will use geothermal process heat in
converting farm crop surpluses to produce 800,000 gallons per year of ethanol. At
Cove Fort, Utah, R&R Energies is planning is use geothermal energy and sugar
beets to produce 12 million gallons of alcohol annually. Ctlrt"ently plans are to
cascade the water to a greenhouse or fish farm before reinjection. In addition to
the projects just described, two projects in East Mesa, California and Brady Hot
Springs, Nevada have been proposed and seventeen others in seven western states
and Texas and Hawaii are being evaluated or considered. These projects could
produce a total of about 223 million gallons of ethanol per year by 1985.

Several of the direct-heat projects described above, as well as other
projects which are joint efforts between private industry, the Federal government
and/or state and local governments, are described in greater detail in Chapter VI,

State _and Local Governments and Appendlx D, Geothermal Direct Heat
Applications Demonstration Projects. ' ‘




PRIVATE INDUSTRY DRILLING ACTIVITIES, 1980

Geothermal Progress Monitor Drilling File

WELL TYPE GEODTHERMAL INJECTION OBSERVATION | GEOPRESSURED TEST
n : ‘ ' .
g al g g g g pl 8 % E g 8 2 9‘ é & 9 STATE(S)
a [T ™ 1B 'Y .H g -
aéa-§§§§§a<§§a§an§
Amax Exploration ’ 28 C1 kT B EEET I 14
Amfnoil USA o iy 8 I S § 1 CA
Aquafarms lntemational | ‘ | ’ 1 CA
~ Chevron ‘ 411 NV, OR
Eaton Industties 1l 1A
Eaton Operatot : : 2 X, LA
Elko Heat = . 1] 11
Ceothermal Exploration € Developnene " 1 :: nt
GR1 Operator - 1 CA
Cruy Federal ; 1 : LA .
Lamar Munt Geothermal Operatim\a , 1 f w5
Magma Gulf/Technadril .; _ 1 A
MAPCO Geothermal 1 * T - : cA
MCR Geothermal. ' "' 1 1|2 | ; CA
Northwest Geothermal . ‘ v‘ A | 1 OR
Occidental Geothermal : 2 ; ' ‘ CA -
Phillips Petroleum . 1| 1 1 ‘1 2 " ca, ID, UT
Republic Geothermal , 1 ; , 2 " CA, WV
Shelr ot - s| | | 1 { cA
Sunoco : ‘ colerapr f2 ] 2 1D, WV, CA
Thermogenics ‘2 H B ' CA
TRY e SN P § "CA
Union 011 2 3| 3 1 CA,
Utah Roses 1 ur
TOTAL s2| 3| 7| 8 ]3] 3] 4|12 6|1 |2 |2 |a]r]2]2
Source:




. Table 7.2 ‘
GEOTHERMAL DRILLING ACTIVITIES SUMMARY, 1975-1980

CLASSIFICATION 1975 1976 1977 1978 1979 1980
Producible 30 37 ) 22' 19.1 48 57
Injection 1 0 3 2 3 5
Observation 13 8 1 15 13 7
Ceopressured 0 0 0 1 0 . 1
Hot Dry Rock 0 0 0; 0 0 0
Test 0 0 0 0 ) 3 .ié
Suspended 10 4 o | 7 11 5
Abandoned 9 7 10 22 9 10
Unknown 4 3 0 4 2 0
TOTAL 67 59 46 | 10 86 j 88

® - ‘
Does not include temperature gradient wells.

Source: Geqthermél‘rrogress Monitor Drilling File
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Table 7.3
INDUSTRY LEASING ACTIVITY IN 1980
Leaseholding Location: etitive Non=-Competitive Totsl
Cozpany State Area County Acresge | Number Acreage | Number  Acreage
AGD " Pershing 9 20,857 9 20,857
Anadarko RV Churchill b 8 3919
: Or Alvord 4743
Bot Springs Harney 3 6662
Atlantic Richfleld| NV C Buzboldt 1 758 1 758
Chazplin ) ; .
Petroleun v Dixie Churchill 7007 3 7007
] Hot Springs
Chevron USA RV . EBureka 1 1819 1 1519
Earth Power RV Humbeldt 1 2018 1 2018
Francana Resources{ OR Lake 2 1039 2 1039
Geothermal Power UT Beaver b3 2553 1 2553
CGeothermal oo
Resources 1S - Washoe 248 ? 11,100
v Darroush Kye 2329
Hot Springs .
v Dixie Churchill 2559
Hot Springs
R Malheur 4 $914
Hagsie Hunt
Exploration nv . Churchill 1 639 b €35
Hunt 011 RV ~Lander L 7797 7 12,511
1 OR Crump Lake 4714 ..
. Geyser .
Gecty 04l OR Alvord Hatney 7704 4 7704
Bot Springs - .
Intercontinental ’
Energy OR Klamath " Klamath 118 1 118
Falls .
Livingston . C
International ™ Lightning Hidalgo 1 1ms | 1 ‘1718
O'Brien Resources | XV : Churchill 2 3376 2 13376
- Philips Petroleum | WV : Pershing 1 1257 2 - ‘3816
: : WA Indian Skamania 1 2559
C - Heaven
Sunoco Energy OR o Linn 1 $19 1 519
Thermal Power 41 Socorro Peak ~ Sorroco 6426 4 2568
T Cove Beaver b § 1142
©Fert-
: . Sulphurdale o .
Thermal Resources | KM Lightning = Eidalgo 1 463 5 2964
Rock )
OR _ Vale Malheur
Hot~ & 2501
Springs N
Union 011 - R Breiten- Marion - 1039 - 1 1039
bush Hot : .
Springs
Private Indivi- o R
~duals ® CA San 1 639 {111 - 210,222
: Bernarding BN
2104 Dona Ana |- 6 11,043
R . SocozTo & 6063
RV + Pershing 27 55,265
NV . Churchill 9 14,688
NV White Pine 15 © 33,712
nv .. Eureka 1 1919
NV - Lander 10 15,493
RY Bumboldt 17 27,909
NV Fye 1 1639
OR Malheur . 17 34,173
T Beaver 3 7679

*c«mpany affiliation, 1f any, is not known.

Source:

Lavrence Berkeley Laboratory
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Appendix A

INTERAGENCY GEOTHERMAL COORDINATING ACOUVNCIL'
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INTERAGENCY GEOTHERMAL COORDINATING COUNCIL

Al ORGANIZATION

The Interagency Geothermal Coordinating Council (IGCC) consists of the
Federal agencies which participate in. the geothermal program. The IGCC is
responsible for over51ght and coordmatxon of the actlvmes of the Federal geother-
mal community. That respon51b1hty is spelled out in the Geothermal Research,
Development, and Demonstration Act of 1974 (PL 93—410), specifically:

«. t0 coordinate those Federal plans, activities, and
pohczes whxch are related to or 1mpact on geothermal
energy, 1nclud1ng ancxllary actwmes of agemces not

represented in the Council membershlp o The Council,
‘through the Chanrman, ‘may ‘make recommendatlons to
the appropnate agenc1es and the Pre51dent with regard .

“ to alternative pollcxes or actions con51dered necessary or
desxrable to expedlte the development and utlhzatlon of .
geothermal energy resources.

'l'he overall ob)ectxve of the lGCC is: to encourage development and use of
geothermal resources as a clean, safe, and economlcal ‘alternative energy source to
meet the nation's energy needs. The IGCC's specific ob)ectlves to that end are to:

- ) "l. Promote )( commercxal 4) development . ?f, B ‘vknovVn
5 , hydrothermal resources for electr1c1ty generatnon and
dlrect heat use where such development appears to be
economtcally feasﬂ:le and envxronmentally acceptable.

2. Contmue to dxscover and assess addmonal geothermal

resources
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3. Determine whether methane can be produced economi-
cally from geopressured resources, with an acceptable
level of environmental effects. '

4. Reduce costs of technology associated with geothermal
exploration, site development, energy production and
environmental compliance.

5. ’Si'mplify the regulatory and institutional maze faced by
‘commercial geothermal developers while ensuring that
the societal values reflected in current regulations are
protected. | A

6. Explore the technological and economic feasibility of
extracting heat from hot dry rock as a potential new

source of energy in the long term.

The structure and membership of the IGCC is presented in Figure A.l. The
Council, chaired by an assistant Secretary of the Department of Energy, has
responsibility for coordinating the entire Federal program for geothermal energy.
Six major subgroups comprise the IGCC. The Staff Committee, chaired by a
representative of DOE, supports the Council and managés the other groups. The
agency members of the Staff Committee are appointed by the Council and
represent suborganizations of those Federal agkencies on the Council.

The Budget and Planning Working Group coordinates budgets and agency
Plans for geothermal energy activities. The Group is responsible for formulating
long-range geothermal energy utilization goals, cobrdinating the annual program
plans and budgets of the Council agencies and other agencies partiCipating in the
Federal Geothermal Program, identifying programmatic and policy issues for
Council consideration, monitoring and reporting on the progress of the Federal
- program, and preparing the Annual Reports of the IGCC. The Group is chaired by a
representative of DOE, and its membership includes representatives‘of each of the
Council agencies.




A.S

INTERAGENCY GEOTHERMAL
COORDINATING COUNCIL

 STAFT COMMITTEE

DOE (DGE)*
DOI (USGS)
EPA (ORSD)
TREASURY (OEP)

- uspA” (USZS)

HUD
DOD -
DoC

FINANCIAL/GRANTS
<. . 0 - TasK FoRecE

DOE (DGE)*
USDA (FmEA) -
USDA (REA)
L . DOC (EDA)
EUD o

|
BUDGET & PLANNING
WORKING GROUP .-
DOE (DGE)* - DOI (BLM)
DOE (FERC) DOI (BuRec)
DOE (EIA) - DOI (FWS)-
DOE (ERA) . . DOI (USGS)
DOE (ASEV) © DOI (BOM)
DOE (ASPE) - EUD
DOE (OER) DOD
EPA (ORSD) - DOC ,
UsDA (USFS)

ENVIRONMENTAL CONTROLS |-
PAYEL

EPA*
DOE (DGE)
DOE *(SAN)
DOL (BLY)

- DOT (USGS) .
DOI (FWS)
‘USDA (USES) _
DOD * T

CEQ-COuncil on anironmen:al Quality
DOC~-Department of Commerce
DOD-Department of Defense

NFEC Naval Facilities tngineezing Comnmand

DOE-Depattnent of Energy

ASEV Office of Assistant Se:retnry. Eavironment
ASPE Office of Assistant Secretary, Policy Pltnning

and Evaluation

ASRA Office of Assistant Secretary, Conse:vation

and Renewable Energy
DGE Division of Geothermal Energy

EIA Energy Information Administration
ERA Economic Regulatory Administration
FERC Federal Energy Regulatory Commission

LPD Lleasing Permitting Division
OER O0ffice of Energy Research

SAN San Francisco Operatians Office

*Denotes chairing function.

Figure A.l Organization
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DOI-Department of the Interior-

BLM Bureau of Land Management
BOM Bureau of Mines
FWS Fish and Wildlife Service

. NPS National Parks Service

SOLICITOR Office of the Field Solicitor
USGS United States Geological Survey
BuRec Bureau of Reclamation

- HUD=-Department of Housing and Urban Development
EPA-Enviroamental Protection Agency

OR&D Office of Research and Development

TREASURY-Department of the Treasury
USDA-United States Department of Agriculture

FoHA Farmers Home Administration
REA Rural Electrification Administration

- USFS United States Forest Service

of the IGCC
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The Institutional Barrier Panel is responsible for asSessing legal,
environmental, regulatory, and other a_spe_éts of Federal, state, and local
government policy as they relate to geothermal energy. The Panel develops
recommendations for changes and improvements in related laws, policies and
procedures, and for examination of other institutional aspects of geothermal
energy, including nongovernment aspects. The Panel is chaired by a DOE member.

The Leasing and Permitting .Pranel has responsibility for reviewing,
analyzing, evaluating, and reporting on ‘existing and proposed legislation and
regulations relating to the leasing and permitting of geothermal resources and
development on public lands. The Panel provides recommendations to the Council
on matters of interdepartmental concern in the area of Federal lands mahagement
affecting‘ geothermal resource development. " The Panel is chaired by a
representative of the Department :of the Interior.

The Environmental Controls Panel assesses the adequacy of existing
controls for geothermal energy systems, reviews ongoing programs to develop
environmentél controls, and identifies areas for increased or reduced Federal
support. The Panel reviews issues covering pollutant abatement, subsidence,
seismicity, and associated areas. @A representative of the Environmental
Protection Agency chairs the Panel.

The Financial/Grants Task Force is responsible for determing what Federal
funding programs may be applicable to geothermal development projects, and for
delineating the total Federal assistance potentially available to help meet
geothermal objectives. The Task Force is chaired by a member of DOE.

The membership of the Council and its subgroups is listed on the following
pages. In addition, a summary of activities is provided for the Council and each
subgroup. '
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,A.2.‘l‘ . Interagency Gepthermal Coordinating Council

: Member

Chairperson

 Honorable Ruth M. Davis
Assistant Secretary for

'Resource Applications
Department of Energy

Honorable M. Rupert Cutler
Assistant Secretary for Natural
Resources and Environment

Department of Agriculture

Honorable Joan M. Davenport

Assistant Secretary for
Energy and Minerals

Department of the Interior

Honorable Robert C. Embry

- Assistant Secretary for ’
Commercial Planning and Development

Department of Housing and Urban
Development

Honorable Stephen J. Gage
Assistant Administrator for
Research and Development

Environmental Protection Agercy -

Honorable Curtis A. Hessler

Assistant Secretary for
Economic Policy

Departfnent of the Treasury

Alternate

Dr. Ned D. Bayley o
Deputy Assistant Secretary
for Natural Resources
“and Environment

Mr. Richéfd Wilson’

Special Assistant for
Energy and Minerals

Mr. Anthony M. Carey
Energy Advisor

Mr. Steven Reznek

~ Deputy Assistant Administrator

for Environmental Engineering
and Research

Mr. Dell V. Pérry
Office of the Assistant Secretary
_ for Economic Policy




Member

Honorable Jerry J. Jasinowski '

Assistant Secretary for Policy
Department of Commerce

Honorable Robert B. Pirie, Jr.
Assistant Secretary of Defense
(Manpower, Reserve Affairs

and Logistics)
Department of Defense

Staff:

Ms. Helen Krupbvich

Division of Geothermal Energy
Resource Applications
Department of Energy

A.8

Alternate

Mr. Frederick T. Knickerbocker
Deputy Assistant Secretary
for Industry Policy

Mr. George Marienthal
Deputy Assistant Secretary of Defense
(Energy, Environment and Safety)




A.2.2 Staff Committee
_' Member

Chairman '
Mr. Bennie G. DiBona

Director, Division of Geothermal Energy

Resource Applications
Department of Energy ~ =~

Mr. David R. Berg

Energy Process Division

Office of Research and Development
~ Environmental Protection Agency

Mr. Anthony M. Carey
Energy Advisor
Assistant Secretary for Community
Planning and Development -
Department of Housing and
Urban Development

Mr. George H. Davis ‘

Director, Minerals and Water Resources
U.S. Geological Survey

Department of the Interior

Mr. Sidney F. Gray
Minerals and Geology

U.S. Forest Service
Department of Agriculture

Mr. Frederick T. Knickerbocker

Deputy Assistant Secretary for
Industry Policy

Department of Commerce

Alternate’

Mr. Eric Stevenson

Speéial Assistant -

Assistant Secretary for Community
Planning and Development

Mr. Donald W. Klick
Deputy Chief
Office of Geochemistry and Geophysics

Mr., Joseph F. Gustaferro
Office of Policy (Industry Programs)




Member

Captain T. F. Stallman, USN. - ..

Director, Energy and Natural
Resources Division

Naval Material Command

Department of Defense

Mr. William E. Steger
Office of Energy Policy
Department of the Treasury
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Alternate

Mr. Thomas A. Ladd
Energy and Utilities Division
Naval Facilities Engineering Command

Ms. Eleanor Bryan
Office of Energy Policy
Department of the Treasury




oAl

A.2.3 Budget Planning and Working Group
Member Alternate

Chaifman

Dr. Fred Abel

Division of Geothermal Energy
Resource Applications
Department of Energy

Mr. David R. Berg ~

Energy Process Division

Office of Research and Development
Environmental Protection Agency

Mr. Anthony M, Carey
Energy Advisor
- Assistant Secretary for Community
Planning and Development
Department of Housing and
Urban Development

Mr. George H. Davis o Mr. Donald W. Klick

Director, Minerals and Water Resources Office of Geochemistry and Geophysics
U.S. Geological Survey o S gt adt
Department of the Interior | Mr. Alan Kover =~~~

Office of Geochemistry and Geophysics

Mr. Karl DUScher o

- Divison of Onshore Energy Resources
Bureau of Land Management .~
Department of the Interior »

Mr. Wayné Fernelius

Planning Policy Staff '
Water Power and Resources Service
' Department of the Interior




Member

Mr. Malcolm Furbush
Conservation Division

Office of Resource Evaluation
U.S. Geological Survey
Department of the Interior

Mr. Sidney F. Gray
Minerals and Geology

U.S. Forest Service
Department of Agriculture

Mr. Joseph F. Gustaferro
Office of Policy (Industry Programs)
Department of Commerce

Dr. Thomas Henrie

Chief Scientist

Bureau of Mines
Department of the Interior

Mr. Walter H. Howe
Conservation Division

Office of Resource Evaluation
.U.S. Geological Survey
Department of the Interior

Mr. William Spaulding, Jr.
Office of Ecological Services
U.S. Fish and Wildlife Service
Department of the Interior

Captain T. F. Stallman, USN

Director, Energy and Natural
Resources Divison

Naval Material Command

Department of Defense
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Alternate

Mr. Walter E. Schlumpf{
Minerals and Geology

Mr. Richard Forrester -
Offfice of Ecological Services

Mr. Thomas A. Ladd
Energy and Utilities Division
Naval Facilities Engineering Command
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Department of Energy Members
Member Alternate

Dr. Robert Blaunstein

Solar, Geothermal, Conservation
Assessment Program

Technology Assessments Division

Office of Assistant Secretary Environment

‘Mr. Daniel Dick Mr. John Brodernck i
Leasing Policy Development Division Leasing Pohcy Development vaxsxon
Office of A551stant Secretary for

Resource Apphcatxons

Mr. Franklin C. Emerson
Office of Integrative Analysis
Energy Information Administration -

Mr. Bruce Engelbert

Conservation and Renewable Resources

Office of Assistant Secretary Policy
and Evaluation

Mr. Charles R. Mandelbaum
Program Analysis
Office of Energy Research

‘Mr. William L. Wheelock
Interconnection Systems Analysxs
Federal Energy Regulatory Commission




A.14

A.2.4 Institutional Barrier Panel

Member

Chairman

Mr. Randall C. Stephens
Division of Geothermal Energy
Resource Applications
Department of Energy

Mr. David R. Berg

‘Energy Process Division

Office of Research and Development
~ Environmental Protection Agency

Mr. James Bussee

Division of Power Supply and Reliability
Office of Utility Systems

Economic Regulatory Administration
Department of Energy

Mr. Anthony M. Carey

Energy Advisor

Assistant Secretary for Community Planning
and Development

- Department of Housing and Urban Development

Mr. Bernard B. Chew

Director, Division.'of Interconnection
and Systems Analysis

Office of Electric Power Regulation

Federal Energy Regulatory Commission

Department of Energy

Alternate

William 1. Wheelock




Member .. Alternate

Mr. Bruce Engelbert L
Conservation and Renewable Resources
Office of Assistant Secretary -

Policy Evaluation

Mr. Seymour Fiekowsky . .. -
Office of Tax Analysis .
Department of the Treasury

Mr. Sidney F. Gray
Minerals and Geology

U.S. Forest Service
'Department of Agriculture.

Mr. Raymond Herrman
National Park Service
Department of the Interior

Mr. Thomas A. Ladd

Energy and Utilities Division

Naval Facilities Engineering Command
Department of Defense |

Mr. R. W. Lawton . Mr. Daniel B. Dick
Leasing Policy Development Office

Resource Applicetions

. Department of Energy

Mr. James Mackenzie
Office of Energy Programs
Council on Environmental Quality '

Mr. Billy Shoger
U.S. Geological Survey
Department of the Interior
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Member

Mr. Dale Zimmerman
Bureau of Land Management
Department of the Interior

Alternate
Ms. Doris K oivul;
Mr. K ar] Duscher
Mr. Kenneth Lee

Division of Energy and Resources
Office of the Solicitor
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A.2.5 Leasing and Permitting Panel
Member

‘Chairman

Mr. Winston B, Short

Division of Energy Minerals Resources
Bureau of Land Management
Department of the Interior

Mr. Burton B. Barnes

Division of Geothermal Energy
Resource Applications
Department of Energy

Mr. Robert Conover
Office of the Field Solicitor
Department of the Interior

Mr. Gerald R. Daniels
- U.S. Geological Survey
Department of the Interior

Mr. Daniel B. Dick

Leasing and Policy Development Office
Resource Applications

Department of Energy

Mr. Karl Duscher
Division of Energy Minerals Resources
Department of the Interior

'Mr. Sidney Gray

Minerals and Geology

U.S. Forest Service
Departmént of Agriculture

Alternate
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Member

Mr. Bruce Hellier

Office of the Area Geothermal Supervisor
U.S. Geological Survey

Department of the Interior

Mr. Theodore Holland
Division of Technical Services
Bureau of Land Management
Department of the Interior

Mr. Kenneth Lee

Division of Energy and Resources
Office of the Solicitor
Department of the Interior

Mr. Billy Shoger
Conservation Division

U.S. Geological Survey
Department of the Interior

Mr. Norman Stark

Minerals Assessment Branch
U.S. Forest Service
Department of Agriculture

Alternate
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A.2.6 - Environmental Control Panel

Member

Chairman

Mr. David R. Berg

Energy Processes Division

Office of Research and Development
Environmental Protection Agency

Vice Chairman

Mr. Clifton McFarland
Division of Geothermal Energy
Resource Applications
Department of Energy

Mr. A. David Allen

Division of Geothermal Energy
-Resource Applications
Department of Energy

Mr. Douglas Boehm

Office 6f Environmental Compliance
and Overview

Environment

Department of Energy

- Sie Ling Chiang
U.S. Geological Survey
Department of the Interior -

, ‘Mr. Karl Duscher

Division of Onshore Energy Resources
Bureau of Land Management |
Department of the Interior

Alternate

Dr. Robert Blaunstem |

Solar, Geothermal, Conservatlon' :

Assessment Program
Technology Assessments Division = -

- Mr. Alan Kover
Office of Geochemistry

and Geophysics
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Member Alternate

Mr. Robert P. Hartley
Industrial Environmental Research Laboratory
Cincinnati, Ohio

Mr. Gerald K atz
San Francisco Operations Office
Department of Energy

Mr. Thomas A. Ladd

Energy and Utilities Division

Naval Facilities Engineering Command
Department of Defense

Mr. Walter Schlumpf
Minerals and Geology

U.S. Forest Service

"~ Department of Agriculture

Mr. William Spaulding, Jr. Mr. Richard Forrester
Office of Ecological Servi_ces

U.S. Fish and Wildlife Service

Department of the Interior
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A7 Financial/Grants Task Force

Members

Chairman

Mr. Lachlan Seward | .. '
Division of Geothermal Energy
'R,eso_ur‘c;e Applications . .
Deparfment of Energy. ..... .. .

Mr. Anthony M. Carey . -

Energy Advisor

Assistant Secretary for Community -
Planning and Development o |

Department of Housmg and Urban Developmentk

Mr. M. David Feld ‘
Farmers Home Admlmstratlon
" Department of Agnculture

Mr. Thomas B. Heath |

Alternates

Director, Energy Management and Unhzanon N R

Division

Department pf Agricu!tuge L

Mr. John C. Tha!mayer — '
Economic Development Admimstratlon
Department of Commerce -
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A3 MEETINGS AND ACTION ITEMS

A.3.l Interagency Geothermal Coordinating Council

The IGCC held two meetings during the year, on February 6, 1980, and |
September 26, 1980. The Council reviewed the status ‘of the various panels,
offered directions to the panels and member agencies, and approved several reports
of the panels. Each panel presented summary reports of their activities.

At the February 6, 1980 meeting, the following actions were reviewed:

1. The Budget and Planning Working Group reported on four
activities. (1) The Fourth Annual Report to Congress was
delayed. (2) An integrated program plan is being: prepared.
(3) The Geothermal Progress Monitor System is operating
and the first report issued. (4) A Leasing Coordination
Meeting is scheduled for April. : |

2, The Institutional Barrier Panel reported on the status of its
legislative recommendations, a number of which are
included in pending legislation. The Council agreed to
forward to the Congress the positioné of member agencies
regarding geothermal leasing on or near National Parks.
The Council also approved the withdrawal of the National
Science Foundation from the Council, owing to a lack of
funds.

3. The newly created Leasing and Permitting Panel reported on
its first meeting, and had its charter accepted by the
Council.

4. The Environmental Controls Panel reviewed their activities
to assess the adequacy of environmental controls and
research activities.
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The Research. and Technology Panel, \Vthh has been
dissolved, presented a final report of 1ts lnfetlme actxvntxes.
It suggested that there is no need for an Interagency
Coordinating Panel, since almost 95% of research is
sponsoredby’D‘O_E.' T L

The Resource Panel, also dlssolved summarlzed 1ts actxvx- .
ties, including a 1976 plan for geothermal resource assess-

ment, and a report_ on ,proprletary ‘technical data in the »
Federal Geothermal E;nergy Progra‘m’. T

The Councxl consrdered the formatlon of a Fmancxal/Grants‘#:
Task Force to identify fundmg sources.‘ Members from |

HUD, DOE, USDA, and DOC indicated interest in partxc1- |
pating.

The Council adopted a revised charter; which includes Jthe

~ addition- of DOC, HUD, and DOD as members and provxdes.

1.

2.

for quarterly meetmgs. o

At the Sep_tember‘?e, 1?9;0"m,e¢£ihg,,§h§ followmg actlonswere ';akéﬁs |

The Budget and Planning Working Group reported that the
4th Annual Report had.received concurrence from all
Council members and was submxtted to Congress on June 2,

1980.. The Federal AGeothermal Program_ Plan was |
completed and the Council agreed to submlt it to OMB. e
“The 4th Geothermal Progress Monitor was pubhshed and‘

cxrculated

The lnstltutlonal Barrler Panel reported on several bills thati .
have passed Congress and provxde xncentxves to geothermal': : 1
energy. (the Windfall Proﬁts Tax Act and Energy Securlty“'_
Act). Several leasmg bills are currently under con51dera-;

tion. Leasing of Federa! lands was noted to be very slow,
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and it was recommended that DOA abnd&DOI be requested to
investigate the matter and provide leasing schedules.

The Environmental Controls Panel"pr'esented their re’port,'
"Status of Environmental Controls for Geothermal Energy,"'
which was approved for puBlication by the Council. The
Panel's second report, "Environmental Controls Research
Strategy For Geothermal Energy Development," includes
R&D recommendatlons, and the Council agreed to send
letters to DOE, EPA, and DOI designating high priority
areas for R&D. The Panel was directed to examine
questions of hydrological alterations and whether pending
legislation poses impediments to geothermal development.

The Leasing and Permitting Panel has held no formal

meetings, and is open to suggestions from the Council.

The Financial/Grants Task Force presented its fact-finding
report, which gives. a breakout of the Federal funding
available for geothermal development projects. The Council
accepted the report and app'roved the follow-on implement-
ation plan.

A status report on the Geothermal Market Presentation
study, being conducted by DOE, was given. The Council will
consider the results of the study in revising the goa]s for
geothermal energy.

The Council instructed the panels and agencies to review
the list of incompleted action items (see Table A.2), and be
prepared to report on them at the next mee'ting.‘ The
Council reversed an earlier decision to hold meetings
quarterly, and agreed to revert to seml-annual meetmgs,
with extra meetmgs as requu-ed
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A.3.2 . -Staff »Committee e

The Staff Committee meets to review the work of the Panels, to provide
guidance, and to prepare materials for the IGCC meetings. Three meetings are
held during FY 80: January 18, 1980, April 21, 1980, and July 16, 1980, - - - -

The following issues were discussed at the April 21, 1980 meeting:

1. The Budget and Planning Working Group reported that the
4th Annual Report was awaiting approval. - The geothermal
goals were discussed, and it was felt that they should be - -
reviewed. In addition, priorities should be set for leasing
and development.. The draft Federal Geothermal! Program . -
Plan is au}aiting comments from Council members. -

2. The Institutionai Barrier Panel gave a legislative'*update on
the Windfall Profits Tax Act and. the pending - Energy
Securxty bxll. I : :

3. The Leasing. and. Per[nifting .-Panel has nét_ met, and is . ..
hampered by a shortage of operating funds.

&. The Environmental Controls Panel presented a draft of their
- report,. and noted that only 3 of 7 major 1ssues are recexvxng o
' significant research. efforts. e

5. The Financial/Granfs Task Force gavé a status report on
their- .efforts to identify - Federal fundmg for. geothermal

6. The Staff Committee recom'mended that the IGCC meeting -
be delayed for lack of action items. Committee members
suggested the following issues for Council attention: (1) the '
impact of delayed response to lease apphcatxons, (2) ocean
dumping of brine; (3) goals for geopressured gas; and (4) the
release of the Federal Geothermal Program Plan.
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At the meeting of July 16, 1980 the Committee reviewed the status of the
panels' work in preparation for the September meeting of the IGCC.

1. An interim report was presented of the Geothermal Market
Penetration Study, describing ~methodology and major

assumptions.

2. The Budget and Planning Working Group distributed a
revised Executive Summary to the Federal Geothermal
Program Plan. The Plan will be presented to the Council for
approval. ' e

3. The Institutional Barrier Panel reported on the passage of
the Energy Security Act. The Panel asked that DOI be
requested to resolve the question of royalty payments for
the non-electric use of geothermal -energy. Noting the
slowness with which geothermal lease applications are being
processed, particularly in California, the Panel suggested
that the Council consider sending letters to DOA and DOI
requesting clarification of the issue and establishment of a
leasing schedule. This will be brought to the attention of
the Council.

4. The Environmental Controls Panel submitted its first report
to the Committee for approval. It should then be forwarded
to the Council for final approval.

5. The Financial/Grants Task Force outlined the results of
their investigations, and will present a report to the
Council. A proposed follow-on project will be recommended
to the council for their approval.
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A.3.3 Budget and Planning Working Group

The Budget and Planning Working Group (BP&WG) met several times during
the year. The. principal act1v1t1es were the preparanon of the Fourth Annual 1IGCC
Report to Congress, the establlshment of the Geothermal Progress Momtor System,
and the preparation of the first Federal Geothermal Program Plan. , ‘l' he Fourth
Annual Report presented the status and progress of the Federal Program in FY 79
as well as selected accomphshments in the private sector. It included, for the first
time, a National Energy Plan. and a teview of goals and productxon forecasts
obtained from several}sources.

The BP&WG establlshed a Geothermal Progress Momtor System and
published - four . 1ssues of the Geothermal Progress Monitor Report. The report
contains statistics on electric _power. plants, on-line and planned dxrect-heat
applications, on-line and planned~ drrllmg and exploratxon actrvxty, status of
Federal leasing; DOE-funded fea51b1hty studies and appllcatlon demonstratron- the
loan guaranty program; and legal, 1nst1tutxonal and regulatory actxvmes. Quarterly
publication of the Progress Momtor 1s planned

The Pederal Geothermal Progrla‘m had been directed By:e_stahlished goals
and very general program - -plans. In order to better direct and coordinate the

Federal program, it was decided to prepare 2 much more detaxled program plan.
| The program plan mcluded specmc ob)ectrves for each of six ma)or areas.v‘ leasmg,
resource assessment, reservoir evaluation, industrialization, research and develop-
ment, and environment. Budgets and manpower, requxrements were obtained for
the next six. years. Agency actlvmes were then evaluated for consxstency with the
IGCC goals. The Federal Geothermal Plan was submitted to OMB to provide the
interagency perspective of the Federal Geothermal Program as backup to the FY
82 budget exercise. ‘ | ‘

A3 Institutional Barrier Panel

The Instltutxonal Barrrer Panel met tw1ce durmg the year, on January to,
1980 and July 15, 1980 to dxscuss the status of legxslatxon and regulanons ‘affecting

geothermal.
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The following legislative issues were reviewed: -

1. The IRS has changed its tax laws allowing for a 40% tax
credit for the first $10,000 a homeowner spends on geo-r
‘thermal, and business claims to 15% for similar mvestments{
utility compames were excluded ‘

2. Title VI of the Eﬁergy Security Act (PL 96-294) carries.
specific provisions for geothermal energy (see Appendix C).
While almost all programs recommended by the Panel were -
adopted, the funding levels were greatly reduced. In addi-
tion, the reservoir insurance prograni rhay require Federal

' support. The cenlmg for quahfymg as small energy
producers was raised from 30 MWe to 80 MWe.

3. Several Federal geothermal leasing bills are under consider-
ation by the Congress. They wduld increase acreage limita-
tions, redesignate KGRA's, require expedited leééing proee-
dures, and require geothermal production goals for Federal
lands.

Status reports were ngen from the various agenc1es on regulatory actions

affecting geothermal.

1. The IRS is reviewing residential tax credits, and is consider-
ing lowering water temperature requirements to qualify for

tax credits.

2. USGS reported that no applications have been received
which relate to nonelectric royalties, and thus the issue is
considered relatively unimportant. Responsibility for the
matter should be settled soon. l s

3. EPA has issued regulations on underground injections which
reqUire monitoring wells only if drinkirig water aquifers
would be affected. Geothermal waters are currently
exempted from any controls by Resource Conservation and




A.29

Recovery Act (RCRA) regulations, but this' exemption may
be reconsidered. ’

&4, ‘The National Parks Service (DOI) is attempting to identify -
' significant geothermal resources on lands under its jurisdic-
‘tion, and to-determine where conflicts between geothermal
energy development and. other park uses might exist. Cur-
- rently Yellowstone, Mount ‘Rainier, and Lasan Volcanic
Rocks National Parks are sites of conflict." -

5. FERC is reviewing the  new ceiling for. small energy
-producers for any exemptions which might be allowed.
6. The Bureau  of ' Land - Management's. (DOI) -Wilderness - .
7 Inventory Study has'identified a number of areas where
=:-conflicts occur between'geothermal resources and roadless - -
areas, primarily in northwestern Nevada, southwestern

"+ Oregon, and: east-central California. . BLM estimates that '

" there are between 800 and 1,000 Wilderness Study Afeas e
‘whose energy resources will haVe.td‘ﬁe evaluated to deter- - . -
mine ‘what level of energy development, if any, will:be .
allowed. A tremendous backlog of geothermal site evalua- -
tions remain to be done, and ‘the 1GCC should request-BLM : -
and the Forest Service to clear this backlog. |

7. Geothermal resources are being ‘used by oil producers to-
~-assist’ in enhanced oil recovery-operations, even though oil .
~ producers-do ‘not ‘own ‘the -geothermai? rights. “A task force - =
" composed of :BLM,". USGS, ‘and 'DOD was- appointed to .
examine this question. ‘ o

R IR S

‘A.3.5 -~ Leasing and*Permitting Panel -
 The Leasing and Permitting Panel did not meet during the year, and would
‘accept any guidance from the Council,: v < ‘
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A.3.6 Environmental Controls Panel

The Environmental Controls Panel was established in August, 1979 to
perform the following tasks: (I) assess the adequacy of existing environmental
controls; (2) review the ongoing Federal R&D program for controls; and (3) identify
areas for increased or reduced Federal R&D efforts to assure -that adequate
controls are available by 193 5. The Panel was asked in February, 1980 to provide:
(1) specific recommendations for additional required R&D; (2) funding requirements
and timing for this work; and.(3) suggestions for agency responsibilities. The Panel
met six times during the year to discuss these issues: November 2, 1979, January 7,
March 5, May 2, June 20, and August 28, 1980. Two meetings were held on July 8
and July 9, 1980 with industry (cosponsored by the Geothermal Resources Council):
The purpose of the meetings was to compare views on environmental priorities and
research needs. ' The work of the Panel has resulted in two major studies: "Status
of Environmental -Controls for Geothermal Energy Development,” and
"Environmental Controls Research Strategy for Geothermal Energy Development."

The - first report of the Panel, "Status of Environmental Controls for
Geothermal Energy Development," investigated the availability of existing
environmental controls for geothermal energy systems. The report finds that
environmental controls are neither fully adequate, nor are likely to be by 193 5, if
current R&D programs are continued. Funding allocations were found to be both
misdirected, in certain areas, and inadequate, in the aggregate.

Subsequent to these findings, the Panel worked closely with member
~agencies to revamp current R&D programs within the available resource alloca-
tions. Resources have been redirected to high priority areas, key projects have
been coordinated between agencies, and most original programs have been restored
with the addition of approximately 1.6 million in the FY38] budget of EPA and DOE.

The Panel then went on to develop more extensive recommendations for
R&D, funding requirements, timing, and agency responsibility. These results were
incorporated in the second report of the Panel, "Environmental Controls Research
Strategy for Geothermal Energy Development." The report concludes that current
'Federal efforts are insufficient to' ensure  timely development of adequate
environmental controls. After considering potential environmental impacts of
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. geothermal development and their relatxonshlp to mdustnahzatlon, avazlab:lxty of
~controls, regulatory consxderatzons, and the extent and adequacy of ongoing

research the Panel achneved a prnonty rankmg of envxronmental problems
requmng Federal controls research. .

. Top priorities for environmental controls research identified by the Panel
are as follows: | | |

| l Hydrogen sulﬁde (HzS) ermssxon - HzS controls for power
plants and HZS steam stackxng/well emission controls' o

2. Non-H2S gaseous emissions characterization and controls
development; -
3. _Solid waste characterization and management evaluation; _

_&. Injection monitoring;and

5 Methods for subsldence ‘preve'ntihon,ﬂ predlction, and control. h

The middle priority group includes brine treatment, in;llne monitoring,
chemlcal and physxcal modelmg/sxmulanon techmques, solid waste management
technology development, mduced sexsmncxty 1dent1f1cat10n and characterxzatlon,

‘and 1nduced subszdence charactenzatxon, charactenzatlon, momtormg, and
prednctxve modelmg of geothermal hydrologlc systems, and treatment and use oi

nongeothermal waters. Research areas which received low priority for Federal
funding are induced sei_s_m'iclty.controls and noise controls. o

Many of the research prlorltxes ldentlfled by the Panel are parncularly

 critical for geothermal mdustnahzauon 1n the eyes of both government and

mdustry. The fack of adequate controls for geothermal-related environmenta)
problems poses a slgmfncant lmpedlment to faster growth of a geothermal industry.
Therefore, Federal support ior envxronmental controls research should be increased
and ad)usted to a level co mensurate with the identmed prlonty areas. The Panel
is currently developxng r commended fundlng levels through FY85 for six major
environmental controls related research areas.

A
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" The Panel has also recommended that Federal "research for environmental
controls development be closely coordinated ’ among the Federal agencxes which
conduct geothermal research--EPA DOE, DOI, USDA and DOD. A continuing
exchange of data on emissions, environmental 1mpacts, and controls performance is
. essential to an effective controls development research program. Specific
recommendations are to (1) use the Panel as a means of 1nteragency coordination in
developing a Federal research strategy and as a means of coordinating with
industry and environmental groups on controls-related issues, and (2) develop a
better understanding of environmental concerns and controls through )omt monitor-
ing of production sites.

A.3.7 Financial/Grants Task Force

The Financi‘al/Grants Task Force was established as an ad hoc group by the
IGCC at its February 1980 meeting, with the mission of determining what Federal
funding programs may be applicable to geothermal development pi'Oj ects. The Task
Force includes members of the Department of Housing and Urban Development
(HUD), the Rural Electrification Administration (REA), the Economic Development
Administration (EDA), and the Farmers Home Administration (FmHA). |

‘At the Task Force meeting of April 17, 1980, members provide information
about their funding programs, which was compiled into their report._ The data is
summarized below. (A more complete description appears in Section 5.5 of this
report.) '

. HUD programs include () Community Development Block
Grants ($3.9 billion in FY 80); (2) Urban Development Action
Grants ($675 million in FY 80); and (3) Housing Construction
and Rehabilitation ($26 billion planned for FY 3l).

2. REA provides loans ($800 million) and loan guarentees ($5
billion in FY 80) for electric power generation and distribu-
tion facilities in rural areas. |

3. EDA's budget of $228.5 million in FY 80 provides for grants,
loans, and Joan guarantees for public - works projects,
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business development, planmng, technical assnstance, -and
economic: ad;ustments. ; ’

4, FmHA allocates grants, ‘loan guarantees, and loans for
~ community - programs, busmess and industrial programs,

" single family housing programs,‘ ‘multiple family -housing
 programs and farmers' programs (FY 80 budget about $8
billion).

The Task Force has recommended a follow-on 1mplementatlon plan:to
increase and expand the eﬁorts of the Councrl. The. plan, approved by ‘the Council
at ‘its September 1980° meetxng, includes: () development of a reahstlc upper bound
of Federal asmstance to geothermal development- 2 expansnon of : the Task Force
membershxp, (3) closer coordinatlon of Federal assxstance pro;ects, and (4) develop-
ment of a geothermal Federal assrstance fact book '




Table A.l

COMPLETED ACTION ITEMS OF THE IGCC, FY 79 & FY 80

Date Recommended Assignment Description of Recommended Action

+ Status

January 18, 1979 Streamlining Task Force The Streamlining Task Force was directed to
discuss recommendations 13, 14, &, 17 with CEQ
staff and report any problems to the Council.

January 18, 1979 Streamlining Task Force  DOE Environment Office (Ruth Clusen) should
be given the opportunity to comment on these
recommendatnons.

January 18, 1979 Streamlining Task Force The recommendations should be costed out in
_ - terms of personnel and funds, and each agency
. should be apprised of its required contribution.

January 18, 1979 Streamlining Task Force The Institutional Barrier Panel was directed
to prepare letters from the Chair to the
responsible agencies citing the relevant
Streamhmng Task Force recommendatnons and
urging prompt 1mplementatnon. :

January 18, 1979 Streamlining Task Force Recommendation to issue a noncompetitive
lease unless area is in a KGRA at the time of
applications was remanded to the Streamlmmg
Task Force for further study, and is to be
presented at the next Council meeting.

January 18, 1979 Streamlining Task Force Mr. Short was directed to provide suggestions
: for the composition of the permanent group
to be designated to implement the
recommendations in the report of the
Task Force.

Completed
No problems reported

Completed

Council moved on the
recommendations without

this report

éompleted March 1977

Incorporated in Bill
pending in Congress

Completed

A




'Datée Recommended’

Assignment

% Description ef Recemmended'Action .

- Status

_ January 18, 1979

January 18, 1979

January 18, 1979
. January 18, 1979

January 18, 1979

- Jdnuary 18,1979

. J'anuar')rwlé,“ 1'1975‘

~ Staff Committee

Staff Committee

Institutional Barrier

Panel L

Instltutnonal Barrler :
: Panel

Institutional Barrier
Panel

" 'Budget and Planning
- Working Group .

Staff Committee

-'Letters are to be prepered"issuing invitations
" to the Department of Commerce; Department of =

Defense, and the Department of Housing and -

“ Urban Development to membershnp on the IGCC.

: The report of the Streamlmmg Task Force will

be publicly available and copies sent to the

. White House and Congress.

- Members were directed toreview: the proposed

- ~omnibus legislation in detail and submit

~ any problems, comments, or changes to the
lnstltutxonal Barrler Panel by February 1.

Mr. Stephens wxll coordlnate the IGCC's.

legislative proposals with the Policy Office

Each agency was directed to submit initial
reactions on the proposed legnslatwe actions

to the Chalr by February l. :

: Councnl members are to review the summary
_in Section 2 of the Third Annual Report

which reports the Council's responsibilities,
and submit comments to Dr. Abel.‘ S

" Establish a permanent task group to review

and make recommendations to review DOI/
DOA/DOE geothermal regulations and
special lease stipulation policy.

Comp!etedk |

Completed March 1979

Completed

~ Completed

“‘of DOE as well as with the Economnc Regulatory et
*Administration of DOE. - i

. Completed

. Completed February 1979

Establish Leasing and
Permitting Panel,
August 28, 1979

sev
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Date Recommended Assignment Description of Recommended Action Status
March 26, 1979 DOI & DOA Establish coordinators, modify agreerﬁéﬁts, and DOA has established -
" improve coordination among and within Federal, coordinators; DOI has
state, and local government agencies. established coordinator
L T positions in each State
BLM Office
March 26, 1979 DOI & DOA Increase program priority for and management DOA and DOI have sent
commitment to geothermal development. .= - . memoranda to field
March 26, 1979 DOI & DOA Modify proposed power plant siting régulations Completed
to clarify readjustment rentals.
March 26, 1979 DOI & DOA Provide, as an alternative, leases based upon Implemented >
: separate environmental assessment of =3
exploration and development phases.
March 26, 2979 DOI & DOA Use generalized, areawide environmental Implemented
assessments through the land management -
planning process in prelease review and
. detailed site specific studies for post-
lease actions. Co e ‘
‘Expedite the wilderness/roadless review ' -

Mal:ch 26, 1979

March 26, 1979

March 26, 1979

DOI & DOA

- DOE

DOE

process and prioritize study areas where
geothermal potential is high.

Encourage DOE to tier environmental assess-

ments concerned with the loan guaranty program.

Urge prompt implementation of the foregoing
recommendations and provision for the
needed capability to do so.

Study is completed

Implemented

Completed
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A

Date Recommended . .-+

- Assignment

be'scripti_onfof Recommended Action

" Status

August 28, 1979
Augost 28, 1979

"}'\ugAust 28, 1979
August 28, 1979
"Augost 28, 1979

August 28, 1979

August 28,1979

August 28, 1979

DOC -

Council Chairman

lnstitutional Barrier
Panel

Institutional Barrier

Panel

EPA

Staff Committee -

Budget and Planning
Working Group

Deputy Assnstant Secretary Curlin (Commerce)
will suggest that appropriate actnon in .

| Commerce be given to geothermal energy. and
to the IGCC. S

T A S TR A

Mr. Kluckhuhm’ (HUD) will find out lf Urban -
Development Assistance Grants could be used

‘to develop geothermal heat m cmes that
‘qualify for the grants. o

‘Gus Speth will be asked 1f CEQ has the tlme,

'personnel, and mterest to )om the IGCC.

: DOE was to report at the next meetmg on
- appropriate roles for. IGCC agencies m L
.geothermal trammg actnvmes. fl_,j

i

The Institutional Barrier Panel will look
.into the need for continued NSF membershnp
in the IGCC. | ,

jkMr. Reznak (EPA) was directed to provnde

Councif members with EPA's plans for

. dealmg w:th PSD and BACT

A Council meeting was to be scheduled for . .
December. The agenda should include progress

reports on H2S, on Island Park, on information

- of the Environmental Controls Technology. Panel,

and on the Resource Panel.

The Budget and Planning Working Group was
directed to prepare an integrated budget
for FY 81, based on September 15 agency
submissions.

Jerry Jasinowski
appointed to Council

Completed

Cities can use UDAG

CEQ declined

Completed
Specific geothermal
training not required

Completed '
NSF not needed )

‘lhformatioh sent

. .Held February 6, 1980

Completed memo to
OMB
October 22, 1979

- lE'Y
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Date Recommended

Assignment

Description of Récommended Action

Status

February 6, 1980

February 6, 1980

February 6, 1980

February 6, 1980

February 6, 1980

February 6, 1980

Budget and Planning
Working Group

Staff Comfnittee

Environmental Controls
Panel

Staff Committee

Staff Committee

The BPWG was tasked with developing a joint
interagency plan. Concurrence with such an
effort will be sought by phone following the
first meeting of the BPWG, probably in March.
A draft will be due mid-June, with the final
report to be provided by mid- to late July.

The proper Congressional committees will be
notified that the IGCC is reviewing and
preparing a position on legislation relating

to the protection of national park geothermal
resources. The Council position (or agency
positions) will be made within 3 weeks.

* The charter of the Leasing and Permitting

Panel was approved. Appointment of a
Chairmanship was remanded to the Department
of the Interior. .

The Environmental Controls Panel was directed
to provide specific recommendations for areas
of research concerning environmental controls,
the kind of research, the level of funding, and
which agencies would be appropriate for doing
such research. ‘

An ad hoc group was established to delineate
the funding, the economic incentives, and

the loans and other financial incentives
available from various government agencies
that could be used for geothermal development.

The Council agreed to hold meetings quarterly,
with the next meeting to be scheduled in May.

Draft delivered to
Staff Committee

June 2, 1980. Final
was submitted to
Council September 26,
1980, and approved

Action presented by
omB

Completed

Final report to be
submitted to Council
September 26, 1980

Financial/Grants
Task Force established

Moved to
September 26, 1980

8€°'V




" “Table A.d'(Cont)

Status

“'Date Recommended * ' - ' Assignment e Description' of Recommended Action
September 26, 1980 Budget and Planning ‘ AThe Federal Geothermal Program Plan, as 'Subvmtted o
S R - Workmg Group produced by the BPWG, was accepted. * ?-October 1980
* Agencies were given until the first week
‘ :ln October to comment on the report, at ]
. “which time it was to be sent to the Office’

 September 26, 1980

_ September 26, 1980

September 26, 1980

Budget and Planmng
““Working Group ‘

anancnal/Grants Task
Force’

, Fmancnal/Grants Task
“"»Force el

“of Management and Budget, as backup to the

FY 82 exercise.

- “The BPWG was dlrected to send a copy of
" the 4th Geothermal Progress Monitor to
, the Edison Electrlc lnstntute. L

“_'}_The Report of the Task Force was accepted by
- 'the Council.

* The Councnl authorized the follow—on nmple-
f ‘mentatnon plan of the Task Force. R

'C;ompl"eted:

Completed |

6€ v




Table A.2

INCOMPLETE ACTION ITEMS OF THE IGCC, FY 79 & FY 80

Date Recommended

Assignment

Description of Recommended Action

Status

January 18, 1979‘
January 18, 1979
January 18, 1979
March 26, 1979
March 26, 1979
Ma‘rcl:hk 25, 1979
Marﬁch 2§:‘ 1979

March 26, 1979

Streamlining Task Force
Institutional Barrier

Panel

Institutional Barrier
Panel

DOI, DOA & DOE
DOI & DOA

DOI & DOA

DOI & DOA

DO1

Recommendation to require a 30-day limit on
prelease permit applications was remanded
to the Streamlining Task Force for further study.

The Institutional Barrier Panel was directed
to study further the proposals for investment
tax credits for geothermal pro,ects.

Questions concerning the eligibility of
injection wells for the intangible drilling
cost deduction need further study.

Compile a comprehensive handbook of

regulatnons with flow diagrams,

Initiate a training and education program -
for Federal field managers with management
responsibilities in the geothermal program.

Requireé a response‘wlthm 30 days for non-
competitive lease applications and indicate
anticipated actions and time requirements.

Require a 30-day time limitation on post-

'lease response to permit applications. .

Revise geothermal lease form.

Task transferred to LPP
No action

Delayed--awaiting com-
pletion of new finan-
cial analytical models

De:l_?erred--a‘waiting
treatment under existing
law

DOI requested inputs--
now jnactive
Low priority

Program proposed in DOI--
not acted upon
Low priority

DOA--drafted revision
for FS manual
DOI--not acted upon .

DOA--included in draft
revision to FS manual
DOI--not acted upon

DOI meeting proposed in
FY 81 on general
stipulations, pending
approval by BLM

oy°v




Séptembér 26,1980

" Table A.2(Cont.)

Date Recommended

;,_Assignﬂme‘nt

""‘;Des;fi'iption'ibf Recommended Action: | ~ Status

March 26, 1979

August 28, 1979

.August 28, 1979

February 6, 1980 _

February 6, 1980

DOI

‘Council Chalrman_

flnstltutnonal Bamer N
-Panel \ 5

Staff Committee :

ki Foioe s :

Institutional Barrier

Panel
Leasing and Permxttmg

_Panel

~DOAXDOl

Review and revise KGRA designation criteria. ~ Drafted—-November 1979

Held up for law

‘It was i‘écbmméndéd ‘that Mr.Cu‘tléf,'Mr. Mclssac, Not completed
and Ms. Davenport get together to discuss the S

choices between energy and environment issues

‘associated with geothermal development.

‘The Institutional Barrier Panel will review . ; DOI has a proposed policy
“which agency, DOE or DOI, has the authority . statement on this issue

to issue regulations relating to establishing

_'royalties for nonelectrlc geothermal productlon.

“Comments on the Progress Monitor should be Comments received only
: submltted to Mr. Black by February 20, .- = from Department of

LR T B e e T “Agriculture

‘ The Institutional Barrier Panel, in conjunction No action

' with the Leasing and Permitting Panel, will

“determine the agency positions on protection

-of national park geothermal resources. The

. positions will be reviewed by the IGCC. and

‘then transmitted to Congress.’ ' A

" The Council agreed to send a letter to DOA Unknown’

and DOI requesting an investigation of the

_slow pace of leasing of Federal lands for

geothermal development, a schedule for future

_ leasing, and the allocation of resources to

meet the schedule. DOA and DOI Council members
have one week to review the draft letter and
return comments to Mr. DiBona (by October 3).

9°V
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Date Recommended

Assignment

Description of Recommended Action

Status

September 26, 1980

September 26, 1980

September 26, 1980

September 26, 1980

September 26, 1980

Environmental Controls
Panel

Staff Committee

Environmental Controls
Panel

Budget and Planning
Working Group

Staff Committee

The Council approved for publication the
first report of the Environmental Controls
Panel, "Status of Environmental Controls for
Geothermal Energy," with the directive that
the report be brought up to date with current
regulations. =

The Council agreed to send letters to DOE,
EPA, and DOI, recommending the Environmental
Controls Panel's findings on priority research-
areas and funding levels necessary to develop
adequate contro!s by 1985.

The Panel was directed to examine questions
concerning hydrological alterations, and
whether pending legislation poses impediments
to geothermal development. - '

The BPWG was instructed to consider the
results of the DOE Geothermal Market
Penetration Study in revising the IGCC's
goals, and should factor those results
into the 5th Annual Report.

The Council agreed to hold semiannual meetings
(changing an earlier decision to have quarterly
meetings), with extra meetings called as re-
quired. The Staff Committee is to review the
Charter and prepare the necessary change. The
next meeting is scheduled for January 1981.

Not completed

Unknown

Unknown

Not completed

Not completed

(420
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HISTORY OF THE FEDERAL GEOTHERMAL PROGRAM

Geothermal energy has been used in the United States in isolated cases
since the late 1800's. However, serious commercial interest did not arise until the
late 1960's, when growing concerns over diminishing energy resources led to
demands for the development of new, cleaner sources of energy such as solar and
geothermal. Since then, both legislative and program actions have been directed at '
stimulating the development of geothermal energy.

The first Federal program activity was undertaken by the USGS in 1969,
when they compiled a limited assessment of geothermal resources. This assess-
ment was drawn from basic research that the USGS has been conducting since 1945
to assess national resources.

Legislative action followed shortly thereafter with the passage of the
Geothermal Steam Act of 1970 (PL 91-581). The Act establishes guidelines for
leasing and production, and for the judicious use and conservation of geothermal
resources. The Act states:

e ...the Secretary of the Interior may issue leases for the
development and utilization of geothermal steam and asso-
ciated geothermal resources (1) in lands administered by
him, including public, withdrawn, and acquired lands, (2) in
any national forest or other lands administered by the
Department of Agriculture through the Forest Service,
including public, withdrawn, and acquired lands, and (3) in
lands which have been conveyed by the United States
subject to a reservation to the United States of the geo-
thermal steam and associated geothermal resources therein.

e If the production, use, or conversion of geothermal steam is
susceptible of producing a valuable by-product...the Secre-
tary shall require substantial beneficial production or use
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thereot...(except) in ‘the Interest of conservation of natural
resources. TN e e e

¢ ..the lessee will...use all reasonable 3'precauti'ons to prevent
) waste of geothermal steam and assocxated geothermal

" resOurces...

The Geothermal Steam Act also provides broad authonty for the Secretary
to issue regulatzons govermng geothermal operatxons on leased Federal lands,
including conservatlon of resources, protection of the env1ronment and protection -

of the publxc 1nterest. ;

'By 1971 there was momentum enough to’start a geothermal program in the
Atomic Energy Commissxon. The AEC Act had been amended to mandate research
" into’ energy sources other than nuclear power. ‘The Division of Applied Technology
g mcluded Coal Electrlcal Storage, Solar, and Geothermal offices.  Even though the
" main emphasls was placed on geothermal technology, there was an attempt to
B relate the program to industrial apphcatxons. ‘At approxlmately the same time, the
- Nanonal Scxence Foundatlon considered geothermal energy. in its Research Applied
to National Needs' pro)ect. NSF thereafter became the lead agency for geothermal
“activities. In 1973 the USGS, AEC, and NSF prepared the flrst coordinated Fedetal

: ’geothermal program plan. " ' : -

As the néed for even more rapxd development of ‘geothermal energy

‘technologles as well as resources became 'evident, ‘the Congress enacted the

-Geothermal- Energy Research Development, and Demonstration Act of 1974 (PL
© 93-410), which affirmed the potentlal benefits to the Nation of geothermal energy

;’""-development and defined the’ major’ components of a coordmated Federal program
' :‘;to reahze these beneflts. The Act states that'”“ ISR R e

" ‘e .geothermal resources...whxch have extremely large energy' e
content...are known to exist; (but)...technologxes are not
presently avallable for the development of most of these
:’geothermal resources, but technologies for the generatlon of
electric energy from geothermal resources are potentially

economical and environmentally desirable, and the develop-
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~ment of geothermal resources offers possibilities of process
energy and other nonelectric applications...

e Federal financial assistance is necessary to encourage the
extensive exploratmn, research, and development in geo-
thermal resources which will bring these technologies to the
point of commercial application...

- @ . The Federal Government shou‘ld encourage and assist prjvate
industry through Federal assistance for the development and
demonstration of practicable means to produce useful
energy from geothermal resources with envﬁonmentally
acceptable processes.

To achieve this goal, the CongreSS estébiished through the Act the
Geothermal Energy Coordination and Management Project (now identified as the
Interagency Geothermal Coordinating Council) and directed the Project to develop
and. report to the Congress ‘a coordinated Federal program. The Prbgram
. Definition Report (ERDA-86) was submitted and published in October 1977. The
Program directed by Congress included demonstration plants, loan guaranties, and
extensive lists of other necessary activities to be undertaken, including regional
and national resource surveys, drilling research, information clearinghouses in the
states, development and recommendation of policy, and environmental impact
assessments. It also authorized the National Science Foundation to encourage
international participation in educational programs to train the personnel necessary
for these expanding activities.

- The wide range of the functions and activities named in PL 93-410 and
other energy legislation, and the importance of their success to the Natwn, led the
Congress to promulgate the Energy Reorganization Act of 1974, which established
the Energy Research and.Development Administration (ERDA). The responsibili-
ties of the new agency included: |

e exercising central responsibility for policy planning, coordi-
nation, support, and management of research and develop-
ment programs respecting all energy sources




' B.6

"' "encouraging and conducting research and development,
‘including demonstration of commercial feasibility

e ‘engaging in and supporting environmental, biomedical, phys-
"' jcal and safety research related to the:development of
' energy sources and utilization technologies -

- @ taking into account...other public and private research and
~development activities :

e - participating in and supportmg cooperanve research and
-~ development projects . . :

‘e making available ‘for distribution, scientific and technical
‘information concerning the manufacture or: development of
energy g :

Y ~creating ‘and ‘encouraging the development of general infor- -
' mation to the public on all energy conservation: technologxes RS
and new energy sources : : U

o encouraging and conducting research and ‘development in

~energy conservation...toward ‘the “goals of reducing total

energy consumption...and toward rnaximum possible im-
‘provement in the efficiency of energy use - .- :

e encouraging and participating in international cooperation in

energy ‘and related environmental research.and development

.o helping to ensure an adequate supply of manpower for the
accomplxshment of (energy R&D programs)

. encouraging and conductmg ‘research: and develoPment in -
clean and renewable energy sources. - “

" Responding "to the 7urgency>of the Nation's energy challenge, the Congress

-+ .farther classified and enlarged the scope of ERDA's responsibilities in the Federal
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Non-nuclear Energy Research and Development Act of 1974 (PL 93-577), which
emphasized that "proper priority"” must be given "to developing new non-nuclear
energy options to serve national needs, conserve vital resources, and protect the
environment." ~ Besides reiterating the high priority to-be given to energy
conservation and the importance of taking the environmental and social conse-
quences of proposed programs into account, the Act required that ERDA submit a
comprehensive program plan each year to the Congress. It repeated the directive
of PL 93-410 that commercial demonstrations of geothermal energy technologies
and environmental control systems be accelerated; called for joint Federal/industry
experiments, demonstration plants, and corporations, along with other forms of
Federal assistance; and required the promulgation of "regulations establishing
procedures for submission of proposals to (ERDA) for the purposes of this Act."

Seeing the rapid growth of energy programs in the past decade, Congress
acted to consolidate the energy-related functions and responsibilities of several
different agencies, primarily ERDA, FEA, and the FPC, under the aegis of the
Depariment of Energy, creating a cabinet post for this important area of
Government activity. The DOE Organization Act of 1977 (PL 95-91) consolidated
and updated earlier Acts, giving bngoing and new programs continued guidance and
support. The objectives of the Act are:

e to achieve...effective management of energy functions...and

to promote maximum possible energy conservation measures

e to provide for a mechanism through which a coordinated
national energy policy can be formulated and implemented

e to place major emphasis on the development and commer-
cial use of solar, geothermal, recycling and other technolo-
gies utilizing renewable energy resources.

The Act also emphasized the importance of coordinated efforts with the
states, local entities, the public, private industry, and other nations, and it
reiterated the Congress' concern with protection of the environment.

Originally ERDA's orientation to geothermal energy was primarily techno-
logical. Although demonstration projects were envisioned, no funds were appropri-
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ated ‘for them. The ERDA activities were aimed at electric power production,
almost entirely to the ‘exclusion of nonelectric uses. A fogmal’comfnerCialiiation
‘program was established only with the organization of the Department of Energy
(DOE) in 1977; however, the concept of ‘involving industry in'geothermal develop-
ment had been implicit from the beginning of Federal involvement in geothermal
‘activities. In 1975, ERDA's Division of Geothermal Energy (DGE) had started to
‘phase in commercialization activities, but kept  these -activities closely tied .to
‘basic’ research. “In 1979, the Division of Geothermal Resource Management was
‘created under the Assistant Secretary for Resource Applications of DOE; research
‘and development continued in DGE ‘under the Assistant- Secretary for “Energy
Technology. Subsequently, DGE was placed ‘within Resource Applications as well.

" Legislative efforts continue to provide economic incentives for the devel-
‘opment of geothermal resources. In April 1980, the Crude Oil Windfall Profits Tax
‘Act (PL 96-223) was signed by the President. The law provides tax credit increases
‘over those provided by the National Energy Act. The investment tax credit for
‘gedth’e’rrﬁa’l : eduipment is ‘increased ‘to' 15% in excess of the normal 10% “and
“extended through 1985, The residential credit " is-in'creased_ to 40% of the first
'$10,000 in expenditures for geothermal equipment, for a maximum  of $4,000.
*'fFlnally, a tax Credit is provided equal’ to ‘10% of the cost of cogeneration
equipment. ~ Geothermal systems designed to tap waste heat or steam would
qualify. : .

The Energy Security Act (PL 96-294) was enacted in June 1980. Title VI,
the Geothermal Energy Act of 1979, contains the following major provisions:
(1) An-$85 million ’five-yeef"prog}afn under which the ‘Federal govern-
‘mént will share the risks of drilling for commercially viable geothermal resources.
Loans will cover 50% of the Cost of surface exploration and drilling and 90% of the
.‘Cbst of a project to use "geotnerniel for spece ‘Conditlbning‘ ‘or process heat. " The
loans’ ‘will be repayable out of pro;ect revenues ‘and will be wholly or’ partlally ,
- forgivable if a project is unsuccessful. Because ‘the high -economic risk’ percelved
by drillers and developers is consxdered to-be ‘one of the major” forces slowing
;development, the reservoir confirmation loan program is expected to accelerate
the rate of exploration for and confirmation of geothermal reservoirs. Authoriza-
tion is $5 million for FY &l and $20 million for each of fiscal years 1982 through
1985.
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(2) . A program authorizing DOE to grant low-interest -forgivable loans to
rcover up to 90% of the cost of feasibility studies and regulatory applications and up
to 75% of the construction costs of nonelectric systems. Five million dollars is
authorized for feasibility studies in FY '_81. |

(3) A DOE study to examine the need for and feasibility of a Federal
reservoir insurance and reinsurance program. On the basis of the report, Congress
will determine whether to authorize a program of insurance or reinsurance against
the risk of reservoir failure after investment of at least $1 million has been made
in reservoir development and use. . The direct insurance would be provided only
where the developer could not obtain private insurance at reasonable premiums.

(4) Modification of Geothermal Loan Guaranty Program (GLGP). The
law extends the life of the GLGP from 1984 to 1990 and provides an increased level
of assistance under the program. Loan guarantees for loans to municipalities and
public cooperatives will be increased from 75% to 90% of project costs. PL 96-294
also includes provisions to expedite processing of loan guarantees; such reforms
include a four-month deadline for processing applications, requirements to give
faster consideration to applicants for nonelectric projects, and a requirement to
eliminate duplicative Environmental Impact Statements under NEPA for loan
guaranty applications.

(5) A provision requiring consideration of the use of geothermal energy
in new Federal buildings or facilities in areas designated by DOE.

(6) New authorities under PURPA. The law explicitly includes geother-
mal facilities of 80 MWe or less in the small power producer category under the
Public Utility Regulatory Policies Act (PURPA). Geothermal facilities qualifying
.as small power producers are eligible for interconnection, wheeling of power
through grid transmission lines, exemption from the Federal Power Act and the
Public Utility Holding Company Act, and other utility orders as determined by
FERC. Multiple geothermal units at a site are also eligible for exemption from
public utility regulation, provided their combined capacity does not exceed 140
MWe. The law also allows utility-owned plants to qualify for these exemptions and
for wheeling and interconnection. ;
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The latest considerations by the Federal government include Federal
leasing and permitting reforms; seVeral Federal geothermal leasing bills are under
consxderatxon by the Congress. They would mcrease acreage hmltatxons, redeﬁne
KGRA's, requ1re expedrted leasmg procedures, and require geothermal productxon
‘goals for Federal lands. Bills passed both the House (HR 6080) and the Senate (S

'1388) during 1980. A summary of the significant events in the development of
geothermal energy is presented in Table B.1. - S .
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Table B.1 .

SIGNIFICANT EVENTS IN THE DEVELOPMENT OF GEOTHERMAL ENERGY

IN THE UNITED STATES

o 189
e 1900
e 1916
o 1927
e 1959
e 1960
e 1970
e 1972
e 1973
e 1974
e 1975

e 1977
e 1978
e 1979

District Heating in Boise, Idaho
Hot Water to Homes in Klamath Falls, Oregon
Power Generation at Geysers Resort

First Exploratory Geothermal Wells Drilled in Imperial Valley,
California, by Pioneer Development Company

Small Pilot Plant Operated Near Niland, California, on Sinclair
No. 1 Well

Commercial Electricity Generated from Dry Steam at The
Geysers (California)

Geothermal Steam Act Passed '

NSF Becomes Lead Agency for Federal Geothermal Programs
USGS, AEC, NSF Prepare First Federal Geothermal Program
Geothermal RD&D Act Passed

First Federal Lands Leased

ERDA Formed; Division of Geothermal Energy Formed Primarily
from NSF, AEC

USGS Releases First National Geothermal Resource Estimates
and Inventory

DOE Formed; DGE Kept Intact
NEA Tax Act Passed

EPA Issues Pollution Control Guidelines for Geothermal Energy
Development

Successful Hot Dry Rock Experiment Conducted (New Mexico)
First Geothermal Crop-Drying Plant (Nevada)

USGS Releases Updated National Geothermal Resource Estimates
and Inventory :
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" Table B.1 (Cont.)

1979

1980

10 MWe Plant Built by Industry at East Mesa (California)

Streamlining Task Force Recommends to IGCC Measures To
Speed Federal Leasing

First Production from Federal Lands, at The Geysers (California)

World's First Commercial Binary Cycle Plant (10 MWe) Built by
Industry at East Mesa, California

World's Largest Single Geothermal Power Facility (129 MWe)
Generator Electnczty at The Geysers, Cahforma

10 MWe Flash-Steam Plant Built by Industry at Brawley,

vCahforma

Flrst Producti'on' of Electric ‘Power;fror'n{a‘ Hot bry/ Reck Resource
at Fenton Hill, New Mexico

First Geothermal Ethanol Plant in Productlon at La Grande,
Oregon, under Private Fundmg

First 5 DOE-Sponsored Field Demonstrations of Direct Heat
Applications Became Operational

First Deep Geothermal Reservoir Confirmation Well Drilled in
Atlantic Coastal Plain near Cristfield, Maryland

Crude Oil Windfall Profits Tax Act Passed--Provides Tax Credit

- Increase for Geothermal Equipment

Energy Secunty Act, Contammg Title VI, "The Geothermal
Energy Act of 1979," passed _




c.l

Appendix C

METHODOLOGY FOR SETTING MARKET PENETRATION ESTIMATES
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METHODOLOGY FOR SETTING MARKET PENETRATION ESTIMATES

INTRODUCTION

The 20-year market penetration forecast for hydrothermal electric power
was estimated by Technecon Analytic Research, Inc. Starting with the resource
discoveries forecasted by UURI/ESL, Technecon applied quantitative investment
decision analysis techniques to estimate time-wise power development profiles at
each discovery. The results of this computerized and statistically sound approach
are estimates of the likelihood of various levels of megawatts on-line at the
several resource sites over the 20-year time frame.

Hydrothermal power development at each resource discovery is dependent
upon a joint investment decision to (a) develop the well field and (b) construct
power plant and transmission facilities. Technecon's methodology considers
multiple investment objectives of both (@) well field developers and (b) electric
utilities as they relate to the respective investment decisions. This methodology is
capable of estimating the likely investment behavior of major resource
corporations, independent operators, third-party financiers, investor-owned

utilities and tax-exempt municipal utilities.

In early 1978, under contract to the U.S. Department of Energy,*
Technecon conduted interviews with no fewer than 70 executives from
geothermally active firms in the above categories. Many of these interviews have
been repeated periodically since 1978 to update pertinent data. The interviews
provided both qualitative and quantitative insights into the investmenfobjectives
and decision criteria of these firms. The decision models applied by Technecon in
the model are based upon statistical regressions of data obtained directly from
these firms over the past three years.

*Contract No, DE-AC-02-79ET27242; Dr. Fred Abel, U.S. DOE Division of
Geothermal Energy Program Manager.
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MODEL DESIGN - . ..

Figure C.l illustrates the structure of ;the: hydrothermal electric power
model. _Followlng is a summary of the model which discusses the sequence of
computerized operations progressing . from left to right through the schematic
diagra'm: : .

The hydrothermal power market estimates are prepared on a: slte-by-sne o

basis.: Resource dlSCOVél‘y characterlstlcs provided by UURI/ESL ‘are. provided to '
two detalled cash  flow programs. | One program simulates the life of a :
hydrothermal ‘power plant. The economically optimum combination of pumped :
versus unpumped wells and bmary versus flash plant design is selected at each site.
Well field and power plant performance data from EG&G Idaho, Inc. lS used in

. these computerlzed cash flow programs. Tables Cil through C.4 list the several

mput data parameters that are provxded to the cash flow analyses. ;

The two cash flow programs 'are executed probabilistically to account for

= uncertainties and risk perceptions that are inherent to many geothermal ventures. ‘
: Exght stochastic variables within the cash flow (i.e., resource temperature, well

flow, well cost, well life, dry well fractlon, reservoxr size, reservoir life and plant

avaxlablll_ty) vary over time as a functlon, of on-site productxonv experience, number

of wells ‘drilled and acreage in productiOn." ‘ Figure C.2 presents the several

' stochastlc parameters, the probabxhty proflle assoc1ated wt‘th each, and the

mdependent variables that influence time-wlse changes in the probablllty profiles.

Results from the well field and power plant cash ‘flow simulatlons are then
provided to the respectlve decision models of the resource developer and of the
electnc utility. = The decmon models analytlcally compare the geothermal

‘, mvestments to alternatlve mvestment opportunities avallable to each type of flrm.'

From the resource developers' point of view, comparlsons ‘are made in terms:of
return, duratlon of mvestment exposure, project sxze, amount of capxtal at risk,
and the probablllty of prOJect fallure. From the electric utilities' point of view,

t *Reservoir :risk ,—;perceptions and time-wise variances are based upon the
recommendations of three consultants: Dr. S. Sanyal of Stanford University; D.

- Goldman of EG&G Idaho, Inc.; and E Clancanelh of Cascadxa Exploration
»Corporatxon, San Dlego. L . .
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" Table C.1
RESOURCE PARAMETERS

BRINE CONTAMINATION INDEX
CONFIRMATION WELLS REQUIRED
DEVELOPMENT COMMITMENTS TO DATE -
DRY WELL COST
DRY WELL FRACTION
FINDING COST CAPITALIZED
' FINDING COST EXPENSED - .

FIRMS JN JOINT VENTURE
FLOW JEST AND MODELING cosr

"LAND RENT ' :
LEASE|BONUS - S :
OPERATION AND MA!NTENANCE EXPENSE ‘

~ PERMITTING EXPENSE

PRODHJCERIINJECTOR RATIO

- PRODUCIBLE ACREAGE AT 50% CONFIDENCE
PRODUCIBLE ACREAGE AT 99% CONFIDENCF.
REDRILL cosr -

>F RESOURCE DEVELOPER
OST.

LOW, FREE

FLOW, PUMPED

PUMP THRESHOLD
 WELL{SPACING -
" YEAR|OF DISCOVERY

SOURCE: TECHNECON'
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Table C.2
"POWER PLANT PARAMETERS

R _ " _ mikhi . " SRR,

BOOK LIFE OF ALTERNATIVE PLANT

BOOK LIFE OF HYDROTHERMAL PLANT
CAPACITY FACTOR OF ALTERNATIVE PLANT
CAPACITY FACTOR OF HYDROTHERMAL PLANT
CAPITAL COST OF ALTERNATIVE PLANT
CAPITAL COST OF HYDROTHERMAL PLANT
CAFITAL COST OF TRANSMISSION

EFFICIENCY OF HYDROTHERMAL PLANT

FUEL PRICE OF ALTERNATIVE PLANT
'INSURANCE PREMIUMS

LAST YEAR OF PROJECT OPERATION
RECURRING ANNUAL COST OF ALTERNATIVE PLANT
RECURRING ANNUAL COST OF HYDROTHERMAL PLANT
REPLACEMENT POWER COST

REPLACEMENT POWER COST ALLOWABLE

SIZE OF HYDROTHERMAL PLANT

TIME FROM DECISION TO PLANT ON-LINE

TIME INTERVAL BETWEEN PLANTS

TYPE OF PLANT (FLASH/BINARY)

TYPE OF UTILITY '

WRITE-OFF PERIOD ALLOWABLE

SOURCE: TECHNECON
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ECONOMIC & FINANCIAL PARAMETERS

_ALTERNATIVE PLANT COMMON STOCK COST -
.~ ALTERNATIVE PLANT COMMON STOCK FRACTION:
" ALTERNATIVE PLANT LONG-TERM DEBT COST
ALTERNATIVE PLANT LONG-TERM DEBT FRACTION
~ ALTERNATIVE PLANT PREFERRED STOCK COST
- ALTERNATIVE PLANT PREFERRED srocx FRACTION
- ELECTR!C Um.rrv DEBT OBLIGATIONS a
'ELECTRIC UTILITY GROWTH RATE -
ELECTRIC UTILITY NET INCOME
'HYDROTHERMAL PLANT COMMON STOCK COST
HYDROTHERMAL PLANT COMMON STOCK FRACTION **
_ HYDROTHERMAL PLANT LONG-TERM DEBT COST .-
" HYDROTHERMAL PLANT LONG-TERM DEBT FRACTION
HYDROTHERMAL PLANT PREFERRED STOCK COST.
~ HYDROTHERMAL PLANT PREFFERED STOCK FRACTION
" INFLATION RATE FOR GOODS AND SERVICES :
INFLATION RATE POWER PLANT CONSTRUCTION -
~ INFLATION RATE FOR POWER PLANT FUEL (REGIONAL)
'RESOURCE DEVELOPER'S DISCOUNT RATE
THIRD PARTY'S DEBT INTEREST RATE
THIRD PARTY'S DISCOUNT RATE
THIRD PARTY'S EQUITY FRACTION
THIRD PARTY'S RETURN ON EQUITY

" SOURGE: TECHNECON
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Table C.4
" TAX PARAMETERS

FEDERAL TAX RATE FOR RESOURCE DEVELOPER

FEDERAL TAX RATE FOR ELECTRIC UTILITY ALTERNATIVE
FEDERAL TAX RATE FOR ELECTRIC UTILITY HYDROTHERMAL
FEDERAL TAX RATE FOR THIRD PARTY _

INTANGIBLE FRACTION OF WELL COST

INVESTMENT TAX CREDIT FOR NON-UTILITY HYDROTHERMAL
INVESTMENT TAX CREDIT FOR ELECTRIC UTILITY ALTERNATIVE .
INVESTMENT TAX CREDIT FOR ELECTRIC UTILITY HYDROTHERMAL
LOCAL TAX RATES '

MINIMUM TAX RATE ON PREFERENCE ITEMS

PERCENTAGE DEPLETION ALLOWANCE SCHEDULE

STATE TAX RATE FOR ELECTRIC UTILITY ALTERNATIVE

STATE TAX RATE FOR ELECTRIC UTILITY HYDROTHERMAL
STATE TAX RATE FOR RESOURCE DEVELOPER

STATE TAX RATE FOR THIRD PARTY

TAX RATE FOR ALTERNATIVE PLANT

TAX LIFE FOR HYDROTHERMAL PLANT

TAX LIFE FOR WELL FIELD CAPITAL

SOURCE: TECHNECON
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comparisons are made in terms of: electric energy production cost (mills/kWh)
delivered to a main transmission corridor, plant availability, net plant output, and
risk to corporate or municipal bond rating.

The resource developers' decision model is described in considerable detail
in Technecon's publication entitled "Geothermal Investment and Policy,‘ Analysis
with Evaluation of California and Utah Resource Areas".* - This publication
describes the decision modeling technique of integrated multiattribute -utility
analysis and logic choice estimation which is also apphed to the electric utilities'
" decision model. Documentation of the latter model will be forthcoming in the

winter of 1980. | ' | N

The two decision models provide estimates of the numerical likelihood of
investment in a specnfied hydrothermal opportumty by resource developers and by
electric utilities, respectively. These models are statistically strong in their
ability to reproduce investment preferences as expressed by the respective firms in
executive interviews and in demonstrated field pi'actice. Statistical indicators of
confidence include a high coefficient of determination (corrected for degrees of
freedom) of 0.86 and an F-statistic at the 99% eonfidence interval.

Resource selling price is the negotiable variable that couples the well field
cash ﬂow and the power plant cash flow. A high price 1mproves investment returns
to the resource developer and generally increases his likelihood of investment.
Meanwhile, a low price lowers the production cost (mills/kWh) of hydrothermal
electric energy and generally increases the electric utility's likeliheod of
investment. Technecon's computer-based simulation of resource price negotiation -
uses an iterative technique to converge on a price that maximizes the joint
likelihood of investment (PpPy in Figure C.l) by both parties. ,

When estimatmg the time-wise development of a specmed resource
discovery, each plant addition is evaluated separately. This evaluation is repeated
in successive time periods until either the 20-year time horizon is exceeded or the

*Document DOE/RA/4713-1 dated October 1979 available from NTIS,
‘Springfield, VA.




hkehhood of the joint well fxeld/plant mvestment approaches 100%. Subsequent
plant additions at the specxﬂed resource are evaluated in the same manner and
continue until the resource is fully utthzed or untrl ‘the’ 20-year time horizon is

reached.
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'MODELING ASSUMPTIONS

Significant modeling assumptions -that underlie the market estimates

- provided In this project include“th:e following:

}Reg‘ionalitz.k Figure C.3 and Table C.5 illustrate the -

regxonal boundaries that were estabhshed by the Task Force
for the purposes of thxs project. State tax rates, local ad -

,valorem _tax rates, ~ and regnonal electric utlhty_
characteristics and economics were researched and assigned

to each reglon respectively. Regxons 1 through 9 inclusive,
are found to have apprecxable hydrothermal electric power
generation within the next twenty years. In each of the nine ’
reglons except Arxzona, utumes reported that. the economrc

‘;competrtxveness of hydrothermal generanon will - be

: .f‘fevaluated in companson with_coal-fired generation.” In

comparrson. ,

Arizona, ‘nuclear generatnon was the reported basns for

1

‘;'Capital' Structure, Both mvestor-owned and mun1c1pal

£ electric utilities were examlned in this project. The long-

term debt/common equxty/preferred proportion whsch -is

fassumed for the mvestor-owned utilities' capxtal is

0.5010.35/0.15 at average annual costs of 8%, 13%%, and

8%% respectwely. Mumcxpal fmancxng 1s assumed to .be
with tax exempt bonds. L - '
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»'raskycfs-

U.S DEPARTMENT OF ENERGY :
HYDROTHERMAL MARKET ESTIMATES PROGRAM

No.
.

2.
3.
4,
3.
6.
7.
&,
9.
10.
i,
12,
13.

14,

15.

16.

17.

18,

19.
20.

. REGIONAL BOUNDARIES .~

REGION

NORTHERN CALIFORNIA .,
SOUTHERN CALIFORNIA - -
PACIFIC NORTHWEST

NEVADA
UTAH
ARIZONA

MOUNTAIN NORTHWEST

COLORADO .- .

NEW MEXICO
TEXAS '

DAKOTAS
CENTRAL

~ SOUTH CENTRAL |
EAST SOUTH.CENTRAL

‘GREAT LAK_ES |

 MID-ATLANTIC -

SOUTH ATLANTIC. . .

~NEW ENGLAND : - -

CELTaEE

ALASKA . -
HAWAN

BOUNDARIES

jCahforma north of 36° latxtude

.Caleorma south of 36° latitude

‘Oregon and Washington
‘ _Nevada
Utah
- 'Arxzona
Idaho, Montana, and Wyomlng
: Colorado_ i
! New Mexico:
“_il‘I'exas SO

‘ North Dakota and South Dakota

Iowa, Kansas, Nebraska, and Mlssoun

‘. A y Arkansas, Louxsxana, and Oklahoma

S lelabama, Kentucky, stsxssrppx, and
- 'Tennessee )

- lllinois, Indxana, Ohxo, chhxgan, o
| anesota, and Wnsconsm o

. . Delaware, Maryland, New Jersey, New York
W _and Pennsylvama , ,

- .- Florida, Georgxa, North Carohna, South
~ Carolina, Virginia, and West Virginia

. . Connecticut, Maine, Massachusetts, New

Hampshire, Rhode Island, and Vermont

.’»Alaska;_ [

Hawaii
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Inflation Rates. Table C.6 provides the average annual

inflation rates used in this project. These rate assumptions
are based upon data from the Wharton econometric model.

Tax Incentives. An investment tax credit for -nonutility

geothermal capital of 25% is assumed through 1985 after
which it drops to the standard 10% credit. A percentage
depletidn kallowance of 22% is used through 1920, 20% in ’
1981, 18% in 1982, 16% in 1983 and 15% is used thereafter.
75% of successful well costs are assumed to be "intangible".
and, therefore, are expensed for tax purposes.

Well Field Development. The success fraction for poSt-r
confirmation production wells is defined by a triangular:

probability distribution with a maximum of 0.9, mode of.
0.85 and minimum of 0.65. Abandoned dry wells ‘are
assumed to cost 90% of successful well costs. 30% of all
new wells are assumed to require redrilling for successful
production. Redrilling is assumed for every two production
wells and a standby, spare production well fraction of 20% is
assumed. The assumed spacing of production wells is forty
acres.

Power Plant Development, At resource sites where power

plants are either on-line or committed, the plants' size (in
megawatts) and on-line years are input to the model. In the
absence of existing plants or commitments, assumptions are
made regarding sequential plant sizes and the minimum
number of years betwe'en-plants. The first plant is assumed
to be a 20 MWe unit which is placed in service not sooner . -
than five years after resource discovery. This five-year
minimum lag estimate is based upon the mean lag observed
at seven known resource areas. Following the initial 20
MWe unit, two 50 MWe units are assumed to be 100 MWe at
one-yeéf minimum intervals. The decision model estimates
the numerical likelihood that plants are placed in service-
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‘l'able C.6
‘ \ EXPECTED INFLATION RATES FOR 1980-2000

| Twenty Year Estiméfe of
Average Annual Rate.
Sector of Inflation Comment

All Gbods and Services 7-8%
(cP)

Fuel Oil and- Related ceooooceooo 8-11% . Approximately 2-3% real growth

Natural Gas =~ =~ oo o ""*7-8% real growth over next 5

" 'Because of deregulation, there-
-after similar to oil.products

Labor costs: AU o
a) Construction 8-10% Assuming no major change in
b) Maintenance - Repair . .9-11%  productivity, real wages will
e e i s s - continue the hzstoncalreal
- . growth -

- iCapxtal. T e R T B -
- a) . Inputs for plant/equxpment - 6=8% - .. -May not.beat inflation . - .
{nondrilling) -

B) - Pxpes and dnlhng related R -'7-10% 53'Lil‘<elyfto‘do a little better "
T R o ity e oo than general rates of inflation -

Long Term Interest Rates =~ = *10-11% ~ Reflects 1-3% realrate of =
i o O T - : R B T e ! SRR 7;, pE e remrn s e
} _ Coal - CEIoLun T g geg L Probably at CPI; interregional

: Lo - shift to western coal

~SOURCE: TECHNECON
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with these minimum lag intervals as well as with longer
intervals. Federal program elements which are mtended to
reduce these minimum lags are also evaluated '

FEDERAL PROGRAM EVALUATION

Impacts of the Federal program that is intended to accelerate
hydrothermal power development were assessed as a major objective of this
current project. Engineering and Economics Research, Inc. provided estimates of
the quantifiable effect that this program is expected to have on cash flow
parameters. To assess the program's effectiveness, the likelihood of hydrothermal
power development was estimated both with and without a Federal program at
each resource discovery.

In SUmmary, Technecon's role on the Hydrothermal Market Estimates Task
Force has been to apply accepted decision analysis techniques to realistically
forecast the development of hydrothermal electric power in the United States.
These techniques are based upon investment decision criteria as directly expressed
by firms in the geothermal industry. The approach used in this work is uniquely
realistic in that it is capable of evaluating multiple investment criteria of both
well field developers and power plant investors. Tests of statistical confidence
indicate that the computerized methods used in the current project provide a

statistically strong representation of industry investment practices.
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Appendix D

GEOTHERMAL DIRECT HEAT APPLICATIONS
DEMONSTRATION PROJECTS
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GEOTHERMAL DIRECT HEAT APPLICATIONS
DEMONSTRATION PROJECTS
FUNDED IN PART BY THE U.S. DEPARTMENT OF ENERGY

DISTRICT HEATING/SPACE HEATING
e Space Heating, Tofbett-Hutchings-Smith Hospital, Texas

This project will augment space and water heating for the
Torbett-Hutchings-Smith Memorial Hospital in Marlin,
Texas. Geothermal fluids will be pumped from a known hot
water reservoir using 2 new well to be drilled as part of this
project. At peak efficiency, this system will provide 215
miltion BTU/hour to the hospital. Well has been drilled and
tested, and system design completed. Construction is
expected to begin during FY &l.

e Heating Phillips School, Haakon, South Dakota

In this project, several Haakon, South Dakota, school
buildings and eight business buildings are heated with
geothermal water from a well drilled into the Madison
Aquifer. The government has shared the cost of design,
construction, and start of operations for the completed
system which will be dedicated in October 1980.

~ e Heating St. Mary's Hospital, Pierre, South Dakota

The hospital has augmented its heating system with hot
water (106°F) from the Madison Aquifer. Retrofit of the
148,000 square foot hospital has been 'completed. The water
will be used for space heating and preheating domestic hot
water. The geothermal system will be dedicated in October
1980.
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e District Heating, Klamath Falls, Oregon:

 Klamath Falls has ‘designed and planned constfuction of an
- extensive geothermal"heating' system in its central business
* ‘district. The system will be owned and operated by the city
" Itself, and has initial plans to serve l4 government office
b‘uildihgs‘ in the central district. . - Plans" also - include
:" . subsequent expansion ‘to 115 private commercial buildings
and to several hundred private homes. The system currently
‘includes one production well, one réihjection well “and
retrofitting equipment for all 14 buildings. The project will
begin construction in early 198l Klamath :Falls  also
received Community Development Block Grant from HUD
“to extend the district heating system to ‘an economically
' depressed area adjacent to the business district.

e Multiple Uses at Moana, Nevada - °
This project involves utilizing the geothermal resource in
- the Moana District fo provide space ahd water heating to a
condominium in Rénc, " Nevada. -~ The “environmental
assessment has been approved and preliminary system design
* completed. ‘Reservdir ‘confirmation drilling has’'begun and
“the ¢onstruction phéése ‘is expected to'be completed ‘during

e District Heating, Paéosa Springs, Colorado Bneels 5 e

: S ,

An extensive geothéfi'mal ‘heating system’ has been planned

for the town of Pag(ssa’ Sprihgs, Colorado. The scope of this -

* project has grown wfthout:sighificant increase in cost.. The

" number of ‘users, public,- private -and ;industrial,‘- has been

-+ expanded from 57 t 127. .The wells have been drilléd and

system - design -‘com“aleted, “Construction :is - scheduled to
'begin in the spr'ing'of 1981, ' i
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Direct Uses, Elko, Nevada

The Elko Heating C_orhpany will tap the geothermal resource
in the area to provide space, service water, and process
- heating to several buildings within the city. Gradient wells
are currently being drilled. The environmental assessment
for the project has been approved and preliminary system
design completed. Reservoir confirmation drilling will begin
. in early FY 8l and construction is to be started in mid-FY
&l.

District Heating, Boise, Idaho

The city of Boise, Idaho, and the Boise Warm Springs Water
District are developing a large-scale - district heating
system. The environmental assessment has been approved
for the project and preliminary design completed. The
reservoir confirmation phase will be completed in FY 8!
followed by the start of construction.

District Heating, Monroe, Utah

A geothermal district heating system has been planned for
the city of Monroe, Utah. - Preliminary drilling has shown
that the system is not economically feasible at this ,poiﬁt.
The city of Monroe is now considering alternate direct heat
uses in consultation with DOE.

Warm Springs State Hospital, Butte, Montana

The utilities at a hospital near Butte, Montana, will be
partially convered from natural gas to geothermal energy.
Managed by the Montana Energy and MHD Research and
Development Institute, this project is an outgrowth of State
studies funded to determine the feasibility of converting
existing plants to geothermal energy. One geothermal well
has been drilled to a depth of 1500 feet. Current well flow
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rate does not , appear adequate for dlstrxct heating.
Consideration is being, given to well stimulation. If flow
: _rates are not mcreas.ed the pro)ect will be ‘rescoped to
_»supply hot water need< only. Constructxon could begm in FY
8.

I '™

‘/‘C{;eoth.ermal Heating, rtayar;ro College; Corsicana, Teias |

‘The proposed system will augment hot water heatmg
demands of Navarro (.,ollege student umon bunldmg and the
Navarro County Memorial Hospxtal. The productxon and
injection wells near. C.orsxcana, Texas, are undergomg tests.
Construction is expec1 ed to begm in the sprmg of 1981,

*District Heating, Susa'nville, Californvia o

.The cnty wul utxhze Susanwlle's geothermal resource to
provide space heatmg to 17 pubhc buxldmgs._: A parallel
effort funded by HUD wnll mvolve prov1dmg Qheat to 130
g homes in low-xncom«- areas. Other apphcatxons mclude
' space condmomng for mdustnal park and state pnson. _The
‘project is in the reser vorr confirmation phase. Construction
will begm in FY 81, .Lth operation expected in FY 82,

YMCA Geothermal Space and Water Heatmg, Klamath” SR

. kFalls, Oregon o
A system has been designed, constructed, and implemented
uszng geothermal ﬂuxds to prov:de space heatmg and hot
_water to the YMCA ln Klamath Falls, Oregon., ‘l'he exlstmg
fossﬂ fuel system will be retamed as a backup or booster
system. The system became operatlonal m the summer of

1980. ‘




e Heating - Utah State Prisdn, Salt Lake City, Utah

Usmg the Crystal Hot Sprmgs, one building of the prison will
be heated with geothermal fluids. This demonstration will
be for the nucleus of a system that can be expanded to
service the heating requirements of other existing and
planned facilities. ~The project has" obtained approval of
environmental assessment and completed prehmmary system

- desxgn. Resource confirmation has begun and the system is
expected to be in operatlon in FY 82.

e Geothermal Core Field Experiment, El Centro, California

Geothermal fluids from the Heber known geothermal
resource will be used to provide space heating, domestic hot
water, and space cooling to the community center at El
Centro,r California. The project will use 10% of the fluids;
additional users are being sought. The project has obtained
environmental  assessment approval and completed ‘
preliminary design. Reservoir confirmation "dril'ling is
expected to begin in mid-1981.

PROCESS HEAT/AGRICULTURE/AQUACULTURE

¢ Direct Utilization, Diamond Ring Ranch, Rapid City, South
Dakota

The space and water heating system is j\ow cdmpleted at
Diamond Ring Ranch outside of Rapid City, South Dakota.
Using a low-temperature geothermal resource, this system
provides heat and hot water to ranch buildings, and powers a
grain dryer. The crop drying system will be used for the
Fall 1980 harvest. The system is to be dedicated in October
1980.
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e Food Processing, Ore-lda, Boise, Idaho

A geothermal well was drilled to supply fluids for the food
processmg and space heating needs at the Ore-lda food plant

in Ontarjo, Idaho, However, insufficient water ‘was found
.. and the project has bec:n abandoned.

o; : ;Multiple and Industri‘al: Uses,»Madison County,vldeho R -

A joint effort between Madlson Cfounty, Idaho, and Rogers

Food, Inc., this pro;e< t.would provide for the development
- of geothermal energy retroﬁt for mumcrpal space heating -

and industrial food processing. Two exploratory wells were
drllled Fmdmgs mdlc'ate that the pro;ect does not seem to
; ,'be feaslble as original, ly proposed

o 'Di‘rec't_,‘,U‘se, Qtahl{osgés Greenhouse, Salt Leke_city;.>Utah

Thls pro;ect plans to ~convert sxx acres of greenhouses from
fossil fuels to a geothermal system. T he well has been
drilled and prehmmary design of heatlng system completed

o ,,Approval is currentl y being sought from the Utah _state

~>env1ronmental agency for surface dlscharge of spent
geothermal brines to the Jordan River. Final desngn and

_ construction could l:»egm in_spring of 1981 thh _System

B operatmn followmg m the 1981-1982 heatmg season.

e Direct Applications:a:t K?“:”ﬁ”,?"ﬁ%f’ ,Celitornie o

:,_Utlhzmg two. wells ¢lt Kelley Hot Sprmgs, Cahforma, vthe

Geothermal Power Corporatxon will demonstrate a
geothermal dlrect energy apphcatlon to a llvestock feed
production system and hog feed lot operatlon. The pro;ect
has encountered _dl‘pley in approval of environmental
assessment because the site may have historical
significance. An archaeological field survey was required.
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Aquafarms International, Mecca, California

A commercial fish farmer will expand an existing
geothermally supplied system to raise giant Malaysian
prawns. Substantial p'rojecf :delays in approval of
environmental assessment have been encountered. Project
is being redirected to avoid cost overruns. The work is 75%
complete with operation expected in spring of 198l.

Holly Sugar Geothermal Project, Brawley, California

This project involves the design, installation, and operation
of a geothérmal energy system to be used directly for
-process heat at the Holly Sugar Refinery. The geothermal
system could save over 225,000 barrels of fuel oil each
season. The ‘project has encountered delays in apprbval of
reservoir confirmation drilling program. Drilling is now
scheduled for late fall of 1980. If successful, construction of
the pilot system will begin in spring of 1981. 7

Carrie Tingley thildren's Hospital, Truth or Consequences,
N.M. o

This project involves the use of an existing geothermal well

for space heating and pre-hot water heatihg for the hospital.

New Mexico State University, Las Cruce‘s,i N.M.

This project involves the utilization of a geothermal
reservoir to supply the thermal energy needs of the

university campus.
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