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Purpose

* Reduce expenditures for energy

* Make bases more self—sufficient with
noninterruptible energy sources

INRL-S-35 949



Geothermal Team

* DOE — Idaho Operations Office
— Lead office federal buildings program

Geothermal Support contractors
- EG&G, Idaho, Inc.

———

¢ UURI

. Exploration and resource evaluation
Drilling supervision

— Drilling supervision
— Reservoir engineering

System design and construction supervision

- University of Utah Research lnst_itute (UURD)

S2 1777



~ University of Utah Research Institute,

Earth Science Laboratory Division
- Geothermal Experience
Contractor to DOE-ID |
Provides primary technica»l support for:
* Industry Coupled Program - Nevada and Utah
* State Coupled Program - Western U.s. 4
- * Exploration Technology Program - Nationwide

~ * User Coupled Confirmation Drilling Program - Nationwide

‘Provides technical supportfor: - .

‘* Technology Transfer - Western U.S.
* Induced Seismicity - Roosevelt Hot Springs, Raft River

* Program Planning
' INEL-S-35 940




DOE/DGE INDUSTRY COUPLED PROGRAM

L
|
I

DELIVERA BLES FROM INDUSTRY

* Drill cuttmgs, core, flum's

. Dnllmg summanes - $500,000 - 5 1000000 I)oles
g lltlmloglc, temperature, pressure, geophysical Iogs
. Surface stud/es - geology, geochemistry, geophys:c.ﬂ

* Reservoir tests

UURI - ESL _STUDIES

. lifr'ialogy;' petrology

' Geochem:ica/, alteration zoning |

. Geologic | mappiﬁg

. Geapﬁyslcal interpretation

* Data mz‘e:gi;tmﬁ = Case 'ﬁyd'(’es_'

* Critical éyaluafioﬁ - tg;ﬁﬁ’i;gwes' & methods

! ; , IC~004
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GEOCHEMISTRY

INDUSTRY COUPLED PROGRAM
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COMPANY EXPLANATION

EPP - Earth Power Production C—-Chevron Reasources Co.
M- Amax Exploration Inc. U - Union Oil Co. of Ca.
AO~ Aminoil USA, Inc. SR- Southland Royalty Co.
G- Getty Qil Co. P- Phx!lnps Petroleumn Co
E = EXISTING DATA ‘X2 NEW PROGRAM

% Companies at Roosevelt Hot Springs:
Getty Cit Co.
Thermal Power Co.

Seismic Exp;eratlon Inc,
Geopn,',,:cal Serwces Inc.

Geothermai Power Co. University of Denver (DRI)

2 Exploration Wells ——
Drill cuttings and geophysical

well logs provided




INDUSTRY COUPLED PROGRAM

(NOVEMBER, 1981)

WELLS DRILLED 15 PRODUCTION
- 5 DEEP_AT

FOOTAGE DRILLED 123,876 =

PROGRAM‘- COST $34,000K
PRODUCTIVE WELLS 2
SUCCESS RATIO 0.13
WELLS REMAINING 10
'FOOTAGE REMAINING 44,000

&




STATE COUPLED PROGRAM
 MAP STATUS
. APRIL 1982

UNITED STATES

User Map Published or in press (NOAA)

State Printed Map

] User Proof in Review

User Map Planned by September 1982

O'Update Planned by September 1982 (NOAA)

1 Technical Map in Production
=== Other Map Through State Progfam ég__;

SC-0486




CURRENT PROGRAMS-GEOCHEMICAL
TECHNIQUE DEVELOPMENT

!

- Refinement of Subsurface Trace Element
Dlstrlbutlon Models

- Isotope Sys‘tematics of High Temperatilre Systems

- Test and Develop New Techmques for Predlctmg
Permeab:llty, Fluid Res:dence Tlme
and Water/Rock Ratlos

- Develop Dynamic Mineralogic and Chemical Models
of Geothermal Systems in the Basin and Range

- Geochemistry of Low Temperature Resources

]

EAT/GC-051 2750
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USER COUPLED CONFIRMATION
DRILLING PROGRAM

GEOPRODUCTS CORP., Honey Lake, CA.

- successful well drilled

- will be used to dehydrate wood chips to burn in
electric generation plant

CITY OF ALAMOSA,
- well drilled to 7112 ft. CO.,

- well testing incomplete

- would be used in barley inalting and space heating

WINE VALLEY INN, Calistoga, CA
- project not underway yet

- would be used for space conditioning and spas
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WIELITARY GEOTHERMAL F@@&EEQ?@
(to April 1982)

COS0 HOT SPRINGS, CA - China Lake Naval Weapons Test Center
® geological mapping

e geophysical surveys

® well geology - DOE well site, 1977

e

HILL AFB, UT
@ geological mapping
e geochemical surveys
® gravity and seismic surveys
o test well siting and drilling
® STATUS - inactive - no thermal water found

WILLIAMS AFB, AZ

® review of existing resource data
e review of proposal to USAF RFP
® STATUS - inactive - recommended USAF drop project

M-X/RES, NV and UT

e lead contractor for M-X/RES geothermal assessment
" e program plan and presentation
® STATUS - inactive

LACKLAND AFB, TX

o site and drill production well
e STATUS - workscope now being negotiated

ASCENSION ISLAND

@ geological mapping

e geochemical surveys

o design Phase Il exploration program .

e STATUS - awaiting Falkland Island resolution

STATUS - successful well recently drilled by California Energy




UURI GEOTHERMAL EXPERIENCE

ALASKA

HAWAI
EL SALVADOR

ETHIOPIA

KENYA




ESL Staff

* Most earth science problems require
mterdnscnplmary work for solution

* ESL has a balanced interdisciplinary staff

PhD MS BS Total

Geology 4 3 4 11
Geochemistry 2 1 1 4
Geophysics 5 0 1 6-
. Computer 0 3 1 q
 Electronics 0o o 2 2
| 11 / 9 27

52 0344




 Nature of Geothermal Resources

S2 0368




Characterlstlcs of Geothermal' -
- Resources |

. Source of heat
. — Volcanic actlwty |
— lgneous intrusion

‘o Water to transfer heat

... .- e Permeable rocks =

$2 0369
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- CONCEPT OF PLATE TECTONICS

(not to scale)
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. CRUSTAL INTRUSION

A FLUID/JCONVECTION -~
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GEOTHERMAL TEMPERATURES

OF OC
2192 71200

2012 1100 —
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modified from USGS Circular 790
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- EG&G Idaho Geothermal
Expenence

Provides primary technical support for: ‘
¢ Raft River, ID, Geothermal Binary Eleclrlc Demonstrahon P!ant

* User Coupled Confirmation Drllllng Program
- e Program Planning | | | |
 Direct Heat Feasibility and Field Demonstration Programs
(PRDA’s, PON’s) -
Provides lechnlcal support for
e Reservorr Englneenng
. Teclrnology Transfer |
o Geothermal Loan Guaranty Program

e Electric Conversion Technology INEL-5-35 939




User Coupled Confirmation
Drilling Program
EG&GI/UURI Support

e Evaluation of proposals — Resource/Reservoir
- - Drilling "
Utilization/Economics
Institutional/Environmental
ManagementlBusmess

L Negotlatlon — Technlcal support to DOE

e Mon_ltorlng»v-—n. Environmental evaluation - - - . - o .

Exploration program
Drilling
Testing

82 1770




“User Coupled Confirmation
Drilling Program

~ Cost Sharing of Wells with Industry j
to Conflrm a Geothermal Reservonr

GeoProducts Susanville, CA — 50MW Hybrid Wood
‘ Chips Power Plant

City of Alamosa - Alamosa, CO — Barley Malting Plant
- Wine Valley Inn - Calistoga, CA — Space Heating
Vale GeoPark - Vale, OR — Fuel Alcohol Plant

Hydrothermal Energy-Reno NV — Space Heating Hotel
Complex

State of Delaware, Lewes, DEL — Process Heat

82 17171




Geothermal Loan Guaranty
Program EG&G Idaho
Responsibilities

Evaluate applicant design for techmcal
feasibility

Evaluate applicant project cost estimate

In some cases, suggest alternate design
because of feasibility problems or
improvements in cost effectiveness

Monitor project management and |
construction | s2 1778




Geothermal Loan Guaranty

Applications Evaluated by EG&G Idaho

e Electric projects

54 MW(e) power plant at East Mesa, CA

45 MW(e) power plant at Westmoreland, CA
45 MW(e) power plant at Brawley, CA

50 MW(e) power plant at Roosevelt H.S., UT -
110 MW(e) power plant at the Geysers, CA
20 MW(e) power plant at Coso, CA

¢ Direct heat projects

Onion dehydrating plant at Brady H.S., NV
Greenhouses at Susanville, CA

Space conditioning for mushroom growing at Vale, OR

Ethanol plant at Cove Fort, UT
Ethanol-livestock facility at Beowawe, NV
Ethanol plant at East Mesa, CA

District heating at Boise, ID

§2 1779




SAC Geothermal Assessments
INEL Administered Direct Use Projects

Number of projects

Applications

Peak heating size
Wells drilled
. Wel‘ls successful
| Projects terminated
Capital cost

Energy cost

12

Space heating, industrial -
processing and domestic
water heating

1-100 million Btul'hr
17

10 o L

3 (Inadequate resource)

. $0.7 ; 7.2 million

$2.50 - 10.00/million Btu

$2 1787
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Growth of .Geot.hermal Electrical Capacity

. 6000 I I T
S| Curonty plannod totar
g_ 5000 - installed capacily —
(o]
o
3 4000 | L -
_E‘ 1982 capacity (installed, A
, 8 —~ ugg;;;;s;:;i:; ;n-(-l-g;lanned)
£ Z 3000 A @
o< A World total ®
2 e U.S. only o
£ 2000 &9 -
2 Al
5 ol
A 1000 - t :‘ —
“© : A
- o
l-e 0 2N AM.@ ||
1950 1960 1970 1980 1980
| Calendar year INEL-S-29 198




| » Philliplnes

3 (11) 446-781
Gﬁ’ RN
v db

New Zealand.
(14) 203-203

United Sfalesb)v
(18) 932-1297

Mexico

(5) 180-425

\-14\

El Salvador

(3) 95-95

No. | Generating capacily (MW)
Units|] 1981 | 1983
~ Total §(115) 2538 - 3636

Iceland
USSR
(5) 41-50 (1) 11-21
Naly |
(39)-440-464% (3 ¢
“ . Turkey
Azores (1) 1]2-51)2

Ascénsion
Istand (?) -

(to be

7

Kenya 4
(1) 15-30 . _
~ Indonesia
(2) 2-32

. determined)




» El-ectric_al Production with Geothermal Energy

Commercial Power (MWe)

On Line PAIanned

The Geysers, CA 902 18 plants, 55 to 110 MWe each, 1982:1990.
Brawley.CA 10 47 in 1984, -
Nilarid, CA ) | 4 ' 10 in 1982 26 in 1985, mcreasmg to 100 in
- | | 1988.
* Heber, CA o 10 46 in 1985, 100 in 1986.
East Mesa, CA. - - 10 ‘ _ |
- Wendell Amedee, CA -50 in 1985, geothermal and wood.
- Westmoreland, CA | 48 in 1984.
Puna, HI 3 Drilling fifth well
Nevada ' ' | 10 MWe unit ordered, Nornev Iooklng ats

sites in Nevada.
‘Roosevelt Hot Springs, UT 1600 KW 20 in 1984.
Raft River, ID : 5, being tested.

§2 9179




~ Geothermal Power Generation Costs

180 v T |
_‘: : \ . | 1983 Plant startup
= 160 - \ Dual flash steam systems |
- - — «= Binary systems
3 1401 \ _
7 . Nuclear - 1990 S.U.\
8 100 ‘\ =
c \ .
9 gok \ Avg well _|
"»"6 90 "‘ Coal - 1987 SQU. \\ flowrate
| ::‘; " 60 k@ Nuclear - 1983 5.U, — (108 Iblhr_)_
o Coal - 1983 S.U. 1025
N - | r=] 0.50
5 40 ~—7]1.00 | -
N
a 20~ - —
0 — | L
200 300 400 500 - 600

INEL-S- .
Resource temperature, °F 29 187




o Geother’mal Energy Direct Appiications

'Applications (some) -

- Space conditioning Greenhousing
Food processing - X Mining
Ethanol Production Drying
Projects ' States | _Enérgy |
~ Installed (1980) 213 14 13 trillion BTUlyr
Developing 42 - 11 4 trillion BTUlyr

. Planned - . - 197 . 18 . . 17.5 trillion BTUlyr = . .

§2 9172




~Exploration and

Resource Assessment

S$2 0314




Some geot‘hermal systems have surface manifestation
. The‘Geysve'rs CA
~ » Roosevelt Hot Sprlngs uT
* |celand
~» New Zealand
. ltaly | |

Others have none — geology, geophysics, geochemlstry
Iead to discovery . |

— — ”Q*’|=m’p:e‘ﬁ"a“‘|'”‘\“['a‘f|‘|”‘ey‘; CA—————— ==
e Humboldt House, NV |
e NeWberl‘y, OR ‘ ~ S20370




T S .
GEOTHERMAL DEVELOPMENT |
ge0logy geology
o ﬂﬂnlllly_sics ' “asmm“ ' dﬂsmﬂ
geophysics _ 1 driltisg
. geachemistry — ..o o prod driliing
peochemistry | nomics rucli
S “reserveir engr » consiruction
drilling o
- drilling
PROSPECT DISCOVERY CONFIRMED: 1 | EXPLOITABLE DEVELOPED
, RESERVOIR ESERVOIR ~
Sita with L2, Drliling inds |1, Orilling confirms | ﬂ. " t.| SIE
eothermal ) " Evaluation shows _
1 geothermal uids sufficient Operaling
fluids sconomic viabilily

palential

for use -

_ —EXPLODATION ————fe ASSESSMENT oy o (0

Plant

ASIBILITY.2=}DEVELOPMENT =3 o

T CONFIMMATION

TIME—>




CONCEPTUAL THERMAL AND GEOLOGIC MODEL

ASCENSION
ISLAND

llllllll LU e
B o é“ 4 - e
e i B
— —
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5km.

[ =] FEEDER INTRUSIONS | 05k

i SUBAERIAL EXTRUSIVE ROCKS - 1 OCEANIC CRUST

SUBAQUEOQUS EXTRUSIVE ROCKS N N THERMAL RESERVOIR
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Aleutian 1s1.(27)| £

USAF SAC Base Locations Relative
to Geothermal Resources

A N D

@@@ @@ (13 (29

~HA-wA-u

A wnhm 50 miles of a

KGRA or > 150°C prospect

C2> 90°C prospects

) Potential low to moderate
_temperature targets

s2 1776



 USAF SAC Bases

. Andersen AFB Agana, Guam

. Barksdale AFB Bossier City, LA
. Beale AFB : Marysville, CA

. Blytheville AFB Blytheville, ARK
. Carswell AFB Fort Worth, TX

. Castle AFB o Merced, CA

. Dyess AFB Abilene, TX
. Eielson AFB ’ Fairbanks, AK
. Ellsworth AFB Rapid City, SD

—— ,*I‘:airChiId_—A’FB‘ S —— SpOkane;_WA S ——— ’______- e

. Francis E. Warren AFB Cheyenne, WYO
. Grand Forks AFB - Grand Forks, ND
. Griffiss AFB | Rome, NY

§2 1772




USAF SAC Bases (cont’d)

27. Shemya AFB Aleutian Islands, AK

§2 1773

14. Grissom AFB o Peru, IND
15. K.l. Sawyer AFB " Marquette, MICH
16. Loring AFB Caribou, ME A
17. Malmstrom AFB Great Falls, MONT
18. March AFB - Riverside, CA
"~ 19. McConnell AFB | Wichita, KAN
- 20. Minot AFB Minot, ND
21. Offutt AFB Omaha, NEB
22. Pease AFB Portsmouth, NH
23. Peterson AFB Colorado Springs, COLO | |
~——24=Plattsburgh AFB — — = —Plattsburgh, NY ——— — —————r—=
25. Vandenberg AFB Lompoc, CA
26. Whiteman AFB Knob Noster, MO




\

a

PRELIMINARY" @E@E“%%E%%ﬁéL
' ASSESSMENT
SAC BASES

(not in order of priority)

e PRIME GEOTHERMAL POTENTIAL

Sondrestrom AB, Greenland
Elisworth AFB, SD
Vandenberg AFB, CA
Ma"rch AFB, CA |

° POSSIBLE GEOTHERMAL POTENTIAL{

Shemya AFB, AK
Thule AB Greenland
Carswell AFB, TX
Mmot AFB, ND
Fa||rch|ld AFB, WA

i
i

- o |
* MUCH MC;)RE DETAILED ANALYSIS NEEDED




P?ME GEOTE’%EQ%‘?AL POTENTIAL

] SONDRESTROM AB, Greenland

e hot sprinlgs reported on site

.| . . .
® near m‘a‘j?-r geologic province boundries

e ELLSWORTH A:FB, SD

e on Madison formation thermal aquifer

e expect 40°C water at 1000-2000m
|

e VANDERBERG ;AFB', CA
e well on site with 42°C water
| a3
® MARCH AFB, CA

e between Elsinore (12mi SW) and Lakeview (6mi E)
geothermal areas '




POSSIB

SAC BASES
i with
LE; GEOTHERMAL POTENTIAL

|
|
eSHEMYA AFB, AK
| _
o%volcanic island, but volcanics are old

aTHUII'_E AB, Greenland

|
|
|
|
|
|
t
|

%epo'tential unknown
.
OCARSWELL AFB, TX
along Balcones fault zone

possmle production 40°C from 300-600m

possibly over Madison formation aquifer

eFAIR\CHILD AFB, WA

:
i-

GMIN(:)T AFB, ND
.

}@two known warm wells 15 mi distant

--30°C at 500m




| Golden Rules of
 Geothermal Development

"« A commercial resource can be a cheap
source of power

~* Not all land has a commercial resource

~ e Commercial resources will not move

§2 1775




Schedule

Assessment & Development of
Geothermal Power at U.S. Air Force

SAC Bases |
’]ﬁ_ ‘ l | 1
Preliminary
o —O o
screening Detailed
screening %resemation |

Foliow on |

best candidate

June July Aug
1982

Sept

§2 1786




Geothermal Assessment

 Task Description
Preliminary Screening

o Get complete list of bases

e Get listing of base energy uses

. ‘Gath‘er available resource data

' U S. Air Force SAC Bases

— Resource quality
— Resource location
— Qualitative economic potential

§2

" e Develop prellmmary prioritization B

1784




SAC Geothermal Assessment
- Detailed Screening

* For bases with positive potential
— Assess physical location energy use
— Assess types of energy use
— Assess resource quality

- — ldentify potential well sites
~ — Qualitatively layout geothermal system
— Qualitatively assess economics

- 82 1785




SAC Geothermal Assessment
Detailed Screening Greenland Study

e Sondrestrom |

— Locate geothermal manifestations

— Prepare geologic map

— Perform chemical geothermometry

— Prepare conceptual reservoir model

— Study energy requirements
— ~ Layout conceptual geothermal system™ =~ ~ ~
— Conduct preliminary economic analysis

§2 1781




SAC Geothermal Assessment
9 Aug 82 Presentation

e Prioritized list of candidate sites
— Resource evaluation
— Potential application
— Qualitative economics

e FY 83 recommended programs
.. — Sites recommended ===

— Tasks -
— Cost
— Schedule

§2 1782




SAC Geothermal Assessment Follow on Work

¢ Option 1
— Level of effort
- Respond to Air Force questions
- Acquire detailed information where needed
- Start detailed study of prime prospect

e Option 2 |
— Initiate prime candidate project
- Perform geochemical survey
- Perform electrical resistivity survey

- - - .==_.Perform laboratory analysis of rocks and water . _

- Prepare detailed geological map

- Get detailed energy use data for conceptual
~ system design |

- Respond to Air Force questions  s2 1788




SAC Geothermal Assessment

~ Typical Schedules for Geothermal

Direct Application Projects

Task

10

20

Elapsed time (months)
30 40 50

60

Exploration and |
preliminary economics

Resource assessment

Design

Construction

D

Initial evaluation 3?5

~ “|'and conceptual design|~ =~~~ O——0O=0" " T === s oo

TTT [T T VT[T I T [T I T [ T [ I T r[TIvIT

" D = Decision points

§2 1789




Dual Flash Plant Schedule

Activity 1982 | 1983 1984|1985 | 1986 | 1987|
Initial evaluation ol
Exploration | o4
Resource assessment and o——A
conceptual design | | :
Decision points O & oA
— —Engineering design and inspection” = = = &———= :‘—A:
Well field development . o—4 06—
System construction and start-up e A
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- SAC Geothermal Development
FY 1982 Proposed Budget

Tasks B Cost ($1000)
e f__Prellmmary screemng 00
Detailed screening 32 32
Greenland stUdy | 18 | 18
" Report & presentaton 10 10

- Follow on work for best

fw;'»a-‘;s%-»-_candldate U 11 t‘-n~<-w-%-—?-~»_-%—-w N

'Full exploration for _ |
- Greenland = 67

80 - 127
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- Organizational Structure

" EG&G Idaho

U.S. Air Force
Project Manager

DOE-ID

. ——— Technical interface
: Contraclual Interface

Contract Manager

Research Institute

University of Utal
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