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GEOTHERMAL ENERGY EXPECTATIONS FOR M-X/RES

. _Geothermal.resources.are abundant in Nevada-and-Utah.- We presently know-of resources that are high
enough in temperature for electrical power generation immediately north and northwest of the M-X deployment =
.- area. in Nevada and- immediately--east—of the-M-X-deployment area_in-Utah. _In-addition, there_are fumerous. = - ——

<geothermal “occurrénces~such®as=thermal—Springs -and we I1sSWitRin_the -deployment -area. - ATthough-much——— - -
~exploration, reservoir confirmation drilling and application feasibility work remain to be done, we can say
with confidence that there is high potential for geothermal energy to supply a major portion of both the

electrical power requirements and the space conditioning load for the M-X system and its support facilities.

§

At the present time, the geothermal potential of Nevada and Utah is almost completely undeveloped,
although there are some development plans. While there are presently no operating power plants in either
state, there are plans by Utah Power & Light Co. and Phillips Petroleum Co. to generate 20 MWe from the
geothermal reservoir at Roosevelt Hot Springs, Utah by 1983, with 120 MWe to be on line by 1986. 1In
addition, there are plans to develop electrical::generating :capacity in the range 10 to 50 MWe from one or
more of the known reservoirs in northern Nevada by 1984. The Milford candidate Operating Base site lies
within about six miles of the Thermo Hot Springs Kgown~Geothermél Resource Area (KGRA), where Republic
Geothermal, Inc. has found temperatures of 175~205"C in deep drilling, and the Beryl candidate Operating
Base site is within a few males of several hot wells and springs at Lund and Newcastle, having known
temperatures as high as 146°C. There is no present development of resources at either of these candidate 0B

sites.

The lack of present development in Nevada and Utah reflects, among other things, current uncertainties
in predicting reservoir properties such as temperature, chemistry, productivity and lifetime that can only
be resolved by sufficient drilling and flow testing. These technical uncertainties adversely affect :
confidence in economic analyses. There is a much greater degree of confidence associated with design and
operation of geothermal plants. Although each plant whether for electrical power generation or direct
application of the geothermal energy, requires custom design, hardware is commercially available. In
addition, development of geothermal resources poses few environmental problems.

Assessment of and development of applications for geothermal resources for the M-X System will require
procedures and personnel that are very similar to those in on-going DOE/DGE geothermal programs. .
Implementation of the M-X/RES Geothermal Task as outlined in this briefing will be greatly facilitated by
the DOE/DGE infrastructure. Our principal needs at present are funding and approval to proceed.
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KNOWN GEOTHERMAL OCCURRENCES AND THE M-X DEPLOYMENT AREA

This map shows the M-X deployment area and the candidate Operating Base sites along with locations of
known geothermal reservoirs, hot springs and other occurrences. KGRAs are shown as blocks. These are
generally areas where thege is potential for occurrence of temperatures high enough to support electrical
power generation (T > 150°C). The most important of these KGRAs in terms of electrical power potential for
the M-X/RES Project are Roosevelt Hot Springs in Utah, and Dixie Valley, Steamboat Springs, Desert Peak,
Humbolt House, and Beowawe in Nevada. In the presentation that follows, we will refer to these particular
KGRAs as the "Initial High-Temperature -Sites."

Areas of occurrence of thermal springs and/or wells are shown on the map by circles. These thermal
wells or springs verify the existence of low- and moderate-temperature geothermal resources within the
deployment area and help to indicate the potential for direct applications of geohtermal energy for M-X/RES
purposes. In addition, there is believed to be potential for discovery of high-temperature resources at

- depths under many of these thermal wells and springs.

‘ Industry's exploration activities have not been as intensive within the deployment area as they have
been immediately outside of the deployment area. Industry has, quite naturally, explored first in those
areas where surface evidence of high-temperature geothermal reservoirs is most obvious. More intensive
industry exploration work is predicted within the deployment area over the next 10 years. This work, along
with the exploration work that will be carried out for the M-X/RES Project, will result in discovery of
resources that are unknown today.
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DEFINITIONS

. GEOTHERMAL ASSESSMENT - EXPLORATION, DRILLING, FLOW TESTING AND
~ RESERVOIR ENGINEERING TO DISCOVER, CONFIRM, AND PRODUCE A RESERVOIR o

 GEOTHERMAL APPLICATION - USE OF ENERGY IN GEOTHERMAL FLUIDS
PRODUCED AT THE SURFACE FROM A RESERVOIR

KGRA - KNOWN GEOTHERMAL RESOURCE AREA - AN AREA LEGALLY DEFINED
~ AND NAMED BY THE U. S. GEOLOGICAL SURVEY THAT HAS SIGNIFICANT
POTENTIAL FOR GEOTHERMAL DEVELOPMENT |

" EXPLORATION - USE OF GEOLOGY GEOCHEMISTRY, GEOPHYSICS
HYDROLOGY, AND DRILLING FOR RESOURCE DISCOVERY : :
‘e« RECONNAISSANCE
e DETAILED

DISCOVERY SITE - A GEOTHERMAL SITE WHERE A SUCCESSFUL WELL HAS .
. BEEN DRILLED AND FLOW TESTED |

' CONFIRMED RESERVOIR - A DISCOVERY SITE WHERE DRILLING AND FLOW o
TESTING HAVE PROVEN A PRODUCIBLE RESERVOIR

B VRESERVOIR ENGINEERING - PREDICTION OF RESERVOIR TEMPERATURE
PRODUCTION SCENARIO AND LIFETIME BASED ON ANALYSIS OF TEMPERATURE
PRESSURE AND FLOW RATE DATA OBTAINED DURING FLOW TESTING

EXPLORATION DRILLING -~ DRILLING FOR PURPOSES OF OBTAINING GEOLOGIC
INFORMATION OR FOR MAKING A DISCOVERY
e GRADIENT DRILLING

MX-076
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DEFINITIONS

CONFIRMATION DRILLING - DRILLING A LARGE ENOUGH DIAMETER WELL THAT
FLOW TESTING CAN BE CARRIED OUT TO CONFIRM A RESERVOIR

PRODUCTION DRILLING - DRILLING WELLS TO DEVELOP SUFFICIENT
PRODUCTION TO SUPPORT AN APPLICATION

'HIGH_TEMPERATURE - T>150°C |
 INTERMEDIATE TEMPERATURE - 90°C<T<150°
. LOW TEMPERATURE - T<90°C
GEOTHERMAL ENERGY - NATURAL HEAT FROM THE EARTH

| CONVECTIVE HYDROTHERMAL SYSTEM - A GEOTHERMAL SYSTEM IN WHICH
THERE IS HEATING AND CONVECTION OF NATURALLY OCCURRING FLUIDS

"~ CASCADING - USING THE SAME GEOTHERMAL FLUID SUCCESSIVELY IN
| MORE THAN ONE APPLICATION |

HYBRID-SYSTEM- - -AN -APPLICATION- WHERE-PART-OF THE ENERGY_IS
GEOTHERMAL ANITFKRTTSTROM7\N OTHER SOURCE SUCH . AS COAL ——
OR SOLAR

MX-076




GEOTHERMAL ASStSSMENT AND APPLICATIONS
It is 1mp0rtant to understand the dlfference between geotherma] assessment- and app]lcatlons.

ASSESSMENT is maln]y an earth science act1v1ty centered. around (1) collecting adequate exploratlon data
to site drill holes and wells, (2) drilling to confirm the existence of a reservoir; and (3) engineering
analyses to determlne reservo1r temperature flow rates, water chemistry and reserv01r llfe.

By contrast APPLICATION is the ut1]1zat1on of the geothermal fluid once 1t reaches the surface, and .
consists of (1) deSIgn installation and operation of utilization hardware, (2) transmission and
distribution of geothermal fluids and/or of electricity, (3) disposal of spent geothermal fluids on the
surface or by reinjection into the ground, (4) institutional factors such as environmental protectlon,
licensing, etc., and (5) the economics of the application.
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PHASE I OBJECTIVES HIERARCHY

This chart brings the planned Phase I geothermal activities into perspectlve with the M-X/RES PrOJect
objectives by providing a hierarchy that translates the top-level ‘Project objectives into specific
‘geothermal objectives. The viability of the two Phase I Project objectives shown in the top box will be
evaluated in the mid-1982 Decision Package, which in turn will be supported by the 1dent1f1catlon of
feasible candldate RES systems including geothermal solar, wind and others, R

~ The overall Phase I geothermal objective of identlfy1ng feasible candldate geothermal applications .
systems will be accomplished by determining the technical ‘viability of cost-effective and timely delivery of -
electric or non-electric energy to the M-X system. This can evaluated by characterizing appropriate
geothermal resource sites and by determining the feasibility of use of these resources for power generatlon
or direct application. Program elements to accomplish this objective will be tailored to satisfy the
near-term schedule constraints of the M-X program while also addressing long-term commercial benefits and
furthering the state of the art. Note that the objectives for characterizing resources and determ1n1ng
technical/cost/schedule viability are compatible with M-X/RES Project Work Breakdown Structure (WBS). B
Elements 2.3 and 3.1, respectively. The sub-objectives shown to support. these two geothermal objectives are
also compatible with third and fourth level WBS elements of the Geothermal Assessment and Application
Development Task Plan, as .shown on subsequent charts in this briefing. .

Phase I as used in this br1ef1ng extends from the present time to June 1982 when the results of
General Systems Engineering/Integration (GSE/I) are due. Phase II geothermal act1v1t1es will be defined

during Phase I after enough information has been deve]oped on specific geotherma] sites to determine the
further work needed to develop those 51tes.

MX/028
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M-X/RES PROJECT GEOTHERMAL TASK
PHASE 1 OBJECTIVES HIERARCHY

DEFINE INTEGRATED RES OPTIONS THAT COULD
© PROVIDE RELIABLE POWER FOR M-X

ACCELERATE RES COMMERCIALIZATION

DEVELOP DECISION
[ ]

PACKAGE BY MID ‘82 TO SUPPORT USAF DECISIONS ON
RES MIX

RES ACQUISITION STRATEGIES
COMMERCIAL INCENTIVES

—————_-——_~-

[IDENTIFY FEASIBLE CANDIDATE !
| SYSTEMS FROM OTHER RES |
TECHNOLOGIES ]

IDENTIFY FEASIBLE GEOTHERMAL APPLICATIONS SYST‘EMS:
DETERMINE HOW , AT WHAT COST, AND ON WHAT SCHEDULE
GEOTHERMAL ENERGY COULD BE DELIVERED TO M-X , WHILE

BENEFITING THE COMMERCIAL COMMUNITY -
1

CHARACTERIZE GEOTHERMAL
RESOURCE SITES IN OR ADJACENT
TO THE M-X DEPLOYMENT AREA (2.3)

- EXPLORE, CONFIRM, AND DEVELOP CASE
—STUDIES-FOR_-GEOTHERMAL _RESERVOIRS

DETERMINE PLANT FEASIBILITIES AND RESERVOIR
SPECIFIC DESIGNS FOR ELECTRICAL
AND DIRECT HEAT APPLICATIONS (3.1)

— DEFINE CONCEPT, APPROACH

~DETERMINE PLANT FEASIBILITY FOR

- PLAN PHASE Il ACTIVITIES

CONFIRMED RESERVOIRS

M¥-028

=~ PLAN SYSTEMS IMPLEMENTATION

- IDENTIFY COMMMERCIALIZATION IMPACTS

L PLAN PHASE Il ACTIVITIES -




M-X/RES GEOTHERMAL TECHNICAL APPROACH OVERVIEW (PHASE I)

Three major concurrent and independent geothermal act1v1ty paths are emphas1zed in the strategy shown
on the accompanying chart. These activity paths are differentiated mainly on resource considerations. The
greatest potential for electrical power generation exists at known geothermal sites outside of the
deployment area. Path 1 is designed to investigate M-X/RES applications at these sites. At the same time,

- there is potential for discovery of currently unknown resources within the deployment area that could be
used for electrical power generation, and Path 3 will investigate these possibilities. Several of the
candidate Operating Base sites 1ie near known geothermal occurrences, mostly of low to intermediate
temperature. Use of these resources to provide space conditioning w111 be investigated in Path 2. But
because it is not economic to pipe low-temperature fluids for direct application more than 5 to 10 m1]es,
‘low- to intermediate- -temperature explorat10n activities will be confined to these dlstances from the
candidate Operating Bases. :

The activity paths are des1gned to support the M-X/RES De01s1on Package of mid-1982. Strategies are
being developed to specify in detail the activities in each path while making maximum use of existing
information and state-of-the-art geothermal technologies. The activities in these three paths will be

“supplemented by generic plant studies, implementation planning, and commercialization analyses to provide
close compatability with other RES candidate system development efforts.. Deta1]s of the three. act1v1ty
paths fo]]ow below.

~ The top path (1) is one of high confidence level and shou]d assure a role for geothermal energy in
M-X/RES. It emphasizes electrical power generation, although use of direct thermal energy through cascading
will also be investigated. The 6 sites in the "Initial High-Temperature Sites" category are reasonably well
known. Recent dicussions have uncovered the fact that plant design data which M-X/RES may be able to
purchase have been developed by consortia for some of the sites. It remains to: (1) screen the 6 sites by
using both resource data and the results of generic parameterizations and consortia studies to select the 1
or 2 highest priority sites for cost-shared drilling/testing, (2) perform drilling and testing, and
(3) translate the results into specific high- ~temperature candidate geothermal system '
de31gn(s)/spec1f1catlon(s) v

The middle path (2) perta1ns to exploration for reservoirs near the 5 candidate Operating Base Sites,
This path is also likely to result in an M-X application. At present the Milford and Beryl candidate 0B
sites are known to be associated spatially with a geothermal resource,; and potential for discovery at other
‘0B sites is high. It is most likely that lower temperature fluids would be found at these sites that would

illi IIIi illl IIII llll IIII llll IIII IIII llll llll Illl IIII llll llll llll Illl lllll C
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restrict application to space conditioning, although electrical power generation will be investigated. The
Milford Candidate 0B site, in particular, appears to have potential for electrical power generation. The -
activities along Path 2 begin with exploration and screening prior to conducting activities similar to those
called for in Path 1. The results will be 1 or 2 OB reservoir specific system design(s) and system .

specification(s).

The lower path (3) involves exploration in the deployment area for high-temperature sites that are now -
unknown. It is anticipated that 1 to 2 sites will evolve from this path that will provide backup in the
event that those applications in Path 1 yield lesser capability than required. WAlso, this category (a) has
fewer associated transmission problems, (b) could support the option of an M-X/RES dedicated plant, '

(c) increases the 1ikelihood of available geothermal power, and (d) provides a head-start for follow-on
activities. The activities will lag those of the first two paths mainly because of funding restrictions.
Accordingly, the corresponding parametrization studies will culminate later in Phase I and will be less _
refined than for the upper two paths; i.e., they will be provided as reservoir specific parameterizations = -
rather than system designs/specifications. Design activities would therefore be continued into Phase II, :
along with appropriate extensions of the upper two paths. : o :

Generic.and parametric studies of electric power plants and space conditioning systems will be
performed early in Phase I to provide direction and guidance for each of the three paths. This guidance

~will be in the form of engineering, economic feasibility, schedular, commercialization, and - -

socio-institutional considerations.

.'Phase II activities for the three activity paths will involve drilling for reservoir testing;‘
production drilling, detailed reservoir specific applications designs, and construction and start-up of
geothermal utilization systems. '

MX/054
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~ M-X/RES GEOTHERMAL TECHNICAL APPROACH OVERVIEW (PHASE 1)

INITIAL HIGH-TENP. o REVIEW AND PURCHASK o DRILL AND ® PENFORM REGEAVOIR ® DEVELOP © INFORMATION FOR
: sves EXPLORATION DAYA Flow Test# SPECIFIC RESEAVOIA SPECIFIC INCORPORATION
(ELBCTAICAL POWER, @ PUACHASE DATA, OESIGNS (1-2 SITES) PARAMETERIZATIONS DESIGHIB) AND 1% INTEGRATED
CABCADE) - © PRIORITIZE FOR DAILLING { {1-3 PLANTS) SYSTEM BPEC(S) sSVETEMS
’ . . - . AHALYBES
’ / ! DEVELOP -
F e . )
OPERATING BASES ! ® EXPLORE | ; eORUL * ® PERFORM RESERVOIN PRIORITIZED
COMCEPY O NEVIEW EXPLORATION RESERVOIR FEABINLE
an (@] (BPACH COMDITIONING, | sy @ EXPLORE FOR NEARBY  poemmaems SELECTED o e AND TEST e —sse SPECIFIC
) DAYA AND PRIORITIZE SPECIFIC CANDIDATE
OEFINITION POSSIBLY ELECTRICAL RESOURCE SITES SITES 10 . (1-3 DEsiaN (8)
T P OWER) y DETAIL . FOR ORILLING avEs) PARAMETERIZATIONS 0 svaTEM SYSYEMS/
. ’ ! 1 (1-3 PLANTS) : ' [aeseavoins
! : . , sPEC(S)
\ i ! /
\\ OTHER HIGH-TEMP ‘ ll ® EXPLORE ‘ il "l ! o IMITIATE » PREPARATION
. \ ‘ SITES : e EXPLONE IN DEPLOYMENT SELECTED " o REVIEW EXPLORAYION & INITIATR Dlll.i. REGSERVOIR FOR PHASE U
\ (ELEGTRICAL POWER Samum— ¢ AREA FOR memc— L ITES 1N o w——DATA AND PRIOAITIZE smums AND TESY FLOW swmmee  BPECIFIC - ADVANCED
* / aESOURCE 8ITES / / romomiLNg - (1-2 sives) PARAMETERIZATIONS .
\ GABGADE) J DETAIL h J Y ; ACTIVITIES
\ ) / F F (1-2 PLANTS)
‘ 9 g M . e .
\ / ! i ,
\ il Y / /
' . . .
\ i . I‘ I! ! ® PLAN SYSVEM i !
3 ENEA . 4
\ ovmeomamne 1 fd e [ E—
PLANT STUDIES & o PERFORM - — s — e b OF COMMERCIAL
PARAMETEMIATIONS COMMERCIALIZATION 3 INCENTIVES
ANALYSES )

WAVAR ARILITY OF FUNOS WILL LIMIT TOTAL NUMBEN OF DEEP WELLS TO 3-3
DURING FY 1081 AND 3 TO 4 DURING FVY 1002

MX-054




DOE /DGE GEOTHERMAL PROGRAMS'

The on- 901ng geotherma] program of the Department of . Energy/Division of Geothermal energy offers an
infrastructure that can effect timely -and cost-effective implementation of the M-X/RES Geothermal Assessment
and Applications Development Task. In fact, three of the DGE program elements were set up to accompllsh
geothermal reservoir assessment and conflrmatlon in Nevada and Utah (the Industry Coupled Program, the State
Coupled Program, and the User Coupled Drilling Program). The Electric Appllcations and Direct Heat .
Applications Programs support development and demonstration of new energy conversion technology. Use would
be made of these program structures and of the experlenced contractor personnel for the M X/RES Project.

In addition the M-X/RES Geothermal Assessment and Applications Development Task w111 support not only
the above DGE Program elements but also DGE's technology development efforts (Exploration and Assessment
Technology Program and Reservoir Engineering) and the several Industrialization programs,

N ap G &5 s s Em e l!ll . . l'l!llA - | llll“l s : llll”; Il-!“1_ll!lmm)lI,- ”‘llllﬁ
i i i Co : i t " i ; ‘ . TR i b ; 1 [ A i S A N b

i




1
i

i
¥

3} H s : 1 i -
g - R . ' ' H * . RSN ¥ E L) ¥ T
] ,

DOE/DGE GEOTHERMAL PROGRAMS |
« PROVIDE AN IN-PLACE INFRASTRUCTURE TO CARRY OUT M-X/RES GEOTHERMAL TASKS
« APPLICABLE PROGRAMS NOW OPERATING : |

-INDUSTRY COUPLED PROGRAM:

Cost-shared exploration and drilling for high-temperature reservoirs wlth
companies working In Nevada and Utah.

-STATE COUPLED PROGRAM: S
Low-and Iintermediate~-temperature geothermal assessment In Nevada and Utah.

=EXPLORATION AND ASSESSMENT TECHNOLOGY PROGRAM : .
Development of new techniques and improvement of existing techniques.

- USER COUPLED DRILLING PROGRAM:

Cost -shared exploration and drilling for low-and Intermedlate-temperature
reservoirs wlth private sector.

= RESERVOIR ENGINEERING : |
Development of new techniques and application of existing techniques.

—ELECTRIC APPLICATIONS:

Deslign and construction of blnary and flash demonstration plants and evaluation

of loan guarantee applications _from_industry.

- =DIRECT HEAT APPLICATIONS:
| Deslign and construction of direct heat demonstration projects with private sector.

=INDUSTRIALIZATION PROGRAMS:
Commercilalization of geothermali energy. _ MX-062




M-X/RES PROJECT WORK BREAKDOWN STRUCTURE

o . This chart illustrates the position of the Geathermal Assessment and Geothermal Applications.

‘ Development work elements relative to the top-level M-X/RES Project work breakdown structure. Taken
together, Geothermal Assessment (WBS 2.3) and Geothermal Applications Development (wBS 3.1) constitute what
we have termed the “"M-X/RES Geothermal Assessment and Applications Development Task." S

MX/021



[ : L i i : ¢ . v . . B ;

M-X/RES PROJECT

WORK BREAKDOWN STRUCTURE

M-X/RES PROJECT

RESOURCE

| COMMERCIAL}-

PROJECT CANDIDATE SYSTEMS
MANAGEMENT ASSESSMENT SYSTEMS INTEGRATION ZATION
DEVELOPMENT ' SUPPORT
1.0 2.0 3.0 4.0 | 5.0
INSOLATION WIND GEOTHERMAL
ASSESSMENT ASSESSMENT ASSESSMENT
| 2.1 2.2 j
A a0 Y AL ST AL
~QEOTHERMAL ) | LOAD CENTER VOLVING
I"APPLICATIONS |J |~ —SV8TEMS TECHNOLOGY
DEVELOPMENT {3 [ DEVELOPMENT DEVELOPMENT
Y aal L TN B, L i - é 3.'2"' 3.3

MX/021




% " : PHASE I GEOTHERMAL ASSESSMENT WORK BREAKDOWN STRUCTURE

- This chart shows the third-level of the WBS pertaining to Geothermal Asséssme_nt, Elements 2.3.1,
2.3.2, and 2.3.3 reflect the three main elements of the strategy, i.e. the three separate activity paths as
previously discussed. . o '
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PHASE 1 GEOTHERMAL APPLICATIONS DEVELOPMENT WORK BREAKDOWN STRUCTURE

This chart shows the third level of the WBS pertaining to Geothermal Applications Development. Plant
feasibility studies are planned for the three activity paths previously discussed on the technical approach .
overview. Systems implementation planning will be performed at specific reservoir sites that are confirmed .
as a result of Geothermal Assessment activities. Commercialization analyses will be performed on all
: non-proprietary data and released to the geothermal community. ' '
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M-X/RES GEOTHERMAL ASSESSMENT

AND APPLICATIONS DEVELOPMENT TASK

MANAGEMENT STRUCTURE

FUNCTIONAL RELATIONSHIPS
AUTHORITIES/RESPONSIBILITIES
CONTRACTOR QUALIFICATIONS
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FUNCTIONAL RELATIONSHIPS

ﬁ¥ “_ /RES Prol : ndesome of 1tsf n e
DOE/DGE will commun1cate with and Jreport to the
M- X/RES Proaect Off1ce on all aspects of the Geothermal Assessment and Appincat1ons Development Task. " The.
. DGE PrOJect Manager w1l]i ceive:.st. T 1. group, loint T G{QUpy(JTG), that is
: pers fr DOE." The JTG. serves
'51b111ty over

i
3
‘““"‘\‘*1:‘

C mai pl : ”d commun1cat1ng funcanonsffor “GE, anﬂy,gglgw-
‘techn1cal aspects of Task 1mplementat1on.‘ - =

Implementat1on w1ll be accomp]1shed by carefully coord1nated effort of DOE/ID -and DOE/NV and the1r
‘contractors.  ESL/UURI wil serve as the: rimary support contractor to DOE/ID and the JTG. ESL will have
basic respons1b111ty for determ1n q -reviewing progress- and. results for the Geothermal -
Assessment -portions of the Task,*as weltaas-foruperformance of some of the technical work.elements. ESL
will also coordinate procurement of -existing earth science data from Fugro -and- from industry and will
develop and maintain the M-X/RES Geothermal Data Base.: ESL will analyse commercialization impacts of

the geothermal work jointly with EG&G.

EG&G.will bear basic responsibility for the Geothermal Applications Development portion of the Task.
They will perform generic feasibility stud1es«and conceptual design for potential geothermal use from
typ1cal reservo1rs of the type expected in and near the M X deployment area. As reseryoir parameter-data
i B ‘ g i ’ and’sistems spec1f1cat1ons.

: : ifhe prlnc1pal support contractors respons1ble for low- and o
'2geothermal assessment sin the deployment area. They will also provide planning
and\the JTG : : , o ,

intermed1a
support forgE
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DOE/DIVISION OF GOETHERMAL ENERGY (DGE)

Authorization Document: Letter - D. Campbell to B. G DiBona, dated
18 June 1980
Task Manager: Robert A. Gray COM. 202-633-8820, FTS 633-8820
Alternate - :- Harry N. Giles COM. 202-633-8820, FTS 633-8820
Prov1des overall guldance regarding policy, prlor1t1es task direction, schedule and budget in accordance
"~ with M-X/RES Project Office -requirements. :

Assures effective and efficient implementation of the Geotherial Task Plan, of directidhs from the M-X/RES
~ Project Office, and of applicable DOE orders and other Federal regulations.

Institutes planning activities and approves the Geothermal Task Plan and modifications to the Plan,
Provides funding to the DOE/Idaho and DOE/Nevada field offices.
Abproves release of data to the public from the M-X/RES Geothermal Data File.

Coordinates with other national-level géothermal programs of the DOE and the U.S. Geological Surﬁey.
Incorparates results that are of benefit to the M-X/RES Project. :

Reports to.and maintains comnunication with the'M-X/RES Project Office. Provides periodic schedular and
expenditure progress reports, topical reports, and briefings.
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M-X/RES PROJECT
GEOTHERMAL TASK

DOE/DGE RESPONSIBILITIES
AND AUTHORITIES

TASK MANAGER - BOB GRAY
- ALTERNATE - HARRY GILES

o PROVIDES OVERALL GUIDANCE FOR POLICY, PRIORITIES,
TASK DIRECTION, SCHEDULE AND BUDGET

e ASSURES EFFECTIVE AND EFFICIENT »IMPLEMENTATION
OF GEOTHERMAL TASK PLAN :

- @ APPROVES TASK PLAN AND MODIFICATIONS

© PROVIDES FUNDING TO DOE/ID AND DOE/NV

L APPR}0—VE_S_R‘E'EEKS’E“O’F‘G’E’O’T’HERM‘A‘L‘D*A*'I"A—'FO‘PUBHC

e COORDINATES WITH OTHER NATIONAL GEOTHERMAL
PROGRAMS

e REPORTS TO M-X/RES PROJECT OFFICE
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ID/NV JOINT TASK GROUP (JTG)

| Authorization Document: Memo - B. G. DiBona to M. E. Gates,

| : dated 25 July 1980

Principal Contact: Allen J. Roberts, DOE/NV COM 702-734-3171, FTS 598-3171
! Alternate : Leland L. Mink, DOE/ID . COM 208-526-0638, FTS 583-0638

Assists DOE/DGE Task Manager by'

.Coordinating effic1ent and effective inplementation and management of the Geothermal Task Plan in
accordance with directions from the DOE/DGh Task Manager,

Coordinating preparation of the Geothermal Task Plan and of modifications to the Plan.

Coordinating the preparation of monthly schedular and expenditure progress reports and of technlcal
reports and submitting them to DOE/DGE,

Coordinating the establishment and maintenance of the M-X/RES Geothermal Data File and making
appropriate recommendations to DOE/DGE for release of data to the public.

Providing planning, technical review and briefing assistance to DOE/DGE as requested.
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M-X/RES PROJECT GE‘OTHERMAL TASK'
ID/NV JOINT TASK GROUP (JTG)

RESPONSIBILITIES AND AUTHORITIES

PRINCIPAL CONTACT - ALLEN ROBERTS

ALTERNATE - ROY MINK

e ASSISTS DOE/DGE TASK MANAGER BY:

COORDINATING IMPLEMENTATION OF GEOTHERMAL
TASK PLAN |

COORDINATING PREPARATION OF TASK PLAN AND
MODIFICATIONS

b T
M T AN

C‘O‘O‘RD’IN-A—'I"I-N-G-PRE—PARAT—ION—OF-PAER-IODICﬁR-ERORIS

PROVIDING PLANNING, REVIEW AND BRIEFING ASSISTANCE
AS REQUESTED




DOE/ID FIELD OFFICE

Authorization Documents: Memo - B. G. DiGona to M. E. Gates,

dated July 25, 1980
Field Manager ¢ Leland L. Mink | COM 208-526-0638, FTS 583-0638
Associate Field Manager: Russell D. Lease COM 208-526-2401, FTS 583-2401

Contracts for and directs day-to-day implementation of:

1) Field exporation for geothermal resources of all temperatures in the State of Utah (through ESL and
UGMS) .

2) Reservoir confirmation including drilling for low- and intermediate-temperature reservoirs in the
State of Utah (through ESL and UGMS).

3) Work supporting the conceptual definition of M-X geothermal applications, planning for
implementation, and analysis of the impact on commercialization (through EG&G and ESL).

4) Technical planning and task review assistance; development and management of the M-X/RES Geothermal
- Data File; preparation, consolidation, and submission of monthly progress reports and of technical
reports as necessary (through ESL, EG&G, and UGMS). :
Consolidates contractor monthly schedular and expenditure progress reports, develops a management assessment
of status and/or problems and recomnended solutions, and implements these solutions after approval of
DOE /DGE . A

Reviews technical reports and approves their submittal to DOE/DGE and to the M-X/RES Project Office.
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M-X/RES PROJECT
GEOTHERMAL TASK

DOE/ID RESPONSIBILITIES AND AUTHORITIES

i » " FIELD MANAGER - ROY MINK
~ ASSOCIATE - RUSS LEASE

L e CONTRACTS FOR AND DIRECTS DAY-TO-DAY IMPLEMENTATION OF:

- FIELD EXPLORATION FOR RESERVOIRS OF ALL TEMPERATURES IN UTAH
- RESERVOIR CONFIRMATION INCLUDING DRILLING FOR LOW- TO e
INTERMEDIATE-TEMPERATURE RESERVOIRS IN UTAH
- CONCEPTUAL DEFINITION OF APPLICATIONS; PLANNING FOR
IMPLEMENTATION; AND COMMERCIALIZATION ANALYSES IN
_ NEVADA AND UTAH
"= TECHNICAL PLANNING AND REVIEW ASSISTANCE; DATA FILE
‘ —~MANAGEMENT;-PERIORIC- PROGRESS_AND_TECHNICAL_REPORTING

%V—‘%OgGQNSQLﬁlDME-S_EE:RI,O.D.ILLQQISLTBACIQB_EBQGR ESS REPORTS, ASSESSES
" STATUS AND PROBLEMS, IMPLEMENTS SOLUTIONS WITH APPROVAL OF DOE/DGE —

e REVIEWS AND APPROVES CONTRACTOR TECHNICAL REPORTS
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DOE/NV FIELD OFFICE

Authorization Document: Memo - B. G. DiBona to M. E. Gates;

dated July 25, 1980
Field Manager 4 : Joseph N. Fiore COM 702-734-3424, FTS 598-3424
Associate Field Manager: Allen J. Roberts COM 702-734-3171, FTS 598-3171

Contracts for and directs the day to -day implementation of:

1) Field exploration for geothermal reservoirs of all temperatures in the State of Nevada (through
MMRI).

2) Reservoir confirmatlon including drilling for low- and 1ntermediate temperature reservoirs in the
State of Nevada (through MMRI)

3) Industry cost-shared drilling activities associated with potential reservoirs of all temperatures
in Nevada and Utah utilizing ESL-approved work scopes and activities (Contractor(s) T8D).

4) Feasibility studies relating to the utilization of initial high- temperature reservoirs for the
generation of electrical power, utilizing EG&G- approved work scopes and activities (through
Contractor(s) TBD).

Consolidates contractor monthly schedular and expenditure progress reports, develops a management assessment
of status and/or problems and recommnended solutlons and implements these solutions after approval of
DOE /DGE . ‘ ' :

Reviews technical reports and approves ‘their submittal ‘to DOE/DGE and to the M-X/RES Project Office.
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M-X/RES PROJECT
GEOTHERMAL TASK

DOE/NV RESPONSIBILITIES AND AUTHORITIES

L |  FIELD MANAGER - JOE FIORE
ASSOCIATE - ALLEN ROBERTS
| e CONTRACTS FOR AND DIRECTS DAY-TO-DAY IMPLEMENTATION OF:

- FIELD EXPLORATION FOR RESERVOIRS OF ALL TEMPERATURES IN
. " NEVADA |

- RESERVOIR CONFIRMATION INCLUDING DRILLING FOR LOW-TO .
"~ INTERMEDIATE- TEMPERATURE RESERVOIRS IN NEVADA

- INDUSTRY COST -SHARED EXPLORATION, CONFIRMATION AND
PRODUCTION DRILLING IN NEVADA AND UTAH

- FEASIBILITY STUDIES FOR UTILIZATION OF INITIAL HIGH-
TEMPERATURE RESERVOIRS IN-NEVADA-AND-UTAH

H—_CDNSDLlDAJ'ES_P_EBLODLC_CDNIBAQT*O,B REPORTS, ASSESSES STATUS
AND PROBLEMS, IMPLEMENTS - SOLUTIONS WITH -APPROVAL-OF DOE/BGE-——

®* REVIEWS AND APPROVES CONTRACTOR TECHNICAL REPORTS
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NATIONAL GEOTHERMAL PROGRAM CONTRACTORS APPLIED TO M-X/RES

DOE/DGE's geothermal programs are supported by a number of contractors that have specific areas of
expertise applicable to the M-X/RES Geothermal Task. These contractors have presently operating projects
that are similar in scope and activities to those that the M-X/RES Geothermal Task will require. By
implementing the M-X/RES Geothermal Task through existing DOE/DGE contractors an existing, experienced
infrastructure will be used, thus facilitating accomplishment of the Task while at the same time ensuring
the integration of M-X/RES geothermal results into the Federal geothermal technology development and
commercialization programs and ensuring that the private sector is appraised of M-X/RES geothermal results.

Contractors that wil] be used on the M-X/RES Geothermal Task include:

Earth Science Laboratory Division/University of Utah Research Institute
Salt Lake City, Utah '

EG&G, Idaho, Inc.
Idaho Falls, Idaho

Mackay Minerals Research Inétitute
Reno, Nevada

Utah Geological and Mineral Survey
Salt Lake City, Utah
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- M- X/RES PROJECT

NATIONAL GEOTHERMAL PROGRAM CONTRACTORS
APPLIED TO M- -X/RES

EARTH SCIENCE LABORATORY /UNIVERSITY OF UTAH RESEABCH INSTITUTE

EG&G, IDAHO, INC.

MACKAY MINERALS RESEARCH INSTITUTE

. UTAH GEOLOGICAL_AND MINERAL SURVEY

MX-037—
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GEOTHERMAL EXPERIENCE |

e EARTH SCIENCE LABORATORY DIVISION .
UNIVERSITY OF UTAH RESEARCH INSTITUTE |

-~CONTRACTOR TO DOE/ID

D -PROVIDES PRIMARY TECHNICAL SUPPORT FOR:
e INDUSTRY COUPLED PROGRAM ~ NEVADA AND UTAH
e STATE COUPLED PROGRAM - WESTERN U.S.
" e EXPLORATION TECHNOLOGY PROGRAM - NATIONWIDE

e USER COUPLED CONFIRMATION DRILLING PROGRAM ~
NATIONWIDE '

- PROVIDES TECHNICAL SUPPORT FOR:
f COMMERCIALIZATION - WESTERN U.S.

T+ JNDUCED SEISMICITY = ROOSEVELT HOT SPRINGS,

RAFT RIVER
e PROGRAM PLANNING

|
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GEOTHERMAL EXPERIENCE

. EG&G IDAHO INC.

- PRIME CONTRACTOR TO DOE/ID FOR OPERATION OF .
IDAHO NATIONAL ENGINEERING LAB‘O‘RATOBY (INEL)

- PROVIDES PRIMARY TECHNICAL SUPPOET FOR:

e RAFT RIVER, ID, GEOTHERMAL BINARY ELECTRIC
DEMONSTRATION PLANT

e USER COUPLED CONFIRMATION DRILLING PROGRAM

e PROGRAM PLANNING

"o« DIRECT HEAT FEASIBILITY AND FIELD DEMONSTRATION
PROGRAMS (PRDAs, PONS) '

- PROVIDES TECHNICAL SUPPORT FOR:

= e

* RESERVOIR ENGINEERING —

¢« COMMERCIALIZATION

« GEOTHERMAL LOAN GUARANTY PROGRAM

e ELECTRIC CONVERSION TECHNOLOGY

- MX-048
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GEOTHERMAL EXPERIENCE

e MACKAY MINERALS RESEARCH INSTITUTE (MMRI)

- CONTRACTOR TO DOE/NV

- PROVIDES TECHNICAL SUPPORT IN NEVADA FOR:

e LOW-AND INTERMEDIATE- TEMPERATURE RESOURCE
ASSESSMENT(STATE COUPLED)PROGRAM

e COMMERCIALIZATION

® UTAH GEOLOGICAL AND MINERAL SURVEY (UGMS)

- CONTRACTOR TO DOE/ID

— . - PROVIDES TECHNICAL-SUPPORT- IN-UTAH-FOR:

- « LOW- AND INTERMEDIATE- TEMPERATURE RESOURCE ~— — — —
ASSESSMENT (STATE COUPLED) PROGRAM

e COMMERCIALIZATION

MX-047




RESPONSIBILITIES AND AUTHORITIES

EARTH SCIENCE LABORATORY DIVISION/UNIVERSITY OF UTAH RESEARCH INSTITUTE

(ESL/UURT)
Project Manager i Dennfs L. Nielson" ~ COM 801-581-5141,‘FTS 588-5098 - -
Alternate‘COntact: Pni]]ip M. wright - : ‘COM 801-581-5283, FTS 588-5098

':Contractok to DOE/ID.

. Prov1des the Joint Task Group primary techn1cal plann1ng and coord1nat1on a551stance for the M- X/RES
Geothermal Task through DOE/ID. : :

Performs assigned technlcal port]ons of Geothermal Task including:

development of exp]oration and reservoir confirmation strategies and data requirements;

detailed exploration and reservoir confirmation at initial and other h1gh temperature sites, in
cooperatlon with industry lease-holders; _

commercialization analyses, in conjunction with EG&G.
Assists in technical review of exploration, reservoir confirmation, and drilling activities.

Coordlnates acqu151t1on by other contractors of geoscience and related data from 1ndustry and prlvate
sources. .

Estab]ishes the central M~X/RES Geothermal Data File for the storage of all M-X/RES Geothermal'data
including properietary data. Organizes the release of non-proprietary data through public open-file with
approval of the JTG. ' : o :

Coordinates the flow of geothermal assesSment(data and analyses of those data to GSE/I.
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M-X/RES PROJECT
GEOTHERMAL TASK

ESL/ UURI RESPONSIBlLlTIES AND AUTHORITIES -

PROJECT MANAGER - DENNIS NIELSON
 ALTERNATE - MIKE WRIGHT |
o PROVIDES THE JTG PRIMARY TECHNICAL, PLANNING AND COORDINATION
ASSISTANCE THROUGH DOE/ID
"o PERFORMS ASSIGNED TECHNICAL TASKS INCLUDING :

-~ DEVELOPMENT OF EXPLORATION AND CONFIRMATION STRATEGIES

- EXPLORATION AND RESERVOIR CONFIRMATION AT INITIAL AND OTHER
HIGH-TEMPERATURE SITES

- COMMERCIALIZATION ANALYSES

—— — ——e—ASSISTS IN TECHNICAL REVIEW OF EXPLORATION-,-CONFIRMATION-AND
DRILLING ACTIVITIES

e COORDINATES ACQUISITION OF GEOSCIENCE DATA FROM PRIVATE SOURCES

o ESTABLISHES A CENTRAL M-X/RES GEOTHERMAL DATA FILE AND RELEASES
DATA TO PUBLIC AS APPROPRIATE | |

e COORDINATES FLOW OF ASSESSMERNT DATA TO GSE/
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EG&G, IDAHO, INC.

Project Manager : Thomas W. Lawford COM 208-526-1844, FTS 583-1844
Alternate Contact: Charles R. Broadus COM 208-526-9141, FTS 583-9141

Contractor to DOE/ID. -

Provides the Joint Task Group techn1cal and plann1ng a551stance on the Appl1cat10ns Development portlon of -
the M-X/RES Geothermal Task through DOE/ID.

Performs‘a551gned techn1cal portions of Geothermal ngk, including:

development of candidate geothermal applications;

collectlon and analysws of geothermal appllcatlons data;

reservoir englneerlng at assigned SItes, and

commerc1al1zat1on analys1s in conJunct1on with ESL.
Ass1sts in technical review of appl1cat1ons development activities.

Purchases applications development data after approval of DOE/ID and contracts for appllcatlons development
studies as needed. . _

Releases: appropriate geothermal applications data through public open-file.

Provides applications data and analysis to GSE/I with copy to ESL.
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- M-X/RES GEOTHERMAL TASK
'EG&G RESPONSIBILITIES AND AUTHORITIES

PROJECT MANAGER - TOM LAWFORD
ALTERNATE -~ CHUCK BROADUS

o PROVIDES. THE JTG TECHNICAL AND PLANNING ASSISTANCE THROUGH DOE/ID

L PERFORMS ASSIGNED TECHNICAL TASKS, INCLUDING :

- DEVELOPMENT OF CANDIDATE GEOTHERMAL APPLICATIONS
- COLLECTION AND ANALYSIS OF APPLICATIONS DATA

- RESERVOIR ENGINEERING | |

- COMMERCIALIZATION ANALYSES

— —— — e ASSISTS IN TECHNICAL REVIEW OF APPLICATIONS DEVELOPMENT ACTIVITIES

¢ PURCHASES APPLICATIONS DATA _AND CONTRACTS FOR
APPLICATIONS STUDIES

e RELEASES DATA TO PUBLIC AS APPROPRIATE |
e PROVIDES APPLICATIONS DATA TO GSE/I

MX-Q72




MACKAY MINERALS RESEARCH INSTITUTE (MMRI)

v Prlmary Contact Dennis T. Trex]er - COM 702e784-6691
| Alternater James L. Bruce |  ' COM 702-784-6691

Contractor to DOE/NV.
Prov1des techn1cal proposa]s and p]anning aSSIStance to ESL and ‘the Joint Task Group through DOE/NV
Performs ass1gned technlcal tasks, includlng

- geothermal assessment for low- and intermediate- ~temperature geothermal systems at cand1date ‘
OperatIng Base sites in Nevada. o

- reconnaissance and detailed exploratlon for other high- temperature geothermal systems in the
deployment area of Nevada.

- collection, reduction, and analysis of data from the above efforts and transmlttal of these data
and analyses to ESL.-

Publishes data and analyses as appropriate to benefit the commercialization of geothermal resources.

. Purchases existing geoscience data and subcontracts for surveys after coord1natlon w1th ESL and approval of
o DOE/NV .
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'M-X/RES PROJECT
GEOTHERMAL TASK

MMRI RESPONSIBILITIES AND AUTHORITIES

PRIMARY CONTACT - DENNIS TREXLER
ALTERNATE - JIM BRUCE

° PROVlDES PLANNING ASSISTANCE TO ESL AND THE JTG THROUGH DO,E_/.N_V ‘

o PERFORMS ASSIGNED TECHNICAL TASKS, INCLUDING:
- ASSESSMENT FOR LOW- AND INTERMEDIATE-TEMPERATURE
SYSTEMS AT OB SITES IN NEVADA .
- RECONNAISSANCE FOR OTHER HIGH- TEMPERATURE SITES IN
DEPLOYMENT AREA OF NEVADA

= TRANSMITTAL OF DATA TOESL

- — o PUBLISHES. AND RELEASES-DATA TO PUBLIC AFTER APPROVAL OF JTG

e PURCHASES EXISTING GEOSCIENCE DATA
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UTAH GEOLOGICAL AND MINERAL SURVEY (UGMS)

Primary'Contact i wallace Gwynn - COM 801-581-3068
Alternate Contact: Peter‘J.AMurphy , - COM-801-581-3065

Reports to DOE/ID. - |
Prov1des techn1cal proposals and p]ann]ng ass1stance to ESL and the Joint Task Group through DOE/ID.
Performs ass1gned technIcal tasks, 1nc1ud1ng

- geothermal assessment for low~ and 1ntermed1ate -temperature geothermal systems at candldate
‘ OperatIng Base sites in Utah

- reconnaissance and detailed exploratlon for other high- temperature geothermal systems 1n the
deployment area of Utah,

- collection, reductlon and analysis of data from the above efforts and transmlttal of these data
‘and analyses to ESL. .

Publishes data and ana]yses as appropriate to benefit the commercialization of geothermal resources. .

B . i i ‘ L ' M PR 1] i H M 1 [ i N i i H i



f 1 - i . L H : s : R B - -
. . . : s H H s ' ) . ¥ g M B
i - — . B e U, SN N IS

M-X/RES PROJECT GEOTHERMAL TASK
UGMS RESPONSIBILITIES AND AUTHORITIES

PRIMARY CONTACT - WALLY GWYNN
" ALTERNATE - PETE MURPHY

e PROVIDES PLANNING ASSISTANCE TO ESL AND THE JTG THROUGH DOE/ID 'i

e PERFORMS ASSIGNED TECHNICAL TASKS, INCLUDING

- ASSESSMENT FOR LOW- AND INTERMEDIATE- TEMPERATURE
SYSTEMS AT OB SITES IN UTAH

- RECONNAISSANCE FOR OTHER HIGH TEMPERATURE SITES IN
DEPLOYMENT AREA OF UTAH '

“— TRANSMITTAL OF DATA TO ESL

+ PUBLISHES AND RELEASES DATA TO PUBLIC AFTER-APPROVAL OF JTG———

e PURCHASES EXISTING GEOSCIENCE DATA
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' M-X/RES GEOTHERMAL ASSESSMENT
AND APPLICATIONS DEVELOPMENT TASK

GEOTHERMAL ASSESSMENT

NATURE OF GEOTHERMAL RESOURCES
EXPLORATION STRATEGIES & TECHNIQUES
WORK ELEMENTS ‘
ELEMENT SCHEDULES
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" ASSESSMENT VS APPLICATIONS

Geothermal 'Assessment - Exploration, drilling, flow testing and:resekvoir-engineering'activitiesldesigned;;o v

discover, confirm and obtain production from a geothermd] reservoir. .

" Geothermal Applications - Use of the energy in geothermal fluids4prodﬁced from a geothermal reservoir.

MX/022
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HYDROLOGY)

RECONNMSSANCE
DETAILED EXPLORATION

 CONFIRMATION DRILLING

PRODUCTION DRILLING -
STEP-OUT DRILLING

EXPLORATION AND ASSESSMENT TECHNOLOGY

APPLICATIONS

ELECTRICAL POWER GENERATION
NON-ELECTRICAL APPLICATIONS
CASCADED SYSTEMS

HYBRID SYSTEMS

HARDW ARE

TRANSMISSION AND DISTRIBUTION
OPERATIONS AND MAINTENANCE
ENVIRONMENTAL CONTROL
ECONOMICS

COMMERCIALIZATION
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GEOTHERMAL OCCURRENCES AND M-X DEPLOYMENT AREA R

| The.M-X debloyméﬁt"area is.iocatéd in the Great Basin of Utah and Nevada. To.thé pbrthWest of'thevﬂ 
depibyment area.are'a'seriés bf.géotherma] sysfehs and a ioné of overall'high heat f]ow thatlcblléctively
maké'up the so called Batfle Mountain Heat Flow High. Ovef‘the past'5 to 10‘yeérs.the Battle Mountain Héét
Flow High.has been an area of canenfrated exploration by industry for high-temperature hydrotherma]
systems;'thé deployment'area itself has séen a much less intense explorafion»activity. Howevér, as the mapr
*shows,‘there are numerous hot springs and wellé within the deployment area, and exp]oration is certafn to
-locate other dccurrences that are not now known. Chances are good that‘one or more new high-température
hydrothérmal systems,'suifab]e for electrical power generation, can be fqund wjtﬁin the deploymeh£ area, and
that low- and intermediate-temperatqre hydrothermal systems, suitable for spate conditioning‘and process

_ heat, can be found in proximity to some of the candidate OB sites.
MX-0006
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CONCEPTUAL MODEL OF HIGH-TEMPERATURE HYDROTHERMAL CONVECTION SYSTEM

This generalized conceptual model of a convectlve hydrothermal system shows processes that are common
to most of the geothermal systems 1n the Great Basin. . The hydrothermal system is recharged by meteorlc‘
(ra1n and snowmelt) waters that circulate to depth along permeable zones that are either provided by
fracture systems or porous. rock units. These waters are heated by the normal geothermal gradjent or by hot
lntru51ve_rock as shoun on the diagram, Ih much of the Great Basih§ cjrculation of waters to’depths of
three kilometers or more are required to heat fluids to temperatures of415OQC.» If a molteh or recently
solidified intrusion exists at depth then shallower chilling may reach even higher'temperatures. The hot

| flu1ds ascend along fault zones to the surface or near surface where they may or may not crop out as hot
vsprlngs. In many cases. the waters are prevented from reaching the surface by 1mpermeable caprock by
decrease in permeability, or by inadequate hydrologic head. Such systems do not appear at the surface as

hot sprihgs and are thus difficult to detect.
6GG/032
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f :FAULT-—CON‘_TROLLED DEEPLY CIRCULATING GEOTHERMAL SYSTEM "

| Th1s generallzed model is applicable to many of the geothermal occurrences 1n the Great Bastn.; It isl
‘ the general case that the mountaln blocks ln the Great Basin are flanked by faults along wh1ch sol1d bedrock
has been dropped down.v The 1nterven1ng valleys are filled w1th eros1onal debris from the mounta1n blocks,
and solid bedrock is as deep as 10, 000 feet beneath some valley floors. The range bound1ng faults often act
as condults to allow deep circulation of ground water, which is heated by the norma] increase in temperature
w1th depth in the earth. The heated water rises in places along the faults in some places reachlng the

surface as thermal sprlngs and in other places spread1ng out beneath the surface and being cooled by m1x1ng

"vw1th cool, shallow groundwater.
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TEMPERATURE CLASSIFICATION OF GEOTHERMAL SYSTEMS

Low-Temperature Geothermal Resource -~ A geothermal‘reeource whose temperature is in the range (5°C above

‘mean amb1ent air temperature) T < 90

Ny Intermedlate Temperature Geothermal Resource - A geothermal resource whose temperature is in the range 90°¢C

<T< 150 C.

| High- Temperature Geothermal Resource - A geothermal resource whose temperature ls T > 150° C.

H1gh temperature geothermal resources can potentially be used for electric power generation. Low- and

intermediate-temperature resources are of use for space cond1t1on1ng energy and process heat. “

1

This chart shows temperatures for the six "Inltlal High-Temperature S1tes “ as presently known. Some of the_

temperature data shown here are st1ll company confidential.

1 See M-X/RES Technical Approach Overview (Phase I) in INTRODUCTION.
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TEMPERATURE CLASSIFICATION OF GEOTHERMAL SVSTEMS
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FREQUENCY OF OCCURRENCE VS TEMPERATURE FOR GEOTHERMAL RESOURCES

The histogram showing frequency of occukrence of known hydrothermal systemsijn the U.S. as a function
of temperature demonstrates a lognormal distribution; Such a distributioh is characteristic of mahy natura1‘4
resources. For example, the cumulative tonnage of copper in the'worldfs resources jncreases exponentially

as grade decreases.

There is at present no complete compilation of the number of low-temperature systems,‘but thg trendbj
represented by the graph’fs thought to continue for the low-temperature systems. Many of the |
high-temperature systems shown in the hfstogram are from the Great Basin of Utah and Nevada, Even‘tﬁough‘
high-température reservoirg are more difficult exploration targets than the'lower-témperature sysfems? as a’

_result of the favorable geologic environment theré is a hfghek probability of diséoyery of high-teﬁpérature

reservoirs in the vicinity of the deployment area than in most other areas in the U.S.
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SUGGESTED HIGH-TEMPERATURE HYDROTHERMAL EXPLORATION STRATEGY

The high- temperatufe hydrothermal exploration strategy shown is a

generallzed approach that is followed by many exploration groups although the

specific mix of techniques used varies from group to group. The approach is

- designed to locate hidden hydrothermal systems in the Great Basin.. It starts
 'with a literature study and data: compilation for large areas of 1,000 to o

10,000 sq mi. From analysis of these. data the exploration effort can be =
progressively concentrated to a district scale of 100 to 1000 sq mi and then
down to a prospect scale of perhaps 10 sq mi. In addition, the strategy uses
less expensive exploration activities in the early phases. of exploration and

- the more expensive drilling and geophysical surveys in- the latter phases.

The: strategy is baéed'on the formulation and testing of conceptual models

'of the hydrothermal systems being sought. In any specific exploration effort,

some steps in the sequence may be skipped, and many times it becomes necessary

to add surveys not shown here to answer: spec1f1c problems.

Progression through a]] twenty-five steps shown in the'high-temperature
strategy may take a year or more depending upon the commitment of the

organization involved, availability of survey and dr1111ng crews, compet1t1on, “

and weather, as well as other variables.

The initial activity in the geothermal assessment portion of thé M-X/RES. .

Geothermal Assessment and Applications Development Task is to refine the
strategies for application to the Initial High-Temperature Sites, the

- Operating Base sites, and other h1gh temperature sites..

For the Initial H1gh-Temperature Sites work can beg1n well into the
strategy (approximately step #20) because for these sites much has been

~accomplished already through industry's exploration efforts, and first results
can be expected in a time frame of several months. :
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SUGGESTED LOW- AND INTERMEDIATE-TEMPERATURE HYDROTHERMAL EXPLORATION STRATEGY

‘1 The low- and intefmediate-ﬁemperature.exploratibn:strategy shown is
similar to that shoWnifer highftemperature sySfemS; Theféame appfoach is
'ZUSed: "starting wfthvlarge‘areas;.we narrow ettenthn to prospects that have
fhevbest evidence of a viable‘reservoir;_and work from thefleés‘eXpensive to
'the.mdre expensive exp]ofation broceeures. The concepfua}~mode1 approach is.
also applied, and stEps'in'the exploration procedure may be:skipped or new

procedures added to solve specific problems.

Exploration in the vicinity the OB_éites 15 §1te-specific. That is,
instead of exploring'lafge areas for the best geothermal systems,,the
exploration areas are predeterm1ned Thus many of the explorationkprocedures
, des1gned to narrow the area of search can be eliminated, and Cif favorab]e
ev1dence is found, detailed explora£1on can be quickly 1mp1emented. In
add1t1on measurement of temperatures. 1n geothermal holes being drilled by

Fugro will speed up the exploration process at the 0B sites, thereby allowing

work to begin at step #7.

. MX/034
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SUGGESTED LOW-AND INTE-RMEDIATE-TEMI-"}EI?ATURE
HYDROTHERMAL EXPLORATION STRATEGY
1[ LITERATURE SEARCH A
AND COMPILATION |5K
| { .
2 INITIAL
CONCEPTUAL MODEL {1K
f + A |
3 WATER 4| THERMAL GRADIENTJS.
GEOCHEMISTRY 3K AVAILABLE HOLES |{10K
i | - . |
' 5 AIR PHOTO
INTERPRETATION 1K REFONNAISSANCE
I XPLORATION
6 PROSPECT f Tio
MAPPING 5K
1
7 GRADIENT
HOLE DRILLING 50K
L
. i i
8 WATER 9 LITHOLOGY 10 ‘I’EMPERA'TURE &
GEOCHEMISTRY 5K LOGS 1.5K ELEchc LOGS 5K
‘ =
11 CONCEPTUAL
MODELING 2K '/
- 1N Y
-~ 12 DIPOLE-DIPOLE
RESISTIVITY 20K
J
13 NUMERICAL
MODELING 10K
1
14 MODEL TEST DETAILED
DRILLING 150K EXPLORATION
! J RN
i . 1 ]
15 WATER 16 LITHOLOGY 17| TEMPERATURE q. ,
GEOCHEMISTRY 5K LOGS 1K ELECTRIC LOGS 4K
I 1
1
18 DETAILED
MODELING 2K  /
| o ————
19 CONFIRMATION A
DRILLING & TESTING | 500K
i |
[ 1
20 WATER 21 LITHOLOGY 22 TEMPERATURE & | |10K
GEOCHEMISTRY K LOGS 3K | GEOPHYSICAL lLocs
L . 1
23 SESERVOI CONFIRMATION
: MODELING 10K - DRILLING &
' ' FEASIIBILITY TESTING
_ APPLICATIONS STUDIES STUDY l
PRODUCTION DRILLING
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M-X/RES PROJECT WORK BREAKDOWN STRUCTURE

The work breakdown structure for the entire M-X/RES project is shown. The following presentation will -

concentrate on Geothermal Assessment (WBS Element 2.3) and include a detailed work breakdown structure and

schedule. Following that, Geothermal Applications Development (WBS Element 3.1) will be discussed.

MX/021
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This chart i]]ustrates.how the following discussion relates to-the M-X/RES geothermal objectives and tq‘

the top-level M-X/RES objectives.
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PHASE I GEOTHERMAL ASSESSMENT WORK BREAKDOWN STRUCTURE -

The Phase I work breakdown structure for Geothermal Assessment follows from the objectives of the
M-X/RES Project and the Geothermal Assessment and Applications Development Task. Geothermal Assessment will
be concentrated in three areas: 1) Initial High-Temperature Sites, 2) Operating Base Sites, and 3) Other
High-Temperature Sites.

NBS 2.3.1

The In1t1al ngh Temperature S1tes are those that have been identified as belng in the advanced stages -
of exploration and which. show promise of being able to contribute electrical power to the M-X system. These -
areas are Roosevelt Hot Springs, Utah, and Dixie Valley, Steamboat Springs, Desert Peak, Humbolt House, and N

Beowawe in Nevada. As industry explorat1on proceeds, other sites could be added to thlS list. Large '
amounts of exploration data are presently available for these areas and it is thought that additional
information could be readl]y purchased from companies . that are exploring there.  Formulation of optimum

_exploration and reservoir confirmation strategies will proceed after all available data have been collected
and analyzed, companies have been contacted, and priorities have been established. Due to the limited
funding avallable effort must be concentrated in those areas that show the greatest potential: for
contributing power to the M-X system. Following the formulation of strategies, the DOE will contract with
the companies who hold the land leases for detailed exploration or confirmation drilling and testing on a
cost-shared basis. ESL will assist in this effort. This will both aid in the confirmation of these
reservoirs and provide data that will be used in the M-X/RES Data Base Book and released to the geothermal
community, if appropriate. The last element (2.3.1.4), termed "Site Evaluation," provides for a
retrospective analysis of the program. During this portion, case studies of the procedures will be
developed and advances in geothermal exploration and assessment technology will be evaluated and
communicated to the geothermal exploration community.

WBS 2.3.2

The exploration and confirmation in proximity to the Operating Bases will follow the same general
procedure as outlined for the Initial High-Temperature Sites. Differences are: 1) the activities will
concentrate in the vicinity of the Operating Base sites, 2) the exploration targets will be both
high-temperature systems suitable for electric power generat1on and low- to intermediate-temperature systems
which could be applied to both space conditioning and process heat, and 3) the entire exploration procedure
for low- to intermediate-temperature resources and the initial stages of the high-temperature exploration

- will be performed by the resource teams of Nevada (MMRI) and Utah (UGMS). The procedure will begin with an
“evaluation of the strategy to be employed, both from the standpoint of the prioritization of the sites and
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in terms of the procedures to be employed. In general, the reconnaissance exploration and some of the
detailed exploration will be done by MMRI and UGMS. However, if evidence of a high-temperature geothermal
resource is found, attempts will be made to induce private industry to pick up the exploration under a

- cooperative agreement with the government. This could lead to cost-shared confirmation drilling and testing
at favorable sites. The activity is divided in this fashion because high-temperature geothermal exploration
expertise generally resides with private industry whereas appropriate exploration expertise for low- and
intermediate-temperature systems rests with MMRI and UGMS, and because industry will likely be involved
through lease holdings and through production of electrical power from any high-quality reservoirs found.

WBS 2.3.3

The component of the WBS that addresses exploration and confirmation for other high-temperature sites
is based on the philosophy that most high-temperature exploration has been concentrated in areas of Nevada
and Utah adjacent to the deployment area, leaving the deployment area itself much less thoroughly explored.
The initial effort will be to work out a strategy and establish priorities in light of limited funds and the
importance of the Initial High-Temperature Sites and the Operating Base Sites. The exploration under this
element will be initiated by MMRI and UGMS. If indications of high-temperature geothermal systems are
discovered, attempts will be made to attract companies to participate with the government in cost-shared
exploration. At favorable sites this will lead to cost-shared confirmation drilling and testing.. The final
step will be a site evalution where case studies will be developed and improvements in exploration and
assessment technology will be evaluated and transferred to industry.

WBS 2.3.4

This element provides for the planning of activities to be done under Phase II of the Task, those which
will follow the June, 1982 M-X/RES decision. This planning will address advanced studies at the Initial
High-Temperature Sites and at the Operating Base Sites. In addition, the status of the Other
High-Temperature Sites will be evaluated and recommendations for additional studies made.

WBS—2:3.5

This element addresses the management of the Geothermal Assessment portion of the Task. ‘The specifics
of management are addressed under the authorities and responsibitities of the individual participants—and

shown on functional relationships charts previously presented (see MANAGEMENT STRUCTURE) . MX7026
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PHASE I GEOTHERMAL ASSESSMENT TASK AND MILESTONE SCHEDULE

' The mllestone schedule for Phase I of the Geothermal Assessment Task reflects the del1verables requlred
by the M-X/RES Project. This schedule is compatable with the schedule developed for the Geothermal ' o
_ Applications Development portion of the Task. The due dates are also compatable with those estab]lshed-for"
. the solar and wind evalutlons. - : ?

The timing of the several activities reflects the need for early conflrmatlon at one or more of the Initial
High-Temperature Sites since these are the sites that have the h1ghest probability of providing electrical
power to the M-X system. Exploration and reservoir confirmation in the vicinity of the Operating Base sites
is also a high priority activity. Reconnaissance exploration for this effort is scheduled to start in

January, 1981 and will be run simultaneously with activities at the initial high-temperature sites. As ,
‘mentioned previously, this work can be expedited by preservation of and temperature measurements in holes
now being drilled by Fugro National at the candidate OB S1tes ~and by use of data prev10usly collected by '
Fugro as part of the M-X site evaluation. :

ExploratIon and confirmation at Other High-Temperature Sites will utilize present DOE contractors
during its initial phases, but when evidence of a high-temperature geothermal system is found, efforts will
‘be made to get private industry involved. In Utah these activities are scheduled to begin in June, after
emphasis is first placed on exploration around the Milford, Beryl, and Delta candidate 0B Sites, where
geothermal manifestations are known to occur. In Nevada no geothermal manifestations are known near either
- the Coyote/Kane or Ely candidate 0B Sites, so that exploration at these sites will likely be concluded
sooner and exploration for other high-temperature sites can begin earlier, perhaps in March.

MX /035
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GEOTHERMAL ASSESSMENT--PHASE [1 ACTIVITIES

Details @f Phase II activities will be planned in the latter stages of Phase I, allowing sufficient
time for data cdllectibn and study. However, it is possible to skgtch ih general wpat activities Phase 11

will contain.

Dri]]ing will be emphasized to a greater extent in Phase 1I. By that time one or more bf the sites
shquld be candidates for drilling to develop production. In addition the geologic teams would be ready to

put more effort into exploration if there were still encouragement for resource discovery.
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GEOTHERMAL ASSESSMENT
-~ PHASE I ACTIVITIES |

« PRODUCTION DRILLING AT INITIAL HIGH-TEMPERATURE SITES
* PRODUCTION DRILLING AT OB sm—:s |

. RESERVOIR CONFIRMATION DRILLING AND TESTING AT
| OTHER HIGH-TEMPERATURE SITES |

. COMMERCIALIZATION ANALYSIS

| ¢ EXPLORATION AND ASSESSMENT TECHNOLOGY
T - p— TECHNIQUE DEVELOPMENT-

s CONTINGENCY PLAN FOR INCREASED POWER REQUIREMENTS ——

i
{
|
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M-X/RES GEOTHERMAL ASSESSMENT
AND APPLICATIONS DEVELOPMENT TASK

GEOTHERMAL APPLICATIONS DEVELOPMENT

ELECTRIC POWER GENERATION
SPACE CONDITIONING |
CASCADED APPLICATIONS
WORK ELEMENTS
o - S ~ _ELEMENT SCHEDULE




Again reviewing the distinctions between geothermal assessment and applications:

ASSESSMENT is mainly an eérth science activity centered around (1) collecting adequate exploration data
to site drill holes and wells, (2) drilling to confirm the existence of a reservoir, and (3) engineering

analyses to determine reservoir temperature, flow'rates, water chemistry and reservoir life.

APPLICATION IS THE UTILIZATION OF THE GEOTHERMAL FLUID ONCE IT REACHES THE SURFACE, AND CONSISTS OF (1)
DESIGN, INSTALLATION AND OPERATION OF UTILIZATION HARDWARE, (2) TRANSMISSION AND DISTRIBUTION OF GEOTHERMAL
FLUIDS AND OF ELECTRICITY, (3) INSTITUTIONAL FACTORS SUCH AS ENVIRONMENTAL PROTECTION, LICENSING, ETC., AND
(4) THE ECONOMICS OF THE APPLICATION.
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Electric Power Generation

e Dry steam system
¢ Flash steam system

‘¢ Binary system

]
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ELECTRICAL GENERATION FROM A DRY STEAM RESERVOIR

'Electricql generation from a dry steam geothermal reéerﬁoir is the most economicéi form of electrical
generation from geothermal energy. Over 900 MWe of electricity are present]y”beihg produted by~fhfs method
by Pacific Gas and Electric from the Geysers geothermal field north-of San Francisco. Capacity factors from :
this field ex;eed 80%, and the power produced is the least expensive generated by‘PG&E. However, a

' geothermal reservofr which produces dry steam is extremely'rare. Altﬁough it is speculative, the Dixie

- Valley reservoir in Northern Nevada may prove to be such a dry steam reservoir.
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Dry Steam System
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110 Mde DRY STEAM POWER PLANT AT THE GEYSERS, .CA
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ELECTRICAL GENERATION BY A FLASHED STEAM SYSTEM

Most geothermal reservoirs are liquid dominated, meaning that either steam and hot water orvhot water alone
‘vare produced fromrwe]]s drilled into the reservoir. A simple extension of the dry steam technology is to
add flash tanks/separators at either the wellheads or power plant to flash the hot flﬁidé produced from the
wells and separate steam from water upstream from the turbines. The performance of flash steém plants can
be improved by adding a second stage (lower pressure) flash of ‘the hot liquid leaving the first flash tanks.
The hot geothérmal liguid leaving the plant has the poteﬁtial'for direct appliéations in the form of either
process heat for industrial.processes or space éonditioning. Flash steam powér plants are in operation in
Cerro Prieto, Mexico; Ahuachapan, E1 Salvador; Wairakki, New Zealand and Lardarello, Italy. In this
country, a 10 MWe flash stéam plant is undergoing startﬁp in the ImperialGValley of California, and a 50 MWe
demonstration plant is under construction at Bacca, New Mexico. Numerous other flash steam plants are in

various stages of design and planning.
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THE 75 Mde FLASHED STEAM PLANT AT CERRO PRIETO, MEXICO

Plant expansion to 150 MWe is presently imderway.

R k I o -P G OGN O o B -;---x-r-,- ‘-
H i ! ! [ \ S L T






ELECTRICAL GENERATION BY A BINARY SYSTEM

Binary plants have the potential for a significant imprdvement'over flash steam plants in efficiency or
'“utilization" of the geothermal fluid, especially at températures below 400°F. . Ih the binary plant, a
- secondary or working fluid is heated and boiled by the geothermal fluid before entering a turbine. The
working fluid is condensed as it exits the turbine and recirculated to the boiler. The potential for
cascaded.process heat exists as it does for the flashed steam plant. The supéridr perfofmance of binary
plants can significéntly reduée'the number of geothermal wells needed to supply the plant, resulting in a
Tower power genération cost than‘fof flashed steam plants. A 10 MWe binary power plant construéted for
Magma~Powér‘is undergoing startup bperations in California's Imperial Valley, and a 5 Mde binary
démonstration pilot plant constructed by DOE is near startup at Raft River, Idaho. Additionally, a 10 MWe

binary plant in Nevada and a 50 MWe binary plant in California's Imperial Valley are proposed.
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THE 5 Mde BINARY PILOT PLANT AT RAFT RIVER, IDAHO UNDER CONSTRUCTION IN‘SPRING, 1980.
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A CLOSEUP OF THE TURBINE GENERATOR AT THE RAFT RIVER PILOT PLANT.

The turbine is a dual i‘n?‘et radial inflow design.
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Space Conditioning

o Space heating
¢ Hot water heating

¢ Space cooling
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“«

CONCEPT FOR AN OVERALL GEOTHERMAL SPACE CONDITIONING/DOMESTIC HOT WATER SYSTEM
FOR A TOWN SUCH AS AN M-X OPERATING BASE.

High density users such as maintenance facilities and offices would have a centfal‘absorption

air-conditioning plant while Tow density users would obtain cooling from individual units.
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DETAILS OF TYPICAL HIGH ENERGY DENSITY USERS
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" DETAILS OF TYPICAL LOW ENERGY DENSITY USERS.
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A 3-TON ABSORPTION AIR-CONTITIONER BY ARKLA MANUFACTURING USED FOR OFFICES AT RAFT RIVER, IDAHO.
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AN ARTIST'S CONCEPTION OF THE BOISE, IDAHO DISTRICT SPACE HEATING SYSTEM.

This system is presently in the licensing and permitting stage. .
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Work Elements

3.1 Ceothermal applications development

]
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M-X/RES PROJECT GEOTHERMAL TASK
PHASE 1 OBJECTIVES HIERARCHY

DEFINE INTEGRATED RES OPTIONS THAT COULD

® PROVIDE RELIABLE POWER FOR M-X

® ACCELERATE RES COMMERCIALIZATION

l

DEVELOP DECISION PACKAGE BY MID ‘82 TO SUPPOR’I’ USAF DECISIONS ON|
: ® RES MIX
® RES ACQUISITION STRATEGIES
® COMMERCIAL INCENTIVES

IDENTIFY FEASIBLE GEOTHERMAL APPLICATIONS SYSTEMS ®

NTIFY FEA! ""'—'""—'I

IDENTIFY FEASIBLE CANDIDATE

| SYSTEMS FROM OTHER RES | DETERMINE HOW , AT WHAT COST, AND ON WHAT SCHEDULE
L __ TECHNOLOGIES 1 | GEOTHERMAL ENERGY COULD BE DELIVERED TO M-X , WHILE
—_———— BENEFITING THE COMMERCIAL COMMUNITY
| C 1
CHARACTERIZE GEOTHERMAL DETERMINE PLANT FEASIBILITIES AND RESERVOIR
RESOURCE SITES IN OR ADJACENT | SPECIFIC DESIGNS FOR ELECTRICAL

| TO THE M=X DEPLOYMENT AREA (2.3)]  AND DIRECT HEAT APPLICATIONS  (3.1)

- EXPLORE, CONFIRM, AND DEVELOP CASE - DEFINE CONGEPT, APPROACH

~STUDIES FOR-GEOTHERMAL-RESERVOIRS

—~ DETERMINE PLANT™ FEASIBILITY FOR =

- PLAN PHASE Hl ACTIVITIES A CONFIRMED RESERVOIRS

— ~ | PLAN SYSTEMS IMPLEMENTATION

~ IDENTIFY COMMMERCIALIZATION IMPACTS

. . PLAN PHASE Il ACTIVITIES
MX-028
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PHASE 1 GEOTHERMAL APPLICATIONS DEVELOPMENT W8S
Task 3.1.1 Concept Definition
3.1.1.1 Scenario/Technology Tradeoff and Strategies

Develop scenarios for the utilization of geothermal energy for electrical power for the
overall system and for space conditioning of several OB sites, as well as a cascaded
electrical power/space conditioning option for one OB site.

3.1.1.2 Generic Pafameterization

Develop generic performance and cost parameters for three types of electric power production
and for space conditioning at typical OB sites, as functions of resource temperature, fluid
chemistry and average well flow rates. Special consideration will be given to conceptual
development of special binary and hybrid flash-steam-binary power plants to mitigate shortages
of cooling water, and floating power concepts to mate with the generation characteristics of .
other renewable energy sources. Conceptual work on combination space-water heating and space
cooling systems for the 0Bs will be carried through preliminary cost estimates and economics.
This data is to be used for selection of the most promising electric generating and 0B sites.
Consideration of dry or hybrid coollng for electric power generation w1]l also be evaluated.

3.1.1.3 Soc1o-Inst1tut10nal Issues

Develop a generic list of the environmental concerns, permitting problems and political-legal
‘ramifications appropriate for electric generating and space conditioning applications in the
areas of interest. Evaluate each of the items and its potential impact on construction
schedules. ‘ '

3.1.1.4 Commercialization Issues

Scope the potential commercialization issues associated with development of large scale
geothermal applications. Consider development of the infrastructure necessary for low- to
intermediate-temperature geothermal applications, the market for geothermal components and the
demonstration of large scale applications. Demonstration of ways to cut through the barriers
to geothermal utilization will also be significant to commerc1a]1zat10n. This task will be
coordinated with DOE/DGE commercialization programs.
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PHASE I GEOTHERMAL APPLICATIONS DEVELOPMENT WBS
Task 3.1.2 Plant Feasibility - Initial High Temperature Reservoirs
3.1.2.1 Reservoir Specific Parameterization

: Contract with Northern Nevada Consortium and Utah Power and Light to buy reserv01r and p]ant'
-~ study data and transmlss1on line studies (DOE/Nevada Operatlons Office).

Rev1ew and evaluate the studies of 3. 1 2.1
3.1.2.2 . Prioritize Reserv01rs

Prioritize the reservoirs on the basis of lowest power costs, technical feasibility,
environmental and socio-institutional issues, commercialization aspects and strategic
locations. Produce a final report.

© 3.1.2.3 Reservoir Specific Designs . »
Based upon Tasks 3.1.2.1 and 3.1.2.2 above, and Task 3.1.1.2, develop a plant cohceptual
design, if not produced in 3.1.2.1 above. Subcontract with an AE firm for a Title I design

study. Review the Title I design and produce a final report package for M-X/RES
consideration. ,
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PHASE I GEOTHERMAL APPLICATIONS DEVELOPMENT WBS
Task 3.1.3 Plaht Feasibility - Evolved Reservoirs in.Proximity to Operating Bases
3.1.3,1 Analysis of Cascaded Systemé ‘

Working from.the Generic Parameterizations of element 3.1.2, scope cascaded electric
generation/space conditioning systems for the 0B sites. '

3.1.3.2 Initial Applications Evaluation

Using the generic data from tasks 3.1.2 and 3.1.3.1, and initial reservoir data, evaluate the
potential systems appropriate for application at the OB sites, : } :

3.1.3.3 App]ications Design DeVe]opment
Using updated reservoir data, the generic data, and the initial evaluations above select the

appropriate system concepts. Perform a conceptual system design. Place a subcontract with an
AE firm for a Title I design.
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PHASE I GEOTHERMAL APPLICATIONS DEVELOPMENT WBS
Task 3.1.4 Plant Feasibility of Other High Temperature Reservoirs

Following the discovery and preliminary assessment of a new high-temperature reservoir, the
initial estimate of fluid temperature, flow rate per well, and water quality will be used to
determine the electrlcal generation capacity and economics of the site.

3.1.4.1 Reservoir Specific Parameter1zat1on

The electric generation generic parameter1zation developed in Task 3.1.1.2 will be adJusted to
the characteristics of the specific reserv01r.

3.1.4.2 Reservoir Specific Designs'

. As further reservoir definition becomes available, the parameterics of Task 3.1.4.1 will be

- refined and the economics of the site development will be evaluated. If the analy51s proves
favorable, an AE will be contracted to develop a reservoir-specific design. Given the site

. and resource characteristics, the AE will develop preliminary layouts and equipment sizes, and
estimate the plant and equipment.capita] costs, O&M , and energy production.

3.1.4.3 Prioritize Reservoir Applications

After all of the preliminary designs have been completed and reviewed, the designs will be
evaluated with respect to economics, energy impact, and commercialization impact. The designs
will be prioritized with the initial resource sites (Tasks 3.1.2.3 & 3.1.3.3) to aid in the
selection of the optimum electric generatlon configuration. This will consist of a combined
effort of UURI and EG&G. -
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PHASE I GEOTHERMAL APPLICATIONS DEVELOPMENT WBS
Task 3.1.5 Systems Implementation Planning

3.1.5.1 Operations Planning
Operating plans will be developed for the plant concepts that cover system operation, plant
maintenance and SO testing. Support facilties, equipment, personnel requirements and tra1n1ng
programs required for operation and malntenance of the plants will be identified.

3.1.5.2 Environmental and Safety Analysis |
The potential environmental impacts and health and safety risks associated with the plant and
concepts for ‘installation, operation and maintenance of the plant will be identified and
assessed. Special procedures required to comply with Federal, State, and local standards will
be identified.

3.1.5.3 Systems Acquisition Planning
A plan that covers all itéms commencing with Phase II activities and culminating with the
operational availability of the plant concepts will be prepared that reflects necessary
design, development, prototype testing, CC tests, installation and checkout activities.

3.1.5.4 Risk Management
Finally, areas of possible risk will be identified that address performance, cost, and

schedule for the various concepts that might commence with Phase Il activities. Causative
factors will be discussed, and plans developed for minimizing the risks.
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- PHASE 1 GEOTHERMAL APPLICATIQNS DEVELOPMENT WBS
Task 3.1.6 Commercialization Analysis

3.1.6.1 Market Identification
Ex1§t1ng énd future markets for geothermal electric generation plants and district space
conditioning systems will be identified, and used in the data d1ssem1nat1on phase of Task
3.1.8.

3.1.6.2 Characterization of Deterrents or Barriers
The deterrents and barriers to the development of geothermal utilization will be identified
“from past and projected geothermal projects. Issues such as permitting, licensing, rights of
way, project infrastructure and capital formation will be covered. These issues will be
cross-referenced to the quantity and scheduling of systems procured and demonstrated by
M-X/RES applications.
Commerica] Applications Configuration and Demonstration

The impact of the proposed M-X/RES project des1gns and demonstrations on the acce]eratlon of
geothermal commercialization wil be assessed.
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PHASE 1 GEOTHERMAL APPLICATIONS DEVELOPMENT WBS

Task 3.1:7 Phase II Program Plan ' |
The Phase II Program Plan contains work that will be performed after June 1982. On or about
that date, decisions will be made regarding the contributions to be made by geothermal energy
systems to the overall M-X/RES Project, and the ongoing work will be selected from work
proposed in the Phase II Program Plan.
Subtasks that will be covered in the plan‘are: advanced activities at initial high

temperature sites and in close proximity to base sites, and activities at other high .
temperature sites that are not colocated with Operating Bases.
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‘PHASE 1 GEOTHERMAL APPLICATIONS DEVELOPMENT WBS
Taskv3,1.8 Mandgement
3.1.8.1 Planning and Coordination
This task will develop project objectives, finalize work breakdown structure, acquire
necessary resources, schedule work and assure that schedules and fiscal constraints are met.
The plan will be revised as necessary to keep it current.

3.1.8.2 Data Management and Dissemination

This task will assure that report and briefing schedules are met and that data is- distrlbuted
to both other project teams and the commercial sector as appropriate.
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Phase Il Activities

° Select plant site(s) and applications concepts
e Take conceptual designs for selected sites
through final designs & equ1pment
specifications
¢ Select construction contractor
e Purchase long lead equipment
o Construct plant(s)
e Perform plant testing and startup

o Pow er‘e n-l-me
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Summary

e Geothermal energy is appropriate for

- Base load electric power generation
- Space conditioning at OB sites

o Generic studies will provide basis for prioritization

- Of exploration and selection of applications

O -E:files‘—wiil"ib”eTCDTlTFé?:“fédibe:dE'Sig'nisifl;ld'iéS
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M-X/RES GEOTHERMAL ASSESSMENT
AND APPLICATIONS DEVELOPMENT TASK

ILLUSTRATIVE SCENARIO

50 MWe PLANT AND SPACE CONDITIONING AT MILFORD OB

| OBJECTIVES
. L NATURE OF RESERVOIR
| EXPLORATION S —
e — e —— PLANT DESIGN _ -

= "INSTALLATION AND OPERATION ~—— — — — —
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SCENARIO OBJECTIVE

TO ILLUSTRATE A TYPICAL SEQUENCE OF EVENTS IN A
REALISTIC SITUATION, NAMELY POWER GENERATION
AND SPACE CONDITIONING AT THE MILFORD
CANDIDATE OB SITE N

- TIMING, TOTAL TIME

- EXPENDITURES
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LOCATION MAP.
MILFORD OPERATING BASE-~CANDIDATE SITE

This area south of Milford, Utah is under consideration for construction of one of the two operating
bases for the M-X System. If constructed, this site would have a peak electrical.power load of an estimated
35.8 MWe and a total maximum estimated thermal energy usage of 83 X IOQBTU/mo, assuming equivalence to the

proposed Beryl 0B site.

| The Thermo Hot Springs KGRA is located within about 6 miles of Operating Base. Republic Geothermal,
Inc. hoids leases on the Iénd of interest. Only one deep exploration well has been drilled to date, and
this well showed measured temperatures of 17S°C to 205°C and low fluid production rates from a dgpth of
about 7300 feet. These results are considered to be very encouraging, and to indicate high potential for
discerry of either (or both) a reservoir capable of supplying a geothermal electric generating plantvdr a

reservoir capablé‘of supplying the heating and air conditioning needs of the Operating Base.
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THERMO HOT SPRINGS--DETAILED LOCATION AND GEOLOGIC MAP

A search of literature for the Miford OB'sité area jndicdtes the existence of datq that bear on
geothermal assessment. This map ié a geologic map that‘also shows the circular outer boundary of the 0B
site as shown on the previous map. The hot springs themselves are called Thermo Hot Springs. The cjréléd
numbers are the Iocaiions of holes for which temperature gradient dafa are available. The mark in Sectipn,

‘29 in the lower left corner of the map shbws the location'of Eﬁcalante 57—29kdri]led by.Republic Geothermél

due in late 1977.

The geologic map indicates thét Thermo Hot Springs is located in an areas where the bedrock has beén
down faulfgd and the resulting depression has been-filled with alluvial sands and gravels. The bedrock in
the area is compoﬁed of volcanic rocks that were laid down betwéen 7 and 30 million years ago. Geothermal
reservoirs may be developed in bermeable horizons within either the'alluvium_or volcanic sequences as well

as along the faults which allow the transport of fluids to the surface.
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DATA FOR DRILL HOLE ESCALANTE #57-29

The information known for Escalante #57-29 is shown on the facing page. Based on a single, first
analysis of known geologic data, it appears that Republic méy not have drilled in the most favorable
location. One of the initial action items under this scenario would be to' contact Republic Geothermal to
find out if they are willing to sell exploratfon dété and to participate in cost-shared exploration with
DOE. A favorable responsé wouid be anticipated because iﬁ is known that Republic is interested in further
exploration in this drea; Existing exploration data would be reviewed and perhaps.purchased for the purpose
of determining the need for any additional surface exploration work in order to site 5 second exploration
test hole. At the same time a proposal for cost-shared exploration and ;onfirmation drilling would be ‘
solicited from Republic.  Upon completion of an agreement between republic and DOE, exploration to select a

drill site would be initiated by a team of earth scientists from Republic, ESL and UGMS.

The following slides indicate some of the probable ingredients in such an exploration program. It
would begin with a review and interpretation of data from the open literature and from the files of
Republic. A conceptual model for the hypothesized geothermal system would be formulated, and then new

‘exploration data would be collected to refine the model and to help site a drill test hole.
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MILFORD OB SCENARIO

| DATA PURCHASE
EXPLORATION BY REPUBLIC GEOTHERMAL

KNOWN: EXCALANTE '*57-29 DRILLED LATE 1977
7288 FEET DEEP
TEMPERATURES 350°F - 400°F (175°C - 250°C)
LOW FLOW RATES

LOW TDS

ACTION: 1) CONTACT REPUBLIC ABOUT EXPLORATION DATA PURCHASE
AND COST-SHARED EXPLORATION AND DRILLING

2) REVIEW AND PURCHASE EXISTING EXPLORATION DA "

3) NEGOTIATE COST-SHARED EXPLORATION AND DRILLING PROGRAM
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THERMO HOT SPRINGS--WATER CHEMISTRY AND GEOTHERMOMETRY

Chemical data for Thermo Hot Springs are available ih the literature, and

geothermometry interprétations can be made of these data to predict
temperatures in the geothermal reservoir. Thése interpretations are based on
the assumption that water now issuing from the hot springs equilibrated
chemically with the reservoir rocks at the reservoir temperature and still
carries the signature of this chemical equilibrium. By applying such an
analysis, the températures calculated using the concentrations of Na, K, and
Ca, T(Na-K-Ca) =;IQQQC to 203°C,'appear reasopab]e because measured
temperatures of 175° to 205°C were reported for the 7288-feet deep»Esca]ante
#57-29. The températureS‘calculated using the magnesium corrected Na-K-Ca
geothermometér, T(Na-K-Ca—Mg) = 123°C to 130°C are lower because of a high Mg
content of the spring water, which is possibly due to the presencé of salt in

thefstratigraphic section.

The quartz geothermometers (Tqtz) are calculated using the measured 8102
concentrations and assuming either boiling or conduction to cool the thermal
fluids from the reservoir temperature to the measured surface temperature.

Both thermometers yie]d-temperaturés in the range 137% to 148°C.

From the above analyses we would conclude that there is a very high
likelihood of finding a productive geothermal reservoir whose témperature is
in the range 130%C to 150°C, and that there is significant probability of

finding portions of the reservoir having temperatures as high as 210°¢.
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| THERMO HOT SPRINGS |
WATER CHEMISTRY AND GEOTHERMOMETRY
Concentrations in milligrams/liter (mg/1)
Sampie 1 2 3 4
Date 8/21/63 | 11/3/50 | 5/25/66 |[10/23/39
S0y . 110 120 100
Fe 0.13 0.05 |
Ca 83 72 75 ‘
Mg 9.7 9.8 9.7
Na 360 360 360
K. 49 61 52 B
HCO; 384 360 359 370
CO,4 0 0 o o
SO, 480 470 460 460
cl 210 220 210 220
F 14 6.7 6.7 |
NO3 1.0 0.1 0.1 0
TDS 1500 1490 1470 |
T°C 1 82.5 78
pH 8.1 7.8 7.7 |
Yield (gpm) | 19.3 10.8
| |
T°Crua-k-cayf 199 213 203
(Nazk-ca-mg 126 130 123 |
T atZpoiing)| 137 141 133
T Qtz (conay| 143 148 137
MX=038




TEMPERATURE PROFILES FOR WELLS NEAR THERMO HOT SPRINGS

The temperature profiles shown were compiled from the literature. They
~ are based on mea§urements in avaiiab]e'holes'whose 1o;ations are on the
geologic map on a previous page. Thié is the type of information that could
be collected from the geotechnical borings being done by Fugro National as

part of the 6vera11 M-X siting evaluation.

Note the range of gra@ientS'that can be found in a relatively small area,
and particularly the high gradients in wells #4, #6, and #7, which are located
either on or close to the faults that control the hot spring system. It is |
_probable that further exploration of this area would inciude more gradient
ho]e‘drilling to help pin down the locations of fractures that are in

"~ hydrologic communication with the reservoir at depth.
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‘CONCEPTUAL MODEL FOR THERMO HOT SPRINGS

From the data available, a_conceptual model of the hydrothermal convection system at Thermo can be
constructed. This model shows the importance of the fault zones that localize the hot spring system. It
shows that these zones dip to the east and gives preliminary indication that holes should be drilled east of

the hot springs to intersect the faults below zones of possible fresh water mixing in order to obtain higher |

temperatures.
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CONCEPTUAL MODEL FOR THERMO HOT SPRINGS

" THERMO
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SUGGESTED HIGH-TEMPERATURE EXPLORATION STRATEGY APPLIED TO THERMO

Having both a defined area of exploration and geoscience data compiled from the literature, places the
exploration effort well down on the exploration strategy chart. An area is defined which is known to be
favorable for the presence of a high-temperature hydrothermal resource and efforts can be concentrated on

detailed exploration.
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DIPOLE-DIPOLE RESISTIVITY SURVEY

In this scenario, the next step in the exploration sequence may be to run
a dipole-dipole electrical resistivity survey to detect the presence of
hydrothermal alteration of rocks and of geothermal fluids to depths of
2000-4000 feet. This informétiqn would help to define the zone of exploration
) significance. We would expect to measure Tow e]ectriéa] resistivity (high
electrical conductivity) over the geothermal system dUe-to the Tow resistivity
of hot, briny fluids and of clay minerals often formed when hydrothermal
fluids chemicaliy alter rocks. The data collected would be similar to that
shown in the accompanying figure. These*éata wére taken from a resistivity
survey of the hot spring area at Monroe, Utah, about 100 miles north-northeast

of Thermo.

Other surface eXploratjon work would a]éo be undertaken. This work would
include detailed geologic examination and mapping in the immediate area,
fill-in gravity work to help delineate the structure of the valley better, and
a soil mercury geochemical survey to he]p locate faults hidden beneath the

va]ley‘fill material.
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TEMPERATURE LOG OF CONFIRMATION DRILL TEST

On the basis of surface exploration surveys and further temperature gradient drillihg it would be
possible to site a cohfirmation drill test hole. The temperature profile shoWn is a hypothetical profile
based on a confirmation well in the Roosevelt Hot Springs geothermal field. In this well the fluid

production zones are shown by sharp increases in temperature on the thermal gradient log.

Following drilling the confirmation well would be completed in such a way that short-term dnd long-term
flow tests could be performed; Such tests would be‘designéd and carrfed out by the reservoir engineering
staffs at Republic aﬁd EG&G. During flow tests, fluid temperature, pressure, enthalpy, chemistry and
production rate woﬁld all be measured simultaneously as a function of time, and the flow rate would be
‘controlled at one or more different values. Aftef conpletion of the flow test, measurements of static fluid
lével, pressure and temperature profiles would be made- as a function of-time to determine recovery

‘characteristics of the well. A1l of these data would bé used to predict reservoir temperature, pressure,

productivity, and lifetime. : _ ‘ . MX/037
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-~ TEMPERATURE LOG OF CONFIRMATION DRILL TEST

TEMPER ATURE
DEGREES F
0 1?0 200 - 3(l)0 4(l)0 5?0
| J— % i - L )
Notes From
Drillers' Log
10001
Hole made water
2000-4-
Hole made water
30001
Hole made water
- _
l‘-"
]
[TW
4000~
Shortflowtest
5000
100% lost circ.

Shaor flow test




MILFORD OB SCENARIO

Under this scenario it is assumed that three holes would be requfred to confirm the reservoir. Buring -
the exploration phases and the confirmation drilling and testing phases, data would be provided to EG&G and
to Aerosbace as available. For the purposes of this scenario it is assﬁmed that of the_three confirmation
wells dfilled;-two would be found to bé geothermal producers. The reservoir confirmation stage would be |
complete by the end of May, 1982.. Exﬁenditures to this date on reservoir confirmation would be about $5’

million, approximately half of which would be funded by M-X/RES funds.
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MILFORD OB SCENARIO

1981 > | 1982

1 2z Or:nooucyom
STRATEGY | DIPOLE-~DIPOLE CONFIRMATIO - DRILLING
LITERATURE | THERMAL DRILLING AND
SEARCH GRADIENTS TESTING ( WELLS)
~ DATA PURCHASE \ \
- CONCEPTUAL  -DATA UPDATE - RESERVOIR
MODEL \ CONFIRMATION

- TEMPERATURE DATA
. ESTIMATES |
— SIZE ESTIMATES
— CHEMISTRY
-~ STRATEGY

I INTERIM -ASSESSMENT AND DESIGN REPORT
2.PRELIMINARY TASK BRIEFING

Mmxsio0ey -




- MILFORD 0B SCENARIO

The facing slide shows the overall plah for the Milford 0B Scenario from concept definition to system
startup with power on line. The scenario is based on the work necessary to provide a 50 MW(e) electric
power. plant and space conditioning for the operating base and includes site specific reservoir exploration,

definition and developmént activities in addition to facility design and construction.
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M-X/RES Geothermal
Applications Development

Milford OB Scenario .
Cvy81[{Cy82|CYB83[CYB84|CYB85|CYB86

Con Conceptual design 4
cept O= == =@ RES decision point

Definition” & analysls Commit to full scale development

»
- / : Power on line
& Title | Title il design Construction & Title | System
(\rald e -0 9 -4 0 e lll o
award  design | A startup

|
Equipment procurement 5

N —SIt’e‘speclilt:‘ro's'ervolt_0 P’ro‘du'ct—g_ln]'ecnon*well
- exploration definitlon and development — drilling & fleld development
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MILFORD OB SCENARIO

Prior io final confirmation and definitfon of the reservoir, the most likely geothérha] M—X/RES
- concepts will be formulated. - This involves determining which of the applicable technologies can be used to
meet the tésk requirements. The electric generation technologies, for example, would include dry steam,
dual flash and binary cycles, and the space conditioning technologies would include heat pumps, radiant
heat, forcedaair‘heat, and absorption air conditioning. Optimum methods of using these technologies will be

developed for a range of possible conditions.
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M-X/RES Milford OB Scenario

1981 | 1982 | 1983 | 1984 | 1985 | 1986
o |
c——e
*': O @eeeO- O y O———0
| O- o)
C} -O O~ O

Concept definition

¢ Scenario/technology tradeott and strategies

»_Generic-parameterization

i

s Soclo-institutional Issues

s Commerclalization Issues

* UURI transmits preliminary Milford sit

e-specitic reservoir temperature-data
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MILFORD OB SCENARIO

Generic parameterizations will be developed which will provide a quick means of estimating the
economics of the various applications. These would include capital costs and 0&M expenses for power plants

.and space conditiohing equipment as a function of resource temperature and other applicable parameters.
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Geothermal Power Generation Costs

= \ 1983 Plant startup
= 160 - \ Dual flash steam systems |
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MILFORD 0B SCENARIO

’Upon receipt of preliminary site specific reservoir infbrmation, work will proceed as shown on the
facing slide. The conceptual designs for both the 50 MW(e) power plénf and spéce conditioning for thé
operating base will be developed. The generic parameterizationﬁ‘described pféviously will be used to
estimate the‘performance,characgeristics and economics, and ané]ysis necessary to back up the conééptua]

deéigns will be performed.

In addition, the work scope will be defined and bid packages will be preparéd for transmittal to
‘qualified architect/engineering firms that will cover the final design of the power plant and space
conditioning for the operating base. Conclusion of the activity will result in the award of the necessary

contracts.
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M-X/RES Milford OB Scenario

1981 | 1982

1984

1985 | 1986

1983
Conceptual design and analysis o

—-—o-r;-n-mo----o

esign contract award

Oy

¥ o'

Q

Ao d

Q

A
4

o- %)

O

Site-Specific conceptual design & analysis

e Generic parametrics are retined to retlect Milford data
e Preliminary economic analysis Is performed
« Appropriate system concepts are selected
e Concoptual design of system is developed
»_Conceptual-design_performance evaluated

Design contract awarded

* Work scope delined

* Bid package prepared and transmitted
e Bids are prepared by AE’s

e AE submittals are reviewed

» Award package is prepared

*_Approvals_are_obtained

*-Contract is awarded

* UUR! updates reservoir characteristics as more data becomes available
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MILFORD 0B SCENARIO

After award of the design contracts, the architect/engineers will proceed with Title I design of the 50
Md(e) power plant and space conditioning for the operating base. Conceptual designs will be refined,

additional analysis performed, preliminary specifications prepared and ofher necessary work done to meet the.

design and perforinance requirements.

Additional site specific reservoir data resulting from well tests will be integrated into the Title I
_ designs and analysis as it becomes available. The Title [ effort will conclude after the necessary design

reviews have been performed and approvals obtained to proceed with Title II.

It is during this time period that the decision point is reached regarding the contributions that will

be made by the various energy systems to thekoverall_M—X/RES project.
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-M-XIRES Milford OB Scenario

1981 | 1982 | 1983 | 1984 | 1985 | 1986

O O wne =Q
Title 1 design

o OO
) L O— -4 |

N
11}

O—

* _
|

Preliminary title | design prepared

* Site plans and system layouts develcped -
« Preliminary specifications prepared

* System performance analyzed

¢ iImplementation plan developed

e Commerclallzation analysis performed

Detailed task briefing and M-X/RES declislon reached

—— ¥ yYURI transmitts reservolr data resulti ng-from 3-well-tests-and-reservoir-engineering

b
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MILFORD OB SCENARIO °

If the decision regarding contributions that will be made by the various energy systems to the averall
M-X/RES project is to go ahead, work will be initiated on the Title II designs and analysis for the 50 MW(e)

power plant and space conditioning for the operqting'base, . .

The architect/engineers will proceed'to finalize the drawings, specifications and other Title II

documentation. Long lead items will be identified, and some procurément actions initiated.

Initial contacts with construction contractors wiil be made prior to completion of the Title II design,
but contracts will not be awarded for the main construction activities until the Title Il design has been

reviewed and the necessary approvals obtained to proceed with construction,

The balance of the .equipment will be procured after approval of Title II, and this equipméntAwiTl be
installedvby‘the construction contractor as they. proceed with their construction activfties. The .
architect/engineer will perform‘his Title III inspection and "as'building" actfvities, and the facilitiés ‘
will be brought to an operation condition. | |

\
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M-X/RES Milford OB Scenario

1981 | 1982 | 1983 | 1984 | 1985 | 1986

]
. Tltln " deslgn Conslruction'and Title 1l
Equipmenl procuremenl -
O -0 o O

Title Il design " Plant construction and Title il

* System design finalized ¢ Equipment installed and tested
* Dasign specitications developed ~ ¢ inspection activilies performed
e Englneering drawings produced * Drawings as-built

Equipment procurement

* Equipment specifications and tests developea

* Bid packages prepared and awarded

¢ Equipment recelved : » INEL-S-29 188




M-X/RES Milford OB Scenario

1981 | 1982 | 1983 | 1984 | 1985 | 1986

---‘
S - System startup
e e -O- O ) =~Omasams)
o~ -d

System Startup for 50 MWe Power Plant and OB Space Conditioning

» Systems testing
* Personnel training .
e Power on line _ INEL-S-29 184
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M-X/RES GEOTHERMAL ASSESSMENT
AND APPLICATIONS DEVELOPMENT TASK

SCHEDULE AND EXPENDITURES

MASTER SCHEDULE
MAJOR MILESTONES AND DELIVERABLES
EXPENDITURE PLAN

MX/089




bl
i
i\“ H [ ,u
3 TR
f}“ﬁ ot
‘\“ ‘[‘\]:[ 3
IR I
o
i
ik
2
o
i
! \1] Co
S M
1 TR
' oo

M [?il




MASTER SCHEDULE

S ) 1981 1982
"m TASK NDJFMAMJJASONDUJIFMAMUJIJASO
' : L1 W WO T A W T M TN NN N | W TN DN R TH S T O |
\ 2.3.1 INITIAL HIGH-TEMP. SITES A A A A A nh: A
~ 143 8 2 4 6 13
2.3.2 OB SITES A A A v amaicses 4 7 O
143 2 4 3 13
2.3.3 OTHER HIGH-TEMP. SITES ot e 0 A 7 e A A
~ 143 2 4 6 13
2.3.4 PHASE Il PLAN -------A-7-A4 -
2.3.5 MANAGEMENT A A AvetamAeA y C—
— 143 2 7 4 6 13
3.1.1 CONCEPT DEFINITION An’.a A2
3.1.2 PLANT FEASIBILITY ~INITIAL |
HIGH-TEMP. RESERVOIRS A3 Az A A4 “1,‘5 “, 3
3.1.3 PLANT FEASIBILITY-OB A A A A |
4 anE'?F LITY-0 > ° * e "
3.1.4 PLA EASIBILITY -OTHER -
HIGH-TEMP. SITES ‘, ‘5 A4 “1,‘5 AT:
3.1.6 SYSTEMS IMPLEMENTATION ,
PLANNING Az A 44 As A“
3.1.6 COMMERCIALIZATION ‘
' ANALYSIS A2 An A4 As Ao
3.1.7_PHASE Il TASK PLAN -“———“‘;'AA;
| 3:v:e manacemenT —]—47 A3 A A A

—MILESTONES

cmoz=semes CONCENTRATED _ACTIVITY
7/ Phaoe !l Task Plan _ '
8/ Interim Asseasement and Deslign Report
8/ Final Commerclalization -Reporl
10/ Interim Report On Plant Feaslibliity Studles
- 11/ Reservolr Specitic Spacificationa

1/ 8tirataegy Preaentation For Integrated
PHASING IN &8 OUT AS

APPROPRIATE

. 8ystems Analyalo
2/ Preliminary Task Brieting
~ 3/ Delivery Ot Reservoir Data
4/ Deotallod Task Brlefing
- Rl Fipnl Baport - Draft

AL Deonllmloaneis Annnnnmmant Danard
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124 Gotagim Commerniatization report
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M-X/RES GEOTHERMAL ASSESSMENT AND APPLICATIONS
DEVELOPMENT TASK MAJOR MILESTONES AND DELIVERABLES

MILESTONES DELIVERABLES
FY1981 WORK INITIATION WITH ESL, DRAFT PHASE | TASK PLAN 11/80
EG&G, MMRI, AND UGMS 11/80) . ,
PHASE | TASK PLAN - TBD
TASK PLAN APPROVAL - 12/80 |
RESERVOIR DATA AVAILABLE 2/81| STRATEGY PRESENTATION FOR
INITIAL APPLICATION CONCEPT INTEGRATED SYSTEMS ANALYSIS 2/81
DEFINITION STUDIES AVAILABLE 2/81
CONTRACTS IN PLACE FOR CONSORTIA
FEASIBILITY STUDIES OF EXISTING
HIGH ~TEMPERATURE SITES 3/81
INTERIM ASSESSMENT AND DESIGN
REPORT-INITIAL HIGH-TEMP SITES . 7/81
PRELIMINARY TASK BRIEFING /81|
| PRELIMINARY REPORT ASSESSING RESOURCE
AND APPLICATIONS POTENTIAL '12/81
INTERIM COMMERCIALIZATION REPORT 12/81
PHASE Il TASK PLAN 2/82
DETAILED TASK BRIEFING 3782 | DETAILED TASK BRIEFING ANNOTATION _ 3/82
RESERVOIR SPECIFIC HIGH-TEMPERATURE ' ‘
& LOW-TEMPERATURE SYSTEM SPECS 6/62 —
PHASE Il TASK PLAN APPROVAL TBD
FINAL PHASE | GEOTHERMAL
RESOURCE AND APPLICATIONS
DEVELOPMENT REPORT 0/82

K0~

FINAL PHASE | COMMERCIALIZATION
. ..REL_.T .

 Qrde




FY 1981 EXPENDITURE PLAN -

This chart identifies planned expenditure by contractor and WBS element during FY 1981. It assumes the
initial availability of cost and obligational authority equal to or exceeding that requested by memorandum
dated 27 October 1980 (A. J. Roberts to R. A. Gray - titled -Near-Term Funding Requirement/MX Geothermal
Assessment and Applications Task).

Contained within the estimates for UGMS and MMRI is funding to drill a combined total of forty 500-feet
deep holes to assess the temperature gradients at sites in proximity to the candidate Operating Base
locations and at several potential Other High-Temperature Sites. Additionally, allowance has been made for
the initiation of several 1500-feet deep holes to analyze the stratigraphy of potential geothermal sites
identified as a result of the gradient hole drilling.

As identified earlier, a major activity in resource verification is deep well drilling. Present
estimates indicate that the drilling and. testing of one 6,000-feet deep geothermal well results in the
expenditure of from $1.25 million to $1.5 million. Past experience in sharing drilling and testing costs
with industry indicates that they might be induced to incur as much as 40% to 50% of the cost. This
experience implies that planned FY 1981 funding will provide for as few as one or two deep holes,
circumstance determlned to be quite lnadequate as discussed further below. _

The parallel approach of investigation planned for the task provides for simultaneous concentration on
three regions of potential geothermal resource as detailed previously. This multipath approach was chosen
to increase the likelihood of successful identification by June 1982 of resources that would generate
electrical power of significant proportions in relation to M-X System requirements. It would be quite
reasonable to plan for the drilling of wells associated with each of the investigative paths. -

Funding for drilling of one to two deep holes does not allow complete support of the multipath
approach. An alternative solution to this problem could of course be the provision of additional funding in
FY 1981. S

: Please note at the bottom of the chart that both the DOE field offices and DOE/DGE are planning the use
of Task funding for travel and per diem expenditures.
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" FY 1981 EXPEHDITURE PLAN
HX GEOTHERMAL ASSESSHENT AND APPLICATIONS DEVELOPMENT -PLAN

($000's) DOE/NV_CONTRACTORS
DOE/ID CONTRACTORS COST-SHARED _ INITIAL  FY 1981
WBS_ELEMENT | ESL - EGAG  UGIS MIRL _DRILLING _  ELEC FEAS _TOTAL
2.3  GEOTHERMAL ASSESSHENT 660 75 1280 1270 1425 4760
2.3.1 INITIAL HI TEMP SITES 315 25 - - 750 - 1090 -
2.3.2 OPERATING BASE SITES | 135 25 715 636 250 - 1761
2.3.3 OTHER HI TEHP SITES 130~ 25 547 608 475 - 1785
2.3.4 PHASE 11 TASK PLAN B 30 - - - - - 30
2.3.5 MANAGEMENT 50 - 18 26 - . |  §4
3.1 APPLICATIONS DEVELOPMENT 200 665 _ - o - . 350 1215 .
3.1.1 CONCEPT DEFINITION - 25 - - o - 225
'3.1.2 PLANT FEAS - INIT HI TEMP SITES - 60 - - - 350 410
3.1.3 PLANT FEAS - 0/B SITES | - B - - - - 38
3.1.4 PLANT FEAS.- OTH HI TEMP SITES - 22 - - - - 22
3.1.5 SYST IIPLEMENT PLANNING 200 108 - - - - 308
3156~ COMMERCIALTZATION-ANALYSTS 86 - - - 86
3.1.7— PHASE- T1-TASK -PLAN - - - - -
— 3.1.8 MANAGEMEMT - 126 - - o - 126
SUBTOTAL 860 740 1280 1270 1500 350 5975
FIELD OFFICE TRAVEL & PER DIEN - - s - - 8 16
DOE/DGE TRAVEL & PER DIEM - - - - o - 9

TOTAL ' 6,000




FY 1982 EXPENDITURE PLAN

Planned FY 1982 expenditures by contractor and WBS element are identified on this chart. The plan
provides for continuity of the preceding year;s exp]oration.and confirmation and an escalation in drilling
and appliéations devefopmeht activities. Plans anticipate the performance of‘several site specific |
cohteptﬁal désign; relating to electric power generation from identified reservoirs. Currenf.estmates.
indicate that §uch efforts would réquire approximately $800K per site. EG&G's plan carries the funding for
these actfvities.in each of the three paths of approach. The division of this effort a]ong each of the
paths may not be supported by resource identificatioﬁ and therefore is at this time only representative of
the possibility of provision of electricity from utility and/or DOD-owned generating.plants ]qcated hear an |

. opekating base as well as in the deployment area.

Estimates for cost-shared deep drilling allow from four to six hoies to be completed in FY 1982. AThis
would‘be an aggregate of five to eight deép wells, provided that all were performed on a cost-shared basis
with industry. Difficulties in obtaining the participation of industry would result in a reduction in the ’
number of holes that cou]d be drilled and hencé the number of sites for whch feservoir analysis could take .
place. Dril]ing»ésfimates have been distributed among the three paths of approach fpr consisfency with the

applications developent funding.
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FY 1982 EXPENDITURE PLAN
MX GEOTHERMAL ASSESSMENT AND APPLICATIONS DEVELOPMENT PLAN

($000's) - DOE/NV_CONTRACTORS
- DOE/ID CONTRACTORS COST-SHARED _ INTTIAL ~ FY 1982
WBS ELEMENT - SL  EG&G  UGHS MMRI DRILLING ELEC FEAS _TOTAL
2.3 GEOTHERMAL ASSESSHENT - 850 0 1200 1200 4400 _ 7650
2.3.1 INITIAL HI TEMP SITES 200 - 0 0 1600 - 1800
2.3.2 OPERATING BASE SITES 350 - 550 350 800 - - 2050
2.3.3 OTHER HI TEMP SITES 200 - 580 775 2000 - 3556
2.3.4 PHASE IT TASK PLAN 50 - 50 50 - - 150
2.3.5 MANAGEMENT 50 - 20 25 - | - | . 95
3.1 APPLICATIONS DEVELOPMENT 200 . 3120 0 0 - | - 3320
3.1.1 CONCEPT DEFINITION - 50 - - - - 50
3.1.2 PLANT FEAS - INIT HI TEMP SITES = - 800 - B - - : 800 .
3.1.3 PLANT FEAS - 0/B SITES - 1000 - - - - 1000
3.1.4 PLANT FEAS - OTH HI TEMP SITES - ~ 800 - - - - 800
3.1.5 SYST IMPLEMENTATION PLANNING 100 170 - - ) - 270
3.1.6 COMMERCIALIZATION ANALYSIS 100 100 - - - - 200
3.1.7 PHASE I TASK PLAN - 50 - - - - 50
———3.1.8— MANGAGEMENT— — ———— — — —= 150 - - " - 50
- — —SUBTOTAL — — — — — — — 1050 3120 _ 1200 1200 4400 - 10070
FIELD OFFICE TRAVEL & PER DIEM - - - - - - T 20
DOE/DGE TRAVEL & PER DIEM - - - - - - 10

TOTAL ‘ . | - 11,000




PROPOSED FUNDING REVISION

This charﬁ.proposes a revision in planned fisqal year funding for FY 198 and FY 1982. The-inadequacy
of FY 1981 funding for dri]]iné has been brevious]y indicated. While funding during the total thrée year
period appears adequate as of this stage of planning, it would be desirable to shift approximately $2,000K
in funding from FY'1982.t0 FY 1981 for use %n déep well drilling.

Since completion of the drilling and testing of as many as four or five wells in FY 1981 is somewhat'
unlikely, the funding revision request is‘an over simplification of a requirement for more obligating
authority (B/A). Sufficient B/A would be needed to enter into contracts for that drillihg, but quite likely

cost authority (B/0) of the same magnitude would not be needed.



PROPOSED FUNDING REVISION
- M=X GEOTHERMAL ASSESSMENT AND
APPLICATIONS DEVELOPMENT TASK

($000) .

- | "~ PROPOSED
PLANNED FUNDING REVISED FUNDING

FY 1981|FY 1982 |FY 1983|[FY 1981 |FY 1982 |FY 1983

WBS ELEMENT

2.3 GEOTHERMAL 4760 7650 4010

6760 5650 4010
ASSESSMENT ' - :

3.1 APPLICATIONS
DEVELOPMENT

1218 3320 4960 1215 3320 4960

DOE TRAVEL - 25 30 30 25 30 30

TOTALS — — |- 6,000 | 11,000 | 9,000_{ 8,000 | 9,000 | 9,000
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M-X/RES GEOTHERMAL ASSESSMENT

AND APPLICATIONS DEVELOPMENT TASK

SUMMARY

OBJECTIVES
 STRATEGY |

DATA FLOW
- sTATUS
. 3 NEAR-TERM PLANS
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OBJECTIVES HIERARCHY

This figure related the geothermal activities to the top-Tevel M-X/RES Project objectives, and shows
how the proposed M-X/RES Geothermal Assessment and Applications Development Task is designed to accompliéh

these top-level objectives.
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M-X/RES PROJECT GEOTHERMAL TASK
PHASE 1 OBJECTIVES HIERARCHY

DEFINE INTEGRATED RES OPTIONS THAT COULD
® PROVIDE RELIABLE POWER FOR M-X
® ACCELERATE RES COMMERCIALIZATION
' |

DEVELOP DECISION PACKAGE BY MID ‘82 TO SUPPORT USAF DECISIONS ON

® RES MIX ' '
e RES ACQUISITION STRATEGIES
® COMMERCIAL INCENTIVES

—--—-—\—n——-———————ﬁ

[IDENTIFY FEASIBLE CANDIDATE ! IDENTIFY FEASIBLE GEOTHERMAL APPLICATIONS SYSTEMS :
| SYSTEMS FROM OTHER RES | DETERMINE HOW , AT WHAT COST, AND ON WHAT SCHEDULE
| TECHNOLOGIES N GEOTHERMAL ENERGY COULD BE DELIVERED TO M-X , WHILE
——— e — — BENEFITING THE COMMERCIAL COMMUNITY
] .
[ . — 1 |
CHARACTERIZE GEOTHERMAL DETERMINE PLANT FEASIBILITIES AND RESERVOIR
'RESOURCE SITES IN OR ADJACENT SPECIFIC DESIGNS FOR ELECTRICAL
TO THE M-X DEPLOYMENT AREA (2.3) AND DIRECT HEAT APPLICATIONS 3.1)
T | EXPLORE, CONFIRM, AND_DEVELOP_CASE DEFINE_CONCEPT, APPROACH

—— | —STUDIES-FOR-GEOTHERMAL RESERVOIRS

——DETERMINE-PLANT- FEASIBILITY-FOR

———=—PLAN-PHASE W-ACTIVITIES CONFIRMED RESERVOIRS
~ PLAN SYSTEMS IMPLEMENTATION

- IDENTIFY COMMMERCIALIZATION IMPACTS

MX-028 ?LAN PHASE I ACTIVITIEisW i




SUMMARY OF GEOTHERMAL STRATEGY

This chart summarizes the planned strategy for the M-X/RES Geothermal Task. Exploration and reservoir

confirmation activities will be carried out at selected sités in these separate groups;

1) the presently known, Initial High-Temperature Sites that lie outside of the deployment area and are
deemed'to have high potential for supplying a substantial portion of the M-X Syétem electrical
requirements; - | | | | | |

2) the near-vicinity (within 5 miles ) of the candidate'Operating Base sites. Nevekpecf that any
resources found hefe would be lower in temperature, probably suitable for space conditioning loads.
One known exception is at the Miford Candidate OB, where potential for electrigal pdwer generation
exists from the Thermo KGRA; |

3) within and immediafely adjacent to the deployment area there is potential for discovery of now

unknown high temperature sites suitable for electrical power generation.

One resource information is in handiand the results of generic plant studies are understood, the
highest priority sites and applications can be selected. Further drilling and reservoir specific plant
feasibility studies will then be used to determine the candidate systems for submission to Integfated‘
Systems Analysis. At the same time all resource and applications data will be analyzed for |

commercialization impact and impact on state~of-the-art. MX/033 -
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M-X/RES PROJECT
GEOTHERMAL TASK

SUMMARY OF GEOTHERMAL STRATEGY

 INITIAL |
HIGH-TEMPERATURE EXPLORATION PLANT. :
SITES & DRILLING FEASIBILITY PRIORTIZED
(electric power, | FEASIBILITY
possibly cascade) & DATA TO '
' INTEGRATED PHASE " ‘
SYSTEMS : -
ANALYSES
OPERATING
(.pa:.“zfng:;rli:m v EXPLORATION ___ PLANT
9 " & DRILLING FEASIBILITY
pgaslbly electric . ‘
power)
~ , —~ " COMMERGCIALIZATION
OTHER | _ — ANALYSES
HIGH=TEMPERATURE EXPLORATION PLANT
-~ SITES —
- bl & DRILLING " FEASIBILITY
(etfectric power, _
possibly cascade)

e e e (FENERIC PLANT STUDIES o come @
' M¥/038 -



- DATA FLOW

»The'fldw of geothermal éssessmeﬁf ahd applications dévelopment data is depicted 6n~this graph.: All
.MfX/RES’geothérmaI data will flow to a central Geothermal dAta Base at ESL; Slected and approved,
' nohproprietary, pbrions:of these datq will be released to the public in a timely manner to facilitate
-privafé exp]oéation and commefcia]ization. The resource and applications data bases will receive thorqugh
-énalysésfand screening by contrabtors,.principa1ly by ESL and'EG&G, and selected daté'and comp]ete'ana]yses

will be forwarded for inclusion in the M-X/RES Data Base Book and for analyses by the GSE/I~contractor(s),

MX/030
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M-X/RES GEOTHERMAL ASSESSMENT AND APPLICATIONS DEVELOPMENT TASK
DATA FLOW

SCREENING M-X/RES

DATA

\ (ESL/EG&G) DATA BASE BOOK
' AQUISITION AND , -
ANALYSIS ,
_ SYSTEM DEVELOPMENT
ESL CONTRACTORS
| GEOTHERMAL INTEGRATED SYSTEMS
EG&Q ASSESSMENT & =  ANALYSIS
t——b— APPLICATIONS CONTRACTOR(S)
DEVELOPMENT | , ~
- UGMS TASK DATA BASE ' L M=X/RES PROJECT
| A 'OFFICE
MMRI
DATA ' \ ,
| | ' COMMUNITY

MX/030



STATUS

‘The status of the M-X/RES Geothermal Assessment and Applications Devebpment Task is shown on this
slide. A substant1al amount of progress has been made  in prOJect planning and in 1dent1fy1ng sources of

data and technlca] aSSIStance for successfu] accompllshment of the Task.

The next step-is critical review with modifications, if needed, and approval of the Task plans as
outlined in‘thisibriefing, DGE would then be ready to proceed with implementatidn as seen as funding is

made available.
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M-X/RES GEOTHERMAL TASK |
STATUS

« DOE MANAGEMENT STRUCTURE ESTABLISHED
* EXPERIENCED CONTRACTORS IDENTIFIED, READY TO GO:ESL, EG&G, MMRI, UGMS
* WORKING RELATIONSHIP WITH AEROSPACE AND FUGRO ESTABLISHED
« STRATEGY. & CONCEPT DEFINITION WORK IN PROGESS
e TASK MANAGEMENT PLAN IN PREPARATION
* SOURCES OF RELEVANT DATA IDENTIFIED
- INDUSTRY COUPLED PROGRAM |
- STATE COUPLED PROGRAM
~ RAFT RIVER, ID, GEOTHERMAL DEMONSTRATION PLANT
- DOE DIRECT HEAT DEMONSTRATION PROJECTS

--FUGRODATA

- NEVADA ELECTRIC POWER CONSORTIUMDESJGNJSIUD.ES ,

~ ROOSEVELT ELECTRIC POWER & CASCADE UTILIZATION STUDIES
=> FUNDING NEEDED TO PROCEED

MX-049



NEAR-TERM PLANS

After approach_aﬁd funding of the~pr0posed'plan éQntained herein, DGE and its contractors would begin

:1mmediate]y:t0»work on the activities.OUtlined_in this figure.
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M=-X/RES PROJECT
GEOTHERMAL TASK
NEAR-TERM PLANS
« COMPLETE TASK MANAGEMENT PLAN
« BEGIN GENERIC FEASIBILITY STUDIES
« ACQUIRE AVAILABLE INDUSTRY RESOURCE DATA & STUDIES
« ACQUIRE AVAILABLE APPLICATIONS AND CONCEPTUAL DESIGN STUDIES

e IDENTIFY AND IMPLEMENT FUGRO SUPPORT

SITES AND SELECT 1 OR 2 FOR DRILLING

e'—B’EGlN%E’—E%G—I:GGl&%%NWA&SSAN%G%EPEGWE’NFAR’EA |
- REC'ONNAISSANCE IN VICINITY OF OPERATING BASES

- BROAD RECONNAISSANCE FOR OTHER HIGH-TEMPERATURE
- SITES

C MYen4g



M-X/RES GEOTHERMAL ASSESSMENT
AND APPLICATIONS DEVELOPMENT TASK

DISCUSSION AND RESPONSE
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'DISCUSSION AND RESPONSE

* DOES THE PLAN MEET EXPECTATIONS ?

. 1S THE C'ONTRACTING' PLAN ACCEP-TABLE v ,'

o VA\‘NHAT FUNDING/SCHEDULE SHOULD -‘B’E EXPECTED ? -
. 'CAN FVUNDINGVBE SRIFTED FROM FY 81TOFY 827

e ARE THERE ANY FURTHER CONSTRAINTS |
THAT SHOULD BE CONSIDERED ?

a. HYBRID SYSTEMS HAVE NOT BEEN CONSIDERED

CENJ'lRALlZELGEOJZHEB1!llALﬁARFLLL(..‘,AIM,)ISIq

¢ SHOULD WE PROCEED AS PRESENTED ?

MX-088



GLOSSARY OF TERMS

BINARY PLANT - A plant in which the vapor of a secondary work1ng f1
as an organic solvent is used to generate electricity and heat for
the secondary fluids provided by geothermal fluids.

CASCADING - Using the same geothermal fluid successively in more th
application.

CONFIRMATION DRILLING - Drilling in a geothermal resource area‘for
of establishing the occurrence of thermal fluids sufficient 1n temp
quality and gquantity for economic application.

CONFIRMED RESERVOIR - A discovery site at which drilling and: f1ow t
proven a sufficient resource to support economic use.

CONVECTIVE HYDROTHERMAL SYSTEM - A geothermal system in which there
and convection of naturally occurring fluids.

DISCOVERY - A site at which a successful well has been drilled and
tested. ‘

DISCOVERY HOLE - An exploration hole that intersects fluids éf?suff
temperature and flow rate to suggest an economic resource.

EXPLORATION - Use of geology, geochemistry, geophysics, hydrology,
drilling for resource discovery (reconnaissance, detailed).

EXPLORATORY DRILLING - Drilling in a prospective geothermal resourc
primarily for geologic information that bears on the nature of the

FLASHED STEAM PLANT - Plant in which generators are powered by stea
(flashed) directly from high temperature geothermal water.

GEOTHERMAL APPLICATIONS - Use of the energy in geothermal f]u]ds pr
a geothermal reservoir.

GEOTHERMAL ASSSESSMENT - Exploration, drilling, flow test1ng‘and re
engineering activities des1gned to discover, confirm and obta1n pro
from a geothermal reservoir.

GEOTHERMAL ENERGY -~ Natural heat from the earth.

GEOTHERMAL OCCURRENCE - A documented expression of the existénce of|
geothermal system such as a hot spring or a well containing warm wa

GEOTHERMAL PROSPECT - A site that has geothermal indications such a
spring or well, favorable chemical geothermometers, anamolous geoth
graident or heat flow, or favorable geology.
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GEOTHERMAL RESOQURCES - Stored heat in the earth, both identified and

undiscovered, that is recoverable using current or near- current techn

regardless of cost. _

GEOTHERMAL RESOURCE TEMPERATURES -

LOW-TEMPERATURE GOETHERMAL RES%URCE - A geothermal resource whos
temperature is 1n the range (5°C above mean ambient air temperat
90° ).
INTERMEDIATE-TEMPERATURE GOETHERMAL R%SOURCE - A geotherma] reslo
whose temperature is in the range (90°C< T < 150 C)
HIGH-TEMPERATURE GEOTHERMAL RESOURCE - A geotherma] resource who
temperature is (T > 150 C)

HYBRID SYSTEM - An application where part of the energy is geotherma1

is from another source such as coal or solar.

KNOWN GEOTHERMAL RESOURCE AREA (KGRA) - An area legally designated by
Geological Survey to be of interest and have high potential for devel
geothermal resources, especially high temperature resources.

MWe - Megawatts of electrical energy.
MWt - Megawatts of thermal energy.

LIQUID DOMINATED - Geothermal reservoir wh1cg contains 11qu1d as the
fluid. Temperatures may be in excess of 300-C.

PRODUCTION DRILLING - Drilling of geothermal wells in a confirmed re
for purposes of developing geothermal fluids in sufficient quantity
application. This usually requires large diameter wells (7-12") tha
been fitted with appropriate well head equipment and liners.

+

REINJECTION - Returning of the geothermé] fluids to the reservoir aft

use in electrical power generation or beneficial heating.

RESOURCE ASSESSMENT - Geoscientific work including exploratory drill
for the purpose of (1) determining the nature of a particular geothe
reservoir, (2) the best sites for drill testing, and (3) defiping re
parameters.

RESERVOIR ASSESSMENT - Application of reservoir engineering techniques
analyzing flow test data and determining fluid temperature, produc1b
fluid quality and reservoir life. _

—t o

RESERVOIR ENGINEERING - Prediciton of reservoir temperature, product
scenario and lifetime, based on analysis of temperature pressure an
rate data obtained durlng flow testing.

d

VAPOR DOMINATED - Geothermal reservoir which
fluid. Temperatures are typically around 240°C
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