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I. EXECUTIVE SUMMARY 

DIRECT HEAT APPLICATIONS 

^ ALL 10 STATES HAVE POTENTIALLY ECONOMICAL HYDROTHERMAL RESOURCES. 

# MOST INDUSTRIAL AND POPULATION CONCENTRATIONS ARE COLOCATED WITH 
HYDROTHERMAL RESOURCES. 

@ CURRENT HYDROTHERMAL MARKET POTENTIAL WITHIN THE REGION FOR DIRECT 
HEAT APPLICATIONS IS APPROXIMATELY OV̂ } QUAD. MARKET POTENTIAL FOR 

- DIRECT HEAT WILL BE APPROXIMATELY 5-5 QUADS BY THE YEAR 2020. 

@ ESTIMATED POTENTIAL MARKET CAPTURE BY HYDROTHERMAL ENERGY IS 0.2 QUAD 
IN 1985. INCREASING TO 2.5 QUADS IN THE YEAR 2020. 

m THE MAJOR DIRECT HEAT MARKETS ARE CURRENTLY RESIDENTIAL/COMMERCIAL. 
SPACE CONDITIONING AND INDUSTRIAL PROCESS HEAT APPLICATIONS. THE 
INDUSTRIAL MARKET SECTOR HAS THE GREATER POTENTIAL FOR NEAR-TERM 
PENETRATION. 

# A MAJOR BARRIER TO DIRECT HEAT MARKET PENET.RATION IS LACK OF AN 
INFRASTRUCTURE. EARLY FORMATION OF WHICH IS A PRINCIPAL PROGRAM GOAL. 



I. EXECUTIVE SUMMARY 

ELECTRIC APPLICATIONS 

MORE THAN 25% OF THE ADDITIONAL ELECTRICAL ENERGY REQUIRED IN THE 
REGION BY THE YEAR 2000 COULD BE SUPPLIED FROM HYDROTHERMAL RESOURCES. 

ADVANCED TECHNOLOGY FOR UTILIZATION OF 150°C RESOURCE FOR ELECTRIC ' 
POWER GENERATION MUST BE AVAILABLE BY THE LATE 1980'S TO PROVIDE A 
SUBSTANTIAL PORTION OF THE REGIONAL NEEDS BEYOND THE YEAR 2000. 

RESOURCES SUITABLE FOR ELECTRIC POWER GENERATION APPEAR TO BE ABUNDANT 
IN THE REGION. BUT A MAJOR NEAR-TERM RESERVOIR CONFIRMATION EFFORT IS 
REQUIRED TO ALLOW SUBSTANTIAL COMMERCIAL DEVELOPMENT BY THE YEAR 2000. 

ELECTRIC POWER GRID SYSTEMS ARE COLOCATED WITH POTENTIAL HYDROTHERMAL 
SITES. BUT SOME UPGRADING MAY BE REQUIRED. 



II. INTRODUCTION 

Outlined herein are the results of a survey of the potential applications of hydrothermal 

energy in the RMB&R region of the United States. The DOE goal is to foster accelerated commercial

ization of the substantial hydrothermal resources of the region. This document provides a 

summary of the market analysis and is intended to serve as a guide in the future preperation of 

the comprehensive DOE Implementation Plan to accomplish the desired commercialization. 

A major portion of this survey has been devoted to estimating the size of the current as 

well as potential future markets. While current use of the region's hydrothermal resources is 

limited, there are in fact numerous established process industries in the region which can use 

hydrothermal energy for process heat. In addition the region's residential and commercial 

sectors are fortunately largely co-located with hydrothermal resources. This provides a major 

opportunity for space conditioning and water heating applications. In addition, several known 

potential resources in the region provide reservoir temperatures suited to electric power 

generation with today's technology. 

The current state~of-the art is adequate to undertake design of installations with assurance 

that necessary reliability, safety, cost and environmental considerations can be met. In 

addition, hydrothermal energy is expected to be economically competitive and relatively benign 

environmentally. Achievment of substantial commercialization of the region's abundant and 

widespread hydrothermal resources will allow reduced dependence on fossil fuels and 

provide the region with an enhanced economic base. 

A comprehensive program has been outlined. Detailed planning is continuing, by which DOE 

commercialization objectives will be achieved. Regional planning will continue to include program 

coordination, policy development, and state profile development to provide an element for formation 

pf a strong hydrothermal energy commercialization infrastructure. 

Resource definition is likewise a-major aspect of the program. 



II. INTRODUCTION (cont'd) 

Technology applications for both electric and direct heat options are also important 

program elements required to penetrate the commercial market. Barrier mitigation, power plant 

development incentives, various direct heat field projects, and timely technology transfer are 

required. 

Environmental control regional support and technology transfer will continue to assura 

that commercialization is accomplished in an environmentally acceptable manner. 

Finally, rounding out the program is the on-going v/ork at the Raft River Facility. From 

this facility it is intended to demonstrate economical power production from 150°C reservoir 

temperatures, corrosion/scaling prevention, and similar technologies for industrial use. 

The potential markets considered in the survey include both the projected growth of markets 

currently implaced, as well as new industries which would be expected to be attracted to the 

region by the availibility of a stable energy supply. However, regional industrial growth, as 

well as associated residential/commercial development, must also consider legal, regulatory, 

environmental and financial aspects, as well as other related factors. Such factors have not 

yet been fully evaluated for the region. Detailed consideration of these factors remains a 

major necessary activity yet to be accomplished to carry out the overall commercialization 

planning for the region. This document will require periodic updating as state profiles are 

developed by state operational teams, potential users are further defined and as scenarios for 

electric power generation become available. 

The methodology and assumptions used for this analysis are presented in Section III. 



III. METHODOLOGY AND ASSUMPTIONS - DIRECT HEAT 

A. BASELINE MARKET SIZE DEVELOPMENT 

The region's hydrothermal resources, as defined by the University of Utah Research Institute, 

were mapped in each of the ten states. Next, the counties overlying the resource areas were 

identified. Each of these counties was reviewed to identify the industries that operate processes 

having potential for hydrothermal energy use. The potential was established by reviewing the 

listing of Standard Industrial Classification (S.I.C.) industries and selecting those S.I.C. 

categories having processes operating in the temperature range of 40°C to 260°C. County level 

data on the number of employees for each industry was multiplied by an energy intensity coefficient 

(millions of Btu per year per employee) developed by a Rocket Research Inc. study to establish energy 

consumption by those industries having processes compatible with hydrothermal energy. This latter 

value was multiplied by a selected factor for each S.I.C. category to exempt such energy consumptions 

as product sizing, packaging, handling, transportation, etc. While this factor is based mainly on 

engineering judgment, several cases were correlated with data developed in a solar energy application 

study performed for DOE by Intertechnology Corporation, and found to be generally consistent. 

Since the Rocket Research Inc. "energy intensity coefficient" did not consider waste heat, a 

simplifying assumption of a 50% cycle efficiency was applied to all processes, in effect increasing 

their total energy consumption by a factor of two. Energy use and employment data were available 

for the time span of 1972.to 1975. For this survey, a further simplifying (and conservative) 

assumption is made that all data would be assumed to be representative of 1975 data. The 1975 data 

were set as the base year for growth projections. 

An additional factor is necessary to account for counties showing surface manifestations of 

potential hydrothermal resources, but not fully evaluated on an industry by industry basis. This 



Ill, METHODOLOGY AND ASSUMPTIONS - DIRECT HEAT 

BASELINE (1975) MARKET ESTIMATE 

• CONSIDERED ONLY COUNTIES COLOCATED WITH HYDROTHERMAL RESOURCES. 

• ESTABLISHED INDUSTRIAL ENERGY USE IN 40'C TO 260^ RANGE (PROCESS HEAT). 

• ESTABLISHED RESIDENTIAL/COMMERCIAL ENERGY USE FOR ONLY SPACE CONDITIONING AND 

WATER HEATING PURPOSES, 

MARKET GROWTH FORECASTS 

APPLIED NATIONAL INDUSTRIAL GROWTH RATES BY SIC CATEGORY, 

ASSUMED 3% ANNUAL INCREASE PER CAPITA CONSUMPTION. 

ASSUMED 5% ANNUAL NEW INDUSTRY SPIN-OFF WITHIN THE REGION. 1985 AND BEYOND. 

ASSUMED 4% PER YEAR REGIONAL POPULATION GROWTH (l.4 X NATIONAL AVERAGE). 

APPLIED FACTORS FOR POTENTIAL NEW DISCOVERIES BY THE YEAR 2000 AND BEYOND. 

APPLIED FACTORS FOR NEW INDUSTRIES RELOCATED TO THE REGION. 

MARKET CAPTURE ESTIMATE ASSUMPTIONS 

1% PER YEAR. BASELINE MARKET RETROFIT. 1980 AND BEYOND. TO 25% MAXIMUM RETROFIT 

LINEAR INCREASE IN PERCENT CAPTURE OF NEW GROWTH MARKET. 1980 TO 1985, 

80% OF NEW ANNUAL INDUSTRIAL GROWTH CAPTURED. 1985 AND BEYOND. 

70% OF NEW ANNUAL RESIDENTIAL/COMMERCIAL GROWTH CAPTURED. 1985 AND BEYOND, 

40% OF RELOCATED INDUSTRY GROWTH 1990 AND BEYOND. 



III. METHODOLOGY AND ASSUMPTIONS - DIRECT HEAT 

factor varied from state to state, depending upon the number of such counties, frequency of resource 

evidence, and current populations of the counties in question. For residential/coimnercial (R/C) energy 

use, county population was multiplied by an energy use factor, chosen specifically for the climatic 

region, and adjusted to account for non-geothermal potential uses such as cooking, lighting, electrical 

appliances, etc. This county-level detail was summed by state and region to establish the current 

(1975) hydrothermal market size for the industrial as well as the combined residential/commercial sectors. 

B. MARKET GROWTH PROJECTION DEVELOPMENT 

Growth rates for each of the selected SIC categories were developed from a Ford Foundation report 

on industrial growth patterns in the United States, and projected at these rates to the year 2020. 

These basic projects were amplified by a compounded 3% per year increase in per capita energy consump

tion, following the usual forecasting practice of the electric power industry. 

It was anticipated that, by 1985, the stimulated industrial growth resulting from the availability 

of an economical, stable hydrothermal energy resource base would attract new allied suppliers and service 

industries not currently part of the baseline market. To account for these new enterprises, a factor 

of 5% per year was added to the predicted market size for 1985 and beyond. In addition, a factor was 

added to account for new large industrial firms which, because of economics, would relocate to the 

region's hydrothermal resources, or would choose to adapt processes to accommodate hydrothermal energy 

characteristics. It was estimated that 68% of the basic industrial growth of the region, less that 

specifically identified as having potential for direct hydrothermal applications, would reasonably 

approximate the likely extent of such industry relocations and process modifications. (Sixty-eight 

percent is roughly the fraction of industrial energy consumption used as steam or process heat.) 



III. METHODOLOGY AND ASSUMPTIONS - DIRECT KEAT 

Growth projections for the residential/coimiercial sector were based on the federal Project Inde

pendence Report indication of a residential/commercial growth projection of approximately 4% per year. 

In addition, per capita consumption was assumed to increase at a 3% per year factor for the residential/ 

commercial consumer sector, as it was for the industrial sector. 

Because the foregoing market size was based only upon those counties .overlying currently identified 

potential resources, a "new discovery" factor was applied to the market projections values for the 

year 2020 and beyond. This factor varies from zero, in states such as Nevada where virtually all 

counties were encompassed by the baseline assessments, to on the order of 15 to 20% in states like 

the Dakotas, Arizona, and New Mexico, where there are reasons to anticipate some additional discoveries 

in counties not heretofore considered. 

C. MARKET CAPTURE POTENTIAL ESTIiMATE DEVELOPMENT 

Starting in 1980, a linear 1% per year hydrothermal energy retrofit of the total 1975 baseline 

industrial plus R/C market was assumed, and assumed to continue until a maximum of 25% of the 1975 

market had converted to hydrothermal energy. (The identified total baseline market was only those 

sectors uniquely able to adapt to hydrothermal usage.) 

Capture of the projected market new growth by hydrothermal energy was assumed to be zero in 1979, 

increasing linearly to 70% and 80% by 1985 for the residential/commercial and industrial-.sectors, 

respectively. Continued growth market capture beyond 1985 was assumed to remain at the 70% and 80% 

values through the year 2020. 

Capture of the industry choosing to relocate or convert processes to hydrothermal use was assumed 

at 40%, starting in the year 2000, and continuing beyond. 

10 



III. METHODOLOGY AND ASSUMPTIONS - ELECTRIC 

A. ELECTRICAL FORECAST 

Data from the September 15, 1977, issue of Electrical World were used to determine the planned 

generating capacity net addition in the RMB&R region to 1995. A linear extrapolation was applied to 

obtain the projected new capacity for the year 2020. The ratio of planned regional to national in

stalled energy capacity in 1980 was assumed to maintain through the period, since only limited 

regional planning data was available beyond the 1980 time frame. 

B. RESOURCE PROJECTED DEVELOPMENT 

The location of the proven, potential and inferred potential resources were identified and 

overlaid with the region's existing electrical pov/er grids to verify that there are power grids 

in the vicinity of most resources, although some upgrading may be necessary. 

Typical commercialization scenarios were developed for high as well as moderate temperature 

prospective resources to develop approximate time scales. Preliminary scenarios were also developed 

for the number of wells and drill rigs required for confirmation of a reservoir, as well as for 

reservoir development to assure that unreasonable demands upon drilling resources were not implied 

by the goals establishs'd. 

Prospective resources with potential temperatures above 200°C were considered for the year 2000 

power-on-line projections. It was assumed that technology will be developed by the early 1990's for 

the economical use of resources down to 150°C. Actual power-on-line from such reservoirs would 

commence in about the year 2000. Proven resources in Utah and New Mexico, and only a small fraction 

of the potential resources in Utah and Nevada, were used for the near-term (1985) goal projections. 

C. MARKET CAPTURE POTENTIAL 

Since most of the knov/n prospective resources for electrical power generation are in the 

vicinity of an existing power grid, it was assumed that all of the electrical power that could be 

generated would be utilized. In some cases, this power would potentially be wheeled from one state 

to another depending on the load factors. 

11 



Ill, METHODOLOGY AND ASSUMPTIONS - ELECTRIC 

BASELINE REGIONAL ELECTRIC POWER MARKET ESTIMATE 

• MCGRAW-HILL ANNUAL ELECTRIC INDUSTRY SURVEY DATA 

• MCGRAW-HILL (ELECTRICAL WORLD) FORECAST OF NEW POWER-ON-LINE THROUGH 1990 

• ASSUMED LINEAR EXTRAPOLATION. 1990 TO YEAR 2020 

RESOURCE POTENTIAL ESTIMATE (THIS TASK CURRENTLY IN PROCESS) 

CORRELATE POTENTIAL RESOURCE AREAS WITH REGIONAL POWER GRID SYSTEM 

COMPILE UNIVERSITY OF UTAH RESEARCH INSTITUTE RESOURCE DATA AS MADE AVAILABLE 

DEVELOP SITE-SPECIFIC RESOURCE DEVELOPMENT/PRODUCTION SCENARIOS 

ASSUME ONLY >̂  200°C RESOURCES ECONOMICAL TO YEAR 2000.1 150°C RESOURCES THEREAFTER 

DEVELOP APPROXIMATE TOTAL CAPACITY ESTIMATES FOR EACH PROMISING PROSPECTIVE RESOURCE 

HYDROTHERMAL ELECTRIC POWER-ON-LINE ESTIMATE (THIS TASK TO BE INITIATED) 

• ESTABLISH POSSIBLE RATES OF INDEPENDENT. AS WELL AS GOVERNMENT-ASSISTED. RESOURCE 

DEVELOPMENT 

• NEAR-TERM (l985) GOALS INCLUDE: 

- UTAH PROSPECTS - 220 MWe (REQUIRES UTILITY COMMITMENT OF 110 MWe 

AT COVE FORT PROSPECT) 

- NEW MEXICO PROSPECTS - 55 MWe 

- NEVADA PROSPECTS - 55 MWe 

• TENTATIVE LONG-TERM GOALS (YEAR 2000 - 2020 ) 9500 MWe AND 35,000 MWe. RESPECTIVELY. 

IN REGION 

12 



IV. RESOURCE OVERVIEW - DIRECT HEAT 

Normal groundwater at shallow depth has a temperature roughly equal to the mean annual air temperature, 

which ranges from about 17°C to 25°C in the Rocky Mountain/Basin and Range Region. Geothermal water is 

groundwater which has a higher temperature than that of normal groundwater. Heating of groundwater results 

from contact with warm or hot rocks within the earth either by circulation to depths where the natural 

earth temperature is higher,or by coming near or into contact with rocks that are now cooling from a 

former molten state or have been heated up by natural radioactive decay. Geothermal waters range in 

temperature from just slightly above-fteer annual air temperature to more than 300°C. In general hotter 

geothermal fluids are associated with recently molten intrusive igneous rocks whereas cooler geothermal 

systems. High-temperature hydrothermal systems are widespread in the Region but are far less numerous 

than d.re low-'and moderate-temperature systems. This is presently interpreted to indicate that the low-

and moderate-temperature geothermal waters most useful for direct heat applications form a ve ry sizeable 

resource base whose exploration has hardly begun. 

Warm and hot springs and shallow wells are known in each of the ten states in the Region. Low- and 

moderate-temperature geothermal water is known to occur at or near most of the major population centers 

in the Region: examples are Tucson, Phoenix, Albuquerque, Las Vegas, Reno, Provo-Salt Lake City-Ogden, 

Boise, and Sheridan. Because interest in geothermal resources as an energy alternative in the United States 

is very recent, knowledge of the ultimately available resources base is scanty. Little exploration has 

been done, expecially for Idw-and moderate-temperature resources. The U.S. Geological Survey estimates that 

three times the known number of intermediate-temperature hydrothermal systems may ultimately be discovered. 

The primary exploration effort by industry is for discovery of high-temperature resources suitable for 

electrical power generation, and so a vigorous federal program aimed at confirming lower temperature 

reservoirs is warranted. 

Geothermal water, like normal groundwater, generally contains dissolved salts and gasses. The highest 

brine concentrations are usually found in the higher-temperature systems. Scale and corrosion problems may 

occur but are amenable to solution using today's technology. 

13 



IV. RESOURCE OVERVI-EW - DIRECT HEAT 

AVAILABILITY 

0 RESOURCES ARE AVAILABLE IN ALL OF THE TEN STATES 

= ALMOST ALL OF THE U\R:6£R POPULATION CENTERS IN THE REGION HAVE SOME RESOURCES IN 

THEIR VICINITY, 

- AS THE NUMBER OF RESOURCE OCCURENCES INCREASE THE RESOURCE TEMPERATURES DECREASE, 

- RESERVOIR CO,NFIRMATION PROGRAM REQUIRED, 

dUALlTY 

- OFTEN POTABLE. BUT A WIDE RANGE OF aCALE/CORROSION POTENTIAL MAY BE ENCOUNTERED. 

=> TEMPERATURES ARE SUITED TO MANY PROCESS APPLICATIONS AND TO SPACE CONDITIONING USES. 

OTHER CONSIDERATIONS 

° TRANSPORT COST IS A SIGNIFICANT ECONOMIC FACTOR,' 

- A COMMERCIALIZATION INFRASTRUCTURE NEEDS TO BE ESTABLISHED. 

- CURRENT TECHNOLOGY IS ADEQUATE FOR INITIATING. COMMERCIAL USE. 

° NEW TECHNOLOGIES ARE NEEDED FOR FULL MARKET PENETRATIONS, 

14 



rv . RESD:URCE :GVER-VI£W - ELECTRIC 

E l e c t r i c appl i ca t to ns:-of g.eothe .̂pmaT f l u i ' ds p&q-.u.i r e -tmp.eratur.es i'n exce'ss o f -̂ OO'̂ C us ing tdda.>y's-

te,chno,log;y a.nd ec©nom.1cs.. Effor'.ts a're being mad'S und"er the Ra.ft Rive-r prej-eet to -extpnt the. tamp.'erature 

l i m i t d.own.ward tff 1 50°C. The tee.h'nolagy cou ld the'n be a-ppXied to ma':ny more resource-s. 

Withi 'n the. Rock-y 'Mo.unta î n/B,a;sin'and 'Ranĝ .e R.eg.i-.o..n.;, a l l .k;nown resources, .with tem.peratures g rea te r than 

200°C are be l i eved to be a-s'sociated w i t h s t . i l l - c o o l ing i n t r u s i v e rocks at anBmalo.usly shal low d:epth 

(15,00-500 m) in . t he e a r t h ' s c r u s t . Such re'sources are g e n e r a l l y small (Ttl-5.9 sq km) i f i a rea l e-xte.nt and 

occur i n s p e c i f i c geo log ic s e t t i n g s . Most o f t.he known reso.u.rc'es, a t leas.t a p o r t i o n , . are federa l la.nd. 

The pos.s i b i l i t y o f othe'r" ty.pes b f high-tempera t u r e resourees in the- Region is ..guo.'d. 

W i t h i n the Rsgi'on, two areas have been 'proven to have btfth q.ual i ty .and q u a n t i t y o f resources needed f o r 

e l e c t r i c a l power generartio^n., Thes.s are Roosevel t Hot S p r i n g s , UT and Va l les CaldeVa, NM. Numerous o the r 

e x c e l l e n t prospects e x i s t , but d r i l l i n g has not been i n t e n s i v e or ex tens ive enough to e s t a b l i s h a proven 

.capaci ty f o r power g e n e r a t i o n . .Que to the high cos t , o f deep d r i l l i n g in the adverse ge.ot.hermal env i ronment , 

($1 m i l l i o n per hole i-s not unusual) and the l a r g e number o f pro'ducing holes needed- t o - c o n f i r m the reservGi ' r 

s u f f i c i e n t l y to in te res- t u t i l i t y companies to cons ider p l an t cons t ruc t ion . , the number o f holes being d r i l l e d 

by indus. t ry i s inadequai'te to ensure tbe G l e c t r i c a l power t h e tJ.'S, w i l l need from geothermal resources . An 

aggress ive prografii by the federa l government o f e o s t - s h a r i n g exp lora t io 'n and .confi.rmati.dn expenses, is needed. 

The u t l i f n a t e hi-gh-temperature resource bajse i s l aT -ge - - i t is es t imated by the'.U.S". GeoTogical .Survey to' 

be f i v e t imes t h e - p r e s e n t l y known resource base. E x p l o r a t i o n d r i l l ing,, c o n f i r m a t i o n , and r e s e r v o i r 

engjne 'er ing techno log ies have never been developed s p e c i f i c a l l y f o r geothermal r'&sources. Rather , 

t echno log ies developed f o r the petro leum and min ing i n d u s t r i e s are being a p p l i e d . In .-some areas these 

te'chnsTogies are not eveiri appropr ia te ' , ahd i n no area are they optimum. There fo re federa l suppor t f o r a 

broad range o f research and t.echn0lo,gy developm^ent i s s t r o n g l y i n d i c a t e d . 

T5 



IV, RESOURCE OVERVIEW - ELECTRIC 

AVAILABILITY 

« PROVEN 

« POTENTIAL 

^ INFERRED 

^ UNDISCOVERED 

SUBTOTAL 

GRAND TOTAL 

>2QQX 

150 

2.250 

5.600-

S.OQO 

15.OOO 

RESOURCES 
MW(e) 

>150X<20Q°C 

--

-

9.000 

10.000 

1,9.000 

35.000 

OTHER' CONSIDERATIONS 

QUALITY 

TOTAL DISSOLVED SOLIDS (AVG.) 

> 200-C-= 7000 PPM 

150^C-200°C = 20.00-̂ 1000 PPM 

« RESOURCES ARE PRIMARILY ON GOVERNMENT LAND. 

• SPECIAL DOWNHOLE EQUIPMENT REQUIRED TODEAL WITH FORMATION S TEMPERATURES 
(TECHNOLOGY UNDER DEVELOPMENT), 

« EXPLORATION/DEVELOPMENT EFFORT HAS BEEN MINIMAL TO DATE. TENFOLD INCREASE REQUIRED. 

« EXPLORATION AND CONFIRMATION TECHNOLOGY IMPROVEMENTS NEEDED, 

« CONTINUED RESOLUTION OF INSTITUTIONAL BARRIERS IS REQUIRED. 

16 



V. MARKET OVERVIEW - OIR££T HEAT 

Hydrothera'ml energy, i n d . i r e G t a p p l i c a t i o n s , , has the^ p o t e n t i a l o f re.pl ac1h;g s i g n i f i c a n t amounts. 

o f f o s s i l energy and o f t e n pr0:vi'ding a m*ore a p p r o p r i a t e matching o f the en^ergy to requ i red work ing 

tempera tu re . The d i reGt heat use o f geothermal energy i s eur re ' i i t l y being economical l y marketed to a 

number o f process i n d u s t r i e s in several coun t r ies . , i n c l u d i n g the United S t a t e d , alth'o'ugh i t s - ap'pl 1 c a t i o n 

i n the U..S:. is ma in l y d i r e c t e d tO spaceheat ing. I.ndu.-S'tri-es c.urne.ntly bein.g ;Sierve,d .by this,.-B'n.ergy 'S'0urG':e 

are pulp, a.nd paper proc ess in.g, t i f f lbe ' r -dry ing, , c .ah. fet f ionary ppe.parati,o-n, -di a tomaceo.u.Sv .earth proc.e.S'S 1 n.g, 

brev/ing and d i s t i l l a t i o n , sea w.eed p rocess ing , y/ashing an:d d r y i ng o f woo l , ceme'ht c u r i n g and .da i ry 

products p r o c e s s i a g . On a wor ld wide bas is approx imate ly 5:500 MWf^.i o f .geothermal energy is being 

u t i l i z . e d by d i r e c t asppl i c a t i o ' n , wh i l e c u r r e n t U.S. use o.f t h i s energy S'ource i s l e s s than 50 HW; j ,x . 

Ana l ys i s o f c u r r e n t energy use w i t h i n the RMSSR reg ion i nd i ca tes t h a t the prime market sec to rs f o r 

the d i r e c t .'us.e o f geothermal energy are. t n s^pac'S. .c.onditioni.ng.,,. (.both c:ool Ing and 'sp.ace./water'heati'ra^g) and 

i n low- to-mAderate temperature i n d u s t r i a l p r o c e s s i n g . C u r r e n t l y g rea te r than .75| o f these market sec t ions 

are bein.g served by f .gss i l f u e l s , w i th ' e i e c t r i c i t y c la imrng the m a j o r i t y o f the remianing ' 'sales. Energy 

compe t l t i o r i p ro jec t io 'hs f o r the RMB&R reg ion i n d i c a t e a h igher depend,en'ce upon coal i n the f u t u r e v/hteh may 

encounter env i ronmenta l o r growth c o h s t r a i n t s . A cros.s matching o f the hydrothermal resou rces , as krown 

today .and pro.j.ect.ed In the f u t u r e , pn a coun ty -by -coun ty geo.graphical basis w i t h the. p o t e n t i a l user sectors 

was de f i ned the prime areas to be developed. This: ana l ys t s revea ls t h a t a i l 10 states, w i th i -h the R.MB&R 

reg ion have s i g n i f i c a n t amounts e f resour tes which c o r r e l a t e w i t h p o t e n t i a l market areas; and t h a t t he 

m a j o r i t y o f the i ndu .s t r i a l and popu la t ion cen te rs are co loca ted w i t h hydrothermal fesourees . The l a r g e s t 

p o t e n t i a l user segment is the space c o o l i r g and space/water heat ing segment. The c u r r e n t energy"" use f o r 

t h i s sec to r i-s 283 x 1,0 B tu / y r w i t h a growth p o t e n t i a l by the year 2020 o f ,2,504 x 10 _Btu/yr. 

17 
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V. MARKET OVERVIEW — DIRECT HEAT 

COUNTIES WITH DIRECT HEAT RESOURCES CO-LOCATED WITH POTENTIAL USERS 

ARIZONA 
COLORADO 
DAHO 

MONTANA 
NEVADA 
NEW MEXICO 

UTAH 
WYOMING 

Number 
Of 
Counties 

399 

Counties 
With 

Counties 
With 
Some 
Potential 

Resources/ Resource/ 
User Match User Match 

163 45 

Counties 
With No 
Known 
Resources 

14 
63 
44 
56 
17 
32 

TA 53 
FA 67 

29 
24 

7 
17 
20 
20 
15 
14 
19 
21 
18 
12 

6 
9 
11 
7 
0 
4 
1 
7 
0 
0 

1 
37 
13 
29 
2 
14 
33 
39 
11 
12 

1S1 

INEC-A-10 12S 
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V. MARKET OVERVIEW - DIRECT HEAT 

COUNTY 

r COUf FORTY "BEST MATCH" COUMTIES'lIM THE REGION 

STATE 

1975 
INDUSTRIAL 

Btu/yr X 10 
12 

1975 
RESIDENTIAL/ 
COMMERCIAL 
Btu/yr X 10 

12 

1975 TOTAL 
POTENTIAL 
GEOTHERMAL 
Btu/vr X 10 

12 

MARICOPA 

SALT LAKE 

CLARK 

UTAH 

PIMA 

ARIZONA 

UTAH 

NEVADA 

UTAH 

ARIZONA 

8.50 

13.95 

2.13 

10.15 

17.12 

20.80 

3.75 

11 .00 

2.57 

47.02 

29.30 

17.70 

13.13 

12.72 

WEBER 

BERNALILLO 

BOULDER 

DAVIS 

WASHOE 

UTAH 

NEW MEXICO 

COLORADO 

UTAH 

NEVADA 

3.34 

10.80 

8.60 

.68 

9.20 

9.20 

1 .63 

3.48 

10.90 

1 .78 

12.54 

12.43 

12.08 

11.58 

10.98 

ADA 

BONNEVILLE 

CASSIA 

CANYON 

NATRONA 

IDAHO 

IDAHO 

IDAHO 

IDAHO • 

WYOMING 

9-.00 

2.80 

.60 

.25 

.14 

.56 

3.97 

5.30 

5.64 

5.55 

9.55 

6.77 

5.90 

5.89 

5.69 

TWIN FALLS 

PENNINGTON 

CACHE 

MINIDOKA 

WARD 

IDAHO 

SOUTH DAKOTA 

UTAH 

IDAHO 

NORTH DAKOTA 

1 .80 

1 .04 

1.94 

.45 

.25 

3.35 

4.10 

2.90 

3.73 

3.52 

5.15 

5.14 

4.84 

4.18 

3.77 

BANNOCK 

BINGHAM 

IDAHO 

I DAHO 

3.20 

1 .40 

.43 

2.09 

3.53 

3.49 
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V. MARKET OVERVIEW - DIRECT HEAT 

:0U!ITY 

MISSOULA 

BIGHORN 

LEWIS & CLARK 

SAN PETE 

FREMONT 

yi FORTY "BEST MATCH' COUNTIES IN THE REGION (cont'd) 

STATE 

1975 
INDUSTRIAL 

Btu/yr X 10 12 

MONTANA 

WYOMING 

MONTANA 

UTAH 

WYOMING 

3.10 

2.25 

.34 

.69 

2.25 

1975 
RESIDENTIAL/ 
COMMERCIAL,„ 

Btu/yr X 10 

.31 

2.75 

2.74 

2.56 

2.34 

1975 TOTAL 
POTENTIAL 
GEOTHERMAL,;, 
Btu/yr X 10 

3.41 

2.76-

2.74 

2.56 

2.34 

DONA ANA 

CARBON 

SANTA FE 

POWER . 

WILLIAMS 

NEW MEXICO 

WYOMING 

NEW MEXICO 

IDAHO 

NORTH DAKOTA 

.33 

2.00 

.20 

1 .46 

1 .49 

2.08 

2.05 

1 .95 

1.75 

1.56 

2.08 

2.05 

1.95 

1 .76 

1 .66 

LINCOLN 

STARK 

JEFFERSON 

COCONINO 

HUGHES 

FREMONT 

CONVERSE 

LAPLATA 

WYOMING 

NORTH DAKOTA 

IDAHO 

ARIZONA 

SOUTH DAKOTA 

COLORADO 

WYOMING 

COLORADO 

1 .48 

1 .48 

1 .30 

.28 

.90 

.12 

.99 

.16 

(1) Best match of user and hydrothermal resources, 
based upon colocation, suitable resource 
temperatures and quantity of energy replaceable 
by hydrothermal direct heat use in the county. 

1 .65 

1 .60 

1 .48 

1.26 

1 .22 

1.12 

1.07 

1.04 

1 .56 

1 .50 

1 .48 

1 .26 

1 .22 

1 .12 

1 .07 

1.04 
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IV. MARKET OVERVIEW - DIRECT HEAT 

Many of the major industrial energy consumers in the region can use low-to-moderate heat sources 

to meet a portion if not all of their energy needs. These industries include food and kindred products 

processing, wood and lumber products, mining and minerals, chemical processing and the concrete industry. 

The energy supply requirements for these elements of the industrial sector are some what smaller than 

the energy needs for residential/commercial space conditioning, but the region's growth potential is 

excellent and it appears that penetration can more readily be made in the industrial sector. Current 

energy use in the low-to-moderate heat processing sector which can be served by hydrothermal energy is 

74 X 10^^ Btu/yr with a growth pattern of 177_ x lo^^ Btu/yr by 1985, 480 x 10^^ Btu/yr by 2000 and 

1,476 X 10^^ Btu/yr by the year 2020. 

From the foregoing considerations it can reasonably be observed that substantial, long-term markets 

for hydrothermal energy exist in the RMB&R region; that commonly found coincidence of resource occurrence 

with user locations promise favorable economics in competition with other energy supplies; and that 

hydrothermal energy can, with appropriate stimulation and encouragement, be a near-term partial solution 

to the regions's energy needs. The principal barrier to the rapid transition to hydrothermal energy 

application is that the present market place lacks the infrastructure necessary_ to develop and deliver 

hydrothermal energy to the user sectors. 
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V. MARKET OVERVIEW - DIRECT HBAT 

TOP 20 INDUSTRIAL PROCESS HEAT APPLICATIONS 
DIRECTLY MATCHED^^^ FOR GEOTHERFiAL ENERGY REPLACEMENT 

IN THE ROCKY MOUNTAIN BASIN & RANGE REGION 
(X 10l2 BTU/YR)* 

HDUSTRY 

DEHYDRATED FRUITS 

CONCRETE BLOCK 

& VEGETABLES 

FROZEN FRUITS & VEGETABLES 

POULTRY DRESSING 

MEAT PACKING 

PREPARED FEEDS 

PLASTIC MATERIALS 

DAIRY INDUSTRY 

SOFT DRINKS 

SOAPS 

MATCHED 1975 
ENERGY USE^2. 

11.80 

7.10 

5.2̂ 1 

4.82 

4.45 

3.65 

3.63 

3.24 

2.91 

1.24 

1ATCHED 1975 
INDUSTRY ENERGY USE (2) 

INORGANIC CHEMICALS 1.06 

READY-MIX CONCRETE .98 

GYPSUM .97 

CANNED FRUITS S VEGETABLES .'97 

BEET SUGAR .82 

TREATED MINERALS .69 

COTTON SEED OIL MILLS .34 

PREPARED MEATS .34 

PHARMACEUTICALS .25 

FURNITURE .21 

(1) 

(2) 

INDUSTRIES MATCHED BY COLOCATION WITH RESOURCES AND 
COMPATIBLE PROCESS TEMPERATURES IN THOSE COUNTIES 
HAVING HYDROTHERMAL RESOURCES. 

REGIONAL CONSUMPTION OF DIRECT HEAT ENERGY IN 1975-
REPLACEABLE BY HYDROTHERMAL ENERGY FROM COLOCATED 
AND TEMPERATURE-MATCHED RESOURCES. 
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V. MARKET OVERVIEW - DIRECT HEAT 

Market growth projections for hydrothermal energy in the RMB&R region present an attractive 

profile. From the illustration on Page 24, it is evident that a substantial protion of the region's 

energy needs could be satisfied by hydrothermal energy, as shown by the potential Hydrothermal use 

Market Curve. Competition from conventional energy sources, as well as other alternative energy -types 

(solar, biomass, etc.), result in choosing conservative market penetration objectives as shown 

by the estimated penetration (bottom) curve. 

Resource uncertainty, lack of proven economics, and absence of an established infrastructure, 

as well as general reluctance to accept an unfamiliar resource, are factors which are expected to 

minimize significant market penetration until post-1985. These factors are among those which will 

receive major DOE emphasis in the commercialization program. 
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ENERGY CONSUMPTION PROJECTIONS 
FOR THE RMB&R REGION 
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2000 2020 

te^ij Industrial Geothermal Use 
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Resident ial /Commercial Geothermal Use 

24 



V. HYDROTHERMAL MARKET OVERVIEW - ELECTRIC 

The electrical energy produced in the RMB&R region in 1975 was approximately 1.1 x 10 MWh, of 

which about 0.2 x 10 MWh was exported. Average per customer residential use was 8700 kWh in 1977, 

showing an annual increase of approximately 3%. Industrial consumption data shows a similar per 

capita increase. This coupled with a 4% regional overall growth rate results in a net annual demand 
Q 

increase in the region of about 7%. Industrial users in the region consumed approximately 0.3 x 10 MWh 

of electricity in 1975, while the residential/commercial sector electrical consumption amounted to 

about 0.8 X 10^ MWh, for a total of 0.9 x 10^ MWh. 

Electric utility capital spending in the region exceed $1.8 billion in 1977, and is predicted to 

be greater than $2.2 billion in 1978, for generation, transmission, distribution, and miscellaneous 

purposes. In early 1978, there were 158 utilities operating a total of 396 generating plants in the 

region. Hydro, fossil steam, gas turbine and diesel (no nuclear) plants, were operational with an 

installed capacity of approximately 35,000 MW. Ownership of these plants included investor-owned, 

municipal, state and PPDs, cooperatives, and federal agencies. A breakdown of electric capacity or 

sales by ownership is not directly at hand, but will be developed in continuing studies. 
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VI. MARKET OVERVIEW — ELECTRIC 

CURRENT INSTALLED CAPACITIES WITHIN THE REGION 

Investor Owned Companies 

« Municipal & State Agencies 

• Cooperatives 

Federal Agencies (BPA, etc.) 

UTILITIES 

Hydropower 

Fossil 
Fuels 

Nuclear 

158 Total 
Util ity 
Companies 

PLANTS 

166 

231 

0 

397 

MWe 

9,349 

26,067 

0 

35.416 

INEL-A-10 122 
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IV MARKET OVERVIEW - ELECTRIC 

The regional goal for the year 2020 is 35,000 MW/ ^ , (2.9 Quads/yr) which is approximately 30% 

the region's projected requirements (45% of additional generating capacity). This goal is dependent 

upon reservoir confirmation of prospective resources and the technology development for the economic 

utilization of resources as low as 150°C. 

There are three confirmed reservoirs and an excellent prospect, located in the RMBXR region, which 

are within the current economic electric production temperature range. Concensus is that there is high 

confidence that state-of-the-art technology allows for economic use of hydrothermal resources to tem

peratures approaching 200°C. It is currently expected that such resources can meet the regional goal 

of 300 f̂ W. ^ on line by 1985. 

The tentative mid-term (year 2000) goal is to achieve 9,500 MW/ > on line. This is based upon the 

asumption that 8,000 MW/ \ can be derived from presently know or inferred resources, and 1,500 MW, x 

are obtained from presently unconfirmed resources. This goal will require three areas of major DOE 

involvement. These are: exploration for new high-grade resources, technology development for eco

nomical electrical energy recovery from intermediate-moderate temperature resources, well stimulation 

development and a continuation of incentives and barrier removals to simulate strong growth. In 

effect, the DOE program to meet intermediate goals is a continuation and expansion of work already 

underway, supported by the experience, economic findings, and industry acceptance inherent in achieving 

the near term (1935) goals. 

The principal assumption concerning the long term (year 2020) goal is that the econmic reservoir 

temperature can be lowered to 150°C. This achievement opens the extensive moderate temperature hydro-

thermal resources to exploitation. Two factors support this possibility. The energy cost spiral will 

continue to move the economic cross-over point to higher and higher values, allowing cooler (as well as 

deeper) reservoirs to compete, and very major technology advancements can be anticipated by that time 

frame. 
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VI. MARKET OVERVIEW — ELECTRIC 

PROJECTED ELECTRIC DEMAND AND 
POTENTIAL MARKET PENETRATION 

• ELECTRICAL WORLD (SEPT. 15, 1977) 

80,000 

60,000 

40.000 

20,000 

1970 1980 

Extrapolated 
Electric Capacity / 

/ 

/ 

/ 

/ 

/ 

/ 

Goal (35,000) 

1990 2000 2010 2020 
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V. MARKET OVERVIEW - ELECTRIC 

There is proven potential for hydrothermal electric pov/er production in the RMB&R region. While 

only a limited number of KGRAs show temperatures of 200°C or higher needed for today's technology, 

planned future ability to utilize economically reservoirs with temperatures as low as 150°C will provide 

a major increase in electric power potential. 

The regional map shows the location of a number of reservoirs possibly having electric generation 

potential, with an overlay of the existing electric power grid of the region. In general, a good 

colocation of the power grid with reservoirs is found, although in some instances grid transmission 

capacity may be insufficient. However, existence of the power line right-of-ways is a significant 

advantage, and grid capacity can be upgraded, if necessary, to accommodate the resource output. 

Among the specific factors that require consideration for DOE support to foster accelerated 

resource development are: 

Reservoir confirmation programs 

Industry-coupled well stimulation programs 

Financial incentives such as loan guaranty, equitable taxation, and reservoir insurance 

Simplified and faster leasing, siting, permitting, and licensing practices 

Development of approved codes and standards 

Promotion and public education programs 

Continued development of other incentives and barrier removal actions. 
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MAJOR POWER LINES 
AND 

PROSPECTIVE POWER 
PRODUCTION RESOURCES^'^ 

1. Bruneau-Grandview 
2. Raft River 
3. East Snake River Plain 
4. Island Park 
5. Ruby Valley 
6. Beowawe 
7. Leach Hot Springs 
8. Humbolt House 
9. Double Hot Springs, Gerlach/Fly Ranch 

10. Baltazor 
11. Pinto Hot Springs 
12. Brady Hazen/Desert Peak & Sti l lwater/Soda Lake 
13. Steamboat Springs 
14. Dixie Valley 
15. Cove Fort /Sulphurdale 
16. Roosevelt Hot Springs 
17. Thermo Hot Springs, Newcastle 
18. Mamby's Hot Spring 
19. Valles Caldera, Baca Locat ion No. 1 
20. Guadalupe Area, Jemez Reservoir 
21 . Prewitt Area 
22. North of Socorro 
23. Lower Frisco Hot Springs 
24. Derry Spring 
25. Radium Spring 
26. San Diego Mountain 
27. Mesquite-Berino, Las Alturas 
28. White Sands (Town) 
29. Southern Tulsarosa Basin 
30. Ki lbourne Hole 
3 1 . Columbus Area 
32. L ightning Dock, Lordsburg 
33. Poncha, Mt. Pr inceton, Valley View Hot Springs 
34. Ci i f ton/Gi i lard 
35. Chandler 
36. Huckleberry Hot Springs, Auburn Hot Springs 

INEL-A-10 125 

(1) 150°C and above prospective resources 
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VII. MARKET PENETRATION OBJECTIVES AND REGIONAL GOALS 

The hydrothemial market penetration objectives include both electric power generation as v/ell as 

direct heat applications. A survey of the region's electric pov/er generation and energy consumption 

profiles together with growth projections through the year 2020 has verified a major potential for 

hydrothermal energy application. Aggressive, but achievable, goals have been chosen for guidance in 

the future development and justification of commercialization implementation plans. The goals assume 

a maximum of 25% retrofit, and 70% and 80% capture, respectively, of residential/commercial and industrial 

growth in the specifically applicable markets. The electric power goals represent reasonable fractions 

of the projected new pov/er-on-1ine, but require resource verification to assure that they can be achieved. 

Specifically, it is necessary to establish an additional 150 MW of high grade (>200°C) proven reserves 

by 1980, since probable output of the Roosevelt prospect and Valles Caldera will be only about 150 MW 

by 1985. The year 2000 goal assumes commercialing 8000 MW of proven potential, and inferred resources, 

as well as 1500 MW of high grade resources yet to be discovered. Beyond the year 2000, it is assumed that 

technology developed during the 1980's, and brought to commercial status during the 1990's, will allow 

economic exploitation of reservoirs with temperatures as low as 150°C. 

In developing the megawatt equivalency of direct heat, it was roughly approximated that 1 MW of 

hydrothermal energy on-line equals 5100 barrels of oil per year for direct heat applications, and 

14,200 barrels of oil per year for electric generation applications. On this basis, achievement of 

the 1985 goals would reduce fossil fuel demand by the equivalent of over 100,000 barrels of oil per 

day, while the 2020 goals would save over 2,500,000 barrels per day! 
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VII. REGIONAL MARKET PENETRATION GOALS 

H y d r o t h e r m a l 

Energy A p p l i c a t i o n 

Electric Generation 
{M\Ne) 

Direct Heat Uses, Quads 
(Megawatts Equivalent) 

Present 

Hydrothermal 

Use 

<o.ooi 
« 2 5 ) 

1985 

300 ( 1 ) 

0.2 
(;S8000) 

Hydrothermal Energy Goals 

2000 2020 

9,500 (2) 

1.0 
: 25,000) 

35,000 ( 3 ) 

2.5 
(:^ 67,000) 

ENERGY EQUIVALENTS 

(4) 
Electric Generation 
(Equivalent Fossil Fuel 
Energy, Quads per Year) 

Direct Heat Uses 
(Expressed directly in 
Quads per Year) 

Total Equivalent 
Energy, Quads/yr (5) 

Barrels of Qil Equivalent 

<0.001 

CO.OOI 

< 1 x lO'^/yr 

(1) 
Assuming addit ional 150 MW of proven reserves established by 1980. 

0.03 

0.2 

0.23 

40 X 10 /yr 

0.8 

1.0 

1.8 

304 x l 0 " / y r 

(2) Assuming commercial izat ion of 8000 MW of proven, potential and inferred resources and 1500 MW of 
high grade undiscovered resources. 

(3) 

Assuming the economical ly competit ive reservoir temperature is lowered to 150°C. 

^ ' 35% cycle efficiency appl ied to obtain fossil fuel equivalents for electric power generat ion. 

* ' A quad is a unit of energy defined as 10 BTU's or 1 quadri l l ion BTU's. 30 

2.9 

2.5 

910 X 10°/yr 
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II. REGIONAL PROGRAM SUMMARY 

Five essential components of the DOE program are required to fully penetrate the hydrothermal 

energy market. Four elements of the DOE program (Regional Planning, Resource Definition, Environmental 

Control and Raft River Projects) lead to support the .Electric and Direct Heat Applications and Transfer 

of Technology to Industry. The DOE program elements are designed to stimulate the market by minimizing the 

risks that investors will face in utilizing hydrothermal energy. The five essential DOE program elements 

are detailed in the commercialization plan and summarized as follows; 

Regional Planning - "Analysis of economic, environmental, institutional, legal and technological 

factors effecting commercialization. 

Identification of federal initiatives required. 

° Preparation of state development profiles. 

° Preparation and implementation of educational programs for state, industry and other 

related parties. 

Resource Definition - ° Industry coupled case study program (shared costs). 

° Disseminate resource data to industry. 
° Assess low and moderate temperature resources. 

° Produce state by state resource maps. 

° Initiate heat-flow and lava flow mapping. 
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VIII. REGIONAL PROGRAM SUMMARY 

tNEL-A-10 127 
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'• V I I I . REGIONAL PROGRAM SUMiMARY 

Technology Appl icat ions - ° Encourage d i rec t heat use through support of d i rec t heat cost shared 

demonstrations. 

° The production of e l e c t r i c i t y from high-grade reservoirs in ' the. reg ion. 

° Develop and pursue new ca ta l y t i c i n i t i a t i v e s to br ing together resource 

developers, u t i l i t i e s and in some cases an intermediate r i sk - take r . 

° Incorporate v/ell s t imula t ion technique developments in to the Regional 

° Commercialization Program through the Industry-Coupled Well St imulat ion 

Program. 

Environmental Control - ° Provide support to environmental impact assessment/environmental 

impact statement preparation-, PON/PRDA reviews, and institutional activities. 

° Gather subregional environmental data and perform site-specific monitoring 

° Prepare preplans for gathering baseline environmental data as needed for 

preparation of EIA/EIS documents. 

Raft River Facility . - ° Test the economics of utilizing moderate temperature (150''C) reservoirs. 

° Construct and evaluate the first 5 MW thermal loop with conventional hardware. 

° Construct and evaluate a second 5 MW thermal loop with advanced systems hardware. 

° Compare economics of first and second thermal loop systems. 

° Utilize the facility as a showcase for technology transfer for electric and direct 

heat applications. 

° Evaluate direct applications of moderate temperature resources (low temperature 

drying, low temperature processing and beneficial uses of geothermal fluids). 

° Invite industry to participate and review results of experiments. 
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VIII, REGIONAL PROGRAM SUMMARY 
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I. EXECUTIVE SUMMARY 

DIRECT HEAT APPLICATIONS 

• ALL 10 STATES HAVE POTENTIALLY ECONOMICAL HYDROTHERMAL RESOURCES. 

• MOST INDUSTRIAL AND POPULATION CONCENTRATIONS ARE COLOCATED WITH 
HYDROTHERMAL RESOURCES. 

• CURRENT HYDROTHERMAL MARKET POTENTIAL WITHIN THE REGION FOR DIRECT 
HEAT APPLICATIONS IS APPROXIMATELY O A QUAD. MARKET POTENTIAL FOR 
DIRECT HEAT WILL BE APPROXIMATELY 5-6 QUADS BY THE YEAR 2020. 

• ESTIMATED POTENTIAL MARKET CAPTURE BY HYDROTHERMAL ENERGY IS 0.2 QUAD 
IN 1985. INCREASING TO 2.5 QUADS IN THE YEAR 2020. 

• THE MAJOR DIRECT HEAT MARKETS ARE CURRENTLY RESIDENTIAL/COMMERCIAL. 
SPACE CONDITIONING AND INDUSTRIAL PROCESS HEAT APPLICATIONS. THE 
INDUSTRIAL MARKET SECTOR HAS THE GREATER POTENTIAL FOR NEAR-TERM 
PENETRATION. 

• A MAJOR BARRIER TO DIRECT HEAT MARKET PENETRATION IS LACK OF AN 
INFRASTRUCTURE. EARLY FORMATION OF WHICH IS A PRINCIPAL PROGRAM GOAL. 
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I, EiicffliiE i i i t tY 

ELECTRIC APPLICATIONS 

# MORE THAN 25% OF THE ADDITIONAL ELECTRICAL ENERGY REQUIRED IN THE 
REGION BY THE YEAR 2000 COULD BE SUPPLIED FROM HYDROTHERMAL RESOURCES. 

# ADVANCED TECHNOLOGY FOR UTILIZATION OF 150°C RESODRCE FOR ELECTRIC 
POWER GENERATION MUST BE AVAILABLE BY THE LATE 1980'S TO PROVIDE A 
SUBSTANTIAL PORTION OF THE REGIONAL NEEDS BEYOND THE YEAR 2000. 

• RESOURCES SUITABLE FOR ELECTRIC POWER GENERATION APPEAR TO BE ABUNDANT 
IN THE REGION. BUT A MAJOR NEAR-TERM RESERVOIR CONFIRMATION EFFORT IS 
REQUIRED TO ALLOW SUBSTANTIAL COMMERCIAL DEVELOPMENT BY THE YEAR 2000. 

• ELECTRIC POWER GRID SYSTEMS ARE COLOCATED WITH POTENTIAL HYDROTHERMAL 
SITES. BUT SOME UPGRADING MAY BE REQUIRED. 
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II. INTRQDUCTrON 

Outlined heFein are the results of a survey o f the potential appl icat ions of hydpothermal 

energy ih the RMB&R region of the United States. The DOE goal is to foster accelerated commercial-

izat jpn of the substantial hydrothermal resources of the region. This document provides a 

suiTiiTiary of the market analysis and is intended to serve as a guide in the future preperation of 

the cpiflprehensive; DOE Impletnerita^t^^ to accomplish this desired commercialization, 

rt itili^pir pQrl^ioh of th i s survey; has been devoted to estiniating the sizer of the Gurrept as 

w^li a^ pPteht ial fu tu re markets. While current use of the region's hydr^Qthermal respiirces is 

l i m i t e d , there are; in fact nunierous established process industr ies in the re.g^pn which-Can use 

hydrothermal energy for process heat. In addi t ion the region's res ident ia l and commercial 

sectors are for tunately largely co-located with hydrothermal resources. This provides a major 

opportunity for space condit ioning and water heating appl icat ions. In add i t ion , several known 

potent ial resources in the region provide reservoir temperatures suited to e lec t r i c power 

generation with today's technology. 

The current s tate-of- the ar t Is adequate to undertake design of i ns ta l l a t i ons with assurance 

that necessary r e l i a b i l i t y , safety, cost and environmental considerations can be met. In 

add i t ion , hydrothermal energy is expected to be economically competitive and re la t i ve l y benign 

environmentally, Achievment of substantial Gommereialization of the region's abundant and 

widesjjread hy^ resources w i l l al low feduced dependence on f oss i l fuels and 

pKivide; the region with ;an enhanced economic base. 

>A eomprehertsive p^ has been out l ined. Detailed planning is cont inuing, by whiGh DQE 

GbnimerGiaTizatlon objectives w i l l be achieved. Regional planning w i l l continue to include program 

cDordinatipn^ poliGy tJievelo^ arid state p r o f i l e development to provide an element for formation 

of a strprigi hydi-jotheirmal energy commercial Izat ion in f ras t ruc ture . 

fesje.ur:Ge ;definiiyii6|i i s l ikewise a major aspect o f , the program. 

•...^. . .*A:, l i . 



II. INTRODUCTION (cont'd) 

Technology applications for both electric and direct heat options are also important 

program elements required to penetrate the commercial market. Barrier mitigation, power plant 

development incentives, various direct heat field projects, and timely technology transfer are 

required. 

Environmental control regional support and technology transfer will continue to assure 

that commercialization 1s accomplished in an environmentally acceptable manner. 

Finally, rounding out the program is the on-going work at the Raft River Facility. From 

this facility It is Intended to demonstrate economical power production from 150°C reservoir 

temperatures, corrosion/scaling prevention, and similar technologies for industrial use. 

The potential markets considered in the survey include both the projected growth of markets 

currently implaced, as well as new industries which would be expected to be attracted to the 

region by the availIbilIty of a stable energy supply. However, regional industrial growth, as 

well as associated residential/commercial development, must also consider legal, regulatory, 

environmental and financial aspects, as well as other related factors. Such factors have not 

yet been fully evaluated for the region. Detailed consideration of these factors remains a 

major necessary activity yet to be accomplished to carry out the overall commercialization 

planning for the region. This document will require periodic updating as state profiles are 

developed by state operational teams, potential users are further defined and as scenarios for 

electric power generation become available. 

The methodology and assumptions used for this analysis are presented in Section III. 



III. METHODOLOGY AND ASSUMPTIONS - DIRECT HEAT 

A. BASELINE MARKET SIZE DEVELOPMENT 

The region's hydrothermal resources, as defined by the University of Utah Research Institute, 

were mapped in each of the ten states. Next, the counties overlying the resource areas were 

identified. Each of these counties was reviewed to identify the industries that operate processes 

having potential for hydrothermal energy use. The potential was established by reviewing the 

listing of Standard Industrial Classification (S.I.C.) industries and selecting those S.I.C. 

categories having processes operating in the temperature range of 40°C to 260°C. County level 

data on the number of employees for each industry was multiplied by an energy Intensity coefficient 

(millions of Btu per year per employee) developed by a Rocket Research Inc. study to establish energy 

consumption by those industries having processes compatible with hydrothermal energy. This latter 

value was multiplied by a selected factor for each S.I.C. category to exempt such energy consumptions 

as product sizing, packaging, handling, transportation, etc. While this factor is based mainly on 

engineering judgment, several cases were correlated with data developed in a solar energy application 

study performed for DOE by Intertechnology Corporation, and found to be generally consistent. 

Since the Rocket Research Inc. "energy intensity coefficient" did not consider waste heat, a 

simplifying assumption of a 50% cycle efficiency was applied to all processes, in effect increasing 

their total energy consumption by a factor of two. Energy use and employment data were available 

for the time span of 1972 to 1975. For this survey, a further simplifying (and conservative) 

assumption Is made that all data would be assumed to be representative of 1975 data. The 1975 data 

were set as the base year for growth projections. 

An additional factor is necessary to account for counties showing surface manifestations of 

potential hydrothermal resources, but not fully evaluated on an industry by Industry basis. This 



III. METHODOLOGY AND ASSUMPTIONS - DIRECT HEAT 

BASELINE (1975) MARKET ESTIMATE 

• CONSIDERED ONLY COUNTIES COLOCATED WITH HYDROTHERMAL RESOURCES. 

• ESTABLISHED INDUSTRIAL ENERGY USE IN 40^ TO 260t: RANGE (PROCESS H E A T ) . 

• ESTABLISHED RESIDENTIAL/COMMERCIAL ENERGY USE FOR ONLY SPACE CONDITIONING AND 

WATER HEATING PURPOSES. 

MARKET GROWTH FORECASTS 

APPLIED NATIONAL INDUSTRIAL GROWTH RATES BY SIC CATEGORY. 

ASSUMED 3% ANNUAL INCREASE PER CAPITA CONSUMPTION. 

ASSUMED 5% ANNUAL NEW INDUSTRY SPIN-OFF WITHIN THE REGION. 1985 AND BEYOND. 

ASSUMED 4% PER YEAR REGIONAL POPULATION GROWTH (l.4 X NATIONAL AVERAGE). 

APPLIED FACTORS FOR POTENTIAL NEW DISCOVERIES BY THE YEAR 2000 AND BEYOND. 

APPLIED FACTORS FOR NEW INDUSTRIES RELOCATED TO THE REGION. 

MARKET CAPTURE ESTIMATE ASSUMPTIONS 

1% PER YEAR. BASELINE MARKET RETROFIT. 1980 AND BEYOND. TO 25% MAXIMUM RETROFIT. 

LINEAR INCREASE IN PERCENT CAPTURE OF NEW GROWTH MARKET. 1980 TO 1985. 

80% OF NEW ANNUAL INDUSTRIAL GROWTH CAPTURED. 1985 AND BEYOND. 

70% OF NEW ANNUAL RESIDENTIAL/COMMERCIAL GROWTH CAPTURED. 1985 AND BEYOND. 

40% OF RELOCATED INDUSTRY GROWTH 1990 AND BEYOND. 
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H I . HETHflUQLOiGY AMD ASSUMPTIONS - DIRECT HEAT 

factor varied from state to s ta te , depending upon the number of such counties, frequency of resource 

evidence, and current populations of the counties i n question. For residential/commercial (R/C) energy 

use, county population was mul t ip l ied by an energy use fac to r , chosen spec i f i ca l l y fo r the c l imat ic 

regipn, arid adjusted to aGcount for non-geothermal potent ial uses such as cooking, l i g h t i n g , e lec t r i ca l 

aRpliarices, etc. This county-level de ta i l was summed by state and region to establ ish the current 

(1975) hydrothermal market size fo r the i r idus t r ia l as well as the combiried resideritiAl/commercial sectot^s, 

B. MARKET GROWTH PROJECTION DEVELOPMENT 

Growth rates f o r each of the selected SIC categories were developed from a Ford Foundation report 

on indus t r ia l growth patterns in the United States, and projected at these rates to the year 2020. 

These basic projects were amplif ied by a compounded 3% per year Increase in per capita energy consump

t i o n , fo l lowing the usual forecasting pract ice of the e lec t r i c power Industry. 

I t was ant ic ipated tha t , by 1985, the stimulated indus t r ia l growth resul t ing from the a v a i l a b i l i t y 

of an economical, stable hydrothermal energy resource base would a t t r ac t new a l l i e d suppliers and service 

industr ies riot curreri t ly part of the baseline market. To account fo r these new enterpr ises, a factor 

o f 5% per year was added to the predicted market size f o r 1985 and beyorid. In add i t ion , a factor was 

added to acepurit fo r new large i r idustr ia l firms which, because of ecciriomics, would relocate t o the 

i^egion's hydrdthe^^^ or would choose to adapt processes to accommodate hydrotherraal energy 

character is t iGs. I t Was estimated that 68% of the basic Indust r ia l growth df the region, less that 

spec i f i ca l l y i den t i f r ed as having potent ia l f o r direict hydrothermal appl icat idns, would reasonably 

ap'proximate the; l i k e l y extent df such industry relocations and process modif icat ions. (S ix ty -e ight 

ptf^igerii-fe î <?jlihl:Y^̂  of indus t r ia l energy consumptidn used as steam dr prdcess heat.) 
•','.1.' 
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i •dri; ih^e f edferai Prol&ct !lV)die-

1 ^ df approxismartely 4%i per year. 

Ilii.'a^ditipiii,, ipe:f;^:eai5ita'G^ 31 per year factdr fdr the resi fdent ia l / 

conmercial (sSil̂ umer sectpr , asi 1% î vas fdr^ thfi'iri^d us t r i a l sector. 

Because the foregoing market size was based only upon those cduntles dverlying current ly i den t i f i ed 

potent ia l resources, a "new discovery" fac td r was applied td the market prdjectidns values for the 

year 2020 and beyond. This fac tor varies frdm zero, in states such as Nevada where v i r t u a l l y a l l 

counties were encompassed by the hasellne assessments, td on the drder of 15 t o 20% in states l i ke 

the ;Pakdta5i Arfzdna, and New Mexicp, where there are reasens to ant ic ipate some addit ional discoveries 

in courities not heretofore considered. 

MARKET Cŷ PtURE POTENTIAL ESTIMATE DEVELOPMENT 

Starti'Wg in llBOy a l i r iear 1% per year hydrothermal energy r e t r o f i t of the td ta l 1975 baseline 

i ndus t r i a l ;jJly| R/C market was assumed, arid assumed to coritinue u n t i l a maximum df 25% df the 1975 

niaî teet had cdriverted t d hŷ ^ enei?9y. (The i den t i f i ed td ta l baiseline market was drily those 

sectors uniquely able to adapt to hydrothermal usage.) 

Capture of the projected market new growth by hydrothermal energy was assumed to be zero in 1979, 

increasing l i nea r l y to 70% and 80% by 1985 for the residential/commercial and industr ia l sectors, 

respect iyely. Continued growth market capture beyond 1985 v/as assumed to remain at the 70% and 80% 

values through ithe year l(J20. 

at 40^ 

5es to hydrothermal use was; assumed' 

•f t 



W*"a!'#^^!F^'^--' '"• ' - • • ' .^ - . .'^Y--•.:• •' : y - - ' ' - w y i * ^ ' r ^ ' ^ ' ' ^ i ^ - - ^ 

III. METHODOLOGY AND ASSUMPTIONS - ELEGTRJC 

Data from the September 15, 1977, issue of Electrical World were used to determine the planned 

generating capacity net addition in the RMB&R region to 1995. A linear extrapolation was applied to 

dUtairi the projected new capacity for the year 2020, The ratio of planned regional to national In

stalled energy capacity in 1980 was assumed to maintain through the period, since only limited 

regi'onal plarifning data was available beyond the 1980 time frame. 

B. RlESQURipE PROiJECTED DEVELOPMENT .̂ 

The location of the proven, potential and Inferred potential resources were Ideritifled and 

overlaid with the region's existing electrical power grids to verify that there are power grids 

in the vicinity of most resources, although some upgrading may be necessary. 

Typical commercialization scenarios were developed for high as v/ell as moderate temperature 

prospective resources to develop approximate time scales. Preliminary scenarios were also developed 

for the number of wells and drill rigs required for confirmation of a reservoir, as well as for 

reservoir development to assure that unreasonable demands upon drilling resources were not Implied 

by the goals established. 

Prospective resources with potential temperatures above 200°C were considered for the year 2000 

power-on-T1ne projections. It was assumed that technology will be developed by the early 1990's for 

the .econo"̂ ^̂ ''̂  use of resources down to 150°C. Actual pdwer-dn-11ne from such reservoirs would 

coiTimence in about the year 2000. Proven resources in Utah and New Mexico, and only a small fraGtIon 

of the potential resources in Utah and Nevada, were used for the near-term.(1985) goal projections. 

C. MARKET CAPTjJRE,POTENTIAL 

Since inQSt of the kh^v/n prospective resources fo r e l e c t r i c a l power generation are In the 

vi;gi;nl5# pf a f i i ^ ^ * ^ ^ i t was assumed that a l l of the e l e c t r i c a l power that could be 

geh:^fa|ed ?woMid be : t ^ In some cases, t h i s power would p o t e n t i a l l y be wheeled fjrom one s ta te 

to andther depending on t h i load f ac td r s . 



BHiLjig iiitiNiL Etiiilg i i i i l i i i ^^ 
• MGGiRAy?î HlLL ANNUAL ELE^ jmtJ iNDllSTRY SURVEY DATA 

• MCSRAVy-HTLL (Ei_ECtRTCAL WORLD) FORECAST OF NEW POWER-ON-LINE THROUGH 1990 
• ASSUMED LINEAR EXTRAPOLATION. 1990 TO YEAR 202 0 

RESOURCE POTENTIAL ESTIMATE (THIS TASK CURRENTLY IN PROCESS) 

• CORRELATE POTENTIAL RESOURCE AREAS WITH REGIONAL POWER GRID SYSTEM 

• COMPILE UNIVERSITY OF UTAH RESEARCH INSTITUTE RESOURCE DATA AS MADE AVAILABLE 

• DEVELOP SITE-SPECIFIC RESOURCE DEVELOPMENT/PRODUCTION SCENARIOS 

• ASSUME ONLY ^ 200^0 RESOURCES ECONOMICAL TO YEAR 2000.1 150°C RESOURCES THEREAFTER 
• DEVELOP APPROXIMATE TOTAL CAPACITY ESTIMATES FOR EACH PROMISING PROSPECTIVE RESOURCE 

HYDROTHERMAL ELECTRIC POWER-ON-LINE ESTIMATE (THIS TASK TO BE INITIATED) 

• ESTABLISH POSSIBLE RATES OF INDEPENDENT. AS WELL AS GOVERNMENT-ASSISTED. RESOURCE 

DEVELOPMENT 

• NEAR-TERM (l985) GOALS INCLUDE: 

- UTAH PROSPECTS - 220 MWe (REQUIRES UTILITY COMMITMENT OF 110 MWe 

AT COVE FORT PROSPECT) 

- NEW MEXICO PROSPECTS - 55 MWe 

- NEVADA PROSPECTS - 55 MWe 

• TENTATIVE LONG-TERM GOALS (YEAR 2000 - 2020) 9500 MWe AND 35,000 MWe. RESPECTIVELY. 

IN REGION 

n 



IV. RESOURCE OVERVIEW - DIRECT HEAT 

Normal groundwater at shallow depth has a temperature roughly equal to the mean annual air temperature, 

which ranges from about 17°C to 25°C in the Rocky Mountain/Basin and Range Region. Geothermal water is 

groundwater which has a higher temperature than that of normal groundwater. Heating of grdundwater results 

from contact with warm or hot rocks within the earth either by circulation to depths where the natural 

earth temperature is higher, or by coming near or into contact with rocks that are now cooling from a 

former molten state or have been heated up by natural radioactive decay. Geothermal waters range in 

temperature from just slightly above near annual air temperature to more than 300°C. In general hotter 

geothermal fluids are associated with recently molten intrusive igneous rocks whereas cooler geothennal 

systems. High-temperature hydrothermal systems are widespread in the Region but are far less numerous 

than are low- and moderate-temperature systems. This is presently interpreted to Indicate that the low-

and moderate-temperature geothermal waters most useful for direct heat applications form a very sizeable 

resource base whose exploration has hardly begun. 

Warm and hot springs and shallow wells are known in each of the ten states 1n the Region. Low- and 

moderate-temperature geothermal water Is known to occur at or near most of the major population centers 

in the Region: examples are Tucson, Phoenix, Albuquerque, Las Vegas, Reno, Provo-Salt Lake City-Ogden, 

Boise, and Sheridan. Because Interest in geothermal resources as an energy alternative in the United States 

is very recent, knowledge of the ultimately available resources base is scanty. Little exploration has 

been done, expecially for low-and moderate-temperature resources. The U.S. Geological Survey estimates that 

three times the known number or intermediate-temperature hydrothermal systems may ultimately be discovered. 

The primary exploration effort by industry is for discovery of high-temperature resources suitable for 

electrical power generation, and so a vigorous federal program aimed at confirming lower temperature 

reservoirs is warranted. 

Geothermal water, like normal groundwater, generally contains dissolved salts and gasses. The highest 

brine concentrations are usually found in the higher-temperature systems. Scale and corrosion problems may 

occur but are amenable to solution using today's technology. 

13 
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^'"^:iltiF THr IJJitt CENTEli IN THE REGION HAVE SOME RESOURCES IN 

T K i VICINTTY. 

o AS THE î UMEER OF RESOURCE OCCURENCES INCREASE THE RESOURCE TEMPERATURES DECREASE, 

o RESEPOIE CONFIRMATION PROGRAM REQUIRED. 

QUALITY 

° QFTEU POTABLE. BUT A WIDE RANGE OF SCALE/CORROSION POTENTIAL MAY BE ENCOUNTERED. 

° TEMPERATURES ARE SUITED TO MANY PROCESS APPLICATIONS AND TO SPACE CONDITIONING USES. 

OTHER MiIDE|ifllB 

° TRAilPORT COST IS A SIGNIFICANT ECONOMIC FACTOR, 

o A COMMERCIALIZATION INFRASTRUCTURE NEEDS TO BE ESTABLISHED. 

° CURRENT TECHNOLOGY IS ADEQUATE FOR INITIATING COMMEI^CIAL USE. 

° NEW TECHNOLOGIES ARE NEEDED FOR FULL MARKET PENETRATIONS. 

•" i - - " 
••Vf 



IV. RESOURCE OVERVIEW - ELECTRIC 

Electric applications of geothermal fluids require temperatures in excess of 200°C using today's 

technology and economics. Efforts are being made under the Raft River project to extent the temperature 

limit downward to 150°C. The technology could then be applied to many more resources. 

Within the Rocky Mountain/Basin and Range Region, all known resources with temperatures greater than 

200°C are believed to be associated with still-cooling intrusive rocks at anomalously shallow depth 

(1500-500 m) in the earth's crust. Such resources are generally small (10-50 sq km) in areal extent and 

occur In specific geologic settings. Most of the known resources, at least a portion, are federal land. 

The possibility of other types of high-temperature resources in the Region is good. 

Within the Region, two areas have been prdven td have both quality and quantity of resources needed for 

electrical power generation. These are Roosevelt Hot Springs, UT and Valles Caldera, NM. Numerous other 

excellent prospects exist, but drilling has not been Intensive or extensive enough to establish a proven 

capacity for power generation. Due to the high cost of deep drilling in the adverse geothermal environment, 

($1 million per hole is not unusual) and the large number of producing holes needed to confirm the reservoir 

suffici^ently to interest utility companies to consider plant construction, the number of holes being drilled 

by industry is inadequate to ensure the electrical power the U.S. will need from geothermal resources. An 

aggressive program by the federal government of cost-sharing exploration and confirmation expenses is needed, 

The utlimate high-temperature resource base is large--1t is estimated by the U.S. Geological Survey to 

be five times the presently known resource base. Exploratidn drilling, confirmation, and reservoir 

engineering technologies have never been developed specifically for geothermal resources. Rather, 

technologies developed for the petroleum and mining industries are being applied. In some areas these 

technologies a re not even appropriate, and in no area a r e they optimum. Therefore federal support for a 

broad range of research and technology development is strongly indicated. 

15 



IV. RESOURCE OVERVIEW - ELECTRIC 

AVAILABILITY 

• PROVEN 

• POTENTIAL 

• INFERRED 

• UNDISCOVERED 

SUBTOTAL 

GRAND TOTAL 

>200°C 

150 

2.250 

5.600 

8.000 

16.000 

RESOURCES 
MW(e) 

>150°C<200°C 

-

-

9.000 

10.000 

19.000 

35.000 

OTHER CONSIDERATIONS 

QUALITY 

TOTAL DISSOLVED SOLIDS (AVG.) 

> 200°C = 7000 PPM 

150°C-200°C = 2000-^000 PPM 

• 

• RESOURCES ARE PRIMARILY ON GOVERNMENT LAND. 

• SPECIAL DOWNHOLE EQUIPMENT REQUIRED TO DEAL WITH FORMATION & TEMPERATURES 
(TECHNOLOGY UNDER DEVELOPMENT). 

• EXPLORATION/DEVELOPMENT EFFORT HAS BEEN MINIMAL TO DATE. TENFOLD INCREASE REQUIRED. 

• EXPLORATION AND CONFIRMATION TECHNOLOGY IMPROVEMENTS NEEDED. 

• CONTINUED RESOLUTION OF INSTITUTIONAL BARRIERS IS REQUIRED. 

16 



V. MARKET OVERVIEW - DIRECT HEAT 

Hydrotheraml energy, in direct applications, has the potential of replacing significant amounts 

of fossil energy and often providing a more appropriate matching of the energy to required working 

temperature. The direct heat use of geothermal energy is currently being economically marketed to a 

number of process industries in several countries, including the United Stated, although Its application 

in the U.S. is mainly directed to spaceheating. Industries currently being served by this energy source 

are pulp and paper processing, timber-drying, confectionary preparation, diatomaceous earth processing, 

brewing and distillation, sea weed processing, washing and drying of wool, cement curing and dairy 

products processing. On a world wide basis approximately 5500 MW/^. v of geothermal energy is being 

utilized by direct application, while current U.S. use of this energy source is less than 50 MW/.̂ . %. 

Analysis of current energy use within the RMB&R region indicates that the prime market sectors for 

the direct use of geothermal energy are in space conditioning, (both cooling and space/water heating) and 

in low-to-moderate temperature industrial processing. Currently greater than 75% of these market sections 

are being served by fossil fuels, with electricity claiming the majority of the remianing sales. Energy 

competition projections for the RMB&R region indicate a higher dependence upon coal in the future which may 

encounter environmental or growth constraints. A cross matching of the hydrothermal resources, as known 

today and projected in the future, on a county-by-county geographical basis with the potential user sectors 

was defined the prime areas to be developed. This analysis reveals that all 10 states within the RMB&R 

region have significant amounts of resources which correlate with potential market areas and that the 

majority of the industrial and population centers are colocated with hydrothermal resources. The largest 

potential user segment Is the space cooling and space/water heating segment. The current energy use for 

this sector Is 288 x 10^^ Btu/yr with a growth potential by the year 2020 of 2,504 x 10^^ Btu/yr. 

17 



V. MARKET OVERVIEW — DIREGT HEAT 

GOUNTIES WITH DIRECT HEAT RESOURCES CO-LOCATED WITH POTENTIAL USERS 

Number 
Of 
Counties 

Counties 
With 

Counties Some Counties 
With Potential Wilh No 
Resources/ Resource/ Known 
User Match User Match Resources 

ARIZONA 
COLORADO 
IDAHO 
MONTANA 
NEVADA 
NEW MEXICO 
NORTH DAKOTA 
SOUTH DAKOTA 
UTAH 
WYOMING 

14 
63 
44 
56 
17 
32 
53 
67 
29 
24 

7 
17 
20 
20 
15 
14 
19 
21 
18 
12 

6 
9 

11 
7 
0 
4 
1 
7 
0 
0 

1 
37 
13 
29 

2 
14 
33 
39 
11 
12 

399 163 45 191 

INEL-A-10 128 

18 
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JOdBTY 

IPPOPA 

WE&ER; 

BERNALILLO 

BOULDER 

DAVIS 

WASHOE 

V. MARKET OVERVIEW - DIRECT HEAT 

FORT^B@S^UiPCH"^'^%QUNT^ES IN THE Rj i lQlfe^ 

STATE 

ARIZONA 

UTAN 

NfpDA 

UMlH 

AiFZONA 

UTAH 

NEW MEXICO 

COLORADO 

UTAH 

NEVADA 

.r- VfA 

19f5 
INDUSTRIAL 

Btu/yr x 10l2 

l ^ i N K S A L / 

Btu/yr x 10^^ 

17.12 

8.50 

3.75 

2.m 

3.34 

1.63 

3.48 

.68 

1.78 

29.90 

20.80 

13.95 

U.OQ 

10.15 

9.20 

10.80 

8.60 

10.90 

9.20 

1975 JPTAL 
ifST'ENTIAL 
GEOTHERMAL 

Btu/yr X 10 12 

47.02 

29.30 

1-7.70 

f2-.72 

l',2.54 

12.43 

12.08 

11.58 

10.98 

ADA 

BONNEVILLE 

PSSIA 

• ?MlON 

':^y',V 

IDAHO 

IDAHO 

IDAHO 

i;i 

WSrOMiNG 

1.56 

3.97 

5.30 

5v;e4 

" .14 

9.00 

2.80 

.60 

2.50 

10.56 

6.77 

5.90: 

5.19: 

IWp^'FiLLS 

f^|[Sl|»T0N 

:- :|f|D0:KA 

SljilH DAKOTA 

DAKOTA. 

3.35 

1.04 

1.94 

3.73 

.25 

2.90 

M 
3?.52 

:5;kl;5 

4>m 
4.18 

I'BiNNOdK^ 

BINGHAM IDAHO 2.01 i.lo 

19 
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MI?s6llLA 

BIGHORN 

LEWIS & CLARK 

SANPETE 

URiftONT 

MONTAIJA 

UTAH 

WYOMING 

isplillHL^ iliiiiRliu,^ 

•Jl 
.51 
.34 

1.87 
.09 

3.10 

2.25 

2.40 

.69 

2.25 

3.4T 

2.J6 

2.74 

2.56; 

2.34 

NEW ME>!IGO 

CAliBtiN 

SANTA: FE 

POWEl̂ . 

WlLLIAt4S 

NEW HEXICO 

IDAHO 

NORTH DAKOTA 

.33 

.05 

.20 

1.40 

.17 

1.75 

2.00 

1.75 

.36 

1.49 

2.08 

2.05 

1.95 

1/76 

1,66 

LINCOLN 

STARK 

JiFFERSON 

-SOeONINO 

HtfGHES 

NlRTH' DAKOTA 

IDAHO 

ARIZONA 

SOUTH DAKOTA 

.18 

.12 

1.30 

.28 

.32 

1.48 

1.48 

.18 

.98 

.90 

1.65 

1.60 

1.48 

1.26 

1.22 

FREMONT 

GON^^E^SE 

LAPLATA 

COLORADO 

WY^MTNl 

GOLiiADjO^ 

.12 

.08 

. 08 

1.00 

.99 

.88 

1.12 

1.07 

1.04 

(1) Best match o 
based upon co 
temperatures and 
by hydrothermal d 

!̂i 

m 
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1^ '̂: fv. f̂̂ ARilT ;o|iiva;iw r̂ m$&yt ;PAT 

; 'Ma?hy of̂  the major indust r ia l energy consurners in the region can use 1 ow-to-moderate heat soui^ces 

Moriim^et a ;^ort%h i f not a l l of the i r energy needs. These industr ies Include food and kindred products 

%ro:(i;eM^s|h||y vî ^̂  lumber produGts, mining and minerals, chemical processing and the concrete industry. 

, f'ija 

eheir.^^ i j l ^ in the 1 ow-to-mbderalie heat prbcessing sector whiGh can be sierved rothie^rmal ener^t 1 §* 

74 X 10-^ Btu/yr w i t h a growth pattern of 177 v lo^^ Btu/yr by 1985, 480 x 10^- BJtu/yr by liMO â nd, 

1,475 x: 10^^ Btu/yr by the year 2020. 

From the foregoing considerations i t can reasonably be observed that substantial, long-term markets 

for hydrothermal energy exist in the RMB&R region; that commonly found coincidence of resource occurrance 

with user locations promise favorable economics in competition with other energy supplies; and that 

hydrothermal energy can, with appropriate st imulat ion and encouragement, be a near-term par t ia l solut ion 

to; the regions's energy needs. The pr incipal barr ier to the rapid t rans i t i on to hydrothermal energy 

iaiĵ pl̂ iGaJtipn is tha;t the present market place lacks the in f ras t ruc ture necessary to develop and del iver 

Igd^i^ffii^fjiilal: eirvergy to the user sectors. 

• . ^ . . • * 
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INDUSTRY 

DEHYDRATED FRUITS & VEGETABLES 

CONCRETE- BLOCK 

FROZEN FRUITS & VEGETABLES 

POULTRY DRESSING 

MEAT PACKING 

PREPARED FEEDS 

PLASTIC MATERIALS 

DAIRY INDUSTRY 

SOFT DRINKS 

MATCHED 1975 
ENERGY USE^2^ 

IIJQ 
7.10 

5.2^ 

^.82 

MM 
3.p 
3.65 

3.2^ 

2.91 

1.2̂ 1 

INDUSTRY 

INORGANIC CHEilCALS 

READY-MIX CONCRETE 

GYPSUM 

HATCHED 1975 
ENERGY USE^2) 

CANNED FRUITS & VEGETABLES 

IIET SUBAR 

TREATS MINERALS 

COTTON SEED OIL MILLS 

PREPARED MEATS 

PHARMACEUTICALS 

FURNITURE 

1.0B 

M 
.97 

.97 

.32 

.69 

.3̂ 1 

.3̂ 1 

.25 

.21 

-̂'̂  INDUSTRIES MATCPIED BY COLOCATION WITH RESOURCES AND 

COMPATJ ------ -•• 

a) 



V. MARKET OVERVIEW - DIRECT HEAT 

Market growth projections for hydrothermal energy in the RMB&R region present an attractive 

profile. From the Illustration on Page 24, it is evident that a substantial protion of the region's 

energy needs could be satisfied by hydrothermal energy, as shown by the potential Hydrothermal use 

Market Curve. Competition from conventional energy sources, as well as other alternative energy types 

(solar, biomass, etc.), result in choosing conservative market penetration objectives as shown 

by the estimated penetration (bottom) curve. 

Resource uncertainty, lack of proven economics, and absence of an established Infrastructure, 

as well as general reluctance to accept an unfamiliar resource, are factors which are expected to 

minimize significant market penetration until post-1985. These factors are among those which will 

receive major DOE emphasis in the commercialization program. 
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' V. JHYDRQTHERMAL BASKET QyERVlEW - ELECTRTG 

The eleGtr ica l enie,rgy produced in the RMB&R region in 1975 was approximately 1.1 x 10 MWh, of 

whiGh; a|g)ut %>2 x 10 MWh was exported. Average per customer res ident ia l use was 8700 kWh in 1977, 

slhgvlili^-^ht-lnhUial InGijIease of approxirnately 3%. Industr ia l Gonsiumption data shows a s imi la r pfer 

i^ll i i^-^ii i j i le^stlj i: Thiî s :G0upl«d:^wiiM 4%; regional •oy^rall grmwth' Talfe resul ts in a n t̂= ajinuaT demeinji . 

iiiid^rtaise;^r;i 'pm iriegion pf.^bput: 7%-;. TnidlJlvtrj^l liseirs in the regi^h' MhsuiiMd;; appM>cima%:l|:':(|y3^^^^# ^Or |4Wh 

of el?ebtr1^ity in 1975, while: the resici^htial/eommerciaT sector eTect r i ta l consumptiafih am^ 

about 0.8 X 10^ MWh, for a to ta l of 0.9 x 10^ MWh. 

E lec t r i c u t i l i t y capi tal spending in the region exceed $1.8 b i l l i o n in 1977, and Is predicted to 

be greater than $2.2 b i l l i o n in 1978, fo r generation, transmission, d i s t r i b u t i o n , and miscellaneous 

purposes. In ear ly 1978, there were 158 u t i l i t i e s operating a to ta l of 396 generating plants in the 

region. Hydro, f oss i l steam, gas turbine and diesel (no nuclear) p lants , were operational with an 

ins ta l led oapacity of approximately 35,000 MW. Ownership of these plants included Investor-owned, 

municipal, state and PPDs, cooperatives, and federal agencies. A breakdown of e lec t r i c capacity or 

sales by ownership is not d i rec t l y at hand, but w i l l be developed in continuing studies. 
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VI. MARKET OVEPVIEW — ELECTRIC 

CURRENT INSTALLED CAPACITIES WITHIN THE REGION 

• Investor Owned Companies 

Municipal & State Agencies 

• Cooperatives 

Federal Agencies (BPA, etc.) 

UTILITIES 

Hydropower 

Fossil 
Fuels 

Nuclear 

158 Total 
Util ity 
Companies 

PLANTS 

166 

231 

0 

397 

MWe 

9,349 

26,067 

0 

35.416 
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lv'ilRlir Mifiii^;^.? ELEBfRit 
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• • itliv^ for the year 2O20 is 35,000 MW/v, (2;9 Quads/yr) whieh; i^i Sfpro^ima^ 

•t l# ' fepiOh's [ i r o i ^ ^ (-45^ of addi t ional generating'capaGity). t l i i s godl is dependent 

upi^ir*f&6!l(^yoi;r• SG^ of prpspfeGtive resources and the teohnology development fo r the economic 

[ ip iW^c^bn iM rks^uPcies as low ss li3Q°C. 

'Ipiii^e^ are itfli^gfe Gohflrrned reservoirs and an exceTlent prospect, located in the RMB&R regien, which 

are wilthljjih fh^^ eleetjrtG <prpduGtion temperature range- Cphcehsus i s thai; ;there is high 

GOni'ijtienee t h ^ state-of-the-ai^^^ technolog^ allows: fo r eGOnomiG use -pf hydrothermal resourfe^ ^testfem-: 

peratures approaehing 200*^0. I t is current ly expeGted that such resourxes can meet thje regionaT'|M^ 

of 300 MW/ ^ on l i n e by 1985. 

Th e tentative mid-term (year 2000) goal is to achieve 9,500 Î W/ \ on line. This is based upon the 

(e) asumption that 8,000 MW/ \ can be derived from presently know or in ferred resources, and 1,500 MW 

are obtained from presently unconfirmed resources. This goal w i l l require three areas of major DOE 

involvement. These are: exploration fo r new high-grade resources, technology development fo r eco-

nomiGal eTectrlGal energy recovery from intermediate-moderate temperature resources, well st imulat ion 

development and a continuation of incentives and barr ier removals to simulate strong growth. In 

e f f ec t , the DOE program to meet intermediate goals is a continuation and expansion of work already 

underway, supported by the experience, ecpnomie f ind ings, and industry acceptance inherent in achieving 

the near,.term, (1935) goals. 

The pr inc ipa l assumption concerning the long term (year 2(520) gbaT i s that the ecohmie res^^ 

temperature can be lowered to 150°C. This achievement opens the extensive moderate t#pera tu re hydif̂ G--

thermal resources to exp lo i ta t ion. Two factors support t h i s p o s s i b i l i t y . The energy cost sp i ra l w i l l 

continue to move the economic cross-over point to higher and higher values, al lowing cooler (as well as 

deeyer)" reservoirs to compete, and very major teGhrtology adyanGements can be ant ic ipated by that time 

dseaifiê . • — . , 

, '5 r •'.;.•• .V1 ' 
.^••V" ^•i 
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VI. MARKET OVERVIEW — ELECTRIC 

PROJECTED ELECTRIC DEMAND AND 
POTENTIAL MARKET PENETRATION 

ELECTRICAL WORLD (SEPT. 15. 1977) 

80.000 

60.000 

5 40.000 

20,000 -

0 
1970 1980 

Extrapolated 
Electric Capacity / 

/ 

/ 

/ 

/ 

/ 

/ 

Goal (35.000) 

1990 2000 2010 2020 
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V. MARKET OVERVIEW - ELECTRIC 

There is proven potential for hydrothermal electric power production in the RMB&R region. While 

only a limited number of KGRAs show temperatures of 200°C or higher needed for today's technology, 

planned future ability to utilize economically reservoirs with temperatures as low as 150°C will provide 

a major increase in electric power potential. 

The regional map shows the location of a number of reservoirs possibly having electric generation 

potential, with an overlay of the existing electric power grid of the region. In general, a good 

colocation of the power grid with reservoirs is found, although in some instances grid transmission 

capacity may be Insufficient. However, existence of the power line right-of-ways is a significant 

advantage, and grid capacity can be upgraded, if necessary, to accommodate the resource output. 

Among the specific factors that require consideration for DOE support to foster accelerated 

resource development are: 

Reservoir confirmation programs 

Industry-coupled well stimulation programs 

Financial Incentives such as loan guaranty, equitable taxation, and reservoir Insurance 

Simplified and faster leasing, siting, permitting, and licensing practices 

Development of approved codes and standards 

Promotion and public education programs 

Continued development of other incentives and barrier removal actions. 
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PRODUCTION RESOyRC^ES^^ ^ 

1. Bruneau-Grandvievv 
2. Raft River 
3. East Snake River Plain 
4. Island Park 
5. Ruby Valley 
6. Beowaw^e 
7 Leaeh Hot Springs 
8. Hufribdlt House 
9 Poulple Hot Springs, Gerlach/Fly Ranch 

10. Baliazpr 
11 Pinto Hot Springs 
12. Brady Hazen/Desert Peak & Sl i l lwater/Soda Lake 
13. Steamboal Springs 
14. Dixie Valley 
15. Cove Fort/Sulphurdale 
16. Roosevelt Hot Springs 
17. Thermo Hot Springs. Newcastle 
18. Mamby's Hot Spr ing 
19. Valles Caldera. Baca Loealton No. 1 
20. Guadalupe Area, Jemez Reservoir 
21 . Prewitt Area 
22. North of Socorro 
23. Lower Frisco Hot Springs 
24. Derry Spring 
25. Radium Spring 
26. San Diego Mountain 
27 Mesquite-Berino. Las Alturas 
28 While Sands (Town) 
29 Soulhern Tulsarosa Basin 
30 Ki lbourne Hole 
31 Columbus Area 
32 Lightning Dock Lordsburg 
33 Poncha Mt PMnceldn, Valley View Hot Springs 
34 c i i l lon /Gi l la rd 
35 Chandler 
36 Huckleberry Hot Springs. Auburn Hot Spr ings 

M\2 63 
^̂ >̂̂ H '• 
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VII. MARKET PENETRATION OBJECTIVES AND REGIONAL GOALS 

The hydrothermal market penetration objectives include both electric power generation as well as 

direct heat applications. A survey of the region's electric power generation and energy consumption 

profiles together with growth projections through the year 2020 has verified a major potential for 

hydrothermal energy application. Aggressive, but achievable, goals have been chosen for guidance in 

the future development and justification of commercialization implementation plans. The goals assume 

a maximum of 25% retrofit, and 70% and 80% capture, respectively, of residential/commercial and industrial 

growth In the specifically applicable markets. The electric power goals represent reasonable fractions 

of the projected new power-on-line, but require resource verification to assure that they can be achieved. 

Specifically, it is necessary to establish an additional 150 MW of high grade (>200°C) proven reserves 

by 1980, since probable output of the Roosevelt prospect and Valles Caldera will be only about 150 MW 

by 1985. The year 2000 goal assumes commercialing 8000 MW of proven potential, and inferred resources, 

as well as 1500 MW of high grade resources yet to be discovered. Beyond the year 2000, it is assumed that 

technology developed during the 1980's, and brought to commercial status during the 1990's, will allow 

economic exploitation of reservoirs with temperatures as low as 150°C. 

In developing the megawatt equivalency of direct heat, it was roughly approximated that 1 MW of 

hydrothermal energy on-line equals 5100 barrels of oil per year for direct heat applications, and 

14,200 barrels of oil per year for electric generation applications. On this basis, achievement of 

the 1985 goals would reduce fossil fuel demand by the equivalent of over 100,000 barrels of oil per 

day, while the 2020 goals would save over 2,500,000 barrels per day! 
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(HVfiroiherrnal 

Energy, Application 

f0^^,^!i^k^fft0 
' ' ^My^mlfiertTv l̂ Energy ^^^ 

2000 

EleGlric Generat ion 
(MWe) 

Direel Heat Uses, Quads 
(Megawatts Equivalent) 

300 ( 1 ) 

<0.001 
(<25 ) 

0 . 2 
(s;8000) 

9,500 

1 .0 

(2) 

;25,000) 

35.000 ( 3 ) 

2.5 
(;s 67,000) 

ENERGY EQMiyALENTS 

(4) 
Elect rie;Getterat:ioh 
(Equivalent Fossil Fuel 
Energy, Quads per Year) 

Direct Heat Uses 
(ExpressiBd direetly in 
Quads per Year) 

Tola) Equivalent 
Energy, Quads/yr 

(5) 

Barrels of Oil Equivalent 

— 0 

< 0 0 0 1 

< 0.001 

< 1 X 10°/yr 

0.03 

0.2 

0 23 

0.8 

1 0 

1.8 

40 X 10°/vr 304 X lOVyr 

2.9 

2 5 

5.4 

910 X 1 0 % r 

(1) 
Assumingadd i l iona l 150 M W o l proven reserves esiablisihed by 1980^ 
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' "*• ^ S l i ^ ' ' ^ : ^ ifejiipijgng^ :a f?p i i^ iss^ i ' l l l i ' ^ ' eiqi:i:i\/aieBts (P^ e|.6(|t[|crp(3^ 
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I I . REGIONAL-PROGRAM SUMMARY 

Five essential components of the DOE program are required to f u l l y penetrate the hydrothermal 

energy market. Four elements of the DOE program (Regional Planning, Resource De f i n i t i on , Environmental 

Control and Raft River Projects) lead to support the Electr ic and Direct Heat Applications and Transfer 

of Technology to Industry. The DOE program elements are designed to st imulate the market by minimizing the 

r isks that investors w i l l face in u t i l i z i n g hydrothermal energy. The f i ve essential DOE program elements 

are detai led in the commercialization plan and summarized as fo l lows: 

Regional Planning - "Analys is of economic, environmental, i n s t i t u t i o n a l , legal and technological 

factors ef fect ing comiiiercialization. 

Iden t i f i ca t ion of federal i n i t i a t i v e s required. 

° Preparation of state development p ro f i l es . 

° Preparation and implementation of educational programs for s ta te , industry and other 

related part ies. 

Resource Def in i t ion - ° Industry coupled case study program (shared costs) . 

° Disseminate resource data to industry. 

° Assess low and moderate temperature resources. 

° Produce state by state resource maps. 

° I n i t i a t e heat-flow and lava flow mapping. 
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vjEi4. jEjiiijiL ^MJ^^i:. safMim 

itfe^hn t^ji^q^i :fip^; i eat lo h#. Erî purBige dirreet heat use through support o f d i rec t heat cost shared^ ' 

•demons t ra tions.. 

The prpductToh of e l e c t r i c i t y from high-grade reservoirs in the region. 

DeveTop and pursue hew ca ta l y t i c i n i t i a t i v e s to brinig together retsource 

dgvgliOpef̂ S;, u t i l i t l i es ; arv;î  tn^ ;spmê  caŝ iS^ ajii in^terniediate, r is ikr t^ker. 

Ifig^iJI^o^iaM^ WerTl ;St1 îfnu'l;̂ ti:Gti; 'tl^hh-i^que ideivlloipKhts; .'tnto. the Re|[i:'QhaT 

:̂6'0m[iiercaa1i:zati;Oh^ P'reigt̂ am throuph- therthdijst:i^-!G0:iijplkd^fe ItimuJliat^ron 

Prograrn. • 

En'vi rohmiEirital ControT Provide support to environmental impact assessment/environmental 

impact Statement preparat ion, PON/PRDA reviews, and I ns t i t u t i ona l a c t i v i t i e s , 

Gather subregional env 1 rortmentaT data and perform si tei-speel f i c mon i t o r i ng 

Prepare preplans for gathering baseline environmental data as needed for 

preparation of EIA/EIS documents. 

Raf:t Rjver .Faei l i ty Test the ecphomiqs of u'tJTIztng nioderate temperature (150°G) reservoirs. 

Construct; and: e^aTtiate th5e> f i r s t 5 MW thermal 1 ojip >w:ith .con-ventional hardware;,: 

Con^^triJGti ahd; :eya;l!Jtate: a; -sefeoncl 5̂ W '̂: ttermal. Ip^p:. wi:tlp" adĵ affcecl; fysteitiS- ifa5rclw î;e:. 

lomparî s Economies' df f i r s t ahd second. thermaT Toop ^sys t̂eins. 

f i t i 1ii.ze>thB f a G i l i t y as a shoiAiease 'fp:r teehnoilpgy t ransfer for e lec t i^ i t ariy y t r i ^ i ^ 

heltt :'ap|3'l f t a t i prt s. 

i\aff;ua^e d i rect appl i:ca t ions of moderate temperature re sources (low temperatMrg: 

^fii'1;h;ii: ' ^ ^ 'temperature pr'peg;s:si;h.g airiisJ: benSfiti;;^;! use.s pf g^btheriiiaT f'l:;u1;ds|:.. 
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