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Abstract 

This report describes the work accomplished from January 1980 to 

March 1981 in the Regional Operations Research efforts for the Rocky 

Mountain Basin and Range Geothermal Commercialization Program. The 

scope of work is as described in New Mexico State University Proposal 

80-20-207. The work included continued data acquisition and extension 

of the data base, enhancement and refinement of the economic models for 

electric and direct use applications, site-specific and aggregated 

analyses in support of the state teams, special analyses in support of 

several federal agencies, and marketing assistance to the state 

commercialization teams. 
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ifbe Marlin, Director 
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INTRODUCTION 

The work performed by New Mexico Energy Institute under contract to 

the U.S. Department of Energy (Contract No. DE-AS07-78ID01756) during 

the calendar year 1980 consisted of four parts - 1) continued building 
of the supporting data base, 2) computer model construction and 

development, 3) application of the previous two parts to produce 

relevant planning information for the Geothermal Energy community as a 

whole, and 4) marketing assistance to the state teams (reported 

separately as NMEI Report Nor 61-26). I 

*The New Mexico Energy Institute (NMEI) initiated its Geothermal 

Energy Operations Research efforts in June, 1977 and has continued to 

build its capabilities since then. The equity acquired over that period 

is reaching a degree of maturity in which the tools and information can 

be gainfully disseminated to the Geothermal Energy community. 

THE DATA BASE 

Purpose 

The objectives in compiling a G a1 Energy data base are 

to provide supporting informati to project 

economic and marketing mode ng, and second, to 

on accessible by the 

community as a whole. 



St ruc tu re  of t he  F i l e s  

The Data Base is  divided i n t o  t h r e e  general e l e c t r o n i c  f i l e s ;  1) 

Geothermal resource, 2) Population centers ,  and 3) I n d u s t r i a l  firms. 

The Resource F i l e  

A sample of t h e  resource f i l e  is exhibited i n  Table 1. The basic 

information was gathered from the  state teams, t h e  USGS "Geotherm" da ta  

base, geo log i s t s  and USGS c i r cu la r s .  A l i s t i n g  of sources appears i n  

Table 2. Most of t he  column headings i n  Table 1 are self-explanatory. 

The I D  number is assigned by m I .  The Source columns (SO) a i d  i n  

determining where the  da ta  came from. The subsurface temperature is  

genera l ly  the  r e se rvo i r  temperature, and the  E o r  M column ind ica t e s  

whether t he  temperature w a s  estimated o r  measured. The P / I  column 

i d e n t i f i e s  sites as po ten t i a l ,  i n fe r r ed ,  o r  both p o t e n t i a l  and infer red  

depending upon w e l l  depth. The last two f i e l d s  on the  r i g h t  are 

commercialization depth and temperature. These are the  values t h a t  were 

used t o  analyze the  economic f e a s i b i l i t y  of each site. To determine t h e  

commercialization depth and temperature a l l  ava i l ab le  information about 

a s i te  is assembled including sur face  temperature, w e l l  temperature and 

depth, and estimated r e se rvo i r  temperature. Regional and loca l  

temperature grad ien ts  are a l s o  checked when ava i lab le .  The 

commercialization state team member and t h e  resource person a t  NMEI 

chose t h e  most l i k e l y  commercialization depth and temperature for t h e  

si te a f t e r  evaluating t h e  ava i l ab le  data. I f  poss ib le ,  a temperature of 

a t  least 60°C. is chosen with the  appropr ia te  depth t o  provide an  

adequate f l u i d  temperature f o r  d i s t r i c t  heating. 
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v) 
P, S 
cd 

c j , P  
(D 

0 m 

'SlTE . SITE NAHE COUNTY LA1 LONG T R S RSVR S SUBS S SURF S E CO P COML COML 
I D  DEG DEG S N E VOL 0 TEMP 0 TEMP 0 / CO / DEPTH THP 

C 3 C H D E I  F f  C . .  P G C CU K H  

230102 BAfNVILLE ROOSEV 48.160 104.220 28N 58E 27 1.00 21 60 2 1 ,  

230103 BROCKTON ROOiEV 48.150 104.018 

230104 CULBERTSON ROOSEV 48.150 104.sit 

230105 FRO10 ROOSEV 4 8 . 3 3 5  104,493 

1 3 0 1 0 6  POPLAR ROOSEV 4 8 . t 3 3  105.200 

230107 WOLF POI ROOSEV 48.083 105.667 

230108 ASHLAND ROSEBU 45.592.106.268 

230109 CARTERSVILLE ROSEBU 46.283 106.450 

2301 10 COLSTRIP ROSEBU 45.883 106.627 

2 30 1 1 I FORSY TH ROSEBU 66.250 106.66? 

28N 538 29 1.00 11 60'21. 

28N 56E 29 1.00 21 60  21 

30N 56E 19 1.Od 21 60 21 

27N 5OE 12 1.00 21 60 21 

27N 4 7 E  IS 1.00 21 60 21 

3s 44E I 1  i.06.21 70 21 

6N 12E 14 *1.00*2l 10 21 

2H 41E 27 ' 1.00 21 70 21 

6N 4OE 23 1.00 21 * 70 21. 

E 43 I 5 0 0 0  60 

E 4 3  I 

E 43 t 

e 43 I 

E 4 3  I 

' E  1 3 1  

E 40 1 
E 44 I 

E 44 1 

e ,4'4 I 

5000 hO 

5000 60 

5000 10 

5000 60 

5000 60 

5 0 0 0  70 

5000 70 

5000 70 

5000 70 

2301 1 2  1NGOMAR ROSE8U 46.578 107.377 ION 35E 31 1.00 21 70 21 E 6 4  I 5000 70 

230113 LAME DEER R O S E ~ U  45.623 106.h67 2s ~ I E  j3 1.00 2 1  70 21 ' k 44 I 5000 70 

E 44 f .SO00 70 SEBU 46,273 106.145 6N 42E 14  1.00 21 70 21 

RtNCS SANDER 47.616 114.666 21N, 2 h W '  3 ' 3.00 1; 8 1  21: 45 12 45 P 750 65 

SANDER 4 7 . 4 5 1  114.6b8 20N 24W 33' 3.00 14 19 12 4S 

230117'QUINNS PARAblSE HS SANDER 47.329 114..789 I6N 2fW 9 3.00 14 
a 4f 12 ' 4 3  P 750 50 

230118 SYHES WELL SANDER 41.616 114.676 21N 24W 4 3.00 14 81 21 40 21 E 45 

E 46 I 5000 60 

230120 HOMESTEAD SHERtD 48.420 104.540 3tN 5SE 26 1.00 21 60 21 E 66 I 5000 60 

230121 MEDICINE LAKE SHERlD 48.502 104.$07 32N 55E 24 1.00 21 60 21 E 46 I 5000 60 

230122 OUTLOOK SHERIO 48.888 104.776 36N 53E 10 1.00 2 1 .  60 21 E 46 1 5000 60 

2 30 I 19 ANTELOPE SHERlO 48,692 104.455 34N 55E 1 3  1.00 21 60 21 
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SOURCE 

U.S. Geological Survey, Ci rcu lar  726 

D r .  C. Swanberg, o r  NMSU Department of Earth Sciences 

Arizona S t a t e  Team 

Colorado S t a t e  Team 

Nevada S t a t e  Team 

New Mexico S t a t e  Team 

Utah S t a t e  Team 

U.S. Department of Energy 

National Oceanic and Atmospheric Administration (NOAA) 

New Mexico Energy I n s t i t u t e  

Geotherm Database 

W.K. Summers, o r  W.M. Bureau of Mines and Mineral Resources 

U.S. Geological Survey, Ci rcu lar  790 

University of Utah Research I n s t i t u t e  (UURI) 

U.S. Geological Survey - Waring 

Stone and Mizell, o r  N.M. Bureau of Mines and Mineral Resources 

Idaho S t a t e  Team 

Montana S t a t e  Team 

North Dakota S t a t e  Team 

South Dakota S t a t e  Team 

Wyoming S t a t e  Team 

University of New Mexico 

D r .  L.N. Chaturvedi, o r  Dept. of Civil  Engineering, NMSU 

DOE Region 9 (San Francisco) 

Geothermal Energy i n  A l a s k a .  OIT ,  Klamath F a l l s ,  OR. 

Geothermal Resources i n  Oregon. OIT, Klamath F a l l s ,  OR. 

Geothermal Energy i n  Washington. OIT, Klamath Fa l l s ,  OR. 

Low t o  I n t e r .  Temp SPR + Wells i n  Oregon. GMS-10. 

National C l i m a t i c  Center, Essa, U.S. Dept. of Commerce 

Alaska S t a t e  Team 

Oregon S t a t e  Team 

Washington S t a t e  Team 

Table 2 .  L i s t  of Sources f o r  Resource. 
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The Population Center F i l e  

The f i l e  on cities and towns contains pos i t ions ,  populations, 

heating degree days, mean l o w  temperature, and urban development s t a t u s  

f o r  many l a r g e  and small towns in states t h a t  have geothermal poten t ia l .  

Table 3 shows a sample of the  population f i l e .  There is no minimum 

population requirement f o r  a town t o  be l i s t e d  in t h i s  f i l e .  Posi t ions 

are given by l a t i t u d e  and longitude. 

.J 



I D  C I T Y  NAME 

3 5 a v 0 1  .ABBOTT 

3 5 5 0 0 2  A B I L E N E  

3 5 5 0 0 3  ACKERLY 

3 5 5 0 0 4  A D D I S O N  

3 5 5 0 0 5  ALAMO H E I G H T S  

3 5 5 0 0 6  ALBA 

3 5 5 0 0 7  ALEDO 

3 5 5 0 0 8  A L L E N  

3 5 5 0 0 9  ALMA 

3 5 5 0 1 0  ALTOGA 

3 5 5 0 1 1  ALVARADO 

3 5 5 0 1 2  ALVORD 

3 5 5 0 1 3  ANGUS 

3 5 5 0 1 4  ANNA 

3 5 5 0 1 5  ANNONA 

COUNTY L A T  
DEG 

H ILL  3 1 . 8 8 5  

JOHNSO 3 2 , 5 9 7  

D A L L A S  3 2 . 9 9 7  

D A L L A S  3 2 , 9 5 8  

BEXAR 2 9 . 4 7 3  

WOOD 3 2 . 7 9 3  

PARKER 3 2 . 6 9 5  

C O L L I N  3 3 , 1 0 3  

E L L I S  3 2 , 2 8 8  

C O L L I N  3 3 , 1 2 3  

JOHNSO 3 2 . 4 0 0  

W I S E  3 3 , 3 6 0  

. NAVARR 3 2 . 0 8 0  

C O L L I N  3 3 . 3 4 8  

RED R I  3 3 , 5 8 0  

LONG 
DEG 

9 7 . 0 7 2  

9 7 . 1 5 7  

9 6 . 6 7 9  

9 6 , 8 3 0  

9 8 . 4 6 3  

9 5 . 6 3 0  

9 7 . 6 0 2  

9 6 , 6 7 2  

9 6 . 5 4 8  

9 6 , 6 2 3  

9 7 , 2 1 3  

9 7 , 6 9 7  

9 6 , 4 7 8  

9 6 , 5 5 0  

9 4 . 9 1 7  

POPU- H E A T  LOW U CO 
L A T I O N  DEG TMP D CO 

D A Y S  F C DE 

3.2 6 

9 6 5 7 3  

3 1 0  

4 1 0 5  

6 9 7 9  

6 4 0  

7 9 2  

4 5 7 1  . 
1 1 3  

4 1 6  

2 5 1 4  

8 9 0  

1 1 1  

7 3 7  

3 5 3  

2 2 5 3  3 6  * 1 0 9  

2 4 9 8  3 5  1 2 6  

5 7  2 5 9 9  .37 

2 5 8 7 .  3 6  5 7  

1 s  1 6 2 7  3 8  

2 5 0 9  - 3 9  2 5 0  

I 

2 5 6 4  3 3  1 8 4  

2 6 4 4  3 6  4 3  

2 3 8 6  3 8  7 0  

2 6 5 2  36' . 4 3  

2 4 5 8  3 5  1 2 6  

2 7 0 0  30 2 4 9  

2 3 2 4  3 8  1 7 5  

4 3  2 7 4 4  3 5  

2 7 0 9  3 6  1 9 4  
. *  
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I n d u s t r i a l  F i l e  

F i l e s  containing i n d u s t r i a l  information have been compiled €or most 

states with Geothermal Energy poten t ia l .  A sample of an i n d u s t r i a l  f i l e  

i s  shown i n  Table 4. Each firm (or record) rece ives  a unique 

i d e n t i f i c a t i o n  number t h a t  includes i n  code the  town i n  which t h e  f i rm 

is  located. When ava i lab le ,  t h e  processing temperature ("C.) f o r  t h e  

standard i n d u s t r i a l  code (SIC) is l i s t e d .  The Energy76 f i e l d  is an 

es t imate  of t h e  energy used by each firm i n  1976, expressed i n  tens  of 

b i l l i o n s  of BTU's. 

Current S t a tus  

The following states are presently represented i n  NMEI d a t a  base. 

The addi t ion  of states outs ide  the  Rocky Mountain Basin and Range w a s  

t h e  d i r e c t  r e s u l t  of NMEI's p a r t i c i p a t i o n  i n  t h e  National Market 

Estimates Task Force. 

Arkansas Maryland Pennsylvania 

Alaska Montana South Carolina 

Arizona North Carolina South Dakota 

Cal i forn ia  Texas 

Colorado Utah 

- Georgia New Mexico Virg in ia  

H a w a i i  Nevada 

Idaho West Virg in ia  

Kansas Oregon 

Table 5 ind ica t e s  t he  number of records i n  each of t he  t h r e e  d a t a  

f i l e s  as of t h e  end of 1980. This represents  t he  most extensive da ta  

base of t h i s  type. 

7 



I 

ID FIRM NAME CO S I C  TEMP - CO CODE C 
b 

5754120120 U S COCOA CORP 4 2066 121 

5754120121 U T I L I T Y  I N D U S T R I E S  I N C  4 3643 149 

5754120122 WALTON STAMP + SEAL MFG C 4 3555 1371 

5754120123 WALTON STAMP + SEAL MFG C 4 3953 93 

5754120124 WEST BANK OIL CO INC 4 2952 260 

NR BTU/ ENERGY76 
EMPL EMPL 

34 0.0362 1.231 

6 0.0044 0.026 

30 0.0041 0.123 

0 0.0016 0.000 

0 0.1069 0.000 

55  0.0097 0.534 

0 0,0044 0.000 

r 
ID 200 0.0238 4.760 

5754120125 WETLER CORP 4 3444 93 
'I 

5754120126 WETLER CORP 4 3643 149 

5754120127 WEYERHAUSER CO 4 2653 149 

5754120128 W I S E  TAG + LABEL CO 4 2649 149 S O  0.0121 0.605 

$ 5754310001 DUAL M A C H I N E  TOOL INC 4 3544 1371 25 0.0039 0.097 

2. P, 5754330001 DELAWARE V A L L E Y  I N D U S T R I A  4 2813 149 40 0.6199 24 796 

c o o  

H 

tn 
R 

c1 

w w 
ID 

4 5754340001 STANDARD E L E C T R I C  MFG CO 4 3,564 1371 28 0.0071 0.199 * 

5734340002 STANDARD E L E C T R I C  MFG CO 4 3561 1371 0 0.0065 0.000 

5754340003 WORN€ B I O C H E M I C A L S  I N C  4 2899 149 12 0.1050 1 * 260 

575435.0001 GARDEN M A C H I h E  C O . ,  INC 4 3494 93 26 0.01.15 0.299 

5754350002 KRAFLOW M F G .  CO. 4 3499 93 1 1  0.0099 0.109 



STATE - WBER 
of SITES 

WFBER 
OF FIRMS 

WmER 
W TOWNS 

ALASKA 98 175 0 
ARIZou4 72 197 3186 
ARKANSAS - 1  488 0 
CALIFORNIA . 650 685 16323 
COLORADO 56 333 5373 
DELAWARE 0 63 341 
'FLORIDA 0 .  384 0 
CEORG IA 0 546 1364 
IDAHO 311 278 1824 
KANSAS 0 664 416 
WRYLAND 1 . 353 2954 
MSAWSFITS 1 356 0 
mNTm 136 339 1138 
NEBRASKA 0 542 2864 
NEVADA 307 98 2 74 
NEW JERSEY 0 44 1 2466 
NEW E X I C O  116 214 1150 
N E W  YOW 1 678 1311 
NORTH CAROLINA 1 657 6330 

. 161 01 588 
278 . ,  47 2632 

WRTH DAKOTA 
OREGON 
PEWSYLVAN I A 1 1015 0 
s m  CAr?OLINA 0 321 241 7 

298 1181 
1115 10540 
248 1819 
539 34 20 
282 300 

'EST  VIRGIN1 240 17 
138 745 

70863 

Records in Files 



MODELING 

BTHERM 

BTHERM is the  bas i c  a n a l y s i s  program t h a t  eva lua tes  t h e  economics 

of a p a r t i c u l a r  geothermal energy pro jec t .  Much developmental work 

continued on BTHERM through t h e  con t r ac t  year.  Using t h e  model BTHERM 

and the  MMEI Data Base, t h a t  w a s  extended from t h e  10-state Rocky 

Mountain Basin and Range t o  the na t iona l  level, pro jec t ions  of 

geothermal supply p o t e n t i a l  w e r e  developed during t h e  year.  
- 

The var i ab le  inpu t s  t o  the  s imulat ion model BTHERM include over two 

hundred geophysical,  demographic, and economic parameters. The 

r e s u l t i n g  model product includes the  p r i c e  competit iveness of geothermal 

energy and the  hea t  supply p o t e n t i a l  f o r  geothermal energy f o r  a given 

resource-co-located user.  The t a s k  of aggregat ing the  na t iona l  

geothermal supply p o t e n t i a l  through t i m e ,  therefore ,  could be 

accomplished by summing the  r e s u l t s  of ind iv idua l  BTHERM runs f o r  each 

resource-co-located user  i n  the  country. With over 2,000 

resource-co-located users  developed i n  the  da t a  base completion process,  

an a l t e r n a t i v e  methodology w a s  thought necessary t o  minimize the  cost 

and inc rease  the  t imel iness  of t h e  ana lys i s .  

The model BTHERM w a s  designed t o  c a l c u l a t e  a l eve l i zed  p r i c e  per  

mi l l i on  BTU which would be charged t o  consumers i n  a d i r e c t  use 

geothermal appl ica t ion .  The model so lves  the  following 

engineering/economic i d e n t i t y .  

10 



This can be broken down in to  i t s  s igni f icant  components. 

Further solving for  a constant pr ice  which equates cos ts  and revenues 

through t i m e ,  w e  have 

T 
c 
t=l (Investments + T V C ~  + T X ~ )  (1 + R ) - ~  = P t 

(3) 

L 

L 

T Q, (1  + R) 
c 
t=l 
where, 

Investments = annual amortization expenditure of cap i t a l  t 

investments 

TVCt = t o t a l  var iable  cos ts  t (operating roya l t ies ,  p r o f i t s  

and maintenance), 

t' TXt = taxes i n  year 

Qt = 
annual sales of heat  i n  MMBTU, and 

R = weighted average cos t  of cap i ta l .  

CASH - 

omputer program t h  aggregates individual BTHEmf 

r e s u l t s  i n t o  geographical (regional state, national)  t o t a l s  f o r  

planning and projection purposes. Changes incorporated in to  CASH were: 



- -  

1.  Added software t o  make CASH less user-dependent and more 
machine-compatible. 

2. Modified ex i s t ing  code to  r e f l e c t  changes i n  database 
structure, particularly new IDS. 

3.  Modified ex i s t ing  code to  accept inputs for any of the 50 
states, rather than the or ig inal  RMB6R region. 

12 



National Po ten t i a l  

NMEI's p a r t i c i p a t i o n  i n  the  National Market Estimates Task Force, 

organized by DGE/Washington, evidenced a need f o r  a quick, e f f i c i e n t  

method t o  estimate t h e  na t ion ' s  Geothermal Energy p o t e n t i a l  and market 

pene t ra t ion  f o r  t h e  next twenty years.  Two models were developed by 

NMEI t o  m e e t  th i s  need, one each f o r  p o t e n t i a l  and penetrat ion.  

The model developed f o r  t he  est imat ion of Geothermal p o t e n t i a l  is  

descr ibed i n  d e t a i l  i n  t he  technica l  r epor t  NMEI 61-4. Basica l ly ,  t h e  

model aggregates s i t e - s p e c i f i c  analyses  of t he  most re levant  economic 

determinants of Geothermal Energy market p r i c e  and compares them t o  the  

p r i c e  of each l o c a l i t y ' s  conventional f u e l  pr ice .  With a sample of 496 

observat ions on t h e  leve l ized  geothermal p r i c e  and r e a d i l y  ava i l ab le  

independent p r i c e  determinants from the  BTHERM model, a geothermal p r i c e  

model w a s  developed f o r  t h i s  ana lys i s .  The model had t h e  following 

form: 

PGEOi = (Tempi) (Depthi) B2 ( D i s t i l  B3 (Lti) B4 (POPi) -B5 -B 

where i r e f e r s  t o  t h e  i t h  c i t y - s i t e  p a i r  and, 

PGEO = l eve l i zed  p r i c e  (cost)  per  m i l l i o n  BTU geothermal 

de l ivered ,  

Temp = temperature of t he  resource ' O C ,  

Depth = depth t o  t h e  resource,  i n  f e e t ,  

D i s t  = transmission d i s t ance  from t h e  resource t o  

d i s t r i b u t i o n  system, 

D i s t  = transmission d i s t ance  from t h e  resource t o  

d i s t r i b u t i o n  system, 

L t  = community annual lowest temperature (OF + 4 6 0 ) ,  and 

POP = population. This is a proxy f o r  t h e  economies of scale 

which r e s u l t  from serving l a r g e r  markets. 

13 



The estimated coefficients for PGEO along with Standard Errors (SE) are 

given below. R is correlation coefficient. 2 

TEMP DEPTH 
B1 B2 

DIST Lt 
B3 B4 

POP R2 
B5 

h 

B -1.0327 .lo48 .3376 .8683 -.0830 .96 
(SEI (.047) (.014) (.015) (.033) (.009) 

Table 6. Preliminary Price Coefficients. 

With the estimation of the B1 the price competitiveness of 

geothermal energy is determined by loading the independent values of all 

i user-site pairs and comparing the resulting vector of PGEO with a 

vector of forecasted prices of the cheapest alternative fuel. 

Thus far, only price competitiveness of all i users has been 

determined. The potential supply of geothermal energy, in aggregate, is 

defined as the summation of the heat requiranents for all cities for 

which geothermal energy is price competitive. 

The heat demand for a given user is expressed as a function of 

population and weather factors and are given below with standard errors 

in parentheses. 

RCS = Degdi 
~ i, t 

.5879 .9183 
Popi,t 

(SEI ( .005) (. 007) 

.5693 .9467 
t ANNHD = Degdi 

(SE) ( .006) (. 007) 
i, t 

14 
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Where i r e f e r s  t o  t h e  i - t h  c i t y - s i t e ,  t t o  t h e  t - th  year  and 

RCS = r e s i d e n t i a l / c o m e r c i a l  demand f o r  space and hot  w a t e r  

heat ing per  year (MMBTU), 

ANNHD = RCS + per  c a p i t a  i n d u s t r i a l  process hea t  requirements 

pe r  year  (MMBTU), 

Degd = heat ing  degree-days, and 

POP = population. 

The critical estimate i n  the  pro jec t ion  of geothermal hea t  supply 

is the  determination of hea t  on l i n e  f o r  a given c i t y .  As shown above, 

t h e  ca l cu la t ed  PGEO i s  a leve l ized  p r i c e  which does not  change through 

t i m e .  The p r i c e  of the  cheapest conventional f u e l  i n  a co-located c i t y ,  

however, increases a t  some real rate through time. The poin t  i n  time a t  

which t h e  p r i c e  of t he  conventional f u e l  becomes g r e a t e r  than t h e  

l eve l i zed  PGEO is the poin t  a t  which geothermal development is  assumed. 

The hea t  supply t o  t h a t  c i t y  then increases  through t i m e  as a func t ion  

of population growth rates. 

c i t y  may be represented as follows: 

The geothermal supply p o t e n t i a l  f o r  a given 

15 
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where, 

D = 1 when Palt /PGEO > 1, 

D = 0 when Paltt/PGEO < 1, 
t 

Pal to = Price of cheapest alternative fuel, i th city, 

Pal t = Palt (I+RG)~, 

RG = Real price growth rate of Palt, and 

PopG = annual population growth rate. 

0 

In aggregate the results take the form: 

N ,T N,T .5879 .9 183 
C RCSi = C {(Degdi) x[Popl,o (1 + Po~G)~)] xD). 

i=1, t=l st i=1, t=l 

Penetration Estimation 

The model developed for the estimation of Geothermal penetration is i 

described in the technical report NMEI 61-5. This model depends on the 

logistic estimation methodology originally developed by the 

International Institute for Applied Systems Analysis in Austria and 

modified by the NMEI technical staff to fit the peculiarities of the 

Geothermal market and the data available. 

To estimate the national role of geothermal energy, it was not 

realistic simply to aggregate all potentially matched resources and 

users. The total must be discounted to reflect the resistance to change 

of the market. 

16 
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One way of doing this is to consider geothermal as a competitor in 

the market against more conventional energy sources, and to apply some 

of the results from analyses performed on the adoption of new 

alternatives among competing technologies. The particular derivation 

used is that of Peterka (1). It is based on the observation by earlier 

researchers that the fractional takeover of a market by a new technology 

from a previous one appears to follow a similar course in a wide variety 

of cases. Specifically, the graphs of market fractions as functions of 

time follow so-called 'logistic' curves, curves resembling a hyperbolic 

tangent function, or an ' S '  shape. 

I 

I 

The work by Peterka is a generalization of this finding to several 

competitors at once. It leads to an algorithm for computing the market 

fraction of each competitor at any time, given the fractions at a 

reference time. The algorithm is especially attractive since it 

requires as input only two parameters for any competitor: the specific 

investment necessary to increase the production by one unit, and the 

price to the b yer of one unit of that competing product. 

, 

i 

I 

I i 
The first parameter is the less critical of the two. Since 

variation by s much as a factor of two in the value chosen for it 

produces negli ible variations in the results, an average value can be 

used for each1 of the competitors being considered, in this case 15 

I 

I s are far more sensitive to changes in the second of the 
I 

the -consumer prices of the alternatives. To overcome 

I '9lacrodynamics of Technological Change: Market Penetration by New 
Technologies':; V. Peterka; I.I.A.S.A., Laxenburg, Austria; 1977. 
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the great variability of the economic selling price of geothermal heat 

from one resource to the next, the resources were broken down into 

different brackets. A mean selling price was assigned to all resources 

in a given bracket; for instance, $5.50 was assigned to resources 

between $5 and $6. 

A computer run was made for each of the sub-markets, defined as the 

collection of energy consumers in geothermal resource co-located areas 

with an economic selling price in a certain range. Finally to obtain 

the total fraction of the geothermal market potential that could be 

expected to be penetrated, the year-by-year submarket fractions 

penetrated in each price range were added, weighted by the relative 

amount of heat-on-line in that range and year. 

Groundwater Heat PumD 

With interest in the Geothermal Energy community regarding 

groundwater heat pumps, NMEI constructed a model specially tailored to 

the economic analysis of groundwater heat pumps. The BTHERM model was 

versatile enough to model heat pumps, but the operation proved to be 

awkward. 

The model was designed to simulate a central system, district 

heating unit operating on near-surface groundwater. The result is a 

market price (dollars/ btu) that includes capital and operating costs 

for comparison with alternate conventional fuels. A schematic appears 

in Figure 1. This model is operable and awaiting utilization on 

site-specific analyses. A detailed description appears in the report 

NMEI 61-22. 

18 
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APPLICATIONS 

National E s t i m a t e  

NMEI prepared i t s  own estimate of t h e  f u t u r e  (1980-2000) of 

Geothermal Energy i n  t h e  United S ta tes .  Much of t he  work and da ta  w a s  

an  outgrowth of NMEI's p a r t i c i p a t i o n  i n  t h e  National Market Estimates 

Task Force organized by t h e  Division of Geothermal Energy i n  Washington, 

D.C. 

The purpose of t he  study w a s  t o  present t h e  f i r s t  na t iona l  estimate 

of d i r e c t  geothermal energy use based upon an aggregation of 

s i t e - spec i f i c  analyses of a l l  known geothermal resources. The Task 

Force estimate depended on regional estimates r a t h e r  than s i t e - spec i f i c .  

Because of t he  lack of p o r t a b i l i t y  of geothermal energy, a 

precondition f o r  u t i l i z a t i o n  is t h a t  u se r s  be co-located with resources. 

The economic f e a s i b i l i t y  of geothermal energy depends on a wide range of 

economic and technological parameters t h a t  vary considerably from 

loca t ion  t o  location. Each of these  must be ind iv idua l ly  examined i n  

order t o  evaluate the  f i n a n c i a l  v i a b i l i t y  of geothermal energy as an 

a l t e r n a t e  energy form. 

The r e s u l t s  of t h e  study were published i n  a document, "National 

E s t i m a t e  f o r  Direct Use", which i s  a v a i l a b l e  from NMEI. Figures 2 and 3 

and Table 6 provide a summary of t he  r e s u l t s .  The bas i c  conclusions 

were: 

1. Geothermal Energy can make a s i g n i f i c a n t  cont r ibu t ion  t o  t h e  

na t ion ' s  low temperature energy needs and can l e s sen  dependence on 

fore ign  energy sources. 
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2. Federal tax incentives and regulatory easement will enhance the 

development of geothermal energy in the U.S. 

District heating applications will consititute the major proportion 

of geothermal market penetration. 

3, 

4. Most development will occur in th6 western U.S.  due to the 

prevalence of resource in the West. 



Figure 2. Colocated Cities 
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Figure 3. Heat-On-Line by Year 



STATE 

A U S U  
ARIZONA 

CAI. I FORN I A 
bLcru00 
DEUNARE 
GEORGIA 
Ipurr 
KAliSAS 
lhRrUn0 

A R W S A S  

I b N T U U  
k B 8 A S U  
Mmuu 
Nn JERSEY 
!tm REXrco 
HEW YORK 
NORTH CMOLINA 
NORTH DAKOTA 
OREGOM 
Sourn DAKOTA 
Tous 
h n  
VIRGINIA 
WEST VIRGINIA 
UYWING 

TOTAL 

PENETRATION by STATE 

DIRECT USE 
E A R  Zooo HIM GOVEL3ENT SUPPORT . 

POTENTIAL 

x 1@ ETU 
.63 

74.97 
3.01 

120.84 
1.87 

E 7 8  
6l.47 
1.16 
57.18 
29.69 
4.44 
39.29 
125.52 
38.93 

.02 

.38 
30.00 
.8.84 
u. 08 

255.57 
91.15 

.19 
25.07 

, 404.50 

. .74 

PENETRAT I OX 

x I$ EN 
e 3 7  

48.18 
2.18 

265.30 
99.24 
1.80 

K.29 
58.7s . 1.06 
55.56 
25.79 
3.90 

36.90 
103.77 
28.28 

.os 
6.52 
1z.u 

245.74 
69.33 

.06 

.01 
21.74 

.m 

28.78 

~ B E R  

OF CITIES 

8 
103 

9 
159 
164 

- 95 
190 
71 
62 
42 
l20 
301 
R 

189 
97 
1 
6 

157 
30 
68 

357 
77 
8 
3 

29 

1,454.63 1.110.83 2.344 

GJ-LCXATED 
POPuuTION 

2.400 
1,894,872 

42,301 
8.a68.79 

374,503 
69.OlO 
588.684 
405,825 
l6L409 
I53.423 
m.974 
486,726 
191,562 

1,438,625 
545,655 

1.024 
7.%9 

2l4.525 
74,457 
99.768 

4,441,069 
777,463 
34,650 
2,244 

166,861 

Table 7. Penetration by State 
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WORKSHOP 

At the request of Mr. John Griffith, DOE/Idaho Falls, NMEI 

sponsored a workshop on the BTHERM model and' its applications May 19th 

and 20th, 1980. The purpose of the workshop was to provide an in-depth 

background for the State Commercialization Planning Teams and 'other 

interested contractors of the Geothermal Energy Program. 

A special notebook on the BTHERM model was compiled for easy 

reference by a casual user of the model. The workshop provided lecture 

sessions followed by "Hands-on" experience with a CRT terminal 

manipulating the model to solve actual problems. 



Si te -Spec i f ic  S tud ie s  

The following is a p a r t i a l  l i s t i n g  of s i t e - s p e c i f i c  s t u d i e s  

performed i n  support  of state teams or  DOE/Washington t h a t  culminated i n  

a r epor t ,  letter o r  phone conversat ion with t h e  resu l t s .  

A l a s k a  

Ko tzebue 

Arizona 

Engineering and Economic f a c t o r s  of Low-Temperature Chillers 

City of Safford 

Ca l i fo rn ia  

Rohr I n d u s t r i e s  P ro jec t  

Colorado 

Poncha Hot Springs 

Buena Vista 

Idaho 

Lewiston Schools 

Preston 

Salmon 

Chall  i s  

Ketchem/Sun Valley 

# 

I n d u s t r i a l  Data Summary 

Montana 

Baker 

White Sulphur Springs 

26 



MTONN (Generic) 

Home Ground Water Heat Pump 

Ennis Schools Heat Pump 

Remote Terminal Support 

Nevada 

Gabbs 

Commercial Greenhouse 

New Mexico 

Candelight Homes 

NMSU Campus Project 

Las Cruces Industrial Park 

New Mexico Handbook 

Hanes 

Sandyland Nursery 

North Dakota 

Paterson Hotel 

Analysis 

White Sands Missile Range 

S a l t  Lake City Business District 



Wyoming 

Compilation of Specialized Industry 

Colocated Industry L i s t  

City of Cody 

Midwest 

Edger ton 

Thermopolis 
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CASH Results 

The following pages contain the  r e s u l t s  of a comprehensive 

aggregation of individual cities' geothermal energy space heating and 

i n d u s t r i a l  app l i ca t ions  f o r  each state i n  t h e  western U.S. A summary of 

t h e  market po ten t i a l  heat-on-line f o r  t h e  w e s t  is presented i n  Table 8 .  

The r e s u l t s  are f o r  t h e  more opt imis t ic  case - high case f o r  c i t y  

f 

j 
I 

developers. City development was chosen over p r i v a t e  development f o r  

t h e  summary (both would not occur i n  the  same loca t ion)  because of t h e  

more op t imis t i c  r e s u l t s .  The column ind ica t e s  t he  percentage of t he  

state's energy demand Geothermal Energy could provide economically i n  

t h e  year 2000. Some states have no PCT f i g u r e  due t o  lack of r e l i a b l e  

energy demand da ta  f o r  a ca lcu la t ion .  The CASH r e s u l t  of 1.283 quads by 

r e f l e c t  present conditions. 

29 



It should be noted that this aggregation is an estimate of total 

possible or potential geothermal heat for the state, as opposed to the 

expected market penetration or actual heat-on-line which will be 

realized. Preliminary estimates of market' potential for all fifty 

states were prepared and published in the NMEI publication "National 

Estimates for Direct Use", December, 1980. 

Discussion of Input Assumptions 

The policy case is constructed by varying important economic 

parameters which are uncertain for future years. By using pessimistic 

values a low case was constructed. The following specifications were 

used for low-case. 
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State 

Alaska 

Arizona 

California 

Colorado 

Idaho 

Montana 

Nevada 

New Mexico 

North Dakota 

Oregon 

South Dakota 

Utah 

Washington 

Wyoming 

Total 

(*Does not i r  

City/Site Pairs Y r  2000 
Po tent i a l  Inferred Po tent i a l  

11 11 1 7.33~10 

77 21 10.83~10~~ 

30 1 2.38~10 

61 31 8.28~10 

21 60 10.08~ 10' 

39 91 3.33~10 

48 1 3.7 5x101 

48 34 6.29~10 

146 1 2.95~10 

14* 

13 

13 

13 

13 

1 9. 64x1d3 
12 51 11 8.45~10 
14 55 80 2.74~10 
14 25 30 1.63~10 
13 9 19 4.74~10 

65 1 3 82 128.3083~10~~ 

- 
1 

de industrial results) 

P c t  - 

- 
13 

- 
27 

55 

34 

67 

68 

48 

- 
17 

47 

- 
65 
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LOW CASE 

Bond Rate - a value equivalent t o  2% above t h e  annual i n f l a t i o n  rate 

w a s  s e l ec t ed  f o r  t h i s  cos t  of borrowed money. 

Geothermal Tax Credit  - none assumed (less than present).  

Production Well Success Ratio - 50% o r  % those d r i l l e d  are successful. 

Conventional Fuel Price Increase  - annual increase  of 4% above i n f l a t i o n  

. (much less than present rate). 

Inves tors  Rate of Return - 25% above i n f l a t i o n  rate. 

Surface Exploration - $500,000 assumed f o r  each c i t y - s i t e  pa i r .  

Depletion Allowance - 15% per  year. 

City Share of Money - loo%, No grants .  

Government Share of Research Money - 0 (none). 

The high case used more op t imis t i c  values of unknown q u a n t i t i e s  i n  

t h e  d r i l l i n g  p a r t  of geothermal energy. Hopefully we  could expect t he  

actual values t o  f a l l  somewhere i n  between the  low and high cases. 

The following spec i f i ca t ions  were used f o r  t h e  high case. 

HIGH CASE 

Bond Rate - same 2% above annual i n f l a t i o n  rate. 

Geothermal Tax Credit  - 15% assumed f o r  c a p i t a l  investments. 

Production Well Success Ratio - 80% of those d r i l l e d  are successful.  

Conventional Fuel Price Increase - annual increase  of 4% above 

i n f l a t i o n .  



Investors Rate of Return - 10Z above inflation rate. 
Surface Exploration - No cost. 
Depletion Allowance - 15% per year. 
City Share of Money - 75% of total project costs. 
Government Share of Research Investment - 10% of total needed. 
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State of A l a s k d  

Summary of Resul t s  f o r  S t a t e  Aggregation 

The state geothermal aggregat ion f o r  Alas'ka uses  17 P o t e n t i a l  and 1 
I n f e r r e d  C i t y j S i t e  p a i r s  as a bas i s .  This  is  t h e  t o t a l  number of 

resource-user matches which are considered for economic eva lua t ion .  

A. Low Case - Modified Cap i t a l  (300%) 

Vhile the  t o t a l  c i t y / s i t e  pairs are shown above, only a few show up t o  be 

economic by the  year  2000 i n  t h e  low case.  It should be noted t h a t  on the 

average, cons t ruc t ion  c o s t s  a r e  set a t  300% of normal " s t a t e s ide"  c o s t  bu t  

convent ional  f u e l  c o s t s  a r e  only doubled. If t he  d i s t r i c t  hea t ing  i s  

developed by p r i v a t e  business ,  no sites are economic wi th in  t h e  yea r  2000 time 

frzme. 

With the  c i t y  as t h e  developer ,  s i g n i f i c a n t  growth i n  heat-on-line i n  t h e  

pear  1983. This low level of growth cont inues through t h e  yea r  2000. The 

economic d i r e c t  use  market p c t e n t i a l  for t he  year  2000 is  6 . 6  x 10" Btu/yr .  

For the  c i t y  developer 2 p o t e n t i a l  and 1 i n f e r r e d  s i te  become econcmic by t h e  

year  2000. A graph of t h e  c i t y  developed geothermal energy market p o t e n t i a l  

3y year  f o r  the  resident ia l /commercial  s e c t o r  is presented I n  F igure  1. 

The i n d u s t r i a l  energy supply market p o t e n t i a l  x i t h  a c i t y  as developer  

begin t o  grow i n  1986. It inc reases  t o  2 . 3 2  x 10" by t h e  year  2000. 
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B. High Case - Xodified Capital (300%) 
The high case, a more optimistic iase for geothenal developnent, shows 

much sore development potential than low case. These results are presented 

below in tabular form along with the results f o r  low case for comparison. A 

graph of city developed geothermal energy market potential in the high case, 
fo r  residential/commercial sectors is presented in Figure 2. 

Low Case High Case 

Pairs economic by year 2000 
Private Developer Potential City/Site 0 11 

Inferred City/Site 0 1 
City Developer Potential City/Site 2 11 

Inferred City/Site 1 1 

Year major growth in market potential begins 
Private Developer 1995 
City Developer 1983 1994 

11 

11 

Economic heat narket potential in 2000 
0 6.94~10 Private Developer 

City Developer 0 7.09~10 

10 2.39~10~' City Developer 2.32~10 
Industrial heat potential in 2000 

s u m r y  
On previous aggregations which were done f o r  Alaska using the same 

city/site pairs but "conventional" system costs. 
came on line. 

Xany of the possible pairs 

The data presented in the table above shows minor development for the 

state of Alaska using the 300% cost. 
for economic geothermal development lies somewhere betrJeen these two extrenes. 

It is possible that the true potential 

The-very large load factor present for Alaskan cities makes the use of 
district heating system efficient. If the present trend fo r  very high capital 

and demonstration costs is abated or changes drastically, geothermal district 
heating would become a prime contender for economic energy supplies. 
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STATE : AL.4SSA 
POTENTIAL SITES 
FOR CITY DEVELOPER 

CITY ID AND NAME ' 

325126 PORT HEIDEN 
325155 TEN.UEE S P R I N G S  
325092 MANLEY HOT SPRINGS 
325033 COPPER CENTER 
325084 KOTZEBUE 
325065 HOUSTON 
325055 GLENNALLEN 
325169 WASILLA 
325136 SELAWIK 
325004 A L W A N  
325047 ELIN 

L 
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PRICE 
OF G E O .  

$ 6.43 
9.90 
10.24 
12.33 
13.39 
13.87 
14.36 
14-37 
24.82 
14.84 
25.57 ' 

YEAR 
ON- 1 1 NE 
1983 
1990 
1992 
1994 
1995 
1996 
1396 
1996 
1997 
1999 
2000 



STATE : ALASKA 
INFESRED b I T E S  
TOR PRIVATE DEVELOPER 

CITY ID NAME 

325075 K I W A  

PRICE 
OF GEO 

$ 10.84 

YEAR 
ON-LINE 
1983 



STATE: ALASKA 
INFERRED SITES 
FOR CITY DEVELOPER 

CITY ID AND NAME 

325075 KIANA 

40 

PRICE YEAR 
OF GEO s ON-LINE 

$ 10.51 1983 



S t a t e  of Arizona 

Summary of Resu l t s  f o r  S ta te  Aggregation 

87 P o t e n t i a l  C i t y / S i t e  P a i r s  

30 I n f e r r e d  C i t y / S i t e  P a i r s  

Low Cas e 

I f  t h e  sys tem development is  done by p r i v a t e  bus iness ,  2 p o t e n t i a l  

and 1 in fe r r ed  p a i r  are economic wi th in  the  yea r  2000 time frame. 

Ex i s t ing  on l i n e  capac i ty  f o r  t he  s t a t e  is  3.00 x 10 9 Btu/Yr. 

S i g n i f i c a n t  growth i n  quan t i ty  of geothermal hea t  which is  economic 

begins  i n  1994. This  i nc reases  through t h e  year  2030. The economic 

h e a t  p o t e n t i a l  f o r  t h e  year 2000 is 1.12 x lo1' Btu/Yr. 

Vith t h e  c i t y  as t h e  developer ,  economic heat-on-line inc reases  

much faster. Major i nc reases  begin i n  1983 and rise s t e a d i l y  through 

year  2000. The economic h e a t  p o t e n t i a l  f o r  t h e  year  2000 is 3.02 x 

The p o t e n t i a l  heat-on-line can be  compared t o  t h e  p re sen t  1013 3tu/Yr. 

energy use i n  t h e  resident ia l /commercial  s e c t o r  which could be 

pene t ra ted  i f  resources  were a v a i l a b l e  everywhere. This t o t a l  s ta te  

demand i s  14 .4  x 1013 Btu/Yr of which geothennal could supply 21X. For 

t h e ' c i t y  developer  45 p o t e n t i a l  and 8 i n f e r r e d  sites become economic by 

t h e  year  2000. A graph of geothermal energy p o t e  

presented below. 

The industrial energy supply p o t e n t i a l  with a p r i v a t e  developer 

begins  with s i g n i f i c a n t  i nc reases  i n  1995. 

Btu/Yr by the  year 2000. 

It inc reases  t o  2.39 x 10 13 
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High Case 

The high case ,  a more opt imist ic  case for  geothermal development, 

i s  quite s imilar but with higher f igures .  These r e s u l t s  are presented 

below in tabular form along with the r e s u l t s  f o r  l o w  case for  

I Low Case Eigh Case 
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A R I  ZONA 
Geothermal D i r e c t  Use 
Po t en  t i a l  tiea t-on-1 i ne 
High P o l i c y  Case 

-- Key 
I = I n f e r r e d  'Grade S i t e s  
I) = P o t e n t i a l  Grade S i t e s  
T = Suiiiiiiation o f  P and I 

1980 
YEAR 

1985 1990 1995 2000 
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STATE: ARIiON4 
POTENTIAL SITES 
FOR CITY DEVELWER 

CITY ID AN3 r\14ME PRICE 

205046 DOUGLAS $ 2.99 
205069 GOODYEAR 3.26 

205041 COOLIDGE 3.89 

205182 WILLCOX 5.09 
205092 LITCHFIELD PARK 4.12 
205067 GLENClALE 4.23 

OF GEO 

205030 CHAkDLER HEIGHTS 3.59 

205015 5OWIE 4.95 

205102 MESA 3.95 
205124 PHOENIX 4.37 

205029 Ct-l4N!lLER 4.93 

205 170 THATCHER 5.49 

205130 PLANTSITE 4.24 
205126 P I N  5.16 

205139 SAFFORD 5.46 

205121 PAYSON 7.50 
205023 CASA GR4NDE 4.81 
205011 BENSON 7.32 
205105 WRENCI 5.26 
205163 STARGO 5.32 

20S066 GILBERT 5.66 
205038 CLIFTON 5.48 

205134 QUEEN CREEK 5.87 
205004 ALPINE 9.18 
205171 TOLLESON 6.27 
205051 EL MIRAGE 6.28 
205049 EAGAR 5.82 
205054 FLAGSTAFF 6.06 
205 166 SURPRISE 6.54  
205016 BUCKEYE 6.54 
205008 AVOWALE 6.65 
205184 WILLIAMS AF8 6.75 
205160 SP2INrJERVILLE 6.18 
205097 PARICOPA 6.49 
205152 SELLS 6.51 
205065 GILA BEND 6.84 
205164 SUN CITY 6.98 
205190 YOUNGTOWN 6.99 

205094 LUKE AFB 5 ,44  

205123 PEORIA 5.79 

YEAR ANh'UAL HEAT 
OhI-LINE DEPAh9 (WfiTtJ) 

1983 14,580,585 
1983 2,803,014 
1983 615,263 
1983 3,399,849 
1983 0 
1983 4,824 
1964 1,422,624 
1984 1,857,725 
1985 4,170,067 
1985 . 858,480 
1986 0 
1986 0 
1987 61 5,285 
1987 18,450 
1987 0 
1987 1,843 
1988 1,932,768 
1988 1,050,074 
1989 0 
1989 0 
1989 444,570 
1989 108,253 
1990 0 
1990 19,028 
1990 46,680 
1990 0 
1991 24,674 
1991 0 
1992 16,983 
1992 283,622 
1992 2,223 
1992 289 
1992 9,336 
1992 55,571 
1993 0 
1993 0 
1993 0 
1993 1 ,334 
1993 5,779 
1993 2 ,890 
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STATE: ARIZONA 
POTENTIAL S I TES 
FOR CIlY DEVELOPER 

CITY ID AND NAME 

205018 BYLAS 
205024 CASHION 
205192 YUM4 
205005 WACHE JUNCTION 
205053 ELOY 
205 1 83 h'I LL I AMs 
205150 SEDONA 
205177 ELTON 
205127 PINE 
2051 79 hEST YUM4 
205020 CAW VEROE 
205143 SAN CARLOS 
205162 STANFIELD 
205013 BISSEE 
205057 FOUNTAIN HILLS 
205 1 88 W I  T T W N  
205 181 W I  CKER3URG 
205068 GL03E 
205193 YUN4 PROVING GROUIQ 
205125 PICACHO 
205158 SQYERTON 
205194 Y U W  STATION 
2 0 5 0 5 5 FLORENCE 
205091 LAVEEN 
205100 M Y E R  
205048 DUNCAN 

PRICE 
OF GEO 

f 7.43 
7.21 
7.22 
7.28 

7.24 
7.47 
8.40 

12.47 
8.57 
8.33 
8.60 
8.80 

9.11 
9.13 
9.32 
9.48 
9.53 
9.03 
9.66 
9.78 
9.79 
9.87 

14.87 
9.69 

7.20 

9.08 

46 

YEAR 
ON-L I NE 

1993 
1994 
1994 
1994 
1995 
1996 
1996 
1996 
1996 
1997 
1998 
1998 
1998 
1998 
1998 
1998 
1998 
1998 
1998 
1999 
1999 
1099 
1999 
1999 
1999 
2000 

ANNUAL HEAT 
OErc24h'D (WTU) 

0 
14 I 449 

292,483 
533 

30,231 
10,892 

s , 357 
0 
0 
0 

765 
0 
0 

1 I 934 
0 
0 

12,893 
21,362 

222,285 
0 

29 , 831 

0 
45 , 346 

0 
0 

22,228 

i 

i 

i 
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STATE: ARIZONA 
IVcERRED SITES 
FOR CITY DEVELOPER 

CITY I D  AN3 t d W  

205144 SAN W E L  
205140 SAYUARITA 
205095 PMWTH 
205009 BAGDAD 
205112 ORACLE 
205175 TUCSON 
205071 GREEN VALLEY 
205142 SAL0.T 
205076 HOLBROOK 
205161 ST JO!i,VS 
205132 PRESCOTT 
205159 SOUTH TUCSON 
205156 S N O W M E  
205187 WINSLOW 
2C5096 M 4 W  
205155 SILVER BELL 
205114 OR0 VALLEY 

PRICE 
OF GEO 

s 3.13 
3.82 
5.77 
9.20 
6.41 
6.53 
6.79 
8.49 
7.71 
7.73 
7.77 
8.61 
8.98 
9.29 
9.83 
9.90 

YEAR ANMJAL HEAT 
ON-LINE D E W  ( W T U )  
1983 2,381 , 784 
1984 . 420,874 
1990 0 
1990 0 
1993 0 
1993 363,014 
1994 2,779 
1996 0 
1997 3,690 
1997 1,356 
1997 322,591 
1998 0 
1999 15,115 
2000 13,915 
2000 100,828 
2000 0 
2000 0 



S t a t e  of Ca l i fo rn ia  I 

Summary of Resul t s  f o r  S t a t e  Aggregation 

The s ta te  geothermal aggregat ion f o r  C a l i f o r n i a  uses  126 P o t e n t i a l  and 1 

In fe r r ed  C i t y / S i t e  p a i r s  as a bas i s .  This  is the  t o t a l  number of 

resource-user matches which are considered f o r  economic eva lua t ion .  

Low Case 

The number of p o s s i b l e  use r s  which could be developed are l i s t e d  above. 

Upon a n a l y s i s  using BTHERM, some w i l l  never prove t o  be ezc3omic wi th in  the 

aggrega t ion  time frame. 

I f  t h e  d i s t r i c t  hea t ing  system development is done by private business ,  8 

p o t e n t i a l  and 0 i n f e r r e d  c i t y / s i t e  p a i r s  are economic wi th in  the  year 2000 

time frame. The low number of economic p a i r s  is  due t o  few degree days 

hea t ing  demand coupled with a ve ry  low convent ional  f u e l  p r i c e .  

S i g n i f i c a n t  growth in quan t i ty  of geothermal h e a t  which is economic 

This inc reases  s t e a d i l y  through the  yea r  2020. begins i n  2004. The economic 

d i r e c t  use market p o t e n t i a l  f o r  t h e  year  2000 is  2 . 3 3 ~ 1 0 ~ ~  Btu/yr.  under t h e  

p r i v a t e  development scenar io .  

With the  c i t y  as the  developer ,  economic heat-on-line i n c r e a s e s  much 

Najor i nc reases  begin i n  1986 and rise s t e a d i l y  through the  year  

The economic hea t  market p o t e n t i a l  f o r  t h e  yea r  2000 is 1.91~10 14 

f a s t e r .  

2020. 

Btu/yr.  For the  c i t y  developer  15 p o t e n t i a l  and 0 i n f e r r e d  sites become 

economic by t h e  year  2000. A graph of t he  c i t y  developed, geothermal energy 

market p o t e n t i a l  by year  f o r  t he  res ident ia l lcommsrc ia l  s e c t o r s  is  presented  

i n  F igure  1. 

The i n d u s t r i a l  energy supply market p o t e n t i a l  wi th  a p r i v a t e  developer 

does not  begin u n t i l  a f t e r  2004. 
2000. 

It inc reases  t o  ~ O l r l O ~ ~  Btulyr  by the  year  
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High Case 

The high case ,  a more o p t i m i s t i c  case  f o r  geothermal development, is 

q u i t e  similar. These r e s u l t s  are presented below i n  t a b u l a r  form along wi th  

t h e  r e s u l t s  f o r  low case f o r  comparison. d graph o,f c i t y  developed geothermal 

energy market p o t e n t i a l  i n  t he  high case, f o r  res ident ia l lcommerc ia l  s e c t o r s  

i s  presented i n  F igure  2. 

High Case Low Case 

Pairs economic by yea r  2000 
P r i v a t e  Developer P o t e n t i a l  C i t y I S i t e  8 

C i ty  Developer Po t e n t  i a l  C i ty1  S i t e  15 
In fe r r ed  C i t y I S i t e  0 

In fe r r ed  C i t y I S i t e  0 

Year major growth i n  market p o t e n t i a l  begins  
P r i v a t e  Developer 2004 
City  Developer 1986 

12 

14 

Economic hea t  market p o t e n t i a l  i n  2000 
Private Developer 2 . 3 3 ~ 1 0  

Ci ty  Developer 1.91x10 

Summary 

The resource  ,nformation used w a s  heavi ly  w e i g  

23 
1 
30 
1 

1987 
1985 

14 2 . 1 7 ~ 1 0  

14 2 . 3 8 ~ 1 0  

t ed  toward southern 

Ca l i fo rn ia  wi th  its l o w  hea t ing  demand. A inore d e t a i l e d  s tudy  of t h e  

resources  would probably r e s u l t  in a g r e a t e r  number of economic sites. It 

should be noted t h a t  t h e  economic comparison w a s  made a g a i n s t  t h e  cheapest  

conventional f u e l  i n  t h e  area. This  inc ludes  inexpensive Northwest 

h y d r o e l e c t r i c i t y .  

Another important b e n e f i t  is t h e  conserva t ion  of p r e s e n t  s u p p l i e s  of 

n a t u r a l  gas and lessened demand f o r  e l e c t r i c i t y  t h a t  r e s u l t s  from t h e  

development of geothermal energy. 
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STATE: CALIFORNIA 
POTENTIAL SITES 
FOR CITY DEVELOPER 

CITY ID AND NAME 

305039 BRAWLEY 
305368 SUSAWILLE 
305503 MAMMOUTH LAKES 
305456 ELSINORE 
305130 FULLEZT9N 
305204 LOS ANGELES 
305207 LOYALTON 
305285 PORTOLA 
205007 ANAHEIM 
305013 ARROYO GRFiNDE 
305677 WILMINGTON 
305126 FOUNTAIN VALLEY 
305474 GREENVILLE 
305135 GLENDALE 
305132 GAXDEN GROVE 
305163 INDIAN WELLS 
305005 ALFJXAS 
305035 BISHOP 
305333 SAND CITY 
305446 CRESCENT MILLS 
305569 TrlZNTYNINE PALMS 

305274 PISMO EEACH 
305072 COLTON 
305301 RIVERSIDE 
305183 LAKE ELSINORE 
305259 TAU1 DESERT 
305197 LOMA LINDA 
305609 XOLLYWOOD 
305607 HIGHLAND 
305037 BL'r'THE 
305687 BOYES EOT SZRINGS 
305401 WESTMINSTER 
305689 MONTECITO 
305287 RANCHO MIRAGE 
3 0 5 i 2 1 FWiANA 
305364 STANTON 
305244 NORCO 
305336 SANTA BARBARA 
305093 DEL REY OAKS 

305049 CALISTG.2X 

PRICE 
OF GEO 

' $  2.07 
2.33 
2.55 
2.70 
2.77 
2.78 

2.99 
3.07 
3-14 
3.37 
3.57 
3.65 
3.71 
3.73 
3.83 
3.93 
4.00 
4.51 
5.03 
5.25 
3.17 
4.02 
4.07 
4.11 
4.22 
4.27 
4.36 
4.38 
4.39 
6.75 
3.73 
4.41 
4.43 
4.53 
4.53 
4.54 
4.59 
4.60 
3.83 

2-82 

-rE 
ON-LINE 
1983 
1983 
1983 
1983 
1983 
1983 
1'383 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1984 
1984 
1984 
1984 
1985 
1985 
1985 
1985 
1985 
1985 
1986 
1986 
1986 
1986 
1986 
1986 
1986 
1986 
1987 
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STATE : CAL 1 FORNI A 
E’OTYNTIAL SITZS 
FOR CITY DEVELOPER 

I 
1 CITY ID AND NANE PRICE YEAR I 

I ON-LIKE I 

I 
305305 ROLLING EILLS 4.84 1987 I 

ClZ CEO 
I 

1 

8 SEASIDE $ 3.86 1987 
305243 NEWPORT BEACH 4.77 1987 

, 305290 REDLANDS 4.79 1987 

305606 HAREOR CITY 4.85 1987 
305095 DESERT HOT SPRINGS 4.87 1987 
305532 PLASTER CITY 7.72 1987 
305578 YUCCA VALLEY 7.81 1987 

5.02 1988 305412 YORBA LINDA 
305198 LOMITA 5.08 1988 I 

5.15 1988 305347 SEAL BEACH I 

305046 CALEXICO 5.21 1988 i 
305444 CLEARLAE OAKS 4.25 1989 

4.30 1989 305230 MONTEREY 
305054 CARNEL BY THE SEA 4.45 1989 
305213 MARINA 4.45 1989 I 

PACIFIC GROVE 4.46 1989 
4.46 1989 

305312 SAN BERNARDINO 5.28 1989 
305507 MENTONE 5.31 1989 
305296 RIDGECREST 5.34 1989 
305304 ROLLING HILLS ESTATE 5.42 1989 
305422 ATASCADE20 5.47 1989 
305159 HUNTINGTON  PARK 5.48 1989 
305201 LOS ALAMITOS 5.53 1989 
305055 CARPINTERIA 5.54 1989 
305471 GOLETA 5.54 1989 
305239 NEEDLES 8.34 1989 

~ 

t 

I 
I 

305327 SAN L 4.57 1990 
305574 WINDS 4.71 1990 
305082 COSTA 5.58 1990 
305543 ROMOLAND 5.63 1990 
305276 PLACENTIA 5.65 1990 
305402 WESTMORLAND 5.70 1990 
305150 FXMET 5.75 1990 
305048 CALIPAT 1990 . 
305023 BANNING 1990 
305491 LEE VIN 1991 
305593 CARMEL 1991 

1 305443 CLEARLAKE HIGHLANDS 1991 
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STATE: CALiFORNIA 
POTENTIAL SITES 
FOR CITY DEVELOPEX 

CITY ID AND NAME 

305270 PETALUMA 
305260 PALM SPRINGS 
305294 RIALTO 
305688 DIAMOND BAR 
305158 iTUNTINGTON BEACH 
305156 HOLTVILLE 
305269 PPERRIS 
305267 PA30 liOBLES 
305476) GLEN ELLEN 
305669 UNIVERSAL CITY 
305165 INDUSTRY 
305599 CRESTMORE 
305676 WESTLAKE VILLAGE 
305282 POMONA 
305425 BLOOMINGTON 
305083 COTATI 
305303 ROHNERT PARK 
305033 EEVERLY HILLS 
305554 SOLVANG 
3’35372 TXXE>-SD OAKS 
305559 SUNNYMEFD 
305315 SAN CLEMENTE 
305340 SANTA MARIA- 
305436 CAPISTWNO EEACH 
305661 STUDIO CITY 
305237 NAPA 
305545 RUEIDOUX 
305142 GiJADALUPE 
305479 HESPZRIA 
305390 VICTORVILLE 
305598 CORONA DEL MAR 
305646 PUENTE 
305139 GREENFIELD 
305069 COALINGA 
305603 ENCINO 
305583 APPLE VALLEY 
3 05 648 RANCHO CUCLYONGA 
305517 MljRRiETA 
305653 ROWLAND EEIGHTS 
305394 WALNUT 

PRICE YEAR 
OF GEO ON-LINE 

$ 4.97 1991 
5.89 1991 
5.91 1991 
5.92 1991 
5.97 1991 
6.05 1991 
6.18 1991 
5.05 1992 
5.;5 1992 
6.29 1992 
6.30 1992 
6.40 1992 
6.44 1992 
6.45 1992 
6.45 1992 
5-33 1993 
5.43 1993 
6.61 
6.78 
6.81 
6.82 
6.86 
6.94 
6.96 
6.97 
5.80 
7.06 
7.06 
7.17 . 

1993 
1993 
1993 
1993 
1993 
1993 

. 1993 
1993 
1994 
1994 
1994 
1994 

7.18 
7.30 

1994 
1994 

7.30 1994 
6.10 1995 
6.21 1995 
7.52 1995 
7.59 1995 
7.84 1995 
8.07 1996 
8.58 1997 
8.70 1997 
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STATE: CALIFORNIA 
2 3 T E N T I A L  SITES 
FOR CITY DEVELOPER 

CITY I D  .W NAME 

305040 BREA 
305179 LA PUENTZ 
305104 E L  CENTRO 
305175 LA HABRA 
3 0 5 1 5 1 IMPERIAL 
305430 CAEAZON 

PRICE YEAR 
CF zz:o ON-LINE 

$ 8.78 1997 
9.03 1998 
9.13 1998 
9.22 1998 
9.25 1998 
10.02 2000 



STATE: C A L I F O ~ ~ I A  
INFERRED SITES 
FOR CITY DEVELOPER 

CITY ID AND NAME 

305173 KING CIYY 
PRICE YEAR 
O F  CEO ON-LINE 

$ 5.57 1993 
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S t a t e  of Colorado 

Sumnary of R e s u l t s  f o r  S t a t e  Aggregation 

69 P o t e n t i a l  C i t y / S i t e  Pairs 

40 I n f e r r e d  C i t y / S i t e  Pairs 

Low Case 

I f  t h e  system development i s  done by p r i v a t e  bus iness ,  15 p o t e n t i a l  

and 3 i n f e r r e d  p a i r s  are economic wi th in  t h e  y e a r  2000 t i m e  frame. 

E x i s t i n g  on l i n e  c a p a c i t y  f o r  t h e  s ta te  i s  6.31 x 1011 Btu/Yr. 

S i g n i f i c a n t  growth i n  q u a n t i t y  of geothermal h e a t  which i s  economic 

beg ins  i n  1994. This increases through t h e  year  2000. The economic 

h e a t  p o t e n t i a l  f o r  t h e  y e a r  2000 i s  10.7 x 1013 Btu/Pr.  

With t h e  c i t y  as t h e  deve loper ,  economic heat-on-l ine i n c r e a s e s  

much f a s t e r .  Xajor  i n c r e a s e s  begin  i n  1983 and r i s e  s t e a d i l y  through 

t h e  y e a r  2000, The economic h e a t  p o t e n t i a l  f o r  t h e  y e a r  2000 i s  6.22 x 

The p o t e n t i a l  heat-on-line can be compared t o  the p r e s e n t  

energy use  i n  t h e  r e s iden t i a l / commerc ia l  s e c t o r  which could be 

pene t r a t ed  i f  r e sources  were a v a i l a b l e  everywhere. This  t o t a l  s ta te  

and i s  24.7 x 1013 Btu/Yr of which geothermal could supply 25%. 

L 

For 

t h e ' c i t y  deve loper  48 p o t e n t i a l  and 29 i n f e r r e d  sites become economic by 

t h e  year  2000. A graph of geothermal energy p o t e n t i a l  by yea r  i s  

, 

r es e n t  ed below. 

The industrial energy supply p o t e n t i a l  w i t h  a p r i v a t e  deve loper  

12 beg ins  with s i g n i f i c a n t  i n c r e a s e s  i n  1990. It i n c r e a s e s  t o  8.33 x 10 

Btu/Pr  by t h e  y e a r  2000. 

\ 
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a3 LORADO 
Geotheriiial D i r e c t  Use 
Po ten t i a l  heat-on-1 i n e  
Low P o l i c y  Case 

-- Key 
I = I n f e r r e d  Grade S i tes  
P = Po ten t i a l  Grade S i t e s  
T = Sunitiiation o f  P and I 

- 

1980 1985 1990 1995 



High Ca .se 

-- 

The high case, a more o p t i m i s t i c  case  f o r  geothermal development, 

These r e s u l t s  a r e  presented is  q u i t e  similar but  with higher  f i g u r e s .  

below i n  t a b u l a r  form along with t h e  resu l t s  f o r  low case f o r  

comparison. 
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N 

Geotheririal D i r e c t  Use 
P o t e n t i a l  heat-on-1 i n e  
High P o l i c y  Case 

r,ey 
I = I n f e r r e d  Grade S i t e s  
P = P o t e n t i a l  Grade S i t e s  
T = Suimiiation o f  P and I 



C I T Y  I D  Ah" NAME 

215160 INDUSTRIAL P A W  
215229 PAGOSA S P R I S S  

215065 CRAIG 
215288 S T E N O A T  SPRIWaS 

215157 IDAPI9 SP2INGS 
215151 HOT SULPHUR SPRINGS 

PRICE 
OF GEO 

$ 2.68 
2.77 
2.80 
3.19 
3.21 
3.24 
3.47 
3.58 

YEAR 
ON-LINE 

1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 

ANNUAL HEAT 
DEWND (NY3TU) 

1,778,502 
0 

24 , 554 
3, 950 

2,911,524 
2,769 

n 
1,100 

215126 GLENWOS3 SPRIGS 3.64 1983 
215227 OURAY 3.64 1983 
215253 RlCO 3.64 1983 
215244 PONCHA SPRINGS 3.85 1963 
215264 SALIDA 4.05 1983 
215254 RIDGWAY 4.41 1983 
2 15005 ALAKlOSA 4.42 1983 
215139 GUNNISON 4.47 1983 

- 
43,559 

0 
0 
0 

31 , 851 
0 

37 , 297 
22.606 

2 15067 CREEDE 4.54 1983 165 826 
215129 G W Y  4.68 1983 2,117 
215297 TELLURIDE 4.69 1983 768 
215045 CARBONDALE 4.71 1983 0 
215282 SILVERTON 5.91 1983 2,112 

215169 KREIWLING 5.50 1985 0 

215318 W E A T  RIDGE 4.29 1984 940,942 
215048 CENTER 4.68 1984 66 
215180 LEADVILLE 4.69 1984 768 

215044 CANON CITY 4.71 1986 221,190 
215099 EVERGREEN 4.72 1986 39,781 
215175 LAYEWOOD 4.88 1986 1,327,140 

I 215144 HAYDEN 5.86 1986 3,318 
215122 GEORGETOWN 5.90 1986 724 
215213 NEW CASTLE 6.58 1986 5 64 
21S220 OK CREEK 6.96 1986 86 
215182 LINCOLN PARK 5.25 1988 0 
2 15009 AF'PLEWCX>D 5.28 1988 44,238 
215207 MINTROSE 5.94 1988 so, 199 
215150 HOOPER 7.89 1989 0 

E 6.18 1990 22,119 215106 
215170 8.18 1990 3,720 
215020 BASALT 8.60 1990 20 
215255 R I F L E  7.34 1991 11,988 

I 

61 



STATE: C O L O W  
PCTESTIAL SITES 
FOR CITY CEVELOPER 

CITY ID Ah9 W 

215278 SILT 
2152i2 NEDERLAND 
215266 SANFORD 
215263 SAGUACHE 
215285 SOUTH FOIX 
215193 M N A S S A  
215087 EAGLE 
215209 WRRISON 
215097 ESTES PAW 
215111 FRASER 
2 15 140 GYPSUM 
215083 DOLORES 
215008 ANTONITO 
215204 MINTURN 
215018 SACA GRANDE 
215260 RWEO 
215303 VAIL 

PRICE 
OF GEO 

s 9.12 
8.63 
8.99 
9.10 
9.38 
9.44 
9.88 
9-84 
7.87 
9.87 
11.39 
12.04 
10.13 
11.28 
12.36 
14.10 
13.75 

YEAR ANNUAL HEAT 
ON-LINE D E W  (fi%TU) 
1991 0 
1992 442 
1992 11,148 
1992 726 
1992 686 
la92 10,153 
1992 1,106 
1994 44 2 
1995 19,058 
1995 1,441 
1995 1 , 106 
1996 0 
1997 1,971 
1997 34,008 
1997 0 
1999 0 
2000 2,199 
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SiLTE: COLO 
INFERRED SITES 
FO2 C I T Y  DNELOPER 

PRICE YEAR WNJ4L HEAT 
OF GEO ON-L IN€ D E P 3  (PhBTU) 

215101 FALCON $ 4.34 1983 1,029 
215012 ASPEN 5.60 1983 33,968 
215233 PAOh'IA 4.80 1984 664 
215211 MTURITA 5.11 1984 0 
2 152 18 hUCLA 5.26 1984 . 0 
215068 CRESTED BUTTE ' 6.42 1985 0 

215108 FOUNTAIN 5.00 1986 553 
215070 CRIPPLE CREEK 6.50 1987 0 

215152 HOTCHKISS 7.61 1988 0 

215217 N3RW03D 6.96 1989 0 

215060 COLOR4DO SPRINGS 4.83 1986 3,317 , 850 

2 1 5 2 9 2 STRATTON PtEmOh5 5.40 1988 221,190 

215200 MEEKER 5.62 1989 110,595 
215195 MWITOU SPRIhGS 5.67 1989 110,595 

2 1 5 30 7 WALDEN 7.06 1989 4,169 
215248 PUEBLO 6.28 1991 2 , 654,280 
215269 SECURITY WIDEFIELD 6.32 1991 221,190 

6.35 1991 22,119 215115 FT CARSON 
215026 BEULAH 8.26 1991 0 
215130 GRAh!! JUNCTION 6.49 1992 1,105,950 

15250 RAGELY 6.62 1992 110,595 
15076 DEL NORTE 10.28 1994 557 

215047 CEDAREDCE 11.43 1995 0 
q15134 GREEN POUNTAIN FALLS . 10,86 1996 0 
215059 COLORADO CITY 11.50 1997 0 

215224 OXH4RD C I T Y  11.55 1999 22 1 

215221 OLATHE 2000 0 

215016 AVSTIN 11.35 1999 1,106 

215077 DELTA 11.79 1999 1 , 327 
215206 WNTE V 2000 209 , 520 



S t a t e  of Idaho 

Summary of Resu l t s  f o r  S t a t e  Aggregation 

22 P o t e n t i a l  C i t y / S i t e  P a i r s  

61 I n f e r r e d  C i t y / S i t e  Pairs 

Low Case 

If t h e  system development i s  done by p r i v a t e  bus iness ,  11 p o t e n t i a l  

and 20 i n f e r r e d  p a i r s  are economic w i t h i n  t h e  y e a r  2000 t i m e  frame. 

E x i s t i n g  on l i n e  capac i ty  for t h e  s t a t e  is 1.27  x 10l2 Btu/Yr. 

S i g n i f i c a n t  growth i n  q u a n t i t y  of geo the rna l  h e a t  which i s  economic 

beg ins  i n  1983. Th i s  i n c r e a s e s  through t h e  y e a r  2000. The economic 

h e a t  p o t e n t i a l  f o r  t h e  y e a r  2000 i s  2.66 x 1013 BtufYr. 

With t h e  c i t y  as t h e  deve loper ,  economic heat-on-l ine i n c r e a s e s  

much f a s t e r .  Major i n c r e z s e s  begin  i n  1983 and r i s e  s t e a d i l y  through 

t h 2  yea r  2000. 

1013 Btu/Tr.  

energy use  i n  t h e  r e s iden t i a l l commerc ia l  s e c t o r  which could be 

pene t r a t ed  i f  r e sources  were a v a i l a b l e  everywhere. This t o t a l  s tate 

demand i s  8 . 5  x 1013 Btu/Yr of which g e o t h e m a l  could  supply 5 5 % .  For 

t h e  c i t y  deve loper  21  p o t e n t i a l  and 60 i n f e r r e d  sites become economic by 

t h e  y e a r  2000. 

presented  below. 

The economic h e a t  p o t e n t i a l  f o r  t h e  y e a r  2000 i s  4.64 x 

The p o t e n t i a l  heat-on-l ine can be compared t o  t h e  p r e s e n t  

A graph of geothermal energy p o t e n t i a l  by year  i s  

The i n d u s t r i a l  energy supply p o t s n z i a l  w i th  a p r i v a t e  developer  

begins  with s i g n i f i c a n t  i n c r e a s e s  i n  1983. 

Stu/Yr by t h e  year 2000. 

It i n c r e a s e s  t o  4.42 x 10 13 

6 4  , 





High Case 

The high case, a more o p t i m i s t i c  case f o r  geothermal development, 

These resu l t s  are presented i s  q u i t e  s i m i l a r  but with h igher  f i g u r e s .  

below i n  t a b u l a r  form along with 

comparison. 

Pa-zs economic by year  2000 
P r i v a t e  Developer Po t e n t  i a l  

C i t y  Developer P o t e n t i a l  
Infer red  

Infer red  

Sear major growth i n  p o t e n t i a l  begins  
P r i v a t e  Developer 
C i t y  Developer 

Economic hea t  p o t e n t i a l  i n  2000 
P r i v a t e  Developer 

Ci ty  Developer 

IndustrLal  hea t  p o t e n t i a l  i n  2000 
P r i v a t e  Developer 

?ercentage of s t a t e  space h e a t  demand* 

*That po r t ion  of t h e  r e s i d e n t i a l  and 

the  r e s u l t s ,  f o r  low case f o r  

Low Case High Case 

11 21 
20 60 
21 21 
60 60 

1983 1984 
1983 1984 

2.66 x 

4.64 x lOI3 

4.64 x 10 13 

4.64 x 10 13 

4.42 5.44 10 13 

55% 55 % 

commercial space hea t ing  and hot  

water demand which could be suppl ied  with d i r e c t  use  geothermal, i f  i t  

were a v a i l a b l e  everywhere. 
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STATE: IDAYO 
POTENTIAL SITES 
FO?. C I T Y  DEVELOPER 

CIR I D  AND NAME 

225025 BOISE 
225132 KETCHUM 
225101 HAILEY 
225218 ROtER'S F O S  
225142 LAVA HOT SPRIGS 
225009 ARC0 
225149 M4LAD CITY 
225211 REXSURG 
225042 CHALLIS 
225175 NEW I"EAD0WS 
225243 SUN VALLEY 

225019 BELLEVUE 
225051 COLLISTER 
225157 E R I D I A N  
225057 CROUCH 
225072 EAGLE 
225153 PIC CAWCIN 
2 2 5 1 14 HOVEDALE 
225005 ALBION 
225116 HORSESHOE BEN9 

225261 kt'EISER 

PRICE 
OF GEO 

$ 1.89 
2.28 
2.43 
2.45 
2.72 
2.87 
3.12 
3.21 
3.26 
3.26 
3.27 
3.62 
3.68 
3.73 
3.75 
4.00 
4.17 
4.21 
4.95 
5.35 
7.71 

YEkR 
ON-L I NE 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1963 
1983 
1983 
1983 
1983 
1983 
1963 
1983 
1983 
1983 
1987 

ANVJAL HEAT 
D E W 4 9  (W'ZTU) 

3,806,169 
6,136 
2,714 

252,895 
6 ,455  

945 
4 90 

79,668 
669 
0 

110,595 
201,588 

0 
0 

272,617 
0 

2,062 
384 
0 
0 
0 
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STATE: IDA93 
I V t E R i E D  S I TES 
FOR CITY DEVEL02ER . 

CITY 10 A M  NAVE PR ICE YEAR ANNUAL HEAT 

225038 CARt44TION FOODS $ 1.30 1983 384 466 
225253 TNIN FALLS 1.49 1983 6,045,276 
225125 32 SIPPLOT CALDkELL 1.67 1983 . 2,021,538 
225031 BURLEY 1.70 1983 4,196,935 
225119 IDA!!0 FALLS 1.79 1983 1,279,398 
225126 JR SIMDLOT HEYBURN 1.79 1983 1,378,322 
2 2 5 140 LAN3-kESTON 1.82 1983 1,088 674 
225006 AN4LGAWTED SUGAR 1.96 1983 3,825,000 
225007 WERICAN FALLS 2.28 1983 200,447 
225220 RUPERT 2.28 1983 845,939 
2 2 5 14 5 LEWI SV I LLE 2.33 1983 1,031,340 
225254 U AK!J I SUGAR 2.46 1983 2,748,929 
225173 NAFPA 2.56 1983 2,678,254 
225039 CASCADE 2.57 1983 1,356 
225201 POCATELLO 2.57 1983 2,767,099 
225080 FAIRFIELD 2.58 1983 0 
225185 ORE-IDA 2.67 1983 1,314,OOO 
225034 CALDELL 2.76 1983 , 3,967 951 
225194 PAYETTE 2.83 1983 655,379 
225021 BLACKFOOT 3.14 1983 3,609,716 

3.16 1983 28,129 225083 FILER 
3.21 1983 21,971 225134 KIf'WERLY 

2 2 5 1 6 1 M3NTPEL I ER 3.31 1983 659 
225215 RIRIE 3.35 1983 354,803 
225192 PARM4 3.36 1983 314,595 
225094 GLENNS FERRY 3.37 1983 331,875 
225151 PAiZSING 3.49 1983 0 
225225 SYELLEY 3.49 1983 60,000 
225228 SODA SPRINGS 3.50 1983 22,430 
225096 GRACE 3.53 1983 0 
225045 CHU3BKK 3.66 1983 0 
225322 SALM3N 3.70 1983 86,355 
225127 JR SIWLOT ASERDEEN 3.94 1983 547,500 
225165 M3UNTAlN HCHE 3.96 1983 45,889 
225206 PRESTON 4.01 1983 0 

I 225112 HEYBURN 4.26 1983 0 
2 2 5 1 24 JEROlT 4.43 1963 24,006 
225029 BUHL 4.44 1983 225,570 
225095 GOODING 4.45 1983 56,328 
225213 RIGBY 4.59 1983 51,710 

OF GEO ON-LINE DEW'9 (Mvr3TU) 

, 
~ 
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STATE: IDA% 
I VFERiED S I TES 
FOR CITY DEVELOPER 

C I TY ID AhD 

215079 EPWTT 
225182 OAKLEY 
225204 HANSEN 
225262 WENDELL 
225255 UCON 
225193 PAUL 
225011 ASHTON 
225232 ST ANTHONY 
225100 HAGERt4W.l 
225001 MERDEEN 
225176 NEW PLYI.Y)UTH 
225055 CQJNCIL 
225242 SUGAR C I W  
225120 IhYoM 
225138 KUNA 
225085 FORT HALL 
225226 SHOSHONE 
225087 FRUITLAW 
225166 POJNTAIN H AFB 
225214 RIGGINS 

PR ICE 
OF GEO 

$ 4.67 
4.85 
4.93 
4.94 
4.95 
5.05 
5.12 
5.14 
5.18 
5.30 
5.33 
5.48 
5.80 
5.80 
6.63 
6.86 
7.33 
7.48 
8.11 
9.77 

YEAR 
ON-L I NE 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
I983 
1983 
1984 
1984 
1987 
1987 
1988 
1989 
1991 
1991 

ANNUAL HEAT 
DEMrlhD (Wc3TU) 

218,659 
935 

6,384 
3,219 

0 
0 

1,115 
125,696 

0 
0 
0 

9,699 
0 
0 
0 

1,570 
721 

155,526 
0 

1,336 

- .  
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Surnmary of Resul t s  f o r  S t a t e  Aggregation 

41 P o t e n t i a l ' C i t y / S i t e  Pairs 

94 I n f e r r e d  C i t y / S i t e  Pairs 

Low Case 

I f  t h e  sys tem development is  done by p r i v a t e  bus iness ,  20 p o t e n t i a l  

and 11 i n f e r r e d  pairs are economic wi th in  the  yea r  2000 t i m e  frame. 

Ex i s t ing  on l i n e  capac i ty  f o r  t h e  s ta te  i s  5 . 7  x lo1' Btu/Yr. 

S i g n i f i c a n t  growth i n  quan t i ty  of geothermal h e a t  which is economic 

begins  i n  1983. This  i nc reases  through the  year  2000. The economic 

hea t  p o t e n t i a l  f o r  t he  year  2000 i s  1 . 7  x 1013 Btu/Yr.  
I 

Vith  t h e  c i t y  as t h e  developer ,  econonic heat-on-line inc reases  

Major i nc reases  begin i n  1983 and r ise s t e a d i l y  through much fas ter .  

the year 2000. The economic hea t  p o t e n t i a l  f o r  the year  2000 is 2.59 x 
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Kigh Case 

The high case, a more o p t i m i s t i c  case f o r  geothermal development 

i s  q u i t e  similar b u t  wi th  h ighe r  f i g u r e s .  These r e s u l t s  are presented  

below i n  t a b u l a r  form along with t h e  r e s u l t s  fo r  low case f o r  

comparison. 

Low Case High Case 

Pairs economic by yea r  2000 
Private Developer P o t e n t i a l  20 39 

I n f e r r e d  11 82 
C i t y  Developer P o t e n t i a l  37 39 

Lnf e r r ed  80 91  

Year n a j o r  growth i n  p o t e n t i a l  begins  
P r i v a t e  Developer 1983 . 1983 
C i ty  Developer 1983 1983 

Economic h e a t  p o t e n t i a l  i n  2000 
Private Developer 1 .7  x 10  l3 2.59 

C i ty  Developer 2.59 x 1013 2.6 x 10 13 

I n d u s t r i a l - h e a t  p o t e n t i a l  i n  2000 
Private Developer 3.88 x lo1’ 7.33 x 1 0 l 2  

Percentage of s t a t e  space  h e a t  demand* 34% 34% 

*That p o r t i o n  of t h e  r e s i d e n t i a l  and commercial space  h e a t i n g  and h o t  

water demand which could be supp l i ed  wi th  d i r e c t  use  geothermal ,  i f  i t  

w e  r e ava il ab 1 e ev erywh ere. 
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0 
t 9  MONTANA 

Geothermal D i  rec  t Use 
P o t e n t i a l  heat-on-1 i n e  
H igh  P o l i c y  Case 

w- 
I = I n f e r r e d  Grade S i t e s  
P = P o t e n t i a l  Grade S i t e s  
T = Sunnilation o f  P and I 

, 1980 
YEAR 

1985 1990 1995 2000 



STATE: W N T A M  
POTENTIAL SITES 
FO2 CITY DEVELOF'ER 

CITY I D  AND N 4 F  PRICE YEAR Ah'MJAL HEkT 

235314 WARM SPRIGS $ 2.55 1983 33,178 
235144 HELENA 2.77 1983 158,483 
235154 HOT SPRINGS 2.93 1983 0 
235008 AN4COtJi)A 2.99 1983 1 1 1,391 
235320 hY1TE SULPHUR SPRIN 3.04 1983 13,714 
235034 BOULDER 3.09 1983 0 

3.14 1983 0 235059 CI-ANCY 
3.15 1983 0 235162 JACKSON 

235322 IJHITEHALL 3.18 1983 36? 607 
3.20 1983 0 235037 BOZEFWN HOT SPR 
3.36 1983 0 235303 TWIN BRIDGES 
3.46 1983 0 235123 GARDINER 
3.52 1983 0 235223 OPPORTUNITY 
3.52 1983 0 235227 P A W I S E  
3.60 1983 0 235098 ENNIS 
3.66 1983 5,773 235092 EAST HELEN4 

235046 SUTTE 3.66 1983 14,775 
3.69 1983 ' 0 235107 FLOWL PARK 
3.69 1983 0 235277 SILVER BOW PkW 
3.79 1983 0 235278 SILVERSTAR 
3.82 1983 0 235053 CENTERVILLE DUSLIN 

235253 RINSLINS 4.14 1983 0 
4.37 1983 0 235200 KGLONE HEIWTS 

235202 PCQUEEN EAST BUTTE 4.40 1983 0 
23 5 3 13 NALKERV I LLE 4.72 1983 0 

4.77 1983 0 235005 A L W a R A  
235201 KqJEEN 4.83 1983 0 
235232 PLAINS 4.85 1983 13,271 
235028 BIG TII.UER 5.09 1983 16,434 
235121 GALEN 6.10 1983 11,059 
235237 PONY 6.99 1983 0 
235295 THREE FORKS 6.39 1984 7,144 

6.83 1985 0 235163 JEFFERSON CITY 
235311 VIRGINIA CITY 7.75 1985 376 
235141 HARRISON 7.90 1985 0 
235019 BASIN 9.48 1988 0 

10.98 1993 0 
2 3 5 326 WI LLOh' CREEK 13.35 1994 0 
235004 ALDER 17.51 1999 0 

OF GEO ON-LINE DEPtQY3 ( W T U )  

235188 LOLO 
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STAT,- : PQRTANA 
INFERRED SITES 
FOR CITY DEVELOPER 

CITY ID AN3 NAVE 

235151 Hr3EXNER WALDORF 
235087 DTA FEED PLANT 
235285 STAUFFER CHEMICAL 
235312 VITA RICH DAIRY 
235008 WCOhQA 
235299 TRIDENT 
235076 CYPRESS IhUdSTRIAL 
235168 KAISER CEMENT 
235011 ASARCO 
Z35100 EVANS PRODUCTS 
235190 LOJISIAN4 PACIFIC 
235306 U.S.  PLYWOOD 
235036 8OZEM4N 
235021 BELGRADE 
235133 GLENDIVE 
235080 DEER LODGE 
235275 SIDNEY 
235137 HAMILTON 
235208 MI SSOULA 
235131 CLASGOW 
235069 CORVALLIS 
235017 BAKER 
235138 HARDIN 
235072 CROW AGENCY 
235206 MILES CITY 
235186 LOX€ GRASS 
235094 EKALAKA 
235058 CIRCLE 
235110 FORSYTH 

2 35 233 PLENTYkO03 
235175 LAME DEER 
235940 8ROADUS 
235103 FAIRVIEW 
235073 CULBERTSON 
235238 PO?LAR 
235269 SC03EY 
235192 PALTA 
235122 GALLATIN GATEWAY 
235166 JORDAN 

235333 W3LF POINT 

PRICE 
OF GEO 

$ 1.80 
1.88 
1.93 

2.02 
2.46 
2.46 
2.57 
2.68 
2.81 
2.81 
2.81 
3.42 
3.49 
3.54 
3.86 
3.99 
4.17 
4.18 
4.25 
4.26 
4.37 
4.44 
4.49 
4.61 
4.67 
4.73 
4.83 
4.83 
4.84 
4.89 
4.91 
4.92 
4.97 
5.05 
5.15 
5.16 
5.28 
5.33 
5.33 

1.93 

76 

YEAR 
ON-L I NE 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1933 
1983 
1983 
1983 
1983 
1983 
1933 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 

WMJAL HEAT 
DEM4ND (PPBTU) 

2 , 875,470 
61 9 , 332 
526,432 
884, 760 
265,428 
265,428 
338,142 
376,023 
221,190 
221,190 
221,190 
67 , 574 
60,584 
65 , 536 
1,135 

59,056 
44,267 
256,403 
17,540 

0 
7 , 379 
451 

1, 327 
18,666 

0 
487 

1,113 
376 

22,119 
383 
0 

553 
553 
553 

2,654 
7 

18,476 
9,666 
553 

. 1,327,140 



235042 BROCKTON 6.07 1983 0 
235252 RICHEY 6.19 1983 0 
2 3 5 1 2 6 GARRY O \ E N  6.38 1983 0 
235117 FROlD 6.58 1983 0 

235222 OPHEIM 6.69 1983 0 
235045 BUSBY 6.81 1983 0 
23 5 3 19 hESTBY 7.02 1983 0 

235264 SAC0 6.30 1984 0 

235115 FRAZER 6.64 1985 0 
235216 N4SHilA 6.77 1985 0 

235120 FT PECK 6.96 1985 0 
235022 BELL CREEK 7.98 1985 0 
235 132 GLASGC)W AFB 7.15 1986 0 
235174 LAmERT 8.64 1986 0 
235134 GRANTSDALE 8.94 I987 0 

6.62 1983 13,271 235077 DARBY 

235152 HOLLY SUGAR 2.46 1984 3,074,541 

235230 PFIZER INC. 3.12 1985 185,800 

235310 VICTOR 6.80 1985 752 



STATE : MDVTAKA 
INFERRED SITES 
FOR CITY DEVELOPER 

I 

C I T Y  I D  Ah9 W E  

2 3 5 2 2 9  PEERLESS 
235281 ST XAVIER 

P R I C E  YEAR ANY'JAL HEAT 
OF GEO ON-L I NE D E W 9  (W3TU) 

, $ 16.12 1997 0 
17.93 1999 0 
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S t a t e  of Nevada 

Summary of R e s u l t s  for S t a t e  Aggregation 

51 P o t e n t i a l  C i t y / S i t e  Pairs 

" 4  I n f e r r e d  C i t y / S i t e  Pairs 

Low Cas e 

If  t h e  system development i s  done by p r i v a t e  bus iness ,  48  p o t e n t i a l  

and 1 i n f e r r e d  p a i r  are economic w i t h i n  t h e  y e a r  2000 t i m e  frame. 

E x i s t i n g  on l i n e  c a p a c i t y  f o r  t h e  s ta te  is 2.4 x 10l1 Btu/Yr. 

S i g n i f i c a n t  growth i n  q u a n t i t y  of geothermal h e a t  which i s  economic 

beg ins  i n  1983. This  i n c r e a s e s  through t h e  y e a r  2000. The economic 

h e a t  p o t e n t i a l  f o r  t h e  y e a r  2000 i s  1.26 x 1013 Stu /Pr .  

With t h e  c i t y  as t h e  deve loper ,  economic heat-on-line i n c r e a s e s  

Major increases begin  i n  1985 and rise s t e a d i l y  through nuch f a s t e r .  

t h e  yea r  2000. 

1013 Btu/Pr .  

energy use  i n  t h e  r e s iden t i a l / commerc ia l  s e c t o r  which could be 

pene t r a t ed  i f  r e sources  were a v a i l a b l e  everywhere. This  t o t a l  s ta te  

demand is  5.19 x 1013 Btu/Yr of which geothermal could  supply  66%. For 

t h e  c i t y  deve loper  48  p o t e n t i a l  and 1 i n f e r r e d  s i te  become economic by 

t h e  yea r  2000. A graph of geothermal energy p o t e n t i a l  by yea r  i s  

presented  b e  1 ow. 

The economic h e a t  p o t e n t i a l  f o r  t h e  yea r  2000 is  3.45 x 

This  p o t e n t i a l  heat-on-line can be  compared t o  t h e  p r e s e n t  

The i n d u s t r i a l  energy supply p o t e n t i a l  w i t h  a p r i v a t e  developer  

begins  with s i g n i f i c a n t  i n c r e a s e s  i n  1985. 

Btu/Yr by t h e  yea r  2000. 

It i n c r e z s e s  t o  1.49 x 10 13 
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High Case 

The high case ,  a more o p t i m i s t i c  case f o r  geothermal development, 

i s  q u i t e  s ini lar  but  with h ighe r  f i g u r e s .  

below i n  t a b u l a r  fonn along with t h e  r e s u l t s  f o r  low case  f o r  

comparison. 

These r e s u l t s  are presented  

Pairs economic by year  
P r i v a t e  Developer 

Low Case High’ Case 

300 
P o t e n t i a l  48 48 
I n f e r r e d  1 1 

C i t y  Developer P o t e n t i a l  48 48 
I n f e r r e d  1 1 

Sear major growth i n  p o t e n t i a l  begins  
P r i v a t e  Developer 1983 1983 
Ci ty  Developer 1983 

P r i v a t e  Developer 1.26 x 1013 3.44 x l o L 3  

Ci ty  Developer 3.45 3.46 10 13 

12 P r i v a t e  Developer 1 . 4 9  x 2.85 x 10 

Econorcic h e a t  p o t e n t i a l  i n  2000 

i n d u s t r i a l  hea t  p o t e n t i a l  i n  2000 

Percentage of s t a t e  space  h e a t  demand* 66% 67% 

*That p o r t i o n  of t h e  r e s i d e n t i a l  and commercial space  h e a t i n g  and h o t  
I 

I water  demand which could be  suppl ied  wi th  d i r e c t  use  geothermal,  i f  i t  - 

wer e ava il ab 1 e every wh ere. 
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STATE: NEVADA 
POTEKTIAL SITES 
FOR CITY Dt?rELO?ER 

CITY I D  AN3 MI% 

245070 E t 3 3  
245025 FALLON 
245021 ELK0 CITY 
245094 WELLS 
245086 VERDI 
245079 STEAMOAT 
2i5029 GARDNERVILLE M1NI)EN 
245014 CARSON CITY 
245013 CARLIN 
245031 GERLACH 
245027 FERNLEY 
215087 VIRGINIA CITY 

* 245012 CALIENTE 

PRICE 
OF GEO 

2.95 
3.00 
3.08 
3.30 
3.41 
3.50 
3.66 
3.70 
3.75 
3.92 
4.06 
4.09 
4.16 

245046 LOVELOCK 4.29 
245030 GENDA 4.34 
245026 FALLON STATION 4.34 
2 4 5 0 8 9 h'ADSh'ORTH 4.38 
245040 JACKPOT 4.47 
245093 hELL1NtTON 4.67 
245023 E I P I R E  4.81 
245033 GOLCONDA 4.81 
245090 WARM SPRINGS .4.97 
245017 DAYTON 5.37 
2 4 5 0 7 6 S I LVERPEAK 5.49 
245050 MC G I L L  5.59 
245022 ELY 5.79 
245007 BEOWAWE 6.02 
2 4 5 0 7 1 ROUh3 YOUNTA 1 N 6.03 
245082 T0NOPAt-I 6.58 
245069 PYRLWD LAKE 6.64 
245067 P A W I S E  VALLEY 6.94 
245056 M3h'TELLO 7.42 
245077 SPARKS 3.33 
245097 KINhEWCCA 4.63 
245098 YERRINSTON ' 4.74 
245044 LAMRO? E L L S  7.60 
245051 MCDERMITT 7.68 
245034 GOLDFIELD 7.91 

R n7 

YEAR 
ON-L 1 NE 

1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983. 
1983 
1983 

, 1 9 8 3  
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1984 
1984 
1984 
1984 
1984 
1985 
1985 

83  

ANVJAL HEAT 
DEtW43 (PWTU) 

1,&49,01-6 
27 649 

6 ,415  
0 
0 
0 

1 880 
166,335 

0 
0 
0 

1,327 
0 

112,365 
0 

110,595 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

7 74 
0 
0 
0 

655,275 
177. 

0 
0 
0 
0 
0 



STATE : NEVADA 
POTENTIAL SITES 
FOR CITY DEVELO?ER 

CITY I D  AND W E  

245063 OhYHEE 
245003 AVSTIN 
245024 EUREKA 
2$5038 IMLAY 
245083 TUSCARORA 
245060 NIXON 
245057 M3UNTAIN CITY 
245006 SEATTY 

PRICE 
OF GEO 

$ 8.22  
9 . 4 8  
9 . 9 4  

12 .13  
14.85 
15 .63  
16 .67  
17 .18  

YEAR 
oh'- L I NE 

1985 
1988 
1988 
1992 
1995 
1996 
1997 
1998 

ANXUAL HEAT 
DEt'Ah3 (M'%TU) 

0 
0 
0 
0 
0 
0 
0 
0 
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STATE :' h'EVA.3A 
IY'ERilED SITES 
FOR C I T Y  DEVELOPER . 

CITY ID A N !  W q  PRICE YEAR ANVJAL HEAT 
OF GEO ON-t INE DEM4ND ( W W )  

0 245069 PYR4YID LAKE $ 10.94  1990 



S t a t e  of Xew Sexico  

Summary of R e s u l t s  f o r  S t a t e  Aggregation 

66 P o t e n t i a l  C i t y / S i t e  Pairs 

36 I n f e r r e d  C i t y / S i t e  Pairs 

Low Case 

I f  t h e  system development i s  done by p r i v a t e  b u s i n e s s ,  2 p o t e n t i a l  

and 3 i n f e r r e d  p a i r s  are economic w i t h i n  t h e  y e a r  2000 t i n e  frame. 

E x i s t i n g  on l i n e  c a p a c i t y  f o r  t he  s t a t e  i s  1.86 x lo1* Btu/Yr. 

S i g n i f i c a n t  growth i n  q u a n t i t y  of geothermal h e a t  which i s  economic 

beg ins  i n  1991. T h i s  i n c r e a s e s  through t h e  yea r  2000. The economic 

h e a t  p o t e n t i a l  f o r  t h e  y e a r  2000 i s  1 x 1013 Btu/Yr. 

With t h e  c i t y  as t h e  deve loper ,  econonic  heat-on-l ine i n c r e a s e s  

Major i n c r e a s e s  begin  i n  1983 and r ise s t e a d i l y  through much f z s t e r .  

t h e  year 2000. 

lOI3 Btu/Yr. 

energy use  i n  t h e  r e s iden t i a l / commerc ia l  s e c t o r  which could be 

pene t r a t ed  i f  r e sources  were a v a i l a b l e  everywhere. This  t o t a l  s t a t e  

The economic h e a t  p o t e n t i a l  f o r  t h e  y e a r  2000 i s  4.04 x 

The p o t e n t i a l  heat-on-l ine can  be  compared t o  t h e  p r e s e n t  

denand is  6.72 x 1013 Btu/Yr of which geothermal could  supply  60%. For 

t h e  c i t y  deve loper  34 p o t e n t i a l  and 30 i n f e r r e d  sites become economic by 

t h e  year 2000. 

presented  below. 

A graph of geothermal energy p o t e n t i a l  by yea r  i s  

The i n d u s t r i a l  energy supply p o t s n t i a l  bit5 a p r i v a t e  deve loper  

\ begins  with s i g n i f i c a n t  i n c r e a s e s  i n  1991. It i n c r e a s e s  t o  8.60 x 10 12 

Etu/Yr by t h e  yea r  2000. 
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NEW MEXICO 
Geothermal Direct Use 
Po tent i a1 hea t-on-1 i ne 
Low Policy Case 

Key 
I = Inferred Grade Sites 
- 
P = Potential Grade Sites 
T = Sunitnation o f  P and I 

1980 
YEAR 

1985 1990 1995 2000 



High Case 

The h igh  case ,  a more o p t i m i s t i c  case f o r  geoth  mal d v e 1 opme n , 

is q u i t e  s imi la r  bu t  wi th  h ighe r  f i g u r e s .  These r e s u l t s  are  p resen ted  

below i n  t a b u l a r  form a long  wi th  t h e  r e s u l t s  f o r  low case f o r  

comparison. 

Low Case High Case 

P a i r s  economic by year 2000 
Private Developer P o t e n t i a l  

C i t y  Developer P o t e n t i a l  
I n f e r r e d  

I n f e r r e d  

Tear  major growth i n  p o t e n t i a l  beg ins  
P r i v a t e  Developer 
C i t y  Developer 

Economic h e a t  p o t e n t i a l  i n  2000 
Private Developer 

C i ty  Developer 

I n d u s t r i a l  h e a t  p o t e n t i a l  i n  2000 
Private Developer 

Percentage  of s t a t e  space  h e a t  demand* 

*That p o r t i o n  of t h e  r e s i d e n t i a l  and 

2 41 
3 31 
34 48 
30 34 

1991 1984 
1983 1983 

1 4.25 10 13 

4.04 4.59 

13 8.60 x 10l2 1.7 x 10 

60% 68% 

commercial space  h e a t i n g  and h o t  

water demand which could b e  supp l i ed  w i t h  d i r e c t  use.geotherma1,  i f  it 

were a v a i l a b l e  everywhere. 
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STATE: NEW INEXICO 
PCTENSIAL S I T E S  
FOR CITY DEELWER 

CITY I D  AN9 W= Pi? ICE 

3551.17 PES~UITE $ 3.09 
255096 LAS CRUCES 3.48 
255088 J E E Z  SPZINSS 3.74 
255189 UNIV PK TORTUGAS 4.03 
255159 SAN MIGUEL 4.09 
255097 LAS VEGAS 4.38 

255174 TAOS 4.91 
255142 RANCHES DE TAOS 4.96 
255141 RADIUM SPRINSS 5.50 
255092 LA YESILLA 5.75 
255152 RUIDOSO 5.24 
255087 J E e Z  PUEBLO 5.36 
255101 LOS ALAKlS 5.46 
2 5 5 1 70 SOCORRO 5.36 
255011 ANTHONY 6.40 
25 5042 ccLumus 5.73 
255198 hSIITE ROCK 5.88 
255061 ESPANOLA 5.90 
255164 SAhTA FE 5.91 
255047 CROhNPOINT 6.16 
255023 BL00YFIEI-D 6.36 
255064 FARMIKTON 6.80 
2 5 5 106 PAGDALEN4 6.84 
255084 HURLEY 7.09 
255167 SANTO DOXIhCO PUEBLO 7.10 
255161. SAN YSIDRO 7.12 
255018 BAYARD 7.k6 
255048 CUSA 7.48 
255007 ALCALDE 8.36 
255169 SILVER CITY 8.40 
255053 DIXON 8.41 
255033 CENTRAL 8.73 
255089 K I R T W  8.73 
255155 SAN &‘TON10 8.64 
255035 CHAW 8.91 
255019 SELEN 8.95 
255050 DEHING 8.89 
255180 TIERRA WARILLA 10.40 
255158 SAN U’Uw\’ PUEBLO 10.50 

Of CEO 

255185 TRUTH OR COKSEQ 4.77 

YEAR 
ON-LINE 
1983 
1983 
1963 
1983 
1983 
1984 
1985 
1985 
1986 
1986 
1986 
1987 
1987 
1987 
1988 
1988 
1989 
1989 ~ 

1989 
1989 
1989 
1990 
1991 
1992 
1992 
1992 
1992 
1993 
1993 
1995 
1995 
1995 
1995 
1995 
1996 
1996 
1996 
1997 
1998 
1999 

ANMJAL HEAT 
DEIMN3 (MV3TU) 

1,183,366 
1,824,800 

0 
663,570 
215,616 
117,231 
8 , 980 
46,715 

0 
0 
0 
0 
0 

553 
118,801 

0 
44,238 

0 
2,013 

326 , 587 
0 

58,527 
183,566 

0 
0 
0 
0 

6,171 
0 
0 

6,016 
0 

619 
0 
0 
0 
0 

142,933 
0 
0 

i 
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STATE: NEW m I C 0  
POTEXTIAL SITES 
COR C I T Y  D S E L O ? E R  

I 

1 

1 

PRICE YEAR ANNLlAL HEAT 
OF CEO ON-LINE D3VihD (WBTU) 

C I T Y  I D  Ah9 tWW 
I 

i 255102 LOS LUNA5 $ 11.20 2000 2,196 
0 2 5 5 1 2 1  WRA 1 1 . 7 4  2000 , 



'TATE: NEW YEXICO 
I <?ERRED SITES 
FOR CITY D3:ELO?ER 

C I T Y  I D  AND RAVE 

255127 NORTH VALLEY 
255006 ALGUC?UERQUE 
2551 72 SOUTH VALLEY 
255140 QUESTA 
255015 ARROYOSECO 
255014 ARROYO HONDO 
2 5 5 08 1 HOLLO'44N 
255910 Ah'IWS 
255118 E'tILAN 
255075 GRANTS 
255175 TAOS PUEBLO 
255024 BOSQUE FAi?MS 
255113 EADOW VISTA 
255093 LA UNION 
255191 VALDEZ 
255173 SPRINGER 
255100 LORCSSURG 
255195 WAGON E.f3?IN3 
2 5 5 109 PAXh'ELL 
255065 FLORA VISTA 
255203 ZUNI 
255037 C I N R R O N  
2 5 5 0 0 5 ALW&ORDO 
255009 ANGCONDA 
255071 GARFIELD 
255078 HATCH 
255146 RINCON 
255034 CEZRRO 
255098 LEMITA! 
255055 DULCE 
255045 COSTILLA 

PRICE 
Of GEO 

$ 2.60 
3.19 
3.26 
3.81 
4.16 
4.30 
4.33 
5.22 
4.63 
4.84 
5.15 
5.17 
6.02 
6.05 
6.14 
5.80 
6.17 

7.63 
6.59 
6.95 
6.87 
7.35 
7.53 
8.37 
8.84 
9.12 
8.91 
9.36 
9.76 
11.49 

6.28 

YEA2 
ON-LINE 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1984 
1985 
1986 
1986 
1987 
1987 
1989 
1990 
1990 
1990 
1930 
1991 
1991 
1992 
1992 
1993 
1993 
1994 
1994 
1996 
1997 
1997 
2000 

ANRJAL HEAT 
D E M h 9  (PPBTU) 

1,149,750 
2,299, 500 
1,149,750 

0 
0 
0 

663,570 
0 

11,500 
13,670 

0 
0 
0 
0 
0 

708 
586 
0 
0 
0 

664 
1 , 327 

63,008 
0 

5,817 
0 
0 
0 
0 
0 
0 

\ 
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S t a t e  of North Dakota 

Summary of Resu l t s  f o r  S t a t e  Aggregation 

128 P o t e n t i a l  C i t y / S i t e  Pairs 

1 I n f e r r e d  C i t y / S i t e  Pairs 

Low Case 

I f  t h e  system development i s  done by p r i v a t e  bus iness ,  5 p o t e n t i a l  

and 0 i n f e r r e d  p a i r s  are economic w i t h i n  t h e  y e a r  2000 time frame. 

E x i s t i n g  on l i n e  c a p a c i t y  f o r  t h e  s ta te  is  1 x 10" Btu/Yr. 

S i g n i f i c a n t  growth i n  q u a n t i t y  of geothermal  h e a t  which i s  economic 

beg ins  i n  1992. This i n c r e a s e s  through t h e  y e a r  2000. The economic 

h e a t  p o t e n t i a l  f o r  t h e  y e a r  2000 i s  1.58 x 1013 Btu/Yr. 

With t h e  c i t y  as t h e  deve loper ,  economic heat-on-l ine i n c r e a s e s  

much f a s t e r .  b j o r  i n c r e a s e s  beg in  i n  1953 and rise s t e a d i l y  through 

t h e  yea r  2000. Tne economic h e a t  p o t e n t i a l  f o r  t h e  yea r  2000 i s  1.58 x 

The p o t e n t i a l  heat-on-line can be  compared t o  the p r e s e n t  Btu/Yr. 

eilergy use  i n  t h e  r e s iden t i a l / commerc ia l  s e c t o r  which could be  

p e n e t r a t e d  i f  r e sources  were a v a i l a b l e  everywhere. Th i s  t o t a l  s ta te  

demand i s  5.29 x 1013 Btu/Yr of which geothermal  could  supply 30%. For 

eveloper  135 p o t e n t i a l  and 0 i n f e r r e d  sites become economic by 

t h e  y e a r  2000. A graph  of geothermal energy p o t e n t i a l  by yea r  is  

presented  below. 

The i n d u s t r i a l  energy supply p o t e n t i a l  wi th  a p r i v a t e  deve loper  

11 
begins  with s i g n i f i c a n t  i n c r e a s e s  i n  1999. It i n c r e a s e s  t o  2.76 x 10 

Btu/Yr by t h e  y e a r  2000. 
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NORTH DAKOTA 
Ceotheriiial Direct Use 
Potential hea t-on-1 ine 
Low Pol icy Case 

Key Key 

I = Inferred Grade S i tes  
P = Potential Grade S i t e s  
T = Suniniation o f  P and I 

1980 
YEAR 

1990 2000 



High Case 

The h igh  case, a mare o p t i m i s t i c  case f o r  geothermal development, 

i s  q u i t e  s i m i l a r  bu t  with h ighe r  f i g u r e s .  These r e s u l t s  are presented  

below i n  t a b u l a r  form along wi th  t h e  r e s u l t s  f o r  low case f o r  

comparison. 

Low Case High Case 

Pairs economic by y e a r  2000 
P r i v a t e  Developer Po t e n t  i a l  5 140 

In fe r r ed  0 0 
C i t y  Developer P o t e n t i a l  135 146 

Inf e r red  0 1 

Tear major growth i n  p o t e n t i a l  beg ins  
Private Developer 1992 1983 
C i ty  Developer 1383 1983 

13 
Economic h e a t  p o t e n t i a l  i n  2000 

P r i v a t e  Developer 1.07 x 1OI2 2.32 x 10  

Ci ty  Developer 1.58 x 1013 2.54 x 10 13 



x 

0 
r 9  

0 cu 

0 
4 

3 
t- cn 
Z 
0 

,I 
-.J 

+ I  

I4 

NORTH DAKOTA 
Geothernial D i r e c t  Use 
P o t e n t i a l  hea t-on-1 i ne 
High P o l i c y  Case 

-.- Key 
I = InFerred Grade S i t e s  
P = P o t e n t i a l  Grade S i t e s  
T = Suinmation o f  P and I 
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YEAR 
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STATE: NORTH DAKOTA 
POTENTIAL SITES 
fO2 C I T Y  DEVELWER . 

I 

I C I T Y  I D  Ah9 N4W PRICE YEAR ANVJAL HEAT 
OF GEO ON-LINE DEYAhD (KWTU) 

I 265133 HETTIGER $ 3.60 1983 278,065 
I 1 265242 RUGBY 3.67 1983 119,213 

265240 RCLLA 3.78 1983 560 
265195 M3HALL 3.82 1983 560 

3.86 1983 12,104 265023 BELCOURT 
1983 1,431 ~ 265127 HARVEY 3.89 

265165 LINTON 3.95 1983 34,557 
I 2 6 507 5 DUMSE ITH 3.96 1983 0 

265091 FESSENDEN 3.96 1983 553 
265288 WESTHOPE 4.02 1983 553 
265239 ROLETTE 4.04 1983 0 
265171 1’29DDOCK 4.05 1983 0 
2 6 5 2 6 3 STRASBURG 4.05 1983 34,479 
265158 LEEDS 4.06 1983 0 
265016 CARSON 4.07 1983 7 
265266 SYKESTON 4.13 1983 0 
2 6 5 296 h‘I SHEK 4.17 1983 43,094 
265257 ST J W N  4.20 1983 0 
26501 7 ASHLEY 4.21 1983 ’ 560 

4.25 1983 6 , 052 265100 FORT YATES 
2 6 5 14 3 KENYARE 4.26 1983 35 , 169 
255072 DRAI<E 4.27 1983 0 

4.33 1983 35,722 
4.33 1983 0 

255032 GOTTINEAU 
265301 EELAN[) 
265011 ANAKDSE 4.34 1983 0 
2 6 5 20 1 MPOLEON 4.36 1983 560 

I 265270 T I G A  4.36 1983 12,895 
I 4.37 1983 0 265033 BO\BELLS 

265088 ESMC)hD 4.41, 1983 0 
265208 NEW TOWN 4.42 1983 10,754 
265279 VELVA 4.43 1983 553 
265130 W E L T O N  4.44 1983 0 

1 265131 W E N  4.44 1983 44,526 
~ 265183 PCCLUSKY . 4.47 1983 33,599 
I 265062 CROSSY 4.49 1983 119 , 206 

265146 KILLDEER 4.49 1983 553 
265051 CENTER 4.49 1983 0 
265094 FLASHER 4.57 1983 553 
265030 BlSSEE 4.59 983 0 
265219 PARSWLL 4.68 1983 553 

1 

, 

I 

i 



STATE: NO2.W DAYOTA 
?!3iENTIAL SITES 
FO?. CITY DEVELOPER 

CITY ID Ah3 W E  P2 I CE 

265223 PETTIBONE 
265114 GOODXICH 
265028 BEULAH 
265082 ELGIN 
265048 C A W Y  
265295 WING 
2651 17 GRANVILLE 
265160 LEHR 
265277 UPfiAq 
265252 SHERWOOC) 
265292 h'ItLOW CITY 
265264 STREETER 
265249 SELFRIDGE 
265122 HALLIDAY 
265039 BUTTE 
265020 BALTA 
265260 STANTON 
265275 TUTTLE 
265205 NEW LEIPZIG 
265058 COLU.EW 
265138 HLlZDSFIELD 
365155 LANSFORD 
265254 SOLEN 
265237 RCBINSON 
205164 LIGNITE 
265211 N001W 
265174 Mh9AREE 
265227 PLAZA 
265121 HAGUE 
265232 REEDER 
2 6 5 2 9 7 LXJLFORD 
265300 ZA? 

OF GEO 
$ 4.77 

4.78 
4.81 
4.84 
4.99 
5.06 
5.10 
5.16 
5.29 
5.29 
5.30 
5.30 
5.32 
5.58 
5.63 
5.77 
5.85 
5.87 
5.97 
5.98 
6.21 
6.22 
6.8& 
6.91 
7.11 
7.11 
7.15 
7.37 
7.51 
7.65 
7.82 
7.95 

YEAR 
ON-L I NE 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 , 

1983 
1983 
1363 
1983 
1983 
1983 
1984 
1984 
1984 
1985 
1985 
1985 
1986 
1986 

AWUAL HEAT 
DEPAPD (/+"-'TU) 

0 
0 
7 

4 , 048 
0 
0 
0 
0 
0 
0 
0 
0 

35,032 
C 
0 
0 

796 
34,461 

0 
0 
0 

560 
0 
0 
7 
0 
0 
0 
0 
0 
0 
0 
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STATE: NORTH DAKOTA 
POTENTIAL SITES 
FOR CITY DEVELOPER 

CITY ID AND NAME PRICE YEAR ANh'LJAL HEAT 
OF GEO ON-LINE D E W 9  (PPBW) 

1986 0 
8.16 1986 0 
8.27 1987 0 

8.75 1988 0 
8.76 1988 0 
9.03 1988 0 
9.08 1968 0 
9.12 1988 0 
9.21 1988 0 
3.77 1989 0 
3.78 1989 553 

265181 PAXBASS $ 8.05 
265095 FLLLYTON 
265179 W R T I N  
265031 B I SPAR& 
265245 RYDER 
265167 ERCER 
265119 GRENORA 
26 5209 NE\@URG 
365149 K W E R  
265112 GOLDENVALLEY 
265265 SURREY 
2 6 5 2 7 6 UNDERWDOD 
265173 M4h3AN 3.78 1989 387,804 
265193 MINOT 3.86 1989 314,364 
265109 GLEN ULLIN 3.90 1989 47,016 

9.27 1989 0 205280 VENTURIA 
9.45 1989 0 265228 PORTAL 
3.92 1990 0 265236 RIVERDALE 

265068 DICKINSON 3.98 1990 1,486,607 
4.03 1990 553 265285 \+'AS%WRN 
4.08 1990 0 265273 TOhWER 

1990 0 265200 MYLO 10.14 
1990 0 265142 KARLSRUHE 10.27 

4.20 1991 560 265207 NEW SALEM 

I 0 265338 BUXIhCTON 4.27 1991 
265132 HEBRON 4.39 1991 2,765 

4.41 1992 553 265034 BO\C44N 

4.42 1992 560 265262 STEELE 
4.47 1992 560 265286 WATFORD CIIY - 
4.53 1992 560 265274 TURTLE M E  

4 . 5 6  1992 560 265259 STANLEY 
4.61 1992 553 265197 tWTT 

1992 0 20 5 0 19 BALFCYJR 
1992 0 

4.78 1993 0 265185 E D I W  
4.80 1993 0 205293 WILTOR 

3.64 1988 842,690 

11.23 
265271 TOLLEY . 11.47 

I '  
I 

I 

I 
1 1 

1 
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STATE: NORTH D X O T A  
?OTENTIAL SITES 
FOR CITY DNELOfER 

CITY I D  AND N 4 E  

265024 BELFIELD 
265180 PAX 
265071 DOUGLAS 
265172 W O T I  
265234 R!-IAPE 
2 6 5 2 90 h'I LOROSE 
265231 RAY 
265026 BERTHOLD 
265013 AhTLER 
265244 RUTHVILLE 
255235 RICHARDTON 
265006 ALPLINT 
265022 BEACH 
265101 FORTUN4 
265069 DOWE 
265161 LEITH 
265066 DEERIK 
265204 NEW EhGLAKI 
265241 ROSS 
2 6 5 2 9 s L!OODh'ORTH 

PRICE 
OF GEO 

$ 4.86 
4.90 

11.71 
11.85 
12.00 
12.10 
5.02 
5.19 
12.94 
13.01 
5.31 
14.59 
6.12 
14.93 
15.64 
15.69 
16.16 
6.80 
17.74 
18.07 

YEAR 
O W L  INE 
1993 
1993 
1993 
1993 
1993 
1993 
1994 
1994 
1994 
1994 
1995 
1996 
1997 
1997 
1997 
1998 
1998 
1999 
2000 
2000 

100 

WN'JAL HEAT 
DEI.'Ab!D (K%TLf) 

0 
0 
0 
0 
0 
0 
0 

553 
0 
0 

531 
0 

15,888 
0 
0 
0 
0 

553 
0 
0 

I 



S t a t e  of Oregon 

Summary of Resul t s  f o r  S t a t e  Aggr s a t i o n  

The state geothermal aggregat ion f o r  Oregon uses  88 P o t e n t i a l  and 1 
In fe r r ed  C i t y / S i t e  pa i r s  a s  a bas i s .  This  is t h e  t o t a l  number of 

resource-user inatches which are considered f o r  economic eva lua t ion .  

Low Case 

The number of poss ib l e  u s e r s  which could be developed are l i s t e d  above. 

Upon a n a l y s i s  using BTHERM, some w i l l  never prove t o  be economic wi th in  t h e  

aggrega t ion  t i m e  frame. 

I f  t h e  d i s t r i c t  hea t ing  system development is done by p r i v a t e  business, 

17 p o t e n t i a l  and 0 i n f e r r e d  c i t y / s i t e  pairs  are economic wi th in  the  year  2000 

t h e  frame. Exis t ing  on-line capac i ty  f o r  t h e  state is 3.33~10 l i  Btu/)*r. 

S i g n i f i c a n t  growth i n  quan t i ty  of geothermal hea t  which is economic 

begins  i n  1984. This  i nc reases  s t e a d i l y  through t h e  year  2020. The economic 

d i r e c t  use  market p o t e n t i a l  f o r  t he  year  2000 i s  4.74~10'~ Btu/yr.  under t h e  

p r i v a t e  development scenar io .  

With t h e  c i t y  as t h e  developer ,  economic heat-on-line inc reases  mcch 

f a s t e r .  Major i nc reases  begin i n  1983 and rise s t e a d i l y  through t h e  year  
13 2020. The economic hea t  market p o t e n t i a l  f o r  t h e  year  2000 i s  5.08~10 

Btu/yr. For the  c i t y  developer 30 p o t e n t i a l  and 0 i n f e r r e d  s i t e s  become 

economic by t h e  year  2300. A graph of t h e  c i t y  developed, geothermal energy 

market p c t e n t i a l  by year  f o r  the  res ident ia l /commerc ia l  s e c t o r s  is presented 

i n  Figure 1. 

1 

The i n d u s t r i a l  energy supply market p o t e n t i a l  wi th  a p r i v a t e  developer 

does not begin u n t i l  a f t e r  1983. 
2000. 

It inc reases  t o  4 . 4 5 ~ 1 0 ~ ~  Btu/yr by the  year  
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OREGON 
Geotheriiial D i r e c t  Use 
Market P o t e n t i a l  heat-on-1 i n e  
Low Pol i c y  Case 

Key 
1 = I n f e r r e d  Grade Ci ty lResource S i t e s  
P = P o t e n t i a l  Grade S i t e s  
T = Suniiiiation o f  P and 1 

I I 
1990 1995 2000 1980 1985 

YEAR 

Figure 1 



High Case 

The high case,  a more o p t i m i s t i c  case €or  geothermal development, is 

q u i t e  similar. These r e s u l t s  are presented below i n  t a b u l a r  form along with 

t h e  r e s u l t s  for low case  f o r  comparison. A graph of c i t y  developed geothermal 

energy market p o t e n t i a l  i n  t h e  high case, fo r  residential/commercial  s e c t o r s  

is  presented i n  Figure 2. 

Low Case High Case 

Pairs economic by year 2000 
P r i v a t e  Developer Po ten t i a l  C i t y / S i t e  17 

C i ty  Developer Po ten t i a l  C i t y / S i t e  30 
Infer red  C i t y / S i t e  0 

In fe r r ed  C i ty /S i t e  0 

Year major growth i n  p o t e n t i a l  begins 
Private Developer 1984 
City Developer 1983 

30 
1 

30 
1 

1983 
1983 

13 5 . 0 9 ~ 1 0  13 Economic hea t  p o t e n t i a l  i n  2000 
Private Developer 4 . 7 4 ~ 1 0  

13 5 . 0 9 ~ 1 0  13 Ci ty  Developer 5 . 0 8 ~ 1 0  

13 4 . 5 5 ~ 1 0 ~ ~  Private Developer 4 . 4 5 ~ 1 0  
I n d u s t r i a l  hea t  p o t e n t i a l  i n  2000 

Sumnary 

It i s  apparent t h a t  geothermal d i r e c t  use can play an important r o l e  i n  

decreasing t h e  state 's  energy dependence on petroleum and o t h e r  f u e l s .  It 

I should be noted t h a t  t h e  economic comparison was made aga ins t  the  cheapest 

conventional f u e l  i n  the  area. This inc ludes  inexpensive Northwsst 
I 

nother  important b e n e f i t  is t h e  conservation of present  supp l i e s  of 

n a t u r a l  gas and lessened demand f o r  e l e c t r i c i t y  t h a t  r e s u l t s  from t h e  

development of geothermal energy. 
i 
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STATE: OREGON ! 

TOTENTIAL SITES 
FOR CITY DEVELOPER 

CITY ID AND NAME PRICE YEAR 

335113 ICLWATH FALLS $ 1.52 1983 
335104 ISLAND CITY 1.98 1983 
335114 LA GRANDE 2.23 1983 
335118 LAKEVIEW 2.35 1983 
335160 ONTARIO 2.38 1983 
335222 VALE 2.41 1983 
335024 EURNS 2.60 1983 
335021 BONANZA 2.83 1983 
335085 HAINES 2.84 1983 
335099 IDANHA 2.84 1983 
335242 BLUE RIVER 3.14 1983 
335220 UNION 3.16 1983 
335013 BAKER 3.23 1983 
335134 MERRILL 3.33 1983 
335109 JORDAlY VALLEY 3.36 1983 
335205 SUMMERVILLE 3.44 1983 
335044 COVE 3.45 1983 
335093 HERMISTON 3.59 1983 
335100 IMBLER 3.60 1983 
335157 NYSSA 3.61 1983 
335168 P0,PTLAND 3.61 1983 
335244 CRaXE 3.71 1983 
335'095 HINES 3.71 1983 
335156 NORTH POKDER 3.75 1983 
335008 ASHLAND 3.75 1983 
335241 BEATTY 3.79 1983 
335209 TALENT 3.80 1983 
335216 TUALATIN 3.84 1983 
335247 SPWGUE RIVER 3.92 1983 
335003 ADRIAN 3.95. 1983 
335211 TifE DALLES 4.02 1983 
335133 MEDFORD 4.23 1983 
335165 PHOENIX 4.28 1983 
335159 OAKRIDGE 4.30 1983 
335215 TROUTDALE 4.31 1983 
335219 UMATILLA 4.32 1983 . 
335051 DETROIT 4.34 1983 
335246 MCKENZIE SRIDOE 4.37 1983 
335138 MILTON FIiSEWATER 4.37 1983 
335162 PAISLEY 4.38 1983 

Cr" ZED ON-LINE 

r 

, 

I 



STATS: OREGON 
POTENTIAL SITES 
FOR CITY DEVELOPER 

CITY ID AND N.h?IE PRICE 

335107 JOEN DAY 
335061 ELGIN 
335236 WOOD VILLAGE 
335084 GRESHAM 
335184 SANZY 
335170 PRAIRIE CITY 
335231 WESTON 
335098 EUNTINGTON 
335066 FAIRVIEW 
335028 CANYON CITY 
335202 STANFIELD 
335128 MALIN 
335127 M R A S  
335105 JACKSONVILLE 
335243 3ROGAN 
335033 CENTRAL POINT 
3 3 5 0 10 ATHENA 
335161 OREGON CITY 
335108 JOHNSON CITY 
335075 GLA!3STOPIS 
335096 HOOD RIVER 
335178 RIt7TSRGRS17E 
335034 CHILOQUIN 
335133 IRRIGON 
3 3 5 13 9 MI LWAUK IE 
335058 SAGLE POINT 
335064 ESTACADA 
335116 LAKE OSWEGO 
335136 MILL CITY 
315520 SGA?3!!3N 
335060 ECHO 
335218 URIAH 
335206 SUMPTER 
335146 MOSIER 
335189 SENECA 
335148 MT VERNON 
335221 UNITY 
3350'/3 GATES 
335102 IONE 
3 3 5 114 FIONUEIENT 

OF GEO 
$ 4.41 

4.42 
4.43 
4.47 
4.52 
4.54 
4.70 
4.76 
4.88 
4.96 
5.10 
5.19 
5.23 
5.44 
5.53 
5.54 
5.59 
5.60 
5.66 
5.65 
5.72 
5.83 
5.88 
5.89 
5.93 
6.13 
6.15 
6.21 
6.25 
6.30 
6.62 
6.89 
7.03 
7.04 
7.06 
7.08 
7.54 
8.12 
8.23 
8.31 

106 

YEAR 
ON-LINE 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
15.83 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
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State of Soh:h Dakota 

Summary of Results for State Aggregation 

56 Potential City/Site  Pairs 

12  City/Site  Pairs 

Low Case 

If the system development i s  done by private business, 5 potential 

and 2 inferred p a i  e year 2000 time frame. 

Existing on li capacity for  the s t a t e  i s  2 .20  x 10" Btu/Yr. 

owth i n  quantity of geothermal heat which i s  economic 



01 
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High Case 

The high case, a more o p t i m i s t i c  case f o r  geothermal development, 

These r e s u l t s  are presented  is  q u i t e  s imilar  but  with h igher  f i g u r e s .  

below i n  t a b u l a r  form d b n g  with  t h e  r e s u l t s  f o r  low case f o r  

comparison. 
- -~ - -  - -- - 

Low Case High Case 

Pairs  economic by y e a r  2000 
Private Developer P o t e n t i a l  5 45 

C i t y  Developer P o t e n t i a l  46 5 1  
I n f e r r e d  2 LO 

I n f e r r e d  11 11 

Year major growth fn  p o t e n t i a l  
Private Developer 19 9 3 1983 
Ci ty  Developer 1985 1983 

Economic h e a t  p o t e n t i a l  i n  2000 
P r i v a t e  Developer 

C i t y  Develope 

I n d u s t r i a l  h e a t  p o t e n t i a l  i n  2000 
P r i v a t e  Develope 

Percentage  of s t a t e  space  heat demand* 6% 17% 



1900 
YEAR 

1985 2000 1990 1995 



STATE: fOJTii DAKOTA 
FOTENTIAL SITES 
FOR C I M  DEVELOPER 

C I N  ID AND NAME PRICE E A R  ANMJAL HEAT 
OF GEO ON-LINE DEPAND (WZTU) 

$ 3.65 1983 73 , 869 
3.70 1983 20,323 

275073 DIAWh9 RING W C H  3.86 1983 0 
' 275050 C W E R L A I N  4.19 1983 25,163 

275094 FAITH 4.50 1983 1,621 

275099 FORT PIERRE 5.26 1983 17,805 
275159 L E W N  5.54 1983 0 

5.57 1983 126,472 
5.59 1983 1,621 

275208 PIERRE 
275205 PHILIP 
275190 NEW UNDERWW 5.66 1983 0 
275142 ISASEL 5.89 1983 0 
2 7 SO 7 8 DUPREE 5.96 1983 l , 621 
2 7 5 146 KENXEBEC 5.98 1983 0 
275214 PRESHO 6.00 1983 1,423 
275193 NORTH EAGLE BUTTE 6.35 1984 0 
275112 GETTYSSURG 6.45 1981 1,621 
275065 CUSTER 6.74 1985 38,018 
275183 KISRIDGE 6.82 1985 13,578 
275189 rim0 6.92 1985 1 , 423 
275132 HOVEN 7.14 1986 35 , 084 
275178 M I O U N 9  7.14 1986 . o  
275250 TIFBER LAKE 7.36 1986 0 
275270 WALL 7.39 1986 0 

7.51 1986 0 
7.59 1987 0 

275171 PARTIN 7.85 1987 40 I 712 
7.89 1987 3,241 

275212 POLL 8.15 1988 0 
275173 K: LAUCHLIN 8.39 1988 0 
275145 KADX.4 8.90 1989 1,423 
275037 BUFFALO 8.97 1989 0 
275123 HERREID 9.42 I990 0 
2 7 5 130 E3SPiR 9.86 1991 0 
275077 DUPER 0 
275239 SPEARFI 13,094 

1,858 

~ 275290 WINNER 4.90 1983 0 

' 
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: STATE: SOUTH DAKOTA 
' INFERiiED SITES i 

I 

FOX CITY DEVELO?ER 

C I T Y  I D A R D I W E  PRICE YEAR Ah'NUAL HEAT 
OF CEO ON-LINE D E W  (MVZTU) 

275278 LEBSTER f 5.57 1983 0 
275116 GROTON 5.76 1983 0 

7.84 1987 0 
8.15 1988 0 

275207 PIEWONT 8.74 1989 0 
275228 RCSLYN 9.18 1990 0 
275027 BRA!3LEY 9.87 1991 0 
275001 ASEROEEN 5.39 1992 0 

i 275006 Ah9OVER 11.98 1994 0 
275195 NORWILLE 14.08 1997 0 



t 

? 
S t a t e  of Utah - 

Summary of R e s u l t s  f o r  S ta te  Aggregation 

59 P o t e n t i a l  C i t y / S i t e  Pairs 

91 I n f e r r e d  C i t y / S i t e  Pairs 

Low Case 

em development i s  done by p r i v a t e  bus iness ,  3 p o t e n t i a l  

and 6 inferred pairs are economic wi th in  the  year 2000 time frame. 

E x i s t i n g  on l i n e  capac i ty  f o r  t he  s ta te  is 1.54  x 10" Btu/Yr. --_ 

S i g n i f i c a n t  growth i n  q u a n t i t y  of 

beg ins  i n  1988. This i n c r e a s e s  throu  ar 2000. The economic 

h e a t  p o t e n t i a l  f o r  t h e  y e a r  2000 i s  4.72 x loL2 BtuJYr. 

With t h e  c i t y  as t h e  deve loper ,  economic heat-on-line i n c r e a s e s  

much f a s t e r .  fiiajor i n c r e a s e s  begin i n  1983 and rise s t e a d i l y  through 

t h e  yea r  2000 is  3.35 x 

o t h e  present 

pply  29%. For 

and 61 i n f e r r e d  s i tes  become econornic by 

e o t h e m a l  energy p o t e n t i a l  by year is 

p l y  p o t e n t i a l  with a p r i v a t e  developer  

Btu/Yr by the  yea r  2000. 
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YEAR 





0 cu 

YEAR 



STATE: UTAY 
POTEtiTIAL SITES 
FOR C I N  DEVELOPER 

C I p l  I D  AND W E  ??.ICE YEAR AFJhqJAL HEAT 

285153 NORTH SALT LAKE s 2.22 1983 23,256,642 
285232 E S T  JORDAN 2 . 2 7  1983 2,169,109 

285206 ST GEORGE 4.47 1983 194,656 
285135 MILFORD 4.55 1983 1,946 

OF GEO ON-LINE DEM4ND (/-%-TU) 

285139 IQNROE 3.43 1983 0 

285149 NEWCASTLE 4.73 1983 0 
285052 ELSIhQRE . .- ._ - 4.87 1983 0 
285230 kEh30 \ /ER 5.03 1983 0 
285099 JOSEPH 5 . 7 1  1983 0 
285128 NRYSVALE 5.80 1983 0 
285059 EUREKA 5.87 1983 0 
285006 A N W E L L 4  6.12 1983 0 
285192 SANTA CLA 7 . 2 2  1983 0 
285060 FAIRVIEW 7.97 1984 0 
285122 MESER 8.16 1985 0 
285144 MT PLEASANT 8.67 1986 0 

3.48 1988 41 7,704 
3.52 1988 48,684 
3.54 1988 507,337 

285134 MIDWAY 3.58 1988 0 
285198 SOL'TH JORDAN 3.59 1988 0 

85091 HONEWILLE 1988 93,364 
285142 MORONI 1988 0 
285191 S N Y  3.68 198 349,297 
235044 DZADER 3.74 198 105,795 

3.82 198 0 
6.06 1989 118,595 

285218 TRZPONTON 3.92 1990 15,118 
285238 WWOS CROSS 
285005 WERICAN FORK 
285168 PLAIN CITY 
285231 MEST BOUNTIFU 
285034 CORINNE 



STATE : UTA! 
POTENTIAL SITES 
FOR CITY DEVELOPER 

' CITY ID A M  N4W P2 I CE YEAR ANVJAL HEAT 
Of GEO ON-L I NE D E M D  (W TU ) 

285071 GARLAh9 s 4 . 5 9  1993 0 
285009 BEAR RIVER CITY 4 . 7 4  1993 0 
285061 FARMINGTON 4 . 7 9  1993 205,187 
285233 E S T  POINT 4 .80  1993 0 

OUNTAIN GREEN 13 .35  1993 0 

28 5 2 36 W I LLARD 4 . 9 4  1994 0 
285171 PLYMC)UTH 4 .95  1994 0 
285092 HDOPER 5.00 1994 9 ,345  
285167 PERRY 5 .75  1996 0 
285200 SOUTH SALT LAKE 6 .01  1997 0 
28 5026 CHARLESTON 6.36  1998 0 

285053 ELWOOO ' 6 . 6 3  1999 0 

4 . 8 8  1994 9 , 2 1 9  

285016 BOdNTIFUL 6 . 5 5  1999 6 78 

I 

I , 
I 
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PRICE YEAR ANWAL HEAT 
OF GEO ON-LINE D E M 3  fW'3TU) 

$ 3 . 8 3  1983 0 
4 . 4 3  1983 0 
4 . 5 4  1983 8 2 , 0 5 9  
5.01 1983 933 ,130  

285074 GOSHEN 5 . 5 0  1983 0 
285160 OREM 5 . 5 4  1983 6 , 8 2 9  
285108 LA VERKIN 5 .95  1983 0 
285038 DELLE 6 . 2 8  1983 I ,  118 ,449  
285095 HU2RICANE 
285145 PdRRAY 
285125 PANTI 

7 . 6 2  1984 0 

285151 NORTH L 

85179 REDMCND 
85182 RIVER HEIGYTS 

85127 WDLETO 



STGTE: UTAY 
INFERZED SITES 
FOR C I T Y  DEVELOPER 

CITY I D  Ah9 NWE PRICE YEAR Ah?<UAL HEAT 

285097 HYRUM $ 5.06 1994 206,512 
5 . 1 3 '  1934 0 

13.61 1994 0 
285223 VIRGIN 13.97 1994 0 
285028 CLAWSTON 5.16 1995 0 
255150 NEWTON 5.17 1995 0 
285082 HARRISVILLE 5.18 1995 0 
28521 1 SUNSET 5.18 1995 0 
285 11 6 LEWI STON 5.36 1995 18,005 
285229 WELLSV1Lt-E 5.38 1995 486 , 740 
285221 VENICE 14.91 1995 15,185 

OF GEO ON-LINE DEl-'AhD (M-TU) 

285201 SOUTH WEBER 5.47 1996 0 
285227 WASHINSTO?! TERRACE 5.68  1996 0 
285121 LYNNDYL 15.99  1996 0 

285136 MILLVILLE 6.00 1997 0 
285113 LEMINGTON . 16.11 1997 0 
285197 SNOWILLE . 17.04 1997 0 
285118 LINDON 6.17 1998 0 

285069 FRUIT HEIGHTS 6.49 1998 0 

285024 CENTERVILLE 5.86 1997 116,963 

-- - 

285112 UYTON 6 .24  1998 38,454 

285101c KAYSVILLE 6.50  1998 205,187 
285141 WRGAN 1998 28,323 
285169 PLEASANT GROVE 1999 293,039 
285123 N G N A  1999 1,7 73,749 
285096 WDE PARK 1999 0 
285049 EAST LAYTON 1999 0 
285058 EUNXH 3999 0 

285090 H O L W A Y  7.29 2000 0 
285177 ?ROVO 7.06 2000 14 ,829 
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State of Washington 

Summary of Resu l t s  f o r  S t a t e  Aggregation 

The state geothermal aggrega t ion  f o r  Washington uses  26 P o t e n t i a l  and 147 
I n f e r r e d  C i t y l S i t e  p a i r s  as a bas i s .  This is t h e  t o t a l  number of  

urce-user matches which are considered f o r  economic eva lua t ion .  

Low Case i 

I The number of poss ib l e  u i 
I Upon a n a l y s i s  us ing  BTHERM, some w i l l  neve prove t o  be economic wi th in  t h e  1 

I I aggrega t ion  time frame. 
I I f  t h e  d i s t r i c t  h e a t  g system development i s  done by private bus iness ,  4 

p o t e n t i a l  and 6 i n f e r r e d  c i t p / s i t e  p a i r s  are economic wi th in  t h e  year  2000 

time frame. Ex i s t ing  on Line capac i ty  f o r  t h e  state is 0. 

S i g n i f i c a n t  growth in q u a n t i t y  of geothermal h e a t  which is economic 

begins  in 1998. The economic 

/y r .  under t h e  c t  use  msrke 
I 

creases much 
f a s t e r .  Ha j o r  i n c r e a s e s  begin 

economic by t h e  year  2 

I i 'yr by :he yaa r  

I 
1 

1 

I 

I 
I 
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Low Case High Case 

conomic by year 2000 
rivate Develooer Potent ia l  Ci tv /S i te  4 25 

6 30 

Inferred City/Si te  29 30 
City Developer Potent ia l  C i t p l s i t e  23 25 

h i n  potent ia l  
1983 





i 
i 
I 
I 
I 
1 
i 

~ 

I CITY DEVELOPER 

~ 

I 345167 OROVILLE $ 3.04 1983 1 
I 3.04 l a g 3  
I 3.16 1983 

345242 WALLX WALL 3.54 1983 i 
i 345281 2AChWOOD 3 ' 62 1983 
i 345176 POZT ANGELES 3.87 1983 
i I 345065 ELLENSBURG 3.92 1983 

! 345250 WEST R 4.29 1983 
i 345255 WILSON 4.52 1983 
! 345189 RENTON 4.80 1983 

345070 ENUMCLAW 4.97 1983 

345024 BUCKLEY 
345100 ISSAQUAH 
345156 NORTH BEND 

STATE : WASXINGTON 
POTENTIAL SITES ~ 

~ 

I 

CITY ID AND NA PRICE YEm 
OF GEO OX-LIXZ 

1 

I 345108 RITTITAS 4.2'7 1983 

I 345209 SNOQUALMIE 
1 i 345188 REDMOND 

345046 CONCRETE 
343329 W L E  VA 
345282 EWJDLE 

345345 RAVENSDALE 
345292 BIRDSVIZW 



STAT3 : WASXNGTON 
INESRRED SITES 
OR CITY DEVELOPER 

CITY ID AND NAME PXICE “EAR 
OF GEO ON-LINE 

345227 TACOMA $ 2.44 1983 
345105 €CENT 3.55 1983 
345104 KSNNEWICK 3.70 1583 
345133 MEDICAL LAKE 3.77 1983 

__. -345339- D I S m  - -  - 3.80 i983 
345148 MOXEE 3.81 1983 
345262 YAKIMA 3.86 1983 

3.90 1983 
3.94 1983 
3.95 1983 

345218 ST JO 3.97 1953 
3 4s 172 PASCO 

345181 PROSSER 
345049 COULEE 
345085 WLDEND 
345215 SPRAGUE 
345197 ROSALIA 
345228 TEKOA 
3 4503 6 CBZbiZY 
345196 ROCKFORD 
345003 ALBION 
345279 CARSON 
345169 OTHELLO 
345230 TIETON 
345204 SELAH 
345077 FIFE 
345038 CLARKSTON 
45071 EPEELATA 
45225 SUMNER 
45055 DAVENPORT 

45150 NACHES 

345191 RICXL 



STATE: : WASHINGTON 
INFERRED SITES 
FOR CITY DEVELOPER 

CITY ID AND NAME PRICE YEAR 

345009 ALBUEW $ 4.26 1983 
345135 RCCK ISL 4.26 i983 
345136 MES 4.26 1983 
345184 QUI 4.27 1983 
345210 SOAP LAKE 4.27 1983 
345244 WAXDEN 4.28 1983 
345266 BUENA 4.28 1983 
345313 FEDERAL WAY 1 4.30 1983 
345008 ASOTIN 4.30 1983 
345047 CONNELL 4.31 1983 
345222 STEVENSON 4.31 1983 

4.31 1983 

OF GEO ON-LINE 

345175 lOMEROY 
345182 PULLMAN 
345112 LA CROSSE 
345200 ROYAL CITY 
345056 DAYTON 
345241 WAITSB 
345214 SPANGL 
345238 UNIONTOWN 
345091 EQiRRAH 
345068 ENDICOTT 
345078 FIRCREST 
345041 COLFPX 

345226 S b . S I D E  
345275 WHITE SWAN 

I 



: WASHINGTON 
INFERRSD SITES 
FOR CITY DEVELOPER 

PRICE YEAR 
OF GEO ON-LINE 

$ 4.61 1983 

4.70 1983 
345015 BINGEN 4.70 1983 
34.5127 MALDEN 4.71 1983 
345220 STAMUCK 4.73 1983 
345215 STOKILhiE 4.75 1983 
345339 OPPORTUNITY 4.75 1983 
3 45 17 1 PALOUSE 

345269 PALISADE 

345083 GIG HA,PBOR 
345007 ARLINGTON 

45357 UNDERWOOD 
345274 WEiEELER 
345271 SAWYER 

345035 CHELAN 





S t a t e  of Wvoming 

Summary of Results f o r  S t a t e  Aggregation 

10 P o t e n t i a l  C i t y / S i t e  Pairs 

20 I n f e r r a d  C i t y / S i t e  Pairs 

Low Case 

If t h e  system development is done by p r i v a t e  bus iness ,  2 p o t e n t i a l  

and 0 i n f e r r e d  pairs are economic wi th in  the yea r  2000 time f r a i e .  

E x i s t i n g  on l i n e  capac i ty  f o r  t h e  s t a t e  is  1 x d3 Btu/Yr. 
S i g n i f i c a n t  growth i n  q u a n t i t y  of g e o t h e n a l  heat which is economic 

begins  i n  1980. This i n  as2s through t h e  yea r  2000. The economic 

hea t  p o t e n t i a l  for t h  

With t h e  c i t y  a e l o p e r ,  economic heat-on-line Fncrgases 

000 is 3.11 x 

ated t o  t h e  present 

resources  

oper 7 p o t e n t i a l  and 

y e a r  2000. 
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High Case 

The high case, a more o p t i n i s t i c  case f o r  gp -o thena l  development, 

is q u i t e  s in i l a r  but with higher figures. These results are  presented 

below i n  t a b u l a r  forin along with t h e  results f o r  low case f o r  

comparison. 

Pairs economic by year 2000 
P r  iva t e Develop e r 

C i t y  Developer 

P o t e n t i a l  
Znferr ed 
P o t e n t i a l  
In fe r r ed  

Low Case Righ Case 

2 8 
0 19 
7 9 
16 19 
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3- WY OM1 NG 
Geo t herilia1 D i  rec t Use 
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0 
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Potential heat-on-1 ine 
High Policy Case 

1980 1985 
YEAR 

1990 1995 2000 
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