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INTRODUCTION 

Alternative sources  of energy w i l l  have t o  b e  developed as t h e  a v a i l -  

a b i l i t y  of t r a d i t i o n a l  energy r e s o u r c e s  con t inues  t o  diminish.  

supp l i ed  w i t h  geothermal  reserves which could p o t e n t i a l l y  supplement t h e  

Arizona is  

e x i s t i n g  energy s u p p l i e s .  Consequently,  p lanning  e f f o r t s  have concent ra ted  

on e s t i m a t i n g  t h e  p o t e n t i a l  of geothermal energy u t i l i z a t i o n  i n  Arizona and 

i n  provid ing  in fo rma t ion  necessa ry  f o r  i t s  p r o s p e c t i v e  commercial izat ion.  

Geothermal commerc ia l iza t ion  p l ans  were prepared f o r  seven d i s t i n c t  

i n t r a s t a t e  subd iv i s ions .  The geothermal r e source  p rospec t  and t h e  p o t e n t i a l  

geothermal  uses  f o r  each area are d i scussed  i n  s e p a r a t e  Area Development 

P lans  (ADPs). The major o b j e c t i v e  of t h e  ADP i s  t o  p rov ide  in fo rma t ion  f o r  

t h e  p r o s p e c t i v e  development and commerc ia l iza t ion  of geothermal  energy i n  

t h e  s p e c i f i e d  area. Attempts are made t o  match t h e  a v a i l a b l e  geothermal 

r e sources  t o  p o t e n t i a l  r e s i d e n t i a l ,  commercial, i n d u s t r i a l  and a g r i c u l t u r a l  

u s e r s .  

Th i s  APP is concerned w i t h  geothermal p o t e n t i a l  i n  Graham and Greenlee 

c o u n t i e s ,  bo th  of which c o n t a i n  s i g n i f i c a n t  q u a n t i t i e s  of geothermal  energy 

t h a t  could be used f o r  i n d u s t r i a l ,  a g r i c u l t u r a l  o r  r e s i d e n t i a l  use.  Pro jec-  

t i o n s  are made of geothermal  h e a t  on l i n e  under bo th  p r i v a t e  and city-owned 

u t i l i t y  development. P o t e n t i a l  u s e r s  of geothermal  energy,  however, are 

l i m i t e d  s i n c e  t h i s  area i s  s p a r s e l y  populated and l a c k s  an  i n d u s t r i a l  base.  

Only a couple  of i n d u s t r i e s  were i d e n t i f i e d  which could u s e  geothermal  energy 

f o r  t h e i r  p rocess  h e a t  needs.  

AREA DEVELOPMENT PLANS 

Arizona has  been d iv ided  i n t o  seven d i s t i n c t  s i n g l e  o r  mul t icounty  

s u b d i v i s i o n s  f o r  which Area Development P l a n s  (ADPs) f o r  geothermal  

-1- 



commercial izat ion have been developed. A map of Arizona p resen ted  i n  

F igure  1 shows t h e s e  areas which are numbered i n  o r d e r  of p lanning  p r i o r i t y .  

Th i s  ADP is concerned w i t h  Graham and Greenlee coun t i e s .  Both metric 

and Eng l i sh  u n i t s  are provided i n  t h e  text.  However, only metric u n i t s  

appear  i n  t h e  t a b l e s  and f i g u r e s .  For convenience,  some common convers ion  

f a c t o r s  are l i s t e d  i n  Table  1. In t h i s  r e p o r t ,  one m i l l i o n  Btu = MBtu. 

~~ 

TABLE 1: SOME COMMON CONVERSION FACTORS 

Length and Volume Conversions: 

To Convert: Mul t ip ly  By: To Obtain 

meters 3.281 f e e t  

k i lome te r s  0.6214 m i l e s  

cub ic  k i lome te r s  0.2399 cub ic  m i l e s  

l i t e r s  0.2642 g a l l o n s  

Temperature Conversions: F = (1.8 x C) + 32 0 0 

GEOTHERMAL RESOURCES 

The areas of i n t e r e s t  i n  Graham and Greenlee c o u n t i e s  l i e  w i t h i n  t h e  

Basin and Range phys iographic  province  which is  c h a r a c t e r i z e d  by numerous 

mountain ranges  r i s i n g  a b r u p t l y  from broad v a l l e y s .  

known t o  s t o r e  thermal  water a t  r e l a t i v e l y  sha l low dep ths  of less than  1200m 

(3940 f t )  are l o c a t e d  w i t h i n  t h e  two coun t i e s .  Numbered boxes i n  F igu re  2 

i d e n t i f y  t h e s e  areas; Table  2 g i v e s  t h e  l o c a t i o n  of each of t h e s e  areas a long  

wi th  rough depth ,  volume and tempera ture  estimates. 

A t  least  s ix  areas 

Graham and Greenlee c o u n t i e s  have more h o t  s p r i n g s  than  any o t h e r  area 

of t h e  state. Also,  Sa f fo rd  i t s e l f  i s  surrounded by proven and p o t e n t i a l  

low t empera ture  geothermal  r e s e r v o i r s ,  and t h e  c e n t e r  of t h e  Sa f fo rd  Basin 

-2- 



P r i o r i  ties 

I) Maricopa 
11) Pima 
111) GrahadGreenlee 
Iv) Pinal 
v) Ytrma 
V I )  Cochise/Santa Cruz 
V I I )  Northern Countfes 

(1,3,4,8,9,13) 

County Names 

I. Apache 
2. Cochise 
3. Coconino 
4. Gila 
5. Graham 
6. Greenlee 
7 .  Maricopa 
8. Mohave 
9.- Navajo 
10. Pima 
11. Pinal  
12. Santa Cruz 
13. Yavapai 
14. vlmla 

Figure  1: Area Development Plans for Arizona. 
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TABLE 2: PROVEN AND POTENTIAL RESERVOIRS OF GRAHAM AND GREENLEE COUNTIES OF LESS THAN 1.2 KM DEPTH 

Modified from Witcher (1979) T r  - Average Rese rvo i r  Temperature 

Method 0 
County/ Loca t ion  Volurge Measured .( C) Depth Tr('c> Geothermometry 0 
Area (km 1 Temperature (km) Temperature( c )  

Green lee  1 T4Sy R30E 18.6 30-67 S u r f a c e  80 1 3  0-180 Quar tz  Mixing Model 
2Na-K-Ca/mg c o r r .  

1 Greenlee  2 T5Sy R30E 18.6 30-83 Surf ace 80 1 3  0-140 Quar tz  , Na-K-Ca 
I 

Graham 1 T6-7Sy R26-28E 61.9 30-50 (0 .30 75 70-115 Quar t z Na-K-Ca 

Ul 

Graham 2 T7-9Sy R24-26E 111.5 30-45 <O.  61  70 30-90 Quar t z ,  Na-K-Ca 

Graham 3 T4-6S, R23-25E 71.2 30-60 a .1 60 70-90 Chalcedony Na-K-Ca 

Graham 4 TlOS, R28-29E 61.9 30-40 <O .61 60 90-110 Quar tz ,  Na-K-Ca 



may b e  as deep as 3000 m (9840 f t )  . 
In t e rmed ia t e  tempera ture  geothermal  p o t e n t i a l  i s  i n f e r r e d  from 

p r e s e n t l y  a v a i l a b l e  g e o l o g i c a l ,  geochemical and geophys ica l  in format ion  

(Witcher,  1979).  The l o c a t i o n s  of several i n f e r r e d  p o t e n t i a l  r e s e r v o i r s  

i n  Graham and Greenlee c o u n t i e s  a long  w i t h  rough 'depth, volume and tem-  

p e r a t u r e  estimates are p resen ted  i n  Table 3.  

Figure  3 shows t h e  l o c a t i o n s  of s p r i n g s  and w e l l s  having tempera tures  

of over  3OoC (86OF). 

t han  365 m (1200 f t )  of b a s i n - f i l l  sediments.  

Also shown are areas which are u n d e r l a i n  by g r e a t e r  

A forthcoming state geothermal  map compiled by t h e  Arizona Bureau 

of Geology and Mineral  Technology and publ ished by t h e  Na t iona l  Oceano- 

g raph ic  and A t m o s p h e r i c  A d m i n i s t r a t i o n  w i l l  p rovide  a c o m p l e t e  and up- 

da t ed  l i s t i n g  on data concerning thermal  w e l l  and s p r i n g  l o c a t i o n s  as 

w e l l  as tempera ture  and dep th  estimates, f l o w  rates and t o t a l  d i s s o l v e d  

s o l i d s .  This  map w i l l  be  a v a i l a b l e  i n  l a t e  1981. 

ECONOMY 

PoDulat ion 

The 1980 popu la t ion  f o r  combined G r a h a m  and Greenlee c o u n t i e s  w a s  34,268. 

With a t o t a l  l and  area of 6497 squa re  m i l e s ,  t h e  two c o u n t i e s  have a popu- 

l a t i o n  d e n s i t y  of f i v e  persons  pe r  squa re  m i l e .  The e t h n i c  breakdown of t h e  

popu la t ion  i s  57 percent whi te ,  33 pe rcen t  Hispanic ,  7 percent Ind ian  and 

1 percen t  black.  

Growth 

The popu la t ion  of Greenlee County grew a t  an  annual  ra te  of 0.78 per-  

c e n t  from 1940 t o  1950. From 1950 t o  1970, t h e  popu la t ion  dec l ined  a t  an  

annual  ra te  of 1.1 percent .  S ince  1970, popu la t ion  has  grown a t  a rate of 

1.5 pe rcen t  annual ly .  Graham county h a s  a l s o  been one of t h e  s lower growing 

-6- 



TABLE 3 : INFERRED INTERMEDIATE TO H I G H  TEMPERATURE ( >90°C) GEOTHERMAL RESERVOIRS 

OF GRAHAM AND GREENLEE COUNTIES OF LESS THAN 2.5 KM DEPTH 

Tr-Av er age  Reservoir Temperature 

Name County 0 Loca t ion  Depth Volume Tr  - C I n f e r e n c e s  

based on 3 
km km 

C Lif t o n  Hot S p r i n g s  Green lee  T4S8 R30E 

Eag le  Creek Hot S p r i n g s  G r  e e n l e e  T4S, R28E 

G i l l a r d  Hot S p r i n g s  G r  e e n l e e  T4S, R30E 

Mar t inez  Ranch G r  e e n l e e  T3S,  R310 

2.0 2.5 170 '8 

2 .o 2.5 130 '8 

2.0 2.5 140 1, 2 

2.0 2.5 130 1, 2 

Cac tus  F l a t  - Artesia Graham T7-9S8 R26E 2.0 2.5 110 l - 8  2 ,  

I Buena Vista Graham T6-7S8 H27-28E 2.0 2.5 120  1, 2 ,  3 

' Whitlock Mountains Area Graham T3-10S, R28-30E 2.0 2.5 110 l, 2 8  

(1) Geo thermometry 

(2) S t r u c t u r e  

(3) Geohpysics/heat  f l ow 



i Figure 31 Areas in Graham and Greenlee  
b r ~ e  underla;,, by Count ies  w i t h  P o t e n t i a l  
>365m A b ~ s i h - ~ l l  S ~ d i - ~ k t S  Geothermal Resources.  

-- - 
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c o u n t i e s  i n  Arizona. 

grew a t  a ra te  of 1.1 percen t  pe r  year .  S ince  1970, Graham County has  

grown a t  a t h r e e  p e r c e n t  annual  rate. A s  i n d i c a t e d  i n  F igu re  4, popu la t ion  

p r o j e c t i o n s  f o r  t h e  combined c o u n t i e s  p l a c e  growth a t  a n  annual  ra te  of 

1 .5  percent .  

j e c t e d  popu la t ions  t o  2020. 

Between 1940 and 1970 t h e  Graham County popu la t ion  

The major towns are l i s t e d  i n  Table  4 a long  w i t h  t h e i r  pro- 

TABLE 4: MAJOR TOWNS I N  GRAHAM AND GREENLEE COUNTIES 

AND THEIR CURRENT AND PROJECTED POPULATIONS 
~~~~~~~ ~~~~ 

G r  e e n l e e  1979 2020 

C l i f t o n  5770 9114 

Duncan 1136 2501 

Morenci 3422 1951 

Res idua l  1472 1834 

Graham 1979 2020 

Saf f o rd  8381 21,246 

Thatcher  3305 7127 

Bylas  1409 780 

Pima 1759 5284 

Res idua l  6945 . 5963 

Sa f fo rd  is  t h e  l a r g e s t  c i t y  i n  t h e  two c o u n t i e s ,  t h e  n e x t  l a r g e s t  be ing  

C l i f t o n .  The popu la t ion  of t h e  Sa f fo rd  area i s  expected t o  expand t o  t h e  n o r t h  

and t o  some degree  t o  t h e  s o u t h  of t h e  town. Most of C l i f t o n  i s  l o c a t e d  i n  a 

canyon surrounded by s ta te  and f e d e r a l l y  owned l and  and p r i v a t e l y  owned Phelps  

Dodge land.  The only  d i r e c t i o n  f o r  growth i s  t o  t h e  south .  

-9- 
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I n d u s t r y  and Employment 

The major s o u r c e  of employinent i n  Graham and Green lee  c o u n t i e s  is  

mining. Most of t h i s  a c t i v i t y  is  concen t r a t ed  i n  Greenlee  County, t h e  

s i t e  of a l a r g e  Phe lps  Dodge copper  m i n e .  W i n g  accoun t s  f o r  25 p e r c e n t  

of a l l  j o b s  i n  t h e  two c o u n t i e s  w i t h  t h e  v a l u e  of mineral p roduc t ion  

exceeding  $250 m i l l i o n  i n  1974. F u t u r e  p r o j e c t i o n s  s u g g e s t  a 2 . 3  p e r c e n t  

annua l  growth ra te  i n  mining employment through 2000, implying t h a t  mining 

w i l l  c o n t i n u e  t o  b e  t h e  major  employer i n  Graham and Green lee  c o u n t i e s .  

The t r a d e  and service s e c t o r s  and l o c a l  government make up 47 p e r c e n t  

of t h e  t o t a l  employment i n  t h e  two c o u n t i e s .  The t r a d e  and service s e c t o r s ,  

expec ted  t o  increase a t  a rate of over  t h r e e  percent p e r  y e a r  t o  2000, are 

p r o j e c t e d  t o  b e  t h e  f a s t e s t  growing s e c t o r s .  

ment levels and p r o j e c t i o n s  t o  2000. 

F i g u r e  5 shows c u r r e n t  employ- 

A g r i c u l t u r e  is a l s o  an impor t an t  s o u r c e  of income f o r  Graham and Greenlee 

c o u n t i e s  d e s p i t e  t h e  f a c t  t h a t  employment i n  a g r i c u l t u r e  accoun t s  f o r  o n l y  

7 p e r c e n t  of t h e  t o t a l .  P r i n c i p a l  c r o p s  i n  t h e  two c o u n t i e s  are c o t t o n ,  

a l f a l f a ,  sorghum and corn.  No s i g n i f i c a n t  changes are expec ted  r e g a r d i n g  

a g r i c u l t u r a l  employment over  t h e  n e x t  20 y e a r s .  

Manufacruring and c o n s t r u c t i o n  are not s i g n i f i c a n t  i n  ei ther county.  

Manufactur ing accoun t s  f o r  less than 1000 j o b s  i n  b o t h  c o u n t i e s  and is  o n l y  

expec ted  t o  grow a t  a 1.3 p e r c e n t  annua l  rate through t h e  y e a r  2000. 

s t r u c t i o n  employment is  expec ted  t o  d e c l i n e  a t  a 1.4 p e r c e n t  annua l  rate. 

Con- 

Income 

B o t h  p e r s o n a l  income and p e r s o n a l  p e r  c a p i t a  income are cons ide red  

s t r o n g  i n d i c a t o r s  of t h e  economic h e a l t h  of a r eg ion .  P r o j e c t i o n s  of t h e  

P lanning  O f f i c e  of t h e  Department of Economic S e c u r i t y  show y e a r l y  in-  

creases i n  p e r s o n a l  income f o r  t h e  n e x t  20 y e a r s  f o r  bo th  Graham and 
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Greenlee coun t i e s .  P r o j e c t i o n s  of pe r sona l  p e r  c a p i t a  income f o r  bo th  

c o u n t i e s  are p resen ted  i n  F igu re  6. The annual  growth rates of 2.3  p e r c e n t  

and 3.0 pe rcen t  f o r  Graham and Greenlee c o u n t i e s ,  r e s p e c t i v e l y ,  r e p r e s e n t  

a s lower ra te  of growth than  is common i n  t h e  more populous Maricopa and 

Pima coun t i e s .  Also,  t h e  types  of employment i n  Graham and Greenlee coun- 

t ies tend t o  pay lower wages than  i n  t h e  more i n d u s t r i a l i z e d  coun t i e s .  

Other Economic I n d i c a t o r s  

F a c t o r s  such as t o t a l  r e t a i l  sales and bank d e p o s i t s  are a d d i t i o n a l  

i n d i c a t o r s  of t h e  h e a l t h  of t h e  economy. 

Between 1968 and 1978, bo th  r e t a i l  sales and bank d e p o s i t s  s t e a d i l y  

inc reased  i n  bo th  coun t i e s .  Graham County r e t a i l  sales inc reased  236 per- 

c e n t  over  t h e  ten-year pe r iod  w h i l e  Greenlee County r e t a i l  sales inc reased  

140 pe rcen t .  Over t h e  same pe r iod ,  bank d e p o s i t s  i nc reased  185 pe rcen t  i n  

Graham County and 162 pe rcen t  i n  Greenlee County. 

I n  conclus ion ,  Graham and Greenlee c o u n t i e s  have t y p i c a l l y  been t h e  

s lower growing c o u n t i e s  i n  Arizona n o t  on ly  i n  popu la t ion  b u t  a l s o  i n  t h e  

o t h e r  gauges of economic wel fare .  Pa radox ica l ly ,  t h e s e  two c o u n t i e s  a l s o  

e x h i b i t  t h e  b e s t  p o t e n t i a l  f o r  geothermal energy u t i l i z a t i o n  i n  t h e  state. 

Both c o u n t i e s  e x h i b i t  an  abundance of w a r m  s p r i n g s  and w e l l s  i d e a l  f o r  

d i r e c t - u s e  a p p l i c a t i o n s .  However, t h e  s p a r s e  popu la t ion  and l a c k  of a n  

i n d u s t r i a l  base  r e s u l t  i n  few p o t e n t i a l  deve lopers  of geothermal  energy. 

LAND OWNERSHIP 

F igures  7 and 8 show g e n e r a l  l and  ownership maps f o r  Graham and 

Greenlee coun t i e s .  Table  5 g i v e s  ac reage  breakdowns f o r  each ownership 

class. Procedures  f o r  a c q u i r i n g  s u r f a c e  and mine ra l  r i g h t s  va ry  depending 

upon which s e c t o r  owns t h e  land.  

-13- 



$7000 

$6000 

$5000 

$40 00 

$3000 

$2000 

$1000 

I 

I I I I I I 

2000 78 80 85 90 95 
._ _ _  __  _ _ _ ~ -  - .  - -  - - ~ 

Figure 6: Personal P e r  Capita Income Project ions f o r  Graham and Greenlee 

Source: Department of Economic Securi ty  
I Counties (1972 Dollars).  

-14- 



Miles 
0 IO 20 30 

I 

L E G E N D  

0 PRIVATE a STATE INDIAN FEDERAL 

, e v. 

GRAHAM COUNTY - LAND OWNERSHIP 

- -. ~ . -  ~- _ _ _  -- 

Figure 7 :  General Land Ownership Map f o r  Graham County. 
Source: Arizona Water Commission (1977) 
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Figure 8: General Land Ownership iMap f o r  Greenlee County. 
Source: Arizona Water Commission (1977)  
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TABLE 5 :  LAND OWNERSHIP IX GRAHAM ASD GRBNLEE COUNTIES 

Graham T o t a l  G r  e e n l e e  T o t a l  
% Acres % Acres 

F e d e r a l  

State 

I n d i a n  

P r iva t e 

T o t a l  

40 

17 

34 

9 

1 ,180,000 

501,500 

1,003,000 

265,500 

79 

12 
0 

9 

947,210 

143,880 

0 

107,910 

2,950,000 1 ,199 ,000  

Energy-use and energy-use p r o j e c t i o n s  t o  t h e  y e a r  2020 f o r  Graham and 

Greenlee c o u n t i e s  are p r e s e n t e d  by u s e r  class i n  Tab le  6 .  

~~ ~ 

(1) TABLE 6: ENERGY-USE PROJECTIONS FOR G W Y  AND GREENLZE COljTTIES 

( T r i l l i o n  Btu) 

197 a ( 2 )  1985 (3) 2000 2020 

R e s i d e n t i a l  

Commercial 

I n d u s t r i a l  

. a i5  

.96 

2.13 

.744 

1.06 

2.26 

To t a l  3.905 
~~ 

4.064 

.65 .72 

1.46 2.95 

2.82 4.29 

4.93 7.96 

(1) Excludes t r a n s p o r t a t i o n ,  l i n e  l o s s e s  and conve r s ion  l o s s e s .  

( 2 )  Developed from Arizona Energy Use, 1 9 7 8 ,  by t h e  D i v i s i o n  of 
Economic and Bus iness  Research, U n i v e r s i t y  of Arizona. 

( 3 )  P r o j e c t i o n s  d e r i v e d  from growth rates from state energy  p r o j e c t i o n s  
performed by New Mexico’-Energy I n s t i t u t e .  
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E l e c t r i c i t y  and n a t u r a l  gas  are t h e  two predominant t y p e s  of 

energy consumed i n  t h e  count ies .  Data on energy consumption f o r  b o t h  

e l e c t r i c i t y  and n a t u r a l  gas  appear  i n  Table  7. These d a t a  do n o t  re- 

p r e s e n t  t o t a l  energy consumption f o r  t h e  c o u n t i e s  b u t  o n l y  t h a t  of t h e  

major c i t i e s  of S a f f o r d ,  Thatcher ,  C l i f t o n  and Morenci as well as some 

r u r a l  areas. This  in format ion  i s  a l s o  presented  i n  Table  8 i n  terms of 

Btu e q u i v a l e n t s .  

~~~ 

TABLE 7: ENERGY CONSUT-ED BY USER CLASS, 1978 

E l e c t r i c i t y  ('I N a t u r a l  Gas c2 1 
(m> CMCF Z 

R e s i d e n t i a l  26,203 156,767 

Commer c i a l  3,625 108,481 

I n d u s t r i a l  2,194 57,995 

I r r i g a t i o n  and 
A g r i c u l t u r e  and Other 83 2,076 

To t a l  32,105 325 , 319 

(1) Sources are Sulphur Spr ings  Val ley Electr ic  Cooperat ive,  Morenci 
Water and Electr ic  Co., and Town of Thatcher.  

(2)  Source i s  Saf ford  Municipal Ut i l i t ies  f o r  Graham County only.  

10 TABLE 8: BTU EQUIVALENTS OF ZTERGY C0:JSUMED (Btu x 10 

Electr ic  N a t u r a l  Gas T o t a l  

R e s i d e n t i a l  8.9 15.7 24.6 

Commer c i a l  1 .2  10.8 12.0 

I n d u s t r i a l  0.7 5.8 6.5 

A g r i c u l t u r e  and Other 0.03 0.2 0.23 

To t a l  10.83 32.5 43.33 
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Average p r i c e s  f o r  energy types are presented  by u s e r  class i n  Table  9. 

TABLE 9:  ESTIMATED 1978 AVERAGE PRICES BY USER CLASS (pe r  MBtu) 

R e s i d e n t i a l  Commercial I n d u s t r i a l  A g r i c u l t u r a l  

E l e c t r i c i t y  $13.09-16.35 $8.80-18.00 $10.17-14.27 $8.80-13.83 

N a t u r a l  Gas $ 3.24-4.29 $3.01 $ 2.86 ---- 
Liquid Petroleum G a s  $ 6.04-6.77 Same Same ---- 
D i s t i l l a t e  $ 4.90 Same Same ---- 

F i g u r e  9 p r e s e n t s  monthly ki lowatt-hour  sales f o r  t h e  v a r i o u s  u t i l i t i e s  

s e r v i n g  Graham and Greenlee c o u n t i e s .  

demand f o r  e l e c t r i c i t y  is  n o t  as pronounced as i t  i s  f o r  c o u n t i e s  such as 

&r icopa  and Pima. A p a r t i a l  e x p l a n a t i o n  f o r  t h i s  type of monthly sale i s  t h e  

u s e  of e l e c t r i c i t y  f o r  i r r i g a t i o n .  However, due t o  lower p e r s o n a l  income 

and a r u r a l  l o c a t i o n ,  less e l e c t r i c i t y  i s  consumed f o r  space  c o n d i t i o n i n g  

dur ing  t h e  summer months i n  Graham and Greenlee c o u n t i e s  than  i n  t h e  more 

populous Maricopa and Pima c o u n t i e s .  

WATER 

Though t h e  August peak i s  r a t h e r  severe, 

F i g u r e s  10  and 11 show p r o j e c t i o n s  of w a t e r  a v a i l a b i l i t y  and u s e  f o r  

Graham and Greenlee c o u n t i e s ,  r e s p e c t i v e l y .  The t h r e e  a l t e r n a t i v e  f u t u r e s  

presented  i n  each f i g u r e  t a k e  i n t o  account  a v a r i e t y  of f a c t o r s  such as 

popula t ion  growth, i n d u s t r i a l  development and consumer h a b i t s  and l i f e -  

s t y l e s  t h a t  w i l l  have an e f f e c t  on t h e  f u t u r e  l e v e l  of water use.  The 

alternative f u t u r e  summaries f o r  G r a h a m  and Greenlee c o u n t i e s  show t h a t  

water d e f i c i t s  are expected even under t h e  most c o n s e r v a t i v e  water d e p l e t i o n  

a l t e r n a t i v e ,  A l t e r n a t i v e  111. 
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Figure 9: Monthly KWh Sales in Graham/Greenlee Counties. 
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GRAHAM COUNTY 
ALTERNATiVE FUTURES 

0 
u) 
0 loo- z 
U 
v) 
3 
0 
X c 

0 -  

PROJECTED ALTERNATIVE WATER DEPLETIONS 
AND DEPENDABLE SUPPLY 

- -. - . .----- -- 
- 

DEPENOABLE SUPPLY 

I , 

my 

(auantlUes In Thousands) 

POPULATION 

HARVESTED ACRES 

URBAN OEPLETTONS AF/MI 

STEAM ELECTRIC DEPLETIONS AFMR 

MINERAL DEPLEllONS AFMR 

AGRICULTURAL DEPL AFMR 

TOTAL WATER D E R  AFMR 

DEPENOABLE WATER AFMR 

SURPLUS SUPPLY (M.) 

ALTERNATIVE FUTURES SUMMARY 

1970 

16.6 

580 

20 

0 

0 

151.0 

159 

132 

cm 

I II 

1990 2020 1990 2020 

37.8 69.0 23.8 30.9 

55.2' 54.1 733 78.0 

3.6 5.7 2 8  3.0 
. o  0 '  0 0 

20.0 50.0 13.0 41.0 

153.0 148.0 204.0 21x0 

228 289 169 192 

141 145 147 145 

(81) (1241 (221 (47) 

. 111 

1990 2020 

23.8 30.9 

49.0 37.0 

2 8  3.0 

0 0 

13.0 41.0 

136.0 101.0 

1 s  145 

147 145 

(5) 0 

F i g u r e  10: Projected Alternatives for Water U s e  in Graham County. 
Source: Arizona Water Commission (1977) 
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GREENLEE COUNTY 

ALTERNATIVE FUTURES 

3 
O 
S 
I- 

PROJECTED ALTERNATIVE WATER DEPLETIONS 
AND DEPENDABLE SUPPLY 

OEPENDABLE SUPPLY 

I I 

. 

ITEM ALTERNATIVE 

(Quantitlea in Thousands) I 

1970 1990 2020 

POPULATION 10.3 33.9 41.8 

HARVESTED ACRES 5.0 5.6 5.8 

URBAN DEPLETIONS AFMR 1.7 3.6 4.4 

STEAM ELECTRIC DEPLETIONS AFMR 0 0 0 

MINERAL DEPLETIONS AFMR 14.0 36.0 99.0 

AGRICULTURAL DEPL AFMR 17.0 17.7 16.5 

TOTAL WATER OEPL AFffR 33 57 120 

DEPENDABLE WATER AFffR 33 43 41 

SURPLUS SUPPLY (Def.) 0 (14) (79)' 

ALTERNATIVE FUTURES SUMMARY 

II 

1990 2020 

13.4 16.5 

5.0 5.0 

1.8 1.8 

0 0 

32.0 720  

15.9 14.2 

48 88 

43 41 

(61 (47) 

111 

1990 2020 

13.4 16.5 

3.0 0 

1.6 1.8 

0 0 

320 72.0 

9.6 0 

4 3  74 

43 41 

0 (33) 

Figure 11: Projected Alternatives f o r  Water Use in Greenlee County. 
Source: Arizona Water Commission (1977) 
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I n  Graham County, t h e  p r o j e c t e d  urban  water u s e s  are g e n e r a l l y  s m a l l  

i n  comparison t o  t o t a l  u s e  and t h e  a v a i l a b i l i t y  of dependable  s u p p l i e s .  In 

Greenlee County, t h e r e  is a l s o  adequate  water t o  meet urban  needs ;  however, 

p r o j e c t e d  water usage  f o r  m i n e r a l  p roduc t ion  exceeds p r o j e c t e d  s u p p l i e s  by 

s u b s t a n t i a l  amounts. F u t u r e  water u s e  by t h e  mineral i n d u s t r y  a l o n e  may 

exceed t h e  dependable  supp ly  of t h i s  county.  

The C e n t r a l  Arizona P r o j e c t  i s  n o t  expec ted  t o  d e l i v e r  l a r g e  q u a n t i t i e s  

of water t o  t h e  area; however, Cha r l e s ton  Dam on t h e  San Pedro River w i l l  

increase dependable  water s u p p l i e s  by approximate ly  12,000 a c r e - f e e t  pe r  

year .  Some a d d i t i o n a l  water is  assumed t o  b e  a v a i l a b l e  t o  Graham and 

Greenlee c o u n t i e s  th rough exchange of p r o j e c t  w a t e r  w i t h  downstream water- 

r i g h t  h o l d e r s  on t h e  G i l a  River, b u t  u n l e s s  f u r t h e r  augmentat ion is achieved  

l a r g e  r e d u c t i o n s  i n  water a v a i l a b i l i t y  are i n e v i t a b l e .  

DISTRICT HEATING 

Because C l i f t o n  and S a f f o r d  are l o c a t e d  i n  a r e g i o n  of known geothermal  

p o t e n t i a l ,  s t u d i e s  t o  d e t e r m i n e  the f e a s i b i l i t y  of  u s i n g  geothermal  energy  

f o r  d i s t r i c t  h e a t i n g  have been performed f o r  b o t h  towns. 

C l i f t o n  

Approximately -- thirds  of a l l  employed per sons  i n  the Cl i f ton /Morenc i  

area work f o r  the Phelps-Dodge copper  mining o p e r a t i o n  i n  Morenci. 

the f a c t  t h a t  C l i f t o n  has o n e  of the most obvious  and b e s t  unders tood  geo- 

D e s p i t e  

thermal r e s o u r c e s  i n  Arizona,  the town has some major  problems t h a t  would 

impede the development of a d i s t r i c t  h e a t i n g  system. These i n c l u d e  confu- 

s i o n  over who owns the l and  and mineral r i g h t s ,  concerns  ove r  t o o  many re- 

g u l a t i o n s  of t h e  Environmental  P r o t e c t i o n  Agency, a l a c k  of c i t y  money and 

the existence of n a t u r a l  g a s  service from an  investor-owned u t i l i t y .  Thus, 
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near-term geothermal development is n o t  realist ic.  D e s p i t e  the problems 

c u r r e n t l y  faced by t h e  town, the fo l lowing  economic a n a l y s i s  p r e s e n t s  

g e n e r a l  r e s u l t s  f o r  e s t a b l i s h i n g  a geothermal d i s t r i c t  h e a t i n g  system i n  

C l i f t o n .  T h i s  a n a l y s i s  assumes p r i v a t e  r a t h e r  than  c i t y  development of 

t h e  resource .  Other assumptions necessa ry  f o r  t h e  a n a l y s i s  are p resen ted  

i n  Table  10. 

TABLE 10: ASSUMPTIONS FOR CLIFTON DISTRICT HEATING SYSTEM 

Var i ab le  Value 

Popu la t ion  1475 

Popu la t ion  Growth 

Resource Temperature 

Depth 

Flow Rate 

Dis t ance  

Heat ing Degree Days 

Peak R e s i d e n t i a l  Heat Demand 

Peak Commercial Heat Demand 

Bond Rate (above i n f l a t i o n )  

Return on Investment  (10%) 

P r i c e  of Na tu ra l  Gas ( p e r  MBtu) 

0 

6OoC (140OF) 

30 m (100 f t )  

1890 l /min  (500 gpm) 

1609 m (1 mi le )  

3431 

14,750,000 Btu /hr  

11,062,500 Btu /hr  

2% 

10% 

$3.30 

Ca lcu la t ed  P r i c e  of Geothermal (pe r  MBtu) $ 5 . 7 4  

An i t emized  c o s t  summary f o r  t h e  d i s t r i c t  h e a t i n g  system i s  p resen ted  i n  

Table  11. R e s u l t s  of t h e  a n a l y s i s  i n d i c a t e  t h a t  even though t h e  dep th  t o  t h e  

r e s o u r c e  is  only  30 m (100 f t ) ,  t h e  l i f e - c y c l e  c o s t  of geothermal  energy would 

n o t  be compet i t ive  w i t h  n a t u r a l  gas  u n t i l  1988. The m a j o r i t y  of t h e  c o s t  is 

. a s s o c i a t e d  w i t h  t h e  r e s i d e n t i a l  r e t r o f i t ,  t h e  commercial convers ion  and t h e  

c e n t r a l  system components. C e n t r a l  d i s t r i b u t i o n  system c o s t s  i n c r e a s e  f o r  

low energy-use d e n s i t y  systems such as t h i s  one. 
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TABLE 11: COST SUMMARY FOR CLIFTON DISTRICT HEATING SYSTEM 

Category 

Research Investment 

Design 

Wells 

Transmission 

D i s t r i b u t i o n  : 

(1) 

( 2 )  

R e s i d e n t i a l  R e t r o f i t  

R e s i d e n t i a l  Hookup 

Commercial Conversion 

Heat Exchangers 

C e n t r a l  System 

T o t a l  

P r e s e n t  Value of C a p i t a l  Cost 

$ 18,022 

362,426 

26,874 

162,369 

785,634 

272,790 

414,913 

99,607 

1,870,825 

$4,013,459 

("Research Investment  i n c l u d e s  t h e  c o s t  of t h e  f i r s t  p roduct ion  w e l l ,  

(2)Wells  i n c l u d e  c o s t  of a second product ion  and i n j e c t i o n  w e l l ,  pumps and 

i n j e c t i o n  w e l l  and pumps. 

lease payments. 

Although a d i s t r i c t  h e a t i n g  system appears  unfavorable  from an  economic 

p o i n t  of view, t h e  t i m e  w i l l  come when geothermal  energy w i l l  be  t h e  b e s t  

energy a l t e r n a t i v e  f o r  t h e  community. Cumulative f u t u r e  sav ings  a v a i l a b l e  

by r e p l a c i n g  n a t u r a l  gas  w i t h  geothermal  energy would b e  $4,647,000 t o  t h e  

yea r  2000. 

Saf f o rd  

With t h e  a s s i s t a n c e  of t h e  New Mexico Energy I n s t i t u t e ,  a p re l imina ry  

f e a s i b i l i t y  s tudy  w a s  performed f o r  a downtown commercial h e a t i n g  d i s t r i c t  

i n  Sa f fo rd ,  Arizona. The s tudy  w a s  based on t h e  assumptions t h a t  t h e  p r o j e c t  

l i f e  i s  20 y e a r s ,  t h e  c o s t  of money is  two p e r c e n t  above i n f l a t i o n  and p r i c e s  

of e l e c t r i c i t y  and n a t u r a l  gas  would i n c r e a s e  a t  t h r e e  p e r c e n t  and f i v e  per-  

c e n t  p e r  yea r  above i n f l a t i o n ,  r e s p e c t i v e l y .  
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The Saf fo rd  downtown commercial d i s t r i c t  c o n s i s t s  of approximate ly  

167 commercial b u i l d i n g s  i n  an area one-half m i l e  l ong  by  o n e - q u a r t e s  mile 

wide. 

9 x 10 Btu /y r ,  

the actual heat d e l i v e r e d  would he 43.7 x 1 0  

s h i p  of a v e r a g e  annua l  demand d i v i d e d  by a v e r a g e  peals demand, peak demand 

The e s t i m a t e d  n a t u r a l  g a s  demand f o r  b t i n g  and h o t  water i s  62.4 

However, d u e  t o  efficiency losses in the u s e  of n a t u r a l  g a s ,  

9 
B t u l y r .  Based on t h e r e l a t i o n -  

6 
f o r  a l l  the b u i l d i n g s  Ls 38.5 x 10 Btu/hr .  T h e  ave rage  u s e r  peak  demand is 

230,550 Btu /hr .  

0 In meet ing  the h e a t i n g  and hot w a t e r  demand w i t h  a 1 7  C C3OoF) tempera- 

0 
t u r e  drop ,  a m i n i m u m  f l o w  rate of 2,565 g a l l o n s  p e r  minute (gpm) of 60 C 

(140°F;! geothermal  w a t e r  is  r e q u i r e d .  

each having a f l o w  rate of 1000 gpm are assumed. 

t o  a d e p t h  of approximate ly  1065 m C3500 f t )  and would b e  l o c a t e d  i n  t h e  

downtown area. 

In th i s  s t u d y  three p r o d u c t i o n  wells 

E a c h w e l l  would b e  d r i l l e d  

A n  i n j e c t i o n  w e l l  would a l s o  be d r i l l e d  t o  a d e p t h  of 610 m 

C2000 f t ) .  

In  a d d i t i o n  t o  t h e  p r o d u c t i o n  and i n j e c t i o n  w e l l s ,  4.0 km (2.5 m i l e s )  

of d i s t r i b u t i o n  p i p e  and 0.40 km (0.25 m i l e s )  of t r a n s m i s s i o n  p i p e  would 

be needed. The d e s i g n  a l s o  i n c o r p o r a t e s  t h r e e  w e l l  pumps, a h e a t  exchanger ,  

c o n t r o l s ,  a c i r c u l a t i o n  pump and r e t r o f i t  and hookup equipment. Tab le  12 

p r e s e n t s  a c o s t  summary of t h e  equipment r e q u i r e d  f o r  t h e  system. 

TABLE 12: COST SUMMARY FOR SAFFORD D I S T X I C T  3 U T I N G  SYSTEM 

Wells 

Heat Ekc hanger 

P i p i n g  

Well Pumps 

Con t r o  Is 
C i r c u l a t i o n  Pump 

R e t r o f i t  and Hookup 

-2 6- 

$ 1,170,000 

120,000 

694,000 

160,000 

20,000 

12,300 

1,109,715 
3,286,000 



I n  a d d i t i o n  t o  t h e  c a p i t a l  c o s t s  necessa ry  t o  i n s t a l l  t h e  system, 

o p e r a t i n g  and maintenance c o s t s  were a l s o  e s t ima ted .  

t o  power t h e  system w a s  e s t i m a t e d  t o  b e  $83,960 p e r  y e a r  based on a rate 

of 6.5~ p e r  k i l o w a t t  hour.  

p e r  y e a r  o r  one p e r c e n t  of c a p i t a l  c o s t s .  

and maintenance c o s t s .  

Cost  of e l e c t r i c i t y  

Maintenance c o s t s  were e s t i m a t e d  t o  b e  $32,860 

Table  13 summarizes t h e  o p e r a t i n g  

TABLE 13: OPERATIXG AND MAINTENANCE COSTS FOR SAFFORD DISTRICT E U T I N G  SYSTEM 

W e l l  pumps (1360 hp) 

C i r c u l a t i n g  pump (165 hp) 

1015 kw 

123 kw 

To t a l  1138 kw 

Hours of o p e r a t i o n  ( p e r  yea r )  1135 

Annual e lectr ic  c o s t  ($.065/kwh) $ 83,956 

Maintenance c o s t s  (per y e a r )  $ 32,860 
Convent iona l  f u e l  c o s t  (1979) $249,600 

A summary of economic r e s u l t s  u s i n g  t h e  n e t  p r e s e n t  v a l u e  investment tech-  

n ique  is p r e s e n t e d  i n  Tab le  14. Although t h e  d i s t r i c t  h e a t i n g  sys tem eco- 

nomic a n a l y s i s  shows a p o s i t i v e  s a v i n g s  ove r  20 y e a r s ,  c o s t  of t h e  geothermal  

system would still be 85 percent of the conventional fue l  cost. It is con- 

c luded  t h a t  a 15 p e r c e n t  s a v i n g s  ove r  20 y e a r s  would n o t  j u s t i f y  the c a p i t a l  

expense r e q u i r e d  f o r  t h i s  p r o j e c t .  

MATCHIXG GEOTHERMAL RESOURCES TO POTENTIAL USERS 

Graham and Greenlee c o u n t i e s  have been found t o  c o n t a i n  significant 

q u a n t i t i e s  of geothermal  energy  which could  b e  used f o r  i n d u s t r i a l ,  a g r i -  

c u l t u r a l  o r  r e s i d e n t i a l  use.  However, t h e  s p a r s e  p o p u l a t i o n  of t h e  two 

c o u n t i e s  resul ts  i n  few i n d u s t r i a l  matches w i t h  geothermal  energy.  Wi th in  

b o t h  c o u n t i e s ,  o n l y  two i n d u s t r i e s  were found which could u s e  105OC C221°F) 
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TABLE 14: ECONOMIC ANALYSIS FOR SAFFORD DISTRICT E A T I N G  SYSTEM 

C a p i t a l  Cost 

Nominal P r e s e n t  Value 

$3,286,000 $3,286,000 

Annual 

Annual 

T o t a l  

Annual 

Opera t ing  Cost (20 yea r s )  83,960 1,845,192 

Maintenance Cost (20 y e a r s )  32,860 548,054 

$5,679,246 

Conventional Fue l  Cost (20 y e a r s )  249,600 6,666,859 

N e t  P r e s e n t  Value 

Pe rcen tage  of Savings 

$ 987,613 

15% 

~~~~ ~~ ~~~~ ~~~ 

geothermal water f o r  p r o c e s s  h e a t  needs. T5e  two i n d u s t r i e s  are a b o t t l i n g  

company and a manufac turer  of s p o r t i n g  and a th le t ic  goods. 

P r o j e c t i o n  of the amount of geothermal energy on l i n e  as a f u n c t i o n  of 

t i m e  r e s u l t e d  from work performed i n  c o n j u c t i o n  w i t h  the New Mexico Energy 

I n s t i t u t e  (_MI). For modeling purposes,  i t  w a s  assumed t h a t  geothermal  

energy  comes on l i n e  when i ts  p r i c e  becomes lower than  tha t  of energy 

alternatives. 

development and city-owned u t i l i t y  development of the r e s o u r c e  is  p resen ted  

i n  F i g u r e s  12  and 13, r e s p e c t i v e l y .  Comparison of the f i g u r e s  shows that 

development of geothermal  energy by a city-owned u t i l i t y  would occur  f a s t e r  

than i t  would under p r i v a t e  development, t h e  d i f f e r e n c e s  between t h e  two c a s e s  

r e s u l t i n g  main ly  from d i f f e r i n g  c a p i t a l  c o s t s .  

The amount of geothermal energy on l i n e  assuming b o t h  p r i v a t e  

R e s u l t s  from F i g u r e s  1 2  and 13 can b e  summarized as fo l lows :  under bo th  

types  of development, once  geothermal energy  came on l i n e  i n  1983, the amount 

of geothermal energy  on l i n e  would r a p i d l y  climb f o r  1 0  t o  30 years .  

more geothermal energy would come on l ine by 1983 under city-owned u t i l i t y  

development than  under p r i v a t e  development. Thus, c i t y  development of t h e  

However, 

r e s o u r c e  occur s  f a s t e r  t han  p r i v a t e  development. For compara t ive  purposes ,  
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Figure 12: Projected Geothermal Heat on Line Under Private Development 
Source: New Mexico Energy I n s t i t u t e  
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Table  15 r e p o r t s  energy on l i n e  i n  terms of b a r r e l s  of o i l  r ep laced  annua l ly  

by geothermal  energy. 

Fu r the r  d e t a i l s  of t h e  NMEI model f o r  p r o j e c t i n g  geothermal  energy on 

l ine  are g iven  i n  Appendix A. 

TABLE 15: BARRELS OF OIL REPLACED BY GEOTHERMAL ENERGY PER YEAR 

Process  Heat Market 

1985 1990 2000 2020 

Private Developer 9955 86 , 250 112,857 132 , 678 

C i t y  U t i l i t y  86 , 964 93 , 750 113 , 750 133 , 928 

Agr ibus iness  and a g r i c u l t u r a l  i n d u s t r i e s  i n  Graham and Greenlee c o u n t i e s  

w e r e  a l s o  i d e n t i f i e d .  Only a few such i n d u s t r i e s  were found. Cur ren t ly ,  

most a g r i c u l t u r a l  p roducts  are expor ted  t o  C a l i f o r n i a  f o r  process ing .  Geo- 

thermal  energy might provide  a low-cost energy source  s u i t a b l e  f o r  a g r i c u l -  

t u r a l  and l i v e s t o c k  process ing .  Development of the p rocess ing  i n d u s t r y  i n  

t h e s e  two c o u n t i e s  would have s i g n i f i c a n t  b e n e f i t s  f o r  t h e  l o c a l  r e s i d e n t s  

and farmers .  

L a s t l y ,  t h e  mining i n d u s t r y  i s  q u i t e  impor tan t  t o  t h e  l o c a l  economy. 

F igu re  14 p r e s e n t s  a Copper is  t h e  p r i n c i p a l  metal which is be ing  mined. 

map of e x i s t i n g  and p o t e n t i a l  dump leach o p e r a t i o n s  i n  Graham and Greenlee 

c o u n t i e s ,  a l l  of which are l o c a t e d  i n  areas of proven o r  p o t e n t i a l  r e sources .  

Geothermal energy may be a b l e  t o  r e p l a c e  convent iona l  energy sources  used 

i n  t h e s e  mining ope ra t ions .  
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Appendix A 

The New Mexico Energy I n s t i t u t e  a t  New Mexico State  U n i v e r s i t y  h a s  

developed a computer s i m u l a t i o n  model, BTHERM, t o  assess t h e  economic fea-  

s i b i l i t y  of r e s i d e n t i a l  and commercial d i s t r i c t  space  h e a t i n g ,  h o t  water 

h e a t i n g  and i n d u s t r i a l  p rocess  h e a t i n g  us ing  low tempera ture  geothermal  

energy. Another model, CASH, w a s  developed t o  d e p i c t  t h e  growth of geo- 

thermal  energy on l i n e  over  t h e  n e x t  40 y e a r s  as a f u n c t i o n  of pr ice  of com- 

p e t i n g  energy sources .  A major assumption of t h e s e  models is  t h a t  geothermal  

energy must be  pr ice-compet i t ive  w i t h  t h e  lowest-cost  conven t iona l  energy 

source  i n  o r d e r  t o  a s s u r e  market cap tu re .  

Development of a geothermal r e source  i s  c h a r a c t e r i z e d  by l a r g e  c a p i t a l  

o u t l a y s ,  b u t  a long-term geothermal investment  has  t h e  p o t e n t i a l  t o  provide  

r e l a t i v e l y  inexpens ive  energy a t  a s t a b l e  pr ice .  Unlike n a t u r a l  gas  and 

e l e c t r i c i t y ,  however, geothermal  energy i s  a n  unknown energy invo lv ing  

c e r t a i n  r i s k s  such  as p r i c e  and r e s e r v o i r  l i f e  and t h e  need f o r  back-up 

systems. 

energy must t a k e  t h e s e  u n c e r t a i n t i e s  i n t o  account.  Thus, c o s t s  may b e  over- 

es t imated  s o  t h a t  t h e  b e n e f i t s  w i l l  n o t  b e  o v e r s t a t e d .  

An a n a l y s i s  of t h e  c o s t s  and economic compet i t iveness  of geothermal 

BTHERM models t h e  r e s i d e n t i a l ,  commercial and i n d u s t r i a l  s e c t o r s  

of a t y p i c a l  c i t y ,  each s e c t o r  having unique energy c o s t s  and energy system 

phys ica l  parameters  as w e l l  as d i f f e r e n t  growth rates. The model posses ses  

t h e  a b i l i t y  t o  model each s e c t o r  i n d i v i d u a l l y  and can  ana lyze  t h e  a p p l i c a t i o n  

of geothermal  energy t o  new growth on ly ,  t o  convers ion  of e x i s t i n g  s t r u c t u r e s  

o r  t o  a combination of both.  The model a l s o  has  t h e  c a p a b i l i t y  t o  model 

b o t h  p r i v a t e  and city-owned u t i l i t y  development of t h e  geothermal  r e source .  
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Output of t h e  model i n c l u d e s  t h e  l e v e l i z e d  p r i c e  p e r  m i l l i o n  Btu of 

d e l i v e r e d  energy, t h e  d iscounted  p r e s e n t  v a l u e  of inves tment  necessary  

and t h e  undiscounted v a l u e s  of inves tments  f o r  p o l i c y  s t u d i e s .  Also ,  

from i n p u t  of t h e  p r i c e  and p r i c e  growth rate of conven t iona l  energy, t h e  

model de te rmines  t h e  d iscounted  o r  undiscounted v a l u e s  f o r  f e d e r a l  and 
i 

state  taxes ,  tax c r e d i t s ,  r o y a l t y  rates, p rope r ty  t axes  and consumer sav ings  

due t o  convers ion  from convent iona l  energy t o  geothermal.  

C e r t a i n  l i m i t a t i o n s  of t h e  model have a l r e a d y  been suggested.  Cos ts ,  

f o r  example, may b e  overes t imated  due t o  sa fegua rds  b u i l t  i n t o  t h e  model t o  

t a k e  i n t o  account  t h e  r i s k s  a s s o c i a t e d  w i t h  geothermal  energy. This over- 

e s t i m a t i o n  of c o s t s  might  r e s u l t  i n  t h e  exc lus ion  of a p o t e n t i a l  u s e  of geo- 

thermal  energy. Another l i m i t a i t o n  is  t h a t  t h e  p r i c e  of n a t u r a l  gas  i s  taken 

as t h e  p r i c e  of compe t i t i ve  (convent iona l )  energy,  b u t  n o t  a l l  u s e r s  have 

access t o  n a t u r a l  gas .  

The o u t p u t  of t h e  model is  n o t  a s u b s t i t u t e  f o r  d e t a i l e d  eng inee r ing  

des ign  s t u d i e s  b u t  i t  is  u s e f u l  f o r  de te rmining  order-of-magnitude c o s t s  

and p o t e n t i a l  b e n e f i t s  of geothermal  energy development. 
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