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POTENTIAL OF GEOTHERMAL ENERGY I N  ARIZONA 

a p a r t  of 

Arizona P a r t i c i p a t i o n  i n  Regional  Opera t ions  
Research f o r  t h e  Development of Geothermal 

Energy, Southwest United States  

F i n a l  Report  f o r  t h e  per iod  June 1 2 ,  1977 - June 11, 1978 

I. INTRODUCTION 

A. PROJECT ORGANIZATION 

The S t a t e  of Arizona i s  p a r t i c i p a t i n g  i n  a geothermal energy 
development and p lanning  p r o j e c t  f o r  t h e  Southwestern U.S.A. ,  sponsored 
by t h e  Department of  Energy and t h e  Four Corners Regional  Development 
Commission. Some of t h e  c o s t s  have been shared by t h e  S ta te  of New 
Mexico and t h e  New Mexico Energy I n s t i t u t e ,  b u t  a l s o  o t h e r s  ( e . g . ,  t h e  
U n i v e r s i t y  of  Arizona f o r  t h e  p a r t i c i p a t i o n  by t h e  S t a t e  of Ar izona) .  
The s t u d y  i s  be ing  d i r e c t e d  and coord ina ted  by t h e  New Mexico Energy 
I n s t i t u t e  a t  New Mexico S t a t e  U n i v e r s i t y ,  w i t h  p a r t i c i p a t i o n  by t h e  
S t a t e s  of Arizona,  Colorado, Nevada, New Mexico and Utah. 

1. Coordina t ion  and Monitoring of Arizona T e a m  E f f o r t s  

The Arizona S o l a r  Energy Research Commission i n  t h e  S t a t e  of Arizona 
i s  t h e  s t a t e  c o o r d i n a t o r  and serves as c o o r d i n a t o r  on p o l i c i e s  and as monitor  
of t h e  Arizona S t a t e  Team e f f o r t s .  It h a s  subcont rac ted  most of t h e  work 
t o  t h e  Bureau of  Geology and Mineral  Technology, U n i v e r s i t y  of Arizona 
as o u t l i n e d  below. It a l s o  h a s  provided i n p u t  of i n s t i t u t i o n a l  and o t h e r  
S t a t e  of Arizona d a t a  as  t i m e  permi t ted .  

2 .  C o l l e c t i o n  of Arizona Geological  and Geothermal Data 

The Bureau of Geology and Mineral  Technology, Geologica l  Survey 
Branch, U n i v e r s i t y  of  Arizona, had t h e  r e s p o n s i b i l i t y  of supply ing  t h e  sci-  
e n t i f i c  and t e c h n i c a l  in format ion  t o  t h e  p r o j e c t .  I n  p a r t i c u l a r  t h i s  
i n c l u d e s  t h e  compi la t ion  o f  r e g i o n a l  g e o l o g i c a l  d a t a ,  d i s t r i c t  o r  area 
g e o l o g i c a l  d a t a  and s i t e  g e o l o g i c a l  d a t a  concerning geothermal energy 
p o t e n t i a l  i n  t h e  S t a t e  of Arizona. The d a t a  genera ted  w a s  t o  be used 
t o  compile t h e  d a t a  f o r  t h e  New Mexico Energy I n s t i t u t e ' s  s c e n a r i o  pro- 
gram f o r  geothermal  energy e v a l u a t i o n  i n  t h e  S t a t e  of Arizona. 

3 .  P r e p a r a t i o n  of Ar izona ' s  Geothermal U t i l i z a t i o n  Scenar ios  

The Department of Chemical Engineer ing,  U n i v e r s i t y  of  Arizona 
w a s  t o  make a series of p r o c e s s  e v a l u a t i o n s  and w a s  t o  p r e p a r e  p r e l i m i n a r y  
b lock  p r o c e s s  diagrams, d e p i c t i n g  s c e n a r i o s  f o r  t h e  u t i l i z a t i o n  of geothermal  
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energy i n  t h e  S t a t e  of Arizona. 
compiled and main ta ined ,  bu t  t h e  major e f f o r t  would concen t r a t e  upon i n -  
d u s t r i e s  i n  t h e  a g r i c u l t u r a l ,  i n d u s t r i a l  and munic ipa l  s e c t o r s  of t h e  S ta te .  

A l i s t  of a l l  suggested uses  would be  

B. OBJECTIVES OF THE PROJECT 

The d e t a i l e d  o b j e c t i v e  and r e s e a r c h  p l a n  was o u t l i n e d  i n  t h e  o r i g i n a l  
two-volume proposa l  submi t ted  t o  DOE and t h e  Four Comers  Regional  Develop- 
ment Commission, coord ina ted  by t h e  New Mexico Energy I n s t i t u t e .  The 
fo l lowing  is  a summary of  those  o b j e c t i v e s :  I 

1. 

2 .  

3 .  

4 .  

5 .  

6. 

7 .  

8. 

9 .  

To Provide t h e  S t a t e  of Arizona w i t h  a v i a b l e  o p t i o n  which, i f  e x e r c i s e d ,  
should l e a d  t o  an  envi ronmenta l ly  a c c e p t a b l e  time-phased commercial 
development of geothermal  energy. 

To be  e f f e c t i v e ,  t h e  program must a d d r e s s  l o c a l  and r e g i o n a l  problems. 

Adopt a miss ion-or ien ted  approach, having as  i ts  g o a l  t h e  a c c e l e r a t i o n  
of geothermal energy i n  commercial a p p l i c a t i o n s .  

S o l i c i t  and i n c l u d e  l o c a l  i n p u t  from i n t e r e s t e d  p a r t i e s  i n  the s ta te .  

Develop use  s c e n a r i o s  f o r  t h e  t ime-phased a p p l i c a t i o n  of geothermal  
r e s o u r c e s ,  based on t h e  p rev ious  o b j e c t i v e s .  

Perform a n  economic a n a l y s i s  w i t h  energy a l t e r n a t i v e s  t o  a s c e r t a i n  whether 
a d i s t i n c t  economic advantage exists f o r  geothermal  development. 

P r o j e c t  estimates of e l e c t r i c  power c o s t s  f o r  geothermal  a p p l i c a t i o n s  
and a l t e r n a t i v e s  o r  convent iona l  sources  and these  p r o j e c t i o n s  should  
cons ide r  a l t e r n a t i v e  a c t i o n s  ( i .e .  t e c h n o l o g i c a l  improvement, tax 
i n c e n t i v e s  o r  loan  gua ran tees )  and t h e i r  impact.  

I d e n t i f y  p o t e n t i a l  r e g i o n a l  c o n t r i b u t i o n s  t o  t h e  n a t i o n a l  energy goa l .  

I d e n t i f y  the  type ,  magnitude and schedul ing  of p u b l i c  a c t i o n .  

Meeting t h e s e  o b j e c t i v e s  w a s  t o  i nvo lve  conducting an o p e r a t i o n s  
r e s e a r c h  and systems a n a l y s i s  i n  s u f f i c i e n t  b read th  and depth t o  suppor t  
t h e  fo rmula t ion  of  r e a l i s t i c  d e t a i l e d  s c e n a r i o s  f o r  t he  development and com- 
mer i ca l  u t i l i z a t i o n  o f  t h e  several geothermal energy r e sources  i n  t h e  r eg ion ,  
cons ide r ing  both  e l e c t r i c  and n o n - e l e c t r i c  a p p l i c a t i o n s  of geothermal energy 
and i d e n t i f y i n g  p o t e n t i a l  u ses  and u s e r s  of t h e  r e s o u r c e s ,  p r o s p e c t i v e  
u t i l i z a t i o n  c y c l e s  and r equ i r ed  development t i m e  s c a l e s .  I n  developing 
t h e  s c e n a r i o s  i t  w a s  cons idered  t o  have t h e  a c t i v e  p a r t i c i p a t i o n  of i n d u s t r y ,  
s ta te  and l o c a l  governments and t h e  l o c a l  communities. 
i n c l u d e  a p re l imina ry  a n a l y s i s  of t h e  s c e n a r i o s  t o  i d e n t i f y  impediments 
t o  t h e i r  r e a l i z a t i o n  and recommendations f o r  p u b l i c  a c t i o n s .  

This  s tudy  w a s  t o  
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I n  c a r r y i n g  ou t  t h i s  p r o j e c t ,  t h e  fo l lowing  w e r e  t o  b e  inc luded:  

1. Data P e r t a i n i n g  t o  t h e  Geothermal Energy Resource Base 

a .  Loca t ion ,  p r o p e r t i e s  and expected magnitude of a l l  known 

b.  Loca t ion ,  p r o p e r t i e s  and expected magnitude of a l l  p o t e n t i a l  

c. Assessment of  t h e  s t a t e  of  knowledge concerning t h e  amount and 

d .  Land ownership o f  a l l  KGRA's and PGRA's ( F e d e r a l ,  S t a t e ,  County, 

e. Leases p r e s e n t l y  a p p l i e d  f o r .  

f .  E x p l o r a t i o n  and assessment  ac t iv i t i e s  completed and i n  p r o g r e s s .  

geothermal r e s o u r c e  areas (KGRA's) i n  t h e  r e g i o n .  

geothermal r e s o u r c e  areas (PGRA's) i n  t h e  r e g i o n .  

l o c a t i o n s  of  geothermal energy r e s o u r c e s  ' i n  t h e  r e g i o n .  

P r i v a t e ,  Other ) .  

g .  Informat ion  a v a i l a b l e  o r  i n f e r r a b l e  concerning i n d u s t r y  p l a n s  f o r  
e x p l o r a t i o n ,  assessment ,  development, o r  product ion .  

2 .  Data P e r t a i n i n g  t o  U t i l i z a t i o n  of  t h e  Resource 

a .  P r e s e n t  usage and u s e r s ,  and t h e i r  d i s t r i b u t i o n  g e o g r a p h i c a l l y  
and w i t h  r e s p e c t  t o  t r a n s p o r t a t i o n ,  r a w  materials, l a b o r  marke ts ,  
and o t h e r  i n f r a s t r u c t u r a l  e lements  n e c e s s a r y  f o r  s u c c e s s f u l  
i n d u s t r i a l ,  a g r i c u l t u r a l  o r  commercial a c t i v i t i e s .  

P r e s e n t  p l a n s  o r  ongoing p r o j e c t s  f o r  new o r  expanded usage such 
as new housing developments, i n d u s t r i a l  expansion o r  t r a n s l o c a t e d  
i n d u s t r i e s .  

P r e s e n t  p r o j e c t i o n s  f o r  growth i n  energy consumption i n  t h e  r e g i o n  
through t h e  y e a r  2020, broken down by s t a t e ,  l o c a t i o n  and t y p e  of 
consumption. 

d .  P r o j e c t i o n s  of t h e  a v a i l a b i l i t y  and c o s t  of a l t e r n a t e  energy s o u r c e s .  

e .  Growth p l a n s  f o r  p rospec t ive  energy u s e r s  ( e l e c t r i c  and n o n e l e c t r i c ) .  

f .  P r o s p e c t i v e  u s e r s  ( e l ec t r i c  and n o n e l e c t r i c ) .  T h e i r  p r e s e n t  energy 

b.  

c. 

s o u r c e s  and p r o j e c t e d  a v a i l a b i l i t y  of  those  s o u r c e s  through 2020. 

3 .  Data P e r t a i n i n g  t o  Legal  and I n s t i t u t i o n a l  F a c t o r s  

a .  E x i s t i n g  laws which a f f e c t  t h e  development p r o c e s s  ( F e d e r a l ,  State,  

b .  

L o c a l ) .  

Regulatory bodies  which impact on geothermal  e n t e r p r i s e s  and 
t h e i r  s p e c i f i c  c h a r t e r s .  

c. P r e s e n t  p o l i c i e s  of t h e s e  bodies .  

d .  Business  p r a c t i c e s ,  p o l i c i e s  and r e l a t i o n s h i p s  of i n d u s t r i a l  
e n t i t i e s  which may s i g n i f i c a n t l y  a f f e c t  t h e  p o t e n t i a l  f o r  u t i l i z a -  
t i o n  of  geothermal  energy r e s o u r c e s .  
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e. Appl icable  environmental  s t a n d a r d s  ( F e d e r a l ,  S t a t e ,  l o c a l ) .  

f .  E x i s t i n g  community a t t i t u d e s  and a t t i t u d e s  of t h o s e  who p u r p o r t  
t o  r e p r e s e n t  t h e  community ( e .g .  a c t i o n  g roups ) .  

g. E x i s t i n g  land-use p l a n s .  

h.  E x i s t i n g  water-use p l ans  and water  a v a i l a b i l i t y .  

i. Socio-economic c o n d i t i o n s  a t  each p r o s p e c t i v e  s i te .  

4 .  Data P e r t a i n i n g  t o  t h e  Economics of Resource E x p l o i t a t i o n  

a .  Major c o s t  f a c t o r s  i n  e x p l o r a t i o n  and assessment .  

b .  Major c o s t  f a c t o r s  i n  f i e l d  development. 

c .  Major c o s t  f a c t o r s  i n  u t i l i z a t i o n .  

d .  Tax p o l i c i e s  (Fede ra l ,  S t a t e ,  Loca l ) .  

e. 

f .  C a p i t a l  a m o r t i z a t i o n  p o l i c i e s .  

C a p i t a l  c o s t s  - by i n d u s t r y .  

5 .  D a t a  P e r t a i n i n g  t o  Technology Development 

a. Ongoing f e d e r a l  and non-federa l  programs and t a r g e t  d a t e s  f o r  
technology r e a d i n e s s .  

6 .  Data P e r t a i n i n g  t o  Regional I n d u s t r y  S t a t u s  

C a p i t a l  p o s i t i o n  - by i n d u s t r y .  a. 

b .  Manpower a v a i l a b i l i t y .  

c. Equipment a v a i l a b i l i t y .  

A s  used h e r e  t h e  term s c e n a r i o  r e f e r s  t o  a r easonab le  s t a t emen t  
of  what could  be  achieved  i n  b r i n g i n g  geothermal power, bo th  e l e c t r i c  
and n o n - e l e c t r i c ,  "on-line". By t h i s  d e f i n i t i o n  t h e  s c e n a r i o  i s  n o t  
a p r o j e c t i o n  o r  p r e d i c t i o n  of what i s  l i k e l y  t o  happen based on p a s t  and 
p r e s e n t  c o n d i t i o n s  and p r e s e n t  programs f o r  geothermal development b u t  
i t  invo lves  p o s i t i v e  a c t i o n s  which must be  taken  by t h e  p r i v a t e  and 
p u b l i c  s e c t o r s  i n  o r d e r  f o r  t h e  s c e n a r i o  t o  m a t e r i a l i z e .  

Fo r  each s c e n a r i o  t h e  fo l lowing  t h i n g s  were t o  be prepared .  

1. A t e n t a t i v e  development schedule  f o r  each s i t e .  

2 .  

3 .  D e l i n e a t i o n  of  s p e c i f i c  e x i s t i n g  impediments t o  each r e q u i r e d  f a v o r a b l e  

A schedu le  of r e q u i r e d  d e c i s i o n s  by each p a r t i c i p a n t  i n  t h e  development, 
i n c l u d i n g  approva l  d e c i s i o n s  by r e g u l a t o r y  bod ies .  

d e c i s i o n .  

Analyses o f  t h e  p o s s i b l e  f e d e r a l  o r  s t a t e  programs which could enhance 
t h e  p r o b a b i l i t y  of ach iev ing  t ime ly  development. 

4 .  
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The r e g i o n a l  program p r o g r e s s  w i l l  b e  based on a r e c o g n i t i o n  of 
t h e  f a c t  t h a t  a series of a c t i v i t i e s  must b e  c a r r i e d  out  i n  o r d e r  f o r  a 
geothermal  energy r e s o u r c e  t o p r o g r e s s  from an undiscovered r e s o u r c e  s t a t u s  
t o  a product ive  energy u t i l i z a t i o n  s t a t u s .  
are g e o l o g i c a l  and geophys ica l  e x p l o r a t i o n ,  r e s e r v o i r  assessment  and 
e v a l u a t i o n ,  r e s e r v o i r  development, p l a n t  d e s i g n  and p l a n t  c o n s t r u c t i o n .  
Q u a n t i t a t i v e  measures of  t h e  r e s o u r c e s  involved i n  each of t h e s e  a c t i v i t i e s  
o r  phases  of development can be u s e f u l  g r o s s  i n d i c a t o r s  of p r o g r e s s  i n  
r e g i o n a l  geothermal  energy r e s o u r c e  development. 

Included i n  t h e s e  a c t i v i t i e s  

Several comments regard ing  t h e s e  o b j e c t i v e s  were a l s o  made a t  
t h e  s t a r t  of t h e  p r o j e c t  w i t h  r e s p e c t  t o  t h e  S t a t e  of Arizona as fo l lows:  

1. Due t o  a l a c k  of g e o l o g i c a l  f i e l d  d a t a  on a s ta te-wide b a s i s  f o r  
geothermal energy,  t h e r e  must b e  much s p e c u l a t i v e  d a t a  provided 
f o r  t h e  o p e r a t i o n s  r e s e a r c h  s c e n a r i o s .  

2. Since  many persons  w i t h i n  t h e  S ta te ,  as  w e l l  as many i n  t h e  o t h e r  
p a r t i c i p a t i n g  s ta tes  b e l i e v e  t h a t  much of t h e  o p e r a t i o n s  r e s e a r c h  
program i s  g e t t i n g  t h e  "cart  b e f o r e  t h e  horse",  i . e .  "hard d a t a "  
a re  needed b e f o r e  some of  t h e  s c e n a r i o s  can have r ea l  meaning, 
i t  w a s  a n t i c i p a t e d  t h a t  ( a )  educated guesses  could b e  made t o  
supply  t h e  d a t a  r e q u e s t s  and a t  t h e  s a m e  t i m e ,  (b) major e f f o r t  
would be  devoted t o  c o l l e c t i n g  t h e  Arizona g e o l o g i c a l  geothermal  
d a t a  and p r e p a r i n g  t h e  Arizona u t i l i z a t i o n  s c e n a r i o s ,  so t h a t  such 
know-how could b e  e s t a b l i s h e d  f o r  t h e  p o t e n t i a l i t i e s  of geothermal 
energy i n  Arizona. 

3 .  Since  i n  t h e  r e g i o n a l  s c e n a r i o  p r e p a r a t i o n ,  t h e  i n t e r p r e t a t i o n  of 
h i g h l y  s p e c i a l i z e d  g e o l o g i c a l  d a t a  must by n e c e s s i t y  a t  t i m e s  
be  i n t e r p r e t e d  by non-geological groups,  i t  was a n t i c i p a t e d  and 
d e s i r e d  t h a t  members of t h e  Arizona team must i n t e r a c t  and review 
c e r t a i n  a s p e c t s  of t h e  r e s u l t i n g  s c e n a r i o s .  Moreover one should 
i n t e r e s t  as  many people  and i n s t i t u t i o n s  as p o s s i b l e  i n  o r d e r  t o  
e n s u r e  t h e  f e a s i b i l i t y  and success  o f  geothermal energy when and 
i f  developed. 

C. RELATED ORIENTATION INFORMATION 

I n  o r d e r  t o  have t h e  a p p r o p r i a t e  background on geothermal  energy 
and a l s o  t o  understand b e t t e r  t h e  p o t e n t i a l  u s e s  of geothermal  energy 
i n  Arizona we conducted a l i t e r a t u r e  survey on t h e  p r e s e n t  u s e s  of  geo- 
thermal  energy i n  o t h e r  p l a c e s  i n  t h e  U.S .A .  and throughout t h e  world.  
Geothermal energy h a s  a l r e a d y  been s u c c e s s f u l l y  u t i l i z e d  i n  many p l a c e s  
such as I t a l y ,  N e w  Zealand, I c e l a n d ,  Japan, S o v i e t  Union and t h e  United 
S ta tes ,  e s p e c i a l l y  i n  t h e  Geyser r e g i o n  of C a l i f o r n i a .  I f  n o t  f o r  t h e  
cheap o i l  and g a s ,  geothermal  energy would have been much more advanced. 

So f a r  t h e  main emphasis on u s e  of geothermal  energy w a s  on 
e l e c t r i c a l  power product ion  where s team was a v a i l a b l e  w i t h  secondary 
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cons ide ra t ion  t o  d i s t r i c t  space h e a t i n g .  Some 1360 MW of power p l a n t s  
are a l r e a d y  a v a i l a b l e  i n  t h e  world and a d d i t i o n a l  power p l a n t s  of some 
600 MW t o t a l  are i n  cons t ruc t ion .  The geothermal power i n  t h e  U . S . A .  
is p r e s e n t l y  around 600 MW and i t  w i l l  be doubled i n  t h e  nex t  few y e a r s .  
Table 1 shows t h e  e l e c t r i c i t y  gene ra t ing  c a p a c i t y  i n  t h e  world and t h e  
p r o j e c t i o n s  f o r  t h i s  cen tu ry .  R e l a t i v e l y  few o t h e r  u ses  of geothermal 
energy can  be found i n  t h e  l i t e r a t u r e .  A b r i e f  summary of t h e  78 
r e l e v a n t  r e f e r e n c e s  found i n  t h e  l i t e r a t u r e  as w e l l  as t h e  l i s t  of t h e s e  
r e f e r e n c e s  are  given i n  Appendix 1 of t h i s  r e p o r t .  

It i s  a l s o  i n t e r e s t i n g  t o  n o t e  t h a t  geothermal energy i s  be ing  
used and promoted i n  developed c o u n t r i e s  and i t  has  g r e a t  advantages 
f o r  t h e  non-developed c o u n t r i e s .  F i r s t ,  i t  reduces  t h e  need f o r  
expens ive  o i l  and second, smaller power u n i t s  can be cons t ruc t ed  i n  t h e  
range  of  15-50 Mw, which are average loads  f o r  small and medium s i z e  
communities. 
b e  t h e  p r e f e r r e d  energy r e source  i n  remote areas .of w e l l  developed c o u n t r i e s .  
I n  t h e  p a s t ,  geothermal  water h a s  been used f o r  h e a l t h  purposes  s p a s  and f o r  
t h e  recovery of chemicals from t h e  b r i n e s .  These a long  w i t h  o t h e r  domestic 
and i n d u s t r i a l  u s e s  are be ing  considered f o r  wider a p p l i c a t i o n .  

For t h e  above reasons  geothermal  energy i f  a v a i l a b l e ,  might 

Geothermal energy i s  commonly compared w i t h  solar energy e s p e c i a l l y  
wi th  regard  t o  t h e  low grade h e a t  and low h e a t  d e n s i t y .  However, geo- 
thermal  energy c u r r e n t l y  h a s  more p o t e n t i a l  s i n c e  i t  i s  a cons t an t  h e a t  
supply  and needs no h e a t  s t o r a g e  as i n  t h e  c a s e  of s o l a r  energy source .  

F i n a l l y ,  geothermal  energy a t  tempera ture  l e v e l s  of UD t o  25OoC i s  
q u i t e  f e a s i b l e  t o  o b t a i n  and i s  a v a i l a b l e  i n  l a r g e  q u a n t i t i e s  and t h e r e -  
f o r e  t h e  use  of  t h i s  low grade  tempera ture  i n  t h e  form of h e a t  i s  a major 
c o n s i d e r a t i o n  i n  t h i s  s tudy .  
i s  indeed i n  t h i s  range of  temperature  and i n  f a c t  most of t h e  h e a t  used 
i s  a t  even lower tempera tures  than  2OO0C, t h e  geothermal  energy i s  a p p l i c a b l e  
i n  a wide v a r i e t y  of areas. The l i s t  of  i n d u s t r i e s  f o r  which low g rade  
h e a t  i s  requ i r ed  could  b e  very  long.  
by t h e  v a r i o u s  u s e r s  i s  g iven  i n  F igu re  1. 

S ince  most of t h e  i n d u s t r i a l  energy use  

The range of temperature  needed 
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TABLE 1 (*) -- 
ELECTRICITY GENERATING CAPACITY 

FROM GEOTHERMAL RESOURCES 

1976 
I n s t a l l e d  
Capacity 

(Mw) 

1985 
Es t imated  

Capacity 
(Mw) 

2000 
Es t imated  

Capac i ty  
(Mw) 

United States  
I t a l y  
New Zealand 
Japan 
Mexico 
Sov ie t  Union 
I c e l a n d  
Turkey 
Canada 
Costa Rica 
E l  Salvador 
Guatemala 
Honduras 
Nicaragua 
Panama 
Argent ina  
P o r t u g a l  
Spain 
Kenya 
I n  done s i a  
P h i l i p p i n e s  
Taiwan 

5 22 
4 2 1  
202 

70 
78.5 

5.7 
2.5 
0.5 
- 
- 

60 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

6,000 
800 
400 

. 2,000 
400-1,400 - 

15 0 
400 

10 
100 
180 
100 
100 

150-200 
60 
20 
30 
25 
30 

300 
50 

30-100 

20,000 

1 ,400  
50,000 

- 

1,500-20,000 - 
500 

1,000 
- 
- 
- 
- 
- 

300-40 0 
- 
- 
100 
200 

60-90 
500-6,000 

200 
- 

T o t a l s  1,362.2 11,335-12,475 14,775-100,000 

(*) Meidav, T. e t  a l ,  1977, An update of World Geothermal Energy 
Development, J.  Geothermal Energy, Vol. 5 ,  No. 5 ,  p .  34. 
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FIGURE 1: 

Evaporat ion of h i g h l y  concen t r a t ed  s o l u t i o n s  

Heavy water via hydrogen s u l f i d e  p rocess  

Drying t imber 

Convent ional  
power 
product  i on  

Alumina via  Bayer 's  Process  

Drying farm products  a t  high rates 
Food canning 
Evaporat ion i n  suga r  r e f i n i n g  
E x t r a c t i o n  of  salts  by evapora t ion  and c r y s t a l l i z a t i o n  

Fresh  w a t e r  by d i s t i l l a t i o n  
Most m u l t i p l e - e f f e c t  evapora t ions ,  concen t r a t ion  of  
s a l i n e  s o l u t i o n  

Drying and c u r i n g  l i g h t  aggrega te  cement s l a b s .  

Drying o rgan ic  materials, seaweeds, g r a s s ,  v e g e t a b l e s ,  e t c  
Washing and d ry ing  wool 
Drying s t o c k  f i s h  
I n t e n s e  de- ic ing  o p e r a t i o n s  
Space h e a t i n g  
Greenhouses by space  h e a t i n g  

R e f r i g e r a t i o n  (lower tempera ture  l i m i t )  

Animal husbandry . 
Greenhouses by combined space  and hotbed h e a t i n g  

Mushroom growing 
Ba lneo log ica l  b a t h s  

S o i l  warming 

Swimming poo l s ,  b iodegrada t ion ,  f e rmen ta t ions  
Warm water f o r  year-round r a i n i n g .  I n  cold 
climates de- ic ing 
F i s h  ha t ch ing  and farming 

TEMPERATURE RANGES FOR DIFFERENT GEOTHERMAL USES (*) 

(*) Reis t ad ,  G . M . ,  1975, a.  Analys is  of  p o t e n t i a l  non-e l ec t r i c  a p p l i c a t i o n s  
of geothermal  energy and t h e i r  p l a c e  i n  t h e  n a t i o n a l  economy; 
more, C a l i f o r n i a ,  Lawrence Livermore Lab.,  UCRL51747. 

Liver -  
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11. GEOTHERMAL RESOURCES I N  ARIZONA 

A. RULES, REGTJLATIONS AND INSTITUTIONAL ASPECTS 

One of t h e  major problems involved i n  geothermal energy e x p l o r a t i o n  
and u s e  i s  t h e  compliance w i t h  many rules and r e g u l a t i o n s ,  b o t h  s t a t e  and 
f e d e r a l .  What fo l lows  i s  our a t tempt  t o  o u t l i n e  t h e  v a r i o u s  S t a t e  of 
Arizona governmental a g e n c i e s  which a re  involved i n  t h e  development and 
u s e  of geothermal energy.  Recent l e g i s l a t i o n s i n  t h e  S t a t e  a f f e c t i n g  
geothermal  use  development are  a l s o  summarized. Also provided are t h e  
v a r i o u s  S t a t e  and f e d e r a l  l e a s i n g  p r a c t i c e s  and requi rements .  It i s  
hoped t h a t  t h i s  summary w i l l  h e l p  a p o t e n t i a l  developer  i n  meeting t h e  
v a r i o u s  s t a t e  and f e d e r a l  requirements  i n  a n  e f f i c i e n t  and t imely  manner. 

1. E s t a b l i s h e d  Execut ive  O f f i c e s  

Arizona l a c k s  an e x e c u t i v e  o f f i c e  which d e a l s  e x c l u s i v e l y  w i t h  
geothermal  development. However, t h e  S ta te  Land Department h a s  
e x c l u s i v e  lease r i g h t s  t o  S t a t e  t r u s t  l a n d s  and t h e  O i l  and Cas Conser- 
v a t i o n  Commission h a s  e x c l u s i v e  s t a t e w i d e  r e g u l a t o r y  a u t h o r i t y .  By 
v i r t u e  of  Senate  B i l l  1018 i n  1975, and a subsequent amendment i n  1 9 7 7 ,  
House B i l l  2062, t h e  Arizona S o l a r  Energy Research Commission w a s  c r e a t e d  
and empowered t o  c o o r d i n a t e  and encourage t h e  suppor t  of a l l  s o l a r  and 
advanced a l t e r n a t e  ( i n c l u d i n g  geothermal) energy systems r e s e a r c h .  A s  
provided by l a w ,  ASERC s h a l l :  

"Encourage e f f o r t s  by r e s e a r c h  i n s t i t u t i o n s ,  l o c a l  government 
i n s t i t u t i o n s  and home b u i l d e r s  i n  o b t a i n i n g  t e c h n i c a l  and f i n a n c i a l  
s u p p o r t  from t h e  f e d e r a l  government f o r  t h e i r  a c t i v i t i e s  i n  s o l a r  and 
advanced a l t e r n a t e  energy systems". (Senate  B i l l  1018 - A.R.S. s 41-574 
# 3 ) .  

ASERC p l a n s  t o  assume a l e a d  r o l e  i n  p r o v i d i n g  informat ion  and 
r e s e a r c h  l ead ing  t o  inc reased  geothermal product ion t h a t  i s  harmonious 
t o  t h e  environment.  

2 .  Agencies Rela ted  t o  Geothermal Development 

I n  Arizona s t a t e  government t h e r e  are  t h r e e  a g e n c i e s  which i n c l u d e  
geothermal  development a s  a p a r t  of t h e i r  r e s p o n s i b i l i t y :  i )  O i l  & G a s  
Conservat ion Commission, i i )  Arizona S o l a r  Energy Research Commission, i i i )  
The Arizona S t a t e  Land Department. 

i )  The Oil and Gas Conservat ion Commission r e g u l a t e s  t h e  development 
of o i l ,  n a t u r a l  g a s ,  and geothermal  r e s o u r c e s  w i t h i n  t h e  s t a t e  
and serves a s  t e c h n i c a l  c o n s u l t a n t  t o  r e s o u r c e  deve lopers  through- 
o u t  t h e  s t a t e .  
s u p e r v i s e  t h e  d r i l l i n g ,  o p e r a t i o n ,  maintenance and abandonment 
of  geothermal  r e s o u r c e  w e l l s  as t o  encourage t h e  g r e a t e s t  u l t i m a t e  

A s  provided by law, " t h e  Commission s h a l l  so  
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economic recovery  of geothermal r e sources ,  t o  prevent  damage 
t o  and w a s t e  from underground geothermal  r e s e r v o i r s ,  t o  p reven t  
damage t o  o r  contaminat ion  of any waters of t h e  s ta te  o r  any 
format ion  p roduc t ive  o r  p o t e n t i a l l y  p roduc t ive  of f o s s i l  
f u e l s  o r  hel ium gas ,  and t o  p reven t  t h e  d i scha rge  of any 
f l u i d s  o r  gases  o r  d i s p o s i t i o n  of  subs tances  harmful  t o  t h e  
environment by reasons  of d r i l l i n g ,  o p e r a t i o n ,  maintenance, 
o r  abandonment of geothermal r e source  w e l l s . "  (A.R.S. § 27-652). 

The O i l  and Gas Conservat ion Commission c o n s i s t s  of s i x  members 
of which f i v e  are appoin ted  by t h e  Governor w i t h  Senate  consent .  
The S t a t e  Land Commission serves as an e x - o f f i c i o  member. The 
terms f o r  appoin ted  members are f i v e  y e a r s .  

ii) The Arizona S o l a r  Energy Research Commission (ASERC) c o l l e c t s ,  
ana lyzes ,  and provides  informat ion  and d a t a  r e l a t i n g  t o  s o l a r  
energy technology and o t h e r  non-pol lut ing renewable energy 
sources .  
and advanced energy ( i n c l u d i n g  geothermal) technology development. 
The Arizona S o l a r  Energy Research Commission h a s  seventeen  members. 
A t  t h e  p r e s e n t  t i m e  t he  Commission is comprised of t h e  Chairman 
of  t h e  Arizona Power Au thor i ty ,  s i x  r e p r e s e n t a t i v e s  from Ar izona ' s  
three state univers i t ies ,  e i g h t  representatives of the b u s i n e s s  
and i n d u s t r i a l  s e c t o r s ,  and as e x - o f f i c i o  members, t he  P r e s i d e n t  
of t h e  Arizona Senate  and t h e  Speaker of t h e  House of Represen ta t ives .  
New l e g i s l a t i o n  p rov ides  t h r e e  yea r  t e r m s .  

ASERC coopera tes  w i th  a l l  f e d e r a l  agenc ie s  involved i n  s o l a r  

i i i )  The Arizona S t a t e  Land Department i s  r e s p o n s i b l e  f o r  t h e  p lanning ,  
development and p r o t e c t i o n  of a l l  f o r e s t s  and n a t u r a l  r e s o u r c e s  
l o c a t e d  on s ta te  l ands .  I n  i t s  a d m i n i s t r a t i o n  of t h e  9.6 m i l l i o n  
acres of s t a t e  t r u s t  l a n d s  (13% of l a n d  i n  Ar izona) ,  t h e  Department 
among o t h e r  d u t i e s ,  i s  au tho r i zed  t o :  

i. Create long range  p l a n s  f o r  t h e  exchange, lease, o r  t h e  

if. E x e r c i s e  t h e  power of eminent domain (A.R.S. 37-461); 

ifi. O f f i c i a l l y  r e p r e s e n t  t h e  s ta te  i n  any matter between s ta te  

sa le  of  s ta te  l ands  (A.R.S. 37-102); 

and f e d e r a l  government concerning p u b l i c  l ands  (A.R.S. 
37-102) ; 

i v .  Engage i n  many ac t iv i t i e s  a d m i n i s t r a t i v e l y  r e l a t i n g  t o  the  
c o n t r o l  and supe rv i s ion  of t he  l ands  and waters of t h e  
s t a t e  (A.R.S. 37-102, 37-132). 

I n  a d d i t i o n ,  new l e g i s l a t i o n  (Chapter 87, House B i l l  2257, 33rd 
L e g i s l a t u r e )  p rov ides  t h a t  t h e  State  Land Department may lease 
s t a t e  l ands  f o r  geothermal development. Regula t ions  pursuant  
t o  t h i s  l a w  are i n  t h e  p rocess  of be ing  developed by t h e  Department. 
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3 .  Organiza t ion  of t h e  S t a t e  L e g i s l a t u r e  

5) L e g i s l a t u r e  Committees having Prime R e s p o n s i b i l i t y  f o r  Geothermal 
Development and Regulat ion:  A g e n e r a l  o r g a n i z a t i o n  c h a r t  of  t h e  
Arizona S t a t e  L e g i s l a t u r e  i s  shown i n  F i g u r e  2. The 1 4  s t a n d i n g  
committees i n  t h e  House and t h e  10 committees i n  t h e  Senate  serve 
as major forums f o r  t h e  d e l i b e r a t i o n s  on t h e  b i l l s .  The key 
committee f o r  geothermal  matters i n  t h e  House i s  t h e  15-member 
N a t u r a l  Resources Committee, whi le  t h e  Senate  h a s  a 9-member 
committee on N a t u r a l  Resources and Environment. 

i i )  L e g i s l a t i v e  Committees having Oversight  R e s p o n s i b i l i t y  f o r  
Geothermal Development and Regulat ion:  No l e g i s l a t i v e  committee 
i n  Arizona i s  s p e c i f i c a l l y  charged w i t h  r e s p o n s i b i l i t y  f o r  o v e r s i g h t  
of geothermal  development and r e g u l a t i o n .  However, some o v e r s i g h t  
i s  c a r r i e d  o u t  as p a r t  of  t h e  annual  a p p r o p r i a t i o n s  p r o c e s s  of t h e  
a p p r o p r i a t i o n s  committees of  bo th  houses ,  and by t h e  J o i n t  L e g i s l a -  
t ive  Budget Committee. 

4 .  L e g i s l a t i o n  Which May be  Considered by F u t u r e  Sess ions  

Dates  of t h e  n e x t  L e g i s l a t i v e  s e s s i o n :  The Arizona S t a t e  L e g i s l a t u r e  
convenes on t h e  second Monday i n  January each y e a r .  For t h i s  s e s s i o n ,  
t h e  s t a r t i n g  d a t e  i s  January 9 ,  1978. The l a s t  day f o r  submission 
of b i l l s  i s  36 days a f t e r  t h e  s tar t  of  t h e  f i r s t  s e s s i o n ,  and 29 days 
a f t e r  t h e  s t a r t  of t h e  second s e s s i o n .  A s  1978 marks t h e  meet ing 
of  t h e  second s e s s i o n  of t h e  T h i r t y - t h i r d  L e g i s l a t u r e ,  t h e  las t  
day f o r  submission of b i l l s  i s  February 7 ,  1978. 

A n t i c i p a t e d  top ics lneeded  L e g i s l a t i o n :  
l e g i s l a t i o n  r e l a t i n g  t o  geothermal development w i l l  b e  in t roduced  
i n  Arizona i n  1978. Considerable  e f f o r t  went i n t o  t h e  p r e p a r a t i o n  
of House B i l l  2257, passed i n  1977, and d e t a i l e d  r e g u l a t i o n s  t o  
implement t h e  l e a s i n g  p r o v i s i o n s  are p r e s e n t l y  be ing  d r a f t e d  by t h e  
S ta te  Land Department. It i s  l i k e l y  t h a t  most i n t e r e s t e d  groups 
w i l l  w a i t  t o  see how t h e  n e w  l a w s  and regulations wj.11 w o r k  b e f o r e  
mounting a campaign f o r  changes. 

It appears  u n l i k e l y  t h a t  

There are a t  l eas t  f o u r  p r o v i s i o n s  which may b e  examined when t h e  
t i m e  f o r  changes arrives. One concerns t h e  c o n s t i t u t i o n a l  p r o v i s i o n  
f o r  compet i t ive  b i d s  when t h e  Arizona S t a t e  Land Department s e l l s  
"products  of t h e  land".  A 1950 c o n s t i t u t i o n a l  amendment exempted 
o i l  and g a s  e x p l o r a t i o n  leases from t h i s  p r o v i s i o n ,  i n  o r d e r  t o  
s t i m u l a t e  e x p l o r a t i o n  and d iscovery .  Some t h i n k  a s imi l a r  amend- 
ment would b e  a p p r o p r i a t e  f o r  geothermal development, e s p e c i a l l y  
s i n c e  many of t h e  p r o v i s i o n s  of  t h e  l a w  are  p a r a l l e l  f o r  geothermal  
and o i l f g a s  r e s o u r c e s .  

I 

Another need may b e  f u r t h e r  c l a r i f i c a t i o n  t o  d i s t i n g u i s h  geothermal  
w a t e r  r e s o u r c e s  from o t h e r  water .  A c r i t e r i o n  of 80 C w a s  p a r t  of 
t h e  o r i g i n a l  House B i l l  2257 l a s t  y e a r ,  b u t  t h e  p r o v i s i o n  w a s  s t r u c k .  

0 

11 



HOUSE OF REPRESENTATIVES 
(60 members) 

Ma j o r  i t y 
Organi- 
z a t  ion  : 

Speaker 
Ma j o r  i t y  
Leader 
Maj. Whip 

Organi- 
z a t i o n :  

Leader 
F loo r  Ldr 
Min. Whip 

1 4  S tanding  Committees 

A g r i c u l t u r e  (15 members) 

Appropr ia t ions  (13) 

Banking & Insu rance  (15) 
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Count ies  & Munic. (15) 
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Government O p e r a t ' n s ( l 5 )  

Hea l th  & Welfare  (15) 

Human Resources (15) 
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N a t u r a l  Resources (15 ) 
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Ways & Means (15) 
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The Leg i s  
l a t i v e  
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SENATE 
(30 members) 

Organi- 

i n .  Whip 

10 Standing Committees 

A g r i c u l t u r e ,  Commerce, 
and Labor (9)  

Appropr ia t ions  (13) 

Education (9) 

Finance & Revenue (9 )  

Government ( 9 )  

Heal th  & Welfare (9)  
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N a t u r a l  Resources & 
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Rules (9 )  
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FIGURE 2 : GENERAL ORGANIZATION CHART OF THE ARIZONA STATE LEGISLATURE (*) 
I 

I (* )S ta f f  members are a t t a c h e d  t o  most of t h e  s u b d i v i s i o n s  of t h e  L e g i s l a t u r e ,  1 
1 bu t  are n o t  shown h e r e  f o r  t h e  sake  of s i m p l i c i t y .  
I 

1 2  



Opponents of t h i s  measure poin ted  o u t  t h e  l i m i t a t i o n s  which would 
b e  p laced  on low temperature  r e s o u r c e  development by t h e  temperature  
r e s t r i c t i o n .  A d d i t i o n a l  c r i t e r i a n  needs t o  b e  i n c o r p o r a t e d  t o  make 
r e g u l a t i o n  and a d m i n i s t r a t i o n  more p r e d i c t a b l e .  

A t h i r d  i t e m  of  c o n s i d e r a t i o n  may b e  t h e  g r a n t i n g  of t ax  breaks  
t o  t h o s e  i n d u s t r i e s  o r  r e s i d e n c e s  who e i t h e r  develop o r  use geo- 
thermal energy t o  a l leviate  t h e i r  dependency on o i l  and n a t u r a l  
gas .  L e g i s l a t i o n  g r a n t i n g  tax c r e d i t s  and exemptions t o  those  
u s e r s  o f  s o l a r  energy h a s  been enac ted  t h i s  y e a r  by  t h e  F i r s t  
Regular Sess ion  o f  t h e  T h i r t y - t h i r d  Arizona L e g i s l a t u r e .  * 

F i n a l l y ,  a p r o v i s i o n  t o  r e t a i n  S t a t e  ownership of geothermal r i g h t s  
on S t a t e l p r i v a t e  land  t r a d e s  could b e  added. 

B .  LEASING PROCEDURES 

1. Leas ing  o f  S t a t e  Lands 

i )  Geothermal leases may be i n i t i a t e d  by e i t h e r  of two methods, 
each of which r e q u i r e  a competi . t ive b i d  s a l e  p r o c e s s :  

a .  The Land Department may d e s i g n a t e  l i k e l y  r e s o u r c e  areas 
which t h e y  wish t o  lease. 

b.  An i n d i v i d u a l  o r  company may apply  f o r  a lease on a given 
t r ac t  of s t a t e  l and .  

i i )  S t a t e  Land Department reviews p r o p o s a l s ,  and. i f  they are s a t i s f a c t o r y ,  
a n o t i c e  of a v a i l a b i l i t y  f o r  lease i s  publ i shed  f o r  10 weeks. 

i i i )  The lease i s  awarded t o  t h e  h i g h e s t  q u a l i f i e d  b i d d e r  w i t h  payment 
of  t h e  f irst  y e a r ' s  rentaol. 

Arizona h a s  r e c e n t l y  enac ted  l e g i s l a t i o n  t h a t  p r o v i d e s  and sets 
procedures  f o r  t h e  l e a s i n g  of  s ta te  l a n d s  f o r  geothermal  r e s o u r c e s  develop- 
ment. The major p r o v i s i o n s  of  t h i s  s t a t u r e ,  Chapter 87,  House B i l l  2257, * 
are  as  fo l lows:  

i )  The S t a t e  Land Department s h a l l  determine and d e s i g n a t e  known 
geothermal  r e s o u r c e  areas (KGRA) i n t o  which t h e  l a n d s  s h a l l  be  
d i v i d e d  i n  ' ' reasonably compact'' t r ac t s  f o r  l e a s i n g  purposes .  

i i )  A n o t i c e  of  a v a i l a b i l i t y  f o r  lease i s  then  p u b l i s h e d  f o r  10 weeks 
i n  S ta tewide  newspapers and p u b l i c a t i o n s .  

* (H.B. 2068 - S o l a r  Energy tax c r e d i t :  H .B .  2063 - S o l a r  Energy d e v i c e s  
tax exempt ion)  
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i i i )  

i v )  

V> 

v i )  

v i i )  

viii) 

i x )  

XI  

Upon r e c e i p t  of  a n  a p p l i c a t i o n  t o  lease any s t a t e  l a n d s  (which 
s h a l l  i n c l u d e  a d e s c r i p t i o n  of t h e  l and ,  name and a d d r e s s  of 
a p p l i c a n t ,  and a $25 f i l i n g  f e e ) ,  t h e  Land Department s h a l l  
o f f e r  t h e  t r a c t ( s )  f o r  lease t o  t h e  h i g h e s t  and b e s t  b i d d e r .  
The Department s h a l l  p u b l i s h  a c a l l  f o r  b i d s .  
Commissioner reserves t h e  r i g h t  t o  re jec t  any o r  a l l  b i d s ) .  

(The S t a t e  Land 

Bidding s h a l l  b e  on a b a s i s  of  h i g h e s t  f i r s t  y e a r ' s  bonus t o  be  
pa id  t o  t h e  S t a t e  Land Department a t  t h e  t i m e  of d e c l a r a t i o n  
of t h e  h i g h e s t  and b e s t  b i d d e r .  

The S t a t e  Land Department s h a l l  determine t h e  r o y a l t y  which s h a l l  
n o t  be  less t h a n  12% of  t h e  g r o s s  v a l u e  of  t h e  r e s o u r c e  a t  t h e  
w e l l  head. 

The S t a t e  Land Department s h a l l  determine annual  r e n t a l  which 
s h a l l  be n o t  less than  $1 p e r  acre f o r  each y e a r  t h e  lease i s  
i n  e f f e c t .  

The lease s h a l l  b e  f o r  a pr imary t e r m  of 10 y e a r s  w i t h  2 y e a r  
e x t e n s i o n s  on active d r i l l i n g  si tes.  

There may n o t  be more than 2,560 acres included i n  any one lease. 

Requests  t o  e n t e r  i n t o  u n i t  o p e r a t i o n s  o r  p o o l s  s o  as  t o  e x p e d i t e  
geothermal  r e s o u r c e  development must have t h e  approval  of t h e  
S t a t e  Land Department. 

P r a c t i c e s  t h a t  d e l a y  t h e  d iscovery  o r  development of geothermal  
r e s o u r c e s  a re  i l l e g a l .  

The S t a t e  Land Department i s  g iven  t h e  power t o  e n a c t  r e g u l a t i o n s  
t h a t  a r e n o t  e x p l i c i t l y  w r i t t e n  i n  t h i s  l e g i s l a t i o n .  A s  mentioned b e f o r e  
under "Organizat ion of S t a t e  Government", r e g u l a t i o n s  pursuant  t o  t h i s  law 
are i n  t h e  p r o c e s s  of be ing  developed by t h e  Department. 

The primary unanswered q u e s t i o n s  i n  t e r m s  of l e g a l  procedures  
which must be i n i t i a t e d  a r e  a t  t h e  s ta te  leve l .  After completion of  
t h e  l e a s i n g  agreements,  two g e n e r a l  a r e a s  w i t h i n  t h e  S t a t e  of A r i z o n a ' s  
l e g a l  requi rements  must b e  c l a r i f i e d :  

a.  Determine l e g a l  requi rements  f o r  e x p l o r a t o r y  d r i l l i n g  w i t h  r e s p e c t  t o :  

1. County permi ts ,  s t u d i e s ,  h e a r i n g s ,  and/or  c e r t i f i c a t i o n s .  
2. S ta te  permi ts ,  s t u d i e s ,  h e a r i n g s ,  and/or  c e r t i f i c a t i o n s .  

b .  Determine l e g a l  requi rements  f o r  development of geothermal s o u r c e s  
w i t h  r e s p e c t  to :  

1. County permi ts ,  s t u d i e s ,  h e a r i n g s ,  and/or  c e r t i f i c a t i o n s .  
2 .  S t a t e  permi ts ,  s t u d i e s ,  h e a r i n g s ,  and/or  c e r t i f i c a t i o n s .  

New r u l e s  and r e g u l a t i o n s  were r e c e n t l y  publ i shed  f o r  t h e  O i l  and Gas Con- 
s e r v a t i o n  Commission and t h e  S t a t e  Land Department ( A r t i c l e s  2 and 22 - 
Geothermal Resources) .  
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2. Leas ing  of F e d e r a l  Lands 

i )  U.S. Department of I n t e r i o r  serves a s  t h e  l e a d  agency. 
depar tment ' s  Bureau of Land Management (BLM) c o n t r o l s  a l l  f e d e r a l  
land-geothermal l e a s i n g .  

T h i s  

i i )  The USDA F o r e s t  S e r v i c e s ,  t h e  F i s h  and W i l d l i f e  S e r v i c e ,  and t h e  
U.S.  Geologica l  Survey j o i n  i n  t h e  p r e p a r a t i o n  of environmental  
assessments .  

i i i )  There are  two b a s i c  l e a s i n g  p r o c e s s e s  on F e d e r a l  l a n d s .  The 
c h o i c e  of  which i s  used depends on whether t h e  l a n d  i n  q u e s t i o n  
i s  i n  a "Known Geothermal Resource Area" (KGRA). A KGRA is  
def ined  a s  "an a r e a  i n  which t h e  geology, nearby d i s c o v e r i e s ,  
compet i t ive  i n t e r e s t ,  o r  o t h e r  i n d i c i a  would, i n  t h e  opin ion  
of  t h e  s e c r e t a r y ,  engender a b e l i e f  i n  men who are experienced 
i n  t h e  s u b j e c t  matter t h a t  t h e  p r o s p e c t s  f o r  e x t r a c t i o n  of geo- 
thermal  steam o r  a s s o c i a t e d  geothermal  steam o r  a s s o c i a t e d  geo- 
thermal  r e s o u r c e s  are good enough t o  warran t  expendi tures  of 
money f o r  t h a t  purpose . ' I *  

I n  o t h e r  words, KGRAs would b e  d e l i n e a t e d  by g e o l o g i c a l  in format ion  
a v a i l a b l e  t o  USGS, I o r  by t h e  over lap  of several lease a p p l i c a t i o n s .  

a .  I f  a n  area up f o r  lease i s  p a r t  of a KGRA, i t  i s  s u b j e c t  
t o  compet i t ive  b idding  a s  shown i n  F i g u r e  3. This  p r o c e s s  
c o n s i s t s  o f :  

1. Appl icant  i n i t i a t e s  l e a s e  r e q u e s t .  
2 .  BLM forwards t h i s  t o  USGS. 
3. USGS ana lyzes  r e q u e s t  t o  determine t h a t  i t  q u a l i f i e s  

4 .  Surface  management agencies  assess t h e  environment impact.  
5 .  I f  a c c e p t a b l e ,  BLM p u b l i s h e s  a r e q u e s t  f o r  c o m p e t i t i v e  

6 .  E i t h e r  no b i d  o r  b e s t  b i d  i s  awarded t h e  lease. 

a s  a KGRA. 

b idding .  

b .  I f  a n  area up f o r  lease i s  n o t  p a r t  of a KGRA, i t  is  s u b j e c t  
t o  t h e  non-competit ive l e a s i n g  p r o c e s s  a s  shown i n  F i g u r e  4 :  

1. Appl icant  i n i t i a t e s  r e q u e s t .  
2. BLM forwards t h i s  t o  USGS 
3.  USGS ana lyzes  r e q u e s t s  t o  determine t h a t  t h e  area i s  n o t  a 

4 .  BLM reviews and forwards t o  a p p r o p r i a t e  land  management 

5 .  S u r f a c e  management agencies  assess t h e  environmental  impact.  

KGRA . 
agencies .  

* T i t l e  43 CFR P a r t  3000 s e c t i o n  3200.0-5(k) 
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6 .  BLM reviews and a c c e p t s ,  n e g o t i a t e s ,  o r  rejects p r o p o s a l s .  
7 .  USGS reviews and a c c e p t s ,  n e g o t i a t e s ,  o r  re jec ts  p r o p o s a l s .  
8. Appl icant  reviews and a c c e p t s ,  n e g o t i a t e s ,  o r  re jec ts  

9 .  
proposa ls .  
Lease i s  granted  o r  n o t  g r a n t e d .  

3 .  Leas ing  of P r i v a t e  Lands 

There are  n o  s t a t e  r e g u l a t i o n s  p e r t a i n i n g  t o  t h e  l e a s i n g  of p r i v a t e  
l a n d s  f o r  geothermal  development. However, t h e  O i l  and G a s  Conservat ion 
Commission s u p e r v i s e s  a l l  " d r i l l i n g ,  o p e r a t i o n ,  maintenance and abandonment 
of geothermal resource  w e l l s " .  A proposed geothermal  d r i l l i n g  o p e r a t i o n  
must apply  t o  t h e  O i l  and Gas Conservat ion Commission f o r  a d r i l l i n g  permi t .  
T h i s  requirement a p p l i e s  t o  S t a t e ,  F e d e r a l ,  I n d i a n  o r  p r i v a t e  l a n d .  It  
i s  p o s s i b l e  t h a t  bo th  t h e  O i l  and Gas Commission and t h e  S t a t e  Land Depart-  
ment could b e  involved i n  t h e  coopera t ive  development of a geothermal  r e s o u r c e  
pool .  

4 .  Leasing of I n d i a n  Land 

Act ions  t h a t  re la te  t o  t r u s t  r e s o u r c e s  on f e d e r a l  l a n d s  u l t i m a t e l y  
rest w i t h  t he  S e c r e t a r y  of the D e p a r t m e n t  of the I n t e r i o r .  Accordingly,  
t h e  l e a s i n g  of I n d i a n  l a n d s  f o r  geothermal  development h a s  been ass igned  
t o  t h e  Bureau of I n d i a n  A f f a i r s  ( B I A ) ,  and U . S .  Geologica l  Survey (USGS). 
The B I A  p r o v i d e s  t e c h n i c a l  and a d m i n i s t r a t i v e  a s s i s t a n c e  t o  t h e  I n d i a n  T r i b e  
i n  b i d  p u b l i c a t i o n ,  lease c o n t r a c t  review, and o p e r a t i o n s  monitor ing.  
USGS e v a l u a t e s  any environmental  assessment  o r  impact s ta tement  and a l s o  
p r o v i d e s  s i m i l a r  t e c h n i c a l  a s s i s t a n c e .  I n  a d d i t i o n ,  t h e  USGS h a s  enforce-  
ment a u t h o r i t y  i n  o p e r a t i o n  compliance of r e s o u r c e  development. Var ious  
g u i d e l i n e s  f o r  development, however, such as  r o y a l t i e s  and l e a s i n g  terms, 
a re  l e f t  t o  t h e  T r i b e  t o  i n i t i a t e ,  g i v i n g  them a f a i r  degree of f l e x i b i l i t y .  

5.  Crea t ing  I n c e n t i v e s  

P r e s e n t l y ,  t h e r e  are no e x p l i c i t  s t a t e  enac ted  i n c e n t i v e s  f o r  geo- 
thermal  development. However, t h e  several s t a t e  agencies  which p r o v i d e  
t e c h n i c a l  and a d m i n i s t r a t i v e  a s s i s t a n c e ,  see t h e i r  a c t i o n s  as i n d i r e c t  
inducement techniques .  Such mechanisms i n c l u d e  t h e  s i m p l i f i c a t i o n  of 
d r i l l i n g  r e g u l a t i o n s ,  inter-agency c o o p e r a t i o n  w i t h  r e s p e c t  t o  u n i t i z a t i o n  
and pool ing  of r e s o u r c e s ,  and coopera t ion  i n  moni tor ing ,  r e p o r t i n g ,  and 
e v a l u a t i n g  geothermal  r e s o u r c e  p o t e n t i a l .  

6 .  P e r t i n e n t  Recent Court  Cases and Impacts 

There have been no r e c e n t  c o u r t  c a s e s  i n  Arizona which re la te  t o  
geothermal  r e s o u r c e s .  
s i o n  c i t e  t h e  case of U.S. v.  Union O i l ,  op in ion  number 74--1574 of t h e  
Ninth C i r c u i t  Court  of Appeals,  as s i g n i f i c a n t .  The case i s  p r e s e n t l y  
b e f o r e  t h e  U.S. Supreme Court .  

However, sources  a t  t h e  Arizona O i l  and G a s  Commis- 
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C .  GEOTHERMAL RESOURCE DATA 

1. P r a c t i c a l  Experience w i t h  Geothermal Explora t ion  i n  Arizona 

There h a s  been a l i m i t e d  amount of  e x p l o r a t i o n  f o r  geothermal  
energy i n  Arizona. 
a few companies which were involved  i n  t h i s  e x p l o r a t i o n  and asked them 
f o r  t h e i r  remarks regard ing  t h e  problems encountered.  Very few r e p l i e d  
t o  our  l e t te rs  of i n q u i r y ;  
of  t h a t  exper ience .  
remarks rece ived  due t o  t h e i r  immediate re levance  t o  our  work. 

I n  o r d e r  t o  l e a r n  from t h a t  exper ience ,  w e  approached 

t h e r e f o r e  w e  cannot p r e s e n t  a f u l l  p i c t u r e  
However, w e  shall p r e s e n t  a t  l eas t  some of  t h e  

One company which d e a l s  w i t h  t h e  d r i l l i n g  process  suggested t h a t  
a s i n g l e  department should d e a l  w i t h  t h e  i s s u i n g  of p e r m i t s  even i f  many 
a g e n c i e s  have t o  g i v e  t h e i r  approval .  Another company s t a t e d  i t  i s  
v i r t u a l l y  impossible  t o  document t h e  v a r i o u s  problems and exper iences  
t h e y  have encountered i n  geothermal e x p l o r a t i o n  and development, 
and o f f e r e d  t o  d i s c u s s  t h i s  w i t h  u s  a t  a l a t e r  s t a g e .  
company d i d  g i v e  us some i n t e r e s t i n g  r e p l i e s  t o  our  q u e s t i o n s  as  fo l lows:  

However, a t h i r d  

A s  f a r  a s  geothermal e x p l o r a t i o n  i n  Arizona i s  concerned,  
l i k e  g e o l o g i c a l ,  h y d r o l o g i c a l ,  geochemical and geophys ica l  
a s p e c t s ,  t h e r e  w e r e  no s i g n i f i c a n t  i n s t i t u t i o n a l  problems 
and r . o s t  of  those involved were a c t u a l l y  v e r y  c o o p e r a t i v e .  

However, as f a r  as t h e  s i t e - s p e c i f i c  phase is-concerned,companies  
b a s i c a l l y  concent ra ted  on p r i v a t e  land because t h e  d e l a y  encountered i n  
f i l i n g  f o r  p r o s p e c t i v e  geothermal leases on BLM adminis te red  l a n d  i s  
out rageous .  The most i n t e r e s t i n g  r e p l y ,  however, w a s  t h a t  they  d e l i b e r a t e l y  
s t a y  away from any known geothermal r e s o u r c e  area (KGRA) because of t i m e  
d e l a y s  and t h e  u s u a l l y  unworkable lease arrangements r e q u i r e d  f o r  t h e s e  
areas. W e  b e l i e v e  p r e s e n t i n g  even t h e s e  few remarks t o  be  worthwhile .  

From p a s t  exper ience  w i t h  m i n e r a l  l e a s i n g  and development t h e  
s i t u a t i o n  t h a t  deve lopers  fear most i s  d e a l i n g  w i t h  the  r e g u l a t i o n s  and 
bureaucracy,  n o t  t h e  law. That i s  why t h e  l a w  should b e  completely c lear  
and s imple i f  w e  want a f a s t  development of geothermal  energy.  

2 .  I n t r o d u c t i o n  t o  t h e  Arizona Geology 

The p a u c i t y  of  a c t i v i t y  i n  t h e  a r e a  o f  geothermal  energy i n  t h e  
S t a t e  o f  Arizona q u i t e  probably h a s  been caused by i n s t i t u t i o n a l  impediments 
and t h e  d e s e r t  environment. 

With t h e  passage of  Arizona House B i l l  2257, p r o v i d i n g  f o r  t h e  
l e a s i n g  of s t a t e  l a n d s  f o r  geothermal r e s o u r c e s ,  by b o t h  t h e  Arizona 
House and Senate  and approval  by t h e  Governor on May 23, 1977, t h e  
Arizona S ta te  Land Department i s  now a b l e  t o  a c c e p t  geothermal lease 
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r e q u e s t s  f o r  s t a t e  l a n d s .  
and o t h e r  geothermal  a c t i v i t i e s  have a l r e a d y  been d iscussed .  

The r u l e s  and r e g u l a t i o n s  f o r  t h e s e  leases 

The d e s e r t  environment and r e c e d i n g  water t a b l e s  i n  Arizona have 
tended t o  mask p o t e n t i a l  geothermal si tes.  However, t h e r e  are over  
40 h o t  o r  w a r m  s p r i n g s  c u r r e n t l y  mapped i n  t h e  s t a t e .  The m a j o r i t y  
of  t h e s e  known thermal  s p r i n g s  are s i t u a t e d  i n  t h e  d e s e r t  environment 
of  t h e  Arizona Basin and Range physiographic  province .  A d e t a i l e d  l i s t  
of  t h e s e  ho t  s p r i n g s  is  g iven  i n  Table  2. 

With t h e  advent  of a g r i c u l t u r e ,  numerous i r r i g a t i o n  w e l l s  d r i l l e d  
i n  t h e  Phoenix, Casa Grande, Tucson, F lorence ,  S a f f o r d  and Yuma areas were/ 
are  thermal  w e l l s .  These w e l l s  i n d i c a t e  c o n s i d e r a b l e  p o t e n t i a l  f o r  geo- 
thermal  energy r e s o u r c e s .  The outcrops  of T e r t i a r y  and Quaternary igneous 
rocks  shown on t h e  geologic  map of  Arizona (F ig .  5) f u r t h e r  i n d i c a t e  
c o n s i d e r a b l e  p o t e n t i a l  t a r g e t  areas i n  t h e  s t a t e .  I n  southern  Apache 
County, s o u t h  of S t .  J o h n s , i s  a l a r g e  Tert iary-Quaternary q u i e t  v o l c a n i c  
f i e l d  ( lavender  co lored  on map). T h i s  f i e l d  h a s  p o t e n t i a l  f o r  bo th  low 
and h i g h  temperature  (+2OO0C) hydrothermal r e s o u r c e s  as  w e l l  as p o t e n t i a l  
f o r  h o t  d r y  rock.  

The San Bernardino v o l c a n i c  f i e l d  l i e s  i n  t h e  s o u t h e a s t  c o r n e r  
of Cochise  County. T h i s  volcanic  f i e l d ,  Quaternary i n  age ,  h a s  con- 
s i d e r a b l e  p o t e n t i a l  f o r  low and h igh  tempera ture  hydrothermal  r e s o u r c e s  
as  w e l l  a s  f o r  ho t  d r y  rock.  The igneous e x t r u s i v e  and i n t r u s i v e  
rocks  f r i n g i n g  Yavapai County and i n  t h e  F l a g s t a f f  area, Coconino County, 
a l s o  p r e s e n t  e x c e l l e n t  areas f o r  e x p l o r a t i o n  f o r  low t o  h igh  temperature  
hydrothermal r e s o u r c e s  and h o t  d r y  rock.  

The Quaternary and Quaternary-Tert iary v o l c a n i c  ( igneous e x t r u s i v e )  
r o c k s  o f  Yuma, Maric.opa and Western Pima c o u n t i e s  a g a i n  p r e s e n t  e x c e l l e n t  
a r e a s  i n  which t o  s e e k  geothermal  r e s o u r c e s .  I n  f a c t ,  c u r r e n t l y ,  p rogress -  
i n g  thermal  g r a d i e n t  s t u d i e s  i n  t h e  areas c i t e d  above f u r t h e r  i n d i c a t e  t h e  
p o t e n t i a l  t h a t  t h e s e  e x t r u s i v e  and i n t r u s i v e  igneous r o c k s  have t o  b e  
a s s o c i a t e d  w i t h  geothermal r e s o u r c e s .  

The g e o l o g i c  map and c r o s s - s e c t i o n s  of Arizona (F ig .  5 )  have l a r g e  
areas i n  t h e  southwest  h a l f  of t h e  s ta te  colored  p a l e  yel low and des igna ted  
QTs i n  t h e  e x p l a n a t i o n .  This c o l o r  and d e s i g n a t i o n  i n d i c a t e  areas of v e r y  
young sediments  and v a l l e y  f i l l .  I n  f a c t ,  some of t h e s e  deep v a l l e y s  i n  
t i m e  p a s t  have been enc losed  e v a p o r i t e  b a s i n s  and now c o n t a i n  l a r g e  q u a n t i -  
t ies  of b u r i e d  sal t  and a n h y d r i t e  ( 1 , 2 ) .  When t h e  minera l  a n h y d r i t e  a l t e r s  
t o  t h e  m i n e r a l  gypsum t h e  chemical r e a c t i o n  i s  exothermic (evolves  h e a t ) .  
P o s s i b l y  some o f  t h e  w a r m  waters i n  t h e s e  deep sediment f i l l e d  v a l l e y s  may be  
a t t r i b u t e d  t o  t h i s  h e a t  source  ( 3 ) .  However, i t  i s  more probable  t h a t  most 
w a r m  waters i n  t h e s e  in te rmounta in  v a l l e y s  r e s u l t  from t h e  deep p e r c o l a t i o n  

o r  p o s s i b l y  s u r f a c e  waters. 
i n t r u s i v e  igneous r o c k s  i n  t h e s e  sedimentary b a s i n s  must no t  b e  overlooked.  

I 
There a r e  young igneous i n t r u s i v e  and e x t r u s i v e  rocks  exposed i n  t h e  moun- 
t a i n s  bounding t h e s e  deep sediment f i l l e d  v a l l e y s .  I 

I 
of water a l o n g  f a u l t s ,  t h e  w a r m  water t h e n  r i s i n g  and mixing w i t h  s u b s u r f a c e  I 

l Also t h e  p o s s i b l e  e x i s t e n c e  of unexposed, 
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TABLE 2 

LIST O F  HOT SPRINGS I N  ARIZONA 

Hot S p r i n g  s 

* P i o n e e r  S p r i n g  

*Lava S p r i n g s  

C o f f e r s  Hot S p r i n g s  

Pakon S p r i n g  ( R e p o r t e d  38) 

Q u i t o b a q u i t o  ( R e p o r t e d  32) 

Castle Hot S p r i n g s  

Radium Hot  S p r i n g  (Dry) 

I n d i a n  Hot  S p r i n g s  

G i l l a r d  Hot S p r i n g s  

*Grapev ine  S p r i n g  

* S p r i n g  

* S p r i n g  

Aqua C a l i e n t e  Hot  S p r i n g  

Aqua Caliente Hot  S p r i n g ( D r y )  

Verde  Hot S p r i n g  

Aqua C a l i e n t e  S p r i n g s  (Dry) 

* S p r i n g  

Hookers  Hot S p r i n g  

C l i f t o n  Hot S p r i n g s  

E a g l e  Creek Hot S p r i n g  

L i t t l e  Hanna Creek  

Temp. 

3 3 O C  

32OC 

36OC 

28OC 

26.5OC 

5 O o C  

60°C 

5OoC 

a2Oc 

3 3 O C  

3 3 O C  

34.5OC 

32OC 

32OC 

4 1 O C  

39OC 

37OC 

54.5OC 

6 1  .O°C 

42 .O°C 

5 5 . 5 O C  

2 1  

Township L a t .  

T2S R15E S e c  33 110°51.6 '  

T32N R7W Sec 6 113°05.4'W 

T16N R13W S e c  36 113'35.4' 

T35N R16W S e c  24 113'57.4'W 

T17S R7W S e c  18 113'1.4W 
SE 1 / 4  

T8N R1W S e c  34 
SW 1 / 4  SW 1 / 4  

T8S R18W S e c  12  114'4.2'W 

SW 1 / 4  SW 1 / 4  

T5S R24E S e c  1 7  109°54.0'W 
NE 1 / 4  

T5S R29E S e c  27 109°20.9'W 
NE 1 / 4  NE 1 / 4  

T5S R25E Sec 9 109°51.6'W 
SE 1 / 4  

T5S R25E S e c  1 7  109'58.8'W 

T30N R23W 114'54 ' 
T13S,R16E S e c  20 11Oo43.8'W 
SW 1 / 4  SE 1 / 4  

T20S R13E S e c  1 3  11Oo57.8'W 
NE 1 / 4  NW 1 / 4  

T l l N  R6E S e c  3 11lo42.5'W 
NW 1/4 

T5S RlOW S e c  1 9  113°19.4'W 
NE 1 / 4  NE 1 / 4  

T3S R16E S e c  1 11Oo42.0'W 

T13S R16E S e c  6 11Oo14.3'W 
NE 1 / 4  NE 1 / 4  

T4S R30E S e c  1 8  109°17.8'W 
SW 1 / 4  SE 1 / 4  

T4S R28E S e c  35 109'26.4'W 
NE 1 / 4  NW 1 / 4  

T1N R31E S e c  29 109°10.8'w 
SE 1 / 4  NE 1 / 4  

112'21.7 'W 

Long. 

33'12.6" 

36'12 .O 'N 

34'40.8 ' N  

36'24.9" 

31'57.5 ' N  

34'59 . O ' N  

32'44.4 ' N  

3 3 O O . l ' N  

32'58.4 I N  

33'1.2 ' N  

32'59.8 ' N  

35O42 ' 
32'16.9 ' N  

31'41.7 ' N  

34'21.3" 

31O59.1 ' N  

33'10.2 ' N  

32'20.2 ' N  

33'4.8 ' N  

33'2.9 'N 

33'22.8 'N 



TABLE 2 C o n t . . .  I 
W a r m  S p r i n g  

W a r m  S p r i n g  Near I n d i a n  

Very S m a l l  S p r i n g  o r  Seep 

W a r m  S p r i n g  Near Hooker 

C o o l i d g e  D a m  Hot S p r i n g s  

Hot S p r i n g s  

Near C l i f t o n  

H o t  S p r i n g s  

Mescal Warm S p r i n g s  

Hoover D a m  Hot S p r i n g s  

Warm S p r i n g s  Bronco  Gulch 

W a r m  S p r i n g  

Honkey S p r i n g  

W a r m  S p r i n g  

*Colorado  P o o l  

*Chalk Mounta in  

* R o o s e v e l t  Dam 

* L i t t l e  B o i l i n g  

* A r s e n i c  Cave 

*Arava i p  a 

* S a l t  S p r i n g  

*Soda 

31.5OC 

33. O°C 

44.8OC 

32.5OC 

36.6OC 

29. l 0 C  

42.2OC 

30. O°C 

28.3OC 

28.3OC 

26.  O°C 

Warm 

W a r m  

W a r m  

Warm 

W a r m  . 

T4S R23E Sec 2 1  
NE 114 SE 114 

T5S R24E Sec  17  
NE 114 SE 114 

T4S R30E Sec 19  
SW 114 NE 114 

T12S R21E Sec 31  
NE 114 SW 114 

T3S R18E Sec. 1 7  
SW 114 SE 114  

T3S R17E SeC 20 
SW 114 NW 114 

T22S R65E S e c  29 
SW 114 

T1N E20E Sec 12 

109'59.0 ' 

109O.54 .O ' 

109'17.9 ' W  

110'14.4 'W 

110'31.7 'W 

11Oo38.2W 

114O44.7'W 

110'12.7 'N 

33'4.3" 

33'0.O'N 

33'4.2 'N 

32'20.9 'N 

33'10.3" 

33'9.3" 

36'0.6 'N 

33'26.4'N 

T18N R13W Sec 25 113'36.6'W 
NW 114 SE 114 

T21S K16E Sec 3 11Oo42.2'W 
SW 114 

T5S R19E Sec 2 3  11Oo22.5'W 
SE 1 1 4  
T36N R5E 111'51.6 ' W 

111'45 .O 'W 

111'11.4 ' W  

109'49.2 'Id 

34O55 . O ' N  

31'38.1" 

32'59. o 'N 

36'31.8 'N 

34'5.4 'N 

33'42 . O ' N  

33'12.0" 

33'19.8 ' N  I 
32.2OC T5S R19E S e c  35 11Oo22.8'W 32O58.8" 
28.3OC 110°40. 8 'W 33'48.0 ' N  

W a r m  11lo46.8 'W 34'38.4" 

* S t a n d s  f o r  Rumored Hot S p r i n g s  - h a v e  n o t  b e e n  found  o r  have  n o t  b e e n  
f i e l d  checked .  
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Therefore  as demonstrated above, Arizona h a s  h igh  p o b e n t i a l  f o r  t h e  
e x i s t e n c e  of  geothermal  energy r e s o u r c e s .  However, t h e  p o t e n t i a l  i s  no t  
obvious and cons ide rab le  g r a s s  r o o t s  e x p l o r a t i o n  work remains t o  b e  done. 

1. P e i r c e ,  H.W., 1974, t h i c k  e v a p o r i t e s  i n  t h e  b a s i n  and range  providence - 
Arizona: 4 t h  Symposium on sa l t ,  Northern Ohio Geol.  Soc ie ty ,  Cleveland,  
p.  47-55. 

2. P e i r c e ,  H.W., 1976, Tectonic  s i g n i f i c a n c e  of b a s i n  and range t h i c k  
e v a p o r i t e  d e p o s i t s :  Arizona Geologica l  Soc ie ty  D i g e s t ,  Volume X ,  
March; p.  325-339, 

3. Gerlach,  T . ,  Norton, D . ,  DeCook, K.I., and Sumner, J . S . ,  1975, Geothermal 
Water Resources i n  Arizona: 
U.S. Department of t he  I n t e r i o r .  

F e a s b i l i t y  Study,  Un ive r s i ty  of Arizona 

For  purposes  of c a t e g o r i z i n g  use s c e n a r i o s  f o r  u se  by t h e  Core Team,  s i t e -  
s p e c i f i c  s c e n a r i o s  geothermal r e sources  were t o  b e  de f ined  as fo l lows :  

Category I: " S i t e s  f o r  which active development work i s  be ing  pursued 
by geothermal deve lopers  f o r  e lec t r ic  energy o r  by o t h e r  
p a r t i e s  f o r  n o n - e l e c t r i c  ( e .g .  space-heat ing)  a p p l i c a t i o n s " .  
There  i s  no c u r r e n t  a c t i v i t y  i n  t h i s  ca t egory  i n  Arizona.  

Category 11: " S i t e s  f o r  which some a c t i v i t y  is  occur r ing  ( e .g .  l e a s i n g ,  
d r i l l i n g ,  t empera ture  g r a d i e n t  h o l e s ,  e t c ) . ,  b u t  f o r  which 
s u f f i c i e n t  in format ion  i s  n o t  y e t  a v a i l a b l e  t o  c o n s t r u c t  
s p e c i f i c  s c e n a r i o s  . 'I  

Geothermal l e a s i n g  a c t i v i t y  i s  d i scussed  below. 
Category 111: " S i t e s  of  minimal a c t i v i t y  w i t h  e s s e n t i a l l y  no s u b s t a n t i v e  

informat ion  t o  base  q u a n t i t y  of r e source  o r  t i m e t a b l e  
f o r  development. 'I  

Based upon d a t a  obta ined  .from r e g i o n a l  geo log ic  r econna i s sance ,  
thermal  springs ,  w e l l s ,  and geochemical tempera ture  i n d i c a t o r s  t h e  fo l lowing  
areas have been des igna ted  f o r  f u r t h e r  work. 

a. S p r i n g e r v i l l e  - S t .  Johns area, Apache County, Arizona 
b .  

c. San Bernardino Val ley  area, Cochise County, Arizona.  
d. Castle Hot Spr ings ,  Yavapai County, Arizona 

C l i f t o n  - Morenci - Saf fo rd  area, Greenlee and Graham Count ies ,  
Arizona 

The i n i t i a l  programs i n  t h e s e  areas c o n s i s t e d  of d e t a i l e d  geo log ic  
mapping, geophys ica l  e v a l u a t i o n s  inc lud ing  h e a t  f l ow measurements, water 
sampling and ana lyses  and age d a t i n g  of s e l e c t e d  l i t h o l o g i c  u n i t s .  

The g e o l o g i c a l  e x p l o r a t i o n  and e v a l u a t i o n  r e s u l t e d  i n  educated 
guesses  concerning geothermal r e sources ,  t empera tures ,  and a v a i l a b i l i t y  
f o r  u s e  i n  s c e n a r i o s  a t  v a r i o u s  l o c a t i o n s .  
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3 .  Details on t h e  Geolopy of Arizona 

The S t a t e  of Arizona may be d iv ided  i n t o  two phys iographic  provinces ,  
t h e  Colorado P l a t e a u  i n  t h e  n o r t h e a s t  p a r t  of t h e  s t a t e  and t h e  b a s i n  and 
range  i n  t h e  southwest  p a r t  of  t h e  s t a t e .  There i s  a t r a n s i t i o n  zone between 
t h e  two p rov inces .  The complex l i t h o l o g i e s  and o v e r a l l  s t r u c t u r e  of t he  
b a s i n  and range province  are t h e  r e s u l t  of  a long h i s t o r y  of t e c t o n i c  a c t i v i t y  
t h a t  commenced du r ing  Precambrian t i m e s  over  one b i l l i o n  y e a r s  ago. The 
p h y s i c a l  f e a t u r e s  v i s i b l e  today,  n o r t h  and nor thwes t  t r e n d i n g  mountain ranges 
and sed imen t - f i l l ed  intermontane b a s i n s ,  are t h e  r e s u l t  of complex t e c t o n i c  
a c t i v i t y  t h a t  commenced approximately 1 4  m i l l i o n  y e a r s  ago and may have 
cont inued t o  t h e  p re sen t  i n  some p l a c e s .  

The Colorado p l a t e a u ,  when compared t o  t h e  b a s i n  and range ,  i s  
t e c t o n i c a l l y  s t a b l e .  The land  forms t h a t  c h a r a c t e r i z e  t h i s  province are 
broad p l a i n s ,  p l a t e a u s ,  b u t t e s  and mesas. These f e a t u r e s  have been formed 
by d i f f e r e n t i a l  e r r o s i o n  of r e s i s t a n t  and n o n r e s i s t a n t  sedimentary rocks .*  

I n  Arizona, i n d i c a t i o n s  of hydrothermal geothermal  systems are 
r e p r e s e n t e d  by n a t u r a l  thermal s p r i n g s  and d r i l l e d  w e l l s .  T h e r m a l  s p r i n g s  
and w e l l s  are  wide ly  d i s t r i b u t e d  throughout  t h e  s ta te  b u t  are most abundant 
i n  t h e  b a s i n  and range  t r a n s i t i o n  zone. The p o s s i b l e  exp lana t ion  f o r  t h i s  
re la t ive  c o n c e n t r a t i o n  of geothermal  areas fo l lows:  1. deep c i r c u l a t i o n  
of  me teo r i c  w a t e r  through t h e  i n t e n s e ,  complex f r a c t u r e  systems of t h e  
b a s i n  and range  and t r a n s i t i o n  zones; 2 .  igneous rock  i n t r u s i o n s ,  a g a i n  
a long  f r a c t u r e s  o r  zones of weakness, n o t  exposed a t  t h e  s u r f a c e ;  3 .  a 
combination o f  t h e  p r i o r  two p o s s i b i l i t i e s ;  4 .  h e a t  genera ted  by r ad iogen ic  
decay of r a d i o a c t i v e  elements  i n  igneous rocks ;  5 .  Gerlack  e t  al** have 
sugges ted  t h e  exothermic r e a c t i o n  r e s u l t i n g  from t h e  hydra t ion  of a n h y d r i t e  
i n  t h e  evapora t ion  sequences of sediments  t h a t  occur  i n  some of t h e  intermontane 
b a s i n s .  

The p a u c i t y  of thermal  sp;ings and w e l l s ,  e s p e c i a l l y  w e l l s ,  i n  t h e  
Arizona s e c t i o n  of t h e  Colorado P l a t e a u  could be  t h e  r e s u l t  of l a c k  of 
obse rva t ion .  However, t h e  p a u c i t y  most l i k e l y  i s  t h e  r e s u l t  of t h e  
p l a t e a u ' s  r e l a t i v e l y  low h e a t  f low.  

Hydrothermal r e s o u r c e s  s u i t a b l e  f o r  e l e c t r i c a l  g e n e r a t i o n  are expected 
t o  b e  encountered i n  several areas around t h e  s t a t e .  These f a v o r a b l e  areas 
have been determined by u s e  of geochemical thermometers i n d i c a t i n g  p r o j e c t e d  , 

* Arizona Geologica l  Soc ie ty ,  1967, Arizona Highway Geologic Map, M.E. Cooley, 

** Gerlack ,  T . ,  Norton, D . ,  DeCook, K . J .  and Sumner, J . S . ,  1975, Geothermal 

compi l i e r ,  

Water Resources i n  Arizona: F e a s i b i l i t y  Study, U.S. Dept.  of I n t e r i o r ,  
Of f i ce  of Water Resources Research.  
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r e s e r v o i r  tempera tures  c a l c u l a t e d  from chemical  ana lyses  of water from 
w e l l s  and s p r i n g s .  
Clifton-Morenci-Safford, Spr inge rv i l l e -S t .  Johns,  F l a g s t a f f ,  Phoenix,  
and t h e  Hyder Val ley area. 
o t h e r  areas f a v o r a b l e  f o r  e l e c t r i c a l  gene ra t ion  from hydrothermal  r e sources .  

The f avorab le  areas are t h e  San Bernardino Val ley ,  

Add i t iona l  e x p l o r a t i o n  i s  expected t o  l o c a t e  

Hahman, Stone and Witcher*, i n  t h e i r  p re l imina ry  map compi la t ion  
of  t h e  geothermal energy r e s o u r c e s  of Arizona,  showed both  h igh  tempera ture  
and low t o  moderate tempera ture  areas. Most of t h e  f avorab le  areas on 
t h i s  map are s i t u a t e d  i n  t h e  Bas in  and Range phys iographic  province .  Pre- 
l imina ry  i n v e s t i g a t i o n s  seem t o  i n d i c a t e  t h a t  low t o  moderate tempera ture  
geothermal  energy w i l l  be  a v a i l a b l e  f o r  t h e  use of most of t h e  popula ted  
areas i n  t h e  Arizona Bas in  and range province .  The c u r r e n t  major u ses  
of  low t o  moderate tempera ture  geothermal  r e sources  are i n  space  h e a t i n g ,  
coo l ing  and a g r i b u s i n e s s .  

Arizona h a s  cons ide rab le  p o t e n t i a l  f o r  ho t  dry  rock geothermal  
energy f o r  u s e  i n  e l e c t r i c a l  g e n e r a t i o n ,  space  h e a t i n g  and coo l ing ,  
a g r i b u s i n e s s ,  e tc .  Technology's advancement rate w i l l  de te rmine  t h e  
p r a c t i c a l i t y  of developing t h i s  energy source  i n  Arizona. 

Byerly and Sto l t** ,  i n  t h e i r  a r t i c l e  on t h e  Curie  p o i n t  i so therm 
i n  no r the rn  and c e n t r a l  Arizona, d e f i n e  a r a t h e r  broad zone through c e n t r a l  
Arizona where t h e  Cur ie  p o i n t  i s  less than 10 km and o f t e n  less than  5 km 
below t h e  l a n d  s u r f a c e .  The Cur ie  p o i n t ,  t h a t  temperature  a t  which 
magnetic materials l o s e  t h e i r  magnetic p r o p e r t i e s ,  of magne t i t e  i s  575 C . 
Therefore ,  if t h e  Cur ie  p o i n t  is  a t  5 km one might reasonably  expect t o  
have a tempera ture  of  approximately 575OC a t  t h a t  depth .  
t h e  Cur i e  p o i n t  i s  w i t h i n  5 km of  t h e  s u r f a c e  would be a much more f avorab le  
zone i n  which t o  look f o r  ho t  dry  rock  and/or  hydrothermal  r e sources  
a s s o c i a t e d  wi th  young, concealed,  s i l i c i c ,  i n t r u s i v e  rocks  than  a s e c t i o n  
where t h e  Curie  p o i n t  is  a t  a depth  of 20 o r  30 km. 

The zone where 

I n  conclus ion ,  Arizona has  cons ide rab le  p o t e n t i a l  f o r  geothermal  
energy  r e sources .  The geo log ica l  man i fe s t a t ions  of these  resources are  
o f t e n  v e r y  s u b t l e .  However, t h e s e  geothermal  r e s o u r c e s ,  t o r  bo th  e l e c t r i c  
and n o n e l e c t r i c  u ses ,  can b e  l o c a t e d  and developed through p ruden t ,  i n t e g r a t e d  
programs invo lv ing  geology,  geophysics  and geochemistry.  

* Hahman, S r . ,  W.R., Stone,  C. and Witcher ,  J . C . ,  1978, P re l imina ry  Map, 

i 

Geothermal Energy Resources of Arizona,  Bureau of Geology and Mineral  
Technology, Tucson, Arizona. 

** Byerly,  P.E.  and S t o l t ,  R.H., 1977, An Attempt t o  Def ine  t h e  Curie  P o i n t  
I so therm i n  Northemand C e n t r a l  Arizona,  Geophysics,  Vol 42, N o .  7 ,  
p .  1394-1400 

*** Tel fo rd ,  W.M.,  Ge lda r t ,  L.P., S h e r i f f ,  R.E. and Keys, D.A., 1976, Applied 
Geophysics, Cambridge Un ive r s i ty  Press, New York. 
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4 .  Pre l iminary  Map of Geothermal Energy Resources of Arizona 

During t h e  f i r s t  yea r  of Arizona DOE/DGE c o n t r a c t ,  an  a t tempt  w a s  
made t o  compile d a t a  r e l e v a n t  t o  geothermal energy i n  t h e  S t a t e  of Arizona.  
A s  p a r t  of  t h i s  program the  Arizona O i l  and Gas Conservat ion Commission w a s  com- 
missioned t o  prepare  a map, s c a l e  1:1,000,000, cons t ruc t ed  from t h e i r  f i l e s  and 
publ ished r e p o r t s  on t h e  geothermal energy of Arizona.* 
program w a s  t h e  c o n s t r u c t i o n  of a l ineament  map, s c a l e  1:1,000,000 prepared  
from Landsat imagery by D r .  Lar ry  Lepley**. 
t h e  d a t a ,  conta ined  i n  New Mexico Energy I n s t i t u t e  r e p o r t  number 6 ,  t o  t h e  
Arizona program.*** Therefore ,  t h e  m a j o r i t y  of t h e  informat ion  had a l r e a d y  
been compiled when t h e  U.S. Department of  Energy, D iv i s ion  of Geothermal 
Energy r eques t ed  t h e  p u b l i c a t i o n  of a p re l imina ry  map (F ig .  6 )  on t h e  geo- 
thermal  energy r e sources  of t h e  s t a t e .  

Another p a r t  of t h e  

D r .  Chandler Swanberg fu rn i shed  

**** 
The Arizona Bureau of Mines***** had publ i shed  a map of t h e  ou tc rops  

of Qua te rna ry  igneous rocks ,  scale 1:1,000,000 i n  1962 and of c i n d e r  cones,  
scale 1:500,000 i n  1969. I n  t h e s e  two i n s t a n c e s  a l l  t h a t  was necessa ry  
w a s  an updat ing  of t h e  material .  

D r .  Paul  Damon and h i s  associates****** of t h e  Labora tory  of I s o t o p e  
Geochemistry, Un ive r s i ty  of Arizona,  Tucson, w e r e  k ind  enough t o  revise t h e  
1962 map from t h e i r  e x t e n s i v e  age  d a t e  f i l e s .  
t h e  c i n d e r  cone map and d r a f t e d ,  r e g i s t e r e d  and s t r i p p e d  t h e  10 p l a t e s  f o r  
t h e  p r i n t i n g  company. 

Drafter Dan Dwyer r e v i s e d  

The coopera t ion  of  a l l  p a r t i e s  a s s o c i a t e d  wi th  t h i s  map i s  g r a t e f u l l y  
acknowledged and g r e a t l y  a p p r e c i a t e d .  Without t h e  c o n t r i b u t o r s '  e f f o r t s ,  
t h e  map i n  i t s  p r e s e n t  form would have been imposs ib le  t o  c o n s t r u c t .  

* 

** 
*** 

**** 

***** 

****** 

D r u i t t ,  C.E. and Conley, J . N . ,  Geothermal Areas, Arizona O i l  & G a s  
Conservat ion Commission, August 1977. 

Lepley,  L.K.,  Landsat  Lineament Map of Arizona, October 1977. 

Swanberg, C.A.,  Morgan, P a u l ,  S toye r ,  C.H.  and Witcher ,  J . C .  Regions 
of  High Geothermal P o t e n t i a l ,  An Appra i sa l  Study of t h e  Geothermal 
Re'sources of Arizona and Adjacent Areas i n  New Mexico and Utah and 
The i r  Value f o r  D e s a l i n a t i o n  and o t h e r  Uses, J u l y  1977.  

Arizona Bureau of Mines, Outcrop of Quaternary Igneous rocks ,  from 
Map of Outcrops of T e r t i a r y  and Quaternary  rocks i n  Arizona, 1962. 

Arizona Bureau of Mines, C o r r e l a t i o n  of Cinder Cones, from Geologic 
Map of Arizona,  1969. 

Damon, P .E . ,  S h a f i q u l l a h ,  M . ,  and Lynch, D . J . ,  Ages of volc 'anic 
f i e l d s  determined by K-Ar d a t i n g  a t  Labora tory  of I so tope  Geochemistry 
wi th  suppor t  from NSF Grant EAR 76-02590, U.S.G.S. Grant 14-18-0001- 
G-170 and t h e  S ta te  of Arizona,  January 1978. 
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(*) Reduced copy. For l a r g e  colored map r e f e r  t o  Bureau of Geology and 
Mineral Technology. Geological Survey Branch, Universi ty  of Arizona. 
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i )  Discuss ion  ---------- 
The fo l lowing  i n t e r p r e t a t i v e  connnents are  p re l imina ry  i n  n a t u r e  and 

should be  t r e a t e d  as such. 

The areas of f a v o r a b l e  geothermal energy p o t e n t i a l  shown on t h e  map 
appear  concent ra ted  i n  t h e  sou the rn  h a l f  of t h e  s ta te .  Th i s  concen t r a t ion  
is  apparent  because of t h e  g r e a t e r  popu la t ion  d e n s i t y  and minera l  e x p l o r a t i o n  
a c t i v i t y  which h a s  genera ted  cons ide rab le  knowledge of t h e  Bas in  and Range 
phys iographic  province .  

D r .  Chandler Swanberg e t  a l . ,  i n  NMEI number 6 ,  F i g u r e  9 ,  h a s  computed 
t h e  mean of observed tempera tures  f o r  w e l l s  and s p r i n g s  from both  t h e  Colorado 
P l a t e a u  and t h e  Basin and Range phys iographic  provinces  of southwestern United 
S t a t e s .  
t h e  Basin and Range 26.2OC. 
P l a t e a u  of Arizona having a temperature  i n  excess  of 20°C would be  cons idered  
anomalous. I n  t h e  Basin and Range of Arizona any w e l l  o r  s p r i n g  having a 
tempera ture  i n  excess  of 3OoC would be considered. anomalous. 

The mean tempera ture  f o r  t h e  Colorado P l a t e a u  is  16.l0C and f o r  
Therefore ,  any w e l l  o r  s p r i n g  i n  t h e  Colorado 

Lepley ' s  l ineament  s tudy  p r e s e n t s  some i n t e r e s t i n g  c o n j e c t u r e s  when 
analyzed w i t h  t h e  o t h e r  d a t a  on t h e  map. It does appear  t h a t  t h e  n o r t h e a s t  
(N 40° - 60 C) s t r i k i n g  l ineaments  have a s i g n i f i c a n t  r e l a t i o n s h i p  wi th  
areas of h igh  geothermal  energy p o t e n t i a l .  F i e l d  obse rva t ions  i n  t h e  vol -  
can ic  f i e l d  immediately w e s t  of S p r i n g e r v i l l e ,  Arizona tend t o  suppor t  
t h e  importance o f  t h i s  n o r t h e a s t  d i r e c t i o n .  Cinder cones appear  t o  b e  
a l l i g n e d  a long  r e l i c t  f i s s u r e  v e n t s  s t r i k i n g  N 40° - 45' E .  

0 

0 Another a p p a r e n t l y  impor tan t  l ineament  d i r e c t i o n  i s  N 40 - 45' W. 
Favorable  geothermal  energy areas seem t o  occur  i n  t h e  v i c i n i t y  of t h e  i n t e r -  
s e c t i o n s  of t h e  n o r t h e a s t  and nor thwes t  l ineaments .  While t h i s  a s s o c i a t i o n  
could w e l l  be f o r t u i t o u s ,  t h e  geothermal anomalies  could w e l l  r e s u l t  from 
more f a v o r a b l e  ground p r e p a r a t i o n  of t h e  basement complex. These i n t e r -  
s e c t i o n s  could have numerous, deeply p e n e t r a t i n g  f r a c t u r e s  ex tending  con- 
s i d e r a b l e  d i s t a n c e s  i n t o  t h e  e a r t h ' s  c r u s t .  The ground water i n  t h e  i n t e r -  
montane b a s i n s  could  c i r c u l a t e  t o  g r e a t  depths  a long  t h e s e  f r a c t u r e s ,  become 
hea ted  and r ise  a long  t h e s e  f r a c t v r e s .  This  a c t i o n  would cause  a turnover  
of  t h e  water i n  t h e  a q u i f e r s  c r e a t i n g  a convect ion c e l l  o r  c e l l s  s imilar  
t o  t h e  Tucson b a s i n  cel l .*  

i i )  Conclusion ---------- 
This  map is  t h e  i n i t i a l  a t t empt  t o  p r e s e n t  t h e  knowledge t o  d a t e  on 

t h e  geothermal energy p o t e n t i a l  of the  S t a t e  of Arizona.  

Thermal g r a d i e n t s  c a l c u l a t e d  from s i n g l e  tempera tures  i n  sha l low 
w e l l s  have t h e  h i g h e s t  chances f o r  e r r o r  and may n o t  extend t o  depth .  
However, t h e s e  c a l c u l a t i o n s  do p o i n t  ou t  where t h e  shallow-depth h o t  water 
is  l o c a t e d .  

* J . C .  Witcher ,  Pe r sona l  Communication (1978).  
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Water geochemical geothermometers are reasonably  a c c u r a t e  a t  des igna t ing  
t h e  minimum range  of t h e  geothermal r e s e r v o i r  tempera tures .  The reason  i t  
i s  t h e  minimum temperature  i s  t h a t  mixing o f  non-thermal water w i t h  thermal  
water o f t e n  occurs  p r i o r  t o  t h e  water reaching  t h e  sample s i t e .  

Measured thermal  g r a d i e n t s  should be cons idered  t h e  most a c c u r a t e .  
Temperature measurements, u s ing  a ve ry  a c c u r a t e  the rmis to r  probe,  are 
g e n e r a l l y  taken  every  f i v e  meters from t h e  s u r f a c e  down. 
e i g h t  r ead ings ,  over  an extended t ime pe r iod ,  are  taken  a t  one downhole 
s t a t i o n  i f  i t  i s  i n  a i r .  Only one reading  i s  necessary  p e r  downhole s t a t i o n  
i f  t h e r e  i s  f l u i d  i n  t h e  h o l e .  

Approximately 

It should be  noted  t h a t  t h e  conf igu ra t ion  and a rea l  e x t e n t  of t h e  
p o t e n t i a l  geothermal  energy r e source  areas shown on t h i s  map are c o n j e c t u r a l .  
Th i s  map w a s  prepared t o  f u r n i s h  background informat ion  f o r  i n v e s t i g a t i v e  
p r o j e c t s .  The l e a s i n g  of land  and d r i l l i n g  f o r  geothermal  energy should 
only  be  undertaken a f t e r  a thorough g e o l o g i c a l  i n v e s t i g a t i o n .  

5. Geothermal Energy Avai lab le  f o r  Development 

For  t h e  purpose of  t h i s  s tudy ,  Arizona has  been d iv ided  i n t o  1 2  geo- 
the rma l ly  f avorab le  areas. These twelve areas, w i t h  r a t h e r  nebulous 
boundar ies ,  are  as fo l lows:  San Bernardino Val ley  area, Clifton-Morenci- 
Sa f fo rd  area, Kingman area,  Yuma a r e a ,  Hyder Val ley  area, Tucson area, 
S p r i n g e r v i l l e  area, F l a g s t a f f  area, Willcox area, Palo Verde area,  
P i n a c a t e  v o l c a n i c  f i e l d  area and t h e  Phoenix area. 

I n  o r d e r  t o  commence t h i s  e x e r c i s e  c e r t a i n  assumptions must be  made, 
t h e  major assumptions be ing  t h a t  t h e r e  i s  geothermal energy a v a i l a b l e  f o r  
development and t h a t  t h e  cond i t ions  f o r  development are f a v o r a b l e .  Pre-  
l i m i n a r y  i n v e s t i g a t i o n s  i n d i c a t e  f avorab le  geothermal p o t e n t i a l  i n  a l l  
t h e  above areas; however, t h e r e  are no proven r e s e r v o i r s  o r  reserves. 
Therefore ,  a l l  energy estimates given i n  Table  3 a r e  merely b e s t  guesses  
i n  l i g h t  of p r e s e n t  in format ion  and w i l l  be s u b j e c t  t o  change as more d a t a /  
i n fo rma t ion  becomes a v a i l a b l e .  

The e s t i m a t e d  energy i n  t h e  twelve areas as  g iven  i n  Table  3 has 
been c o n s t r u c t e d  from a proven, probable  and i n f e r r e d  s t andpo in t  assuming 
p r e s e n t  technology and wi th  some h o t  d ry  rock development. Advancement 
i n  e x p l o r a t i o n ,  development and gene ra t ing  (energy conversion)  technology 
w i l l  of  cour se  g r e a t l y  i n c r e a s e  t h e  m e g a w a t t s  of e l e c t r i c i t y  on l i n e .  

6 .  Assessment of Geothermal Resources i n  Arizona 

An assessment  of t h e  geothermal r e sources  i n  Arizona,  ranked by 
tempera ture  (Tables  4,5 and 6)  w a s  prepared by D r .  Chandler A.  Swanberg 
of t h e  Department of Ea r th  Sc iences ,  New Mexico S t a t e  U n i v e r s i t y ,  L a s  
Cruces.  A similar assessment  ranked by geographic  l o c a t i o n  (Tab le7 )  
w a s  p repared  by t h e  Geothermal Group of t he  Arizona Bureau of Geoiogy and 
Minera l  Technology. 
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TABLE 3 

ESTIMATED GEOTHERMAL ENERGY AT VARIOUS AREAS I N  ARIZONA 

E l e c t r i c  Power Generat ion 

Area Proven Pro bab l e  I n f e r r e d  

1. San Bernardino Val ley  O M W  5 0  MW 500 MW 
2 .  Clifton-Morenci-Safford O M W  5 0  MW 500 MW 
3 .  
4 .  
5.  
6 .  
7 .  
8 .  
9 .  

10 .  
11. 
1 2 .  

S p r i n g e r v i l l e  
F l a g s t a f f  
Kingman 
Yuma 
Hyder Val ley 
Tucson 
Phoenix 
Wil lcox 
Pa lo  Verde 
P i n a c a t e  Volcanic F i e l d  

O M W  
0 ?flJ 
0 IN 
O M W  
O M W  
O M W  
0 M G J  
O M w  
O M W  
O M W  

100 MW 
100 MW 

25 MW 
5 0  MW 
5 0  MW 
10 Mw 
5 0  MW 
25 MW 
25 MW 
100 Mw 

500 MW 
1000 Mw 
100 Mw 

5 0  Mw 
500 MW 

5 0  MW 
500 MW 
100 Mw 
100 Mw 
500 MW 

TOTAL O M W  635 Mw 4450 MW 

Non-e lec t r ic  power-space h e a t i n g ,  coo l ing ,  a g r i c u l t u r e  is  es t ima ted  a t  
1.5 t i m e s  t o t a l  e l e c t r i c  power gene ra t ion  f o r  t h e  s ta te .  

Non-Electric Power 

Proven Probable  I n f e r r e d  

T o t a l  e l e c t r i c  power x 1.5  O M W  635 MW 4450 MW 
O M W  952.5 Mw 6675 MW 

Grand T o t a l  O M W  1587.5  IIW 1 1 , 1 2 5  MW 
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TABLE 4 

H I G H  TEMPERATURE GEOTHERHAL RESOURCES (>15OoC) 

MEASURED 
SUBSURFACE - 

LAT . LONG. TEMPERATURE ("C) NAME 

Confirmed 

Chandler 

Prospects 

Clifton H.S. 

Verde H.S. 

33 17.1 111 41.2 18 4 

ESTIMATED 
SUBSURFACE 
TEMPERATURE (OC) 

33 4.2 109 17.9 160 
34 21.5 111 42.5 150 

Potential for Discovery - Areas having groundwaters whose chemical geotempera- 
tures exceed 15OoC 

San Bernardino Basalt Area 
Spr ingemille 
S t . Johns 
Joseph City : 

Flagstaff 
Oatman 
Weaver Park 
Rancoras Plain 
Rainbow Valley 
Phoenix 
San Simon* 
Yuma* 

31.4 
34.1 
34.4 
34.8 
35.1 
35 .O 
34.4 
33.5 
33.2 
33.4 
32.2 
32.5 

109.4 
109 - 3  
109.4 
110.4 
111.9 
114.4 
112.9 
113.7 
112.5 
112 .o 
109.3 
114.8 

Potential for Discovery - Areas having shallow boreholes whose temperature 
gradients exceed 15OoC/km 

Number of Prospects 
73 

Potential for Discovery - Quaternary Volcanics 

Number of Prospects 

50 

* Measured temperature 130 - 14OoC. 
geothermal resources confirmed. 

Ag g r e g a t e Ar ea 
2200 km2 

Aggregate Area 

11,100 km2 
2 2 

(C.P. = 9800 km , B&R = 1300 km ) 

See also intermediate temperature 
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TABLE 5 

INTERMEDIATE TEMPERATURE GEOTHERMAL RESOURCES ( 9O-15O0C) 

MEASURED* 
SUB SURFACE 

NAME/AREA LAT . LONG TEMPERATURE (OC) 

Confirmed 

San Simon 

Yuma 

Prospec t s  

G i l l a r d  H S.  
Eagle  Creek H. 
Coolidge H . S .  
Cof fe r s  H.S. 
Cat Tank 
J a v e l i n a  Peak 
Sa f fo rd  Area 
I n d i a n  H.S. 
Castle H.S. 

S. 

32.2 109.3 

32.5 114.8 

32 58.4 
32 2.9 
33 10.3 

32 43.8 
32 31.4 
32 50.7 
33 0.2 
33 59.0 

34 41.6 

109 20.9 . 

109 26.4 
110 31.7 
113 34.5 
109 22.7 
109 25.6 
109 33.6 
109 54.0 
112 21.7 

134 

138 

ESTIMATED 
SUBSURFACE 
TEMPERATURE (OC) 

140 
130 
120 
120 
115 
110 
110 
105 
105 

P o t e n t i a l  f o r  Discovery - Areas having sha l low boreholes  whose temperature  
g r a d i e n t s  f a l l  between 36 and 150°C/km 

Number of P rospec t s  

-100 

Aggregate Area 
36-150°C/km 4900 km2 2 

55-150°C/km 6000 km 

P o t e n t i a l  f o r  Discovery - Cenozoic Volcanics  

N e a r l y  20% of t h e  total l and  surface area of A r i z o n a  is  covered by Cenozoic 
v o l c a n i c  rocks  and t h e r e f o r e  should be  cons idered  a s  p o t e n t i a l  areas f o r  
geothermal  d i s c o v e r i e s .  

0 * Numerous o t h e r  w e l l s  i n  Arizona have r epor t ed  g r a d i e n t s  i n  t h e  90-150 C/km 
range  b u t  have been omi t ted  from t h i s  t a b l e  because t h e  i n f e r r e d  tempera ture  
g r a d i e n t  i s  no t  s u f f i c i e n t l y  above normal t o  c o n s t i t u t e  a geothermal  
anomaly. See low temperature  r e sources  confirmed. 
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TABLE 6 

LOW TEIPERATURE GEOTHERMAL RESOURCES ( 2O-9O0C) 

MEASURED 
LAT . LONG. TEMPERATURE NAME /AREA 

Conf irmed C 0 

L i t  t l e t o n  
Casa Grande (North) 
Casa Grande (South) 
Wil lcox 
Whi tewa ter 
Coolidge Area 
Radium SP. 
Hooker's H.S. 
Buckhorn Area 
Hyder Valley 
Agua C a l i e n t e  
Artesia H.W. 
M t .  Graham 
Lucats  Spa 
Palomas M t s .  
Branon Mtn. 
Theba 
Bowie 
Mobfl Area 
Artesia Area 
Warm Sp. 
Hoover Dam Sp. 
Cottonwood Sp. 
Lava 'Sp. 
Colorado Pool  
P r e s c o t t  Sp. 
Soda Sp. 
Chalk Mtn. Sp. 
Roosevel t  Dam Sp. 
Bronco Culch Sp. 
Mescal Sp. 
P i o n e e r  Sp. 
Arsenic  Cave S p .  
L i t t l e  B o i l i n g  Sp. 
Graper ine  Sp. 
Agua C a l i e n t e  
Agua C a l i e n t e  

32.1 
32.9 
32.8 
32.3 
31.5 
32 54.2 
32 44.4 
32 20.2 
33 25 
33.1 
32 59.6 
32 43.1 
32 51.8 
32 44.7 
33 0.0 
33 6.7 
32 55.9 
32 19 .1  
33 12 .2  
32 41.0 
33 4.3 
36 .O 
36.5 
36.2 
36.5 
34.6 
34.7 
34 .1  
33.6 
33.4 
33.2 
33.2 
33.3 
33.2 
33 .O 
32.3 
31.8 

110.9 
111.5 
111.5 
109.9 

111 34.0 
114 4.2 
110 14 .3  
111 42.2 
113.3 

109 42.5 
109 44.9 
109 44.7 
113 30.5 
113 24.5 
1 1 2  45.1 
109 23.0 
112 21.9 
109 42.3 
109 59.0 
114.8 
114.0 
113.1 
111.9 

111.7 
111.7 
111.2 
110.2 
110.6 
110.8 
109.8 
109.6 
109.8 
110.7 
111 .o 

109 .a 

113 18.3 

i i z .  6 

147 * @ 3830m 
113 * @ 2440m 
110 * @ 3095m 

87 * @ 2027m 
64 * @ 1 5 1 0 m  
6 1  

>50 
53 
49 
49 * @ 789m 
46 
44 
44 
42 
4 2  
39 
38 
36 
35 
33 
42 

a40 
w a r m  
w a r m  
w a r m  
warm 
warm 
w a r m  
w a r m  
w a r m  
warm 
w a r m  
w a r m  
warm 
w a r m  
warm 
warm 

0 
P r o s p e c t s  - Water Temperatures i n  excess of 20 C 

I n  Arizona t h e  e n t i r e  Bas in  and Range province  which i n c l u d e s  roughly t h e  t o t a l  
land s u r f a c e  of t h e  s t a t e  should b e  cons idered  t o  b e  a low tempera ture  0 geothermal 
p r o s p e c t .  The mean water temperature  of t h e  Bas in  and Range i s  26 C.  
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TABLE 6 CONT 

P o t e n t i a l  f o r  Discovery 

The e n t i r e  Basin and Range p rov ince  and roughly 113  of  t h e  Colorado P l a t e a u  
i n  Arizona (‘L60-70% of t h e  e n t i r e  s t a t e )  have some t ype  of ev idence  sugges t ing  
t h e  p re sence  of l o w  tempera ture  geothermal r e s o u r c e s .  

* High tempera tures  r e f l e c t  t h e  depth  of t he  w e l l .  
t empera ture  g r a d i e n t  i s  n o t  s u f f i c i e n t l y  above normal t o  c o n s t i t u t e  
a geothermal anomaly. 

The i n f e r r e d  
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* 
TABLE 7 INFORMATION ON GEOTHERMAL LOCATIONS I N  THE STATE OF ARIZONA 

S a l i n i t y  Heat Envtal  Radius of 
Type of Depth Tempt. Range Subsidence of Source Resv. l o c a t i o n  

Impact (miles) No. Location Ownership Geot. Energy (kin) (OC) w l r e i n j e c t i o n  (PPM) (Quads) 
Type of 

w cn 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

11 

1 2  

Kingman 

F l a g s t a f f  

Springer- 
v i l l e  
( S t  Johns) 

C l i f ton -  
Moren ci- 
Saf f ord 

Willcox 

Tucson 

Phoenix 

Palo 
Verde 

Hyder 
Val ley 

Yuma 

San Ber- 
na rd ino  

Pinac ate 

Fede ra l  
& S t a t e  

Fede ra l  
S t a t e  L 
Ind ian  

Federal  
& S t a t e  

Fede ra l  
S t a t e  & 
Indian 

Fede ra l  
& S t a t e  

Fede ra 1 
S t a t e  & 
Lndian 

Federal  
& S t a t e  

Federal  
& S t a t e  

Fede ra l  
L S t a t e  

Federal  
S t a t e  & 
Ind ian  

Fede ra l  
6 S t a t e  

Federal  
& S t a t e  

HDTF & 
HDR 

HDTF & 
HDR 

HDTF L 
HDR 

HDTF & 
HDR 

HDTF 

HDTF 

HDTF 

HDTF L 
HDR 

HDTF L 
HDR 

HDTF 

HDTP & 
HDR 

HDTF 6 
HDR 

2 

1 

1 

1 

0.81 

0.5-2 

0.5-2 

0.5-2 

0.5-2 

1.2 

0.5-1 

0.5-1 

HDTF: 50: 
HDR: 200 

HDTF: 60: 
HDR: 210 

HDTF: 55: 
HDR: 210 

HDTF: l l g o  
HDR: 205 

HDTF: 50-80°0 

HDTF: 60-90' 

HDR: 150-200 

HDTF: 80-120° 

HDTF: 54: 
HDR: 205 

HDTF: 55' 
HDR: 209' 

HDTF: 150-180' 

HDTF: 1500-200° 
HDR: 205 

HDTF: 150-180° 
HDR: 200' 

Almost 

Almost 
none 

Almost 
none 

P o s s i b l e  
i n  Safford 

Poss ib l e  

S l i g h t l y  
P o s s i b l e  

S l i g h t l y  
Poss ib l e  

Almost 
none 

P o s s i b l e  

Poss ib l e  

P o s s i b l e  in 
some areas 

Poss ib l e  i n  
some areas 

3500 

3000 

2500 

4000 

3000 

2000 

2000 

1000 

2500 

3500 

2500 

2500 

5 

20 

10 

11 

5 

11 

20 

2 

20 

2 

2 

2 

S i g n i f i c a n t  

I t  

S 1 i gh t l y  
S i g n i f i c a n t  

S i g n i f i c a n t  

I 1  

II 

I t  

11 

S1 igh  t l y  
S i g n i f i c a n t  

I1  

II 

10 

20 

15 

1 5  

1 0  

1 5  

20 

5 

1 5  

5 

5 

5 

* Most of t h e  f i g u r e s  given i n  t h i s  t a b l e  are approximate 
HDTF: Hydrothermal f l u i d ,  HDR: Hot Dry Rock 



For Tables  4-6, Swanberg s ta tes  t h a t  t h e  geotheromal r e s o u r c e s  of 
Arizona have been "d iv ided  i n t o  h igh  temperature 
i n t e r m e d i a t e  tempera ture  (90 - 150OC) (Table 5 ) ,  and low tempera ture  (20 - 
90°C) (Table 6 ) ,  w i t h  f u r t h e r  m o d i f i c a t i o n s  t o  de te rmine  t h e  r e l i a b i l i t y  
of t h e  assessment. The llconfirmed" ca t egory  i n c l u d e s  on ly  those  geothermal 
areas whose subsu r face  tempera tures  have been v e r i f i e d  by d r i l l i n g .  The 

s p r i n g s  and w e l l s )  whose chemical c o n s t i t u e n t s  sugges t  a much h ighe r  sub- 
s u r f a c e  tempera ture  than  can b e  measured a t  t h e  s u r f a c e .  The " p o t e n t i a l  
f o r  discovery" ca t egory  i n c l u d e s  t h o s e  areas which appear  promising on t h e  
b a s i s  of  v a r i o u s  g e o l o g i c a l ,  geophys ica l ,  geochemical c r i t e r i a  b u t  f o r  which 
l i t t l e  o r  no d e t a i l e d  informat ion  i s  c u r r e n t l y  a v a i l a b l e .  
t h e  fo l lowing  t a b l e s ,  w e  have u t i l i z e d  a l l  geothermal d a t a  c u r r e n t l y  
a v a i l a b l e  a l though  w e  have r e l i e d  h e a v i l y  upon t h e  geothermal compi l a t ion  
works of Swanberg a t  a l .  * and Hahman e t  a l .  **. 

(>150 C) (Table 4 ) ,  

p rospec t"  ca t egory  i n c l u d e s  those  areas which have thermal  waters (hot  11 

I n  p r e p a r i n g  

Table 7 p r e s e n t s  t he  r e source  assessment .on t h e  b a s i s  of t h e  1 2  
most f a v o r a b l e  l o c a t i o n s  i n  Arizona. The t a b l e  i n c l u d e s  l and  ownership, 
t y p e  of r e source ,  environmental  c o n s i d e r a t i o n s ,  e s t ima ted  h e a t  reserve and 
o t h e r  p e r t i n e n t  d a t a .  F i g .  7 i s  a map of  Arizona showing c o u n t i e s  and t h e  
l o c a t i o n s  of each  of t h e  1 2  areas. The h e a t  reserves i n  Table  7 were 
c a l c u l a t e d  as fo l lows :  

I n  o r d e r  t o  estimate t h e  h e a t  energy i n  a geothermal r e s e r v o i r  i n  
Quads; w e  w i l l  use  t h e  fo l lowing  equa t ion ,  

where: 

TT = 3.1416 
H = p o t e n t i a l  amount of h e a t  energy i n  r e s e r v o i r  ( i n  Quads) 
D = diameter  of  geothermal r e s o u r c e  area ( i n  mi l e s )  
d = depth ( i n  miles) 

Cp = s p e c i f i c  h e a t  of rock  
AT = t empera ture  drop by source  

p = d e n s i t y  of rock  ( i n  l b / f t 3 )  

* Swanberg, C.A.,  Morgan, Pau l ,  S toye r ,  C .H. ,  and Witcher,  J . C . ,  
Regions of High Geothermal P o t e n t i a l ,  An Appra i sa l  Study of t h e  
Geothermal Resources of Arizona and Adjacent Areas i n  New Mexico 
and Utah and t h e i r  v a l u e  f o r  Desa l ina t ion  and o t h e r  Uses, NMEI 
Report  No. 6 ,  J u l y ,  1977 

Geothermal Energy Resources of Arizona, Bureau of Geology and Minera l  
Technology, Tucson, Arizona 

** Hahman, S r . ,  W.R. , Stone, C .  and Witcher,  J . C .  1978, P re l imina ry  Map - 
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Conversion f a c t o r s ,  
5280 = convers ion  f a c t o r  from m i l e s  t o  f e e t  
1015 = convers ion  f a c t o r s  from BTU t o  Quads 

To i l l u s t r a t e  how t h i s  e q u a t i o n  is  used; l e t  u s  c a l c u l a t e  a n  
estimate f o r  t h e  h e a t  energy i n  t h e  Kingman area. 

Assume t h a t :  

D = 20 m i l e s  
d = 0.25 m i l e s  
Cp= 0.2 BTU/lb OF 

p = 200 l b / f t  3 AT = 10°F 

~ ( 2 0 ) ~  (0.25) (0.2) (10) (200) ( 5 2 8 ( 1 ) ~  H ( i n  Quads) = 
(4) 

H = 4 .62  Quads = 5 Quads 

Thus t h e  h e a t  energy i n  t h e  geothermal r e source  r e s e r v o i r  w a s  e s t ima ted  
u s i n g  equa t ion  ( i ) .  
i n  Table 10 were e s t ima ted  i n  t h e  same way. 

A l l  t h e  amounts of h e a t  energy f o r  t h e  twelve areas 

7.  Geothermal Leas ing  and D r i l l i n g  A c t i v i t y  i n  Arizona 

i. Leas ing  --_---- 

Leas ing  a c t i v i t y  h a s  inc reased  s i g n i f i c a n t l y  on bo th  state and 
f e d e r a l  l ands  i n  Arizona du r ing  t h e  p a s t  yea r  ( see  F igu res  8-14). 
Several lease a p p l i c a t i o n s  and two Not i ces  of I n t e n t  t o  Conduct Geothermal 
Resource Exp lo ra t ion  Opera t ions  have been f i l e d  a t  v a r i o u s  Bureau of Land 
Management (BLM) Arizona d i s t r i c t  o f f i c e s .  On t h e  s t a t e  level one lease 
renewal and one new lease a p p l i c a t i o n  w e r e  f i l e d  w i t h  t h e  S t a t e  Land 
Department. 

Reed Nix of Nix D r i l l i n g  Company, Globe, Arizona, ob ta ined  a lease 
on state land T5S R24E S16 i n  November, 1972 ,  t o  d r i l l  a geothermal t e s t  
h o l e .  D r i l l i n g  commenced A p r i l  23, 1974, and con t inues  t o  t h e  p r e s e n t .  
I n  November, 1977, Nix a p p l i e d  f o r  a two yea r  lease e x t e n s i o n ,  b u t  t h e  
e x t e n s i o n  w a s  no t  g ran ted  by t h e  S t a t e  Land Department. Four i n d i v i d u a l s  
j o i n t l y  a p p l i e d  f o r  a geothermal lease on s t a t e  l and  on t h e  Hassayampa 
P l a i n ,  T5N R6W 536 and T4N R6W S 2 ,  i n  March, 1978. Upon r e c e i p t  of such  
a p p l i c a t i o n s  t h e  S t a t e  Land Department must a d v e r t i s e  f o r  compe t i t i ve  
b idd ing  f o r  t e n  w e e k s .  
t h e  BLM, which i s  conducting an environmental  s tudy  of sur rounding  f e d e r a l  
l a n d .  

Lease i s s u a n c e  i s  c u r r e n t l y  pending a c t i o n  by 

The BLM Sa f fo rd  D i s t r i c t  O f f i c e  r e p o r t e d  on seven o l d e r  noncompet i t ive  
geothermal lease a p p l i c a t i o n s  on f e d e r a l  l a n d s  i n  t h e  C l i f t o n  a r e a ,  w i t h i n  
townships T4-6S R28-30E. Dates and a p p l i c a n t s  are unknown; however, f o u r  
of t h e  leases were g ran ted  t o  P h i l l i p s  Petroleum Company, D e l  Mar, C a l i f o r n i a ,  
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LEGEND FOR THE FOLLOWING FIGURES ( 8  - 14) 
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F IGURE 8: GEOTHERMAL LAND STATUS OF MARICOPA COUNTY, ARIZONA, AS O F  
A P R I L  1978.  S E E  LEGEND. 
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FIGURE 10: GEOTHERMAL LAND STATUS OF GRAHAM AND GREENLEE COUNTIES, ARIZONA, AS OF APRIL, 1978. 
SEE LEGEND 
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on J u l y  1, 1975. A l l  of the  a p p l i c a t i o n s  may have been f i l e d  by P h i l l i p s  
as a l l  s e c t i o n s  are i n  proximity.  

Geothermal l e a s i n g  of f e d e r a l  l and  dur ing  t h e  p a s t  yea r  h a s  been 
even more a c t i v e  than i n  former yea r s .  The BLM Kingman Resource Area O f f i c e  
r epor t ed  r e c e i v i n g  two Not ices  of  I n t e n t ,  one from t h e  U.S. Geologica l  Survey, 
Menlo Park ,  C a l i f o r n i a ,  t o  d r i l l  f i v e  sha l low (400 f t )  h e a t  f low h o l e s  i n  t h e  
Kingman d i s t r i c t  (see d r i l l i n g  s e c t i o n ,  below) and a second from Cyprus 
Georesearch of Los Angeles,  C a l i f o r n i a ,  t o  conduct t h r e e  geophys ica l  surveys  
i n  each of  two areas: T20N R17-18W nea r  Kingman and T15N R l l W  and T14N 
R10-11W sou th  of  Wickieup. The Kingman BLM offi .ce a l s o  r ece ived  a geothermal  
lease a p p l i c a t i o n  from a Utah lease broker  f o r  20 s e c t i o n s  south  of Wickieup 
i n  townships T14-15N R10-11W. The lease a p p l i c a t i o n s  are pending completion 
of  an environmental  assessment  of t h e  area. 

On o t h e r  f e d e r a l  l ands ,  geothermal lease a p p l i c a t i o n s  w e r e  f i l e d  
i n  September and October,  1977 by Chevron U.S.A. I n c . ,  Denver, Colorado 
f o r  land  n e a r  t h e  San Franc i sco  Peaks.  
a c r e s  w i t h i n  t h e  township T21-25N R7-9E, b u t  i n  December 1977, they  withdrew 
a p p l i c a t i o n s  on8358 .77  of those  acres. The s t a t u s  of t h e s e  a p p l i c a t i o n s  
i s  c u r r e n t l y  unknown bu t  probably is  pending an environmental  assessment .  

Chevron a p p l i e d  f o r  56,091.6 

Southland Royal ty  Company, F o r t  Worth, Texas app l i ed  f o r  geothermal 
leases on 2899.23 acres of f e d e r a l  l and  i n  San Bernardino Val ley w i t h i n  t h e  
townships T23S R31E and T24S R30-31E. The a p p l i c a t i o n s  were f i l e d  i n  
December, 1977 and a c t i o n  i s  pending an  environmental  assessment  of t h e  
area by the  BLM S a f f o r d  D i s t r i c t  O f f i c e .  

On January  1, 1977 t h e  BLM Phoenix D i s t r i c t  O f f i c e  g ran ted  a geothermal 
lease t o  Gary and Frances  Smith f o r  f e d e r a l  l and  on t h e  Hassayampa P l a i n ,  
s p e c i f i c a l l y  T5N R6W S25. This  s e c t i o n  i s  cont inguous t o  land  under a p p l i -  
c a t i o n  from t h e  S t a t e  Land Department by fou r  i n d i v i d u a l s  mentioned above, 
two of whom are a l s o  Gary and Frances Smith. 

Three deep geothermal  tes t  w e l l s  have been d r i l l e d  i n  t h e  s t a t e  t o  
d a t e ,  w i t h  l i m i t e d  success .  Two of t h e s e  w e l l s  w e r e  d r i l l e d  i n  1973 by 
Geothermal K i n e t i c s  Systems, Phoenix, Arizona nea r  Chandler.  The w e l l  
l o c a t i o n s  are T2S R6E S1 NE SE and T2S R6E S1 SE NE. Amax Exp lo ra t ion ,  
I n c . ,  Denver, Colorado, d r i l l e d  t h e  t h i r d  w e l l  nea r  Eloy, T7S R8E S8  SE SW, 
i n  1974. The f o u r t h  geothermal test  w e l l  is  t h a t  mentioned above, be ing  
d r i l l e d  by t h e  Nix D r i l l i n g  Company. 

I n  March, 1978, t h e  U.S. Geologica l  Survey, as  mentioned above, began 
d r i l l i n g  f i v e  sha l low (400 f t )  h e a t  f low h o l e s  i n  t h e  Kingman area. 
t h e  i n t e n t i o n  of t h e  U.S.G.S. t o  d r i l l  a t o t a l  of 50 sha l low h e a t  f low h o l e s  
throughout  southern  Arizona du r ing  1978, f o r  geothermal  e x p l o r a t i o n .  It 
i s  a l s o  a n t i c i p a t e d  t h a t  t h e  Bureau of Reclamation w i l l  fund a d r i l l i n g  
program i n  t h e  S p r i n g e r v i l l e  area f o r  sha l low (500 f t )  h e a t  f low h o l e s  dur ing  
1979 w i t h  a d d i t i o n a l  and p o s s i b l y  deeper  h o l e s  i n  t h e  C l i f t o n  area. 

It i s  
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8. Known Geothermal Resource Areas (KGRA's) 

F igu res  8-14 a l s o  i l l u s t r a t e  areas of s t a t e  and f e d e r a l  l and  
c l a s s i f i e d  as  Known Geothermal Resource Areas (KGRA's) by e i t h e r  a s t a t e  
o r  f e d e r a l  agency. Both of t h e  f e d e r a l  KGRA's, C l i f t o n  and G i l l a r d ,  
were a u t o m a t i c a l l y  des igna ted  by f e d e r a l  r e g u l a t i o n ,  on t h e  b a s i s  of 
ove r l app ing  geothermal lease a p p l i c a t i o n s .  A l l  s t a t e  KGRA's, on t h e  
o t h e r  hand, were so  c l a s s i f i e d  a t  t h e  d i s c r e t i o n  of t h e  S t a t e  Land 
Department. 

Both t h e  f e d e r a l  government and t h e  S t a t e  Land Department have t h e  
a u t h o r i t y  t o  c l a s s i f y  land  under t h e i r  j u r i s d i c t i o n  as a KGRA s o l e l y  on t h e  
b a s i s  of i t s  be ing  "an area i n  which t h e  geology, nearby d i s c o v e r i e s ,  competi- 
t i v e  i n t e r e s t s ,  and o t h e r  i n d i c a t o r s  would, i n  t h e  op in ion  of  t h e  Department 
( o r  S e c r e t a r y ,  DO1 f o r  f e d e r a l  l a n d ) ,  engender a b e l i e f  i n  t h e  men who are  
exper ienced  i n  t h e  s u b j e c t  matter t h a t  t h e  p r o s p e c t s  f o r  t h e  e x t r a c t i o n  of 
geothermal r e s o u r c e s  are good enough t o  warrant expend i tu re s  of money f o r  
t h a t  purpose." 
problem by many working i n  t h e  f i e l d  of e x p l o r a t i o n  and development of low- 
t o  moderate-temperature, d i r e c t  u t i l i z a t i o n  geothermal energy .  

This r a t h e r  a r b i t r a r y  d i s c r e t i o n  i s  seen  as  a p o t e n t i a l  

The problem o f  low-temperature geothermal energy and t h e  KGRA p r o c e s s  
w a s  addressed  r e c e n t l y  in a r e p o r t  t o  D r .  Donald E l m e r ,  DOE/DGE, by Kaufman 
and Laughlin*. Th i s  r e p o r t ,  a long  w i t h  t h e  way t h e  Department of t h e  
I n t e r i o r  i s  c la iming  p u b l i c  l ands  v a l u a b l e  f o r  geothermal steam and amounted 
geothermal r e s o u r c e s ,  i s  g iven  i n  Appendix 111. I n  b r i e f ,  t h e  r e p o r t  
p o i n t s  o u t  the problem of s u b j e c t i n g  development of low-temperature, d i r e c t  
u t i l i z a t i o n  geothermal energy r e s o u r c e s  t o  t h e  same r e s t r i c t i v e  r egu la -  
t i o n s  governing t h e  development of h i g h  tempera ture  r e sources .  The  extended 
t i m e  frame and t h e  e x c e s s i v e  c o s t s  involved i n  b r ing ing  low-temperature geo- 
thermal  on l i n e  create impediments t o  i t s  development which can seldom b e  
surmounted by t h e  s m a l l  communities and b u s i n e s s e s  most l i k e l y  t o  use  and 
t o  b e n e f i t  from such  a l t e r n a t e  energy sources .  

* Kaufman, E.L.  and Laughl in ,  A.W., Report by Geologica l  Research group 
G-6 Los Alamos S c i e n t i f i c  Labora tory ,  Los Alamos, New Mexico 
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1x1. ARIZONA DATA BASE 

A. DATA BASE AND PHYSICAL RESOURCES 

Arizona i s  t h e  s i x t h  l a r g e s t  s t a t e  i n  t h e  n a t i o n ,  y e t  i t s  popula- 
t i o n  i s  o n l y  2.35 m i l l i o n .  Moreover, Phoenix and Tucson comprise 70% 
o f  t h e  populace ( F i g u r e  1 5 ) .  E l e v a t i o n  ranges  from about sea level ( a t  Yuma) 
t o  over  12,000 f e e t  n e a r  F l a g s t a f f .  Consequently,  l a r g e  a r e a s  of low 
popula t ion  d e n s i t y  are e x p l o i t e d  by t h e  a g r i c u l t u r a l  and lumber i n d u s t r i e s ,  
(F igs  1 6 , 1 9 ) .  
power sources  f o r  t h e s e  and o t h e r  i n d u s t r i e s  s t a t e w i d e .  
t o  s u p p o r t  most o f  t h e s e  i n d u s t r i e s ;  
problems. F i g  18 shows t h e  depth t o  ground water i n  w e l l s  f o r  v a r i o u s  
sedimentary b a s i n s  s t a t e w i d e .  While t h e r e  i s  a w a t e r  s h o r t a g e ,  a 
p r o j e c t  t o  augment e x i s t i n g  s u p p l i e s  h a s  begun. .The C e n t r a l  Arizona P r o j e c t  
w i l l  import  Colorado River w a t e r  t o  Phoenix via aqueducts  (Fig.20) and even 
as f a r  s o u t h  as  Tucson. 

Geothermal r e s o u r c e s  may b e  developed t o  augment e x i s t i n g  
Water i s  necessary  

h e r e  Ar izona ' s  a r i d i t y  poses  s e r i o u s  

Land ownership i s  d i v i d e d  between F o r e s t  Service. BLM, p r i v a t e ,  p u b l i c ,  
F e d e r a l ,  S t a t e ,  Ind ian  and m i l i t a r y  r e s e r v a t i o n s  '(Fig. 21).  Ownership i s  a 
paramount importance i n  t h e  i n i t i a l  eva lua t ion  of a geothermal  resource,  
i n  t h a t  some p a r t i e s  are  d e a l t  w i t h  more c o o p e r a t i v e l y  than  o t h e r s ,  w i t h  
r e s p e c t  t o  b o t h  t i m e  and investment  c a p i t a l .  P r i v a t e  l a n d  i s  g e n e r a l l y  
t h e  most a d v i s a b l e  land  type  on which t o  develop a geothermal r e s o u r c e .  
P e r c e n t  ownership by t y p e  i s  g iven  i n  Table  8. 

Arizona i s  heavy i n  c a t t l e  f e e d  l o t s  and a g r i c u l t u r e ,  impor t ing  
c a t t l e  from Texas, Mexico, and Colorado and e x p o r t i n g  t h e  m e a t  t o  C a l i f o r n i a .  
That is  a b i g  b u s i n e s s ,  be ing  t h e  7 t h  l a r g e s t  S ta te  i n  such a c t i v i t i e s .  

L a s t l y ,  Arizona i s  b l e s s e d  w i t h  many minera l  d e p o s i t s  and l a r g e  
q u a n t i t i e s  of by-product s u l f u r i c  a c i d  ( F i g s .  22, 2 3 ) .  Several geothermal 
u s e  s c e n a r i o s  involv ing  s o l u t i o n  mining are  be ing  developed. It i s  t o o  
soon t o  s a y  much about t h e i r  p o t e n t i a l  u n t i l  more t e c h n i c a l  f a c t s  are 
assembled and e v a l u a t e d .  However, i t  could t u r n  o u t  t o  b e  t h e  most 
impor tan t  n o n - e l e c t r i c a l  a p p l i c a t i o n  of  geothermal  energy i n  Arizona.  

B .  ENERGY USE I N  ARIZONA 

Because of t h e  low p o p u l a t i o n  of  t h e  s t a t e ,  Ar izona ' s  energy d i s t r i b u t i o n  
is  d i s s i m i l a r  t o  t h a t  of most o t h e r  s ta tes .  
s t a t e  and g a s o l i n e  i s  p i p e l i n e d  from Los  Angeles and E l  Paso (F ig .  2 4 ) .  
Power p r o d u c t i o n  i s  s c a t t e r e d  and many r u r a l  areas do n o t  have power. 
The dependence upon remote markets  f o r  f o s s i l  f u e l s  f o r  t r a n s p o r t a t i o n  
f u r t h e r  emphasizes t h e  l a c k  o f  l o c a l  s o u r c e s  of  crude o i l  (Fig.  2 4 ) .  
Arizona does have c o a l  reserves and there a re  several l a r g e  c o a l  power 
p l a n t s  i n c l u d i n g  one served  by c o a l  s l u r r y  p i p e l i n e  as shown i n  F ig .  2 4 .  
T r a n s p o r t a t i o n  a s  w e l l  a s  commerical and r e s i d e n t i a l  h e a t i n g  and c o o l i n g  
comprise t h e  b u l k  of energy used i n  Arizona. A s  shown i n  Table  10,  37.2% 

N a t u r a l  gas  l i n e s  c r o s s  t h e  
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FIGURE 15: POPULATION D I S T R I B U T I O N  I N  ARIZONA (*) 

(*I 1970 Census 

51  



Logging Product ion 

Over 420 M/Day 

150-200 M/Day 

b 
50-80 M/Day 

4 25-40 M/Day 

a 4 
Q Q u a n t i t y  unknom 

Sawmill Product ion 

Over 375 M/Day I9 
@ 50-85 M/Day 

6 30-40 M/Day 

# Q u a n t i t y  
unknown 

Product ion F igures  i n  Thousands of Board Fee t  Per. Day 

FIGURE 16: LOGGING AND SAWMILL OPERATIONS I N  ARIZONA (*) 

(*I Direc to ry  of Fores t  Products  Indus t ry ,  1964 
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FIGURE 1 7 :  COLORADO R I V E R  DISCHARGE MEAN FLOW 1951-1960 (*) 
(*) Geologica l  Survey, Water Supply Paper  1 7 3 3  
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FIGURE 18: 

(*) GSGS G r o u n d  Water R e p o r t  on A r i z o n a  

AVERAGE GRO N D  WATER LEVEL I N  SELECTED B A S I N S  AND AREAS (*) 
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DAMS G - Grain  Sorghums 
0 - Cats 
P - P a s t u r e  STORAGE 
B - S i l a g e  
V - Vegetables 

~ 

IRRIGATED &EAS 
DIVERSION CR FLOOD CONTROL 

FIGURE 19: CROP DISTRIBUTION AND IRRGATED AREAS 
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I F I G U R E  20: CENTRAL ARIZONA P R O J E C T  
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TABLE a 

ARIZONA 

LAND . 
OWN E 2 5 I-! I ?  

ARIZONA LAND OIVNERSHIP A N D  ACMINISTRATION DY COUNTY 
(in ' I h o w n d  kc:es) 

Corest 
Service C* . 

Apache . . . . . .  480 
Cochise . . . . . .  517 
Coconino . . . . .  3, 319 
Gila . . . . . . .  1, 717 
Graham . . . . . .  395 
Greenfee . . . . . .  780 
Maricopa . . . . .  730 
Mohave . . . . . .  33 
Navajo . . . . . .  488 . Pima . . . . . . .  385 
Pinal . . . . . . .  223 
Santa Cruz . . . . .  450 
Yavzpai . . . .  ; . 2. 013 
Yuma . . . . . . . .  

TOTAL . . . . . .  11. 531 - 
.... Individual or  

County Corparate 

Apache . . . . . .  1. 235 
Cochise . . . . . .  1. 639 
Coconino . . . . .  I. 617 
Gila . .  '. . . . .  92 
Graham . . . . . .  282 
Greenlce . . . . . .  102 

. Maricopa . . . . .  1. 585 
Mohave . . . . . .  I. 573 
Navajo . . . . . .  1. 194 
Pima . . . . . . .  813 
Pinal . . . . . . .  864 
Santa Cruz . . . . .  295 

. Yavapai . . . . . .  I. 203 
Yuma . . . . . . .  543 

TOTAL . . . . . .  13. 035 
- 

Bureau of 
Land 

Manaeement 

130 
290 
646 
59 
779 
172 

1. 848 
4.362 

97 
373 
560 . 
571 

2.255 
12,142 

Other' 
154 
112 
662 . 

1 

891 
I, 417 

23 
897 

1 

. 

. . 

. . 
2. 936 
7, 294 
- 

Indian 
Reservation 

4. 447 

4.401 
. 

]I143 
1. 000 . 

4. 214 
2. 488 
558 

4 
. 230 
19. 349 

- 

Total 

7, 151 
4, 004 
11, 887 
3.040 

. 

2;950 
1.199 
5. 905 
8. 486 
6. 343 
5. 914 
3. 442 
797 

5. 179 
6.391 
72. 688 
- 

State o f  
Arizona 

705 
1. 446 
1. 042 

28 
494 
145 
583 
505 
327 
957 

1. 237 
51 

1. "37 
427 

9. 334 
- 

% of 
Total 

9.8% 
5.5 
16.4 
4.2 
4.1 
1.7 
8.1 
11.7 
8.7 
8.1 
4.7 
1.1 
7.1 
8.8 . 

100.0% 

. 

.Includes laad adnkiskred by li:!:xd Park Service . Depar tmen t  of Defense . Btirew o f  S o x 1  Fisheries and 
Wildlife . Eureau Cf  Rec!2n2 t i3n  .?Ed o:ber ciscti!?ntous public land (County. S ta te  and fed?rall . 
Source: Arizona Crop L L i w t c c k  R e p t i n 2  Service. "Arizona A~r ic l ; l lur~ I  Statistics. 1976." 
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WLDERNESS OR PRIMITIVE AREAS 
NATIONAL PARKS OR MONUMENTS NATIONAL RECREATIONAL AREAS A STATE PARKS 
INDIAN RESERVATIONS MILITARY RESERVES AND WITHDRAWALS EZ3 COUNTY PARKS 

ELM DISTRICTS - GAME RESERVES AND RANGES n OTHER FEDERAL LANDS WITHDRAWN 

FIGURE 21: LAND OWNERSHIP BY LOCATION 
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f GfgC Sulfuric Acid Planfs, recovering SO, from 

TOTAL CAPACITY: 12,500 Tons per  dojl 
@ copper smnl:er sfcck Gases 

COPPER PRODUCTlON 
X IO - 50,GQO TOPIS 
0 klORE THAN 50,000 TONS 

FIGURE 22:  COPPER MINES AND SULFURIC A C I D  PLANTS I N  ARIZONA 
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EXPLANATION 
Pofash (KCI) 8 
Sal/ (lt’aci) 
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FIGURE 23: VARIOUS MINERAL DEPOSITS IN ARIZONA 
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PIPELINES TRANSMISSION LINES 
E l  Paso N a t u r a l  G a s  

.. . . - Transwestern N a t u r a l  Gas 
//' Southern  P a c i f i c  Petroleum A S u b s t a t i o n  

/;-.-Coal S l u r r y  Pumping S t a t i o n  

-+< Over 80,000 v o l t s  
Under 80,000 v o l t s  

c 

E7 
Aq ue d uc t s 

'-Crude O i l  

GENERATION PLANTS 

0 0 D i r e c t i o n  of  f low o N a t u r a l  Gas 

Steam Hydro 

oCrude O i l  _I__f____ 
Bituminous Coal 

U Uranium 
FIGURE 2 4 :  POWER SOURCES I N  ARIZONA 

61  



of A r i  's energy consumed is i n  t h e  form of e l e c t r i c i t y ,  34.1% f o r  
t r a n s p o r t a t i o n  and only  12.1% f o r  i n d u s t r i a l  and 16.2% f o r  r e s i d e n t i a l  
u s e s .  Arizona i s  growing v e r y  f a s t  s o  energy consumption doubles  every  ' 

t e n  y e a r s .  

E l ec t r i ca l  use i s  c h a r a c t e r i z e d  by unusual  d a i l y  and s e a s o n a l  
peak l o a d s .  The h igh  c o o l i n g  demand i n  t h e  summer a f t e r n o o n s  causes  d a i l y  
peak l o a d s t o  b e  d i f f e r e n t  than i n  t h e  w i n t e r  (F ig  25) and a l s o  r e s u l t s  
i n  a s e a s o n a l  peak dur ing  t h e  h o t t e s t  months, June - September (F ig  26) .  
Also a f f e c t i n g  t h i s  peak i s  t h e  shutdown of a few i n d u s t r i e s  (Motorola,  
Honeywell, e t c ) ,  dur ing  weekends. U t i l i z a t i o n  df geothermal space-heat ing 
o r  c o o l i n g  must b e  performed c a r e f u l l y ,  f o r  t h e  p r i c e  of e l e c t r i c i t y  may 
r i se  i f  t h e  b a s e  power l o a d s  are removed from t h e  p r e s e n t  s u p p l i e r s .  

The t o t a l  consumption of energy i n  Arizona i n c r e a s e d  from 250 t r i l l i o n  
BTU i n  1960 t o  450 t r i l l i o n  BTU i n  1970. P r e s e n t  consumption i s  near  700 
t r i l l i o n  BTU p e r  year .  Tables  9-12 o f f e r  d i f f e r e n t  p e r s p e c t i v e s  of 
energy u s e  by consumption type ,  energy source ,  and a c h r o n o l o g i c a l  break- 
down from 1960-1975. This  d a t a  l e d  t o  t h e  p r e d i c t i o n  t h a t  consumption 
would double each  decade. 

C.  ARIZONA'S WATER SITUATION 

Most of  Arizona h a s  a n  a r i d  t o  semiar id  c l imate .  The main s u r f i c i a l  
w a t e r  d i scharge  i n  Arizona i s  t h e  Colorado River d r a i n a g e  system. Arizona 
h a s  smaller ephemeral streams ( i . e . ,  t h a t  f low p a r t  of  t h e  yea r )  r e s u l t i n g  
from t h e  summer monsoon season  of J u l y  and August. Tucson and Phoenix 
each receive a n  average  annual  p r e c i p i t a t i o n  of 12-15 i n c h e s .  T h i s  meager 
recharge  i s  but  a s m a l l  f r a c t i o n  of t h e  water used each  y e a r .  T h i s  recharge  i s  
less meaningful each  y e a r  as w a t e r  i s  used i n  ever i n c r e a s i n g  q u a n t i t i e s  f o r  
i r r i g a t i o n  a g r i c u l t u r e ,  t h e  copper i n d u s t r y  and t h e  expanding p o p u l a t i o n .  
The source  of  most water i s  pumped groundwater; consequent ly  t h e  w a t e r  t a b l e  
i s  dropping a t  a s i g n i f i c a n t  ra te  i n  areas of  heavy pumping. The volume 
of water t h a t  i s  e x t r a c t e d  from <he ground e v e r y  y e a r  i s  2,000,000 a c r e - f e e t .  
H y d r o l o g i s t s  estimate problems recover ing  water i n  t h e  f u t u r e  due t o  t h e  h i g h e r  
energy r e q u i r e d  t o  pump deep ground water t o  t h e  s u r f a c e ,  as w e l l  as t h e  
p o s s i b i l i t y  that  one day some p l a c e s  w i l l  j u s t  d r y  up. 

S a l i n i t y  o f  groundwater l i k e  t h a t  i n  t h e  Buckeye, Arizona area i s  
i n  t h e  b r a c k i s h  range.  To o b t a i n  p o t a b l e  w a t e r  t h e y  must d e s a l i n a t e  t h e  
water us ing  a n  e l e c t r o d i a l y s i s  method. Yuma h a s  a reverse asmosis p l a n t  
t o  upgrade t h e  water t h a t  t h e  United S t a t e s  must supply Mexico via  t h e  
Colorado River under t r e a t y  agreement. So t h e  water problem i s  r e a l i z e d  
i n  i t s  l a c k  of b o t h  a v a i l a b i l i t y  and c l e a n l i n e s s .  Development of a geo- 
thermal  r e s o u r c e  could h e l p  t a c k l e  b o t h  problems, depending upon t h e  temp- 
e r a t u r e  of  t h e  r e s e r v o i r ,  i t s  s i z e ,  depth  and p o r o s i t y .  Under f a v o r a b l e  
c o n d i t i o n s  w i t h  r e s p e c t  t o  t h e s e  parameters ,  geothermal energy would b e  
h i g h l y  b e n e f i c i a l  t o  Arizona by reducing t h e  c o s t  of energy consumption. 
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TABLE 9 

Household/ 
Comerical 

I n d u s t r i a l  
T r a n s p o r t a t i o n  
E l e c t r i c  
Miscellaneous 

Total 

Household/ 
Comer c i  a1 

Xndus t r i  a1 
T r a n s p o r t a t i o n  
E l e c t r i c  
Misce l laneous  

P e r c e n t  of Sources  
Total 

- 
ARIZONA GROSS ENERGY IN PUTS^ 

SUPPLY SOURCES BY USER CLASS,  1975* ' 

ENERGY USED ( I N  TRILLION BTU'S) 

N a t u r a l  Hydro- 
Coa 1 Gas Petroleum power Total  

-_ 72.3 27.1' -- 99.3 
2.4 52.5 19.5 -- 74.4 
_- 17.7 191.9 -- 203.6 
83. lb 18.3 49.6 77.8 228.8 
-- -- 2.3 -- 2.3 
85.5 160.8 290.3 77.8 614.4 

P e r c e n t  of Energy  Used 

-- 45.0 9.4 
2.8 32.6 6.7 
-- 11.0 6G.1 
97. 2b 11.4 17.1 
-- -- 0.7 

100.0 100.0 
13.9 26.2 47.2 
100.0 

-- 16.2 
-- 12.1 
-- 34.1 

100.0 37.2 
-- 0.4 

100.0 100.0 
12.7 100.0 

a 
I n c l u d e s  BTU e q u i v a l e n t  of t o t a l  e l e c t r i c i t y  sold from i n s t a t e  plants and n e t  
imports. 

b N e t  i m p o r t s " a t t r i b u t e d  t o  coal. 

fPre l i m i  n a r y  - 

Source: Compiled by U n i v e r s i t y  of Arizona from o f f i c i a l  and private s o u r c e s .  
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TABLE 10 

IN 1975 

Energy Source 

O i l  

Natuxl G a s  

Hydroelectric 

Coal 

C o n m T t  i o n  (Jlarket ) 

E l e c t r i c i t y  

Transmrtation 

I n d u s t r i a l  

R e s i d e n t i a l / m r c i a l  

Niscellaneous 

. .  Percent 

47.2 hluch trans-portation 

26.2 Nuch cmmxcial/residential 

12.7 - E l e c t r i c i t y  
13.9 

. .. 

. .- 

. .  
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Percent 

37.20 

34.10 

12.10 

16.20 

' 0.40 



TABLE 11 

Year 

1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 

Resi- 
dent ia l  

46.7 
41.8 

. 40.7 
43.6 

. 50.8 
53.3 
55. G 

,58.G 
. 62.1 

70.7 
77.8 
90.0 

101.2 
112.1 
111.2 

. 119.2 

M I Z O K A  TOTAL E E P G Y  C0:JSU:WTION 

1960-1975 

Trillion BTU 

mcrc i a l  trial 
Com- Indus- a 

31.8 
40.6 
43.9 
47.0 
53.2 
61.2 
68.7 
70.1 
73.5 
82.1 
93.0 

101.2 
117.3 
140.5 
'143.2 
140.3 

78.7 
87.5 
86.2 
88.5 
94.5 
101.1 
105.2 
102.5 
113. G 
124.9 
131.9 
143.3 
154.9 
155.7 
156.7 
142.9 

=an$- 
p o r t a t i o n  

104.2 
100.9 

* 104.4 
112.1 
119.3 
124 -0 
134.4 
142.4 . 
158.2 
172.8 
182'.7 
190.8 

225.5 
212.3 
209.6 

212.0 

a] I n c l u d e s  soverAunent sector and n z n p r o f i t  -org&izatiohs. 

b; Tota l  

261.5 
271.2 
275.6 
291.4 
317.9 
339.7 

' 364.1 

407.5 
450.8 
486.0 
526.6 
587.2 
635.9 
626.3 
614.4 

373.8 

. bl I n c l u d e s  miscellzneous uses. 
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TABLE 12 

Willion BTO 
Petroleum 

N a t u r a l  Gas Liquids E l e c t r i c  S a l e s  

Ra a Ra a . c;* Ib c;* I* C* 

1960 28.1 8.2 1.3 7.9 48.6 . 17.3 15.7 30.1 

1961 25.9 10.9 1.8 8.7 54.2 14.1 21.0 33.3 

1962 22.9 12.9 2.4 8.4 57.3 15.4 22.6 28.9 

1963 24.2 13.7 2.4 10.1 61.0 17.0 23.2 27.5 

1964 29.3 17.3 2.5 10.6 65.6 '19.0 25.3 28.9 

1965 26.0 19.8 2.4 10.1 65.8 24.9 31.3 35.3 

1966 25.8 18.5 1.6 14.8 69.2 28.2 35.4 36.0 

1967 26.2 15.6 2.5 15.0 64.6 29.9 39.5 37.9 

1968 27.5 16.2 2.3 18.0 73.6 32.3 39.3 40.0 

1969 29.3 17.2 2.6 21.3 78.4 38.8 43.6 46.5 

1970 30.6 17.8 3.2 27.6 77.3 44.0 47.6 54.6 

1971 33.6 22.1 3.1 23.4 82.5 53.3 55.7 61.4 

1972 35.2 23.5 3.2 28.3 90.2 62.8 65.5 64.7 

1973 37.5 32.9 3.0 33.4 90.2 71.6 71.2 65.5 

1974 33.0 33.4 3.3 31.7 87.3 74.9 78.1 69.4 

1975 38.8 33.4 2.3 24.8 74.4 78.1 82.1 68.5 

* I n d u s t r i a l  data i s  co;rlbination of N a t u r a l  Gas & Petroleum L i q u i d s  
i.e. n o n e l e c t r i c  energy 

**Inc ludes  government s e c t o r  & n o n p r o f i t  o r g a n i z a t i o n s  

a) U.S. Bureau of Mines, IC8705, H i s t o r i c a l  Fuels and Energy 
Consumption Data,  1960-1372; IC8722 for 1973; 1974-75 
compiled by U n i v e r s i t y  of Arizona 

b) Edison  E lec t r i c  I n s t i t u t e  , S t a t i s t i d a l  H i s t o r y  1961-70; 
Yearbooks 1960, 1971-75. 

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

C = Commerical 

I = I n d u s t r i a l  
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I V .  GEOTHERMAL USE SCENARIOS 

A .  INTRODUCTION 

The geothermal energy p o t e n t i a l  i n  Arizona appears  l a r g e  b u t  
i s  p r e s e n t l y  unproven. Geologica l  s t u d i e s  i n d i c a t e  t h a t  geothermal 
s o u r c e s  exis t  i n  a r i z o n a  of bo th  t h e  h o t  rock  and h y d r a t i o n - f i e l d  type .  
Temperatures i n  t h e  range of 30-300°C can be expec ted .  Due t o  t h e  l a c k  
of s i g n i f i c a n t  geothermal w e l l  d r i l l i n g  most of t h e  p r e d i c t i o n s  are based 
on t h e  knowledge of t h e  g e o l o g i c a l  c o n d i t i o n s  and w a t e r  w e l l  t empera ture  
d a t a .  
on tempera ture  g r a d i e n t s .  Evidence of thermal a c t i v i t y  i s  a l s o  a v a i l a b l e  
from o i l  and geothermal d r i l l i n g s .  A map showing a r e a s  of geothermal 
p o t e n t i a l  i s  shown i n  F igu re  7 .  Heat flow measurements i n  t h e  b a s i n  
range r e g i o n  where h a l f  of Arizona l i e s ,  average  about 2 . 2  HFU, s i g n i -  
f i c a n t l y  h i g h e r  t han  t h e  c r y s t a l  h e a t  f l ow of 1 . 2 , -  1 .5  HFU*. 
t e r res t r ia l  h e a t  f low depends on t h e  e x i s t e n c e  of r e s e r v o i r s  of h o t  water 
i n  Arizona v a l l e y s  and t h e  economics of e x p l o i t i n g  t h e  r e s o u r c e  as p lanned .  

Minimum 500 f t  depth  of  w e l l  i s  r e q u i r e d  t o  g e t  r e l i a b l e  d a t a  

Harness ing  

1. Pre l imina ry  Eva lua t ion  

P re l imina ry  e v a l u a t i o n  of s o m e  of these da ta  has  shown that many 
p o t e n t i a l  geothermal areas do ex is t  i n  t h e  S ta te  of Arizona. Should t h e y  
b e  found, geothermal r e s e r v o i r s  may b e  s u i t a b l e  f o r  v a r i o u s  use a p p l i c a -  
t i o n s  and t h a t  many may be  p o t e n t i a l  mul t i -use  r e s o u r c e s .  I n  a d d i t i o n ,  
e v a l u a t i o n  h a s  f a c i l i t a t e d  p re l imina ry  s e l e c t i o n  of several p o t e n t i a l l y  
f a v o r a b l e  s i tes  f o r  t h e  immediate development of p r a c t i c a l  p lanning  diagrams, 
o r  s i t e - s p e c i f i c  s c e n a r i o s .  

Arizona h a s  t h e  f a s t e s t  popu la t ion  growth of  all states  i n  t h e  U.S.A.  
The growth of  Arizona ( a s  w e l l  a s  F l o r i d a  and Nevada) du r ing  1977 t o  1985 i s  
p r o j e c t e d  as 25% i n  popu la t ion  and 56% i n  e a r n i n g s ,  compared w i t h  7% and 35% 
f o r  t h e  U.S.A. Due t o  t h e  heavy use  of convent iona l  mechanical r e f r i g e r a t i o n  
f o r  a i r  c o n d i t i o n i n g  Arizona a l s o  h a s  a n  e x c e s s i v e  e l e c t r i c a l  load  i n  t h e  
summer. These two f a c t o r s  cause many problems i n  p lanning  f o r  power 
expans ions ,  bu t  a t  t h e  same t i m e  p r e s e n t  an  oppor tun i ty  t o  p l a n  a s h i f t  t o  
a l t e r n a t i v e  energy  s o u r c e s ,  such as geothermal energy .  Many n o n - e l e c t r i c a l  
u s e s  have been i d e n t i f i e d  t o  d a t e ,  based i n  p a r t  on Ar izona ' s  i n d u s t r i a l  
b a s e  i n  mining and e l e c t r o n i c s ,  i t s  i r r i g a t e d  a g r i c u l t u r e  and t h e  need f o r  
h o t  w a t e r  f o r  food p rocess ing ,  new i n d u s t r y  and communities i n  t h e  many 
d e s e r t  r e g i o n s  of s p a r s e  popu la t ion .  

During the f i r s t  y e a r  of p a r t i c i p a t i o n  i n  t h i s  Southwest Geothermal 
P r o j e c t ,  t h e  m a j o r i t y  of funding  and r e s e a r c h  w a s  d i r e c t e d  toward t h e  
i d e n t i f i c a t i o n  of (a)  p o t e n t i a l  geothermal r e s o u r c e  areas i n  t h e  S t a t e  and 

~ ~~ 

* Norton, D.  Ger lach ,  T . ,  Decook, K . J .  and Summer, J . S . ,  "Geothermal 
water r e s o u r c e s  i n  Arizona - F e a s i b i l i t y  Study", Technica l  r e p o r t ,  
O f f i c e  of Water Research and Technology P r o j e c t  A-054 - Arizona, 
The U n i v e r s i t y  of Arizona, Aug. 1975 
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(b) t y p i c a l  c ros s - sec t ion  of p o t e n t i a l  geothermal  use  s c e n a r i o s .  The 
r e s p o n s i b i l i t y  of i n v e s t i g a t i n g  t h e s e  two main a c t i v i t i e s  w a s  g iven  
t o  t h e  Arizona Bureau of Geology and Minera l  Technology and t h e  Depart-  
ment of  Chemical Engineer ing r e s p e c t i v e l y ,  bo th  of t h e  Un ive r s i ty  of 
Arizona;  t h e  Arizona S o l a r  Energy Commission accepted  t h e  r e s p o n s i b i l i t y  
of o b t a i n i n g  d a t a  on l e a s i n g  a c t i v i t y  and State-level i n s t i t u t i o n a l  
c o n s t r a i n t s ,  w i th  t h e  hope t h a t  most of t h e s e  d a t a  can be  ob ta ined  from 
on-going groups i n  t h e  government and i n d u s t r y  of t h e  State .  

Scenar ios  f o r  t h e  use of geothermal energy have been approached 
f irst  (a )  by examining t h e  c u r r e n t  and f u t u r e  needs f o r  energy i n  Arizona,  
and from what p o s s i b l e  sou rces  the energy must come and (b) by reviewing 
t h e  b a s i c  r e s o u r c e s  of t h e  S t a t e ,  i nc lud ing  people ,  w a t e r ,  i n d u s t r y ,  
mining f o s s i l  f u e l s ,  a g r i c u l t u r e ,  and c u r r e n t  t echno log ica l  s i t u a t i o n s .  
Some 70 let ters w e r e  s e n t  t o  s e l e c t e d  co rpora t ions  of t he  S t a t e ,  a t t empt ing  
t o  reach  a c ross - sec t ion  of energy consumers, s t a t e  g e o l o g i c a l  and water 
w e l l  d a t a  were reviewed, a s  w e l l  a s  i n t e r n a t i o n a l  geothermal l i t e r a t u r e .  
Both d a i l y  and s e a s o n a l  peak energy loads  w e r e  i d e n t i f i e d ,  t o g e t h e r  w i t h  
t h e  type  of energy needed. With t h e s e  d a t a  i n  hand, a c ros s - sec t ion  
of p o t e n t i a l  geothermal  use  s c e n a r i o s  began t o  evolve ,  always keeping 
i n  mind t h e  compet i t ive  p i c t u r e  of a l t e r n a t i v e  sou rces  of energy.  
Table13 g ives  t h e  geothermal  energy p o t e n t i a l  u ses  i n  Arizona i n  summary 
form. While Table14 p r e s e n t s  t h e  l i s t  of twenty-two s c e n a r i o s  d i scussed  
i n  t h i s  r e p o r t .  

2 .  P o t e n t i a l  C o n s t r a i n t s  and Advantages 

Economic f e a s i b i l i t y  of geothermal energy depends on t h e  i n f l u e n c e  
of many p o t e n t i a l  f a c t o r s  and advantages.  
o f  t hese  parameters .  This  q u a l i t a t i v e  l i s t  w i l l  be  cont inuous ly  expanded, 
r e v i s e d  and r e f i n e d  throughout  t h e  remainder of t h e  p r o j e c t .  

Table 15 comprises a l i s t  

a: P o t e n t i a l  impediments ..................... 

U t i l i z a t i o n  of geothermal r e s o u r c e s ,  i n  g e n e r a l ,  f a c e s  several 
impediments. Geothermal energy is  considered a low-value energy due t o  
t h e  f a c t  t h a t  i t  provides  hea t  energy only ,  a f r a c t i o n  of which can  be  
used e f f i c i e n t l y .  The e x t r a c t i o n  of t h i s  energy o f t e n  invo lves  many 
c o s t l y  o p e r a t i o n s  ( e .g . ,  d r i l l i n g  and pumping) which may n o t  b e  o f f s e t  
by t h e  v a l u e  of t h e  e x t r a c t e d  energy ( a s  occurs  i n  petroleum e x p l o r a t i o n  
and p roduc t ion ) .  Problems may be encountered such as t h e  ho t  b r i n e  
s c a l i n g  equipment w i t h  s i l i c a ,  f i n d i n g  an a p p r o p r i a t e  means of b r i n e  
d i s p o s a l ,  and e x t e n s i v e  lengthy  governmental requi rements  f o r  procedure.  
These i n h i b i t  p roduct ion  of geothermal  energy and i n c r e a s e  c o s t s .  How- 
eve r  t h e  use  of  geothermal energy by t h e  p r i v a t e  s e c t o r  may lower t h e  
demand f o r  e l e c t r i c i t y  from u t i l i t i e s ,  caus ing  an i n c r e a s e  i n  t h e  p r i c e s  
of  e l e c t r i c i t y .  Th i s  i nc reased  revenue may o f f s e t  t h e  c o s t s  a s s o c i a t e d  
wi th  t h e  impediments. 
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TABLE 13 

GEOTHERMAL ENERGY POTENTIAL USES I N  ARIZONA 

I. POTENTIAL GEOTHERMAL ENERGY UTILIZATION I N  ARIZONA 

A. A g r i c u l t u r e  

1. 
2. 
3 .  
4 .  
5. 
6 .  
7. 
8. 
9 .  

I r r i g a t i o n  Pumping 
Brackish Water U t i l i z a t i o n  
Grain Drying 
Hot Water f o r  Dairies 
R e f r i g e r a t i o n  f o r  Le t tuce  P rocess ing  
Cotton M i l l i n g  and Cottonseed O i l  E x t r a c t i o n  
C i t r u s  Process ing  
Pecan Process ing  
I n t e g r a t e d  A l f a l f a  Dehydration/Cattle.Feedlots 

B. I n d u s t r i a l  

1. Mining 
2.  Copper P rocess ing  
3. Lumber Kiln Drying 
4 .  Wood Pulp P rocess ing  
5. Other I n d u s t r y  t h a t  can  use  l o w  tempera tures  i n  t h e i r  p rocess ing  

( e x i s t i n g  and p o t e n t i a l )  

C. Municipal  

1. Convent ional  E l e c t r i c i t y  
2 .  Peak E l e c t r i c i t y  
3 .  Commercial Bui ld ing  Heat ing 
4 .  Commercial Bui ld ing  Cooling 

11. GEOTHERMAL ENERGY I N  PERSPECTIVE W I T H  OTHER ENERGY SOURCES I N  ARIZONA 

A. Coal 
B. Gas 
C .  O i l  
D.  Nuclear 
E. So la r  

7 2  



SCENARIO f 

1 

9 

10 

11 
1 2  

13 

14 
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16 
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18 

19 

20 
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22 

TABLE 14 

LIST OF SCENARIOS DISCUSSED IN THIS REPORT 

TITLE 

Space cooling for an industrial complex (Case 
Study: Electronics firm in Phoenix) 

District heating and cooling 
(Case study: Retirement community outside 
Phoenix) 

New communities 

New industries 
Energy storage f o r  heat pump systems 

Central Arizona Project/Peak Power 
Wind energy/geothermal/energy storage 

Hot igneous rock and power plant 

Coal mining operations 

Preheating/sulfur removal in coal field 
power plants 

Solution mining 

HotWater for conventional mining 

Hot mines 

Salt product ion 

De salina t ion 
Biosalinity agriculture 

Greenhouse/hydroponics 

Irrigation pumping (Case Study: Hyder Valley 
area) 

Crop drying 

Kiln drying of lumber 

Lettuce chilling 

Sugar beet plant 
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TABLE 15 

GENERALIZED IMPEDIMENTS AND ADVANTAGES 
TO USE OF GEOTHERMAL ENERGY 

I. POTENTIAL IMPEDIMENTS 

A. General  

1. High c o s t  f o r  low-value energy 
2. Exc.essive governmental  r e g u l a t i o n s  
3 .  Genera l ly  causes  a n  i n c r e a s e  i n  c o s t  of e lec t r ic  power 
4 .  Corros iveness  and s c a l i n g  
5. D i sposa l  of b r i n e s  
6 .  D i s t ance  from ocean ( f o r  d i s p o s a l )  
7 .  Competit ion from l o c a l  f o s s i l  f u e l s  

B.  S p e c i f i c  f o r  Arizona 

1. Sparse geothermal d a t a  
2 .  Heterogenous land ownership 
3. Must pump geothermal w e l l  water 
4 .  Overall s c a r c i t y  of p o t a b l e  water 
5 .  Must compete w i t h  s o l a r  energy 
6 .  M u s t  c o m p e t e  w i t h  coa l  
7 .  Must compete w i t h  Alaskan o i l  

11. POTENTIAL ADVANTAGES 

A .  General  

1. Hot w a t e r  nea r  s u r f a c e  economical 
2.  
3 .  
4 .  Remoteness of  Southwest from o i l  & g a s  p roduc t ion  
5 .  Sheer s i z e  of Southwest s ta tes  (among t h e  l a r g e s t )  

Dry steam and 50-year w e l l  economical 
Dry h o t  rock/water  i n j e c t i o n  a t t r a c t i v e  

B.  S p e c i f i c  f o r  Arizona 

1. 
2. S teep  tempera ture  g r a d i e n t s  based on water w e l l s  
3 .  Exis t ence  of h o t  s p r i n g s  
4 .  

Good geothermal  p r o s p e c t s  based on geology 

Rapid growth of  S t a t e  of Arizona 
a.  Can we  cope w i t h  changes i n  power demand 
b .  Can w e  cope wi th  gene ra l  changes i n  energy 

5. S t a t e  of  Arizona i s  s t i l l  developing 
a. New communities can be  planned 
b .  N e w  i n d u s t r i e s  can be  planned 

6. S ta te  of Arizona r i c h  i n  low-concentrat ion mine ra l s  
7 .  S ta te  of Arizona h a s  s u r p l u s  s u l f u r i c  a c i d  
8 .  S o l a r  energy a v a i l a b l e  f o r  pond evapora t ion  
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Of t h e  o b s t a c l e s  p r e s e n t l y  h inde r ing  t h e  development of geothermal  
energy i n  Arizona, t h e  most important  i s  t h e  need t o  d i scove r  a sha l low 
geothermal  r e s e r v o i r  nea r  a popula t ion  c e n t e r .  The c o n d i t i o n s  invo lv ing  
use  of t h e  r e s o u r c e  are 1) l e g a l  consent  t o  d r i l l ,  2)  p u b l i c  approval  of 
t h e  chosen method of b r i n e  d i s p o s a l ,  3) type  of  l a n d  ownership ove r ly ing  t h e  
geothermal r e source  and 4 )  o v e r a l l  economic p r o j e c t i o n s  of geothermal 
u s e  as compared t o  p r o j e c t i o n  of o t h e r  energy sources ,  such as energy 
from Alaskan o i l ,  c o a l  and our  sun. 

The l o c a t i o n  of  geothermal r e s e r v o i r s  i n  Arizona i s  be ing  sought 
by v a r i o u s  agenc ie s ,  i n c l u d i n g  t h e  Geothermal Group of t h e  Arizona Bureau 
of Geology. Once a r e s e r v o i r  i s  found, t h e  e f f e c t  of t h e  aforementioned 
impediments on t h e  i n t r i c a t e  economics of competing energy sources  must be 
eva lua ted  . 

i. General  P o t e n t i a l  Advantages ............................ 

Product ion  of  geothermal  energy may b e  prof  i t a b l e  under cond i t ions  
where h igh  tempera ture  water and proximi ty  t o  the  s u r f a c e  r e s u l t  i n  low 
c o s t  t o  t h e  en t repenuer ,  who may b e  fo rced  i n t o  e x t r a  expend i tu re s  due 
t o  t h e  p o t e n t i a l  impediments. The advantages of having a sha l low h o t  
water r e s e r v o i r  t h a t  l a s t s  50 yea r s  o r  more may outweigh t h e  c o s t l y  
impediments. Technological  advancements may render  some of t h e  impedi- 
ments less s i g n i f i c a n t .  

Geologica l  understanding w i l l  cont inue  t o  improve i n  Arizona,  
where d a t a  on h e a t  f low has  been s p a r s e .  
have been measured. Water f lows.hot  from some s p r i n g s .  Consequently,  
most p r e d i c t i o n s  depend on t h e  g e o l o g i s t ' s  educated guess .  The ra te  of 
g e o l o g i c a l  d a t a  i n p u t  w i l l  i n c r e a s e  s h a r p l y  i n  t h e  coming y e a r s ,  a i d i n g  
e x p l o r a t i o n  g e o l o g i s t s  i n  t h e i r  q u e s t  f o r  a hydrothermal r e s e r v o i r .  Should 
they  be  a b l e  t o  d e f i n e  a r e source ,  geothermal energy development could  
proceed fo l lowing  t h e  f i rs t  s u c c e s s f u l  d r i l l i n g  test .  G e o s c i e n t i s t s  
a t  t h e  Geothermal Group of t h e  Arizona Bureau of Geology have i n d i c a t e d  
t h a t  t h e r e  i s  a good p o t e n t i a l  i n  Arizona f o r  geothermal energy.  
of t h e  r e s o u r c e  would have t o  understand t h e  s c e n a r i o s  and a l l  s t e p s  
involved .  P o t e n t i a l  u s e r s  are  l i s t e d  i n  Tab le16 .  

High geothermal  g r a d i e n t s  

Users 

B .  DETAILS ON THE SCENARIOS 

For t h e  more d e t a i l e d  s tudy  of t h e  s c e n a r i o s  an e x t e n s i v e  amount 
of d a t a  w a s  needed; 
and r e l e v a n t  d a t a  w a s  c o l l e c t e d .  
p o i n t  i n  our  th ink ing  i n  t h e  second i t e r a t i o n  s t a g e  w a s  t o  look f o r  

consequent ly  t h e  Arizona background w a s  cons idered  
A l i s t  i s  shown i n  Table  1 7 .  The key 

75 



TABLE 16 

CATEGORIES OF POTENTIAL GEOTHERMAL 
USERS IN ARIZONA 

UTILITY COMPANIES 

MINING INDUSTRIES 

SOLID STATE AND COMPUTER INDUSTRIES 

OTHER MANUFACTURING INDUSTRIES 

AGRICULTURAL INDUSTRIES 

FOOD INDUSTRIES 

INDIAN INDUSTRIES 

INSTITUTIONAL FACILITIES 

EXISTING COMMUNITIES 

N E W  INDUSTRIAL COMMUNITIES 

NEW RETIREMENT COMMUNITIES 

STATE WATER SUPPLY SYSTEMS 
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. .  . ... . .  

TABLE 1 7  

COLLECTION OF ARIZONA BACKGROUND DATA 

ANALYSIS OF E X I S T I N G  ENERGY SOURCES 

ANALYSIS OF CURRENT ENERGY U T I L I Z A T I O N  

P R O J E C T I O N  O F  ENERGY SOURCES T O  2020 

PROJECTION OF ENERGY U T I L I Z A T I O N  TO 2020 

ARIZONA WATER S I T U A T I O N  

POPULATION GROWTH C R I S I S  

TRENDS I N  I R R I G A T I O N  AGRICULTURE 

SOLUTION M I N I N G  POTENTIALS 

B I O - S A L I N I T Y  AGRICULTURE POTENTIALS 

B I O - S A L I N I T Y  FOOD POTENTIALS 

NEW COMMUNITY PLANNING 
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i n t e g r a t e d  systems. 
p o s s i b l e  are two important  d r i v i n g  f o r c e s .  For example, t a k e  t h e  
geothermal water, h e a t  could be  e x t r a c t e d  and t h e  w a s t e  water used 
f o r  a g r i c u l t u r e  i f  p o s s i b l e .  

Improved economics and reuse of w a t e r  wherever 

A f u l l  d e t a i l e d  a n a l y s i s  of  t h e  s c e n a r i o s  w a s  n o t  p o s s i b l e  t h i s  
yea r  and w a s  proposed f o r  n e x t  y e a r ' s  s tudy .  
are  on ly  t h e o r e t i c a l  and p re l imina ry  i n  n a t u r e  w i t h  many s impl i fy ing  
assumptions;  t hey  should b e  t r e a t e d  as such.  
of  abundant geothermal f i e l d  d a t a  i n  Arizona.  
t h e  use  of geothermal  energy has  been conducted and t h e s e  s c e c a r i o s  
were based on informat ion  accumulated from t h e  l i t e r a t u r e  survey.  
These a re  p l a n s  p re sen ted  t o  i l l u s t r a t e  how geothermal energy can be  
used i n  Arizona.  

A l l  of t h e s e  s c e n a r i o s  

This  i s  due t o  t h e  l a c k  
A l i t e r a t u r e  survey  on 

1. Geothermal Use Scenar ios  f o r  Arizona 

A number of  t h e  fo l lowing  s c e n a r i o s  tend  t o  ove r l ap  i n  one form 
o r  ano the r ;  
u ses  of geothermal  energy i n  Arizona. 

b u t  they  are p resen ted  t o  show s p e c i f i c a l l y  t h e  v a r i o u s  

Scenar io  #l: Space cool ing  f o r  an i n d u s t r i a l  complex (Case Study: 
E l e c t r o n i c s  f i r m  i n  Phoenix) 

Locat ion:  Phoenix 
Temp : 250°F 
Depth : 1200 f t  
S a l i n i t y :  2000 ppm 
Land : Federa l  
Development: 1990 

i. I n t r o d u c t i o n  

The f i r s t  s c e n a r i o  comprises a des ign  f o r  comfort  coo l ing  
wi th  a geothermal  power sou rce .  An abso rp t ion  coo l ing  
system would conver t  geothermal  steam t o  r e f r i g e r a t e d  a i r ,  
r e l i e v i n g  t h e  l a r g e  summer e l e c t r i c  load .  F ig .  28  p r e s e n t s  
t h e  s t e p s  of t h e  s i t e - s p e c i f i c  s c e n a r i o  developments i n  
f lowchar t  f o m .  

The ho t  summers of Phoenix normally have tempera ture  ranges  
between 80°F and 115'F i n  each twenty-four hour  pe r iod .  
The i n d u s t r i a l  p l a n t  i n  t h i s  c a s e  s tudy  h a s  two l a r g e  
b u i l d i n g s  w i t h  a combined t o t a l  a r e a  of 170,000 squa re  f e e t .  
The combined coo l ing  load  of t he  b u i l d i n g s  i s  3,230,000 
KWH; t h e  peak load  i s  1450 k i l o w a t t s .  
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Expected time for completion of this project ranges from 6 to I2 years 
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ii. Design C a l c u l a t i o n s  f o r  t h e  Proposed System 

To conver t  k i l o w a t t s  t o  BTUs p e r  hour ,  w e  m u l t i p l y  
by 3413 BTU p e r  hour /k i lowa t t .  
5.0 MM BTU/hr. 
p e r  hour .  The des ign  w i l l  b e  based on t h i s  v a l u e  of Q.  
I f  Arkla  abso rp t ion  c h i l l e r s  w i t h  a c a p a c i t y  of 250 t o n s  
of r e f r i g e r a t i o n  (1 ton  r e f r i g e r a t i o n  = 12000 BTU/hr) 
are used,  

Thus, Q = peak load  = 
Q i s  t h e  amount of coo l ing  r e q u i r e d  

N = no. of c h i l l e r s  r e q u i r e d  
= 5.0  MM BTU/hr f (25.0 t o n s / c h i l l e r )  . 

= 1 . 7  
(12000 BTU/hr-ton) 

Thus w e  need two 250 ton  Arkla  abso rp t ion  c h i l l e r s .  The 
o p e r a t i n g  tempera tures  of t h e  Arkla C h i l l e r  i s  200°F f o r  
i n l e t  temperature  and 184'F f o r  o u t l e t  temperature .  

Using a c losed  c y c l e  t o  prevent  co r ros ion  problems due 
t o  s a l i n i t y  of  geothermal b r i n e  and us ing  r e g u l a r  water 
a t  7S°F, t h e  hea t  exchanger must h e a t  t h i s  w a t e r  t o  200 F 
s o  i t  w i l l  m e e t  t h e  i n l e t  t empera ture  of t h e  Arkla  C h i l l e r s .  
The assumed geothermal r e s o u r c e  h a s  a well-head tempera ture  
of  250°F w i t h  a depth of  1200 f t  and t o t a l  d i s so lved  
s o l i d s  of 2000 ppm. Thus, t h e  i n l e t  and o u t l e t  c o n d i t i o n s  
f o r  t h e  h e a t  exchanger are as i n  F ig .  29 .  Assuming 10°F 
temperature  approach, t h e  r e q u i r e d  f l o w r a t e  from t h e  w e l l  
i s  

0 

r e q u i r e d  energy 
(hea t  capac i ty) ( temp change) 

m =  

= 5.0 mm BTU/hr 
= 125,000 l b s / h r :  

(1 BTU/lb.-°F)(2500-2100F) 

Assuming an o v e r a l l  h e a t  t r a n s f e r -  c o e f f i c i e n t ,  u ,  w i th  
al lowance f o r  scaloing f a c t o r ,  

u = 100 BTU/hr.-ft - F 2 0  

and us ing  a 316 s t a i n l e s s  s teel  tub ing  h e a t  exchanger ,  we 
can compute t h e  area r e q u i r e d  f o r  t h e  h e a t  exchanger,  A.  

- 
AT = l o g  mean temperature  L 

= [(25O0-2OO0 -(210°-750)1 In[ (250'-200') / (210°-750)] 

= 85.6'F 

T = c o r r e c t e d  tempera ture  m 

= AT x 0.9 

= 77'F 

L 
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Geothermal Br ine  a t  250°F 

2 
i 
i 

Waste Geothermal 
Br ine  a t  210°F 

----_____. 
' IGURE 29: I N L E T  AND OUTLET CONDITIONS FOR THE HEAT EXCHANGER 



Since  A = Q 

A = 5.0 MM BTU/hr f (100 BTU/hr.ft2.0F)(770F) 

[u x Tml ,  

2 
= 650 f t  

Thus t h e  area t o  b e  used i n  t h e  h e a t  exchanger is  650 
square  f e e t .  

iii. Cost Es t ima tes  

a. Cost of Well 

One product ion  w e l l  and one r e i n j e c t i o n  w e l l  are needed. 
The depth  of  t h e  product ion  w e l l  i s  assumed t o  be 1200 f t ,  
a t  a c o s t  of  $50 p e r  f o o t .  The depth  of t h e  r e i n j e c t i o n  
w e l l  i s  assumed t o  be 1000 f t ,  a t  a c o s t  of $40 per  f o o t .  
T o t a l  c o s t  of w e l l  d r i l l i n g  
= (1200 f t )  (50 d o l l a r s / f t )  + (1000 f t )  (40 d o l l a r s / f t )  
= $100,000 

b .  Cost  of Absorpt ion C h i l l e r s  

Each Arkla  Absorption C h i l l e r  c o s t s  $120,000. 
are r e q u i r e d ,  t o t a l i n g  $240,000. This c o s t  does no t  i nc lude  
i n s  t a l la t  ion .  

Two u n i t s  

c .  Cost of Heat Exchanger 

The c o s t  of a 316 s t a i n l e s s  s t ee l  tub ing  h e a t  exchanger 
w i t h  an area of 650 f t  i s  $15,000. 

d .  Est imated C a p i t a l  Investment  

Cost of i t e m s  i n  parts a ,  b and c is: 
$100,000 + $240,000 + $15,000 = $355,000. 
This  c o s t ,  o t h e r  equipment, and i n s t a l l a t i o n  c o s t s  are shown 
i n  Table 18 .  

e. Estimates of Simple Payout Per iod  

Four cases have been s t u d i e d .  Each assumes a $732,000 
c a p i t a l  inves tment ,  which i s  taken  from Table  18 w i t h  
$32,000 added t o  cover any misce l laneous  w e l l  c o s t s .  
Both 20-year and 5-year d e p r e c i a t i o n  t i m e s  are viewed as 
w e l l  as t h e  same cases wi th  t a x  i n c e n t i v e s  added. C a l -  
c u l a t i o n s  l e a d i n g  t o  t h e  payout pe r iod  l eng th  are t a b u l a t e d  
below f o r  each of t h e  f o u r  cases .  
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No. 

1 

2 

- 

3 

4 

5 

6 

7 

8 

TABLE 18 

ESTIMATED COST OF PROJECT - SCENARIO #1 

Descr i p  t ion  c o s t  - 
I t e m s  a ,  b and c $355,000 

Cost of pumps ( f o r  w e l l ,  and 2 pumps $ 20,000 
f o r  t r ansmiss ion  of geothermal  b r i n e  
t o  b u i l d i n g  and from b u i l d i n g  t o  
r e  inj ec t i o n  well) 

Cost of 4 i n  b l a c k s t e e l  i n s u l a t e d  
t r ansmiss ion  p i p e  1000 f t  long ’ 

bur i ed  i n  t h e  ground 

$ 15,000 

Cost  of 4 i n  b l a c k s t e e l  un-insulated $ 10,000 
r e i n j e c t i o n  p i p e  1000 f t  long b u r i e d  

Cost of i n s t a l l a t i o n  of above equipment $110,000 

Cost  of r e t r o f i t t i n g  the coo l ing  system 
i n  t h e  b u i l d i n g  

$ 90,000 

Cost of  Design $ 40,000 

Cost of  pe rmi t s  and procedures  f o r  $ 60,000 
development of geothermal  r e source  

ESTIMATED CAPITAL INVESTMENT $700 , 000 
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Case 1: $732,000 C a p i t a l  Investment 
20 Year Deprec ia t ion  

1 $116,280 (Load x KWH/yr) x cost/KWH 
Gross Income* '(3.23 x 1,000,000) x .036 

"(Gross Income = Annual U t i l i t y  Cooling B i l l )  

Gross Expense 
Op erat i n  g : 5 0,O 00 

Deprec ia t ion :  36,600 
86,600 

Gross P r o f i t  

N e t  P r o f i t  

Income Tax (50%) 

C r e d i t  Deprec ia t ion  

T o t a l  Appl icable  t o  Simple Payout 

$86,600 

$29,680 
$14,840 

$14,840 
$36,600 

$51,440 

Case 2:  $732,000 C a p i t a l  Investment 
5 yea r  Deprec ia t ion  (Tax I n c e n t i v e  of F a s t  

Amor t i  z a t i o n )  

Gross Income*(same as Case 1) $116,280 

Gross Expense 
Operating: 50,000 

Deprec ia t ion :  146,400 
J96,400 

Gross P r o f i t  
Income t a x  c r e d i t  (50%) 

C r e d i t  Deprec ia t ion  
Net P r o f i t  (Income Tax C r e d i t )  

T o t a l  Appl icable  t o  Simple Payout 

$196,400 

-$80,120 
$40,060 

$40 , 060 
$146,400 

$186,340 
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Case 3: $732,000 C a p i t a l  Investment 
20 y e a r  Deprec ia t ion  
DOE Pays 50% as p a r t  of PON System (DOE I n c e n t i v e )  

Gross Income* 

Gross Expense 
Opera t ing  : 50,000 

Deprec ia t  i on  : 36,600 
86,600 

Gross P r o f i t  
Income Tax (50%) 

N e t  P r o f i t  
C r e d i t  Deprec ia t ion  

T o t a l  Appl icable  t o  Simple Payout 

$116,28O/yr 

$ 86,600 

$ 29,680 
$ 14,840 

$ 14,840 
$ 36,600 

$ 51,440 

= 7 .1  y e a r s  $366,000 
$ 51,440 ====-==== Payout = 

Case 4 :  $732,000 Investment 
5 y e a r  Deprec ia t ion  
DOE pays 50% as p a r t  of PON System 

(DOE I n c e n t i v e  & Tax I n c e n t i v e )  

Gross Income* $116,280 

Gross Expense 
Operating: 50,000 

Deprec ia t ion :  146,400 
196,400 

Gross P r o f i t  
Income tax q e d i t  (50%) 

N e t  P r o f i t  (Income tax c r e d i t )  
C r e d i t  Deprec ia t ion  

$196,400 

$ 40,060 

$ 40,060 
$146,400 

-$80,120 

T o t a l  App l i cab le  t o  Simple Payout $186,340 

= 2.0 y e a r s  $366,000 
$186,340 ====-==== Payout = 
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Scenar io  f 2: D i s t r i c t  h e a t i n g  and coo l ing  (Case s tudy:  Ret i rement  
community o u t s i d e  Phoenix) 

Locat ion:  n e a r  Phoenix 
Temp : 280°F 
Depth : 3000 f t  
S a l i n i t y :  2000 ppm 
Land : P r i v a t e  
Development: 1990 

i. I n t r o d u c t i o n  

D i s t r i c t  hea t ing  and cool ing  draw h e a v i l y  from energy 
r e sources ,  p a r t i c u l a r l y  t h e  coo l ing  load .  This  use 
des ign  has  two b a s i c  cases  ( scena r io  #2 and # 3 ) ,  one of which 
r e t r o f i t s  an e x i s t i n g  community and t h e  o the r  designed f o r  
hea t ing  and cool ing  a new community. 
t h a t  an  e x i s t i n g  community o u t s i d e  Phoenix can use geothermal  
w e l l  t o  provide  t h e  means of d i s t r i c t  h e a t i n g  and coo l ing .  
The case t h a t  develops geothermal usage i n  a new community 
will be  d iscussed  i n  s c e n a r i o  no. 3 which i s  s i m i l a r  t o  t h i s  
s c e n a r i o .  A d iagramat ic  r e p r e s e n t a t i o n  of t h i s  s c e n a r i o  
i s  g iven  i n  F ig .  30. 

W e  begin by assuming 

ii. Desc r ip t ion  of Community 

L e t  u s  choose a community of 10,000 houses  n e a r  Phoenix.  
Th i s  area has  a v a r i a b l e  tempera ture  range .  Between t h e  
months of May and September t h e  temperature  i s  65'F - 80°F 
a t  n i g h t ;  
no h e a t i n g  i s  needed dur ing  t h i s  p e r i o d ,  wh i l e  a tremendous 
amount of cool ing  i s  r equ i r ed .  However, dur ing  t h e  months 
of November t o  A p r i l  t h e  temperature  ranges  from 30°F t o  55'F 
a t  n i g h t ;  s o  a good amount of h e a t i n g  i s  needed. During 
t h e  day t h e  temperature  i s  50 - 85'F and e i t h e r  coo l ing  o r  
h e a t i n g  may be r equ i r ed .  

and 85 - 115'F du r ing  the  day. Thus almost  

iii. Wells' C h a r a c t e r i s t i c s  

Flowrate  of  Brine:  
Dis tance  of w e l l s  from p l a n t :  2 m i l e s  
Depth of i n j e c t i o n  w e l l ( s ) :  

2 .5  x lo5  l b / h r  p e r  w e l l  

2000 f t  

i v .  

Assuming t h e  area of each house i s  2000 f t 2  and t h e  energy 
r e q u i r e d  f o r  h e a t i n g  and coo l ing  (assuming t h a t  a l l  houses  
have a fo rced  a i r  c y c l e  f o r  bo th  h e a t i n g  and cool ing)  i s  
36,000 KWH/yr. 
houses  is  3 . 6  x l o8  KWH/hr. 

System's Desc r ip t ion  and Energy Requirements 

Therefore  t o t a l  energy needed f o r  a l l  
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The system t h a t  w i l l  b e  used is  descr ibed  as fo l lows:  
a c e n t r a l i z e d  p l a n t  w i th  h e a t  exchangers and abso rp t ion  
coo l ing  system w i l l  be used.  This  system is  dep ic t ed  
i n  F igure  31. The geothermal w e l l  p rovides  b r i n e  a t  
280°F, which is  used t o  h e a t  r e g u l a r  water passed through 
a hea t  exchanger. Assume tempera ture  of water is  70°F, 
assume t h a t  f l o w r a t e  of b r i n e  i n  h e a t  exchanger is  equa l  
t o  f l o w r a t e  of  r e g u l a r  water. Assume t h e  f r e s h  water 
i n  t h e  h e a t  exchanger i s  hea ted  t o  205OF, and i s  s e n t  
through i n s u l a t e d  d i s t r i b u t i o n  p i p e l i n e s  t o  t h e  houses ,  
where they  a c t  as a source  of h e a t  f o r  t h e  f a t  i n  t h e  
f o r c e  a i r  c y c l e  u n i t  i n  t h e  house.  The thermosta t  
of each  u n i t  i n  t h e  house w i l l  b e  used t o  r e g u l a t e  t h e  
temperature  i n  t h e  rooms. The temperature  of t h e  h o t  
w a t e r  reaching  t h e  house i s  about  200°F. 
h o t  water could be used f o r  household washing, e t c .  
Assuming a 10°F approach l e t  us c a l c u l a t e  r e q u i r e d  
f l o w r a t e  f o r  h e a t i n g  i n  t h e  w i n t e r  season.  

This  f r e s h  

Q = energy r equ i r ed  = ( f lowra te )  (hea t  capac i ty )  (temp. change) 
= mCpAT 

m = f lowra te- '  ( 3 . 6 ~ 1 0 ~  KWH) (3413 BTU/KWH)~(280°-2150F) (3600 h r )  
= 5.2 x l o b  l b s / h r  

6 For coo l ing ,  m = 1.3 x 10 l b s / h r  
Assuming t h e  f l o w r a t e  f o r  each  w e l l  i s  250,000 l b s l h r .  
N o .  of  w e l l s  = 5 x 10 6 l b s / h r  f 2.5 x 10 5 lb s /we l l -h r  

= 20 w e l l s  

Using h e a t  exchangers w i t h  31 s t a i n l e s s  s teel  tub ings ,  
each h a s  a n  area of 15,000 f t  . Four hea t  exchangers  
are needed. Each c o s t s  $120,000. I f  w e  u s e  Arkla  S o l a i r e  
abso rp t ion  u n i t s ,  each wi th  2500 t o n s  of r e f r i g e r a t i o n ,  w e  
need about  5 Arkla u n i t s  a t  $600,000 f o r  each u n i t .  

9 

L e t  us  now t r y  t o  estimate t h e  t o t a l  c o s t  of t h i s  p r o j e c t .  
(Most of  t h e  above c a l c u l a t i o n s  are approximations,  based 
upon f a l l a b l e  assumptions) 

v. Cost E s t i m a t e s  

Cost of  product ion  w e l l s  = no. of  w e l l s  x depth x c o s t / f t  
So c o s t  of prod. w e l l s  = 20 x 3000 x 50 = $3,000,000 
Assuming only  10 i n j e c t i o n  w e l l s ,  2000 f t .  as depth  of 
w e l l  and a t  a t o t a l  c o s t  of $ 4 0 / f t ,  t h e  c o s t  of i n j e c t i o n  
w e l l s  = 10 x 2000 x 40 = $800,000. 
w i thou t  i n s t a l l a t i o n  = 4 x 120,000 = $480,000. 
of Absorpt ion C h i l l e r s  = 5 x 600,000 = $3,000,000 wi thou t  
i n s  t a l l a t  ion.  

Cost of  h e a t  exchangers  
Cost 
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A p re l imina ry  estimate of t h e  t o t a l  c a p i t a l  investment  
f o r  t h i s  p r o j e c t  is  $25,000,000. The rate of r e t u r n  
based on a s imple payout w i t h  t e n  y e a r s  amor t i za t ion  i s  
c a l c u l a t e d  a s  fo l lows  : 
G = Gross income - Annual u t i l i t y  b i l l  f o r  houses  

= Load (KWH/yr) x cos t  ($/KWH1 
= 3.6 x lo8 x 0.036 = 13,000,000 $ /y r  

= $200,000 p e r  yea r  (approximately)  
Op = o p e r a t i n g  c o s t  

T o t a l  c a p i t a l  investment  
Y a r s  p r o j e c t  i s  expected t o  las t  Dp = Deprec ia t ion  = 

= $25,000,000/10 y e a r s  = 2,500,000 $ /y r  

Pg = g r o s s  p r o f i t  = G -(Dp + Op) 

= 13,000,000 -(2,500,000 + 200,000) 

= $10,300,000 p e r  y e a r  

Pn = n e t  p r o f i t  a f t e r  50% t a x  = 5,150,000 $ / y r  

= 3 . 3  y e a r s  25,000,000 
payout = 5,150,000 + 2,500,00(! 

Scenar io  #3: New Communities 
Case Study: P inaca te  a r e a  

Loca t ion  : Unpopulated geothermal  areas 
Temp era t u r  e : 
Depth : 1 km 
S a l i n i t y  : 2500 ppm 
Land : p r i v a t e  
Development: 1995 

2 60 O F  

i. I n t r o d u c t i o n  

This  s c e n a r i o  t a k e s  t h e  area of P i n a c a t e  as a case s tudy  
f o r  u s ing  geothermal r e s o u r c e s  f o r  space  h e a t i n g  and 
coo l ing  of r e s i d e n t i a l  homes. 
and coo l ing  system w i l l  b e  inco rpora t ed  i n t o  t h e  houses  
as they  are cons t ruc t ed .  A s  t h i s  new community expands 
t h e  geothermal r e sources  could b e  used a long  w i t h  conven- 
t i o n a l  f u e l s  i n  v a r i o u s  areas of i n d u s t r y .  
t i m e  w e  w i l l  cons ider  t h e  use  of  geothermal energy f o r  
comfort h e a t i n g  and coo l ing .  

The geothermal h e a t i n g  

A t  t h e  p r e s e n t  
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ii. Desc r ip t ion  of  Community 

P inaca te  is  a r e l a t i v e l y  remote area which as  a good 
geothermal  p o t e n t i a l  t h a t  could  be used as a source  of 
energy f o r  a new r e s i d e n t i a l  community. 
d ry  climate p o i n t s  immediately t o  re la t ive amounts of the 
energy r equ i r ed  f o r  coo l ing  as compared w i t h  h e a t i n g .  
Th i s  is because Arizona h a s  a wide tempera ture  range.  
The temperature  range  a t  P inaca te  from May till August 
i s  60 - 85'F a t  n i g h t  and 85 - 115'F dur ing  t h e  day. 
A s  p r e d i c t e d ,  a l a r g e  amount of energy i s  needed f o r  
coo l ing ,  w h i l e  from September till A p r i l  t h e  tempera ture  
ranges  from 30 - 55'F a t  n i g h t ;  
day. Consequently,  a moderate amount of energy is  
a l s o  r e q u i r e d  f o r  h e a t i n g .  

P i n a c a t e ' s  h o t  

and 60 - 85OF dur ing  t h e  

L e t  u s  assume t h a t  a construct ion 'company i s  p lanning  t o  
b u i l d  200 housing u n i t s  i n  P i n a c a t e ,  and t h a t  t h e  Department 
o f  Energy proposed t o  g i v e  t h i s  c o n s t r u c t i o n  company a g r a n t  
t o  encourage t h i s  company t o  b u i l d  houses  w i t h  i n d i v i d u a l  
geothermally based h e a t i n g  and coo l ing  u n i t s .  

iii. Well C h a r a c t e r i s t i c s  

Flow rate of  b r i n e :  160,000 l b / h r  
Dis tance  of product ion  and i n j e c t i o n  w e l l s  from houses:  1 m i l e  

iv.  

The system used i n  t h i s  s c e n a r i o  i s  desc r ibed  as follows; 
t h e  geothermal  w e l l  p rovides  t h e  ho t  b r i n e  t h a t  i s  t r a n s p o r t e d  
t o  t h e  houses  by a 10 i n .  i n s u l a t e d  p i p e  one m i l e  long .  
This  main p i p e  branches  i n t o  smaller i n s u l a t e d  p i p e s ;  
(200 smaller p i p e s ,  2" i n  diameter)  one p i p e  f o r  each house.  

W e  assume t h a t  t h e  area o f  each house i s  2000 f t  ; and 
a l l  t h e  houses have a i r  cond i t ion ing  u n i t s  t h a t  u se  a fo rced  
a i r  cyc le .  These a i r  cond i t ion ing  u n i t s  can be  used as  
c o o l e r s  o r  h e a t e r s  and t h e  temperature  i n s i d e  the  house 
i s  r e g u l a t e d  by a the rmos ta t .  
exchanger u n i t  and an  a b s o r p t i o n  coo l ing  u n i t .  The h o t  
b r i n e  w i l l  b e  s e n t  i n t o  t h e  h e a t  exchanger t o  h e a t  r e g u l a r  
w a t e r  a t  70°F. 
of 200 F and i s  used i n  t h e  a i r  cond i t ion ing  u n i t  t o  produce 
h o t  a i r .  
abso rp t ion  coo l ing  u n i t  t o  c o o l  r e g u l a r  water from 70 F t o  
40°F. 
u n i t  t o  g i v e  c o l d  a i r .  For both  cases of cool ing  and 
h e a t i n g  t h e  b r i n e  does n o t  c i r c u l a t e  i n  t h e  houses'. plumbing 
p ipes ;  i t  only  c i r c u l a t e s  i n  t h e  hea t  exchanger and 
abso rp t ion  c o o l e r ,  l i m i t i n g  problems of p i p e  co r ros ion  
and s c a l i n g .  The waste water b r i n e  i s  s e n t  through a small  
p i p e  which i s  connected t o  a main un insu la t ed  p i p e  t h a t  
f lows  i n t o  t h e  i n j e c t i o n  w e l l .  

System's Desc r ip t ion  and Energy Requirements 

2 

Each house has  a h e a t  

Th i s  water comes out  a t  a tempera ture  
0 

On t h e  o t h e r  hand, t h e  b r i n e  w i l l  be used i n  t h e  
0 

This  co ld  w a t e r  i s  used i n  t h e  a i r  cond i t ion ing  

9 1  



L e t  u s  c a l c u l a t e  t h e  r equ i r ed  f l o w r a t e  f o r  a l l  t h e  houses;  
by c a l c u l a t i n g  t h e  f l o w r a t e  r e q u i r e d  f o r  each house.  
Assuming t h a t  each house r e q u i r e s  40,000 KWH/yr f o r  
h e a t i n g  and coo l ing  and assuming t h a t  a l l  t h i s  energy 
goes t o  h e a t i n g ,  
m = r e q u i r e d  f l o w r a t e  = Q/CpAT 

= (40,000 KWH) (3413 BTLl/KWH)f(26Oo-21O0F) (3600 h r s )  

= 760 l b s / h r  
T o t a l  f l o w r a t e  f o r  a l l  houses  = 760 x 200-= 1.52 x 10 

5 l b / h r  and 
t o t a l  f l o w r a t e  - - 1.52 x 10' = 
f lowra te /we l l  1.6 x 105 

well no. of w e l l s  = 

Thus one product ion  w e l l  w i t h  a f l o w r a t e  about  160,000 l b / h r  
and one i n j e c t i o n  w e l l  are needed. 

Each house w i l l  have i t s  own h e a t  exchanger which w i l l  c o s t  
about  $2500, and an abso rp t ion  coo l ing  u n i t  which w i l l  c o s t  
$2600 w i t h  a c a p a c i t y  of f o u r  tons  of r e f r i g e r a t i o n .  Assume 
c o s t  of i n s t a l l a t i o n  t o  be  $2000 f o r  bo th  t h e  h e a t  exchanger 
and a b s o r p t i o n  c o o l e r ,  i nc lud ing  p i p e s  and l a b o r .  

v. Cost E s t i m a t e s  

~ Assuming t h e  t o t a l  c o s t  of  d r i l l i n g  t o  b e  $ 6 0 / f t ,  t h e  pro- 
d u c t i o n  w e l l  w i l l  c o s t  $120,000 and i n j e c t i o n  w e l l  $90,000. 
A s s u m e  c o s t  of equipment f o r  w e l l  t o  be $50,000 ( inc lud ing  
pump and o t h e r  misce l laneous  i t ems) .  A s s u m e  c o s t  of 10" 
main p ipe  and 2" diameter  branching p i p e s  a l l  i n s u l a t e d  and 
i n s t a l l e d  t o  b e  $100,000. T o t a l  c o s t  of equipment i n  
200 houses inc lud ing  i n s t a l l a t i o n  i s  $920,000; b u t  t h i s  
c o s t  would have been encountered anyway wi thout  u s ing  geo- 
thermal .  I f  t h e  houses had gas - f i r ed  h e a t e r s  and a i r  
cond i t ion ing  u n i t s  t h e  t o t a l  c o s t  of t h e s e  u n i t s  f o r  a l l  
houses  would be c l o s e  t o  $920,000; so  t h i s  c o s t  w i l l  n o t  be  
inc luded  i n  t h e  t o t a l  c o s t  of t h e  p r o j e c t .  

Thus t o t a l  c o s t  o f  p r o j e c t  u s ing  geothermal  energy is  
$400,000. 
and coo l ing  p e r  month i n  one house t o  b e  $30, then  c o s t  
of h e a t i n g  and coo l ing  p e r  yea r  f o r  200 houses  i s  $72,000. 

I f  w e  e s t i m a t e  t h e  average c o s t  of h e a t i n g  

Based on a s imple payout and f i v e  y e a r s  a m o r t i z a t i o n ,  w i th  
50% t a x  c r e d i t  t o  compensate f o r  n e t  l o s s  due t o  f a s t  
a m o r t i z a t i o n ,  t h e  payout w i l l  b e  i n  f i v e  y e a r s .  
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Scenar io  8 4 :  N e w  i n d u s t r i e s  

Loca t ion  : To be determined 
Temperature: v a r i a b l e ;  8OoC i f  p o s s i b l e  
Depth : 1-2 km 
S a l i n i t y  : 2000 ppm 
Land : p r i v a t e  i f  p o s s i b l e  
Development: 1990 

This  s c e n a r i o  cons ide r s  p o s s i b l e  i n d u s t r i e s  t h a t  could use  
low tempera ture  energy sources .  It may b e  p o s s i b l e  t o  
a t t r a c t  new i n d u s t r i e s  t o  Arizona by  demonstrat ion of a low 
temperature  r e source .  Some of t h e  i n d u s t r i e s  t h a t  are being 
considered are: t h e  d a i r y  i n d u s t r y ,  baking i n d u s t r y ,  
p o u l t r y  r a i s i n g ,  orange j u i c e  concen t r a t e  p l a n t ,  tomato 
puree ,  and heavy w a t e r  p roduct ion .  The d a i r y  i n d u s t r y  
i s  cons idered  i n  t h i s  s c e n a r i o .  A d a i r y  has  a l r e a d y  been 
s u c c e s s f u l l y  r e t r o f i t t e d  t o  geothermal sou rces  i n  Klamath 
F a l l s ,  Oregon. The i d e a  i s  t h e r e f o r e  w e l l  worth pe rus ing  
f o r  Ar izona ' s  d a i r i e s .  

0 The d a i r y  company under c o n s i d e r a t i o n  now uses  a 170 F h e a t  
source  for approximately 2 1  seconds,  i n  the p a s t u r i z a t i o n  

source  of  80° - 340°F and uses  6 x 10' BTU/year of n a t u r a l  
gas  energy.  The coo l ing  p rocess  i s  p r e s e n t l y  done e l e c t r i -  
c a l l y  and r e q u i r e s  2 .5  x l o 6  KWH/year. 
are cooled,  they are k e p t  i n  s t o r a g e  f a c i l i t i e s  @ 35'F. 
Geothermal energy could b e  used f o r  t h i s  i n d u s t r y  i f  a 
r e source  is nea r  t h e  d a i r y .  The system i n  Oregon could  
b e  used as a model f o r  p l a n s  i n  Arizona. 

. - p r o c e s s .  The h e a t i n g  requi rements  n ed  a tempera ture  

Af t e r  t h e  p roduc t s  

Scenar io  55: Enerpy s t o r a g e  f o r  h e a t  pump systems 

Locat ion  : Phoenix,  Tucson 
Temperature: 60 - 1 2 O o C  
Depth : 0.5 - 2 km 
S a l i n i t y  : 2000 ppm 
Land : Federa l ,  s ta te  
Development : 1990 

This  s c e n a r i o  invo lves  us ing  a h e a t  pump system f o r  h e a t i n g  
purposes ,  o r  p o s s i b l y  h e a t i n g  and coo l ing  p rocess  combined. 
The success  of t h i s  g e o - u t i l i z a t i o n  i s  dependent on t h e  
f i n d i n g  of a h igh  p o r o s i t y  a q u i f e r  n e a r  t h e  s u r f a c e  con ta in ing  
low-temperature water; t h e  c o l d e r  t h e  b e t t e r .  I f  such an 
a q u i f e r  w e r e  found, i t  would b e  cons idered  as a coo l ing  
source  f o r  l a r g e  schoo l s ,  h o s p i t a l s ,  and o t h e r  l a r g e  u n i t s .  
I f  t h i s  o p e r a t i o n  w a s  deemed s u c c e s s f u l  i n d i v i d u a l  home 
u n i t s  could then b e  cons idered .  
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The h e a t  pump w i t h  co ld  s t o r a g e  should b e  compared w i t h  an 
abso rp t ion  coo l ing  u n i t  ope ra t ed  on hot  geothermal  waters. 
For p l a c e s  w i t h  h e a t i n g  loads  i n  win te r  t i m e ,  t h e  same 
h e a t  pump can b e  used. 

Techn ica l ly ,  we should compare t h e  c e n t r a l  coo l ing  and 
d i s t r i b u t i o n  of c h i l l e d  f l u i d  through houses w i t h  i n d i v i d u a l  
h e a t  pump use ,  i n  which t h e  coo l  water i s  c i r c u l a t e d  from a 
c e n t r a l  sou rce .  The same ques t ion  a p p l i e s  f o r  a b s o r p t i o n  
coo l ing  u n i t s ,  where e i t h e r  t h e  c h i l l e d  f l u i d  is  t r a n s f e r r e d  
through t h e  houses o r  t h e  h o t  geothermal waters are pumped. 
I n  any c a s e ,  b e s t  e f f i c i e n c y  can be  expected i f  t h e  f low 
t o  each i n d i v i d u a l  u n i t  i s  i n  p a r a l l e l  r a t h e r  than  i n  series 
t h u s  p reven t ing  r educ t ion  of temperature  from one u n i t  t o  
ano the r  . 

Scenar io  $16: Cen t ra l  Arizona P ro jec t /Peak  Power 

Locat ion : Tucson, Phoenix 
Temperature: 60-120°C 
Depth : 0.5-2 km 
S a l i n i t y  : 2000 ppm 
Land : Federa l ,  s t a t e ,  Ind ian  
Development: 1990 

Th i s  s c e n a r i o  i s  designed t o  use e i t h e r  geothermal  sou rces  
o r  a b i n a r y  c y c l e  t o  run  t u r b i n e s  f o r  t h e  d i r e c t  pumping 
of steam. The t u r b i n e s  would be  used t o  power t h e  pumps 
a t  t h e  pumping s t a t i o n .  Th i s  s c e n a r i o  would a l s o  evaluate 
whether o r  n o t  i t  would be cheaper  t o  use  t h e  geo-source 
o r  t o  use  c o a l  from t h e  Four Corners Area t o  g e n e r a t e  t h e  
e l e c t r i c i t y  and have t h e  investme t of t h e  t r ansmiss ion  
l i n e s  t o  the  s t a t i o n s .  1 . 2  x 10 a c r e  f e e t  of water w i l l  
be pumped 900 f t  high and then d i s t r i b u t e d  t o  Tucson and 
Phoenix.  For t h i s  s c e n a r i o  t o  work, t h e  economics f o r  
e l e c t r i c  pumping should be  analyzed i n  comparison w i t h  steam 
t u r b i n e  pumping, bo th  w i t h  r ega rd  t o  investment c o s t  and 
operat ional .  c o s t .  

8 

Scena r io  #7 : Wind energylgeothermal  energylenergy s t o r a g e  

Locat ion  : White Mtns, F l a g s t a f f  
Temperature : 6OoC, 21OoC (HDR) 
Depth 1 km 
S a l i n i t y  : 2500-3000 ppm 
Land I n d i a n ,  S t a t e ,  Federa l  
Development: 1990 

94 



This  s c e n a r i o  i s  designed f o r  t h e  no r the rn  mountainous 
areas of t h e  s ta te .  I f  i t  designed t o  use wind energy 
as a supplement t o  geothermal o r  s o l a r  energy.  T h i s  
energy would b e  used i n  t h e  paper  and lumber i n d u s t r i e s ,  
as  w e l l  a s  f o r  r e c r e a t i o n a l  and o t h e r  r e l a t e d  u s e s .  For 
example, l a k e s  t h a t  tend t o  f r e e z e  over  could  have a s m a l l  
area t h a t  would b e  kept  i c e - f r e e  i n  w i n t e r .  Th i s  would 
d e t e r  f i s h  dea ths  due t o  l a c k  of  oxygen and f r e e z i n g .  

Scenar io  #8: Hot igneous rock  and power p l a n t  

Loca t ion  : S p r i n g e r v i l l e / S t .  Johns,  Sa f fo rd  

Temperature: 21OoC 
Depth : 1 km 
S a l i n i t y  : 2500 ppm 
Land : Federa l ,  S ta te ,  Ind ian  
Development: 1990 

Chandler 

This  s c e n a r i o  s t u d i e s  t h e  i n j e c t i o n  of water i n t o  ho t  
igneous rock  strata t o  o b t a i n  steam f o r  power p roduc t ion  
and i n d u s t r i a l  uses. Geologic  informat ion  i n d i c a t e s  that 
h o t  d ry  rock  r e sources  may ex is t  n e a r  S p r i n g e r v i l l e .  I f  
t h e  tempera ture  of t h e  rock i s  ve ry  high t h e  system could 
b e  q u i t e  economical.  However, t h e  technology t o  develop 
h o t  dry  rock i s  s t i l l  i n  t h e  e a r l y  s t a g e s .  

Scena r io  f 9 :  Coal mining o p e r a t i o n s  

Loca t ion  : Four-Corners a r e a  
Temperature: 60-200°C 

S a l i n i t y  : 3500 ppm 
Land : Ind ian  
Development: 1990 

Depth : 1-2 km. 

This  s c e n a r i o  i s  designed f o r  t h e  coa l - f i r ed  power p l a n t s  
t h a t  s e r v i c e  Arizona and Southern C a l i f o r n i a .  The geo- 
thermal  waters would be  used f o r  c o a l  washing, dus t  c o n t r o l ,  
s l u r r y  t r a n s p o r a t i o n ,  and l o c a l  v e g e t a t i o n  r e p l a n t i n g .  
The p o t e n t i a l  energy of the  geo-water would a l s o  be i n t e -  
g r a t e d  i n t o  t h e  systems. 

Scena r io  810: P r e h e a t i n g / s u l f u r  removal i n  c o a l  f i e l d  power p l a n t s  

Loca t ion  : Willcox 
Tempera ture :  l l O o ,  205' C HDR 
Depth : 1 km 
S a l i n i t y  : 4000 ppm 
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Land : F e d e r a l ,  S t a t e ,  I n d i a n  
Development: 1990 

Since  warm water w i l l  d i s s o l v e  s u l f i d e s  i n  c o a l  ( p r i m a r i l y  
FeS2) more quick ly  than  c o o l e r  w a t e r ,  geothermal  waters  
could  b e  used f o r  t h e  planned c o a l - f i r e d  power p l a n t s  
scheduled i n  t h e  S p r i n g e r v i l l e  and t h e  Wil lcox areas o f  
Arizona. EPA a i r  q u a l i t y  s t a n d a r d s  o f t e n  r e q u i r e  t h e  
removal of some s u l f u r  p r i o r  t o  t h e  release of c o a l  smoke 
i n t o  t h e  a i r .  An a d a p t i o n  comprising t h e  fundamental  
t e c h n i c a l  i d e a s  involved i n  Burbank, C a l i f o r n i a ' s  p l a n s  
f o r  geothermal energy u s e  w i l l  b e  made. T h i s  s c e n a r i o  
w i l l  a l s o  examine t h e  use  o f  Four Corners  c o a l  and w i l l  
c r i t i c a l l y  examine how much s u l f u r  i s  removed and how 
much c o a l  can be saved i n  a l a r g e  p l a n t ,  i f  geothermal 
energy w e r e  used. 

S c e n a r i o  !Il l :  S o l u t i o n  mining 

Locat ion : Sta tewide  (Kingman) 
Temperature : 50-200 O C  

Depth l - 2 k m  
S a l i n i t y  : 2000-4000 ppm 
Land S t a t e ,  F e d e r a l ,  P u b l i c  
Development: Completed by 1990 

S o l u t i o n  mining i s  a n  important  s c e n a r i o  f o r  Arizona.  
It i s  designed f o r  t h e  use of geothermal  waters f o r  the 
l e a c h i n g  p r o c e s s e s  i n  s o l u t i o n  mining. The major advantages 
o f  u s i n g  geothermal water i s  t h a t  s i n c e  t h e  water i s  a l r e a d y  
h o t ,  d i s s o l u t i o n  occurs  more r a p i d l y .  S o l u t i o n  mining 
v i a  geothermal waters seems t o  b e  t e c h n i c a l l y  f e a s i b l e  
b u t  there are several p i t f a l l s .  To b e  s u c c e s s f u l  an 
e x p e r t i z e  i n  s o l u t i o n  m i n i n g  i s  needed, especially on t h e  
g e o l o g i c a l  engineer ing  a s p e c t s .  T h i s  e x p e r t i z e  i s  needed 
t o  d i r e c t  t h e  s tudy  t o  o r e  bodies  of  an economically f e a s i b l e  
s i z e ,  b u t  have t h e  c o r r e c t  g e o l o g i c a l  s t r u c t u r e  t o  make 
t h e  s o l u t i o n  mining a p p l i c a b l e .  The proper  c h e l a t i n g  
a g e n t s  must be used f o r  t h e  recovery  of t h e  metals a l s o .  
The most promising metals f o r  t h i s  t y p e  of system are copper ,  
c o b a l t ,  n i c k e l  and uranium, b u t  o t h e r  metals should a l s o  be  
cons idered  (e.g.  chronium, t i n ,  antimomy, and t h e  o t h e r  so- 
c a l l e d  " s t r a t e g i c "  meta ls )  . 
been s u c c e s s f u l l y  t e s t e d  and i s  i n  use  i n  several p l a c e s .  
S o l u t i o n  mining can reach  deeper  o r e  reserves, making 
t h e  mining less expensive.  

T h i s  technique  h a s  a l r e a d y  

I n  some i n s t a n c e s  t h e  s o l u t i o n  mining may leave caverns  which 
could  b e  used as  huge s t o r a g e  f a c i l i t i e s  ( e .g .  pe t ro leum 
s u p p l i e s ) .  These caverns are a l s o  be ing  cons idered  f o r  
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s t o r i n g  chemicals  t o  be  used l a t e r  f o r  energy product ion .  
These chemicals  are produced and s t o r e d ,  f o r  example 
i n  t h e  summer t i m e  when us ing  s o l a r  energy,  and are 
used i n  t h e  w i n t e r  t i m e  t o  supplement t h e  low grade  
s o l a r  energy.  

A t  t h i s  i n i t i a l  s t a g e  of t h e  p r o j e c t  a l i t e r a t u r e  s e a r c h  
h a s  been conducted on t h e  methods and d i f f e r e n t  t echn iques  
used i n  s o l u t i o n  mining. It has  been found t h a t  s o l u t i o n  
mining h a s  been p r a c t i c e d  f o r  several y e a r s .  It has  been 
a p p l i e d  t o  e x t r a c t  v a r i o u s  o r e  dep.osits  such as uranium 
and copper ( i n  Ar izona) ,  and t o  d i s i n t e g r a t e  c o a l  w i t h  a 
b a s i c  aqueous s o l u t i o n  i n  o r d e r  t o  form a s l u r r y  which 
can b e  e x t r a c t e d .  S o l u t i o n  mining techiques  have been 
combined by C.H. Jacoby w i t h  geothermal  f l u i d  techniques  
to e x t r a c t  N a C l  d e p o s i t s .  

Our impress ion  now i s  t h a t  s o l u t i o n  mining i s  a t e c h n i c a l l y  
f e a s i b l e  o p e r a t i o n  which i n  some i n s t a n c e s  i s  much more 
advantageous than  convent iona l  mining techniques .  Solu- 
t i o n  mining provides  an oppor tun i ty  f o r  1) c o s t  r e d u c t i o n ,  
2 )  e x t r a c t i n g  d e p o s i t s  w h i c h  cannot be mined by convent iona l  

c o n t r o l  of  s o l u t i o n  mining techniques .  
. methods, 3) meeting environmental  s t anda rds  by c a r e f u l  

The major advances i n  t h e  unders tanding  of t h e  chemis t ry  
and mineralogy of  t h e  p rocess ,  a long  w i t h  new developments 
i n  t h e  t echno log ie s  of  exp los ive ,  n u c l e a r ,  petroleum, 
s a l t  and geothermal  f l u i d  i n d u s t r i e s ,  w i l l  enab le  r e s e a r c h  
workers i n  t h i s  area t o  develop a commercially workable 
method of  s o l u t i o n  mining t h a t  employs geothermal  waters  
f o r  h i g h e s t  e f f i c i e n c y .  Improvement of s o l u t i o n  mining 
techniques  i s  be ing  s t u d i e d .  

Scena r io  1\12: Hot w a t e r  f o r  convent iona l  mining 

Locat ion  : Tucson 
Temperature: 60 - 90°C 
Depth : 1-2 km 
S a l i n i t y  : 2000 ppm 
Land : S t a t e ,  Fede ra l ,  P r i v a t e  
Development: Completed 1990 

This  i s  somewhat d i f f e r e n t  than t h e  s o l u t i o n  mining s c e n a r i o  
i n  t h a t  i t  d e a l s  w i th  t h e  p rocess  c u r r e n t l y  used i n  t h e  
copper i n d u s t r y .  The p resen t  rate of copper l each ing  could 
b e  inc reased  a t  least  th ree - fo ld  i f  t h e  o p e r a t i n g  f l u i d  is 
a t  35OC, i n s t e a d  of t h e  normal ambient tempera ture  of 
21OC. 
f l u i d ,  t h e  b e t t e r  t h e  p roduc t ion  r e s u l t s ,  so  t h e  use of  

Th i s  demonst ra tes  t h a t  t h e  h o t t e r  t h e  l each ing  
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geothermal water would b e  extremely d e s i r a b l e .  
would conserve energy used t o  h e a t  t h e  s t o r a g e  pond water 
and create a b e t t e r  product ion  rate,  as w e l l  as p r e v e n t i n g  
t h e  s t o r a g e  ponds from c o o l i n g  down t o  10°C i n  t h e  w i n t e r  
months. 

T h i s  

Scenar io  #l3: Hot mines 

Locat ion : Under round Mining Areas ( C l i f t o n )  
Temperature: 50-90 C 
Depth : 1-2 km 
S a l i n i t y  : 2000 ppm 
Land : S t a t e ,  F e d e r a l ,  P r i v a t e  
Development: 1990 

% 

T h i s  s c e n a r i o  i s  concerned w i t h  t h e  c o r r e c t i o n  of  a n  
e x i s t i n g  problem. Some underground mines have h o t  waters 
i n  them, caus ing  severe v e n t i l a t i o n  and temperature  c o n t r o l  
problems. T h i s  s c e n a r i o ' s  purpose i s  t o  see i f  t h e s e  h o t  
geothermal  waters can b e  used f o r  a n  advantageous purpose,  
i n s t e a d  of t h e  problems they  now cause.  

Scenar io  $114: S a l t  p roduct ion  

Locat ion : Yuma, Hyder Val ley  
Temperature : 6O-18O0C 

S a l i n i t y  : 2500 - 3500 ppm 
Land : F e d e r a l ,  s tate,  I n d i a n  
Development : 1990 

Depth : 0.5 - 2 km 

Extens ive  beds o f  sa l t  ex is t  i n  Southern Arizona. T h i s  
s c e n a r i o  cons ide r s  t h e  use of geothermal water  t o  r ecove r  
t h e  s a l t  from t h e s e  beds .  The e f f l u e n t  waters would b e  
used t o  d i s s o l v e  t h e  concent ra ted  sal ts  f o r  t h e  p r o d u c t i o n  
o f  t h e  r a w  material; then  t h e  waste geo-water would he  
r e i n j e c t e d  i n  t h e  sal t  s t o r a g e  caverns t h u s  c r e a t e d .  
A l t e r n a t i v e l y ,  t h e  w a s t e  w a t e r  could b e  l e f t  w i t h  t h e  sa l t  
b r i n e s  t o  b e  p u r i f i e d  by s o l a r  pond evapora t ion  w i t h  t h e  
caverns  used t o  s t o r e  petroleum p r o d u c t s  under t h e  USA 
p o l i c y  of  having on hand a reserve supply of crude o i l  
and/or  o t h e r  s e l e c t e d  products .  

Scenar io  W15: D e s a l i n a t i o n  

Locat ion : Y u m a ,  Phoenix 
Temp era t u r  e : 
Depth : 1.0 - 2.0 km 

15 0 - 18  O°C 
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S a l i n i t y  : 3500 ppm 
Land Fede ra l ,  S ta te  and Ind ian  
Development : 1990 

Th i s  s c e n a r i o  as shown i n  F igu re  32 cons ide r s  t h e  u t i l i z a t i o n  
of ho t  steam o r  ho t  waters t o  conver t  b rack i sh  waters,  
i nc lud ing  t h e  geothermal  waters, t o  p o t a b l e  water. A 
good example of  t h i s  type  of o p e r a t i o n  i s  t h e  Geysers p r o j e c t  
and t h a t  of t h e  E a s t  Mesa t e s t  s i te .  An example of a 
c a l c u l a t i n g  process  i s  g iven  i n  t h i s  s c e n a r i o .  This 
s c e n a r i o  is  impor tan t  because water is  s c a r c e  i n  Arizona,  
e . g . ,  i n  t h e  Northern p a r t  of t h e  s t a t e ,  o r  are b r a c k i s h ,  
e . g .  i n  t he  Sa f fo rd  area. Geothermal water could be  
h e l p f u l  i n  s o l v i n g  t h e  water problem i n  several ways: 

1. 
2 .  U s e  t h e  condensed steam obta ined  a f t e r  condensat ion 

3 .  U s e  geothermal  w a t e r  as i s  wherever i t  happens t o  b e  

D e s a l i n a t e  b rack i sh  o r  sea water us ing  geothermal h e a t .  

of  f l a s h e d  geothermal water. 

of p o t a b l e  q u a l i t y .  

Two d e s a l i n a t i o n  p l a n t s  are  now i n  o p e r a t i o n  i n  Arizona.  

1. A t  Buckeye us ing  t h e  e l e c t r o d i a l y s i s  method. 
2 .  A t  Yuma u s ing  t h e  r e v e r s e  osmosis method. 

A t  Buckeye p o t a b l e  water f o r  3000 people  i s  produced wh i l e  
i n  Yuma they  d e s a l i n a t e  600 acre f e e t / d a y  (approx. 800,000 
m3/day). 

I n  Arizona t h e  amount of water consumed exceeds t h e  amount 
being r ep len i shed  by 2,200,000 a c r e  f e e t / y e a r .  
w a t e r  problem becomes p r o g r e s s i v e l y  more a c u t e .  T h i s  w a t e r  
can be  cons idered  as a nonrenewable r e source ,  some people  
say ing  t h a t  i t  i s  "being mined"". 89% of t h e  w a t e r  i n  
Arizona i s  used f o r  a g r i c u l t u r e  16% f o r  i n d u s t r i a l  and 
munic ipa l  u s e  and 1% f o r  f i s h  and w i l d l i f e .  

So t h e  

The import  of  water through t h e  C e n t r a l  Arizona p r o j e c t  w i l l  
b e  on ly  1,200,000 a c r e  f e e t / y e a r ,  b a r e l y  h a l f  t he  above 
mentioned o v e r d r a f t .  Therefore  i t  i s  of g r e a t  importance 
t o  make p l a n s  f o r  t h e  d e s a l i n a t i o n  of  sea o r  b r a c k i s h  
water. S ince  t h e  c o s t  of energy i s  a ve ry  s i g n i f i c a n t  
f a c t o r  i n  t h e  d e s a l i n a t i o n  p rocess ,  geothermal product ion  
a t  r easonab le  c o s t  could b e  a ve ry  important  asset f o r  
t h e  d e s a l i n a t i o n  p rocess ;  i t  i s  a source  of bo th  t h e  water 
and t h e  energy.  About 7,000,000 acre f e e t / y e a r  i s ' u s e d  i n  

* H.W. P e i r c e ,  F i e l d  Notes,  6 No. 2 ,  June 1976 
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Arizona of which 5,000,000 is pumped from t h e  ground 
(50% of  i t  n o t  be ing  r ep len i shed)  and 2,000,000 acre 
f e e t / y e a r  which comes from t h e  Colorado r iver .  

Objec t ive :  To c a l c u l a t e  t h e  amount of geothermal 
energy needed t o  produce 100 m3/day of p o t a b l e  water 
from sea w a t e r .  The tempera ture  of t h e  s t e a m  
(geothermal)  i s  150, 200, 25OoC. 

The fo l lowing  c a l c u l a t i o n s  and assumptions w i l l  be based 
on t h e  r e p o r t :  

D e s c r i p t i o n  o f  t h e  equipment used - t h e  s o l a r  c o l l e c t o r s  
be ing  r e p l a c e d  by a source  of geothermal  energy,  o t h e r  
equipment t h e  s a m e .  The a c t u a l  o p e r a t i o n  g iven  i n  t h e  
r e p o r t  by Hodges e t  a l .  i s  as  fo l lows:  

a. Assume t h a t  t h e  geothermal  energy can be  conver ted  
100% i n t o  actual usab le  energy i n  t h e  h e a t i n g  
process. 

b. A i r  water con tac t  Equipment 
P lane  s u r f a c e  evapora to r s  are used,  which p rov ides  
one en tha lpy  t r a n s f e r  u n i t  o p e r a t i n g  a t  1000 cfm 
a i r  f low and 25 gpm water f low.  A packed tower 
i s  used.  
Fm-90, p l a s t i c  tower packing.  

The packing material  i s  DOW'S Maspac 

c. H e a t  exchangers - conven t iona l  des ign  c o n s i s t s  of 
6 s h e l l  and tube u n i t s .  Area w a s  over  1000 f t 2 .  
Wire mesh w a s  used t o  suppor t  f i l m  and promote 
tu rbu lence .  

Assuming s t e a d y - s t a t e  cond i t ions :  
The t o t a l  area of s o l a r  c o l l e c t o r s  - 
#l: (150;)(9 '8")  = 1450 f t 2  
#2: ( 9 8 ' ) ( 1 4 ' )  = 1372 f t 2  
#3: ( 5 0 ' ) ( 3 ' )  = 150 f t 2  

t o t a l  area = 2972 f t 2  

Taking t h e  d a t a  a t  NT = 5 (number of t r a n s f e r  u n i t s  p e r  
component) 

qs 
y = 5 l b / s q  f t .  h r  ( import  of b r i n e )  
o u t s i d e  temp. = 70°F. 

= 2000 BTU/sq f t .  day 

* Hodges, C.N. e t  a l .  Sepa ra t e  Component Mul t ip l e -e f f ec t  
S o l a r  D i s t i l l a t i o n  
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The s o l a r  c o l l e c t o r s  have a g l a z i n g  s p e c i f i c  p r o d u c t i v i t y :  
0.10 g a l / s q .  f t -day  
Br ine  i n p u t :  

2 (5 1b)(2972 f t  ) = (14860 E ) ( 2 4  h r )  = 356640 
( s q . f t  h r )  h r  day day 

t o t a l  energy/day: 
2 6 

(2000 BTU)(2972 f t  ) = 5.944 x 10 _c BTU 
sq  . f t day day 

t o t a l  ou tpu t :  

2 (0.10 ga1)(2972 f t  ) (8.3121 l b )  = 2 4 7 0 . 3 5 2  
sq  . f t day g a l  day of f r e s h  water  

S u b s t i t u t i n g  geothermal energy f o r  t h e  s o l a r  energy i n p u t  - 
c a l c u l a t e  amount of steam a t  150°F, 200°F, 250°F needed: 

6 
Q = 5.944 x 10 BTU/day 

0 
A t  Ts = 150 F, steam-sat 'd vapor 

V = 97.20 f t  / l b  

h = 1125.7 BTU/lb 

3 
g 

g 
Q = h (amount of steam needed) 

g 
6 5.944 x 10 BTU = 1125.7 BTU ( X l b )  - 

day l b  day 

X = 5280.3 l b  s t e a m  a t  15OoF 
day 

which i s  

3 3 (5280.3 lb)(9;.20 ft ) = 5 . 1 3 2 4  x lo5 ft of (1500F) 
day l b  day 

produces 2 4 7 0 . 3 5 2  f r e s h  water 
day 

+ t h e  amount of w a t e r  i n  steam 

These c a l c u l a t i o n s  are based  e n t i r e l y  on the p r o c e s s  of 
s o l a r  d i s t i l l a t i o n .  
s o l a r  d i s t i l l a t i o n  d a t a  can n o t  be  made s i n c e  t h e  d a t a  
app ly  on ly  t o  these p rocesses .  

C a l c u l a t i o n s  d i f f e r i n g  from t h e  
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0 
I f  geothermal energy i n  form of 150 F w a t e r :  

Q = i n  CpAT Cp = 1.0 BTU - 
lbOF 

z 
lb°F 

Steam a t  200°F: 
-3 

h = 1145.8 BTU 
g l b  

V = 33.67 f t ' / l b  
g 

6 (5.944 x 10 x) / 1145.8 9 = 5187.6 & steam a t  200°F 
day l b  day 

3 3 (5187.6 - lb ) (33 .67  ft) = 1.7466 x lo5  ft s t e a m  a t  200°F 
day l b  day 

producing 2470 lb /day  H20 

Water a t  200°F 

5.944 x 10 BTU/day = 4.5723 x 10 2 H 2 0  (1) a t  200°F 6 4 

(1 - BTU (200-70) day 

lb°F 

Steam a t  250'F: 

V = 12.84 f t  3 / l b  h = 1163.8 BTU 
g - 

l b  g 

6 (5.944 x 10 )/1163.8) = 5107.4 l b  steam a t  250°F 

(5107.4 l b  steam)(13.84 f t  ) = 7.069 x 10 ft3 s t e a m  

day 
3 4 

day day day 

Water a t  250°F 

6 4 
BTU/lb = 3.302 x 10 5.944 x 10 - l b  water a t  250°F 

(1 BTU) (250-70OF) day 
lb°F 

S i m i l a r  c a l c u l a t i o n s  can be  made u s i n g  d i f f e r e n t  number 
of t r a n s f e r  u n i t s  p e r  component. 
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Scenar io  #16: B i o s a l i n i t y  a g r i c u l t u r e  

Yuma area Arizona d Locat ion  : 

S a l i n i t y  : 3500 ppm 
Depth 1-2 km 
Land S t a t e ,  Fede ra l ,  o r  Ind ian  
Development: ready  by 1990 

Temp era t u r  e : 150 - 180 C 

Th i s  s c e n a r i o  uses  t h e  b a s i c  concepts  of biochemical  and 
r e l a t e d  technologies  f o r  t h e  growing of p l a n t s ,  micro-organisms, 
and t h e  more p r i m i t i v e  forms of p l a n t s  and animals  of t h e  
sea, so  t h a t  t h e s e  p l a n t s  and animals  can be  i n t e g r a t e d  i n t o  
a food c h a i n  system. This  i s  e s p e c i a l l y  promising f o r  u se  
i n  c a t t l e  and p o u l t r y  f eed  supplements.  The w a s t e  i r r i g a -  
t i o n  waters of t h e  Yuma area could be  combined wi th  geothermal 
waste waters t o  c o n s o l i d a t e  p o t e n t i a l  i r r i g a t i o n  r e s o u r c e s .  
Yuma’s proximi ty  t o  t h e  P a c i f i c  Ocean may a l s o  prove a n  
i n f l u e n t i a l  f a c t o r .  Other probable  l o c a t i o n s  would be  t h e  
Tucson and Phoenix areas. 

Scenar io  #17: Greenhouse/hydroponics 

Loca t ion  : Tucson, s t a t ewide  
Temperature: 70 - 80°C 
Depth 1 k m  
S a l i n i t y  : 2000 ppm 
Land S t a t e  
Development : 2000 

Greenhouse product ion  of w i n t e r  vege tab le s  could be  a ided  
via t h e  use  of geothermal H20. 
has developed controlled-environment vegetable agriculture, 
and i s  recognized as  t h e  l e a d e r  i n  t h e  f i e l d ,  exempl i f ied  
by t h e  commercial o p e r a t i o n s  now i n  e x i s t e n c e  i n  Abu Dhabi, 
I r a n ,  Mexico and Arizona.  The geothermal water would be  
used t o  h e a t  t h e  greenhouse,  t h e  w a s t e  w a t e r ,  then t r e a t e d  
wi th  n u t r i e n t s  and used f o r  i r r i g a t i o n  of t h e  c rop .  The 
major problem i s  t h e  sa l t  con ten t  of t h e  w a t e r ;  i t  causes  
t h e  p l a n t s  t o  w i t h e r  f a s t e r .  Th i s  can be e a s i l y  overcome 
by r i n s i n g  t h e  s o i l  w i t h  PH balanced H 2 0 .  
appears  u n a t t r a c t i v e  f o r  many p a r t s  of Arizona, b u t  i t  s t i l l  
i s  worth cons ide ra t ion  f o r  t he  f u t u r e .  

The Un ive r s i ty  of Arizona 

This  s c e n a r i o  
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Scenar io  #18: I r r i g a t i o n  pumping (Case Study: Hyder Val ley  a r e a )  

Subsurface F l u i d  Temp (OC) : 

T o t a l  Dissolved S o l i d s  
Overlying Rock 
Depth 
Land S t a t u s  

BLM Administered 
S t a t e  land  
Ind ian  R e s .  
I n d i v i d u a l  & Corp. : 
Misc. P u b l i c  Land : 

Development S t a t u s  

Range 55-21OoC 
Best E s t i m a t e  - 2OO0C 
2500 - 4000 ppm 

0.5-2 km 

5 22.55 x 10 acres 
4.27 x l y 5  a c r e s  
2.3 x 10 acres 
5.43 x 105 a c r e s  
29.36 x lo5  acres 
Working Approx i n  1990 

me purpose of  t h i s  s tudy  i s  t o  f i n d  an a l t e r n a t e  f l u i d  o t h e r  
than  steam t o  produce peak power f o r  a p l a n t .  The power 
could b e  used f o r  i r r i g a t i o n  pumping when t h e  peak power 
i s  no t  demanded. This  s c e n a r i o  w a s  l o c a t e d  i n  an i r r i g a t i o n  
area, w i t h  an orange juice c o n c e n t r a t e  p l a n t  i n  the  v i c i n i t y .  
The i r r i g a t i o n  pumping would be  used t o  expand t h e  c i t r u s  
groves i n  Hyder Val ley .  (Yuma County's ha rves t ed  c rops  t o t a l  
322,360 a c r e s ,  oranges 13,460 a c r e s ) .  Details  on I n s t i t u t i o n a l  
procedures  f o r  t h i s  s c e n a r i o  are  given i n  F igu re  33. 

The major problem of us ing  a geothermal f l u i d  f o r  t h e  pumping 
as w e l l  a s  i r r i g a t i o n ,  i s  t h e  t o t a l  d i s so lved  s o l i d  c o n t e n t  
( i . e .  s a l i n i t y ) .  The water must have a low s a l i n i t y  0-500 
ppm i n  o r d e r  f o r  t h e  f l u i d  t o  be f e a s i b l e .  I f  t h e  s a l i n i t y  
i s  above t h i s  range  a d e s a l i n a t i o n  p rocess  must be inc luded  
i n  t h e  s c e n a r i o  set-up. Th i s  i s  an added c o s t  t h a t  must 
b e  cons idered  i n  t h e  economic e v a l u a t i o n .  

The i r r i g a t i o n  pumping i n  Arizona is about  1 ,250,000 a c r e  
f e e t  of w a t e r  b u t  much more pumping of water is  going on i n  
Arizona and w i l l  extend even more wi th  t h e  Cen t ra l  Arizona 
p r o j e c t  which w i l l  pump some 1,200,000 a c r e  f e e t / y e a r  t o  an 
e l e v a t i o n  of 900 f t .  and af te rward  d i s t r i b u t e  i t  i n  t h e  s ta te  
mainly t o  Tucson and Phoenix.  Therefore  t h e  g r e a t  amount 
of pumping needed could be  made a t  t i m e s  when t h e r e  i s  no peak 
demand of e l e c t r i c i t y  and thus  make t h e  consumption of 
e l e c t r i c i t y  more even du r ing  t h e  day o r  season of t h e  y e a r .  
To be  s u c c e s s f u l ,  i t  w i l l  be necessary  t o  l i n e  up t h e  loads  
f o r  t h i s  p a r t i c u l a r  s c e n a r i o  system so  t h a t  i t  is  a l s o  
ope ra t ing  a t  n e a r l y  100% of c a p a c i t y .  S ince  Arizona uses  
of e l e c t r i c 1  energy are much l a r g e r  i n  t h e  summer, as w e l l  
as more i r r i g a t i o n  pumping i n  t h e  summer, i t  w i l l  be  necessa ry  
to f i n d  a base  load  f o r  non-peak u s e s  f o r  t he  geothermal system 
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such t h a t  i t  can  r u n  a t  a h i g h e r  c a p a c i t y  i n  t h e  w i n t e r  than  
i n  t h e  summer. Also,  i t  w i l l  be  necessary  f o r  t h i s  off-peak 
u s e  t o  b e  i n t e r r u p t a b l e  s o  t h a t  t h e  i r r i g a t i o n  pumping and 
t h e  peak power g e n e r a t i o n  can be  accommodated. There i s  
no obvious f i r s t  choice  f o r  t h e  off-peak use  of such power 
o r  d i r e c t  steam o r  d i r e c t  h o t  water, b u t  one a g r i c u l t u r a l  
c a n d i d a t e  f o r  such i n t e r r u p t a b l e  process ing  o p e r a t i o n  i s  
t h e  manufactur ing o f  f r o z e n  orange j u i c e  i n  t h e  Yuma area. 
P o s s i b l y  some o t h e r  i n t e r r u p t a b l e  a g r i c u l t u r a l  o r  food 
p r o c e s s i n g  o p e r a t i o n  n o t  now i n  e x i s t a n c e ,  b u t  which could 
b e  moved from C a l i f o r n i a  t o  Arizona,  could u s e  geothermal 
power. The combination of  an i n d u s t r i a l  p l a n t  w i t h  t h e  
i r r i g a t i o n  pumping would a l s o  make t h e  u s e  of power more 
uniform t h u s  u s i n g  t h e  i n d u s t r i a l  p l a n t  o n l y  i n  t h e  o f f  peak 
power p e r i o d .  

The u s e  o f  s o l a r  energy f o r  i r r i g a t i o n  pumping i n  Arizona 
h a s  been cons idered  many t i m e s  and t h e r e f o r e  geothermal  
energy would b e  even more a p p r o p r i a t e  having more advantages 
than  t h e  s o l a r  energy system because geothermal w a t e r  i s  a t  
a c o n s t a n t  temperature  a l l  t h e  t i m e  (day and n i g h t )  and i n  
s o m e  cases by adding w a t e r  t o  t he  area, i f  the  w a t e r  i s  
s u i t a b l e  f o r  u se .  

Binary system o r  steam t u r b i n e s  could b e  used. I n  t h e  
G.E .  Report  by J . H .  Eskesen a t o t a l  of t e n  compounds 
w e r e  s e l e c t e d  as p o s s i b l e  working f l u i d s  f o r  t h e  geothermal 
b i n a r y  c y c l e  : 

Propane, Propylene,  I sobutane ,  N-Butane, I sopentane ,  
N-Pentane, CHClF2, CH2 F2, C a  C 1  F5 and Ammonia. 

Comparison of  s t e a m  t u r b i n e  and b i n a r y  c y c l e s :  

"If  t h e  noncondensible  g a s  conten t  i n  t h e  b r i n e  i s  low, 
a d u a l  f l a s h  s t e a m  t u r b i n e  c y c l e  w i l l  produce more 
power p e r  u n i t  o r  b r i n e  f l o w  than  a d u a l  f l a s h / b i n a r y  
c y c l e ,  b u t  less power than  t h e  BrineIBinary Cycle" * 

The b e s t  c a n d i d a t e  f o r  t h e  Binary Cycle a t  t h e  s p e c i f i c  
r e s o u r c e  i n  q u e s t i o n  i s  N-Butane. The N-Butane c y c l e  
o p e r a t i n g  on t h e  500°F r e s o u r c e  is  i n v e s t i g a t e d  i n  d e t a i l .  

Scenar io  #19: Crop d r y i n g  

Locat ion  : Yuma, Casa Grande, Tucson 
Temp era t u r e :  
Depth 1-2 km 
S a l i n i t y  : 2000-3500 ppm 
Land S ta te ,  P r i v a t e ,  F e d e r a l ,  I n d i a n  
Development: Completed 1990 

60 - 12OoC 

* J H  Eskesen, Geothermal Energy r e p o r t .  
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Scenar io  1/20: 

T h i s  s c e n a r i o  i s  designed t o  r e p l a c e  t h e  steam used 
i n  t h e  d r y i n g  and p e l l e t i n g  of g r a i n  p r o c e s s e s  w i t h  a 
geothermal  s o u r c e .  
range and i t  must b e  w e t  steam f o r  t h e  g r a i n  dry ing .  
For  t h e  p e l l e t i n g  p r o c e s s  i t  must b e  d r y  steam. 
products  ob ta ined  are used p r i m a r i l y  i n  c a t t l e  f e e d  
l o t s .  The major se t  back t o  u s i n g  geo-energy f o r  
t h i s  type  of  p r o c e s s  i s  t h e  h igh  s a l i n i t y  c o n t e n t .  
The geo-water would have t o  b e  p a r t i a l l y  d e s a l i n a b l e  
t o  u s e  i n  t h e  dehydra t ion  process .  

The steam used i s  i n  t h e  80 - 100°C 

The 

K i l n  dry ing  of  lumber 

Loca t ion  : S p r i n g e r v i l l e / S t  Johns 
Temperature: 55OC, HDR 21o0C 

S a l i n i t y  : 250 ppm 
Land F e d e r a l  and S t a t e  

Depth 1 k m  

Development: 1990 

T h i s  s c e n a r i o  would involve  t h e  use of geothermal  energy 
f o r  t h e  convent iona l  approach of k i l n  dry ing .  It 
would a l s o  cons ider  new approaches t o  d r y i n g  systems 
t h a t  would t a k e  advantage of t h e  low humidi ty  i n  Arizona.  
The geothermal energy could a l s o  supply some off-peak 
power t o  t h e  lumber mills, as w e l l  as be  used f o r  h e a t i n g  
t h e  b u i l d i n g s  i n  t h e  w i n t e r .  Other probable  l o c a t i o n s  
would b e  Fredona and White Mountains areas. 

S c e n a r i o  1/21: L e t t u c e  c h i l l i n g  

Location : Willcox 
Temperature: HDTF 50-80°C 

Depth : 0.8 km 
S a l i n i t y  : 3000 ppm 
Land : F e d e r a l ,  S t a t e  
Development: Completed 1990 

HDR 150-2OO0C 

The l e t t u c e  grown i n  t h e  Wil lcox area dur ing  t h e  w i n t e r  
months i s  shipped throughout t h e  U.S.A.  a f t e r  i t  i s  
h a r v e s t e d ,  i t  must be r a p i d l y  c h i l l e d  t o  4.4OC f o r  
s t o r a g e .  T h i s  i s  p r e s e n t l y  done by u s e  of mechanical 
r e f r i g e r a t i o n  systems. This s c e n a r i o  i s  a n  a p p r a i s a l  
of  t h e  i n t e g r a t i o n  of  t h i s  energy load  i n t o  a l a r g e r  
geothermal a b s o r p t i o n  c o o l i n g  system. It should be  
determined i f  t h e  l o a d  could then  use "off-peak" energy,  
s o  t h a t  t h e  peak e l e c t r i c a l  energy u s e  could b e  backed o u t .  
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Scenar io  #22: Sugar b e e t  p l a n t  

Loca t ion  : C han d 1 e r 
Tempe rat u r  e : 

Depth 1.4 km 
S a l i n i t y  : 3000 ppm 
Land F e d e r a l ,  S t a t e  

HDTF 50 - 8 O o C  
HDR 150-2OO0C 

Development: 1990 

This  s c e n a r i o  a s  shown i n  F i g u r e  34 i s  designed t o  r e t r o f i t  
p a r t  of  t h e  sugar  product ion  p r o c e s s  t o  use geothermal  b r i n e  
i n t e g r a t e d  w i t h  convent iona l  f u e l s  t o  h e l p  a l l ev ia t e  
Ar izona ' s  peak l o a d .  
r e q u i r e s  r e l a t i v e l y  l a r g e  q u a n t i t i e s  o f  low p r e s s u r e  s t e a m .  
Thus, i t  p r o v i d e s  a good p o t e n t i a l  f o r  geothermal  use .  

The p r e s e n t  sugar  r e f i n i n g  p r o c e s s  

i. General  D e s c r i p t i o n  of t h e  Sugar-beet r e f i n i n g  p r o c e s s  

T h i s  process  can be  p r e s e n t e d  i n  a s i m p l i f i e d  form as 
fol lows:  Sugar b e e t s  are washed, then  s l i c e d  i n t o  c o s s e t t e s ;  
t h e  c o s s e t t e s  are p u t  i n t o  h o t  water where t h e  sugar  i s  
leached ou t  by d i f f u s i o n .  T h i s  makes a r a w  j u i c e  which 
i s  hea ted  f u r t h e r  and p u r i f i e d .  The p u r i f i e d  j u i c e  i s  
f i l t e r e d  then  t h e  water conten t  i s  reduced by evapora t ion  
t o  g i v e  a t h i c k  j u i c e ,  t h i s  j u i c e  is  now f i l t e r e d  and 
c r y s t a l s  are allowed t o  form. The c r y s t a l s  and j u i c e  are 
then  c e r t r i f u g e d ,  a f t e r  which t h e  sugar  c r y s t a l s  are d r i e d  
and packaged. A t  t h e  same t i m e  w e  have a by-product,  
t h e  p u l p  of t h e  b e e t s ,  a f t e r  t h e  sugar  is  leached from b e e t s  
by d i f f u s i o n .  

Geothermally gene;rated steam a t  25 - 28 p s i g  and 270°F can 
b e  used i n  t h e  e v a p o r a t i o n  s t a g e  and t h u s  geothermal  b r i n e  
can  provide  approximately 25% of steam used i n  t h e  p r o c e s s .  

The pul?  i s  d r i e d  and s o l d  as  a by-product. 

ii. D e s c r i p t i o n  of  t h e  S tages  where Geothermal Br ine  Could 
b e  used 

Evaporat ion s t a g e  - The geothermal b r i n e  a t  300°F w i l l  a .  
p a s s  through a h e a t  exchanger t o  produce steam a t  270°F 
from p o t a b l e  water. This  des ign  i s  chosen t o  avoid 
c o r r o s i o n  problems i n  t h e  machinery and i n s t a l l a t i o n s  of 
t h e  p r o c e s s .  The exhaust  b r i n e  i s  i n j e c t e d  i n  a n  i n j e c t i o n  
w e l l .  Using t h e  Hol ly  Sugar P l a n t  i n  Brawey, C a l i f o r n i a  
as an example f o r  energy c a l c u l a t i o n s ,  w e  can s a y  t h a t  t h e  
t o t a l  p r o c e s s  steam requirement ,  f o r  a sugar-beet  p l a n t  
t h a t  p rocesses  270 t o n s  of b e a t s  p e r  hour ,  i s  460,000 l b s  
o f  steam p e r  hour .  Geothermal wells can provide  25% of t h a t  
steam requirement ,  i . e .  115,000 l b s / h r  of steam a t  270°F and 
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26 p s i g  i n  energy u n i t s  w e  g e t ,  (115,000 l b s  x 1180 BTU = 
h r  l b  

1.36 x 10  BTU/hr), 1.36 x 10 BTU. Assuming t h a t  1 f t  

of n a t u r a l  gas  g i v e s  l o 3  BTU/hr, w e  can c a l c u l a t e  t h e  
amount of gas  sav ings  by u s i n g  geothermal energy; 

g a s  s a v i n g s / h r  = 1.36 x 10 BTU = 1.36 x 10 f t  / h r .  Thus 

us ing  geothermal r e s o  rce p rov ides  a sav ings  i n  n a t u r a l  
gas  use  of 136,000 f t  p e r  hour:  

b .  Pulp Drying s t a g e  - Pulp d ry ing  uses  about  40% of t h e  
energy r e q u i r e d  f o r  t h e  o v e r a l l  p rocess .  This  s t a g e  i s  
s e p a r a t e d  from t h e  o t h e r  o p e r a t i o n s  of suga r  r e f i n i n g  and 
can be  r e t r o f i t t e d  v e r y  e a s i l y  t o  use geothermal ly  hea ted  
d r y e r s .  Again u s i n g  t h e  Brawley suga r  p l a n t  example, 
t h e  energy r e q u i r e d  f o r  pu lp  d r y e r s  i s  approximate ly  
270 MM BTU/hr. So t h e  sav ings  i n  n a t u r a l  g a s  p e r  hour 
by us ing  geothermal ly  hea ted  d r y e r s  i s  a s i g n i f i c a n t  
0.27 MCF/hr. 

- - 
8 8 3 

h r  h r  
- - 

n a t u r a l  
8 5 3  

1000 BTU 

Y 

c. R e f r i g e r a t i o n  demand - A sugar -bee t  p l a n t  w i th  t h e  
same c a p a c i t y  as t h e  Brawley Sugar P l a n t  r e q u i r e s  100 
tons of  r e f r i g e r a t i o n  f o r  t h e  p r o c e s s e s  of c r y s t a l l i z a t i o n  
and bu lk  sugar  coo l ing .  
could b e  used i n  a n  a b s o r p t i o n  coo l ing  u n i t  t o  p rov ide  
100 tons  of r e f r i g e r a t i o n .  

Geothermal b r i n e  a t  about  240°F 

iii. Geothermal Wells' C h a r a c t e r i s t i c s  

Temperature of hydrothermal f l u i d  : 300°F 
Depth of  Wel l ( s )  : 3000 f t  
S a l i n i t y  of Br ine  : 2000 ppm 
Land & t a t u s  of s ' i t e  : F e d e r a l  l and  
Assumed f l o w r a t e  from each p roduc t ion  w e l l :  500,000 l b / h r  

T o t a l  F lowra te  from a l l  w e l l s  : 2.5 x l o 6  l b / h r  
Depth of each  i n j e c t i o n  w e l l  : 3000 f t  

No. of p roduc t ion  w e l l s  : 5  

i v .  Economic Comparison 

This  c o s t  comparison w i l l  n o t  cons ide r  a c t u a l  c o s t  of 
equipment needed f o r  r e t r o f i t t i n g ;  we  w i l l  c a l c u l a t e  
a n  e s t i m a t e  of t h e  c o s t  of p roduc t ion  and i n j e c t i o n  
p i p e s .  Then w e  w i l l  cons ide r  t h e  sav ings  i n  convent iona l  
f u e l s  which w i l l  be  encountered i f  geothermal energy is  
used i n  t h e  above mentioned s t a g e s  of t h e  p rocess .  
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T o t a l  c o s t  of w e l l  = depth  x c o s t / f t  = 3000 x 50 
t o t a l  c o s t  of w e l l  = $150,00O/well 
t o t a l  c o s t  f o r  5 p roduc t ion  w e l l s  and 5 i n j e c t i o n  w e l l s  
i nc lud ing  pumps and o t h e r  equipment i s  $1,500,000. 

I f  geothermal s i t e  i s  2000 f t  away from suga r  p l a n t ,  
t h e  c o s t  of i n s u l a t e d  p i p e s  is  $100,000. While c o s t  
of r e i n j e c t i o n  p i p e s  (un insu la t ed )  i s  $80,000. There- 
f o r e ;  t o t a l  c o s t  of  w e l l s  and p i p e s  i s  $1,680,000. 

Assuming t h a t  t h e  campaign pe r iod  i s  174 days ,  s av ings  
i n  energy ( i f  w e  r e t r o f i t  p a r t s  of evapora t ion  s t a g e  
t o  u s e  geothermal energy) are  1.36 x lo4 f t 3  x 24 x 174 = 
56.7 MCF/campaign. 
MCF/campaign. Savings i n  f u e l  f o r  r e f r i g e r a t i o n  i s  
2840 BBLOIL/campaign. The re fo re ,  t o t a l  s av ings  pe r  
campaign are  1184 MCF of n a t u r a l  gas  and 2840 BBLOIL. 
Thus, w e  can see t h e  sav ings  i n  energy and c o s t  of 
o p e r a t i o n  i f  w e  cons ide r  t h e  p o s s i b i l i t y  of t h e  i n c r e a s e  
i n  t h e  p r i c e s  of conven t iona l  f u e l .  F i g u r e  35 shows 
f u e l  p r i c e  comparisons g iven  f o r  sugar -p lan t  i n  Brawley. 

Savings dur ing  pu lp  d ry ing  i s  1127.52 
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V. ANALYSIS OF GEOTHERMAL POTENTIAL 

A. SURVEY OF CURRENT NON-ELECTRIC APPLICATIONS OF GEOTHERMAL ENERGY 

Non-e lec t r ic  a p p l i c a t i o n s  of geothermal  energy are  of g r e a t  importance 
i n  t h e  development of o u r  geothermal r e s o u r c e s .  Most of t h e s e  a p p l i c a t i o n s  
are  a t  a temperature  below 25OoC; and t h e  f a c t  t h a t  geothermal  w e l l s  w i t h  
a b r i n e  temperature  below 25OoC are abundant around t h e  world and occur  a t  
moderate depths  makes u s  r e a l i z e  t h e  importance of us ing  t h e s e  geothermal  
r e s o u r c e s  as a n  a l t e r n a t e  source  of  energy f o r  n o n - e l e c t r i c a l  usage. $* 

Many d i f f e r e n t  i n d u s t r i e s  u s e  temperatures  of 25OoC o r  below i n  
c e r t a i n  s t a g e s  of t h e i r  i n d u s t r i a l  p rocesses .  Table  1 9  g i v e s  a l i s t  of 
such i n d u s t r i e s  and t h e  temperature  range i n  some s t a g e s  of t h e  p r o c e s s  
and t h e  amount of energy used i n  t h a t  temperature  range.**’\ A s  shown i n  
Table  19 a t o t a l  of  5 . 8 2 3  Quads o f  energy are used i n  i n d u s t r y  a t  below 
25OoC. However, n o n - i n d u s t r i a l  and commercial u s e s  of energy r e q u i r e  a 
temperature  much lower than  25OOC. For example, r e s i d e n t i a l  h e a t i n g  u s e s  
a tempera ture  range  of  50-74 C i n  most cases. So t o  show t h e  p o t e n t i a l  
f o r  n o n - e l e c t r i c  geothermal  a p p l i c a t i o n s ,  F i g .  36 g i v e s  t h e  temperature  
range and t h e  amount of energy used i n  t h a t  range f o r  a l l  n o n - e l e c t r i c  
a p p l i c a t i o n s .  From F i g .  36 w e  see t h a t  space  h e a t i n g  i n  t h e  United S ta tes  
r e q u i r e s  12.080 x lo1* BTU. Moreover, t h e  b u l k  of t h e  energy used i s  
a t  tempera tures  up t o  20OoC. I n  a d d i t i o n ,  i f  w e  ex tend  t h e  above a p p l i c a -  
t i o n s  t o  approximate t h e  r e a l i z a b l e  p o t e n t i a l  f o r  n o n - e l e c t r i c a l  geothermal 
a p p l i c a t i o n s  i n  t h e  U . S . ,  i t  i s  e s t i m a t e d  t h a t  geothermal energy could 
provide  20 t o  40% of  t h e  t o t a l  p o t e n t i a l  i n d i c a t e d  i n  F igure  36 o r  10 to: 
20% of  U.S. energy consumption. 

0 

It i s  a w e l l  known t e c h n i c a l  f a c t  t h a t  t h e  recovery  of geothermal 
energy i n  n o n - e l e c t r i c a l  a p p l i c a t i o n s  h a s  a g r e a t e r  e f f i c i e n c y  t h a n  t h e  
recovery  f o r  e l ec t r i ca l  a p p l i c a t i o n s .  T h i s ,  t o g e t h e r  w i t h  t h e  r e a l i z a t i o n  
t h a t  tempera tures  used i n  n o n - e l e c t r i c a l  a p p l i c a t i o n s  are l o w  t o  moderate ,  
have made t h e  use of  geothermal r e s o u r c e s  economical ly  compet i t ive  w i t h  
convent iona l  f u e l s  used i n  n o n - e l e c t r i c  a p p l i c a t i o n s .  Geothermal resources  
are  e x t e n s i v e l y  used i n  several l o c a t i o n s  around t h e  world l i k e  i n  Reykjavik 
and Lake Myvatin i n  I c e l a n d ,  and Kaveran i n  New Zealand. The use  of geothermal 
r e s o u r c e s  world wide encompasses a g r e a t  v a r i e t y  of n o n - e l e c t r i c a l  a p p l i c a -  
t i o n s  such  a s  space  h e a t i n g ,  a g r i c u l t u r a l  u s e s  and i n  i n d u s t r y .  

* S t a n f o r d  Research I n s t i t u t e ,  1972 ,  P a t t e r n s  of energy consumption i n  
t h e  United S t a t e s ;  S tanford ,  C a l i f o r n i a  

** Lindal ,  B . ,  1973 ,  I n d u s t r i a l  and o t h e r  a p p l i c a t i o n s  of geothermal  energy,  
i n  geothermal energy;  R e v i e w  of  r e s e a r c h  and development: P a r i s ,  
L ? S C O  (L (NO. 72-97138, p .  135 - 1 4 8 ) .  

*** R e i s t a d ,  G.M.,  1 9 7 ,  Analys is  of  p o t e n t i a l  n o n - e l e c t r i c a l  a p p l i c a t i o n s  
of geothermal energy and t h e i r  p l a c e  i n  t h e  n a t i o n a l  economy: 
Livermore, C a l i f o r n i a ,  Lawrence Livermore Lab.,  UCRL 51747.  
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TABLE 1 9  

ESTIMATED USES OF PROCESS STEAM AT VARIOUS 
TEMPERATURES I N  INDUSTRIAL SECTORS 

Temp era t ur e T o t a l  S t e a m  
Range us  e Energy u s e  

I n d u s t r y  (OC) (% of s e c t o r )  1 O I 2  BTU) 

Primary Metals 1250  
Chemical and A l l i e d  1250  

P roduc t s  225-249 
200-224 
175-199 
150-174 
125-149 

T o t a l  

P e t r o l e u m  

T o t a l  

Food and Kindred 
P roduc t s  

T o t a l  

Paper and A l l i e d  
P roduc t s  

Other I n d u s t r i e s *  

T o t a l  

225-249 
200-224 
175-199 
150-174 
125-149 

150-174 
125-149 
100-124 

175-199 
150-174 

2 2 5 0  
225-249 
200-224 
175-199 
150-174 
125-149 
100-124 

75-99 
50-74 

-100 
5 .O 
7 .5  

1 7.5  15 % 

25 
25 
30 
10 0 

20% I \ 7  
6 

40 
40 

10 0 

10 
45 
45 
100 
100 

70 
30 

100 

7 
2 
2 

19  
19  
2 1  

7 
2 

2 1  
100 

350 .0  
54 .7  
82 .O 
82 .0 

273 .5  
273.5 
328 .2  

1093.9  

67 -2 
6 7 . 2  
5 7 . 6  

384 .O 
384 .0  
960 .0  

90 .o 
405 .O 
405 .O 
900 .o 
900 .o 

703.5 
301.5 

1005 .O 

407.6 
116 .5  
116 .5  

1106 .4  
1106.4  
1222 .8  

407.6 
116 .5  

1222 .8  
5 8 2 3 . 1  

* Divided acco rd ing  t o  steam use  in o t h e r  c a t e g o r i e s ,  excep t  f o r  space  
h e a t i n g  component s i n c e  a l l  space  h e a t i n g  appea r s  i n  t h i s  ca t egory .  
Space h e a t i n g  i s  c l a s s i f i e d  a s  h e a t i n g  in t h e  50 t o  7 4 O C  tempera ture  
range .  
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B. ECONOMIC ASPECTS 

I 

1. P r i c i n g  of  Geothermal Energy i n  Arizona 

I 

P r i c i n g  t h e  energy obta ined  from a geothermal  r e s e r v o i r  i s  a n  
important  y e t  complex problem. P r e d i c t i n g  t h e  p r i c e  of an energy u n i t  
p r i o r  t o  geothermal development r e q u i r e s  an i n s i g h t  i n t o  t h e  f u t u r e  of 
t h e  energy market.  
and are o u t l i n e d  below. 

Various approaches t o  t h e  problem have been s t u d i e d  

i) Geothermal Steam Value f o r  E l e c t r i c i t y  a t  a Given Locat ion  ........................................................ 
S t e a m  f o r  t h e  product ion  of e l e c t r i c i t y  i s  p r i c e d  accord ing  t o  

t h e  v a l u e  o f  t h e  ki lowatt-hour .  The amount of steam from geothermal  
s o u r c e s  needed t o  supply one k i l o w a t t  hour i s  worth t h e  going p r i c e  
of t h a t  u n i t  of energy. Appra isa l  o f  geothermal energy ' s  v a l u e  i s  t h e r e -  
f o r e  based on t h e  o u t p u t  of e l e c t r i c i t y  i t  can produce p e r  u n i t  of s team. 

Consider t h e  a l ternat ive f u e l  v a l u e s  compared t o  geothermal energy 
values a t  d i f f e r e n t  Locations.  W e  w a n t  t o  know the value of fuel being 
r e p l a c e d  a t  a p a r t i c u l a r  p l a c e .  
energy which r e p l a c e s  i t .  The number of BTUs  s u p p l i e d  i s  v e r y  important  
t h i s  c a u s e s  a problem when low-grade h e a t  i s  cons idered  s i n c e  BTUs a t  
low-level tempera tures  are less v a l u a b l e  t h a n  a t  h igh- leve l  tempera tures .  

T h i s  v a l u e  e q u a l s  t h e  v a l u e  o f  geothermal  

i i i )  C a p i t a l  Investment t o  Recover Low-Temperature Geothermal Energy ............................................................. 
Problems w i t h  sa l t  conten t  of b r i n e  and o t h e r  p o l l u t a n t s  o f t e n  

Knowing tempera ture  and depth  of t h e  r e s o u r c e  p r i o r  t o  making occur .  
t h e  c a p i t a l  investment a l l o w s  a b e t t e r  estimate of  n e c e s s a r y  c a p i t a l  
e x p e n d i t u r e s  e a r l y  i n  t h e  p r o j e c t .  
inves tment  i s  t h e r e f o r e  an important  assessment t o  make. Costs  f o r  
u s i n g  h e a t  exchangers and pumping a l s o  h i n g e  on t h e  depth ,  s a l i n i t y ,  and 
tempera ture  of t h e  thermal  water i n  t h e  r e s e r v o i r .  For example, t h e  
geothermal  g r a d i e n t  i n f l u e n c e s  t h e  optimum s u r f a c e  area t o  be used on 
h e a t  exchangers .  

The t i m e  t o  recover  a c a p i t a l  

i v )  Q u a l i t y  of Geothermal Energy based on Carnot E f f i c i e n c y  .................................................... 
Where geothermal  steam i s  s u i t a b l e  f o r  power product ion ,  t h e  Carnot 

c y c l e  could b e  s e e n  as g i v i n g  one good appraisement of t h e  " q u a l i t y  of  
energy." 
t h e  geothermal  b r i n e  and t h e  wastewater. 

Carnot e f f i c i e n c y  depends on t h e  temperature  d i f f e r e n c e  between 

v) The c o s t  of Geothermal Energy ________-_------------------- 
The c o s t  of geothermal energy must b e  commensurated w i t h  a l t e r n a t i v e  

energy systems,  b e  they s o l a r  energy o r  any o t h e r  type of energy used 
i n  Arizona.  Geothermal energy must compete w i t h  a l l  a l t e r n a t i v e  s o u r c e s  
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of  energy.  Table  20 o u t l i n e s  an approach t o  ana lyz ing  Ar izona ' s  energy 
a l ternat ives .  Arizona h a s  n e i t h e r  o i l  n o r  n a t u r a l  g a s ,  but  Alaskan o i l  
may b e  t r a n s p o r t e d  a c r o s s  Arizona i n  e x i s t i n g  p i p e l i n e s  i n  t h e  near  f u t u r e .  
Coal i s  abundant i n  Arizona and e l e c t r i c a l  power g e n e r a t i o n  from c o a l  a t  
several power p l a n t s  h e l p s  m e e t  t h e  S t a t e ' s  power requirement  as w e l l  as 
p o r t i o n  of Southern C a l i f o r n i a ' s  demand. The f irst  n u c l e a r  power p l a n t  
i s  c u r r e n t l y  under c o n s t r u c t i o n  and i t s  expansion i s  a l r e a d y  be ing  planned.  
Future  u s e  of c o a l  g a s i f i c a t i o n  and/or  l i q u e f a c t i o n  depends upon c u r r e n t  
DOE, R & D r e s u l t s .  New a b s o r p t i o n  r e f r i g e r a t i o n  technology,  i f  developed, 
would be  good f o r  t h e  geothermal as  w e l l  as f o r  s o l a r  energy.  I f  developed,  
h e a t  pump technology could a l s o  lower geothermal energy c o s t s .  Each s t o r a g e  
technology i s  a l s o  important  e s p e c i a l l y  f o r  s o l a r  energy.  It i s  a l s o  
important  f o r  h e l p i n g  on d a i l y  peak power l o a d s .  For example, i f  a l l  
homes i n  Arizona were t o  i n s t a l l  a rock bed energy s t o r a g e  system, then  
two-stage e v a p o r a t i v e  c o o l i n g  systems could b e  used dur ing  a l l  peak power 
p e r i o d s  dur ing  t h e  s u m m e r ,  i n s t e a d  of e l e c t r i c i t y .  

2 .  The Economics of Geothermal Energy Compared t o  t h a t  of  F o s s i l  Fue ls  

C u r r e n t l y ,  geothermal energy use appears  t o  b e  g e n e r a l l y  uneconomical 
,compared t o  t h e  convent iona l  s o u r c e s  of energy l i k e  n a t u r a l  g a s ,  f u e l  o i l  
and c o a l .  Except ions occur  i n  areas w i t h  high p r e s s u r e  steam, l i k e  
i n  t h e  Geyser geothermal areas. N e v e r t h e l e s s ,  any l a r g e  geothermal  
r e s e r v o i r  could become an economical a l t e r n a t i v e  s o u r c e  of  energy i n  t h e  
f u t u r e ,  e s p e c i a l l y  when t h e  convent iona l  energy sources  s t a r t  t o  r u n  s h o r t  
and as t h e  p r i c e s  of  t h e s e  convent iona l  f u e l s  c o n s t a n t l y  cont inue  t o  
i n c r e a s e .  Moreover, t h e  c o s t  of using geothermal energy could b e  reduced 
a s  t h e  technology of  d r i l l i n g  i s  improved. 

L e t  u s  f i r s t  d i s c u s s  t h e  c o s t  of geothermal  energy v e r s u s  t h e  
c o s t  of  t h e  o t h e r  f u e l s .  F i g u r e  37 shows t h e  p r i c e  p r o j e c t i o n s  f o r  
convent iona l  f u e l s  t o  t h e  y e a r  1995. It i s  p r e d i c t e d  t h a t  t h e s e  p r i c e s  
w i l l  i n c r e a s e  several f o l d  t h u s  making t h e  c o s t  of geothermal  energy 
q u i t e  compet i t ive .  F i g u r e  37 shows t h a t  t h e  c o s t  of c o a l  w i l l  be more than 
triple w h i l e  n a t u r a l  gas will increase a l m o s t  by an order cf m a g n i t u d e  
b e f o r e  t h e  next  c e n t u r y  begins .  

F igure  38 shows c o s t  p r o j e c t i o n s  f o r  convent iona l  f u e l s  v e r s u s  
geothermal  where geothermal  c o s t s  w i l l  b e  compet i t ive  w i t h  t h e  c o s t s  of 
o t h e r  f u e l s  i n  about  t h e  y e a r  1990 f o r  t h e  lowest  c o s t  a l t e r n a t i v e  and 
i n  t h e  y e a r  1982 f o r  t h e  h i g h e s t  c o s t  a l ternat ive.  

The case s t u d y  of  t h e  Holly Sugar P l a n t  of Brawly, C a l i f o r n i a  * 
p r o v i d e s  a good example where geothermal energy used i n  t h e  sugar  pro- 
c e s s i n g  i n d u s t r y  i s  p r a c t i c a l l y  a s  economical a s  t h e  o t h e r  f u e l s  used 
and w i l l  b e  more economical than  a l l  t h e s e  f u e l s  i n  t h e  year  1993, accord ing  
t o  t h e  p r i c e  p r o j e c t i o n s  i n  F i g u r e  35. Consequently,  t h e  c o n s t a n t  d e c r e a s e  
i n  t h e  convent iona l  f u e l  reserves and t h e  i n c r e a s e  i n  t h e  p r i c e s  of t h e s e  

* Russel  O.P., Use of  Geothermal Heat f o r  Sugar Ref in ing .  F i n a l  r e p o r t  
Oct. 1, 1976 - May 31, 1977. TRW System and Energy, Redonda Beach, C a l i f .  
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TABLE 20 

ANALYSIS  OF ENERGY ALTERNATIVES 

O I L  I N  ARIZONA 

NATURAL GAS I N  ARIZONA 

ALASKAN O I L  ACROSS ARIZONA 

COAL I N  ARIZONA 

E L E C T R I C  POWER GENERATION I N  ARIZONA 

COAL G A S I F I C A T I O N  I N  ARIZONA 

COAL LIQUEFACTION I N  ARIZONA 

NUCLEAR POWER PLANTS I N  ARIZONA 

NUCLEAR POWER EXPORT 

COAL POVER EXPORT 

ENERGY CONSERVATION I N  ARIZONA 

M O D I F I E D  ARCHITECTURE FOR ARIZONA 

NEW ABSORPTION REFRIGERATION TECHNOLOGY 

HEAT PUMP TECHNOLOGY 

ENERGY STORAGE TECHNOLOGY 
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f u e l s  w i l l  enhance t h e  a t t r a c t i v e n e s s  of geothermal r e s o u r c e s .  Table  2 1  
g i v e s  a comparison of c o s t  $/MMBTU f o r  f u e l  v e r s u s  geothermal w a t e r .  
Table 22 g i v e s  t h e  amount o f  energy r e c o v e r a b l e  from geothermal  r e s o u r c e s .  

D r i l l i n g  c o s t  i s  a major f a c t o r  i n  t h e  economics of  t h i s  energy 
source .  D r i l l i n g  f o r  geothermal b r i n e  c o s t s  more than  d r i l l i n g  f o r  o i l .  
There a r e  several f a c t o r s  t h a t  cause t h i s  i n c r e a s e .  

i. Geothermal d r i l l i n g  u s u a l l y  takes p l a c e  i n  harder  rock  format ions  than  
o i l  d r i l l i n g ,  t h u s  t h e  d r i l l i n g  r a t e  d e c r e a s e s  and t h e  b i t  l i f e  i s  reduced,  
c a u s i n g  d e l a y  i n  t i m e  t o  r e p l a c e  t h e  b i t .  I n  o r d e r  t o  i l l u s t r a t e  t h i s  p o i n t ,  
F i g u r e  39 g i v e s  t h e  average US Petroleum w e l l  c o s t s .  An o i l  w e l l  10,000 
f t  f e e p  c o s t s  $230,000 f o r  d r i l l i n g  which i s  $ 2 3 / f t .  - The c o s t  of a geothermal 
w e l l  10,000 f t  deep i s  $870,900, i . e .  $87 .09/ f t  accord ing  t o  t h e  r e p o r t  No. 
Sand 76-0228 p u b l i s h e d  by Sandia L a b o r a t o r i e s  i n  June 1976. But i f  a 
new type o f  b i t  i s  used such as t h e  Terra-Bit proposed by Sandia L a b o r a t o r i e s  
t h e  c o s t / f t  i s  reduced by 5 4 % ;  i .e .  new c o s t / f t . i s  $ 4 0 . 3 3 .  

An equat ion  t h a t  computes t h e  c o s t / f t  i s  

F C = C L + V ( D + t ) + B  

RL 

where F = Cost i n  $ / f t  
C 

R = P e n e t r a t i o n  r a t e  ( f t / h r )  
D = Depth p e r  b i t  system ( f t )  
L = B i t  l i f e  (hours)  
C = Rig  rate ($ /h r )  
B = Cost p e r  b i t  ($) 
t = I n t e r v a l  t o  b e  d r i l l e d  ( f t )  
V = Average t r i p  r a t e  hr/1000 f t )  

Another r e p o r t  by Mitre publ i shed  i n  December 1977 g i v e s  more c o n s e r v a t i v e  
estimates f o r  cost/ft as a f u n c t i o n  of hardness of rock and depth of w e l l .  
These estimates are  g iven  i n  Table  23  where w e  see t h a t  c o s t / f t  i n c r e a s e s  
l a r g e l y  if t h e  rock i s  abnormally hard  o r  i f  t h e  r e s e r v o i r  occurs  a t  a 
l e v e l  below 5000 f t .  

ii. Geothermal d r i l l i n g  p r o g r e s s e s  i n  rock format ions  having h i g h e r  
tempera tures  than  are encountered i n  o i l  o r  g a s  d r i l l i n g .  
c o s t s  a l s o  r e s u l t  because improved h i g h  temperature  downhole motors must 
b e  used t o  apply  enough power t o  t h e  rock f a c e  f o r  bo th  d i r e c t i o n a l  and 
s t r a i g h t  h o l e  d r i l l i n g .  
developed which can reduce d r i l l i n g  t i m e  and minimize f l u i d  r e l a t e d  
problems. F i n a l l y ,  b e t t e r  b i t s  wi th  h igher  preformance i n  h i g h  tempera ture  
r o c k  format ions  should  b e  developed. This improved equipment w i l l  
c o s t  more than t h e  convent iona l  equipment used f o r  o i l  d r i l l i n g ,  b u t  t h e y  
may i n c r e a s e  t h e  e f f i c i e n c y  of geothermal  d r i l l i n g  i n  t h e  f u t u r e .  
which determine p e n e t r a t i o n  r a t e s  a r e  o u t l i n e d  i n  Table  2 4 .  

Higher d r i l l i n g  

High-temperature d r i l l i n g  f l u i d s  should b e  

F a c t o r s  
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. YEAR 

1976 

1980 

1985 

199( 

199E 

- NAluRAt 
GAS 

1.42 

2.44 

4.25 

7.05 

p a 2  

RESIDtfAL 
FUEL OIL 

2.10 

2.89 

4.21 

6.19 

9.09 

TABLE 21 FOSSIL FUEL AND GEOTHERMAL P R I C E  PROJECTIONS 

($ / m T U )  

C O A t  

1 .j, 
1.74 

2..33 

3.12 

4.17 

LIQU~FIED 
NATURAL 

GAS 

2.70 

3.20 

4.00 

5.25 

7.00 

FUEL 

GEOTHERNAL 

300°F 
CASCADED - 

3.10 

3.91 

4.32 

4.77 . 
5.26 " 

L 

Y PE 

GEOMER4AL 

350°F 
CPSCADED- ' 

2.22 

2.60 

3.09 

.. 3.42 

3.77 

GEOTHEWAL GEOTH E W A t  

1.73 1.27 

2.18 I .60 

' 2.41 1.77 

2.66 1.95 

2.94 2.16 



TABLE 22 (*) 

POTENTIAL RECOVERABLE ENERGY FROM GEOTHERMAL RESOURCES I N  THE U .S . 

HYDROTHERMAL : TEMPERATURE POTENTIAL RECOVERABLE (1) 

High 15OoC + 
Mid 9Oo-15O0 110 quads  
LOW 15'-90' 81.8 quads  

1 4  t o  154  quads  

TOTAL HYDRO 

- 

205 .8  t o  345 .8  quads  

GEOPRESSURED: TEMPERATURE POTENTIAL RECOVERABLE ( 2 )  

High 15OoC + 
Mid 9Oo-15O0 
Low 15O-9Oo 

81 t o  315 quads  
270 t o  1050 quads  
178  t o  693  quads  

TOTAL GEOP. 529 t o  2058 quads  

TOTAL COMBINED : TEMPERATURE POTENTIAL RECOVEMLE 

High 15OoC + 
Mid 9Oo-15O0 
Low 15O-90' 

95 t o  469 quads  
380 t o  1160 quads  
260 t o  775 quads  

T h i s  r e p r e s e n t s ,  a t  a minimum, r o u g h l y  10 t i m e s  o u r  p r e s e n t  a n n u a l  
c o n s u m p t i o n  o r  a t  a maximum, a b o u t  35 times o u r  p r e s e n t  u s e  levels .  

~ ~~ 

( ik)  E l m e r ,  D.B.,  An Open Le t te r  on  G e o t h e r m a l  Energy  and  Energy  
Consumption,  G e o t h e r m a l  Energy  Magazine ,  page  40 ,  Vol. 5 . 
No. 5 ,  1977 .  
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TABLE 2 3  (*) 

FOOTAGE COSTS FOR GEOTHERMAL D R I L L I N G  
AS A 

FUNCTION OF ROCK TYPE AND WELL DEPTH 

ROCK 
HARDSESS I 
Soft 

Iledium 

Ned ium- Har d 

Eard 

COST/FOOT (1977 DOLLARS) 

<!io00 FEET 

80 

100 

125 

230 

(*) Friedman, E . J . ,  e t  a l ,  Prospects 

>5000 FEET 

160 

120 . 

25 0 

400 

1 2  6 



TABLE 2 4  (*) 

FACTORS WHICH DETERMINE PENETRATION RATE 

1. Personnel  e f f i c i e n c y  
a. Competence 

(1) exper i ence  
( 2 )  s p e c i a l  t r a i n i n g  

b.  Psycho log ica l  f a c t o r s  
(1) company-employee r e l a t i o n s  
(2)  p r i d e  i n  j o b  
( 3 )  chance f o r  advancement 

2 .  Rig e f f i c i e n c y  
a. S t a t e  of  r e p a i r ,  p r e v e n t i v e  maintenance . 

b. Proper  s i z e  
c. Ease of o p e r a t i o n ,  degree  of a u t o m a t i c i t y ,  and power equipment 

3 .  Formation c h a r a c t e r i s t i c s  
a.  Compressive strength 
b. Hardness and/or  a b r a s i v e n e s s  
c. S t a t e  'of underground stress (overburden p r e s s u r e ,  e t c )  
d .  
e. S t i c k i n e s s  o r  b a l l i n g  tendency 
f .  Pe rmeab i l i t y  
g. F l u i d  con ten t  and i n t e r s t i t i a l  p r e s s u r e  
h .  P o r o s i t y  
i. Temperature 

E l a s t i c i t y  - b r i t t l e  o r  p l a s t i c  

4 .  Mechanical f a c t o r s  
a.  Weight on b i t  
b .  Ro ta t ing  speed 
c .  B i t  type  

5. Mud p r o p e r t i e s  
a. Dens i ty  
b .  S o l i d  con ten t  
c. Flow p r o p e r t i e s  
d. F l u i d  l o s s  
e. Sur face  t e n s i o n - w e t t a b i l i t y  

6. Hydraul ic  f a c t o r s - e s s e n t i a l  bo t  tom h o l e  c l ean ing  

(") Friedman, E . J . ,  e t  a l . ,  Prosp .  
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iii. Corrosion of p i p e s  a l s o  i n c r e a s e s  t h e  c o s t  of d r i l l i n g .  Considerable  
a t t e n t i o n  t o  metals s p e c i f i c a t i o n  and des ign  techniques  i s  r e q u i r e d  t o  
keep c o r r o s i o n  a t  an a c c e p t a b l e  level.  
b r i n e  c o r r o s i o n  is  c u r r e n t l y  b e i n g  conducted. 

Research i n t o  p r e v e n t i o n  of geothermal 

These are some of  t h e  f a c t o r s  t h a t  cause  a n  i n c r e a s e  i n  t h e  c o s t  
o f  geothermal  d r i l l i n g .  To sum up the complete p i c t u r e  of t h e  economics 
of geothermal energy use ,  w e  should emphasize t h e  f a c t  t h a t  t h e  i n i t i a l  
c a p i t a l  investment r e q u i r e d  f o r  e x p l o r a t o r y  d r i l l i n g ,  development and 
complet ion o f  geothermal w e l l  i s  l a r g e  and p r e s e n t l y  d iscourages  t h e  
e x p l o r a t i o n  f o r  geothermal  resources .  This  may cont inue  u n t i l  t h e  c o s t  
of developing t h i s  energy becomes compet i t ive  w i t h  t h e  c o s t  of us ing  energy 
from convent iona l  f u e l s .  The c o s t  breakdown of a completed steam w e l l  i s  
given i n  Table  25, where a w e l l  7000 f t  deep c o s t s  $1,000,000 i . e .  
$143.3 / f t .  Thus, i f  w e  wish t o  develop and use t h e  reserves of geothermal 
energy a v a i l a b l e  a t  t h e  p r e s e n t  t i m e ,  more i n c e n t i v e s  should b e  provided 
such as l o a n s  f o r  e x p l o r a t i o n  and development companies, tax c r e d i t s ,  
c u t t i n g  t h e  t i m e  and expense of "red tape' '  f o r  l e a s i n g  and p e r m i t s  pro- 
cedures ,  and improving t h e  d r i l l i n g  technology. 
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TABLE 25(*) 

DRILLING AND COMPLETION COSTS AT THE GEYSERS 

Cost  o f  Completed S t e a m  Well (7000 f t )  

Bui ld  road ,  l o c a t i o n  and ce l l a r  

Move r i g  i n  and o u t  

Rig  o p e r a t i n g  f o r  70 days 

A i r  compressor r e n t a l  

F u e l  f o r  r i g  and a i r  compressors 

Excessive d r i l l  p i p e  wear 

Hardbanding d r i l l  p i p e  

D r i l l  p i p e  and d r i l l  c o l a r  i n s p e c t i o n  

Water 

Waste Disposa l  

20" Conductor p i p e  

13-3/8" casing 

9-5/8" cas ing  

Cement and S e r v i c e s  

R e n t  20" H y d r i l  and R o t a t i n g  Head 

Rent shock sub and s t a b i l i z e r  

Rent monel d r i l l  c d l a r  and d i r e c t i o n a l  i n s t r u m e n t s  

D r i l l i n g  mud 

W e l l  head and m u f f l e r  and f l o w  l i n e  

Miscel laneous t r a n s p o r t a t i o n  

Logging 

Mud w e l l  logging  

B i t s  (27) 

M i  sc e 11 ane ous 

Direct s u p e r v i s i o n  and overhead 

$ 50,000 

65,000 

315,000 

40,000 

34,000 

25,000 

3,000 

6,000 

15,000 

20,000 

4,500 

52,500 

67,500 

50,000 

10,000 

10,000 

10,000 

30,000 

20,000 

10,000 

8,000 

25,000 

55,000 

50,000 

(*) Friedman, E . J .  e t  a l .  P r o s p e c t s  f o r  Improvement i n  Geothermal w e l l  
Technology and t h e i r  Expected B e n e f i t s ,  Dec. 1977, MITRE 
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V I .  INTERACTION WITH STATE GROUPS 

A. EXPLORATION OF INDUSTRIAL POTENTIAL USERS I N  ARIZONA FOR GEOTHERMAL ENERGY 

I n  o r d e r  t o  assess t h e  v a l u e  of t h e  proposed s c e n a r i o s  and a p p r a i s e  
p o t e n t i a l  u s e r s  o f  geothermal energy i n  Arizona,  w e  s e n t  l e t te rs  t o  over  seventy 
companies and i n s t i t u t i o n s  a s k i n g  f o r  d e t a i l s  concerning t h e i r  energy usage. 
W e  p r i n c i p a l l y  wondered how geothermal energy could be u s e f u l  t o  them. A 
l ist  of  companies and i n s t i t u t i o n s  t h a t  w e r e  approached is  g iven  i n  Table  26 .  
Many r e p l i e d  by l e t t e r  o r  phone, emphasizing t h e i r  u s e  of v e r y  h igh  grade  
energy f o r  which geothermal i s  n o t  a p p l i c a b l e .  O t h e r s  o f f e r e d  s p e c i f i c  
answers and s u g g e s t i o n s  f o r  geothermal use.  Some j u s t  s a i d  they  could  
n o t  p a r t i c i p a t e  i n  t h e  s tudy ,  supplying d a t a  wi thout  e l a b o r a t i o n  on t h e  
r e a s o n s .  

0 Companies u s i n g  v e r y  h i g h  tempera ture  (>2000 C )  cannot b e n e f i t  from 
geothermal  a p p l i c a t i o n .  However, Low grade temperatures  a re  used f o r  
h e a t i n g  i n  a pulp  and paper  p l a n t .  
energy consumption, t h e y  could n o t  guess  how u s e f u l  geothermal  could b e  
i n  t h e i r  case, a l though they  a re  w i l l i n g  t o  coopera te  i n  l a t e r  s t u d i e s .  
One p a r t i c u l a r  company expressed g r e a t  i n t e r e s t  i n  s o l a r  o r  geothermal 
energy and w i l l i n g n e s s  t o  d i s c u s s  t h e  matter f u r t h e r .  They o p e r a t e  t h r e e  
p l a n t s  and i n  1976/77 f o r  h e a t i n g  purposes  they  used: 

T h i s  b e i n g  a small f r a c t i o n  of  t h e i r  

a) 201096 therms. i n  P l a n t  No. 1 (1 therm = 100,000 BTU) 
b)  60000 therms. i n  P l a n t  No. 2 
c )  24000 therms i n  P l a n t  No. 3 

and 10,000 g a l l o n s  of o i l  w a s  used a t  t h e  p l a n t  No. 1 when g a s  w a s  no t  
a v a i l a b l e .  Temperature needs were between 80°F and 338OF. For  c o o l i n g  
purposes  they  used e l ec t r i ca l  power a s  fo l lows:  

a )  6,000,000 Kwh i n  p l a n t  no. 1 
b)  2,500,000 Kwh i n  p l a n t  no. 2 
c) 1,335,000 Kwh in p l a n t  60. 3 

0 The c o o l i n g  temperatures  are from 170°F t o  32 F f o r  mi lk  p r o d u c t s  and t o  -20°F 
f o r  ice-cream s t o r a g e .  

A company which i s  o p e r a t i n g  several f a c i l i t i e s  t h i n k s  t h a t  a p a r t  
o f  t h e i r  energy u s e  i s  amenable t o  a l te rna t ive  energy s o u r c e s  l i k e  geothermal  
and s o l a r .  It i s  worth mentioning t h a t  a t  l eas t  i n  one case t h e y  have 
a l r e a d y  inc luded  s o l a r  energy.  They expressed  g r e a t  i n t e r e s t  i n  our  p r o j e c t  
and are  w i l l i n g  t o  work w i t h  us .  One of  t h e i r  b u i l d i n g s  r e q u i r e s  3 MW 
power which could be one geothermal power u n i t .  They sugges ted  t h a t  f o r  
economic e v a l u a t i o n  t h e  c o s t  of 0.03 $/kwh and $0.17/therm of  gas  should  be  
used. 

A f i r m  t h a t  u s e s  h o t  water responded v e r y  f a v o r a b l y  t o  our  i n q u i r y ,  

They produce t h e i r  h o t  water by adding 
t h e y  a l r e a d y  have a program underway e x p l o r i n g  t h e  p o s s i b i l i t y  of us ing  
s o l a r  energy and b o i l e r  waste h e a t .  
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TABLE 26 

LIST OF COMPANIES WHICH WERE ASKED 
ABOUT ENERGY USE AND POTENTIAL 
GEOTHERMAL ENERGY APPLICATION 

Phe lps  Dodge Corporat ion 
Ajo, Arizona 85321 

P h e l p s  Dodge Corporat ion 
Douglas,  Arizona 85607 

0 

I n d u s t r i a l  Asphal t  
Phoenix,  Arizona 85034 

I n s p i r a t i o n  Consol idated Copper 

I n s p i r a t i o n ,  Arizona 85537 
Company 

M a l l i n  Bro the r s  I r o n  and Metal 

Phoenix,  Arizona 85041 
Company 

Cudahy Food Company 
Phoenix,  Arizona 85001 

Can-Am Corporat ion 
Douglas,  Arizona 85607 

Armour F m d  Company 
241 V e s t  Jackson 
Phoenix,  Arizona 85030 

Honeywell I n f o m a t  i o n  Systems 
Phoenix,  Arizona 85029 

Honeywell P rocess  Con t ro l  

Phoenix,  Arizona 85029 
Div i s ion /Phoen ix  

Phoenix Cement Company 
Phoenix,  Arizona 85012 

Ray Mines D i v i s i o n  
Hayden, Arizona 85235 

Sahuaro Petroleum and Asphalt  

Phoenix,  Arizona 85005 
Company 

The Tanner Companies 
P a r k e r ,  Arizona 85344 

R.E. D a r l i n g  Conpanu, Inc. 
Tucson, Arizona 85705 

Not o r o l a  Cove m ncn t E lec t  r o n i c s  

S c o t t s d a l e ,  Arizona 85252 
D i v i  s i on 

Hoto ro la  Inc. Semiconductor 

Phoenix,  Arizona 85008 
Produc t s  D iv i s ion  

Hexcel Corporat ion 
Casa Grande, Arizona 85222 

Bur r -Born  Research Corpora t ion  
Tucson, Arizona 85706 

Apache Powder Company 
Benson, Arizona 85602 

West-Cap Arizona 
Tucson, Arizona 85706 

Tektron 
Goodyear, Arizona 85338 

Unidynamics/Phoenix, I n c .  
Goodyear, Arizona 85336 

Arizona P o r t l a n d  Cemenk 

Phoenix,  Ar i zona  85013 
Company 

Arizona C a s t i n g s ,  I n c .  
Tempe, Arizona 85281 

Pionee r  P a i n t  and 
Varn i sh  Company 

Tucson, Arizona 85711 

Southwest F o r e s t  Indus-  
t r i e s / S n o w f l a k e  Paper  
and Pulp D i v i s i o n  

Snowflake,  AZ 85937 

Southwest F o r e s t  Inds. 
Phoenix,  Ar i zona  85011 

Kaibab I n d u s t r i e s  
Phoenix,  A 2  85036 

T a l l e y  I n d u s t r i e s  of Arizona,  Inc .  Deer-0 P a i n t s  6 Chem's 
Mess,. Arizona 85201 Ltd.  

Phoenix,  A 2  85008 
A i r e s e a r  ch ?fan uf a c t  ur in  g Company 

Phoenix, Arizona 85034 
of Arizona 

Spe r ry  F l i g h t  Systems 
-Douglas,  Arizona 85936 

Western E l e c t r i c  Company, Inc .  
Phoenix, Arizona 85002 

Willcox Packing House 
Willcox, Arizona 85643 

Hamilton A i r c r a f t  Company, Inc.  
Tucson, Arizona 55706 

G o e t t l  Bros. PIetai P roduc t s , Inc .  
Phoenix, Arizona 85016 

Hughes A i r c r a f t  Company-Tucson 

Tucson, Arizona 85734 

Anaheim C i t r u s  P roduc t s  
Yma, Arizona 85364 

E m f .  Div. . 

Asarco IIayden P l a n t  
Haydcn, Arizona 85235 

Southtrest  Feed & Seed 

Phoenix,  AZ 85035 

Rainbo Baking Cornpsny 

Phoenix,  AZ 85007 

Holsum Bakery, I n c .  
Phoenix,  A 2  85005 

Company 

, of Phoenix 

C a p i t o l  C a s t i n g s  Div. 
Tempe, Arizona 85262 

P a u l  Lime P l a n t  I n c .  
Douglas,  Arizona 85607 

As t ro -L i t e  B a t t e r y  Co. 
Tucson, Arizona S5719 

Chevron Asphal t  Co. 
Phoenix,  Arizona 85005 

Chemical D i s t .  DBA A2 
Agrocliemical Co. 

Phoenix,  AZ 85034 
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TABLE 26 CONTINUED 

Arizona Ref in ing  Company Borden, Inc .  
Phoenix,  Arizona SSOOl Phoenix, Arizona 85030 

Tucson Coca-Cola B o t t l i n g  

Tucson, Arizona 85705 

Seven-Up B o t t l i n g  of Inc.  

Phoenix,  Arizona 85007 

Swif t  Fresh  Heats  Cowany 
Company Tol leson ,  Arizona 85353 

Assoc ia ted  Kilk  Producers ,  

Phoenix,  Inc .  G i l b e r t ,  Arizona 85234 

Producers  Cot ton O i l  Co. 
Phoenix,  Arizona 65001 

P e p s i  Cola H e t r o p o l i t a n  
B o t t l i n g  Coqany,  Inc.  

Phoenix,  Arizona 85040 

Kalil B o t t l i n g  Company 
Tucson, Arizona 85719 

Casa G r a n d e  O i l  F l i l l s  
Casa Grande, Arizona 85222 

Anderson, Clayton & Conpany 
Phoenix,  Arizona 85062 

Haydcn f l o u r  Mills 
Tempe, Arizona 65281 

-Arizona Feeds 
&sa Grande, Arizona 85222 

Arnold P i c k l e ' a n d  'Olive Co.. 
Phoenix,  Arizona 85006 

.. 

. .  

S p r e c k e l s  Sugar D i v i s i o n  
.Chandler ,  Arizona 85224 

Shamrock Foods Company 8 

Phoenix,  Arizona 85009 

Safeway S t o r e s ,  l n c . ,  

Tempe, Arizona 85262 
) E l k  Eepartment 

Foremost Foods Company 
Phocnix,  Arizona 65021 

Carna t ion  Conpany 
Phoenix,  Arizona 85012 
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steam t o  c o l d  w a t e r ,  and would d e f i n i t e l y  c o n s i d e r  geothermal o r  any o t h e r  
a l t e r n a t i v e  energy.  
w i l l i n g  t o  use one as a demonstrat ion p l a n t .  

They o p e r a t e  several s i m i l a r  p l a n t s  and t h e y  would be 

Ar izona ' s  t o t a l  energy use is  e s t i m a t e d  t o  b e  2,280,870 MMBTUs/year 
o r  about 34,196 g a l l o n s  of f u e l  p e r  y e a r .  P o t e n t i a l  s a v i n g s  are e s t i m a t e d  
t o  b e  f o r t y  t i m e s  as much f o r  t h e  n a t i o n .  
i n  t h e  e s t i m a t i o n s  are l lO°F,  140°F and 180°F. 
i n  Tucson u s e s  i t s  energy i n  t h e  range of 72-78 F a l l  y e a r  around. The 
amount of N a t u r a l  g a s  used p e r  y e a r  is  i n  t h e  range of  1,500,000 f t 3  of g a s  
t o t a l i n g  some $2500/year.  
some $220,00O/year. 

The range of temperatures  used 
One of t h e  b i g  space  u s e r s  

0 

E l e c t r i c a l  use amounts t o  5,000,000 Kwh t o t a l i n g  

Another b i g  company uses  energy f o r  h e a t i n g  and cool ing  as fo l lows:  

a) 
b) 

Product ion  and b u i l d i n g  h e a t i n g  o r  cool ing  29.2 m i l l i o n  Kwh/hr. 
Power h e a t i n g  700,000 therms a n n u a l l y  i n  'terms o f  n a t u r a l  g a s .  

The ranges  of temperatures  are f o r  c o o l i n g  40-44OF and f o r  h e a t i n g  212'F 
(10%) and 330°F (90%). They c o n g r a t u l a t e d  t h i s  p r o j e c t  and expressed 
i n t e r e s t  i n  r e c e i v i n g  informat ion  about  new developm n t  of o t h e r  energy 
sources. A mining company is  us ing  s o m e  500,000 f t  /day of n a t u r a l  gas  
f o r  d r y i n g  o r e  samples a t  250°F and some 130 t o n s  of  r e f r i g e r a t i o n  by e l e c t r i c  
power c o s t i n g  3/Kwh. 
e l e v a t e d  tempera tures  (above 400'F). They are a l s o  i n t e r e s t e d  i n  t h e  r e s u l t s  
o f  t h i s  s t u d y  and are w i l l i n g  t o  supply more d a t a  i f  necessary .  

5 

Most o f  t h e  s m e l t e r  o p e r a t i o n s  use n a t u r a l  g a s  f o r  

An i n t e r e s t i n g  u s e  w a s  suggested f o r  geothermal energy by one of t h e  
companies. 
area i s  132,000 f t  
c o n d i t i o n s  w e r e  n o t  s p e c i f i e d .  Geothermal use i n  this case should b e  v e r y  
economical . 

They y a i n t a i n  800,000 g a l l o n s  of w a t e r  a t  120'F where t h e  s u r f a c e  
and ambient temperature  i s  73'F. Humidity and wind 

One p l a n t  used n a t u r a l  gas  and h a s  switched now t o  o i l  f o r  t h e  
f u r n a c e s ,  u s e d t o  keep tanks  of a s p h a l t  h o t .  T h i s  o p e r a t i o n  i s  cont inuous:  
24 hours  a day and 7 days/week. A l l  t o g e t h e r ,  t h e  b u r n e r s  are supplying 
4.5 m i l l i o n  BTU. They 
s u g g e s t  coming t o  t h e  p l a n t  and g e t t i n g  a d d i t i o n a l  in format ion  needed f o r  
t h e  p lanning  of  geothermal energy development and use.  

T h i s  does n o t  i n c l u d e  space  h e a t i n g  and cool ing .  

Another company which a p p r e c i a t e d  v e r y  much our  s t u d y  s u p p l i e d  
comprehensive d a t a  on t h e i r  energy u s e s ,  which w e  won't  r e p r i n t  i n  d e t a i l  
f o r  t h e  s a k e  of  t h e  c o n f i d e n t i a l i t y .  T o t a l  e l e c t r i c  consumption f o r  y e a r  
1977 w a s  around 35,000,000 E=wh and some 250,000 therm of n a t u r a l  g a s .  
60% of one company's energy i s  used i n  t h e  range of 400-140°F. 

0 The rest  i s  e i t h e r  lower grade h e a t i n g  i n  t h e  range of 70-140 F 
0 o r  c o o l i n g  between 0' and 70 F us ing  e l e c t r i c i t y .  

c o s t  i s  around $40,000 i n c l u d i n g  space  h e a t i n g  and a i r  condi t ion ing .  
Thei r  annual  energy 

Another company which gave v e r y  d e t a i l e d  informat ion  used i n  1976, 
1,128,300 MCF of  gas ,  940,500 g a l l o n s  o f  o i l  and 9,000,000 Kwh o f  e l e c t r i c a l  
power. 
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S e v e r a l  companies have found i n t e r e s t  i n  t h e  s t u d y  but  d i d  no t  have 
r e a d i l y  a v a i l a b l e  informat ion  and promised t o  send i t  a t  a l a te r  s t a g e .  
On t h e  whole t h e  r e p l i e s  w e r e  good and coopera t ive .  W e  hope t o  ex tend  t h e  
communication w i t h  t h e s e  i n d u s t r i e s  i n  t h e  next  y e a r ' s  s t u d y  by mutual v i s i t s  
and d i s c u s s i o n s .  

La te  i n  t h e  p r o j e c t  w e  found t h a t  James V.  Davey* h a s  conducted a 
similar comprehensive s t u d y  on t h e  geothermal-heat u t i l i z a t i o n .  I n  t h i s  
s t u d y  Davey made 75 c o n t a c t s  w i t h  people  from i n d u s t r i e s  such as food pro- 
c e s s i n g  and machinery, chemicals ,  pulp and paper ,  h o r t i c u l a t u r e  and d a i r i e s .  
These i n d u s t r i e s  are a l l  h e a t  i n t e n s i v e  and s u i t a b l e  f o r  us ing  geothermal  
energy.  The r e p l i e s  he r e c e i v e d ,  l i k e  o u r s ,  ranged from no i n t e r e s t  t o  
g r e a t  enthusiasm. 

It is i n i t i a l l y  obvious t h a t  geothermal  energy is n o t  y e t  w e l l  
recognized  and a b a s i c  e d u c a t i o n a l  and promotional  program i s  needed as w e l l  
a s  l o c a l  and f e d e r a l  encouragement and i n c e n t i v e s .  

B. PROPOSED ARIZONA WORKSHOP - AUGUST 1978 

Wehaveproposed t h a t  a geothermal workshop b e  a r ranged  i n  Arizona 
where w e  w i l l  d i s c u s s  problems w i t h  t h e  v a r i o u s  agencies  and p o t e n t i a l  
u s e r s  involved .  W e  i n c l u d e  people  from t h e  S t a t e  agencies  handl ing  S t a t e  
o i l  and g a s  c o n s e r v a t i o n ,  Arizona s o l a r ,  l e g a l  a s p e c t s ,  s t a t e ,  a p r e l i m i n a r y  
o u t l i n e  of  t h e  program i s  g i v e n  i n  Table 2 7 .  The problems o f  w a t e r ,  power 
geology, and r e l a t e d  problems w i l l  be d iscussed .  R e p r e s e n t a t i v e s  of  
p o t e n t i a l  u s e r s  of  geothermal energy should a l s o  b e  i n v i t e d .  

~~~ 

* Davey, J . V .  "Survey r e p o r t  - Study of  Information/Educat ion,  Discuss ions  
w i t h  remote i n d u s t r i e s  and p u b l i c  i n s t i t u t i o n s  on t h e  Direc t -hea t  u t i l i z a -  
t i o n  of geothermal  energy", Energy and Environmental  D i v i s i o n ,  Lawrence 
Berkeley Lab, U n i v e r s i t y  of  C a l i f o r n i a ,  Berkeley,  CA., March 1977. 
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TABLE 2 7  

TENTATIVE ARIZONA WORKSHOP PROGRAM - AUGUST 1978 

WORKSHOP 
GEOTHERMAL ENERGY PLANNING AND EVALUATION 

FOR THE STATE OF ARIZONA 

Sponsored by: Arizona S o l a r  Energy Research Commission and Bureau of Geology 
and Mineral  Technology 

Overview 

Geothermal Resources 
Leasing and D r i l l i n g  A c t i v i t y  
Governmental Regula t ions  
Ar izona ' s  Energy P a t t e r n  
P o t e n t i a l  Geothermal Uses 

Workshop Topics  

1. Summer Peak Power A l l e v i a t i o n  

2 .  I r r i g a t i o n  Pumping 

3. Dai ly  Peak Power Assistance 

4 .  The Water S i t u a t i o n  

5 .  General  U t i l i z a t i o n  o f  100-400 F Energy 

6 .  P o p u l a t i o n  Growth and Community Planning 

7 .  Recovery of Low-Grade Process ing  

8. A g r i c u l t u r a l  and Food Process ing  

9 .  S t a t e  Regula t ions ,  Hindrances and I n c e n t i v e s  

10. F e d e r a l  Regula t ions ,  Hindrances and I n c e n t i v e s  

11. P o t e n t i a l  Geothermal Research Advances 

0 
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V I I .  SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

A. SUMMARY 

Geologica l  f e a t u r e s  of  t h e  s t a t e  of Arizona have shown t h a t  t h e r e  
i s  good p o t e n t i a l  f o r  geothermal  energy; 
been d r i l l e d .  Resource d a t a  w e r e  compiled on t h e  b a s i s  of temperature  
g r a d i e n t s  i n  water w e l l s  (and a few o i l  w e l l s ) ,  h o t  s p r i n g s ,  geochemistry 
o f  ground waters and t h e  a b s o l u t e  age  of rocks .  For  example, t h e  San 
Franc isco  Mountain area h a s  been i d e n t i f i e d  not  o n l y  as a source  of h o t  d r y  rock 
and/or  h o t  water b u t  a l s o  a s  p o t e n t i a l  magma t a p .  
r e s o u r c e  d a t a  i n  t h i s  f i r s t  y e a r  o f  s t u d y  w a s  on1.y p a r t i a l l y  completed,  
due t o  budget l i m i t a t i o n s ,  b u t  t h e r e  i s  s u f f i c i e n t  d a t a  t o  conduct s c e n a r i o  
planning,  assuming t h e  r e s o u r c e s  do exist  i n  t h e  s t a t e .  

however, f e w  e x p l o r a t o r y  w e l l s  have 

The compilat ion of 

From a geothermal energy u s e  s t a n d p o i n t , .  t h e  energy needs f o r  Arizona 
have been reviewed. The major p o t e n t i a l  moderate temperature  uses  (up t o  
25OoC) i n  t h e  U.S.A.  and worldwide w e r e  c o l l e c t e d  f o r  p o s s i b l e  a p p l i c a t i o n  
t o  Arizona. 
Table  1 4 )  were made. 
and/or  c o o l i n g  a b s o r p t i o n  systems t o  h e l p  a l lev ia te  t h e  l a r g e r  a i r  c o n d i t i o n i n g  
peak l o a d s  o f  h o t  summers of Arizona. 
p o t e n t i a l  uses  w e r e  i d e n t i f i e d ,  based on t h e u n i q u e d e s e r t  f e a t u r e s ,  mining,  
i r r i g a t e d  a g r i c u l t u r e ,  p o t e n t i a l  food p r o c e s s i n g ,  and planning f o r  b o t h  
i n d u s t r i a l  and p e r s o n a l  needs,  of  t h e  f a s t e s t  growing s t a t e  i n  t h e  U.S .A.  

Two i t e r a t i o n s  of  t h e  twenty-two "use scena r ios ' '  (g iven  i n  
There i s  a major  need f o r  e l e c t r i c a l  power systems 

Also,  many i n t e r e s t i n g  n o n - e l e c t r i c a l  

The informat ion  c u r r e n t l y  a v a i l a b l e  i s  t o o  l i m i t e d  t o  e n a b l e  
p r e s e n t a t i o n  of exact and d e t a i l e d  s c e n a r i o s  f o r  Arizona geothermal  use .  
Therefore ,  t h e  s c e n a r i o s  suggested a t  t h i s  s t a g e  w e r e  based mainly on l o c a l  
energy and economic c o n d i t i o n s  i n  Arizona w i t h  t h e  a p p l i c a t i o n  of c u r r e n t  
energy technology.  A s  more d a t a  becomes a v a i l a b l e  w e  s h a l l  be a b l e  t o  
e v a l u a t e  more e x a c t  uses  of  geothermal  energy.  However, from t h e  work 
s o  f a r  i t  i s  c l e a r  t h a t  a d d i t i o n a l  r e s e a r c h  as w e l l  as economic s t u d i e s  
a re  needed b e f o r e  geothermal  energy g a i n s  widespread u s e .  

W e  propose t o  c o n t i n u e  t h e  assembly and e v a l u a t i o n  of a l l  b a s i c  
r e s o u r c e  d a t a .  W e  need t o  g e n e r a t e  d e f i n i t e  u s e  s c e n a r i o s  for geothermal  
energy u t i l i z a t i o n  i n  t h e  S t a t e  o f  Arizona.  Where gaps e x i s t  i n  t h e  d a t a  
b a s e ,  in format ion  should  b e  ga thered  t o  f i l l  t h e s e  v o i d s .  
t h e  work should c o n t i n u e  t o  expand t h e  broad-spectrum, s t a t e w i d e  d a t a  
b a s e  n e c e s s a r y  t o  i d e n t i f y  and evaluate geothermal  r e s o u r c e s  p lanning  
use s c e n a r i o s  and s t a r t i n g  in-depth e v a l u a t i o n  of s i t e  s p e c i f i c  s c e n a r i o s  
w i l l  b e  n e c e s s a r y  t o  demonstrate  geothermal  p o t e n t i a l .  
should be  p laced  upon p lanning ,  s c e n a r i o  f low c h a r t s ,  and i d e n t i f i c a t i o n  
of t h e  a c t i o n s  necessary  t o  r e a l i z e  geothermal  energy use economical ly .  

I n  g e n e r a l ,  

Increased  emphasis 

B . CONCLUSIONS 

1. There h a s  been v e r y  l i t t l e  d r i l l i n g  and e x p l o r a t i o n  f o r  geothermal  
energy i n  Arizona,  y e t  w e  have evidence t h a t  r e s o u r c e s  may b e  t h e r e .  

136 



2.  

3 .  

4 .  

5. 

6 .  

Geothermal energy w i l l  e v e n t u a l l y  b e  a f a c t o r  i n  Arizona,  b u t  i t  w i l l  
r e q u i r e  i n d u s t r y  awareness and a d d i t i o n a l  funding f o r  e x p l o r a t i o n  
work b e f o r e  t h i s  occurs .  

A t  an e a r l y  s t a g e  i t  w a s  determined t h a t  Arizona h a s  a heavy e l ec t r i ca l  
peak load i n  t h e  summer, due t o  a i r  c o n d i t i o n i n g .  It would b e  
b e n e f i c i a l  i f  i n t e g r a t e d  systems i n v o l v i n g  geothermal energy could be  
used t o  reduce  t h i s  l oad .  

There i s  a s h o r t a g e  of water i n  most of  Arizona. It appears  t h a t  
t h e  p o t e n t i a l  u s e s  o f  b i o s a l i n i t y  a g r i c u l t u r e ,  i n t e g r a t e d  w i t h  geothermal 
energy r e s o u r c e s  might h e l p  a l lev ia te  t h i s  s i t u a t i o n .  

The p o s s i b i l i t y  o f  i n t e g r a t i n g  geothermal energy w i t h  c e r t a i n  s p e c i f i c  
s o l u t i o n  mining p r o j e c t s  i s  i n t e r e s t i n g  i n  Arizona. 

The p o p u l a t i o n  growth ra te  of Arizona i s  t h e  h i g h e s t  i n  t h e  n a t i o n ,  
and t h e r e f o r e  should a l l o w  reasonable  l e a d  t i m e  f o r  t h e  proper  
p lanning  of geothermal  e x p l o r a t i o n  and development. 

The coopera t ion  of many groups may make i t  p o s s i b l e  t o  e s t a b l i s h  
new communities i n  Arizona t h a t  could b e  envi ronmenta l ly  a t t r a c t i v e  
through t h e  use  of  geothermal  energy. 

C. RECOMMENDATIONS 

1. Second Year on Current  P r o j e c t  

For f u t u r e  work on t h i s  p r o j e c t  w e  propose t h e  s p e c i f i c  t a s k s  
as o u t l i n e d  below. It proposes  t o  reduce e f f o r t  upon d a t a  c o l l e c t i o n ,  
and i n c r e a s e  e f f o r t  upon p lanning  and s c e n a r i o  development, a s s i s t e d  
where n e c e s s a r y  by a r e a s o n a b l e  amount of  e f f o r t  upon s p e c i a l  p lanning  
and s c e n a r i o  i d e n t i f i c a t i o n  s t u d i e s .  

a .  Data and Informat ion  C o l l e c t i o n  

S i n c e  c e r t a i n  d a t a  were c o l l e c t e d  dur ing  t h e  f i r s t  y e a r ,  t h e  main 
emphasis should  b e  t o  o b t a i n  o n l y  t h a t  d a t a  and informat ion  n e c e s s a r y  t o  
develop s c e n a r i o s .  Resource assessment  d a t a  a re  n e c e s s a r y  t o  p r e s c r i b e  
t h e  energylpower base  of t h e  s c e n a r i o s .  
and a c t i o n  recommendations should b e  emphasized, t o  assist p lanning  t h e  
a c c e l e r a t i o n  of  much needed e x p l o r a t i o n  d r i l l i n g  i n  Arizona. Also,  any 
s i g n i f i c a n t  geothermal technology developments, a d d i t i o n a l  p o t e n t i a l  
geothermal  r e s o u r c e  areas,  l e a s i n g  and d r i l l i n g  a c t i v i t y  and r e g u l a t o r y  
a c t i o n s  should b e  r e p o r t e d .  

Fewer i n s t i t u t i o n a l  impediments 

b. Scenar io  Development 

Another i t e r a t i o n  of t h e  22 s i t e - s p e c i f i c  s c e n a r i o s  should b e  
conducted, e s p e c i a l l y  t h o s e  which show promise.  These should t h e n  b e  
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aggregated on a s t a t e  leve l  i n t o  ( a >  t h r e e  broad b e l t s  of t h e  s t a t e  and (b) 
i n t o  some 10 t o  1 2  s p e c i f i c  geothermal r e s o u r c e  areas. The development 
of  t h e s e  s c e n a r i o s  should be  coord ina ted  w i t h  s t a t e  i n s t i t u t i o n a l  groups 
and t h e  key s ta te  groups d e a l i n g  w i t h  power, mining, i n d u s t r y  and a g r i c u l -  
t u r e ,  f o r  example v ia  a n  i n - s t a t e  workshop. Such a workshop, i t s  s t r u c t u r e  
and t h e  agencies  involved w e r e  proposed ea r l i e r  i n  t h i s  r e p o r t .  

c. Planning A c t i v i t i e s  

The main p lanning  a c t i v i t y  should involve  d e f i n i n g  t h e  e v e n t s  
r e q u i r e d  t o  a c h i e v e  t h e  s i t e - s p e c i f i c  and s ta te -aggrega ted  s c e n a r i o s  r e p o r t e d  
d u r i n g  t h e  f i r s t  y e a r  of s tudy .  For t h i s  t o  be 'comprehensive and r ea l i s t i c ,  
i t  i s  proposed t o  c a l l  upon t h e  combined e x p e r t i s e  w i t h i n  t h e  Arizona O i l  
and Gas Conservat ion Commission, t h e  Arizona S o l a r  Energy Research Commission 
and t h e  D i v i s i o n  of  Economic and Business  Research, U n i v e r s i t y  of  Arizona. 
T h i s  e f f o r t  should b e  a s s i s t e d  by ( a )  more f r e q u e n t  and e x t e n s i v e  i n t e r -  
a c t i o n s  w i t h  t h o s e  i n t e r e s t e d  i n  geothermal energy,  u t i l i t i e s ,  State  govern- 
ment groups and p o t e n t i a l  u s e r s ,  (b) t h e  i d e n t i f i c a t i o n  of problems a s s o c i a t e d  
w i t h  geothermal implementation, ( c )  an assessment  of t h e  f a s t  development 
of t h e  area,  and (d) understanding which groups could b e  h e l p f u l  i n  t h e  
development of geothermal energy. F i n a l l y ,  a r e c o n s i d e r a t i o n  may p o i n t  o u t  
o t h e r  ways t o  accelerate t h e  r a t e  of  geothermal development i n  Arizona by 
say,  50 p e r c e n t .  

d .  S p e c i a l  S t u d i e s  t o  Achieve S ta te  Goals 

Some of t h e  s c e n a r i o s  proposed dur ing  t h e  f i r s t  y e a r  of s t u d y  are 
o n l y  p a r t i a l l y  i d e n t i f i e d .  These i n c l u d e  several a r e a s  of g r e a t  importance 
t o  Arizona i n v o l v i n g  w a t e r  problems, mining and t h e  excessive summer c o o l i n g  
l o a d .  A s p e c i a l  e f f o r t  should be made i n  t h e  f u t u r e  t o  more c l e a r l y  i d e n t i f y  
t h e  p l a n s  r e l a t e d  t o  t h e s e  important  problems. T h i s  should  i n v o l v e  c e r t a i n  
technology e v a l u a t i o n s  and p r e l i m i n a r y  f e a s i b i l i t y  s t u d i e s .  A more d e t a i l e d  
and def ined  p a t t e r n  of p u r s u i t  i s  warranted a t  t h i s  s t a g e  and i s  proposed 
below. 

2 .  Explora tory  D r i l l i n g  i n  Arizona 

A s  i n d i c a t e d  i n  many s e c t i o n s  of t h i s  r e p o r t  t h e r e  i s  a h i g h  e 

p o t e n t i a l  f o r  geothermal  r e s o u r c e s  i n  t h e  S t a t e  of  Arizona.  Many w a t e r  
w e l l s  have been d r i l l e d  b u t  on ly  f o u r  geothermal e x p l o r a t o r y  w e l l s  have 
been d r i l l e d .  Therefore ,  i t  i s  impera t ive  t h a t  more geothermal  e x p l o r a t o r y  
w e l l s  be  d r i l l e d  i n  t h e  s t a t e  a s  soon as  p o s s i b l e .  T h i s  may t r a n s p i r e  
through i n d u s t r y  awareness and/or  c e r t a i n  i n c e n t i v e s  be ing  extended by t h e  
Department of Energy. The Arizona Bureau of Geology i s  a l s o  c o n t i n u i n g  
i t s  r e s e a r c h  i n t o  geothermal  energy p o t e n t i a l  i n  Arizona and may d r i l l  some 
h e a t  f low h o l e s  n e x t  y e a r .  

3 .  I n t e r a c t i o n s  w i t h  Local  Groups 

The f i r s t  y e a r ' s  work showed many p o s s i b i l i t i e s  f o r  geothermal  
energy u s e  i n  Arizona. Increased i n t e r a c t i o n s  w i t h  l o c a l  groups i n  t h e  
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s ta te ,  c o n s i s t i n g  of p o t e n t i a l  s u p p l i e r s  of  geothermal energy,  p o t e n t i a l  
u s e r s  and t h e  v a r i o u s  a g e n c i e s  t h a t  must be  involved would b e  b e n e f i c i a l .  
It should augment t h e  o b j e c t i v e s  of t h e  Department of  Energy i n  t h e  c u r r e n t  
p r o j e c t .  The p r o j e c t  p rogressed  t h i s  p a s t  y e a r  i n  t h i s  r e s p e c t  by con- 
t a c t i n g  some 70 companies i n  Arizona, v i s i t i n g  a number of p l a c e s ,  and making 
p r e l i m i n a r y  p l a n s  f o r  geothermal workshop f o r  August 1978.  

4 .  Department o f  Energy A s s i s t a n c e  

The Department of Energy, w i t h  i t s  b a s e - o f  r e s e a r c h  i n  energy,  
should make i t  convenient  f o r  teams r e s e a r c h i n g  a s p e c t s  of geothermal  energy 
t o  g a i n  access t o  t h e  energy d a t a  c u r r e n t l y  b e i n g  genera ted .  This  should  
inc lude ,  b u t  n o t  b e  l i m i t e d  t o  t h e  fo l lowing:  

a. 
b.  

a .  
e. 

f .  
g. 
h. 
i. 

k .  ' 

1. 

C .  

j. 

S t a t u s  of advanced c o o l i n g  systems. 
S t a t u s  of advanced power t u r b i n e s .  
S t a t u s  of b i n a r y  power u n i t s .  
S t a t u s  of  d r i l l i n g  techniques  and c o s t s .  
L i s t  of l o c a t i o n  and a d d r e s s e s  of e x p e r t i s e  i n  a11 areas of energy 

L i s t  of  p i l o t  and demonstrat ion p l a n t s .  
D e t a i l e d  r e p o r t  of  low temperature  energy a p p l i c a t i o n  u s e s  i n  i n d u s t r y .  
I n c e n t i v e s  f o r  p r o f i t ,  f o r  t h e  f e w  p l a c e s  where p r a c t i c a l .  
P r e d i c t  f u t u r e  c o s t s  and p r i c e s  of energy.  
P u b l i c i z e  t h e  p o t e n t i a l  of geothermal energy. 
Organize workshops. 
Compilation of t h e  l a w s  and r e g u l a t i o n s  f o r  geothermal energy 

u t i l i z a t i o n .  

e x p l o r a t i o n  and a p p l i c a t i o n .  
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V I I I .  APPENDIX 1 - PARTIAL LITERATURE SURVEY 

T h i s  p a r t i a l  l i t e r a t u r e  review is  based on 78 a r t i c l e s  on geothermal  
energy.  
Each i s  composed of a b r i e f  d e s c r i p t i o n  and a l i s t  of a r t i c l e s  which con- 
s t i t u t e  t h a t  ca tegory .  The a r t i c l e s  a re  r e f e r e n c e d  by number t o  t h e  
b ib l iography.  

It  p l a c e s  a l l  geothermal l i t e r a t u r e  i n t o  n i n e  g e n e r a l  c a t e g o r i e s .  

T h i s  c a t e g o r y  i s  f o r  a r t i c l e s  t h a t  g i v e  g e n e r a l  overviews 
of geothermal usage,  ( 2 0 , 2 7 , 2 8 , 4 5 , 4 6 ) .  One a r t i c l e  c o n t a i n s  approximate 
v a l u e s  of  energy consumption and temperatures  needed f o r  c e r t a i n  a p p l i c a -  
t i o n s  ( 2 4 ) .  Some of  t h e  a r t i c l e s  a r e  concerned mainly w i t h  r e g i o n a l  
developments; Alaska ( 1 4 ) ,  Japan ( 4 3 ( 2 ) ) ,  Idaho ( 2 6 ) ,  New Zealand ( 4 4 ( 4 ) ) .  
Another a r t i c l e :  G e o t h e m l  Wastes ( 6 0 ) .  

AGRICULTURE 

I n  a g r i c u l t u r e ,  geothermal r e s o u r c e s  are mainly used f o r  green-  
house h e a t i n g ,  hydroponics,  and i r r i g a t i o n .  Hydroponics i s  t h e  p r a c t i c e  
of  growing p l a n t s  wi thout  s o i l .  An e x c e l l e n t  example of t h i s  i s  t h e  Hobo 
Wells P r o j e c t  i n  Wendel, C a l i f . ,  (where 99OC geothermal water i s  used a t  
a f l o w r a t e  of 1 2 0 0 1  u n i t  (ga l lons) /min) .  (1) A g e n e r a l  view of t h e  h e a t  
r e q u i r e d ,  t h e  equipment needed and o t h e r  b a s i c  requirements  i s  p r e s e n t e d  
( 7 ) .  
b u i l d i n g  ( 2 , 4 7 ( 1 ) , 6 4 ) .  Another f a c e t  of  geothermal energy i n  a g r i c u l t u r e  
is i n  t h e  f i e l d  of animal  husbandry ( 8 , 4 5 ( 2 ) ) .  Other p e r t i n e n t  a r t i c l e s :  
2 1 , 2 5 .  

I n  greenhouses ,  geothermal energy i s  mainly used f o r  h e a t i n g  t h e  

IND'JSTRIAL (FOOD PROCESSING) 

Geothermal energy i s  now be ing  used i n  i n d u s t r i a l  p r o c e s s e s ,  some 
of  which i n c l u d e  t h e  lumber i n d u s t r y  ( 4 4 ( 2 ) ) ,  d a i r y  p r o c e s s i n g  ( e .g .  m i l k  
p a s t u r i z a t i o n )  ( 3 , 4 4 ( 3 ) ) ,  dehydra t ion  and sugar  b e e t  p r o c e s s i n g  ( 5 ) .  A 
more d e t a i l e d  a n a l y s i s  o f  some of  t h e s e  p r o c e s s e s  i s  given by B .  L inda1  ( 2 ) .  
Geothermal energy i s  a l s o  used i n  t h e  process  of making f i l t e r s  from 
diatomaceous e a r t h  ( 6 5 ) .  

HEATING AND COOLING 

The major u s e  o f  geothermal  energy today i s  i n  t h e  p r o c e s s  of space  
h e a t i n g  and cool ing .  Cooling r e s e a r c h  h a s  n o t  progressed as f a r  as t h e  
r e s e a r c h  f o r  space  h e a t i n g ,  b u t  some r e s e a r c h  h a s  been done (18 ,19>.  Space 
h e a t i n g ,  t h e  p r o c e s s  of  u s i n g  t h e  n a t u r a l  h e a t  of  t h e  geothermal f l u i d s  
t o  h e a t  b u i l d i n g s ,  h a s  been widely researched .  
d i f f e r e n t  schemes developed f o r  space h e a t i n g  ( 3 2 , 3 8 ) .  A s t u d y  of e x i s t i n g  

There have been several 
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i n s t a l l a t i o n s  i s  given by S .  E inarsson  ( 3 3 ) .  There have been many o t h e r  
ar t ic les  w r i t t e n  d e a l i n g  w i t h  space  h e a t i n g  and i t s  f u t u r e  worldwide 
( 3 , 1 3 , 2 9 , 3 4 , 3 5 , 3 6 , 3 7 , 4 0 , 4 2 ( 1 , 2 ) , 4 3 ( 1 ) , 3 4 ( 1 ) , 4 7 ( 2 ) ) .  

DESALINATION 

Most geothermal f l u i d s  c o n t a i n  a c o n s i d e r a b l e  s a l t  q u a n t i t y .  
I f  t h e  sa l t  i s  n o t  removed from t h e s e  geo-brines ,  u n d e s i r a b l e  scale w i l l  b u i l d  
up i n  t h e  equipment used i n  most any p r o c e s s  (16) .  Two ways t o  p r e v e n t  
t h i s  are:  use  of  a m u l t i - f l a s h  u n i t  o r  a ve r t i ca l  tube  exchanger ( 1 2 ) .  
Geothermal steam i s  a l s o  used i n  t h e  d e s a l i n a t i o n  of s e a  water ( 2 2 , 5 6 ) ;  
some o f  t h e s e  s a l t s  can b e  saved a f t e r  e x t r a c t i o n  ( 6 3 ) .  Other a r t i c l e s :  5 7 .  

MISCELLANEOUS 

T h i s  ca tegory  d e s c r i b e s  some l i m i t e d  u s e s  of geothermal r e s o u r c e s .  
One such usage i s  f o r  h e a l t h  t r e a t m e n t s  ( 9 ) .  
may a l s o  use geothermal water (61) .  
as  l i n e a r  programs ( 2 3 ) .  A s p e c i f i c  example of geothermal usage is t h a t  
of  the East Mesa Test Site in Imperial Valley, C a l i f . ,  (59). 

The product ion  of heavy water 
Some p r o c e s s e s  have even been d e s c r i b e d  

TECHNICAL CONSIDERATIONS (PROCESSES AND EQUIPMENT) 

T h i s  ca tegory  d e a l s  w i t h  techniques  of c o n s t r u c t i o n ,  f u n c t i o n s  of  
w e l l s ,  e tc . ,  and t h e  p r o c e s s e s  and equipment needed f o r  t h e  p r o c e s s  ( 4 ) .  
Informat ion  obta ined  from d r i l l i n g  must be  cons idered  an impor tan t  f a c t o r  
( 1 1 , 4 2 ( 4 ) ) ,  because w e l l  d a t a  de te rmines  t h e  temperature ,  s i z e  and c a p a c i t y  
o f  t h e  r e s e r v o i r  t o  b e  s u i t a b l e  f o r  t h e  proposed u s e  ( f o r  h e a t  systems,  3 0 ,  
4 8 ) .  
c i r c u l a t i o n  i s  Sased on t h e  d e n s i t y  d i f f e r e n c e  o f  t h e  f l u i d s  i n  a c l o s e d  
column ( 6 2 ) ) .  
One of  t h e  b e s t  a p p a r a t u s e s  f o r  h e a t  t r a n s f e r  w i t h  geothermal f l u i d s  i s  
t h e  h e a t  pump ( 6 , 7 7 ) .  A h e a t  exchanger i s  o f t e n  needed i n  t h e  p r o c e s s ,  
t oo  ( 7 2 , 7 3 , 7 4 ) ,  down h o l e  exchangers:  ( 4 3 ( 3 )  , 4 4 0 ) ) .  Some g e n e r a l  d a t a  
and c a l c u l a t i o n  methods of  h e a t  measurements have a l s o  been developed 
( 2 , 1 7 , 2 5 , 3 9 ) .  Other  a r t i c l e s :  ( 1 3 , 1 5 , 3 9 , 4 2 ( 3 ) , 7 8 ) .  

Another p r o c e s s  cons idered  i s  t h e  u s e  of a g r a v i m e t r i c  l o o p  (where 

The equipment used i n  t h e  p r o c e s s e s  must a l s o  be  cons idered  

ENVIRONMENTAL AND WASTE DISPOSAL 

The major environmental  concern w i t h  r e s p e c t  t o  geothermal energy 
i s  t h e  composi t ion of  t h e  wastewater ( 4 9 , 5 1 ) .  
t h e  d i s c h a r g e  t h a t  e n v i r o n m e n t a l i s t s  a r e  concerned wi th  i s  hydrogen s u l f i d e  
( H 2 S ) .  I n  a n  a t tempt  t o  s t o p  H2S emiss ions ,  t h e r e  have been H2S abatement 
schemes developed ( 5 0 , 5 5 ) .  The h i g h  m i n e r a l  conten t  of geo- f lu ids  a l s o  
commonly r e s u l t s  i n  d e p o s i t s  of s c a l e  ( 4 1 , 4 3 ( 4 ) ) .  This  p e r t a i n s  e s p e c i a l l y  
t o  f l u i d s  c o n t a i n i n g  s i l i c a  and a r s e n i c  ( 5 2 , 5 3 ) .  Some geo-f lu ids  c o n t a i n  
rare elements  t h a t  can b e  e x t r a c t e d  and used ( 5 4 ) .  

The major component i n  
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ECONOMICS AND EVALUATIONS 

One of t h e  fundamentals of  geothermal energy usage i s  i t s  r e l a t i o n -  
s h i p  w i t h  o t h e r  energy sources  ( i . e .  f o s s i l  f u e l s ,  s o l a r  energy,  and n u c l e a r  
power) (66,68) .  To compare t h e  v a r i o u s  s o u r c e s  t h e  economic f e a s i b i l i t y  
of u s i n g  geothermal energy must be  understood (71,75) .  R.A. Walter 
d e s c r i b e s  a computer program t h a t  s i m u l a t e s  a l l  major f a c e t s  of a geothermal  
system and c a l c u l a t e s  t h e  c o s t  of energy product ion  w i t h  r e s p e c t  t o  c e r t a i n  
c o s t  c o n d i t i o n s  ( i . e .  sunk c o s t s ,  l i f e  of  t h e  p l a n t ,  revenues,  e t c ) ( 7 6 ) .  
Other  ar t ic les  (67,69,70, economics of space  h e a t i n g  31). 
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