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PREFACE 

Under a U.S. bepartment of Energy cooperative agreement, t he  Colorado 
Geological Survey i s  funded t o  conduct a Geothermal Energy Commercialization 
Project .  That pro jec t  has  two primary f ace t s :  an  outreach, or information and 
technical  a s s i s t ance  f a c e t ,  and an ana lys i s  face t .  Inasmuch as the  ana ly t i ca l  
phase can be conducted a t  s i t e - s p e c i f i c ,  a r e a l ,  or  s ta tewide l e v e l s ,  t h i s  
document repor t s  the  r e s u l t s  just of an area ana lys i s  of t he  San Luis Valley i n  
Colorado. 

. Area analyses a re  d i rec ted  toward several  pu,rposes. First, by analyzing - a l l  
the primary condi t ions t h a t  a f f e c t  geothermal energy development, an  es t imate  
can be made of t h e  amount of  energy t h a t  can be b r o u g h t  on l i ne .  T h i s  es t imate  
i n  t u r n  can ind ica t e  the  poten t ia l  value of e f f o r t s  t o  a i d l t h e  development 
process. I t  can a l so  help rank s i t e s  so t h a t  p r i o r i t i e s  f o r  a c t i v i t y  can be 
es tab l i shed  on the  bas i s  of t he  magnitude of t he  energy poten t ia l  and t he  
l ik l ihood of development, 

Secondly, c o n s t r a i n t s  t o  development can be i d e n t i f i e d  so t h a t  recommendations 
can b e  made f o r  ways t o  overcome those cons t ra in ts .  Thirdly,  t h e  document 
i t s e l f  can be used t o  help t h e  geothermal energy market. T h i s  ana lys i s  
addresses a l a rge  number of c h a r a c t e r i s t i c s  of t h e  area and  p u t s  them together  
in to  a comprehensive framework t o  der ive est imates  f o r  possible  energy on l ine .  
Those est imates  ind ica t e  geothermal energy could ul t imately s a t i s f y  most of t h e  
thermal energy demand of communities throughout t he  San Luis Valley, as well a s  
s i g n i f i c a n t l y  a iding t h e  economic development of t he  region. The' primary 

2 cons t r a in t  t o  such development t h a t  was i d e n t i f i e d  i n  t h e  study was t h e  lack of 
knowledge of t h e  economic advantages and of t he  resource i t s e l f .  I t  is  hoped 
t h a t  t h i s  report can help t o  f i l l  t h e  information gap. 

Since the data f o r  t h i s  repor t  and  t h e  report i t s e l f  were compiled i n  ea r ly  
1979, some new information has been co l lec ted .  Two inves t iga t ions  a r e  
cu r ren t ly  underway. The Colorado Geological Survey i s  conducting preliminary 
resource explorat ion work, and Coury & Associates i s conducting ,an evaluat ion 
of t he  poten t ia l  o f  a number of s i t e s  f o r  agr icu l ture .  These and o ther  studies 
should be of enormous benef i t  i n  supplying t h e  necessary information t o  help 
encourage the  development of t h e  valuable geothermal energy i n  t h e  San L u i s  
Val 1 ey. 

. 

I .  INTRODUCTION 

The San Luis Valley Region (Colorado Planning and  Management Region 8)  (Figure 
l ) ,  south-central  Colorado, i s  considered by many res idents  t o  be a prime area 
for  geothermal energy development. Several very successful geothermal 
ag r i cu l tu ra l  f a c i l i t i e s  a r e  located t h e r e  now ( see  Section 111). T h i  

p t s  t o  i nd ica t e  what amount of geothermal energy is  cu r ren t ly ,  
t he  long-range poten t ia l  is  f o r  f u r t h e r  development i n  t h e  valley.  

For t h i s  ana lys i s  , several  k i  n d s  of inves t iga t ions  . a r e  conducted. The f i r s t  i s  
an inve$t iga t ion  of t he  background of t h e  area i t s e l f  (Sect ion 11).  The 
a t t r i b u t e s  considered a re  t h e  geography, population, economy, and a t t i t u d e s  of 
the residents .  Considered, too,  are t h e  energy demands o f  t he  a rea ,  
s p e c i f i c a l l y  the  moderate temperature thermal energy. Both e x i s t i n g  and 

P 

i forecas t  demands a r e  examined. - 
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FIGURE 1. LOCATION OF COLORADO REGION 8 AND THERMAL WATERS. 
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S e c t i o n  I11  c o n s i d e r s  the requ i r emen t s  f o r  geothermal  energy  development.  
These i n c l u d e  socio-economic,  i n s t i t u t i o n a l ,  and envi ronmenta l  c o n d i t i o n s  a s  
well a s  some t e c h n i c a l  a s p e c t s  t h a t  a r e  p o s s i b l e  t o  examine p r i o r  t o  a d e t a i l e d  
i n v e s t i g a t i o n .  Because economic c o n s i d e r a t i o n s  a r e  c r i t i c a l  elements i n  any 
development d e c i s i o n s ,  these a r e  e x p l o r e d ,  a l b e i t  somewhat s u p e r f i c i a l l y .  

‘z 

i r  In  S e c t i o n  IV, the current, proposed ,  and p o t e n t i a l  geothermal  ene rgy  
developments are described. After the  e s t i m a t e d  u s a b l e  thermal  energy  is  
matched w i t h  the  e s t i m a t e d  demand, a p o s s i b l e  schedule of  a c t i v i t i e s  i s  
hypothes ized .  I t  shou ld  be stressed, however, t h a t  t h i s  is  b u t  one s c e n d r i o  of 
many p o s s i b l e  ones ,  and does not  imply a p r e d i c t i o n  f o r  the  future. Although 
i t  is  c o n s i d e r e d  t o  be q u i t e  r e a l i s t i c ,  enterprising and i n n o v a t i v e  
enterpreneurs may f a r  exceed t h e  e x i s t i n g  i n d i c a t i o n s .  Converse ly ,  l a c k i n g  
such entrepreneurs, tihe r e s o u r c e  may remain compara t ive ly  undeveloped. 

S e c t i o n  V is  t h e  summary and c o n c l u s i o n s  s e c t i o n  o f  the  r e p o r t .  
describing the. methodology fo l lows .  

s o u r c e s  a s  referenced i n  t h e  t e x t .  An a t t e m p t  was made t o  avo id  g e n e r a t i n g  new 
d a t a  o r  d u p l i c a t i n g  the  e f f o r t s  o f  o t h e r s .  Few problems were encoun te red  i n  
o b t a i n i n g  the  n e c e s s a r y  d a t a ,  a1 though in .  some c a s e s ,  a judgement was n e c e s s a r y  
about  wh ich  of s e v e r a l  s o u r c e s  would be most a c c u r a t e .  Also ,  i t  i s  most 
u n f o r t u n a t e  t h a t  because  o f  t h e  schedule, th is  r e p o r t  c o u l d  no t  w a i t  f o r  the  
results o f  two s i g n i f i c a n t  studies. One o f  them, Non-Elec t r ic  U t i l i z a t i o n  of 

d Geothermal Energy i n  the  San Luis Va l l ey ,  Colorado  (Coury & Assoc., 1978a ) ,  h z  
just been o b t a i n e d  and was, t h e r e f o r e ,  no t  used a s  a s o u r c e  f o r  t h i s  r e p o r t .  
The o t h e r ,  a comprehensive s tudy  o f  energy  demand conducted  by t h e  Colorado  

i Energy Research I n s t i t u t e ,  will  be completed soon. Lacking t h i s  l a t t e r  
i n f o r m a t i o n ,  e s t i m a t e s  were made o f  t he  ene rgy  demand. These and o t h e r  
a n a l y s e s  a r e  d e s c r i b e d  i n  the  methodology s e c t i o n .  

An appendix 

I 
I 
I 

T h i s  r e p o r t  was compiled,  f o r  t he  most p a r t ,  from d a t a  o b t a i n e d  from secondary  
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11. DESCRIPTION OF AREA 
I Region 8 i s  an 8,180 s q u a r e  mile a r e a ,  i n c l u d i n g  six c o u n t i e s :  Alamosa, 

Conejos ,  C o s t i l l a ,  Mineral, Rio Grande, and Saguache. As F i g u r e  1 shows, i t  i s  
1 l o c a t e d  i n  s o u t h - c e n t r a l  Colorado. I t  i s  a huge ,  a l l ’uv ia l  v a l l e y ,  c a l l e d  the 
1 San Luis V a l l e y ,  bo rde red  by mountain peaks on three sides and by t h e  New 
I Mexico s t a t e  l i ne  on t h e  south .  As t h e  t o p o g r a p h i c  map o f  Figure 2 shows, t h e  

The Rio Grande R i v e r  I t e r r a i n  v a r i e s  d r a m a t i c a l l y  among p a r t s  of the  Region. 
I i n  t he  western p a r t  o f  the r e g i o n  i n  Mineral  County and f lows  

1 ower Val 1 ey. 
I 

Land Use and Ownership 

! A g e n e r a l i z e d  l and  use map ( F i g u r e  3 )  by the  San Luis Va l l ey  Council  o f  
Governments shows t h e  l a n d  use i n  Region 8. As shown, i r r i g a b l e  c r o p l a n d  i s  
the  pr imary  use i n  the  c e n t r a l  v a l l e y .  Much o f  the  western t h i r d  i s  f o r e s t e d  

i land.  The  e a s t e r n  t h i r d  i s  p r i m a r i l y  s a l t  desert s h r u b  land .  Small a r e a s  of 
i s  p a s t u r e 1  and’ a r e  s c a t t e r e d  th roughou t  the  r e g i o n  JSLVCOG, ‘1973). 1 
1 S l i g h t l y  more t h a n  h a l f  o f  the  l a n d  i n  t he  r e g i o n  i s  publicly-owned. As shown 
i k  on Table  1 and F i g u r e  4 ,  f e d e r a l  a n d  s t a t e  l a n d  ownership consti tute a t o t a l  of 

57 percent of the  l a n d  i n  the s ix -coun ty  a r e a .  Even more s i g n i f i c a n t  t h a n  t h e  
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TABLE 1 
ENERALIZED LAND U 

SAN LUIS VALLEY R E G I O N  
(OWNERSHIP BY ACREAGE) 

* 
P r i v a t e  Federa l  S t a t e  County and 

County Land Land Land Mun ic ipa l  T o t a l  

A1 amsoa 316,813 84,258 49,250 1,014 451,335 Acres 
Conejos 272,149 459,952 57,954 140 290,195 Acres 

C o s t i l l a  770,1139 - - 1,267 771,376 Acres 

Minera l  35,630 525,287 60 3,472 564,449 Acres 

5 

Rio  Grande 235,971 320,755 13,836 82 4 571,386 Acres 
Saguache 590,693 1,329,876 95,195 180 2,051,944 Acres 

Source: 1970 Colorado Marke t ing  Manual ( I n  P r e l i m i n a r y  Land Use Plan, 
SLVCOG , 1973) 

l a n d  ownership p r o p o r t i o n s  may be t h e  l a n d  ownership pa t te rns .  Where f e d e r a l  
and state-owned lands  o r  m ine ra l s  a l t e r n a t e  w i t h  p r i v a t e  lands  i n  a 
checkerboard fash ion ,  an energy developer  must o f t e n  o b t a i n  f e d e r a l  o r  s t a t e  
leases  i n  o rde r  t o  p r o t e c t  h i s  investment  i n  e x p l o r a t i o n  and development. 

Popu la t i on  

There a re  an es t imated  42,000 r e s i d e n t s  i n  t h e  reg ion ,  t h e  m a j o r i t y  o f  them i n  
communities. The 1 7  i n c o r p o r a t e d  m u n i c i p a l i t i e s  i n  t h e  area range i n  s i z e  f rom 
10 r e s i d e n t s  a t  Bonanza t o  8,420 r e s i d e n t s  a t  Alamosa (Colorado D i v i s i o n  of 
P1 anni ng, 1976) . A1 though t h e  r u r a l  popul  a t  i on i s a 1 a rge  percentage, 
o n e - t h i r d  o f  t h e  r e s i d e n t s  a re  l o c a t e d  i n  t h e  urban communities of Alamosa and 
Monte V i s t a  and another  29 percent  a r e  i n  t h e  remain ing  15 non-farm communit ies 
(Div:Bus. Res., 1976). As F i g u r e  5 shows, c o n c e n t r a t i o n s  o f  p o p u l a t i o n  a r e  
g e n e r a l l y  congruent  w i t h  t h e  l o c a t i o n s  o f  i d e n t i f i e d  thermal  w e l l s  and spr ings .  

Economic A c t i v i t y  

The economic b a s i s  o f  t h e  San L u i s  V a l l e y  has h i s t o r i c a l l y  been a g r i c u l t u r a l .  
Large percentages o f  t h e  t o t a l  s t a t e  p r o d u c t i o n  o f  severa l  c rops  a r e  produced 
there ,  i n c l u d i n g  100 percent  o f  t h e  spinach, 83 percent  o f  t h e  po ta toes ,  85 
percent  of t h e  l e t t u c e ,  20 pe rcen t  o f  t h e  c a r r o t s ,  and 38 pe rcen t  of  t h e  
bar ley.  Hay, c a t t l e ,  sheep, hogs and p i g s  a re  o t h e r  impor tan t  p roduc ts  (Div. 
Bus. Res., C.U., 1976). 

-s ng i s  another  impor tan t  i n d u s t r y ,  e s p e c i a l l y  i n  M ine ra l  County, "one o f  t h e  
r i c h e s t  s i l v e r  producers i n  Colorado h i s t o r y "  (Div. Bus. Res., C.U., 1976). 
Recreat ion  and t o u r i s m  a c t i v i t y  a r e  growing, too ,  and have enormous growth 
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I I 

I 
! 
1 
I 
i P o t e n t i a l .  Natura l  a t t r a c t i o n s  abound, i n c l u d i n g  t h e  Grea t  Sand Dunes Na t iona l  

i i i n c l u d e  Spanish  v i l l a g e s  and the  e a r l y  m i n i n g  town of  Creede, w h i c h  a r e  
enhanced by t he i r  f e s t i v a l s  and museum d i s p l a y s  (Div. Bus. Res., C.U., 1976) .  

Although the manufac tu r ing  s e c t o r  employed o n l y  6 percent o f  the  r e g i o n ' s  l a b o r  
f o r c e  i n  1974,  i t  i s  the most r a p i d l y  expanding s e c t o r  o f  the  economy. I t s  
expans ion  is  encouraged a s  p a r t  of a reg ion-wide  goal  t o  a c h i e v e  ba lanced  
growth and development.  To a i d  t h i s  g o a l ,  i n d u s t r i a l  pa rks  and o t h e r  p l a n t  
1 o c a t  i ons  a r e  ava i  1 ab1 e th roughou t  t h e  Val 1 ey. I n d u s t r i  a1 development 
c o r p o r a t i o n s ,  revenue bonds,  and Small Business A d m i n i s t r a t i o n  l o a n s  a r e  
a v a i l a b l e  t o  a s s i s t  i n  f i n a n c i n g  f i x e d  c a p i t a l  r equ i r emen t s  (Div. Bus .  Res., 
C.U. 1976, ). Because t h e  a r e a  has  a h igh  unemployment r a t e  and low incomes, 
env i ronmen ta l ly -compa t ib l e  economic development i s  b e i n g  a c t i v e l y  encouraged by 
numerous s t a t e ,  l o c a l ,  and f e d e r a l  o r g a n i z a t i o n s .  

U n f o r t u n a t e l y ,  the  economic c o n d i t i o n s  w h i c h  make economic development 
a p p e a l i n g  a l s o  impose r e s t r i c t i o n s .  Local governments a r e  1 imited by t h e  l a c k  
o f  s t r o n g  revenue bases .  T h e  a b i l i t y  t o  p rov ide  t h e  s u p p o r t  f a c i l i t i e s  and 
services i s  t h e n  limited. I t  i s  further c o n s t r a i n e d  by t h e  d iseconomies  of 
s c a l e  o f  such f a c i l i t i e s  and services f o r  ve ry  smal l  communit ies  (SLVCOG, 
1977).  I n  such set t ings,  i t  i s  i m p o s s i b l e ,  f u r t h e r m o r e ,  t o  have l a r g e  s t a f f s  
o f  s p e c i a l i z e d  p r o f e s s i o n a l s  w i t h  t h e  time and sk i l l s  t o  hand le  numerous and 
diverse t e c h n i c a l  problems. The i n i t i a t i o n  of  programs t o  s h a r e  some services 
can  overcome t h i s  r e s t r a i n t  t o  a l a r g e  degree b u t , c a n n o t  remedy t h e  problem of 

P t o o  small  a demand f o r  wa te r  and sewer services geothermal  h e a t i n g  t o  
j u s t i f y  t h e  c o s t .  

! \ Monument, the  Wolf Creek Ski Area,  three n a t i o n a l  f o r e s t s ,  h i g h  mountain 
I r anges ,  and a s p e c t a c u l a r  narrow gauge r a i l r o a d  t r ip .  C u l t u r a l  a t t r a c t i o n s  

5i 

Other c o n d i t i o n s  i n f l u e n c e  the l o c a t i o n  of new i n d u s t r y  and r e s i d e n t s  and t h u s  
wi l l  i n d i r e c t l y  a f f e c t  t h e  demand f o r  geothermal  energy  development.  These 
i n c l u d e  the need f o r  more e f f i c i e n t  and economical t r a n s p o r t a t i o n  f a c i l i t i e s  
and the need f o r  su f f i c i en t  e l e c t r i c i t y  a t  r e a s o n a b l e  r a t e s .  Fur thermore ,  the  
c a p i t a l  and o p e r a t i n g  c o s t s  f o r  f e r t i l i z e r  and farm equipment a f f e c t  t he  
development p o t e n t i a l  (SLVCOG, 1977) .  

At t i tudes > 

T h e  g o a l s  e x p r e s s e d  by the San Luis  Va l l ey  Council  o f  Governments ( S L V C O G ) ,  an  
o r g a n i z a t i o n  o f  t h e  l o c a l  governments t h roughou t  t he  r e g i o n ,  a r e  amenable t o  
geothermal development.  As shown on Tab le  2 ,  among t h e  h i g h - p r i o r i t y  
a c t i v i t i e s  a r e  t h e  p r e s e r v a t i o n  of  t h e  a g r i c u l t u r a l  i n d u s t r y ,  t h e  development 
of a g r i c u l t u r a l  p r o c e s s i n g  p l a n t s ,  and the  development o f  a l t e r n a t i v e  ene rgy  

Conserva t ion  and Development Agency (SLVRC&D), suggests a s  o b j e c t i v e s  t h e  
i d e n t i f i c a t i o n  of uses f o r  timber by-p roduc t s  and the promotion o f  e x p l o r a t i o n ,  
e x t r a c t i o n  and p r o c e s s i n g  of m e t a l l i c  and n o n m e t a l l i c  o r e s  i n  a manner t h a t  
will preserve n a t u r a l  scenic v a l u e s  (SLVRC&D,1977). Geothermal energy  m i g h t  
supply  the energy  n e c e s s a r y  f o r  p r o c e s s i n g  such products .  , 

I s o u r c e s  (SLVCOG,  1977) .  Another  s o u r c e ,  the  San Luis Va l l ey  Resource  
I 

I 

l 
i s  
f 1 

i *  
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TABLE 2 

SUMMARY OF ECONOMIC DEVELOPMENT 

PRIORITIES QUESTIONAIRE 
\ 

t 

SAN LUIS VALLEY COUNCIL OF GOVERNNENTS 
* 

The fo l lowing  is  a l i s t  o f  economic p r o j e c t s  ranked  i n  p r i o r i t y  
o r d e r  a s  determined by t h e  Economic Development Q u e s t i o n a i r e :  

Pri o r i  t y  

1 

2 

6 .  

7 

8 

9 

10 

11 

12 

13 

P r o j e c t  T o t a l  P o i n t s  

A g r i c u l t u r a l  wa te r  p r o j e c t s  

Community wa te r  and sewer p r o j e c t s  

S o l a r  energy  demons t r a t ion  p r o j e c t s  f o r  
home an'd i n d u s t r i a l  use 

..Agriculture commodity p r o c e s s i n g  firms 

I n c r e a s e  a v a i l a b i l i t y  of development or 
venture c a p i t a l  f o r  new Val l e y  i n d u s t r i e s  

Fire and emergy medicaT c a r e  f a c i l i t i e s  
and equipment 

Expanded medical c a r e  f o r  San Luis Va l l ey  

Moderate c o s t  hous ing  developments  

Organiz ing  new o r  s u p p o r t i n g  e x i s t i n g  county  
development c o r p o r a t i o n s  f o r  promoting new 
industries 

Expanded v o c a t i o n a l  t r a i n i n g  programs and 
o r g a n i z i n g  r u r a l  development commit tees  i n 
each  county  t o  pursue and promote economic 
devel opment 

Development o f  geothermal  d e p o s i t s  for honle 
and i n d u s t r i a l  use 

New o r  expanded e lec t r ic  g e n e r a t i n g  f a c i l i t i e s  
and b io-gas  o r  o t h e r  a g r i c u l t u r a l  r e s o u r c e l e n e r g y  
p l a n t s  

Regional i n d u s t r i a l  promotion and a d v e r t i s i n g  

43 5 

395 

389 

382 

380 

362 

358 

34 1 

335 

331 

327 

326 

316 

-. 

F 

4 



/ 

.- 

TABLE 2 (Cont.) 

14 Regional tourism promotion and advertising 31 5 

15 Small scale purchasing and selling cooperatives 
3 for smaller scale farm operators and other groups 313 

16 Locating new State facilities in Region 3 

17 Expanded pub1 ic employment projects ' 294 

18 Timber processi ng firms 287 

19 New or improved industrial parks 
and 

285 , (  Completion of major highway projects 

Expanded recreation facilities for Valley 
residents 271 

Small business management advisory service 

Community curb, gutter and' paving projects 

Expansion of A d a m  State College enrollment/ 
faci 1 it i es 

and 
266 

22 
264 

i 23 Community/adul t education projects 263 

259 

? 

Rural public transportation system connecting 
Val ley's municipalities 

24 

25 New winter sports areas,, e.g., ski areas 245 - 

26 Hiring an industrial development specialist 232 

27 Specul at1 ve in'dustri a1 bui 1 ding construction 
and 

airport facilities including jet service, 223 

28 shopping district renovations 207 
\ 

\ 

Source: San Luis Valley Council of vernments, 197 

- 
T 

* 
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Energy Demand 

I n  o r d e r  t o  e s t i m a t e  the  p o t e n t i a l  f o r  geothermal  ene rgy  use, i t  i s  n e c e s s a r y  
f i r s t  t o  i n v e s t i g a t e  the  ex is t ing  consumption o f  ene rgy  and t o  f o r e c a s t  ene rgy  
consumption f o r  the  future. Because n a t u r a l  gas  is the primary fuel used t o  
s a t i s f y  the energy  demands f o r  w h i c h  d i rect  thermal  use of geothermal  energy  i s  
a p p r o p r i a t e ;  i t  i s  used a s  a b a s i s  f o r  comparison. As shown i n  Table  3, 
n a t u r a l  gas  is d i s t r i b u t e d  i n  1 3  communit ies ,  some of which  a r e  i n c o r p o r a t e d  
communities. ~ Those remain ing  are unserved. 

As Table  4 shows, a t o t a l  o f  1,594,400 Mcf was consumed i n  1977 th roughou t  the  
Val ley ,  most o f  t h a t  b e i n g  used by r e s i d e n t i a l  and commercial customers .  To 
account  f o r  the thermal  energy demand i n  t h o s e  communit ies  no t  served by 
n a t u r a l  gas ,  e s t i m a t e s  were made based on consumption i n  served a r e a s  ( s e e  
Appendix A - Methodology). Table  5 shows the e s t i m a t e d  current and f o r e c a s t  
r e s i d e n t i  a1 and commercial thermal  energy  de.mand f o r  selected communi t i e s  i n  
Region 8. 

The' i n d u s t r i a l -  demand was i den t i f i ed  from a l i s t  of a l l  m a n u f a c t u r e r s  i n  the  
r eg ion ,  t h e i r  annual  energy  r equ i r emen t s ,  and p r o c e s s  t e m p e r a t u r e s  r e q u i r e d  
(Table  6). From th i s  l i s t ,  manufac tu re r s  t h a t  m i g h t  be c a n d i d a t e s  f o r  
geothermal ene rgy  use can be selected. The f o r e c a s t  i n d u s t r i a l  demand i s  
t r e a t e d  s e p a r a t e l y  ( S e c t i o n  IV) because  o f  the s p e c i f i c i t y  o f  the  p r o c e s s  uses 
f o r  w h i c h  geothermal  energy i s  a p p r o p r i a t e .  

Although 13 Region 8 communities have n a t u r a l  gas service, a morator ium on new 
n a t u r a l  gas  t a p s  was i n  effect  from 1973 t h r o u g h  1978 (George P a r k i n s ,  pers. 
comm., 1978). The  supplier r e c e n t l y  announced the  l i f t i n g  o f  t h a t  moratorium 
(Denver P o s t ,  November 29,  1978).  While i t  was i n  f o r c e ,  l ong  w a i t s  f o r  gas  
t a p s  f o r c e d  some consumers t o  t u r n  t o  e l e c t r i c i t y  or  propane for  h e a t ,  bo th  
more expens ive  than  n a t u r a l  g a s  (George P a r k i n s ,  pers. comm., 1978) .  Even 
though the morator ium has been l i f t e d ,  supplies a r e  n o t  expec ted  t o  s a t i s f y  
t o t a l l y  the demand. Futhermore,  i n d u s t r i a l  users a r e  o f t e n  on i n t e r s o p t i b l e  
service (George P a r k i n s ,  pers. comm., 1978), and the energy  dependency of the  
v a l l e y ,  w h i c h  impor t s  45 percent o f  i t s  e l e c t r i c a l  energy  and a l l  of i t s  
pe t ro leum products , '  would seem t o  s t i m u l a t e  a demand f o r  a l t e r n a t i v e  forms of 
energy (SLVCOG, 1977) .  

111. REQUIREMENTS OF GEOTHERMAL ENERGY DEVELOPMENT 

c 

I n  o r d e r  t o  s p e c u l a t e  w i t h  any degree  o f  r e a l i s m  about  the geothermal  ene rgy  
development t h a t  c o u l d  occur  i n  Region 8, the  r e q u i r e m e n t s  f o r  t h a t  development 
must be i n v e s t i g a t e d .  T h i s  i n v e s t i g a t i o n  is n e c e s s a r y ,  t o o ,  f o r  u n d e r s t a n d i n g  
c o n s t r a i n t s  t h a t  m i g h t  be l i m i t i n g  such development.  Among those 
c o n s i d e r a t i o n s  a r e  i n s t i t u t i o n a l  ones ,  w h i c h  i n  t h i s  c a s e  a r e  c o n s i d e r e d  t o  be 
the p o l i c i e s  and the p r a c t i c e s  of  government agencies w i t h  w h i c h  a p o t e n t i a l  
geothermal deve lope r  must d e a l .  

I n s t i t u t i o n a l  C o n s i d e r a t i o n s  

Foremost among the i n s t i t u t i o n a l  c o n s i d e r a t i o n s  t h a t  a f f e c t  geothermal  
devel opment a r e  t h e  1 e a s i  ng and permi tti ng 1 aws, r egu l  a t  i o n s ,  and p rocedures  of 
the f e d e r a l ,  s t a t e ,  and l o c a l  governments.  Leases  on p u b l i c  l a n d s  a r e  o f t e n  
r e q u i r e d  for  geothermal  devel opment , p a r t  i cul arljr i n  1 i g h t  o f  the checke rboa rd  
l and  ownership patterns discussed i n  S e c t i o n  11. t e a s i n g  on p u b l i c  l a n d s  i n  

.) 
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TABLE 3 
COMMUNITIES S E R V E D  BY NATURAL GAS, 1977 

0 A1 amosa Romeo 
Antoni t o  Ma nassa 
Conejos. Monte Vista 

Guadalupe ' Saguache 
Del Norte La J a r a  
Center 

i ~ Capul i n Sanford 

Source: San Luis Valley Regional Planning and Development Commission, 1977. 

TABLE 4 

EQUIVALENT NATURAL GAS CONSUMPTION 
SAN LUIS VALLEY 

COLORADO 
1977 

Resident ia l  Commerci a1 

Number of Number of 
MCF Customers MCF Cust omers 

i Customers 794,879 5,050 689,719 936 - 
Natural Gas 

Estimated , 
Natural Gas 
Equi Val ent 
i n  Unserved 
Areas 143,496 92 5 123,407 165 

Tot a1 
E s t  i mated 
Natural Gas 
Equ i Val ent 
Consumption 938,375 5,975 813,126 1,101 

Source: George P a r k i n s ,  P u b l i c  U t i l i t i e s  Commission and Estimates by 
Colorado Geol ogi cal  Survey. 

, t h e  San Luis Valley has been f a i r l y  extensive.  However, a t o t a l  of 39,744 
acres of s t a t e  leases  and 1,163 acres  of federal  l eases  have been dropped i n  
the  past year (Colorado Land Board,  U.S. Department o f  I n t e r i o r ,  Bureau of Land 

power 
generation, presumably the  l ea ses  were dropped because evidence of h i g h  

t u r e  resources was lacking. In s p i t e  of t he  dropped acreage, geothermal 
on 19,582 acres  o f  s t a t e  land and 12,670 acres  of federal  land are s t i l l  
c t  (see Table 7 ) .  

Management, 1978).  Since the  focus of t he  l e s sees  has been on e l e c t r i c a l  

c 

- 13 - 
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TABLE 5 

ESTIMATED THERMAL ENERGY DEMAND 
FOR SELECTED C M U N I T I E S  

I N  REGION 8 I 

FORECAST BTU'S X 1O1O 
ESTIMATED 
RESIDENTIAL 
AND 
COMMERCIAL 
THERMAL 

RESIDENTIAL 
AND 
COMMERCIAL 
THERMAL 

FORECAST ENERGY - 

DWELLING DEMAND 
UNITS 2020 
2020 BTU'S x 1010 

2185 
118 
891 
830 
387 - 

2,444 38.016 

ESTIMATED 
DWELL I NG 
UNITS 
1975 

107 
41 

317 
290 
223 
978 
- 

YEARLY 
ENERGY 
CONSUMPTION 
INCREASE 

FORECAST ESTIMATED 
POPUVTION 
1975 COMMUNITY 

Baca Grande 
Hooper 
i4anassa 
San Luis 
Creede 

300 
114 
889 
812 
624 

2,739 
- 

330 
2,496 
2,324 

6,233 
1.083 

15.213 0.46 (3%) 

I 
-. 
P 
* 

8,420 3,007 21,404 7,644 
1,788 639 2,713 969 

, 238 1,754 626 
866 

A1 amsa 
Del Norte 
Sanford 667 
Center 1,594 569 &% 1 6 ; m  157,183 2.93 (3%T 12;lmv w - 
La Jara 796 

332 Romeo 
1,128 
- 284 2,298 82 1 

31 5 118 

402 6,253 3,181 1,136 17.671 0.25 (4%) 
- ------L- I 

883 - - - 

Monte Vista 4,487 1,602 6,783 ' 2,423 
- 

South Fork 204 4455 
Saguache 678 242 958 342 

GRAND 

TOTALS 23,228 8,294 129.013 49,787 17,999 279.979 

1U.S. Bureau o f  the Census, 1978 
2Based on average occupancy o f  2.8 persons 
3Based on 1977 res ident ia l  and commercial consumption per res ldent ia l  custane 
4Extrapolated from forecasts by Colorado Divis ion of Planning 
5Based on average reglon-wide community growth rate 

Antonita L 1 156 - 41 3 L 3 091 1,104 
6,892 2,461 38.281 12,078 4,314 67,1043 0.76 (2%) - . -  - - - 

4 Y 4 .L 



TABLE 6 
MANUFACTURERS 

IN R E G I O N  8 
1976 

c 

Btu's x l o l o  

Energy Low or 
i Estimated 

/ Number Need for each Moderat e 
SIC1 o f  SERI Interpl an Temp. 

9 Code Faci 1 i t  i e s  Data Data Required( " C )  Type' - 
- 

eat packing plant 2011 2 1.831 1 7 7  



. 
TABLE 6 (Cont.). 

B t u ' s  x lo1* 
Estimated 
Energy Low o r  9 

Number Need for each Moderate 
t 

SIC1 of SERI I n t e r p l a n  Temp. 
Code Faci 1 i t i e s  Data Data Required ( " C ) )  

- 

equipment 3523 1 WA 
C o n s t r u c t i o n  machinery 3531 1 3.081 1371 
Conveyor & conveying 

equipment 3535 1/3 NA 
BTowers & f a n s  3564 113 NA 
Machine shops ,  

j o b b i n g  81 r e p a i r  3591 1 I 2  NA 
Motor vehicle p a r t s  

& a c c e s s o r i e s  3714 1 3,081 1371 
Truck t r a i l e r s  3715 1/3 ,960 316 
S u r g i c a l  a p p l i a n c e s  

& supplies 3842 1 520 93 
J e w e l r y ,  p r e c i o u s  
. metal  3911 3 . 127 93 
*Costume j e w e l r y  3961 2 ,202 93 f 

* Sources :  'Un ive r s i ty  o f  Colorado ,  Boulder, Business Research  D i v i s i o n ,  
D i r e c t o r y  o f  Colorado Manufac turers ,  1976; 
I n t e r p l a n ,  Denver, Colorado ,  unpubl i shed  d r a f t ,  1978, 
and S o l a r  Energy Research  Ins t i tu te ,  Denver ,  1978, 
unpub l  i shed  d r a f t  ; 

Note: Data  from I n t e r p l a n ,  ( s t a t e w i d e  a v e r a g e s ) ,  when a v e r a g e  
consumption Val ues were ava i  1 a b l e  f o r  Colorado;  from SERI 
(na t ionwide  ave rage )  when n o t  a v a i l a b l e .  V a r i a t i o n s  a r e  wide. 

*Where more t h a n  one a c t i v i t y  was performed by a firm, 
the energy  r equ i r emen t s  were s p l i t  p r o p o r t i o n a t e l y .  



c +, +' *' b4 & 

-. 
* 

I 

* 

Table 7 
L LEASES ON PUBLIC LANDS 

I N  REGION 8, COLORADO, 
DECEMBER, 1978 

( 

Total 
Resource Lease Leased f o r  

Area 

Sand Dunes $34 General Geothermal State 8,183.33 39Ns12E, Sec. 5,6,7,18 A1 amosa 

Areh Number Lessee Lessor - Acres Description County - 
39N,llE, Sec. 16 
40N,llE, Sec. 25,26,27,34,35,36 
40Ns12E, Sec. 30: W112 E112, W112, 31. 

General Geothermal State 8,120.00 41Ns10E, Sec. 13: N 112 NE 114 Saguac he 16,303.33 
W 112, W 112 SE 114, 14,15,16,22,23, , 
24: S 112 NE 114; NW 114 NE 114; 
W 112; SE 114; 25,26,27,34,35,36 * 

Splashland 635 C. A. Underwood State 1,120.00 33N,8E Cone j o s  
I 

4 
-I 

9 

37N,l2Es Sec. 2,  l o t s  3,4, 
S112 NW 114, SE 114 Sed 3: 

38Ns13E, Sec. 30; Lots 1-4, 
Sec. 31: Lots 1-4 

29S,73WS Sec. 7: Lots 1-4, 
E 112, E 1/2 W 112 ( a l l )  

A1 amosa ' ,  Geothermal Ki net1 cs BLM 1,000.60 

Lots  1-4, S 112 N 112 

Geothermal Kinetics BLM 827.31 38Ns13E, Sec. 7: Lots 1-4 A1 amosa 

A1 amosa Geothermal Kinetics BLM 1,042.47 29Ss73W, Sec. 17: a l l ,  
Sec. 20: N 112, Sec. 31: 
Lot 2, NE 114 NW 114 

.A 

Geothermal' Kinetics BLM 1 106.00 29Ss73W, Sec. 18: Lots 1-4 A1 amosa 5,096.38 
E 112, E 1/2 W 112, Sec. 19. 
Lots 1, 2, NE 114, E 1/2, NW 114 
Sec. 21:'Lots 1,2, NW 114 NW 114 

~ -~ ~~ 
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Mineral Y31 

I 

a3 
I 

Phillips Petroleum BLM,USFS 

Ph i l l ips  Petroleum BLM 

Phillips Petroleum BLM 

TABLE 7 (Cont.) 

Phillips Petroleum BLM 

Phillips Petroleum 

329,50 46N,llE, Sec. 31: Lots 1-4, Saguache 
E 112 W 112 

320.00 46NS10E, Sec. 33: NE 114, Saguache I 

NE 1/4 NW 114, W 112 SE 114, 
NE 1/4 SE 114 

Saguache 1 , 120.00 45N,10ES Sec. 22: NE 114 
Sec. 23; N 1/2 
Sec. 25; All 

1,644.50 46N,10ES Sec. 19: Saguache 
Lots 1,2,3, NE 114 SW 114, 
NW 1,4 SE 114 
Sec. 21: All  
Sec. 27: All 
Sec. 29: NE 114 

2,484.28 45NS9E; N,M,P. Sec. 2: 
S 1/2 NU 114, SW 114 
Sec. 3: Lots 1,2,3,4, 
Sec. 10: N 112, N 1/2 
Sec. 11: N 112 
Sec. 12: W 112 NU 114 
46NS9E; N.M.P.M. 
Sec. 34: All 

Lots 2,3,4, 

5 1/2 N 112, S 1/2 
SW 114, NW 114 SE 114 

1,636.42 45NS10E; N.M.P., Sec. 1: Lots 1,2,3,4, 
S 112 N 112, SW 114, W 112 SE 114 
Sec. 2: Lot 1, S 112 N 112, S 112 

Sec. 35: N 112, N 112 S 112, S 112 SW 114 
46N,10E; N.M.P.M. 

I . 
4 Y 
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Since  .the r e s o u r c e  a r e a s  i n  Region 8 a r e  c o n c e n t r a t e d  for the  most p a r t  n e a r  
t h e  center o f  t h e  v a l l e y  where t h e  p r i v a t e  l a n d  p redomina te s ,  a d d i t i o n a l  
l e a s i n g  of  p u b l i c  l a n d s  may not  b e  n e c e s s a r y  f ,or  d i r e c t  thermal  geothermal  

f o r  a p i p e l i n e  would most l i k e l y  be n e c e s s a r y  i n  o r d e r  t o  t r a n s p o r t  t he  f l u i d  
t o  Creede. Leases  from USBLM u s u a l l y  t a k e  a m i n i m u m  of 3 months and l e a s e  
a p p l i c a t i o n s  sent f o r  review by the US Forest S e r v i c e  i n  1974 were s t i l l  
pending i n  1978. ( C r a i g  Losche, p e r s .  comm., 4978). In  l i g h t  o f  these time 
requ i r emen t s ,  p r i v a t e  l e a s e s  would seem t o  b e  more a t t a i n a b l e .  The time 
requir-ed f o r  t h o s e ,  however, i s  u n p r e d i c t a b l e  and can  vary, a p p r e c i a b l y ,  

When f o d e r a l  l a n d s  a r e  d e s i g n a t e d  as Known Geothermal Res'ource Areas  (KGRA's), 
t he  l e a s i n g  p r o c e s s  i s  compl i ca t ed  and l eng thened  i n  such a r e a s ,  because  
c o m p e t i t i v e  r a t h e r  t h a n  non-compet i t ive  l e a s e s  a r e  r e q u i r e d ,  and l e a s e s  a r e  
more c o s t l y  because  bonuses  must be pa id  (Paul  Summers, pers. comm., 1978).  As 
shown on Table  8, three a r e a s  i n  t h e  San Luis Va l l ey  have been d e s i g n a t e d  a s  
K G R A ' s .  ~ 

I n  most i f  not  a l l  a r e a s ,  v a r i o u s  p u b l i c  a u t h o r i t i e s  r e g u l a t e  development of 
v a r i o u s  k inds .  The  time and extent of d i f f i c u l t y  requir .ed i n  o b t a i n i n g  
nedessa ry  pe rmis s ion  a f f e c t s  t he  r a t e  and magnitude o f  development.  T h e  s t a t e  
permits r e q u i r e d  f o r  geothermal  development r e q u i r e  u p  t o  6 months t o  o b t a i n .  
T h e  amount o f  time r e q u i r e d  t o  o b t a i n  l e a s e s  on s t a t e  l a n d s  i s  about  t h e  same 
(Coe, 1978) .  

Local j u r i s d i c t i o n s ,  c o u n t i e s ,  o r  municipalities a r e  a l lowed t o  c o n t r o l  
development w i t h i n  the i r  boundar i e s  (C.R.S. 1973, 24-65, 29-20, 31-23, 31-12).  

c o n d i t i o n a l  use permit i s  r e q u i r e d  i n  o r d e r  to c o n s t r u c t  p i p e l i n e s  o r  
p r o c e s s i n g  p l a n t s .  Any new s u b d i v i s i o n  i s  s u b j e c t  t o  s u b d i v i s i o n  r e g u l a t i o n s .  
I n  a d d i t i o n ,  t he  geol  o g i c a l  h a z a r d s  s e c t i o n  o f  the  regul a t  i ons  coul  d a1 1 ow f o r  
review and approval  o f  any geothermal  development.  Appl ica t ion  is  made 
i n i t i a l l y  t o  the Alamosa County P l a n n i n g  Commission. Fol lowing  revie? and a 
p u b l i c  h e a r i n g ,  the  Board of County Commissioners wil l  make t he  f i n a l  d e c i s i o n  
about  whether o r  no t  t o  a l l o w  the proposed development.  About six months i s  
g e n e r a l l y  r e q u i r e d  f o r  t he  comple te  p r o c e s s  (Mar i lyn  P o r t e r ,  pers. comm., 
1979) .  

development,  a t  l e a s t  i n i t i a l l y .  Ob ta in ing  a U.5. F o r e s t  S e r v i c e  r igh t -of -way 9 

W 

ending  u p o n  the i n d i v i d u a l  owners. 

7 

As an example,  i n  Alamosa County, o u t s i d e  any munic ipa l  j u r i s d i c t i o n ,  a t 

Environmental  C o n s i d e r a t i o n s  

Other c o n s i d e r a t i o n s  i n  a s s e s s i n g  geothermal  development o p p o r t u n i t i e s  i n c l u d e  
the  p o t e n t i a l  f o r  d e g r a d a t i o n  o f  t h e  phys ica l  environment .  I f -  s e r i o u s  
envi ronmenta l  damage would r e s u l t  from geothermal  development o r  from r e l a t e d  
a c t i v i t i e s ,  proposed development c.ould be den ied  o r  de l ayed  by l o c a l ,  s t a t e ,  
and f e d e r a l  agency r e g u l a t i o n s .  S t u d i e s  by Coury A s s o c i a t e s  (1978a)  and by 
the Bureau of  Land Management (USBLM, 1975)  i n v e s t i g a t e d  some o f  the p o s s i b l e  
envi ronmenta l  impacts .  Their s t u d i e s  have shown t h e  fo l lowing:  

Air - A i r  p o l l u t j o n  is  one p o s s i b l e  a d v e r s e  e f f e c t  of geothermal  development.  
m h o u g h  a i r  p o l l u t i o n  w i l l  n o t  g e n e r a l l y  be t h e  problem w i t h  hydro thermal  

~ r e s o u r c e s  t h a t  i t  can be  wi th  s team, t b e  p o t e n t i a l  m u s t  be e v a l u a t e d  and steps 
t a k e n  t o  p r e v e n t  the  emiss ion  of  i n t o l e r a b l e  amounts o f  t o x i c  m a t e r i a l  i n t o  t h e  
a i r  (Colo. Air P o l l u t i o n  Cont ro l  Comm., 19771, 
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TABLE 8 (Cont.) 

VALLEY VIEW KGRA 

T. 46 N., R. 10 E. 1636.42 
Sec. 
T. 453i:,NR!/:6 E". 
Sec. 1: L o t s  1, 2, 3, 4, on bas i s  o f  1637 Acres) 

Sec. 2: L o t  1, S 1/2 N 1/2, S 1/2 

7 T. 45 N., R. 10 E. 1634.45 
Sec. 3: SE 1/4 (Bonus must be computed 
Sec. 4: L o t s  2, 3, 4 
Sec. 10: E 1/2 
Sec. 11: A l l  
Sec. 15: E 1/2, S 1/2 SW 1/4 

1 / 2  S 112, S 1/2 SW 1/4 
6 

(Bonus must be computed 

S 1/2 N 1/2, SW 1/4, 
W 1/2 SE 1/4 

, 

on bas i s  o f  1635 Acres) 

To ta l  Acreage: 3270.87 

Source: U.S. Department o f  I n t e r i o r ,  Bureau o f  Land Management, 
Colorado O f f i c e  , 1978. 

As i n d i c a t e d  i n  t h e  USBLM r e p o r t ,  dust  from v e h i c u l a r  movement and c o n s t r u c t i o n  
a c t i v i t y  and escape o f  gases when w e l l s  a re  vented d u r i n g  t e s t i n g  cou ld  be 
problemmatic (1975). However, as Coury & Associates (1978a) p o i n t  out  i n  t h e i r  
analys is  o f  t h e  environmental e f fec ts  o f  development i n  t h e  Baca Grant area, 
no s i g n i f i c a n t  q u a n t i t i e s  o f  noncondensible gases a re  present  i n  t h e  f l u i d  o r  
w i l l  be re leased i n t o ' t h e  atmosphere. Since t h i s  assessment cannot n e c e s s a r i l y  
be genera l ized t o  t h e ~ e n t i r e  region, a s i t e - s p e c i f i c  a n a l y s i s  would be needed 
p r i o r  t o  any development . 
- Land - Another p o s s i b i l i t y  f o r  environmental damage i s  damage t o  t h e  land. For  
instance, some subsidence cou ld  r e s u l t  from t h e  e x t r a c t i o n  o f  geothermal f l u i d .  
Because t h e  San L u i s  V a l l e y  i s  composed p r i m a r i l y  o f  unconsol idated sediments, 
removal o f  l a r g e  q u a n t i t i e s  of water cou ld  i n i t i a t e  compaction r e s u l t i n g  i n  
subsidence a t  t h e  surface (Michael Galloway, pers. comm., 1978). As po in ted  
out by Coury and Associates however, e x i s t i n g  i r r i g a t i o n  w e l l s  seem t o  have 
r e s u l t e d  i n  l i t t l e  subsidence. Furthermore, i f  subsidence should occur, i t  may 
o r  may no t  be de t r imen ta l ,  depending upon t h e  l o c a t i o n  o f  such subsidence 
(Coury & ASSOC., 1978a). Although a usual p reven t i ve  measure i s  t o  r e i n j e c t '  
f l u i d ,  t h e  proper procedure cannot be d e f i n i t i v e l y  known u n t i l  a f t e r  
e x p l o r a t o r y  d r i l l i n g  and t e s t i n g .  

The Sangre de C r i s t o  f a u l t  i s  probably t h e  most a c t i v e  f a u l t  i n  Colorado. 
Because of t h i s ,  t h e  San L u i s  V a l l e y  i s  l i k e l y  t h e  most p o t e n t i a l l y  hazardous 
area i n  t h e  s t a t e  f o r  earthquakes (R.M. Kirkham & W.P. Rogers, 1978). 
Furthermore, t h e r e  i s  s i g n i f i c a n t  p o t e n t i a l  f o r  d e b r i s  and mud f l ows  i n  
a l l u v i a l  fan areas o r  bajada complexes, such as those found i n  p a r t s  o f  t h e  
Baca Grant (R,M. Kirkham, pers. comm., 1979). By s t a t e  l a w ,  any proposed new 
s u b d i v i s i o n  i s  reviewed by t h e  Colorado S ta te  Geological  Survey t o  assure t h a t  
p o t e n t i a l  hazards are adequately addressed (C.R.S. 1973, 30-28-137) . But 

1 

4 

~ 

9 

1 
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because of the presence of these geologic hazards, an development pro osed.to 
specific evaluation ( R . M .  Kirkham, pers. comm., 1978). 

4r Soil erosion (primarily from vehicle movement and construction) is also 
mentioned by the USBLM (1975) as a potential negative environmental impact of 
geothermal development in the San Luis Valley. A1 though generally considered 

i to be negligible, this, too,,requires site-specific analysis to determine the, 
severity of any problem. 

- Water - Water quality is another environmental aspect of geothermal 
development. The fluid must be disposed of in some manner after removing the 
heat. Whether reinjecting the fluid or discharging the fluid at the surface, 
the results must satisfy the criteria of. the Environmental Protection Act 
(Water Quality Control Commission, pers. comm., 1977). The highest dissolved 
solids content that has been identified in the geothermal fluid of the valley 
so far is less than 1,500 mg/l (Bdrrett and Pearl, 1978). This is an 
indication that disposal of the fluid should no! degrade the quality of surface 
or subsurface waters significantly. To minimize both the subsidence and the 
water pollution potential, however, Coury 81 Associates (1978a) recommend 
reinjection of the fluid "into aquifers similar to those from which they are 
produced 'I. 

Concerns about water quality include concerns about the disposal of waste from 
agricultwal or industrial processes that might use the geothermal energy. The 
Regional Comprehensive Plan prepared by the San Luis Valley Council of 

h Governments has indicated that the sensitive natural environment constrains 
industrial operations requi ri ng extensi ve waste di sposal (SLVCOG, 1974). 
Proposals to dispose of waste would be evaluated on a site- and use-specific 

5 basis. 

Plants and Wildlife - Insignificant impacts to vegetation from geothermal 
development were predicted in the USBLM report. However, wildlife could be more 

verely affected. In particular, since thermal pollution of streams could 
use trout losses, waste disposal must be carefully controlled. Extensive 

development in the winter could reduce antelope, elk, and deer populations 
. S o  Bureau of Land Management,l975) so that indirect impacts related to 

use the geothermal resource in the valley would probab ji y require a care 8 ul site 

- 

eothermal development should .be evaluated on a site-specific basis. 

Ecological Interrelationships - If drill-ing were to cause natural ho 
to decline or cease discharging, several results could be anticipated, 
according to the U.S.B.L.M. report. As the report indicates, "Growing seasons 
would be shorter, aquatic plants and animals currently dependent upon the hot 
water would have smaller populations or die out, perishable archaelogic remains 
possibly located in the presently boggy drainage below the springs would lose 
their protective stable temperatures and wet conditions, and the effect of a 
winter oasis on the wildlife and nearby terrestrial plants would be greatly 
reduced or lost" (U.S. Bureau of Land Management, p. 26, 1975). Conversely, 
environments could be created in new areas, if desirable. 

ct' uman Values - Several possible adverse impacts on the community facilities in 
the valley were noted by Coury & Associates (1978a). Among these are possible 
overloads of sewer, water and utility systems and schools if a population ' 

increase should occur. Whether such a population influx would occur would 
depend upon the location and nature of the geothermal energy uses. Processing 

- 23 - 



- . 
p l a n t s  t h a t  would add l a r g e  numbers o f  new r e s i d e n t s  t o  smal l  communities would 
probably no t  f it t h e  goa ls  of t h e  res iden ts .  Those t h a t  would p r o v i d e  j o b s  f o r  
some o f  t h e  l a r g e  numbers o f  unemployed workers should be q u i t e  popular,  
according t o  a survey r e c e n t l y  conducted (SLVCOG, 1977). 

Water Avai 1 a b i  1 i t y  ' ? 

The- a v a i l a b i l i t y  o f  water  i s  an i ssue  t h a t  a r i s e s  whenever any s i g n i f i c a n t  
development i n  t h e  San L u i s  V a l l e y  i s  discussed. The R i o  Grande R i v e r  Compact 
r e q u i r e s  t h a t  t h e  R i o  Grande supply  c e r t a i n  amounts o f  water  a n n u a l l y  t o  New 
Mexico, Texas, and Mexico. Because. o f  a p r e v i o u s l y - i n c u r r e d  d e f i c i t  and t o  
assure compliance w i t h  t h e  Compact i n  t h e  f u t u r e ,  no new w e l l s  a re  a l l owed  by 
the  S t a t e  Engineer except f o r  domestic use because o f  t h e  danger o f  drawing 
down t h e  su r face  water  (Fred Loo, pers. comm., 1978). 

The' o n l y  excep t ion  i s  w e l l s  i n  t h e  sha l low a q u i f e r  o f  the '  Closed Bas in  (Fred 
Loo, pers. comm., 1978), where t h e  water  t a b l e  i s  ex t remely  high, and about 
1,000,000 acre- fee t  o f  water evaporate each yea r  (SLVCOG, 1977). The m ine ra l s  
which a re  l e f t  behind degrade t h e  va lues o f  t h e  l a n d  f o r  a g r i c u l t u r e .  The 
Closed Bas in  P r o j e c t  o f  t h e  U.S. Bureau o f  Reclamation i s  designed t o  reduce 
t h e  water  t a b l e  by d r i l l i n g  w e l l s  and d i v e r t i n g  t h e  water  i n t o  t h e  R i o  Grande 
R ive r  (R. Pear l ,  pers. comm., 1978). Th i s  w i l l  h e l p  meet t h e  Compact 
requirements, improve p r o d u c t i v i t y  of t h e  land, and p r o v i d e  more water  f o r  t h e  
Val l e y .  Others have suggested d i v e r t i n g  Closed Bas in  water  t o  metropol  i t a n  
areas (Char les Underwood, pers. comm., 1978). 

c 

The l a c k  o f  water  now and u n c e r t a i n t y  f o r  t h e  f u t u r e  c r e a t e  a c e r t a i n  r i s k  f o r  
p o t e n t i a l  developers. I n  p a r t i c u l a r ,  a l a r g e  i n i t i a l  c a p i t a l  investment  i n  
a g r i c u l t u r a l  p rocess ing  p l a n t s  r e q u i r e s  t h e  long- te rm a v a i l a b i l i t y  o f  
a g r i c u l t u r a l  roducts.  The produc ts  themselves r e l y  upon water  a v a i l a b i l  i t y  
(SLVCOG, 197851. When a long- te rm water  supply  i s  n o t  assured, developers may 
be r e l u c t a n t  t o  make investments. Another water  i ssue  i s  t h e  p o s s i b i l i t y  o f  
d i v e r s i o n  o f  water  f rom a g r i c u l t u r a l  t o  o t h e r  uses. Fo r  example, t h e  San Marco 
P i p e l i n e  Company's proposal  t o  use v a l l e y  water  f o r  c o a l  s l u r r y  t r a n s p o r t  m igh t  
d i v e r t  water  f rom e x i s t i n g  uses. However, a s tudy  by Z o r i c h  & Erker ,  
c o n s u l t i n g  engineers, has i n d i c a t e d  t h a t  a second c l o s e d  b a s i n  i n  t h e  
southwestern p a r t  of t h e  v a l l e y  c o u l d  p r o v i d e  water  t o  t h e  p i p e l i n e  w i t h  no 
impact on t h e  o t h e r  r e s e r v o i r s  o r  su r face  water  (R. Pea r l  , pers. comm. , 1979). 
Adding t o  t h e  comp lex i t y  o f  t h e  water  i ssues  i s  t h e  expressed goal of t h e  San 
L u i s  V a l l e y  COG t o  keep v a l l e y  water i n  t h e  v a l l e y  (SLVCOG, 1978). 

Technical  Cons ide ra t i ons  

D i f f i c u l t  o r  unusual t e c h n i c a l  requi rements can prec lude,  slow, o r  a t  t h e  
l e a s t ,  add t o  t h e  c o s t  o f  geothermal development. As such, a n t i c i p a t i n g  
t e c h n i c a l  problems i s  he1 p f u l  . 
As i n d i c a t e d  i n  t h e  preceding s e c t i o n  of t h e  r e p o r t ,  t h e  requ i rements  of 
f e d e r a l ,  s t a t e ,  and l o c a l  agencies f o r  development must be met. As such, t h e  
d isposa l  o f  waste p roduc ts  and t h e  manner i n  which a resource  area i s  developed 
must meet t h e  requi rements i n d i c a t e d  by  those agencies hav ing  j u r i s d i c t i o n .  As 
p r e v i o u s l y  noted, i n d i c a t i o n s  o f  t h e  env i ronmenta l  r e p o r t s  are, howelver, t h a t  F 
few c o n d i t i o n s  e x i s t  t h a t  would r e q u i  r e  unusual t rea tmen t  . Low d i  ssol ved 
minera l  con ten t  o f  t h e  water  would seem t o  i n d i c a t e  t h a t  c o r r o s i o n  and s c a l i n g  
problems t h a t  i n  some areas demand s p e c i a l  a l l o y s ,  heat exchangers, and o t h e r  
such m a t e r i a l s  o r  techniques c o u l d  be n e g l i g i b l e .  

.I 
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For several reasons, r e in j ec t ion  of t he  f l u i d  was suggested (Coury '& 
Associates, 1978a), w h i c h  means t h a t  a t  l e a s t  in some loca t ions ,  i n j ec t ion  as  
well as  production wells would be needed, adding t o  d r i l l i n g  cos ts .  
Furthermore, d r i l l i n g  c o s t s  could be qui te  expensive i f  reservoi rs  a r e  deep, as  
ant ic ipated in  some areas .  They a re  estimated t o  be between 4,000 - 9,000 fee t  
deep i n  the eas te rn  and southeastern val ley (Dick, 1978). In t he  northern par t  
of the val ley,  however, expected reservoi r  d e p t h s  of 1,100 - 5,000 f e e t ,  could 

Other conditions could o f f s e t  the cos t  of deep wells. The geothermal 
reservoi rs  i n  some pa r t s  of the val ley a re  considered t o  be so l a rge  as t o  
minimize the r i sk  of f a i l u r e  of d r i l l i n g  programs t o  obtain geothermal f l u i d  

formations could well be less expensive than d r i l l i n g  through more d i f f i c u l t  
s t r a t a  (M. Galloway, pers. comm., 1979). 

Economic Considerations 

A de ta i led  economic ana lys i s  of a geothermal market area i s  not w i t h i n  the  
scope of this study. However, some indica t ion  of the cos t  of development and 
how t h a t  cos t  compares w i t h  c o s t s  of a l t e r n a t i v e  energy sources is  needed f o r  
an t ic ipa t ing  the-motivation f o r  developing geothermal energy, Energy c o s t s  f o r  
a barley-malting k i l n  estimated by Coury and Associates (1978b) were $2.63 per 
mill ion Btu*(1978), and the t o t a l  cap i t a l  cost f o r  such a plant  would be 
between $3,159,000-$3,840,000. The study indica tes  t h a t  t h i s  would be 
competitive with ava i lab le  f o s s i l  (Coury & Associates,  1978b). They a l so  

c studied the  f e a s i b i l i t y  of producing ethanol f o r  use i n  gasahol. That study 
showed a t o t a l  energy cos t  of $2.29 t o  5.14 per mil l ion B t u  and a t o t a l  cap i t a l  
cost  o f  $3,401,000-69,195,000 (Tables 9 through 11) (Coury & Associates,  
1978b). 

Costs of t ranspor t ing  geothermal water t o  southern Front Range c i t i e s  i n  a 
24-inch p ipe l ine  were assessed. That assessment showed a low of $4.00 per 
mil l ion B t u ' s  f o r  geothermal heat,  compared w i t h  over $7.00 f o r  e l e c t r i c i t y ,  
$4.00 f o r  propane, b u t  $2.00 o r  less f o r  natural  gas. Although geothermal 
energy was, f o r  the example g i v e n ,  higher than natural  gas, some qua l i f i ca t ions  
are necessary. First, s ince  the geothermal costs quoted include the cap i t a l  
costs ,  natural ,  gas cos t s  should be ca lcu la ted  s imi la r ly .  Second, natural  gas 
i s  l imited in  quant i ty  and may not be readi ly  ava i lab le  t o  a new customer. 

* 

i make d r i l l i n g  in this area much more economical (Dick, 1978). 

, (Dick, 1978). D r i l l i n g  through the r e l a t i v e l y  unconsolidated sedimentary 

E 

i Final ly ,  natural  gas i s  increasing i n  p r ice  i n  Colorado and may well be m 
ve than geothermal energy over t he  l i f e  of a plant.  

as  t he  avai- labi l i ty  of c a p i t a l  i s  concerned, lessees ,  s t a t e  
development agencies,  and consul tan ts  report  t h a t  e f f o r t s  t o  i n t e r e s t  inves tors  
i n  geothermal pro jec ts  have so f a r  been unrewarded (Charles Underwood, Evan 
e t c a l f  and o thers ,  pers. comm., 1978). 

1 

ver, one user of geothermal energy, Weisbart, Inc., located a t  Mineral Hot 
Springs south of Alamosa, was not constrained by any lack of investment 
capi ta l .  The owners explain t h a t  the  reason i s  t h a t  the Weisbart operat ion i s  
a well-financed, on-going operation. They developed the  geothermal energy 
because they had a need f o r  i t  a t  the i r -ex is t ing  loca t ion  and cou ld  save on 

* B t u  = British thermal u n i t  - t h a t  amount of energy required t o  r a i s e  the  
temperature of one pound of water one degree farendheidt.  

operating cos t s  (Gary Weisbart, pers. comm., 1978). - 
i 

I 
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TABLE 9 

C a p i t a l  Cos t  o f  Geothermal System f o r  Corn o r  Wheat 

Ethanol  P r o c e s s  

, 

Basis :  Capac i ty  o f  7.4 m i l l i o n  g a l l o n s  e t h a n o l  per y e a r  
Brine t e m p e r a t u r e  of  35OOF 

Dis tance  between supp ly  
and use 
(mi 1 es )  1 5 10 20 

Brine f low (1000 l b / h r )  334 334 334 334 

No, of  wells 4 4 4 4 

Capi t a l  c o s t  ($1000) 
Wells 4,000 4,000 4,000 4,000 
Lines and Pumps  275 1,183 2,366 4,637 
Addi t i onal e a u i  Dment 

( g r a i n  cooker', f l a s h  
t a n k )  42 42 42 42 

4,317 5,225 6,408 8,619 

C a p i t a l  c o s t  o f  geothermal  system f o r  Sugar  Beet 

Ethanol  P r o c e s s  

Bas i s :  Capac i ty  of  7.4 m i l l i o n  g a l l o n s  e t h a n o l  per y e a r  

D i s t a n c e  between supp ly  

Brine t e m p e r a t u r e  o f  375°F 

and use 
(miles) 1 5 10 20 

Brine f low (1000 l b / h r )  800 800 80 0 80 0 

No. of  wells 5 5 5 5 

C a p i t a l  c o s t  ($1000) 
We1 1 s 
Lines and pumps 
Add i t iona l  equipment 

( e x t r a  h e a t  t r a n s f e r  
surf a c e  ) 

Tota l  

Source: Coury and A s s o c i a t e s ,  

2,900 2,900 2,900 2,900 
376 1,580 3,160 6,170 

125 125 125 125 

3,401 4,605 6,185 9,195 

Inc.  (1978) 
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TABLE 10 

Geothermal Energy Costs f o r  Corn o r  Wheat 

Ethanol F a c i l i t y  

Distance between user and supply 

To ta l  c a p i t a l  cos ts  ($1000) $4,317 $5,225 $6,408 $8,679 
Annualized c a p i t a l  c @ t  (15%) ($1000) 648 784 961 1,302 
Annual heat load  (10 Btu) .315 .315 .315155 , .315 
Cap i ta l  cos t  o f  energy $2.05 $2.49 $3.05 $4.13 

Pump power requirement 150 
Annual pump power costs*($1000) 29.4 
Annual b r i n e  t reatment costs**( $1000) 73.1 rn 
U n i t  u t i l i t y  costs (per m i l l i o n  Btu) 0.33 

Costs .03/kwh e l e c t r i c i t y  cos ts  

** Br ine  treatment cos ts  o f  $25 per m i l l i o n  pounds 

Source: Coury and Associates, Inc. (13711) 

(mi les)  1 - 5 10 20 

(per  m i l l i o n  Btu) 
Average b r i n e  f low r a t e  (1000 l b / h r )  334 334 334 334 

250 
49 

150 250 
29.4 49 

'73.1 7;:; 4% R Z r  
Geothermal Energy cos t  (pe r  m i l l i o n  Btu) 3Z-n 

I , 
TABLE 11 

Geothermal--fPf Beet 
Zthanol fac t  1 i t v  

20 
Distance between user and supply 

( m i  1 es) 1 5 10 

Tota l  c a p i t a l  cos ts  ($1000) $3,401 
Annualized c a p i t a l  cos t  (15%) ($1000) 510 

Cap i ta l  cos t  o f  energy 

'Average b r i n e  f l o w  r a t e  (1000 l b / h r )  800 
Pump power requirement (hp) 150 
Annual pump power costs* 29.4 
Annual b r i n e  t reatment costs**($1000) 175 m 

Annual heat l oad  (1012Btu) e312 

(per m i l l i o n  Btu)  

U n i t  u t i l i t y  cos ts  (per m i l l i o n  Btu) 

$4,605 $6,185 $9,195 
691 ' 928 1,379 

.312 . .312 .312 
$1.63 $2.21 \ #  $2 97 $4.42 

800 800 800 
150 250 250 

29.4 49 49 
175 175 175 

204.4 224 224 
0.72 - 0.66 - 0.66 - 0.72 - 

Geothermal Energy cos t  (per m i l l  i o n  Btu) $2.29 $2.87 $3.69- $5.14 

* Costs .03/kwh e l e c t r i c i t y  cos ts  

** Br ine  t reatment cos ts  o f  $25 per m i l l i o n  pounds 

Source: Coury and Associates, Inc. (1978) 



Small communities a r e  i n t e r e s t e d  i n  d i s t r i c t  space -hea t ing  w i t h  geothermal  
energy but  are plagued by the  l a c k  of f ron t - end  c a p i t a l  f o r  t h i s  a s  well a s  f o r  
many o t h e r  k i n d s  of p r o j e c t s .  Because of  the  l a c k  o f  t a x  revenue sources f o r  
l oca l  governments,  construction o f  water sys t ems ,  sewer sys tems,  t r a n s p o r t a t i o n  
systems,  and hous ing  has  been thwar t ed  for  y e a r s  i n  many a r e a s .  In  many 
i n s t a n c e s ,  on ly  when f e d e r a l  fund ing  has  been made wide ly  a v a i l a b l e  f o r  such 
p r o j e c t s ,  have t h e y  occur red  i n  any t i m e l y  and extensive f a s h i o n .  So f a r ,  
l i t t l e  f e d e r a l  o r  o t h e r  p u b l i c  fund ing  i s  a v a i l a b l e  f o r  deve lop ing  geothermal  
d i s t r i c t  h e a t i n g  o r  i n d u s t r i a l  p r o c e s s i n g  systems.  

- 

I IV. GEOTHERMAL ENERGY D E V E L O P P E N T  POTENTIAL 

a1 Resource Characterist ics 

T h e  energy  demand i n  Region 8 was d i s c u s s e d  i n  S e c t i o n  11. Those spec i f ic  
c o n d i t i o n s  t h a t  bea r  h e a v i l y  upon t h e  p o s s i b i l i t y  o f  geothermal  energy  
development have been i n v e s t i g a t e d  a s  well , as e x p l a i n e d  i n  S e c t i o n  111. The  
next step is  t o  judge  the  extent  t o  w h i c h  geothermal  development might 
accompl i s h e d  and the p o s s i b l e  t i m i n g  of t h a t  development.  

I n v e s t i g a t i o n  of the c u r r e n t l y  ava i  1 a b l e  i n f o r m a t i o n  about  the  resources shows 
the  extent t o  which t h e y  seem c a p a b l e  of supp ly ing  p a r t  of the  energy  need. 

t 

In the  Val l e y  six s e p a r a t e  hydrothermal  resource a r e a s  have been i d e n t i f i e d ,  

t h a t  fo l low.  The Weisbar t  well was no t  i n c l u d e d  because  of the l a c k  of 
suff ic ient  in fo rma t ion .  The  a r e a l  extent o f  each  o f  these a r e a s  i s  e s t i m a t e d  

more o p t i m i s t i c  e s t i m a t e )  ( P e a r l  , 1979) .  S u r f a c e  t e m p e r a t u r e s  r ange  from 35OC 
t o  75OC and e s t i m a t e d  s u b s u r f a c e  t e m p e r a t u r e s  r ange  from 20°C t o  68OC. Given 
these pa rame te r s ,  about  1.4270-6.2153 x 1015 Btu's (quads )  h e a t  are e s t i m a t e d  
t o  be c o n t a i n e d  i n  these reservoirs ( P e a r l ,  1980) .  Tab le  12  shows t h e  
c h a r a c t e r i s t i c s  of each of t he  a r e a s .  

S ince  the energy  must be f i r s t  e x t r a c t e d  from t h e  ground and then used i n  some 
s o r t  of a p p l i c a t i o n ,  t he  energy  e s t i m a t e  m u s t  be reduced by f a c t o r s  w h i c h  
account  f o r  both.  R e a l i s t i c a l l y ,  the magnitudes of t h o s e  f a c t o r s  canno t  be 
known prior t o  e x p l o r a t o r y  d r i l l i n g  and t e s t i n g .  However, t o  o b t a i n  a rough 
e s t i m a t e ,  24 percent was assumed t o  be the amount of  energy  t h a t  c o u l d  be . 
e x t r a c t e d  and 25 percent of t h a t  was assumed t o  be the  p e r c e n t a g e  of the  
e x t r a c t e d  energy  t h a t  cou ld  a c t u a l l y  be used. T h i s  r e s u l t e d  i n  e s t i m a t e d  
e x t r a c t a b l e  energy  of 0.342348 - 1.4917 x 1015 Btu's and the  e s t i m a t e d  u s a b l e  
energy  of  0.0856 - 0.3729 x 1015 Btu's. T h i s  i s  more t h a n  60 times the 
amount of  n a t u r a l  gas  consumed th roughou t  the v a l l e y  i n  1977. If  the the rma l  
water  were e x t r a c t e d  a t  the  r a t e  of  1 /30  per y e a r ,  0.0028 - 0.0124 quads of  
hea t  would be a v a i l  ab1 e each yea r .  

Another impor tan t  resource c h a r a c t e r i s t i c  i s  t h e  d i s c h a r g e  r a t e  of the water. 
As wi th  some previous ly-ment ioned  c h a r a c t e r i s t i c s ,  d i s c h a r g e  r a t e s  canno t  be 3 
known u n t i l  wells a r e  d r i l l e d  and t e s t e d .  Discharge  r a t e s  can be e s t i m a t e d  from 
the d i s c h a r g e  r a t e s  of e x i s t i n g  wells and s p r i n g s ,  assuming t h e y  a r e  
d i s c h a r g i n g  a t  an opt imal  r a t e .  As Table  12  shows, i n  t he  San Luis v a l l e y  the 
t o t a l  f l u i d  d i s c h a r g e  of t h e  measured s p r i n g s  and wells i s  between 299 and 459 
g a l l o n s  per minute. U n f o r t u n a t e l y ,  d i s c h a r g e  r a t e s  were not a v a i l a b l e  for a l l  
of  the s p r i n g s  and wells. 

from hot s p r i n g s  or wells. These a r e  shown on t h e  maps ( F i g u r e s  6 ,7 ,8 ,  and 9 )  

t o  vary  from 0.03 s q u a r e  m i l e s  t o  10.1 s q u a r e  miles ( o r  32 s q u a r e  miles u s i n g  a 

3 

* 
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Chemical a n a l y s e s  o f  t h e  d i s s o l v e d  minera l  m a t t e r  c o n t a i n e d  i n  the  thermal  
f l u i d s  a r e  impor tan t  f o r  a n a l y z i n g  the  l i k e l i h o o d  o f  c o r r o s i o n  and s c a l i n g  
problems from m i n e r a l i z a t i o n .  These a n a l y s e s  i n d i c a t e d  a f a i r l y  low level o f  
t o t a l  dissolved minera l  m a t t e r ,  r ang ing  from 223 t o  3878 m i l l i g r a m s  p e r  l i t e r  
( B a r r e t t  & P e a r l ,  1978).  

H i s t o r i c a l  Use o f  Geothermal Energy 

Geothermal energy  has  been used i n  t h e  San Luis Val ley  f o r  y e a r s .  A t  Va l l ey  
View Hot S p r i n g s ,  a swimming pool w h i c h  has  since c o l l a p s e d  once  used the 
re sources .  A t  Shaws Warm S p r i n g  and a t  S p l a s h l a n d  the  w a t e r s  a r e  used i n  
swimming pools .  A t  Sand Dunes, a l though  the wa te r  was i n  the  p a s t  used i n  a 
swimming poo l ,  i t  i s  now used f o r  h e a t i n g  a house and f o r  c u l t i v a t i n g  c a t f i s h .  
Although t h e  denand f o r  c a t f i s h  i s  sometimes believed t o  be t o o  l i m i t e d  f o r  i t s  
c u l t i v a t i o n  t o  be a p r o f i t a b l e  venture, i n  two nearby s t a t e s  where t h e  f i s h  a r e  
marketed, Texas and New Mexico, c a t f i s h  i s  a popu la r  d e l i c a c y  (Putman, pers. 
comm., 1978).  

The most extensive use of geothermal  energy  i n  the San Luis Va l l ey  o c c u r s  s o u t h  
of t h e  c i t y  o f  Alamosa i n  Conejos County. A geothermal  well p r o v i d e s  p r e h e a t e d  
wa te r  f o r  the  h o t  w a t e r  h e a t i n g  sys tem o f  swine f a r r o w i n g  pens and nurseries a t  
the Weisbart  o p e r a t i o n .  S ince  a room t e m p e r a t u r e  o f  24°C i s  r e q u i r e d  for the 
young an ima l s ,  a propane b o i l e r  h e a t s  the  26°C w a t e r  t o  abou t  43°C b e f o r e  
c i r c u l a t i n g  the w a t e r  t h rough  the f l o o r  sys tem (Botsko ,  pers. comm., 1979) .  

Mhen d i scha rged  from the  h e a t i n g  sys tem,  t h e  water t h e n  runs t o  f i s h  t a n k s  and 
raceways where t a l a p i a ,  an A f r i c a n  perch, a r e  c u l t i v a t e d .  About 1 1/2  t o n s  of 
the fish per week a r e  produced. Whereas the  f i s h ,  w h i c h  a r e  ind igenous  t o  the 
Sea of G a l i l e e ,  a r e  c o n s i d e r e d  by d e v o t e e s  t o  be a d e l i c a c y ,  marke t ing  them i s  
d i f f i c u l t  because  o f  t h e i r  r e l a t i v e  f o r e i g n n e s s .  Owners hope t h a t  a s  more 
people  become f a m i l i a r  w i t h  t h e  f i sh ,  the  market wil l  expand. 

Current Development o f  Geothermal Ene ru  

Mineral  Hot S p r i n g s ,  a former r e s o r t  a r e a  t h a t  had minera l  b a t h s  and a swimming 
poo l ,  i s  now b e i n g  devel oped t o  accommodate geothermal  l y - h e a t e d  swine pens f o r  
30,000 head o f  swine and f o r  a methane d i g e s t e r  (Gary Weisba r t ,  pers. comm., 
1978) .  After h e a t i n g  the pens, u s i n g  200 gpm of  71°C w a t e r  coo led  t o  24"C, the 
was te  w a t e r  will  be used f o r  w a t e r i n g  t he  an ima l s  and s l u s h i n g  the  pens. I n  
a d d i t i o n ,  a sys tem f o r  producing methane i s  be ing  des igned .  I t  will use about  
100 gpm o f  w a t e r  coo led  about  10°C t o  produce methane, C02, heav 
refeeding, and l i g h t  w a t e r  f o r  growing a lgae .  
two d i f fe ren t  t e m p e r a t u r e s ,  32°C and 6 3 " C , t o  d i s c o v e r  w h i c h  i s  most effeqtive. 
The  t o t a l  consumption o f  geothermal  energy  i n  the  e x i s t i n g  geo the  
f a c i l i t i e s  i n  the  San Luis Va l l ey  is  expec ted  to be about  10.0975 x 10 - 
B t u ' s  ( s e e  Table  13). 

s l u d g e  f o r  
Experiments  w l l  7 use w a t e r  a t  

FeFa 

Proposed Geothermal Energy Uses 

The  existence of geothermal  energy  i n  t he  San Luis Va l l ey  i s  well known. 
Numerous i d e a s  have been presented and d i s c u s s i o n s  have been h e l d  conce rn ing  
the  p o t e n t i a l .  T h e  San Luis Val ley  Counci l  of  Governments ind ica tes  among i t s  
goal s t h e  encouragement of  geothermal  r e s o u r c e  development (SLVCOG, 1977)  
Severa l  s t a t e  a g e n c i e s ,  i n c l u d i n g  the  S t a t e  D i v i s i o n  o f  Commerce and 
Development and the Four Corners  Regional Commission, show i n t e r e s t  i n 
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TABLE 13 

EXISTING AND PLANNED 
GEOTHERMAL ENERGY USE 

REGION 8, COLORADO 
1978 

Heat 4 
SIC Number of  Req r e d  Yd I ndus t  rx - Code F a c i l i t i e s  (lo B t u ' s l y r . )  

Exi s t ing 
I 

F i s h  fa rms  NA 2 5 1  .OOOO1 
Swine pens NA 1 -  2 . 19003 
Space h e a t - 1  house NA 1 . 00894 

Tot  a1 53.198v 

P1 anned 

P1 anned Geothermal Energy Oevel opment 

Swine pen NA 1 7 -4600; 
Methane p l a n t  NA 1 .4386 

4 Grand To ta l  10.0975 

5 

I 

I T o t a l  7.8986 

1 mated from i n f o r m a t i o n  from Gary Weisba r t ,  Owner, 1978. 
gy Conse rva t ion  Office, 1978, Unpublished Data. 

I 

t he rmal  energy  f o r  p r o c e s s  use t o  a i d  economic development i n  the  v a l l e y  
Evan Metca l f  and I v o  Roospold,  pers. comm., 1978). 

S t u d i e s  have a l s o  been performed t o  a s s e s s  t h e  r e s o u r c e s  and development 

have been conducted  t o  e v a l u a t e  the  p o t e n t i a l  of  gepthermal  ene rgy  f o r  
p rocesses  such as  bar1  ey  mal t i  ng , s u g a r  beet p r o c e s s i  ng ,- and a1 coho1 p r o d u c t i o n  
(Coury, 1978 a and b and Coury & Vorem, 1978). The p o t e n t i a l  f o r  geothermal  
space  h e a t i n g  and p r o c e s s  h e a t i n g  i n  the  Baca Grande development i s  a l s o  b e i n g  
exp lo red  (Glenn Coury, 1978 a ,b , c ) .  The S t a t e  D i v i s i o n  of  Commerce and 
Development has conducted  a f e a s i b i l i t y  s t u d y  fo r  p o t a t o  p r o c e s s i n g  i n  the  San 
Luis Va l l ey ,  a p o s s i b l e  use of geothermal  energy  ( I v a n  Metca l f ,  pers. comm., 
1978). And, the s u p e r i n t e n d e n t  of  s c h o o l s  f o r  Alamosa has  i n d i c a t e d  interest  

b u i l d i n g  geo the rma l ly  hea ted  s c h o o l s  (R. P e a r l ,  pers .  comm., 1978). A t  th is  
n t ,  however, o n l y  Mineral  Hot Sp r ings  is  be ing  developed  and no o t h e r  a r e a s  

a r e  known t o  be planned f o r  development.  

1 

4 

1 p o t e n t i a l  . Among the  i n v e s t i g a t i o n s  a r e  p r e l i m i n a r y  r e s o u r c e  e v a l u a t i o n s  by 
I Barrett & P e a r l  (1978)  and  Pea r l  (1979) .  E n g i n e e r i n g  and f e a s i b i l i t y  s t u d i e s  

I * J  

1 

E x i s t i n g  demands a l so  p r o v i d e  opportunities f o r  u s i n g  geothermal  energy;  s p a c e  
and water h e a t i n g  a r e  among the most obvious ,  Those a r e a s  w h i c h  a r e  f o r c e d  t o  



. 
r e l y  upon propane o r  e lec t r ic  h e a t  would be most l i k e l y  t o  b e n e f i t  economica l ly  
from geothermal  s p a c e  and w a t e r  h e a t i n g  i n  t h e  n e a r  future ,  i f  r e t r o f i t t i n g  i s  
no t  t o o  c o s t l y .  Even i n  t h o s e  a r e a s  t h a t  have n a t u r a l  gas  a v a i l a b l e ,  
geothermal  energy may be c o m p e t i t i v e  now o r  i n  t he  future.  New structures, 
p a r t i c u l a r l y  where the h e a t i n g  demand i s  s i z e a b l e ,  o f f e r  a pr ime o p p o r t u n i t y  

avoided.  

h e a t i n g  p r o c e s s e s  f o r  w h i c h  the  geothermal  energy  i n  the  v a l l e y  seems t o  be 
a p p l i c a b l e  a r e  shown i n  Tab le  14. The p o s s i b i l i t i e s  include p roduc t ion  o f  ice 
cream, m i l k ,  s o f t  d r i n k s ,  and ready-mix c o n c r e t e  and f o r  wood p roduc t s .  

The  economics of  p r o c e s s  uses may o f f e r  the most p r o f i t a b l e  o p p o r t u n i t i e s  f o r  
deve lop ing  geothermal ene'rgy. U n f o r t u n a t e l y ,  t h e  geothermal  r e s o u r c e  s i tes  i n  
Colorado a r e  g e n e r a l l y  i n  a r e a s  t h a t  have l i t t l e  i n d u s t r y .  Even  a g r i c u l t u r a l  
p r o c e s s i n g  i s  very  limited. E f f o r t s  t o  promote new i n d u s t r y  i n  the  San Luis 
V a l l e y  have had p a i n f u l l y  s low results. As such, extensive i n d u s t r i a l  
development canno t  r e a s o n a b l y  be postul a t e d .  However, w i t h  ene rgy  becoming an 
e v e r - l a r g e r  p e r c e n t a g e  o f  the  o p e r a t i n g  c o s t s  o f  a manufac tu re r ,  t h e  
ava i  l a b i l  i t y  of low-cost  energy  c o u l d  enhance the geothermal  p r o c e s s  h e a t  
p o t e n t i a l  of  the  San Luis Val ley .  Because of the  a g r i c u l t u r a l  base ,  t he  most 
l i k e l y  fu ture  i n d u s t r i a l  a p p l i c a t i o n s  o f  geothermal  energy  would seem t o  be f o r  
c u l t i v a t i o n  and p r o c e s s i n g  o f  a g r i c u l t u r a l  p roduc t s .  

f o r  development o f  the geothermal  energy  because  r e t r o f i t t i n g  c o s t s  may be ? 

Some e x i  s t i n g  i n d u s t r i  a1 p r o c e s s e s  c o u l d  a1 so use geothermal  energy.  Those f 

- 

I n  the  f o l l o w i n g  p o s s i b l e  development schedule ( F i g u r e  l o ) ,  t h e r e f o r e ,  
a g r i c u l t u r a l  p r o c e s s  uses a r e  p o s t u l a t e d  f o r  fu ture  geothermal  development ,  
a l o n g  w i t h  s p a c e  h e a t i n g ,  wa te r  h e a t i n g ,  and some o t h e r  uses. I t  shou ld  be 
emphasized t h a t  these a r e  i d e a s  f o r  development based on e x i s t i n g  c o n d i t i o n s ,  
no t  f o r e c a s t s .  Some o f  the uses seem t o  have a h i g h e r  p r o b a b i l i t y  o f  o c c u r r i n g  
t h a n  o t h e r s ,  s imply  because  o f  the  interest a l r e a d y  shown. I t  i s  assumed t h a t  
the  most economica l ly  c o m p e t i t i v e  will come on l ine  f i r s t ;  a s  i n d i c a t e d ,  the  
sys tems under  c o n s t r u c t i o n  a r e  e s t i m a t e d  for comple t ion  by e a r l y  1979. The 
swine pens, f e e d l o t ,  methane p l a n t ,  a q u a c u l t u r e  f a c i  1 i t i e s ,  and s p a c e  h e a t i n g  
by t h a t  time cou ld  be us ing  an e s t i m a t e d  10.09 x l o l o  Btu's o f  geothermal  
energy  per y e a r .  

9 

I 

The second p r o j e c t  t h a t  i s  hypo thes i zed  f o r  development by 1980 i s  an 
i n d u s t r i a l  park t h a t  would include such proposed uses a s  a greenhouse ,  a 
b a r l e y - m a l t i n g  p l a n t ,  a p o t a t o  p r o c e s s i n g  p l a n t ,  and an e t h a n o l  p l a n t .  A l l  
u s i n g  geothermall&nergy f o r  processing h e a t ,  they  a r e  estimated t o  require 
about  80.00 x 10 

The  next  p r o j e c t  e n v i s i o n e d  is the s p a c e  h e a t i n g  o f  s e v e r a l  towns t h a t  
c u r r e n t l y  l a c k  n a t u r a l  gas  service. These towns, Hooper, Manassa, San Luis, 
Creede, and the u n i n c o r p o r a t e d  Baca Grande devel opment , a r e  a1 1 w i  t h i  n 1 0  m i  1 es 
o f  i den t i f i ed  thermal  wells and s p r i n g s .  . By . t h e  y e a r  1982 when these 
communit ies  a r e  hypo thes i  zed t o  have t he i r  ?gothermal h e a t i n g  sys t ems  i n  p l  a c e ,  
t h e y  wi l l  r e q u i r e  an e s t i m a t e d  18.41 x 10 
and commercial h e a t i n g .  Next, the  expans ion  o f  the  geothermal  p r o c e s s i n g  i n  the  
i n d u s t r i a l  park t o  three p l a n t s  f o r  d r y i n g  f ru i t ,  sle&ds, and v e g e t a b l e s  i s  

energy  on l i ne  by 1982. 

B t u ' s  of  h e a t  per y e a r  (Tab le  14) .  

Btu's per y e a r  f o r  r e s i d e n t i a l  

p o s t u l a t e d .  T h i s  would p u t  an a d d i t i o n a l  19.83 x 10 Btu's o f  geothermal  3 
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TABLE 14 
POTENTIAL INDUSTRIAL AND AGRICULTURAL PROCESS 

USERS OF GEOTHERMAL E N E R G Y  
REGION 8, COLORADO 

4 1976 Manufac turers  

Low-Grade 

mioB t u s / y r 
SIC Number of Hea Required - Code I ndus t  ry  F a c  i 1 i t i e s 

P o t e n t i a l  for E x i s t i n g  I n d u s t r i e s  
I I c e  Cream & 

f r o z e n  desserts 2024 112" 0 . 48202 
F l u i d  m i l k  2026 1 112 2. 38502 
B o t t l e d  and canned 

soft d r i n k s  2086 1 0. 29001 
sawmi 11 s, p l  a n i  ng 

mills 2421 5 0.0800; 
ready-mix c o n c r e t e  3273 1/2 0 . 0007 

3.2377 

Proposed I n d u s t r i a l  and A g r i c u l t u r a l  Industries3 
1 22 . oo5 4 bar1  ey-mal t i  ng 2082 

p o t a t o  p r o c e s s i n g  2034 1 6. 002 
e t h a n o l  p r o d u c t i o n  2869 1 50. 004 

1 2.00 greenhouses  ( a c r e )  NA -amu 
*Where a f a c i l i t y  has  more t h a n  one p r o c e s s ,  the h e a t  r equ i r emen t s  

C 

-T 
were spl i t  p r o p o r t i o n a t e l y .  

I n t e r p l a n ,  Inc. ,  unpubl i shed  d a t a ,  1978. 

S o l a r  Energy Research  I n s t i t u t e ,  d r a f t ,  may be refined l a t e r .  

p u b l i s h e d  d a t a  from the San Luis Va l l ey  Council  of  Governments, 1978. 

' Simmons, 1977 
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Also ,  by 1982 those  towns nea r  i d e n t i f i e d  geothermal  wells o r  s p r i n g s  t h a t  have 
n a t u r a l  gas  service may s t a r t  t o  deve lop  d i s t r i c t  h e a t i n g  systems.  They a r e  
the towns of Alamosa, Del Nor te ,  Sanford ,  and Center .  By 1986, when t h e s e  
syiEms a r e  c o n j e c t u r e d  t o  be on l i n e ,  the i r  demand would be about  92.13 x 
10  
t o  convert t o  geothermal  ene rgy  a t  t h a t  time, adding  another 3.03 x 10 
B t  u ' s / y e a r  . 
By 1986,  the  Sanfo rd  h e a t i n g  sys tem c o u l d  be ex tended  t o  La J a r a ,  and the 
Ma s s a  h e a t i n g  sys tem c o u l d  be ex tended  t o  Romeo f o r  an a d d i t i o n a l  9.00 x 
10" Btu's on l ine .  

By abou t  1990,  e x i s t i n g  i n d u s t r i a l  p r o c e s s o r s  i n  towns more remote from known 
s u r f a c e  expressions might convert t o  geothermal  hea t .  These towns, w h i c h  

ude Monte V i s t a ,  South Fork,  and Saguache,  c o u l d  be  u s i n g  abou t  9.92 x 
B t u ' s  for i n d u s t r y  by 1990. F i n a l l y ,  these towns are  c o n j e c t u r e d  t o  

cor6ert t o  geothermal  f o r  s p a c e  h e a t i n g  a s  well, b r i n g i n g  a n o t h e r  50.44 x 
10  B t u ' s  on l i n e  by 1990. By t h a t  time, i t  i s  assumed t h a t  a lmos t  no 
n a t u r a l  gas  would be i n  use i n  the v a l l e y .  The  g r a p h ,  F i g u r e  10 ,  shows the 
amount of p o s t u l a t e d  geothermal energy  development over \time. Given t h e s e  
h y p p h e s i z e d  developmepts ,  t h i s  s c e n a r i o  would15esul t  i n  a t o t a l  o f  305.25 x 
10  Btu's i n  the  y e a r  1990 and about  370 x 10  
T h i s  i s  w i t h i n  the  range  of hydrothermal  energy  e s t i m a t e d  t o  be a v a i l a b l e  p e r  

More t h a n  l i k e l y ,  
the  use of geothermal  energy  c o u l d  continue f o r  an i n d e f i n i t e  pe r iod .  

B t u ' s / y e a r .  The b o t t l i n g  and d a i r y  p l a n t s  i n  Alamosa a r e  a l s o  assumfa 

Btu's by t h e  y e a r  2009. 

a r  i f  sys t ems  become d e p l e t e d  ove r  the  30-year  per iod .  

V. SUMMARY AND CONCLUSIONS 

he ene rgy  content of  the geothermal  reservoirs i n  t h e  San L u i s  Val ley  i s  
l a r  t o  t h a t  t h a t  has  been e s t i m a t e d ,  the p o t e n t i a l  energy  supp ly  i s  

s i g n i f i c a n t  indeed .  The  lowes t  e s t i m a t e  i n d i c a t e s  t h a t  t h e  u s a b l e  geothermal  
energy c o u l d  be  more t h a n  60 times the  amount of  n a t u r a l  gas  consumed i n  t h e  

a l l e y  i n  1977 and more t h a n  1 9  times t h e f 2 0 2 0  e s t i m a t e d  thermal  ene rgy  demand 
f the  v a l l e y ' s  communities A market  fo r  the  energy  i n c l u d e s  no t  o n l y  w a t e r  

and space  h e a t i n g  of e x i s t i n g  and fu ture  r e s i d e n t  i a1 and commerci a1 structures, 
but  proposed new a g r i c u l t u r a l  f a c i l i t i e s .  The San Luis Va l l ey  has been known 
t o  have the a g r i c u l t u r a l  p r o d u c t s ,  i n c l u d i n g  b a r l e y  and p o t a t o e s ,  t h e  l a b o r  
f o r c e ,  t h e  community s u p p o r t ,  and a r e a s o n a b l y  conveni en t  1 oca t  i on t o  encourage  
such p rocess ing .  I f  t h e  geothermal  energy  can  be demonst ra ted  t o  be  a v a l u a b l e  
source o f  energy  for  these and other f a c i l i t i e s ,  the economic development of 
t h e  area c o u l d  be g r e a t l y  enhanced. Requirements  f o r  geothermal  development 
have been i d e n t i f i e d .  They i n c l u d e  i n s t i t u t i o n a l ,  env i ronmen ta l ,  t e c h n i c a l ,  
and economic c o n s i d e r a t i o n s  and w a t e r  a v a i l a b i l i t y .  O f  a l l  these, o n l y  the 
a v a i l a b i l i t y  of w a t e r  presents p o t e n t i a l l y  d i f f i c u l t  hu rd le s .  Even a 
c o n s t r a i n e d  w a t e r  supp ly  c a n ,  however, be overcome by u s i n g  various t e c h n i q u e s  
for removing t h e  h e a t  from the geothermal  f l u i d  and no t  consuming t h e  water. 
Economic s t u d i e s  t h a t  have  been performed show t h e  c o s t s  f o r  deve lop ing  
geothermal energy  t o  be competitive w i t h  n a t u r a l  gas.  

The pr imary c o n s t r a i n t  t o  deve lop  p a r t  o f  the  San Luis V a l l e y ' s  geothermal  
energy a t  this s t a g e  i s  lack o f  knowledge--of the  economic advan tages  and o f  
the resource. If  more r e s o u r c e  i n f o r m a t i o n  were o b t a i n e d ,  t he  next step would 
be t o  f i n d  funding  or investor sources fo r  development.  
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APPENDIX A 

. 
- 

METHODOLOGY 

As indicated in the Introduction, most of this 'report was compiled from 
secondary sources of information. Following is a description of the 
methodology used when those data requi red i nterpretati,on, mani pul at ion, or 
supplementation. 

Population and Energy Demand 

To estimate the role that geothermal energy could play in the San Luis Valley 
required ?n estimate of the thermal energy demand, both present and future. 
The first step in making such estimates was to obtain actual natural gas 
consumption figures and numbers of customers for 1977 by residential, 
commercial, and industrial sectors. Then the demand for thermal energy was 
estimated for residential and commercial structures in concentrated 
population areas, including those that have no natural gas service. This 
required calculation of the mean natural gas consumption for residential and 
commercial sectors per residential customer. This was then multiplied by a 
factor of .9 to eliminate the small amount used for cooking and by .7, an, 
efficiency factor. Finally, a Btu content of 850 Btu's per cubic foot Of 
natural gas was assumed. These calculations resulted in an estimated 155.5 
million Btu's per residential customer. The result can then be used to 
estimate the total thermal heat needs of each of the communities. 

The next step was to obtain population estimates for 1975 for the communities 
in the region. The Region 8 average of 2.8 occupants per dwelling unit (SLVOG, 
1974) was used to estimate dwelling units in each of those communities. The 
number of dwelling units in two unincorporated areas were also reported. About 
100 dwelling units are located in the Baca Grande Subdivision (Coury, 1978 a, 
b) and 140 in the South Fork area (Hundley, pers. comm., 1979). The energy , 
demand for each community was then estimated using the estimated demand per 
dwelling unit and estimated number of dwelling units. 

To forecast future energy demand, population forecasts for the year 2000 from 
the U.S. Census Bureau were extrapolated to the year 2020. The dwelling unit 
occupancy rate and the proportionate split among the communities were assumed 
to remain constant. The thermal energy consumption per dwelling unit was also 
estimated to remain constant, for two reasons. First, the promotion of energy 
conservation is assumed to be effective. Secondly, new energy consuming. 
devices generally use electricity, not thermal energy. 

After estimating the thermal energy for residential and commercial space and 
water heating demand for the year 2020, the increase from the year 1975 was 
distributed equally to each of the intervening years. 

The energy demand for scattered rural structures was considered to be 
irrelevant, because economic use of geothermal energy is assumed to require a 
concentration of users. The incorporated towns of Blanca and Bonanza were also 
excluded because of their small size and distance from identified geothermal 
resource areas . 
The industrial demand for geothermal energy was analyzed on a use-by-use basis, 
as described in Section IV. 
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Geothermal Energy Available 

Another type of information necessary is  the  amount of usable geothermal 
energy. A1 t h o u g h  this information cannot be confirmed u n t  i 1 we1 1 s a re  d r i  11 ed 
and tested,  i t  has  been estimated. Pearl (1979) recent ly  completed an 
assessment o f  the  probable and possible  content o f  each of the geothermal 
r e se rvo i r s  underlying those thermal we1 1 s and spr ings t h a t  have been i d e n t i f i e d  
so far i n  Colorado Region 8. T h a t  assessment was based on reservoi r  volumes 
and estimated subsurface temperatures as  described i n  Coe (1978) and Pearl 
(1979). The estimated energy content of from 1.4270-6.2153 x 10.015 Btu's 
m u l t i p l i e d  by a f a c t o r  of 0.24 was then used t o  estimpke the  energy ex t r ac t ab le  
from the  ground,  a n  estimated 0.3425 - 1.4917 x 10 B t u ' s .  T h i s  is then 
mult ipl ied by a f a c t o r  of -25 t o  es t imate  the  heat t h a t  would actua y be used 
i n  a geothermal heating f a c i l i t y ,  an estimated 0.0856 - 0.3729 x loii Btu's. 

Unfortunately, es t imat ing the  reservoi r  volume cannot ind ica te  the  r a t e  a t  
which the  energy can be consumed. Since the  hydrologic system wil l  recharge, a 
f a c i l i t y  will  usual ly  be designed t o  equal ize  the  discharge w i t h  the  recharge. 

' 

Mining of water is  not considered t o  be des i r ab le  (Pear l ,  pers. comm., 1978). 
In lieu of data  t h a t  can only be obtained from d r i l l i n g  wells, an est imate  of 
t he  possible  r a t e  of energy use was required.  To avoid being overly 
op t imis t i c ,  the removal of a portion of t he  energy was assumed t o  deple te  t he  
energy supply by t h a t  much, as though the  heat were being mined. To obtain an 

verage of t he  amount of energy ava i lab le  each year ,  t he  t o t a l  usable energy 
ay be d i v i d e d  by 30, based upon a commonly-used gauge of equipment l i f e  o f  30 

years.  The es t ipg ted  usable energy per year  t h a t  r e s u l t s  is  between 
0.0029-0.0124 X 10 

For the - sake  of comparison, another ana lys i s  assumed t h a t  ex i s t ing  flows a r e  
optimal and the re fo re  avoids an assumption of mining the  water. For some of 

resource a reas  in  the  San Luis Valley, discharge rates were measured, 
ging between 299 and 459 gpm. These flow r a t e s  can be m u l t i p l i e d  by minutes 

per year ,  by the  weight of the  water, and then by t h e  degrees o f  heat (F )  
ext rac ted  i n  order t o  y i e l d  usable energy. Assuming a midpoint discharge r a t e '  
and ex t r ac t ion  of about half  of  the  the  San Luis Valley a reas  a re  

l e s s  t h a n  t h a t  e s t i m a t e d  u s i n g  t h e  previous method. 

Of these  r e s u l t s ,  t he  former ca l cu la t ions  seem t o  be the  most appropriate.  For 
one t h i n g ,  discharge r a t e s  a r e  lacking f o r  t h e  Sand Dunes and S p l a s h l a n d  areas.  

d ly ,  t he  assumption t h a t  the  geothermal discharge i s  i nd ica t ive  of t he  
of recharge of t he  system i s  tenuous. The val ley i s  comprised of 

horizontal  , sedimentary 1 ayers and i s  very 1 arge. For these reasons,  thermal 
waters could be migrating l a t e r a l l y  f o r  many miles, r a t h e r  than erupt ing a t  the 

face.  Also, thermal waters could mix w i t h  cold ground waters,  cooling p r i o r  
surfacing. In a f au l t - con t ro l l ed  system, p a r t i c u l a r l y  i f  i t  is  believed t o  
quite confined, u s i n g  t he  discharge t o  es t imate  the  energy content m i g h t  be 

appropriate ,  b u t  i n  t h i s  case,  the  former method seems more val id  (GalJoway, 

Btu's per year. 
\ 

'estimated t o  y i e l d  only about 1.1092 x l J%a iLu ' s /yea r  of usable energy, much - 
/ 

rs. comm., 1978) 

d the  a rea ' s  requirements f o r  geothermal energy 
development were analyzed i n  order t o  devise  a reasonable hypothetical  schedule 

o r  geothermal energy devel opment . As such, the  time required i s incorporated 



', 
* 

into the schedule and assumptions about probable uses are based upon current 
economic activities and trends, population distribution, and expressed 
.interests. Deciding exactly how these elements might fit together involves 
making judgements, and as such, any number of different plans could be devised. 
This is only one of numerous possible plans, not a prediction for the future. 

0 

In postulating the kinds and timing of geothermal development, several 
assumptions were made. First, it was assumed that the nature of the economy in 
the San Luis Valley would not change drastically. Then, it was assumed that 
those activities that are generally the most economically competitive would 
come on line first. This means that new, single facility, large users, namely 
agricultural processing plants, would be first to develop and use the energy. 
These and subsequent developments would act as demonstrat ions for additional 
developments. Because electricity and propane are expensive, the second major 
use is assumed to be residential and commercial space and water heating in 
those communities that lack natural gas service. Then, as natural gas prices 
continue to rise, existing residential and commercial and then industrial users 
would have greater, incentives for conversion to geothermal energy. 
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