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Town of Pagosa Springs 
BOX 265-486 San Juan St. 
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Heart of the Finest Big Game Hunting and Fishing Country. 
Home of the Red Ryder Roudup. July 3-4 
On U.S. 160 - The Navajo Trail. 

Mr. Rober t  E. I v e y ,  C o n t r a c t i n g  O f f i c e r  
Denver S u p p o r t  O f f i c e ,  Dept.  o f  Energy 
PO Box 26247, Belmar Branch  
Lakewood, Colo. 80226 

Dear  Mr. I v e y :  

I n  answer t o  y o u r  l e t t e r  of  Oc tobe r  16, 1984, re: A p p r o p r i a t e  Technology 
Gran t  Number DE-FG48-81R801066 

NARRATIVE STATEMENT J/ 
1. T e c h n i c a l  D e s c r i p t i o n  o f  P r o j e c t  - P a r t  1. Pagosa  S p r i n g s  Geothermal  

P r o j e c t  - S o u t h  Street  L a t e r a l  

I n i t i a l l y  this p r o j e c t  was t o  be i n s t a l l e d  i n  t h e  a l l e y  be tween 8~ 
a n d  9P S t r e e t  and  e x t e n d  S o u t h  t o  serve r e s i d e n t i a l  and  A r c h u l e t a  Housing 
p r o  j e c  t b u i l d i n g s  . 
a n d  c o n s i d e r a t i o n  of  b u i l d i n g s  which would be more su i tab le  f o r  r e t r o f i t .  
T h i s  l o c a t i o n  w i l l  still  allow f o r  c o n n e c t i o n s  t o  t h e  A r c h u l e t a  Housing Pro- 
j e c t  l o c a t e d  between 8141 and  91b street. 

The project  w a s  changed t o  run down 8a s t r e e t  due to r e s i d e n t i a l  dens i ty  

The 8* s t reet  l a t e r i a l  d e s i g n  c a l l e d  f o r  900 f e e t  of l i n e .  F i f t y - f i v e  
f e e t  was p r o v i d e d  from t h e  o r i g i n a l  p r o j e c t  and  845 f e e t  e a c h  of 6" i n s u l a t e d  
s u p p l y  and  6" u n i n s u l a t e d  r e t u r n  were pu rchased  and  i n s t a l l e d  w i t h  a c r o s s - o v e r  
c o n n e c t i n g  t h e  two a t  t h e  s o u t h  end. 

O r i g i n a l l y  t h e r e  were f i v e  r e s i d e n c e s  t o  be t a r g e t e d  f o r  r e t r o f i t  w i t h  a 
r e p r e s e n t a t i o n  o f  change  o v e r  r a n g i n g  from n a t u r a l  g a s  t o  wood and/or  c o a l .  

Agreements f o r  change o v e r  were n o t  r eached  w i t h  t h e  p r o p e r t y  owners  i n  t ime .  
f o r  compl iance  w i t h  t h e  g r a n t  d e a d l i n e  r e s u l t i n g  i n  no monies  r e q u e s t e d  o r  used. 

The p i p e  l i n e  was, from a l l  a v a i l a b l e  i n f o r m a t i o n ,  i n s t a l l e d  s a t i s f a c t o r i l y  
and from a c t u a l  e x p e r i e n c e  h a s  proven t o  be a s o l i d  and r e l i a b l e  line. T h i s  l i n e  
i s  now s e r v i c e a b l e  and a v a i l a b l e  f o r  p r o v i s i o n  of  g e o t h e r m a l  h e a t  t o  t h e  area o f  
s o u t h  8b s t r e e t .  

The Town o f  Pagosa S p r i n g s  is c u r r e n t l y  i n  t h e  p r o c e s s  o f  f i n a l i z i n g  t h e  
p r o d u c t i o n  p e r m i t s  f o r  Geothermal  Wells PS-3 and PS-5. Once t h i s  is  accompl i shed ,  
expans ion  of  s e r v i c e s  t o  r e s i d e n t i a l  c u s t o m e r s  will become a r e a l i t y  and  a l l o w  f o r  
s e r v i c i n g  of houses  l o c a t e d  a long  t h e  e n t i r e  geo the rma l  sys tem.  
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We hope this information is sgtisfactory. I f  more information is needed 
please f e e l  free t o  c a l l .  A map is enclosed showing the l i n e  extension 
o f  this project. Sincerely , - -  

*%A 
Enclosure 

1'/ Jacquelyn M. Schick 
Town Clerk 

. 



I Through its Appropriate Technology Small Grants Program, the U.S. Department of 
Energy funded a number of energy conservation projects in Colorado. This booklet is one of 
a series reviewing those Colorado grants. 

Appropriate Technology or AT means finding the right solution to a given problem--one no 
more costly, time consuming or complicated than it needs to be. It involves using local peo- 
ple, skills and resources to solve local problems. 

Some AT ideas are new. Others are old, rediscovered ways of doing things or novel uses of 
familiar methods and materials. As it relates to energy, AT means finding ways to reduce our 
energy needs and new ways to get the energy we need. 
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Heat from the earth 

Geothermal energy: a Colorado resource 
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Office of 
Energy 
Conservation 
Department of Regulatory Agencies 
June 1984 

The Colorado Office of Energy Conservation prepared this booklet with funds from the U.S. Department of Energy 
(DOE). The statements, findings, conclusion, opinions, recommendations and other information it contains are those 
of the authors and do not necessarily reflect the opinion of the DOE. Contents may be reprinted without permission. 
Credit is requested. For additional information, contact: the Colorado Office of Energy Conservation, 11 2 East 14th 
Avenue, Denver, Colorado, 80203; 303-866-2507. 



Introduction 

Geothermal  e n e r g y ,  t h e  h e a t  of t h e  
e a r t h ,  h a s  a v a r i e t y  of u s e s ,  depend- 
i n g  on i ts  form. And t h a t  form c a n  
v a r y  from t h e  v e r y  h i g h  g e o t h e r m a l  
t e m p e r a t u r e s  t h a t  p roduce  enough h o t  
steam t o  g e n e r a t e  e l e c t r i c i t y  t o  t h e  
normal  t e m p e r a t u r e  g r a d i e n t  of t h e  
e a r t h .  Even a t  t h e  l o w  e n d ,  we c a n  
u s e  g e o t h e r m a l  e n e r g y  t o  h e a t  and 
cool o u r  b u i l d i n g s  w i t h  e a r t h  temper-  
a t u r e s  t h a t  r a r e l y  v a r y  much more 
t h a n  5 d e g r e e s  F ( a t  20 t o  30 f e e t  
d e e p )  from t h e  a v e r a g e  a n n u a l  year- 
round a i r  t e m p e r a t u r e .  

Between t h e s e  two e x t r e m e s  are 
areas w i t h  t e m p e r a t u r e s  t h a t  are 
anomalous or u n u s u a l l y  h i g h  b u t  n o t  
h i g h  enough f o r  power g e n e r a t i o n .  
These  areas,  e s p e c i a l l y  when found i n  
a medium of water, are p a r t i c u l a r l y  
v a l u a b l e .  T h i s  h y d r o t h e r m a l  or h o t  
water e n e r g y  c a n  be p i p e d  t o  a b u i l d -  
i n g  and be  used  t o  heat water or t o  
p r o v i d e  s p a c e  o r  p r o c e s s  h e a t .  

T h i s  b o o k l e t  d i s c u s s e s  some i d e a s  
a n d -  methods f o r  u s i n g  C o l o r a d o  geo- 
t h e r m a l  e n e r g y  as  shown i n  s e v e r a l  
p r o j e c t s  funded  by t h e  U.S. Depar t -  
ment of Energy i n  i ts A p p r o p r i a t e  
Technology S m a l l  G r a n t s  program. The 
b o o k l e t  is  n o t  i n t e n d e d  t o  be  a com- 
p r e h e n s i v e  g u i d e  t o  t h e  development  
of g e o t h e r m a l  e n e r g y  b u t  t o  p r o v i d e  
a n  o v e r v i e w  of  what c a n  o f t e n  be  a 
v e r y  complex and i n v o l v e d  development  
p r o c e s s .  For  t h o s e  who wish  t o  
p u r s u e  t h e  s u b j e c t  f u r t h e r ,  w e  have  
p r o v i d e d  a r e s o u r c e s  s e c t i o n  l i s t i n g  
o t h e r  p u b l i c a t i o n s ,  e x p e r t s  and gov- 
e r n m e n t a l  a g e n c i e s  t h a t  c a n  be h e l p -  
f u l .  

Colorado potential 

The h y d r o t h e r m a l  or h o t  water 
e n e r g y  r e s o u r c e s  of  Colorado  c a n  
p r o v i d e  l a r g e  q u a n t i t i e s  o f  h e a t  f o r  
C o l o r a d o  homes, b u s i n e s s e s  and i n d u s -  
t r i es .  The t e c h n o l o g y  i s  s i m p l e  and 
wel l -deve loped .  The p r o c e s s e s  f o r  
development ,  i n c l u d i n g  p e r m i t t i n g ,  
are i n  p l a c e  b u t  can  be  c o m p l i c a t e d  
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and--as t h e  case s t u d i e s  i l l u s t r a t e - -  
c o n t r o v e r s i a l .  The e n e r g y  form is  
g e n e r a l l y  acknowledged t o  be c l e a n  
and renewable .  Beyond t h a t ,  Colora-  
d o ' s  s e t t l e m e n t  p a t t e r n s  and economy 
o f f e r  some e x c e l l e n t  o p p o r t u n i t i e s  
f o r  u s i n g  g e o t h e r m a l  e n e r g y .  And, 
depending  on t h e  p a r t i c u l a r  r e s o u r c e  
and how i t ' s  u s e d ,  t h e  s a v i n g s  i n  
money and c o n v e n t i o n a l  e n e r g y  can  be  
i m p r e s s i v e .  

Around t h e  s t a t e  58 g e o t h e r m a l  
s i t e s  have been i d e n t i f i e d  by t h e  
p r e s e n c e  of h o t  s p r i n g s  o r  wells (see 
Appendix A ) .  The f u l l  e x t e n t  of  t h e  
g e o t h e r m a l  e n e r g y  i s  much g r e a t e r  
t h a n  what can  be  s e e n  on t h e  s u r f a c e ,  
though.  Many good g e o t h e r m a l  areas 
have no s u r f a c e  s i g n s  s u c h  as w e l l s  
o r  g e y s e r s .  Not a l l  t h e  s p r i n g s  or 
wells w i t h  e l e v a t e d  t e m p e r a t u r e s  t h a t  
may l e n d  t h e m s e l v e s  t o  g e o t h e r m a l  
a p p l i c a t i o n  have been found or re- 
p o r t e d  and many good g e o t h e r m a l  areas 
have no s u r f a c e  s i g n s  s u c h  as w e l l s  
or g e y s e r s .  

The known g e o t h e r m a l  s i t e s  i n  
C o l o r a d o  are  s p r e a d  w i d e l y  a l o n g  t h e  
mounta ins  f rom n o r t h  t o  s o u t h .  O f  
t h e  63 C o l o r a d o  c o u n t i e s ,  23 have  
some known g e o t h e r m a l  s i tes.  Seven- 
t e e n  of t h e  s i t e s  are w i t h i n  f i v e  
miles of a n  i n c o r p o r a t e d  community 
and t h u s  w e l l - l o c a t e d  f o r  development  
and u s e .  Most of  t h e s e  communi t ies  
are l o c a t e d  i n  t h e  h e a r t  of t h e  rec- 
r e a t i o n ,  t o u r i s m  and  mining  d i s t r i c t s  
of t h e  s ta te .  And most are e i t h e r  
e c o n o m i c a l l y  d e p r e s s e d  o r  s u f f e r i n g  
from t h e  i m p a c t s  of r a p i d  growth .  I n  
e i t h e r  case, t h e y  o f f e r  good develop-  
ment o p p o r t u n i t i e s .  

The t e m p e r a t u r e s  of C o l o r a d o  
s p r i n g s  or w e l l s  v a r y  from a low of  
57 d e g r e e s  F t o  181 d e g r e e s  F. (The 
s u b t e r r a n e a n  t e m p e r a t u r e s  are u s u a l l y  
h i g h e r  b e c a u s e  t h e  h o t  water mixes  
w i t h  c o l d  on i t s  way t o  t h e  s u r f a c e ;  
a t  o n e  s i t e ,  t h e  underground tempera-  
t u r e  of  t h e  water is  e s t i m a t e d  t o  be  
a t  least  347 d e g r e e s  F . )  Water a t  
t h e  h i g h e r  t e m p e r a t u r e s  c a n  be  u s e d  
t o  d r i v e  small, w e l l  head  e lectr ical  
g e n e r a t o r s .  A t  t h e  lower e n d ,  
groundwater  h e a t  pumps c o u l d  allow 
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t h e  e x t r a c t i o n  of  u s e f u l  h e a t .  TO 
d a t e  i n  Co lo rado ,  34 known s i t e s  have 
t e m p e r a t u r e s  h i g h  enough t o  a l l o w  
d i r e c t  u s e  w i t h o u t  h e a t  pump enhance-  
ment and more w i l l  p robab ly  f a l l  
w i t h i n  t h i s  r a n g e  when s u b s u r f a c e  
t e m p e r a t u r e s  are b e t t e r  known. 

Co lo rado  h a s  a number of  e x i s t i n g  
geo the rma l  deve lopments ,  most of them 
some years o l d ,  t h a t  have  been deve l -  
oped p r i v a t e l y .  They i n c l u d e  s p a c e  
h e a t i n g  i n  Pagosa S p r i n g s  and Ouray,  
c a t f i s h  and a l g a e  growing and hog-pen 
h e a t i n g  i n  t h e  San L u i s  Val ley,  com- 
mercial g reenhouses  a t  M t .  P r i n c e t o n  
i n  t h e  Arkansas  V a l l e y  and s p a s  a t  
Glenwood S p r i n g s ,  Idaho  S p r i n g s  and 
o t h e r  p l a c e s  a round t h e  s ta te .  

The f e d e r a l  government funded  a 
number of  p r o j e c t s  i n  t h e  1970s ,  
r a n g i n g  from i n d u s t r i a l  u s e  i n  t h e  
Arkansas  Valley t o  d i s t r i c t  h e a t i n g  
schemes i n  Pagosa S p r i n g s .  Some 
p r i v a t e  development  i s  underway t o d a y  
as w e l l .  

The Colorado geothermal 
AT grants 

The U.S. Department  of  Energy 
p rov ided  f u n d s  f o r  a number of Colo- 
r a d o  geo the rma l  p r o j e c t s  i n  1979 
t h r o u g h  1981. The f o u r  p r o j e c t s  
examined h e r e  o f ~ f e r  a good l o o k  a t  
bo th  t h e  d i v e r s i t y  of  p o t e n t i a l  geo- 
t h e r m a l  u s e s  and  t h e  d i f f i c u l t i e s  
t h a t  c a n  c o n f r o n t  t h e  geo the rma l  
d e v e l o p e r .  

The Pagosa Springs municipal 
geothermal project 

Pagosa S p r i n g s  i s  one  o f  s e v e r a l  
Co lo rado  towns t h a t  seem w e l l - s u i t e d  
f o r  geo the rma l  d i s t r i c t  h e a t i n g .  The 
town w a s  o r i g i n a l l y  s i t e d  t o  t a k e  
a d v a n t a g e  of  t h e  h o t  s p r i n g s .  It h a s  
had a h o t  s p r i n g s  s p a  and h a s  h e a t e d  
s e v e r a l  b u i l d i n g s  from p r i v a t e  geo- 
t h e r m a l  w e l l s  s i n c e  t h e  e a r l y  p a r t  o f  
t h e  c e n t u r y .  

I n  1979,  t h e  town r e c e i v e d  a DOE 
g r a n t  t o  b u i l d  a geo the rma l  d i s t r i c t  
h e a t i n g  s y s t e m  f o r  i t s  c e n t r a l  b u s i -  
n e s s  d i s t r i c t .  Then,  t o  expand t h a t  

s y s t e m  t o  h e a t  a number of  homes of 
low-income r e s i d e n t s ,  t h e  town s o u g h t  
and r e c e i v e d  a n o t h e r  AT g r a n t  f rom 
t h e  DOE i n  1981. The $44,834 g r a n t  
was p lanned  t o  b r i n g  geo the rma l  h e a t  
t o  f i v e  homes u s i n g  d i f f e r e n t  t y p e s  
of  h e a t i n g  d e l i v e r y  s y s t e m s .  With 
t h e  two g r a n t s ,  t h e  town hoped t o  be  
a b l e  t o  p r o v i d e  a b o u t  50 p e r c e n t  of  
i t s  h e a t i n g  needs  w i t h  geo the rma l  
ene rgy .  The town d e s i g n e d  a p r i c i n g  
s t r u c t u r e  it hoped would c o v e r  t h e  
c o s t  of o p e r a t i n g  and m a i n t a i n i n g  t h e  
s y s t e m ,  pay back t h e  c o s t  of r e t r o -  
f i t t i n g  f o r  geo the rma l  u s e  w i t h i n  
t h r e e  years, and  s t i l l  l i m i t  t h e  
monthly cost  t o  no more t h a n  75 per -  
c e n t  of  t h e  c o s t  of  h e a t i n g  w i t h  
n a t u r a l  g a s .  

The b u s i n e s s  d i s t r i c t  s y s t e m  was 
b u i l t .  But t h e  owners  of water 
r i g h t s  s e n i o r  t o  t h e  town ' s  f i l e d  
s u i t  a g a i n s t  t h e  town,  c h a r g i n g  t h a t  
w e l l s  d r i l l e d  f o r  t h e  s y s t e m  had 
damaged t h e i r  r i g h t s .  The s y s t e m  
went unused f o r  t h e  f i r s t  h e a t i n g  
s e a s o n  a f t e r  i ts comple t ion  b u t  h a s  
been o p e r a t i n g  f o r  t h e  p a s t  year. 

Although t h e  d i s t r i b u t i o n  l i n e  t o  
b r i n g  t h e  geo the rma l  h e a t  t o  t h e  f i v e  
homes h a s  been b u i l t ,  i t  i s  n o t  b e i n g  
used  because  t h e  homes have  n o t  been 
f i t t e d  t o  u s e  i t .  The r e t r o f i t  costs  
f o r  e a c h  h e a t i n g  sys t em c o n v e r s i o n  
i n c l u d e d  i n  t h e  g r a n t  were under-  
s t a t e d  and  t h e  e s t i m a t e d  cos t  of 
$2,000 each  t o  c o n v e r t  them i s  appa r -  
e n t l y  p r o h i b i t i v e  f o r  t h e  owners .  I n  
a d d i t i o n ,  community c o n f l i c t  h a s  be- 
come a b a r r i e r .  T h e r e  i s  some d i s -  
p u t e  as t o  which homes w i l l  be  
equ ipped  t o  u s e  t h e  new ene rgy  s o u r c e  
and some c o n t i n u i n g  f e a r  t h a t  t h e  new 
wells d r i l l e d  f o r  t h e  m u n i c i p a l  pro-  
j ec t  w i l l  d i m i n i s h  t h e  f l o w  f rom 
p r i v a t e l y - d e v e l o p e d  w e l l s .  P r o j e c t  
o f f i c e r s  r e p o r t  t h a t  t h e  water r i g h t s  
i s s u e  i s  close t o  b e i n g  s o l v e d .  They 
a l so  r e p o r t  t h a t  t h e  town i s  examin- 
i n g  t h e  h e a t i n g  s y s t e m s  i n  t h e  
expanded d i s t r i b u t i o n  area t o  see 
which c a n  most economica l ly  be  r e t r o -  
f i t t e d  t o  u s e  t h e  geo the rma l  ene rgy  
f o r  h e a t .  



c 

SOME GEOTHERMAL USES can be very  d i r e c t l y  i n t o  a bu i ld ing .  Others  may 
simple, such a s  this one in Pagosa require elaborate pumping or heat 
Spr ings ,  which p i p e s  hot  water exchange sys tems .  

I f  Pagosa S p r i n g s  c a n  overcome t h e  
community and l e g a l  c o n f l i c t s  and 
a c t u a l l y  d e l i v e r  t h e  geo the rma l  h e a t  
t o  t h e  homes, low-income f a m i l i e s  c a n  
r e d u c e  t h e i r  h e a t i n g  b i l l s  by a round 
25 p e r c e n t  and t h e  p r o j e c t  can  s t a n d  
as a model f o r  o t h e r  Co lo rado  commun- 
i t i e s  i n t e r e s t e d  i n  m u n i c i p a l  geo- 
t h e r m a l  p r o j e c t s .  The p a i n f u l  les- 
s o n s  are j u s t  as v a l u a b l e .  Chief  
among them i s  t h a t  t h e  t echno logy  f o r  
t h e  e f f e c t i v e  u s e  of  geo the rma l  
ene rgy  i s  proven  and s i m p l e  a n d ,  
g e n e r a l l y  s p e a k i n g ,  t h e  s i m p l e s t  of  
t h e  problems;  i t  i s  t h e  s o c i a l ,  
p o l i t i c a l  and l e g a l  q u e s t i o n s  t h a t  
c a n  pose  t h e  g r e a t e s t  b a r r i e r s  t o  
geo the rma l  deve lopment .  And t h a t  is  
p a r t i c u l a r l y  t h e  case when t h e y  are 
e i t h e r  ove r looked  o r  i g n o r e d  u n t i l  
t h e y  become major  i s s u e s .  The con- 
c e r n s  of  eve ryone  who i s  i n v o l v e d  
in--or l i k e l y  t o  be  a f f e c t e d  by--a 
geo the rma l  p r o j e c t  must be  c o n s i d e r e d  
e a r l y  i n  t h e  p r o c e s s  i f  t h e  p r o j e c t  
i s  t o  s u c c e e d .  

The Ouray geothermal 
feasibility study 

The C i t y  of  Ouray i s  a n o t h e r  Colo- 
r a d o  community w i t h  a h i s t o r i c  s p a  
and t h e  p o t e n t i a l  t o  make e x c e l l e n t  
u s e  o f  geo the rma l  e n e r g y .  The c i t y  
r e c e i v e d  a $10,000 AT g r a n t  t o  s t u d y  
t h e  economic f e a s i b i l i t y  of  deve lop-  
i n g  i t s  e x t e n s i v e  geo the rma l  
r e s o u r c e s  b u t  w i t h  no s p e c i f i c  u s e  i n  
mind. The s t u d y ' s  g o a l  w a s  t o  "ex- 
p l o r e  new ways f o r  t h e  c i t y  t o  u s e  
i t s  geo the rma l  ene rgy  f o r  economic 
development  and d i v e r s i f i c a t i o n . "  

L i k e  peop le  and towns everywhere ,  
Ouray was f a c e d  w i t h  h i g h  b i l l s  f o r  
e l e c t r i c i t y  and propane  f u e l .  I t  w a s  
a l so  burdened by a h i g h  unemployment 
ra te  because  some l o c a l  mines  had 
c l o s e d .  The o n l y  o t h e r  i n d u s t r y  i s  
s e a s o n a l  t o u r i s m .  C i t y  l e a d e r s  
b e l i e v e d  t h a t  t h e  development  of 
geo the rma l  ene rgy  c o u l d  h e l p  t h e i r  
economy as w e l l  a s  r educe  e n e r g y  
c o s t s  f o r  r e s i d e n t s ,  many o f  whom are 
e l d e r l y .  The s t u d y  was t o  examine 
b o t h  p o t e n t i a l  ene rgy  u s e s  and good 



. 
s i t e s  f o r  d r i l l i n g  g e o t h e r m a l  w e l l s .  
It would d e v e l o p  a p r e l i m i n a r y  
e n g i n e e r i n g  d e s i g n  and d e t e r m i n e  
whe the r  g e o t h e r m a l  e n e r g y  c o u l d ,  i n  
f a c t ,  c u t  e n e r g y  c o s t s  f o r  t h e  town 
and  i t s  r e s i d e n t s .  

( I n  a d d i t i o n  t o  t h e  a p p r o p r i a t e  
t e c h n o l o g y  g r a n t  f rom t h e  DOE, Ouray 
r e c e i v e d  a g r a n t  f rom t h e  Region 10 
Economic Development Commission and 
t h e  Co lo rado  Commission on Higher  
E d u c a t i o n  t o  l o o k  a t  l e g a l  and marke t  
a s p e c t s .  ) 

The s t u d y  showed t h a t  O u r a y ' s  
g e o t h e r m a l  r e s o u r c e s  p robab ly  have  a 
s u b s u r f a c e  t e m p e r a t u r e  of between 156 
and 255 d e g r e e s  and t h a t  t h e y  c o u l d  
p r o b a b l y  s u s t a i n  a d i s c h a r g e  ra te  of 
10 times t h e  p r e s e n t  rate w i t h  no 
damage t o  e x i s t i n g  s p r i n g s .  T h a t  
answered  a key q u e s t i o n :  would new 
geo the rma l  wells d i m i n i s h  t h e  f l o w  of 
h o t  water f rom s p r i n g s  f e e d i n g  t h e  
m u n i c i p a l  swimming p o o l ,  t h e  c i t y ' s  
l a r g e s t  s i n g l e  r e v e n u e  s o u r c e ?  

THE C I T Y  OF OURAY has abundant expanded use  of geothermal resources  
geothermal resources  i n  and around f o r  heat ing  was t h e  impact o f  addi -  
t h e  community. One i s  used t o  heat  t i o n a l  well d r i l l i n g  on t h e  spr ing  
t h e  municipal swimming poo l ,  shown t h a t  h e a t s  t h e  pool .  S t u d i e s  showed 
here .  One o f  t h e  f i r s t  concerns t h e  Ouray could g r e a t l y  i ncrease  geo- 
c i t y  had when i t  began to  i n v e s t i g a t e  thermal use  without  harming t h i s  one.  



The s t u d y  e v a l u a t e d  f o u r  g e o t h e r -  
mal d i s t r i b u t i o n  p l a n s :  
1. Space  and  h o t  water h e a t i n g  f o r  

p u b l i c  b u i l d i n g s ;  
2. Heat f o r  p u b l i c  b u i l d i n g s ,  as 

above ,  p l u s  s p a c e  and h o t  water 
h e a t i n g  f o r  a ba thhouse  a t  t h e  
c i t y  poo l  and  f o r  a proposed  
year-round r e c r e a t i o n  c e n t e r  n e a r  
t h e  p o o l ;  

3. Space  and h o t  water h e a t i n g  f o r  
t h e  Main S t r e e t  commercial  d i s -  
t r i c t ,  p u b l i c  b u i l d i n g s ,  ba th-  
house  and r e c r e a t i o n  c e n t e r ;  and 
A c i ty -wide  d i s t r i c t  h e a t i n g  s y s -  
tem t o  s e r v e  most of  t h e  b u i l d -  
i n g s  i n  town by t h e  y e a r  2000. 

The s t u d y  showed t h e  more ambi- 
t i o u s  p l a n s  would p r o v i d e  t h e  b e s t  
r a te  of r e t u r n  f o r  t h e  c i t y ,  t h a t  
geo the rma l  ene rgy  c o u l d  be  compet i -  
t i v e  w i t h  propane  and f u e l  o i l  i n  i t s  
f i r s t  y e a r  o f  o p e r a t i o n  and t h a t  t h e  
l a r g e r  s y s t e m s  would be  t h e  most 
economical. 

S i n c e  t h e  s t u d y  w a s  comple t ed ,  t h e  
c i t y  h a s  r e j e c t e d  a p r o p o s a l  f o r  
p r i v a t e  development  and d e c i d e d  t o  
keep  t h e  p r o j e c t  i n  m u n i c i p a l  owner- 
s h i p .  The c i t y  of Ouray i s  now 
l o o k i n g  f o r  money t o  d r i l l  wells,  a 
n e c e s s a r y  n e x t  s t e p  i n  measu r ing  t h e  
geo the rma l  r e s o u r c e  a c c u r a t e l y  enough 
t o  p r o v i d e  t h e  b a s i s  f o r  more de- 
t a i l e d  development  p l a n s .  

4 .  

Lessons 

The Ouray p r o j e c t  s u g g e s t s  t h a t ,  
g i v e n  c e r t a i n  c o n d i t i o n s ,  t h e  
development  of  a geo the rma l  d i s t r i c t  
h e a t i n g  sys t em is  economica l ly  f e a s -  
i b l e .  It a l s o  emphas izes  t h e  impor- 
t a n c e  of  d e t a i l e d  i n f o r m a t i o n  b e f o r e  
a deve lope r - -pub l i c  or p r i v a t e - -  
l a u n c h e s  a p r o j e c t  of  t h a t  magni tude .  
The r e s o u r c e ,  marke t  and economic 
a s s u m p t i o n s  are p a r t i c u l a r l y  impor- 
t a n t .  Ouray h a s  a l s o  weighed t h e  
v a l u e  of m u n i c i p a l  development  v e r s u s  
p r i v a t e  geo the rma l  development  under  
c o n t r a c t  t o  t h e  c i t y  and i t s  
e x p e r i e n c e  may h e l p  o t h e r  communit ies  
s i m i l a r l y  s i t u a t e d .  

Space heating at 
Timberline Academy 

The T i m b e r l i n e  Academy is  a p r i -  
v a t e ,  n o n - p r o f i t  h i g h  s c h o o l  l o c a t e d  
n o r t h  o f  Durango. The s c h o o l  s o u g h t  
t o  c u t  h i g h  h e a t i n g  b i l l s  i n  a n  o l d  
8,000 s q u a r e - f o o t  b u i l d i n g  by p u t t i n g  
t o  work a l o w  t e m p e r a t u r e  ( 9 2  d e g r e e s  
F)  geo the rma l  s p r i n g  t h a t  r a n  p a s t  
t h e  b u i l d i n g ,  t h e  main f a c i l i t y  on 
t h e  campus. 

With t h e  DOE g r a n t  of  $23 ,883 ,  t h e  
s c h o o l  i n t e n d e d  t o  c i r c u l a t e  t h e  w a r m  
s p r i n g  water d i r e c t l y  t h r o u g h  a n  
e x i s t i n g  baseboard  h e a t i n g  s y s t e m  i n  
t h e  b u i l d i n g .  T h i s  s u p p l e m e n t a l  h e a t  
was e x p e c t e d  t o  s a v e  t h e  s c h o o l  
a round  $2 ,900  wor th  o f  propane  f u e l  
p e r  month and a t  t h e  same time demon- 
s t r a t e  t h e  u s e  of  a low- tempera ture  
s p r i n g - f e d  geo the rma l  r e s o u r c e  f o r  
s p a c e  h e a t i n g  and g i v e  t h e  s t u d e n t s  
some t r a i n i n g  i n  a l t e r n a t i v e  ene rgy  
u s e .  

o f  t h e  o r i g i n a l  p l a n s  mater- 
i a l i z e d .  F i r s t ,  t h e  s c h o o l  l e a r n e d  
d u r i n g  t h e  c o u r s e  o f  t h e  p r o j e c t  t h a t  
t h e  h e a t i n g  demand o f  t h e  o l d  b u i l d -  
i n g  w a s  f a r  g r e a t e r  t h a n  t h e  w a r m  
s p r i n g s  c o u l d  e f f e c t i v e l y  meet. The 
s c h o o l  changed i t s  p l a n s ,  d e c i d i n g  t o  
h e a t  t h r e e  smaller b u i l d i n g s ,  u s i n g  
t h e  s p r i n g  water, which i s  h i g h l y  
m i n e r a l i z e d ,  t o  h e a t  some o t h e r  f l u i d  
t h r o u g h  a h e a t  exchange r .  T h a t  por- 
t i o n  of  t h e  p r o j e c t  was b u i l t  b u t  
b e f o r e  t h e  mod i f i ed  sys t em c o u l d  be 
p u t  i n t o  o p e r a t i o n ,  t h e  Co lo rado  
Department  of  Highways d i v e r t e d  t h e  
s p r i n g  f l o w  w h i l e  do ing  road  work i n  
t h e  area. The r e l o c a t e d  stream f l o w s  
t o o  f a r  f rom t h e  b u i l d i n g s  t o  be  
e f f i c i e n t l y  used  as  p lanned .  So f a r ,  
t h e  stream f l o w  h a s  n o t  been r e s t o r e d  
and t h e  highway depa r tmen t  s a y s  i t  
l a c k s  t h e  money t o  do t h e  work now. 

The h e a t  exchanger  and i t s  con- 
t r o l s  and pumps, as w e l l  as thermo- 
s t a t s  i n  t h e  t h r e e  small b u i l d i n g s ,  
are  i n  p l a c e .  But u n t i l  t h e  stream 
is  r e t u r n e d  t o  o r i g i n a l  c h a n n e l ,  t h e  
s c h o o l  canno t  p u t  t h e  geo the rma l  
r e s o u r c e  t o  work. The h i s t o r y  of  t h e  
T i m b e r l i n e  Academy p r o j e c t  a g a i n  

None 



THE GEOTHERMAL HEAT of the Routt temperatures, hot springs and even a 
Hot Springs near Steamboat Springs few small geysers--none in the Old 
keeps part of this hillside free of Faithful class, though. Other 
snow. Many Colorado geothermal areas Colorado geothermal resources have no 
have been located by such surface visible surface signs. 
signs as very warm ground 

Assessing geothermal feasibility 

The case s t u d i e s  a l s o  show t h a t ,  
w h i l e  t h e  u s e s  f o r  g e o t h e r m a l  e n e r g y  
are many and v a r i e d ,  f e a s i b i l i t y  i s  
v e r y  much dependen t  upon t h e  s p e c i f i c  
s i t e  and  t h e  s p e c i f i c  u s e .  Develop- 
ers s h o u l d  i d e n t i f y  a l l  t h e  e l e m e n t s  
t h a t  are c r i t i c a l  t o  a s u c c e s s f u l  
p r o j e c t  and  p r e d i c t  as a c c u r a t e l y  as 
p o s s i b l e  whe the r  any  of  t h o s e  f e a -  
t u r e s  i s  l i k e l y  t o  change--and, i n  
c h a n g i n g ,  t u r n  a p romis ing  p r o j e c t  
i n t o  a n  u t t e r a b l y  unworkable  one .  

Some of t h e  c o n s i d e r a t i o n s  geo- 
t h e r m a l  s p e c i a l i s t s  stress are t h e s e :  

--The h e a t i n g  r e q u i r e m e n t s  t h e  
g e o t h e r m a l  e n e r g y  is  d e s i g n e d  t o  
meet must  be  g r e a t  enough t o  
j u s t i f y  t h e  c o s t s  i n v o l v e d ,  pa r -  
t i c u l a r l y  if w e l l s  must  be 
d r i l l e d .  O f t e n ,  t h i s  r e q u i r e -  
ment c a n  be  met by p u l l i n g  
t o g e t h e r  a number of small 
uses--a g roup  of  homes, f o r  
example .  But t h i s  c a n  a l s o  make 
t h e  problems m u l t i p l y .  



makes t h e  p o i n t  t h a t  t h e  t e c h n o l o g y  
f o r  u s i n g  g e o t h e r m a l  e n e r g y  i s  f a i r l y  
s t r a i g h t f o r w a r d .  But p l a n n i n g  prob- 
lems and m i s c a l c u l a t i o n s  on o n e  end  
and  i n s t i t u t i o n a l  b a r r i e r s  on  t h e  
o t h e r  c a n  t u r n  a s i m p l e  p r o j e c t  i n t o  
a v e r y  c o m p l i c a t e d  o n e .  

Sola r/g eothe r m a I 
agricultural project 

Morgan Community C o l l e g e  i n  F t .  
Morgan u s e d  a $9,600 a p p r o p r i a t e  
t e c h n o l o g y  g r a n t  t o  b u i l d  and  demon- 
s t ra te  a s o l a r  and g e o t h e r m a l  s y s t e m  
aimed a t  r e d u c i n g  h i g h  fa rm e n e r g y  
cos t s ,  o f t e n  c i t e d  as  t h e  s i n g l e  
b i g g e s t  problem f a c i n g  a g r i c u l t u r a l  
f a m i l i e s  t o d a y .  

The Morgan Community C o l l e g e  s y s -  
t e m  u s e s  s t a b l e  50 d e g r e e s  F ground 
t e m p e r a t u r e s  i n  summer t o  c o o l  a i r  
f o r  a swine  f a r r o w i n g  and n u r s e r y  
building and i n  w i n t e r  t o  pre-heat  
t h e  o u t s i d e  a i r  used  t o  v e n t i l a t e  t h e  
b u i l d i n g .  Young swine  need  c o n s t a n t  
t e m p e r a t u r e s  of between 65 and 80 
d e g r e e s ;  t h e  c o l l e g e ' s  s i m p l e  s y s t e m  
c a n  h e l p  a c h i e v e  t h a t  a t  a n  e n e r g y  
s a v i n g s  of a round $800 p e r  y e a r .  

The s o u t h - f a c i n g  r o o f  of t h e  
b u i l d i n g  carr ies  s e v e n  l i q u i d  solar  
p a n e l s  w i t h  a c o l l e c t i o n  area of  224 
s q u a r e  fee t .  The s o l a r - h e a t e d  h o t  
water p a s s e s  t h r o u g h  a h e a t  e x c h a n g e r  
t o  p r o v i d e  s p a c e  h e a t  and t o  p r e h e a t  
water f o r  t h e  d o m e s t i c  h o t  water 
t a n k .  A 600-ga l lon  s t o r a g e  t a n k  
p r o v i d e s  e v e n i n g  h e a t .  

The g e o t h e r m a l  s y s t e m ,  which cost  
o n l y  a b o u t  $500 t o  i n s t a l l ,  c o n s i s t s  
of 168 l i n e a r  feet  of  p l a s t i c  p i p e ,  
j o i n e d  i n  a p a t t e r n  l i k e  t w o  c a p i t a l  
E ' s ,  one  on t o p  of t h e  o t h e r ,  b u r i e d  
6 1 / 2  f e e t  d e e p  on t h e  n o r t h  s i d e  of  
t h e  s w i n e  b u i l d i n g .  B u i l d i n g  a i r  
c i r c u l a t e s  t h r o u g h  t h i s  p a t t e r n  of  
p i p e s ,  d r i v e n  by a t h e r m o s t a t i c a l l y  
c o n t r o l l e d  f a n  s y s t e m  a l o n g  a n  under-  
ground d u c t .  A i r  emerging from t h e  
p l a s t i c  p i p i n g  s y s t e m  b u r i e d  i n  50- 
d e g r e e  e a r t h  w i l l  be c o o l e r  i n  t h e  
summer and warmer i n  w i n t e r  t h a n  

o u t s i d e  a i r .  An a i r  h a n d l i n g  s y s t e m  
allows o u t s i d e  and room air  t o  b e  
mixed i n  any  p r o p o r t i o n ,  t o  m a i n t a i n  
a d e q u a t e  v e n t i l a t i o n  and a c h i e v e  t h e  
r i g h t  t e m p e r a t u r e .  A backup propane  
f u r n a c e  p r o v i d e s  a d d i t i o n a l  h e a t  when 
t h e  s o l a r / g e o t h e r m a l  s y s t e m  c a n n o t  
m a i n t a i n  the  t e m p e r a t u r e .  T h i s  s y s -  
t e m  is  a n  i n e x p e n s i v e ,  e f f i c i e n t  way 
t o  h e a t  and c o o l  b u i l d i n g s .  It re- 
l i e s  on normal  ground t e m p e r a t u r e s ,  
n o t  on a n  "anomalous" g e o t h e r m a l  
r e s o u r c e  or  h i g h  s u b s u r f a c e  tempera-  
t u r e s .  While  many g e o t h e r m a l  a p p l i -  
c a t i o n s  demand p r o j e c t s  l a r g e  enough 
t o  pay f o r  d r i l l i n g  w e l l s  and f o r  
e x t e n s i v e  p i p i n g  and  pumping s y s t e m s ,  
t h i s  one  i s  i n e x p e n s i v e  enough t o  be  
u s e d  a l m o s t  anywhere,  e v e n  f o r  small, 
i n d i v i d u a l  b u i l d i n g s .  

Problems with 
geothermal development 

A s  t h e  case s t u d i e s  of t h e  appro-  
p r i a t e  t e c h n o l o g y  g r a n t s  s u g g e s t ,  
t h e r e  c a n  be  problems w i t h  g e o t h e r m a l  
deve lopment .  They are  n o t  u n i q u e  t o  
C o l o r a d o  b u t  have  t o  do w i t h  t h e  
n a t u r e  of t h e  r e s o u r c e  and i t s  l i k e l y  
u s e .  

t h e  b i g g e s t  problem i s  t h e  
s h e e r  s i ze  n e c e s s a r y  t o  make a pro-  
j ec t  e c o n o m i c a l l y  workable .  The b ig-  
g e r  t h e  p r o j e c t ,  t h e  g r e a t e r  t h e  need  
f o r  c a r e f u l  p l a n n i n g ,  a n a l y s i s  and 
c o o r d i n a t i o n .  I f  it r e a c h e s  a 
community-wide scale,  many d i v e r s e  
g r o u p s  and i n t e r e s t s  c a n  b e  i n v o l v e d .  

. Water r i g h t s  c o n f l i c t s  have  t a k e n  
t h e i r  t o l l  on some C o l o r a d o  geo- 
t h e r m a l  p r o j e c t s  and  are  l i k e l y  t o  
c o n t i n u e  t o  d o  so.  F i n a n c i n g  c a n  
a l so  p r e s e n t  problems e s p e c i a l l y  i f  
t h e  p r o j e c t  r e q u i r e s  much w e l l -  
d r i l l i n g .  Bankers  t e n d  t o  l o o k  a t  
d r i l l i n g  as a r i s k y  v e n t u r e  and are 
o f t e n  r e l u c t a n t  t o  p r o v i d e  f i n a n c i n g .  
D e v e l o p e r s  may have  t o  f o r g e t  d e b t  
f i n a n c i n g  f o r  ear ly  s t a g e s  o f  t h e  
p r o c e s s  and l o o k  f o r  some a l t e r n a t i v e  
f i n a n c i n g  methods.  

O f t e n ,  



--The o t h e r  f a c t o r  i n  cost- 2 .  
e f f e c t i v e n e s s  of  g e o t h e r m a l  u s e  
i s  t h e  c o s t ,  t o d a y  and o v e r  
time, o f  t h e  f u e l  t h a t  
g e o t h e r m a l  e n e r g y  w i l l  r e p l a c e .  
I f  c o n v e n t i o n a l  e n e r g y  i s  a v a i l -  
a b l e ,  i s  r e l a t i v e l y  i n e x p e n s i v e  
and l i k e l y  t o  remain  s o ,  conver-  
s i o n  t o  g e o t h e r m a l  f o r  a g i v e n  
u s e  may be  a bad b a r g a i n .  

--Geothermal development  c a n  o f t e n  

i s s u e s ,  s u c h  as water r i g h t s  and 

v i r t u a l l y  e v e r y  l e v e l ,  f rom town 
o r  c o u n t y  t o  s ta te  and f e d e r a l ) .  
P r o f e s s i o n a l  g u i d a n c e  c a n  be  
v e r y  i m p o r t a n t  i n  t h e s e  s t e p s .  

s i o n a l s  i s  n o t  cheap  b u t  n e i t h e r  
i s  i g n o r i n g  o r  g l o s s i n g  o v e r  
i s s u e s  t h a t  c a n  l a t e r  d e l a y  o r  
k i l l  a p r o j e c t .  

i n v o l v e  c o m p l i c a t e d  l e g a l  3. 

p e r m i t t i n g  p r o c e s s e s  ( a t  

The h e l p  of  competent  p r o f e s -  4 .  

Steps for geothermal 
project development 

The s t e p s  f o r  g e o t h e r m a l  p r o j e c t  
development  i n  C o l o r a d o  s h o u l d  i n -  
c l u d e  a s s e s s m e n t ,  f i n a n c i n g ,  l e a s i n g ,  

t i o n .  The c o m p l e x i t y  of  t h e  proposed  
p r o j e c t  w i l l  d e t e r m i n e  which of  t h e  
a c t i v i t i e s  are n e c e s s a r y .  
1. Assessment .  The r e q u i r e d  assess- 

ments  i n c l u d e :  g e o l o g i c ,  t o  de- 
t e r m i n e  t h e  p o t e n t i a l  of t h e  
r e s o u r c e  r e l a t i v e  t o  t h e  proposed  
u s e ;  economic,  t o  d e t e r m i n e  
whether  t h e  r e s o u r c e  c a n  b e  
e c o n o m i c a l l y  d e v e l o p e d  f o r  t h e  
p a r t i c u l a r  u s e ;  and e n g i n e e r i n g ,  
t o  d e t e r m i n e  how t o  b u i l d  t h e  
s y s t e m .  

p e r m i t t i n g ,  d r i l l i n g ,  and c o n s t r u c -  5. 

F i n a n c i n g .  A g e o t h e r m a l  d e v e l -  
o p e r  must d e c i d e  whether  a geo- 
t h e r m a l  development  w i l l  be  
f i n a n c e d  w i t h  e q u i t y  f u n d s  o r  
d e b t .  For  i n i t i a l  w e l l  d r i l l i n g ,  
v e n t u r e  c a p i t a l  may o f f e r  t h e  
b e s t  p o t e n t i a l ,  e s p e c i a l l y  f o r  a 
l a r g e  p r o j e c t .  For  l a t e r  w e l l s  
and c o n s t r u c t i o n  a f t e r  t h e  s o u r c e  
is  d e f i n e d ,  more c o n v e n t i o n a l  
s o u r c e s  may be  a v a i l a b l e .  
L e a s i n g .  Land and m i n e r a l s  leas- 
i n g  may be n e c e s s a r y .  Even i f  
t h e  d e v e l o p e r  Owns t h e  l a n d ,  h e  
w i l l  need m i n e r a l s  leases i f  t h e  
m i n e r a l  r i g h t s  are  under  
d i f f e r e n t  ownersh ip  from t h a t  of 
t h e  l a n d .  
P e r m i t t i n g .  The s t a t e  r e q u i r e s  
p e r m i t s  f o r  d r i l l i n g  wel l s ,  d i s -  
c h a r g i n g  t h e  f l u i d ,  and f o r  a i r  
p o l l u t i o n ;  l o c a l  governments  r e g -  
u l a t e  r e z o n i n g  or s u b d i v i d i n g ,  
c o n s t r u c t i o n ,  and sometimes o t h e r  
a s p e c t s ;  f e d e r a l  leases and per -  
m i t s  w i l l  be  r e q u i r e d  where 
f e d e r a l  ownersh ip  i s  i n v o l v e d .  
I n  a d d i t i o n ,  water r i g h t s  must 
u s u a l l y  be a c q u i r e d ,  e i t h e r  
t h r o u g h  p u r c h a s e  or a d - j u d i c a t i o n .  
D r i l l i n g ,  Well d r i i l i n g  , t o  
d e t e r m i n e  t h e  v a l u e  of  t h e  
r e s o u r c e ,  u s u a l l y  b e g i n s  w i t h  
some p r e l i m i n a r y  e x p l o r a t i o n  s u c h  
as g e o p h y s i c a l  work and s h a l l o w  
g r a d i e n t  w e l l s  t o  h e l p  i d e n t i f y  
t h e  b e s t  d r i l l  s i t es  and r e q u i r e d  
d e p t h .  N e x t ,  one  or more w e l l s  
are d r i l l e d ,  p r e f e r a b l y  by a 
d r i l l e r  e x p e r i e n c e d  w i t h  geo- 
t h e r m a l  wells.  Flow tests t h e n  
w i l l  d e t e r m i n e  t h e  t e m p e r a t u r e  
and volume of  f l u i d  a v a i l a b l e ,  
t h e  ra te  a t  which i t  may be safe- 
l y  e x t r a c t e d ,  and  any  e f f e c t  on 
o t h e r  w e l l s  o r  s p r i n g s .  





- - .  . .  
Name - 

1. Juniper Hot Springs 
2. Craig Warm Water Well  
3. Routt Hot Springs 
4. Steamboat Springs 
5. Brand's Ranch Artesian Well 
6. Hot Sulphur Springs 

7 .  Haystack But te  Warm Water Well 
8. E l  Dorado Warm Springs 
9. Idaho Hot Springs 

10. Dotsero Warm Springs 
11. Glenwood Hot Springs 
12. South Canyon Hot Springs 

13. Penny Hot Springs 
(Avalanche Hot Springs) 

14.  Colonel Chinn Hot Water Well 
15. Conundrum Hot Springs 
16. Cement Creek Warm Springs 
17.  Ranger Warm Springs 

18. Rhodes Warm Springs 
19. Har tse l  Hot Sprinss 
20. Cottonwood and sump-steady 

21. Chalk Creek Area (WellS/SPring 
22. Browns Canyon T h e r m a l  Area 

Hot Springs 

23. Poncha Hot Springs 
24. Wel l sv i l lE  Warm Springs 
25. Swissvale Warm Springs 
26. Canon C i t y  Hot Springs 
27. Frernont Natarorium 
28. Florence Artesian Well  

County 

Moffat  
Moffat  
Routt 
Routt 
Jackson 
Grand 

Boulder 
Boulder 
Clear Crk. 
Eagle 
Gar f i e ld  
Gar f i e ld  

P i t k i n  
De l ta  
P i t k i n  
Gunnison 
Gunnison 

Park 
Park 

Chaff ee 
Chaff ee 
Chaf f  ee 

Chaff ee 
Chaff ee 
Chaff ee 
Fremont 
Fremont 
Frernont 

County Name - 
29. Don K. Ranch Artesian Well  Fremont 
30. Clark Artesian Well  

(Clark Springs Warm Water Well) Pueblo 
31. Mineral  Hot Springs 
32. Val ley View Hot Spring 
33. Shaw's Warm Springs 

34. Sand Dunes Swimming Pool 

35. Splashland Hot Water Well 
36. Dexter Warm Spring 
37. McIntyre Warm Spring 
38. S t ink ing  Springs 

(Hot Water Well) 

39. Dutch Crowley Artesian Well  
40. Eof f  Artesian Well 
41. Pagosa Springs 
42. Rainbow Hot Spring 
43. Wagon Wheel Gap Hot Springs 
44. Antelope Warm Spring 

45. Bi rds ie  Warm Spring 
46. Upper Waunita Hot Springs 
47. Cebolla Hot Springs 
48. Drwis Hot Spring 
49. Ouray Hot Springs 
50. Lemon H o t  Spring 

51. Dunton Hot Spring 
52. Geyser Warm Spring 
53. Paradise Warm Springs 
54. Rico Warm Springs 
55. Pinkerton Hot Springs 
56. Tr ipp  and Trimble Warm Springs 

Saguache 
Saguache 
Saguache 

Alamosa 
Alamosa 
Cone j o s  
Cone jos  
A r  chu l  e t a 

Archuleta 
Archuleta 
Archuleta 
Mineral  
Mineral  
Mineral  

Mineral  
Gunnison 
Gunnison 
Ouray 
Ouray 
San miguel 

Dolores 
Dolores 
Dolores 
Dolores 
La P la ta  
La P la ta  



Colo. State Board o f  Land Commissioners 
Room i20, 1313 Sherman S t .  
Denver, Colo. 80203 
(303) 839-3451 

Issues geothermal leases on state-owned 
property, surface or sub-surface. 

Colo. O i l  and Gas Conservation Commission 
Room 721, 1313 Sherman St.  
Denver, Colo. 80203 
(303) 839-3531 

Regulates geothermal w e l l  d r i l l i n g  i n  
C o l  or ado. 

Colo. D i v i s i o n  o f  Water Resources 
Room 818, 1313 Sherman S t .  
Denver, Colo. 80203 
(303) 839-3587 

Administers water r i g h t s  within Colorado. 

Colo. Geological Survey 
Room 715, 1313 Sherman St.  
Denver, Colo. 80203 
(303) 839-261 1 

Conducts research concerning geothermal 
resources and development. Makes ava i l ab le  
s i t e - s p e c i f i c  Colorado reports,  including: 

An Appraisal o f  Colorado's Geo- 
thermal Resources, by J.K. B a r r e t t  
and R.H. Pearl, 1979. 

Bibl iography of  Geothermal Reports 
i n  Colorado, by R.H. Pearl, T.G. 
Zacharakis, F.N. Repplier and K.P. 
NcCarthy, 1981 . 

Colorado's Hydrothermal Resource 
Base--An Assessment, by R.H. Pearl, 
1979. 

Colo. Department o f  Heal th 
Water Q u a l i t y  Contro l  D i v i s i o n  
4210 East 11th Ave. 
Denver, Colo. 80220 
(303) 320-6231 

Issues permits fo r  the discharge o f  po l -  
l u t a n t s  i n t o  surface or sub-surface waters. 

U.S. Geological Survey 
U.S. Department o f  the I n t e r i o r  
.345 M i d d l e f i e l d  Road 
Manlo Park, C a l i f .  94025 
(41 5) 323-81 11 

Issues permits f o r  explorat ion and 
development a c t i v i t i e s .  

U.S. Forest  Service 
U.S. Department o f  Agr icu l ture 
Box 25127 - 11177 West 8 t h  Ave. 
Lakewood, Colo. 80227 
(303) 234-371 1 

Colo. Of f ice of  Energy Conservation 
112 E. 14th Ave. 
Denver, CO 80203 
(303) 866-2507 

L i t e r a t u r e  i s  avai lab le concerning energy 
conservation and renewable resources, 
including: 

Using the Ear th t o  Heat and Cool 
H m s ,  U.S. Dept. Energy, 
DOE/CE/15095-6, 1983. 

Conservation and Renewable Energy I n q u i r y  
and Re fe r ra l  Service 

Box 8900 
S i l v e r  Spring, NO 20907 
(800) 523-2929 U.S. 
(800) 462-4983 Pennsylvania 
(800) 233-3071 Alaska and Hawaii 

conservation information. 
Renewable energy technologies and energy 

Geo-Heat Center 
Oregon I n s t i t u t e  o f  Technology 
Klamath Fa l l s ,  Oregon 97601 
(503) 882-6321 

U.S. Department o f  Energy 
D i v i s i o n  o f  Geothermal Energy, 3122-C 
20 Massachusetts Ave., N.W. 
Washington, D.C. 20545 
(202) 252-5340 

Bureau of  Land Management 
U.S. Department o f  the I n t e r i o r  
Room 700, Colorado State Bank Bldg. 
1600 Broadway 
Denver, CO 80202 
(303) 837-4481 

Issues leases for  land or mineral  r i g h t s  
under fede ra l  j u r i s d i c t i o n .  

I 
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