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FINAL TECHNICAL REPORT FOR THE 

4- 

GEOTHERMAL-RESERVOIR ASSESSMENT AND CONFIRMATION PROGRAM FOR 
D I R E C T  HEAT APPLICATIONS I N  COLORADO 

R I C H A R D  HOWARD PEARL 
PROJECT COORDINATOR 

PROJECT D E S C R I P T I O N  0 

T h i s  i s  a r e s e r v o i r  assessment and c o n f i r m a t i o n  program l e a d i n g  t o  t h e  
development  o f  t h e  low- and m o d e r a t e -  t e m p e r a t u r e  geothermal  r e s e r v o i  r s  i n  
C o l o r a d o  f o r  d i  r e c t - h e a t  a p p l i c a t i o n s .  

The C o l o r a d o  G e o l o g i c a l  Survey  i s  r e s p o n s i b l e  f o r  t h e  p r e p a r a t i o n  o f  r e p o r t s  
summari z i n g  t h e  d i s t r i b u t i o n  and q u a l  i t y  o f  geothermal  r e s e r v o i  r s  t h a t  appear  
s u i t a b l e  f o r  d i r e c t -  h e a t  a p p l i c a t i o n s .  T h i s  i s  a c c o m p l i s h e d  t h r o u g h  a 
s y n t h e s i  s o f  a v a i  1 ab1 e g e o l o g i c a l  , geochemica l  , g e o p h y s i c a l  and h y d r o g e o l  o g i  c a l  
d a t a .  D a t a  o b t a i n e d  t h r o u g h  t h i s  e f f o r t  i s  a l s o  p r o v i d e d  t o  t h e  U.S. 
G e o l o g i c a l  Survey  f o r  i n c o r p o r a t i o n  i n t o  t h e  GEOTHERM d a t a  f i l e .  

INTRODUCTION 

T h i s  r e p o r t  summarizes a c t i v i t i e s  o f  t h e  p r o j e c t  f r o m  i t s  i n c e p t i o n ,  June 27, 
1977 t o  i t s  c o m p l e t i o n  March 31, 1983. The c o n t r a c t ,  DE-AS07-77ET-28365 
( i n i t i a l  l y  numbered EG-77-07-1678) was ammended s e v e r a l  t i m e s .  F o l l o w i n g  i s  a 

rl h i s t o r y  o f  t h e  v a r i o u s  ammendments. 

Amount P e r i o d  . 
O r i g i n a l  c o n t ' r a c t  : 
M o d i f i c a t i o n  A001: 
M o d i f i c a t i o n  A002: 
M o d i f i c a t i o n  A003: 
Modi f i c a t  i on A004 : 
Modi f i c a t  i on A005 : 
M o d i f i c a t i o n  A006: 
M o d i f i c a t i o n  A007: 
Modi f i c a t 1  on A008: 
Modi f i c a t  i on A009 : 
Modi f i c a t  i on A010: 

$154,130 
164,621 
100,000 
100,000 

0 
199,995 

5,000 
1 7 3 , 6 7 6  

0 
0 
0 

6 /27 /77  - 6 / 2 6 / 7 8  
6 /27 /78  - 12/31/78 
1/ 1 / 7 9  - 12/31 /79  

1/ 1 / 8 0  - 2 /28 /80  
3 /  1 / 8 0  - 2 / 2 8 / 8 1  

3/  1/81 - 2 /28 /82  
3 /  1/82  - 8 / 3 1 / 8 2  
9 11/82  - 12/31 /82  
l/ 1 / 8 3  - 3 /31 /83  

no t i m e  

no t i m e  
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R E Q U I R E D  RESEARCH TO BE PERFORMED UNDER THE CONTRACT 

F o l l o w i n g  i s  a summary o f  a1 1 t h e  c o n t r a c t u a l  r e s e a r c h  r e q u i r e m e n t s .  I n  s e v e r a l  
i n s t a n c e s  i d e n t i c a l  o r  n e a r l y  i d e n t i c a l  r e s e a r c h  r e q u i r e m e n t s  were l i s t e d  i n  
s e v e r a l  y e a r s .  Where t h i s  o c c u r r e d  t h e s e  r e q u i r e m e n t s  have been combined 
below.  A t  t h e  end o f  each r e s e a r c h  r e q u i r e m e n t s  i s  n o t e d  t h e  number o f  t h e  
r e p o r t ,  o r  r e p o r t s ,  w h i c h  d e s c r i b e s  t h a t  p a r t i c u l a r  p r o j e c t .  

(I 

rr) 

1. P r e p a r e  a p r e l i m i n a r y  s y n t h e s i s  o f  d a t a  p r e s e n t l y  a v a i l a b l e  c o n c e r n i n g  t h e  
d i s t r i b u t i o n  o f  l o w  and modera te  t e m p e r a t u r e  geothermal  r e s e r v o i r s  i n  C o l o r a d o  
p o t e n t i a l l y  s u i t a b l e  f o r  d i r e c t  h e a t  a p p l i c a t i o n s .  Data g e n e r a t e d  d u r i n g  t h i s  
r e v i e w  w i l l  be p r o v i d e d  t o  t h e  U.S.G.S. GEOTHERM d a t a  base. F o r  r e s u l t s  see 
r e p o r t  no. 15. 

2 .  I n  c o o p e r a t i o n  w i t h  U.S. G e o l o g i c a l  Survey,  U.S. F o r e s t  S e r v i c e ,  and 
r e p r e s e n t i v e s  o f  U.S. ERDA-Div is ion  o f  Geothermal Energy,  s e l e c t  i n d i v i d u a l  
s i t e s  f o r  d e t a i l e d  s i t e  assessment s t u d i e s .  S t u d i e s  may i n c l u d e :  ( A )  G e o l o g i c a l  
and h y d r o l o g i c a l  mapping;  ( 6 )  G e o p h y s i c a l  i n v e s t i g a t i o n s ;  (C)  Heat  f l o w  
d r i l l i n g  and measurements. Areas i n i t i a l l y  chosen were Pagosa S p r i n g s  a n d ,  
Glenwood S p r i n g s .  F o r  r e s u l t s  see r e p o r t s  no. 6, 8, 9 and 14. 

3. S u b c o n t r a c t  f o r  p r e l  i m i n a r y  e n v i r o n m e n t a l  assessments and r e p o r t s  on 
n o n - F o r e s t  S e r v i c e  l a n d  as r e q u i r e d  by ERDA-DGE E n v i r o n m e n t a l  R e p o r t i n g  
Procedures .  F o r  r e s u l t s  see r e p o r t  no. 9. 

4 .  Recommend s i t e s  f o r  c o n f i r m a t i o n  d u r i n g  f o l l o w - o n  work.  F o r  r e s u l t s  see 

5. Complete t h e  t e s t i n g  and a n a l y s i s  o f  t h e  Pagosa S p r i n g s  Wel l .  Work t o  be 

was n o t  done because t h e  c i t y  o f  Pagosa S p r i n g s  t o o k  i t  o v e r .  

6. C o o p e r a t e  w i t h  t h e  U.S. G e o l o g i c a l  Survey  i n  g e o p h y s i c a l  i n v e s t i g a t i o n s  of  
t h e  San L u i s  V a l l e y  a n d / o r  o t h e r  a r e a s  o f  C o l o r a d o  w i t h  geothermal  p o t e n t i a l .  
The work i n  t h e  San L u i s  V a l l e y  s h o u l d  i n c l u d e  s i t e  s p e c i f i c  g e o l o g i c a l ,  
g e o p h y s i c a l  and h y d r o l o g i c a l  s t u d i e s  i n  t h e  Alamosa Area. F o r  r e s u l t s  see 
r e p o r t  no. 4 .  

e r e p o r t s  no. 14 and 18. 

c o o r d i n a t e d  w i t h  Coury and A s s o c i a t e s  and t h e  C i t y  o f  Pagosa S p r i n g s .  T h i s  t a s k  

7. Conduct e v a l u a t i o n  o f  t h e  geothermal  r e s o u r c e s  o f  s e l e c t  a r e a s  i n  C o l o r a d o  
where geothermal  i n t e r e s t  e x i s t s .  E v a l u a t i o n  p r o g r a m  t o  i n c l u d e ,  b u t  i s  n o t  
1 i m i t e d  t o :  G e o p h y s i c a l  and geochemica l  s u r v e y s ,  g e o l o g i c a l  and h y d r o g e o l o g i c a l  
mapping, d r i l l i n g  o f  g r a d i e n t  h o l e s ,  and d r i l l i n g  o f  r e s e r v o i r  c o n f i r m a t i o n  
t e s t  h o l e s .  These a r e a s  may i n c l u d e ,  b u t  a r e  n o t  l i m i t e d  t o :  Ouray, t h e  Animas 
V a l l e y  n o r t h  of  Durango, Pagosa S p r i n g s ,  San L u i s  V a l l e y ,  Wagon Wheel Gap Hot  
S p r i  ngs , Wauni t a  Hot  S p r i n g s ,  Ranger-Cement Creek Warm S p r i n g s ,  Canon C i t y  
a r e a ,  H a r t s e l  H o t  S p r i  ngs,  I d a h o  ‘Spr i  ngs,  G1 enwood S p r i n g s ,  Hot  Sul  p h u r  
S p r i n g s ,  and Steamboat -Rout t  H o t  S p r i n g s .  P r e p a r e  r e p o r t s  d e t a i l i n g  f i n d i n g s .  
T h i s  i t e m  i s  a c o m b i n a t i o n  of  3 o r  4 s e p a r a t e  work e lements .  See r e p o r t s  no. 1, 
2, 4, 5, 6, 7, 8, 11, 12, 13, 21, 22, 23, 26, 27, 28, 30, 31, 32 and 33 f o r  
r e s u l t s  o f  i n v e s t i g a t i o n s .  

3 

0 
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8. Conduct an e l e c t r i c a l  r e s i s t i v i t y  s u r v e y  and a s e i s m i c  s u r v e y  i n  t h e  Shaw 
Warm S p r i n g  a r e a ,  San L u i s  V a l l e y .  C o l l e c t  a l l  a v a i l a b l e  g e o p h y s i c a l  
i n f o r m a t i o n  c o n c e r n i n g  t h e  n o r t h e r n  p o r t i o n  o f  t h e  San L u i s  V a l l e y .  R e p o r t  
d e t a i l i n g  f i n d i n g s  w i l l  be p r e p a r e d .  See r e p o r t s  no. 1,2,4, and 32. 

' 9. A c q u i r e  a v a i l a b l e  t h e r m a l  g r a d i e n t  measurements f r o m  e x i s t i n g  w e l l s .  R e p o r t  
no. 24 d e t a i  1 s f i n d i n g s .  

T + 

R 10. Make a s t a t e - w i d e  assessment o f  t h e  g r o u n d w a t e r  t e m p e r a t u r e s .  O b t a i n  (D 

b o t t o m  h o l e  t e m p e r a t u r e s  f r o m  w a t e r  and o i l  and gas w e l l s  i n  e a s t e r n  Co lorado.  
P r e p a r e  a map showing t e m p e r a t u r e s .  F o r  r e s u l t s  see r e p o r t s  no. 24 and 25. 

11. Acqui  r e  and i n t e r p r e t  any a v a i  1 ab1 e g e o p h y s i c a l  d a t a  , on an a s - a v a i  1 ab1 e 
b a s i s .  F o r  r e s u l t s  see r e p o r t  no. 29 and 30. 

12. P r o v i d e  a s s i s t a n c e  t o  NOAA i n  p r e p a r a t i o n  o f  a s t a t e  w i d e  geothermal  map. 
A l s o  p r o v i d e  i n f o r m a t i o n  t o  U.S.G.S. f o r  i n c l u s i o n  i n  t h e  GEOTHERM f i l e .  See 
r e p o r t  no. 1 6  r e s u l t s .  

13. P r e p a r e  a h e a t - f l o w ,  g r o u n d - w a t e r  t e m p e r a t u r e ,  and t e m p e r a t u r e  g r a d i e n t  
maps o f  Co lorado.  R e p o r t s  no. 24, 2 5 ,  and 29 r e p o r t  f i n d i n g s .  

14. Measure geothermal  g r a d i e n t s  i n  h o l e s  o f  o p p o r t u n i t y .  See r e p o r t  no. 24. 

15. E v a l u a t e  t h e r m a l  w a t e r s  i n  s e l e c t e d  m i n i n g  d i s t r i c t s .  P r e p a r e  a r e p o r t  
d e t a i l i n g  f i n d i n g s .  R e p o r t  no. 1 0  d e t a i l i s  f i n d i n g s .  

T 16. P r o v i d e  a d v i c e  and a s s i s t a n c e  t o  p r i v a t e  c i t i z e n s ,  companies,  g o v e r n m e n t a l  
a g e n c i e s  and any o t h e r s  r e g a r d i n g  geothermal  r e s o u r c e s  o f  Co lorado.  See 
r e p o r t s  no. 3, 17 ,  19, 20, and 2 1  f o r  r e s u l t s  o f  e f f o r t s .  . 
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PROJECT PERSONNEL 

. l o  The f o l l o w i n g  p e r s o n n e l  worked f u l l  t i m e  on t h e  p r o j e c t .  
a. R i c h a r d  H. P e a r l  , P r o j e c t  C o o r d i n a t o r .  

c. M i  c h a e l  Gal 1 oway , Hydrogeo l  o g i  s t  
d. K e v i n  McCarthy,  H y d r o g e o l o g i s t  

f. Chuck R i n g r o s e ,  H y d r o g e o l o g i s t  
g. Ted Z a c h a r a k i s ,  G e o p h y s i c i s t  

-f b. Jay D i c k ,  G e o l o g i s t  

,- e. F r a n k  R e p p l i e r ,  G e o l o g i s t  

Q 

. 

2. Personne l  who worked p a r t  t i m e  on p r o j e c t  
a. Becky Andrews, word p r o c e s s o r  o p e r a t o r  
b. C h e r y l  Brchan,  d r a f t s p e r s o n  
c. S h i r l e y  D e n z l e r ,  word p r o c e s s o r  o p e r a t o r  
d. E t t a  Norwood, d r a f t s p e r s o n  
e. Mark P e r s i c h e t t i ,  d r a f t s p e r s o n  
f. N e i l  S h e r r y ,  d r a f t s p e r s o n  
g. Debb ie  S t a f f o r d ,  s e c r e t a r y  

a. John B r a d b u r y ,  s o i l  m e r c u r y  
b. K e v i n  Columbia,  t e m p e r a t u r e  measurements. 
c .  C a r o l  G e r l i t z ,  s o i l  m e r c u r y  
d. M i k e  Glaze,  s o i l  m e r c u r y  
e. R o b e r t  Fargo , geophys i  c s  
f. J a y  Jones,  g e o p h y s i c s  
g. John Memmi , g e o p h y s i c s  
h. M i k e  Re1 f, t e m p e r a t u r e  measurements 
i. James R O S S ,  s o i l  m e r c u r y  
j .  B r a d  S t r o n g ,  g e o p h y s i c s  
k. C h a r l e s  T r e s k a ,  g e o p h y s i c s  
1. Deborah Wester,  s o i l  m e r c u r y  

3 .  F i e l d  a s s i s t a n t s  who worked on t h e  p r o j e c t  d u r i n g  summer months o n l y .  
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REPORTS AND PUBLICATIONS 

The f o l l o w i n g  r e p o r t s  were e i t h e r  p r e p a r e d  by p r o j e c t  s t a f f  p e r s o n n e l  or  
f o r  t h e  p r o j e c t  by c o n s u l t a n t s  i n  s u p p o r t  o f  r e s e a r c h  r e q u i r e m e n t s .  A b r i e f  

"s summary o f  t h e  p a p e r  i s  p r e s e n t e d .  

1. A p p l e g a t e ,  J.K., 1981, S E I M I C  REFLECTION SURVEY I N  THE V I C I N I T Y  OF 
CANON CITY, COLORADOy AND A R E V I E W  OF S E I S M I C  DATA GATHERED I N  THE SAN 
LUIS VALLEY; F i n a l  R e p o r t  t o  Geophys ics  Fund Inc . :  C o l o r a d o  School  
Mines ,  E x p l o r a t i o n  Research  L a b o r a t o r y ,  Unpub. r e p o r t  t o  t h e  C o l o r a d o  
Geol o g i  c a l  Survey.  

The s e i s m i c  d a t a  i n  t h e  Canon Ci ty  s t u d y  was a c q u i r e d  e a s t  o f  
Canon City and n o r t h  o f  F l o r e n c e .  The s t u d y  was a l o n g  a l i n e  
a p p r o x i m a t e l y  t h r e e  m i l e s  i n  l e n g t h  n e a r  w h i c h  a d d i t i o n a l  geo- 
p h y s i c a l  d a t a  were a c q u i r e d  i n  t h e  p a s t  and o r t h o g o n a l  t o  t h e  
t r e n d  of t h e  p o s t u l a t e d  B r u s h  H o l l o w  a n t i c l i n e .  

'F 

The C o l o r a d o  School  o f  M ines  has c o n d u c t e d  a f i e l d  camp f o r  
t h e i r  g e o p h y s i c s  s t u d e n t s  i n  t h e  San L u i s  V a l l e y  f o r  s e v e r a l  
y e a r s .  I n  a d d i t i o n ,  s e v e r a l  p e t r o l e u m  companies have u n d e r t a k e n  
s e i s m i c  s u r v e y s  i n  t h e  v a l l e y .  The C o l o r a d o  G e o l o g i c a l  S u r v e y  
i s  p a r t i c u l a r l y  i n t e r e s t e d  i n  u t i l i z i n g  t h e  s e i m i c  method i n  t h e  
v i c i n i t y  o f  Shaw S p r i n g s  a r e a  t o  map s t r u c t u r a l  c o n t r o l s  t h a t  
may p r o v i d e  c o n d u i t s  f o r  h o t  w a t e r  c i r c u l a t i o n .  The p u r p o s e  
o f  t h i s  r e p o r t  i s  t o  r e v i e w  t h e  methodo logy  used t o  a c q u i r e  
s e i m i c  d a t a  i n  t h e  Shaw S p r i n g s  a r e a ,  c o n t r a s t  i t  t o  s e i s m i c  
d a t a  a c q u i r e d .  i n  o t h e r  p a r t s  o f  t h e  v a l l e y  and p o s t u l a t g  t h e  
reasons  f o r  d a t a  q u a l i t y  v a r i a t i o n s  and s p e c u l a t e  on s e i s m i c  
m e t h o d o l o g y ,  if any, t h a t  i s  a p p l i c a b l e  t o  s o l v i n g  t h e  problem. 
(From t h e  I n t r o d u c t i o n ) .  

2. Bond, M.A., 1981, AN INTEGRATED GEOPHYSICAL STUDY OF THE SHAW WARM 
S P R I N G  AREA,  SAN LUIS VALLEY, SOUTH-CENTRAL COLORADO: Unpub. M a s t e r  
o f  S c i e n c e  t h e s i s  , Dept . o f  Geophys ics ,  Col o r a d o  School  M i  nes. 

An i n t e g r a t e d  g e o p h y s i c a l  s t u d y  o f  t h e  Shaw Warm S p r i n g  a r e a  
l o c a t e d  on t h e  w e s t e r n  edge o f  the San L u i s  V a l l e y ,  a down- 
f a u l t e d  s t r u c t u r a l  d e p r e s s i o n ,  was u n d e r t a k e n  t o  d e t e r m i n e  
t h e  n a t u r e  of  t h e  g e o t h e r m a l  system. The g e o p h y s i c a l  methods 
employed i n  t h e  s t u d y  i n c l u d e d :  t i m e - d o m a i n  e l e c t r o g m a g n e t i c  
sound ings ,  D.C. r e s i s t i v i t y ,  a u d i o m a g n e t o t e l l  u r i c  and t e l l u r i c  
s u r v e y s ,  s e i s m i c  r e f l e c t i o n  and r e f r a c t i o n  s u r v e y s ,  and g r a v i t y  
s u r v e y s .  (From A b s t r a c t  ) . 
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3. Bu r roughs ,  R.L., 1981, A SUMMARY OF THE GEOLOGY OF THE SAN LUIS B A S I N ,  

MONTE V I S T A  GRABEN: C o l o r a d o  Geol.  Survey Spec. Pub. 1 7  and U.S. Dept. 
o f  Energy DOE/ET/28365-10, 30 p. 

COLORADO - NEW M E X I C O  WITH EMPHASIS  O N  THE GEOTHERMAL POTENTIAL FOR THE 

The o b j e c t i v e  o f  t h i s  r e p o r t  i s  t o  r e v i e w  t h e  known g e o l o g i c  
d a t a  o f  t h e  San L u i s  B a s i n  and t o  r e l a t e  i t  t o  an u n d e r s t a n d i n g  
o f  t h e  h y d r o t h e r m a l  p o t e n t i  a1 of  t h e  A1 amosa-Monte V i  s t a  a rea .  
The r e p o r t  r e v i e w s  t h e  p h y s i o g r a p h i c  s e t t i n g  o f  t h e  r e g i o n ;  t h e  
s t r u c t u r a l  f ramework o f  t h e  b a s i n  and i t s  i n f l u e n c e  on t h e  
s t r a t i g r a p h i c  makeup o f  t h e  r o c k  sequence, w h i c h  i n  t u r n  c o n t r o l  
t h e  o c c u r r e n c e  o f  p o t e n t i a l  deep w a t e r  r e s e r v o i  r s .  A t t e n t i o n  
i s  a l s o  g i v e n  t o  h i g h  h e a t  f l o w  a l o n g  t h e  R i o  Grande R i f t  and t o  
t h e  geo the rma l  g r a d i e n t  o f  t h e  San L u i s  Bas in .  The " c o n f i n e d "  
a q u i f e r  i s  t h e n  c o n s i d e r e d  i n  r e s p e c t  t o  i t s  h y d r o g e o l o g y ,  w a t e r  
q u a l i t y ,  and as t o  t h e  l e g a l  a s p e c t s  o f  t h e  system. (From t h e  
I n t r o d u c t i o n ) .  

4. C h r i s t o p h e r s o n ,  K.R., N e r v i c k ,  K.H., Heran, W.D. and P r i n g l e ,  L a u r e l ,  

WARM S P R I N G S  R E G I O N ,  COLORADO: U.S. Geol. Survey O p e n - F i l e  R e p o r t  
1981, AUDIO-MAGNETOTELLURIC AND TELLURIC PROFILING S T U D I E S  I N  THE SHAW 

81-958. 

D u r i n g  1980, t h e  U.S. G e o l o g i c a l  Survey  conduc ted  g e o p h y s i c a l  
s t u d i e s  i n  t h e  r e g i o n  o f  Shaw Warm S p r i n g s ,  Co lo rado .  The work 
was done t o  h e l p  assess  t h e  geo the rma l  p o t e n t i a l  o f  t h e  r e g i o n  
i n  a c o o p e r a t i v e  e f f o r t  w i t h  t h e  C o l o r a d o  G e o l o g i c a l  Survey .  The 
g e o p h y s i c a l  methods used were a u d i o - m a g n e t o t e l l u r i c s  (AMT) and 
E - f i e l d  r a t i o  t e l l u r i c  p r o f i l e s .  (From t h e  p a p e r ) .  

5. C h r i s t o p h e r s o n ,  K.R., N e r v i c k ,  K.H. and Herdn, W.D., 1981, TELLURIC 
PROFILING S T U D I E S  I N  THE PENROSE AREA,  COLORADO: U.S. Geol .  Survey  
Open F i l e  R e p o r t  81-461. 

Three E - f i e l d  r a t i o  t e l l u r i c  p r o f i l e s  were made a p p r o x i m a t e l y  13 
k i l o m e t e r s  e a s t  o f  Canon Ci ty,  and 3 k i l o m e t e r s  sou thwes t  o f  
Penrose,  Co lo rado .  The t r a v e r s e s  were between 5 and 13 k i l o m e t e r s  
i n  l e n g t h  and t r e n d e d  w e s t - n o r t h w e s t  t o  w e s t ,  The purpose o f  t h e  
t r a v e r s e s  was t o  l o c a t e  m a j o r  n o r t h - t r e n d i n g  f a u l t s  t h a t  d i s p l a c e  
t h e  P recambr ian  bedrock  b u t  have l i t t l e  o r  no s u r f i c i a l  e x p r e s s i o n .  
These f a u l t s  c o u l d  p r o v i d e  c h a n n e l s  f o r  t h e  u p f l o w  o f  geo the rma l  
w a t e r s .  Warm w a t e r  (25OC) has been found  i n  s e v e r a l  w e l l s  d r i l l e d  
i n  t h e  r e g i o n .  (From t h e  r e p o r t ) .  
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6. Gal loway,  M.J. ,  1980, HYDROGEOLOGICAL AND GEOTHERMAL INVESTIGATIONS OF 
PAGOSA S P R I N G S ,  COLORADO, WITH A S E C T I O N  ON MINERALOGICAL AND 
P E T R O G R A P H I C  INVESTIGATION- GEOTHERMAL WELLS 0 - 1  and 
P - 1 ,  PAGOSA S P R I N G S ,  COLORADO b y  W.W. A t k i n s o n ,  Jr.; C o l o r a d o  Geol.  
Survey  Sp. Pub. 10, and U.S. Dept .  o f  Energy DOE/ET/28365-5, 95 p. and 
p l a t e s .  

Pagosa S p r i n g s ,  C o l o r a d o  was s e l e c t e d  f o r  s t u d y  because of  
p o s s i b l e  s u b s u r f a c e  g e o t h e r m a l  r e s o u r c e  p o t e n t i  a1 and communi ty  
i n t e r e s t .  Adequate s u b s u r f a c e  t e m p e r a t u r e  and measured s u r f a c e  
f l o w s  j u s t i f i e d  f u r t h e r  r e s e r v o i r  i n v e s t i g a t i o n .  The r e s e r v o i r  
assessment  and c o n f i r m a t i o n  s t u d y  was t o  be used by t h e  l o c a l  
s c h o o l  d i s t r i c t  f o r  a p l a n n e d  new h i g h  s c h o o l .  The program 
c o n s i s t e d  of  r e c o n n a i  ssance g e o l o g i c a l  and h y d r o g e o l o g i c a l  
mapping, d r i l l i n g  o f  g r a d i e n t  h o l e s  and d r i l l i n g  and t e s t i n g  
o f  t w o  w e l l s .  

7. Gwinn, C indy ,  1981, HEAT FLOW MEASUREMENTS I N  THE SAN LUIS VALLEY AND 
CANON CITY AREAS, COLORADO: Unpub. r e p o r t ,  Dept.  o f  G e o l o g i c a l  
S c i e n c e s ,  S o u t h e r n  M e t h o d i s t  Un i  v e r s i  t y ,  D a l l  as Texas, 
( F i n d i n g s  summarized i n  r e p o r t s  on San L u i s  V a l l e y  by Z a c h a r a k i s  
and o t h e r s ,  1983 and Canon Ci ty  Area by Z a c h a r a k i s  and P e a r l ,  1982) .  

Heat  f l o w ,  g e o t h e r m a l  g r a d i e n t  and l i t h o l o g i c a l  d a t a  a r e  
p r e s e n t e d  f o r  16 d r i l l  h o l e s  i n  t h e  San L u i s  V a l l e y  and 
10 d r i l l  h o l e s  i n  t h e  Canon C i t y  a r e a  o f  Co lorado.  These 
h o l e s  were d r i l l e d  by t h e  C o l o r a d o  G e o l o g i c a l  Survey  i n  1979- 
1980 as p a r t  o f  a s t u d y  t o  assess  t h e  geothermal  p o t e n t i a l  
o f  t h e  s t a t e .  D u r i n g  t h e  summer o f  1981, t e m p e r a t u r e  as a 
f u n c t i o n  of  d e p t h  was measured f o r  each h o l e ,  and t h e r m a l  
c o n d u c t i v i t y  d e t e r m i n a t i o n s  were made i n  t h e  l a b o r a t o r y  
on c u t t i n g s  samples.  From t h e s e  d a t a ,  h e a t  f l o w  v a l u e s  were 
c a l c u l a t e d  as t h e  p r o d u c t  ' o f  i n t e r v a l  geothermal  g r a d i e n t  
and a v e r a g e  t h e r m a l  c o n d u c t i v i t y .  (From t h e  I n t r o d u c t i o n ) .  

8. K e l l e r ,  G.V., 1978, GEOPHYSICAL SURVEYS AT PAGOSA S P R I N G S  AND GLENWOOD 
S P R I N G S ,  COLORADO: Unpub. r e p o r t  by Dept .  o f  Geophys ics ,  C o l o r a d o  
School o f  Mines f o r  the  Colorado Geological Survey, 18 p .  and p l a t e s .  

The Geophys ics  Depar tment  o f  t h e  C o l o r a d o  School  o f  Mines has 
c a r r i e d  o u t  s u r v e y s  i n  t h e  v i c i n i t y  o f  Glenwood S p r i n g s  and 
Pagosa S p r i n g s  t o  a s s i s t  i n  l o c a t i n g  t e s t  w e l l s  t o  e v a l u a t e  t h e  
g e o t h e r m a l  p o t e n t i a l .  A t  Pagosa S p r i n g s ,  a s e i s m i c  r e f l e c t i o n  
s u r v e y  i n d i c a t e s  t h a t  t h e  main  s p r i n g s  i s s u e  a l o n g  a f a u l t  t h a t  
bounds an a n t i c l i n e  w i t h  c l o s u r e  o f  a p p r o x i m a t e l y  500 f e e t .  
E l e c t r i c a l  r e s i s t i v i t y  s u r v e y s  i n d i c a t e  anomalous ly  l o w  v a l u e s  
o v e r  an a r e a  o f  s e v e r a l  s q u a r e  m i l e s  e x t e n d i n g  n o r t h e a s t w a r d  
f r o m  t h e  main  h o t  s p r i n g s .  T h i s  a r e a  i s  a l s o  c h a r a c t e r i z e d  
b y  a s l i g h t l y  h i g h e r  c o n t e n t  o f  m e r c u r y  i n  t h e  s o i l  t h a n  i s  
p r e s e n t  i n  s u r r o u n d i n g  areas .  
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A t  Glenwood S p r i n g s ,  o n l y  e l e c t r i c a l  r e s i s t i v i t y  s u r v e y s  were 
c a r r i e d  o u t .  An a r e a  o f  a n o m a l o u s l y  l o w  r e s i s t i v i t y  was 
mapped a1 ong t h e  C o l o r a d o  R i v e r  b u t  c e n t e r e d  beneath  L o o k o u t  
M o u n t a i n  w h i c h  l i e s  t w o  m i l e s  e a s t  o f  Glenwood S p r i n g s .  The 
r e s i s t i v i t y  s u r v e y s  show p r o g r e s s i v e l y  b e t t e r  p o t e n t i a l  f o r  
t h e  p r e s e n c e  o f  a geothermal  r e s e r v o i r  as one goes f r o m  t h e  
west  end t o  t h e  e a s t  end o f  t h e  anomaly. ( A b s t r a c t ) .  

9. K o u l e t ,  K.G. and Armst rong,  J.A., 1978, AN ENVIRONMENTAL REPORT ON THE 
DRILLING AND P R O D U C T I O N  TESTING OF AN EXPLORATORY GEOTHERMAL WELL I N  
PAGOSA S P R I N G S ,  COLORADO: Unpub. r e p o r t  p r e p a r e d  f o r  C o l o r a d o  Geol .  
Survey  by Denver  Research  I n s t i t u t e ,  U n i v e r s i t y  o f  Denver ,  69  p. 

Pagosa S p r i n g s ,  C o l o r a d o ,  i s  a s m a l l  town of l e s s  t h a n  1,500 
p e o p l e  l o c a t e d  i n  t h e  s o u t h w e s t e r n  p a r t  o f  t h e  s t a t e .  Because 
o f  t h e  o c c u r r e n c e  o f  h o t  s p r i n g s  w i t h i n  and a d j a c e n t  t o  Pagosa 
S p r i n g s ,  a l i k e l y  g e o t h e r m a l  r e s e r v o i r  e x i s t s  t h a t  has t h e  
p o t e n t i a l  o f  p r o v i d i n g  t h e  town w i t h  geothermal  e n e r g y  f o r  
y e a r s  t o  come. 

The C o l o r a d o  G e o l o g i c a l  Survey  i s  c u r r e n t l y  c o n d u c t i n g  p r e -  
l i m i n a r y  g e o l o g i c a l  and g e o p h y s i c a l  work needed t o  a s c e r t a i n  t h e  
c h a r a c t e r i s t i c s  o f  t h e  geothermal  r e s e r v o i  r o r  r e s e r v o i  r s  b e l  ow 
t h e  town. Tempera tures  o f  t h e  t o w n ' s  B i g  S p r i n g  a r e  a r o u n d  
50°C and t h e  l i k e l i h o o d  o f  e n c o u n t e r i n g  h i g h e r  t e m p e r a t u r e s  a t  
g r e a t e r  d e p t h s  i s  expec ted .  I f  t h e  C o l o r a d o  G e o l o g i c a l  Survey  
i s  a b l e  t o  t a p  an e x t e n s i v e  geothermal  r e s e r v o i r  be low t h e  
town,  t h e n  t h i s  w a t e r  c o u l d  i n i t i a l l y  be used t o  h e a t  a 
r e c r e a t i o n - c o m p l e x  and p r o p o s e d  schoo l  and t h e n  be d i s t r i b u t e d  
e l  sewhere. 

C u r r e n t l y  t h e  S t a t e  i s  a s s e s s i n g  t h e  most  p r o m i s i n g  s i t e  t o  d r i l l  
a w e l l  t h a t  w i l l  h e l p  t o  d e t e r m i n e  i f  t h e  r e s o u r c e  is c a p a b l e  
o f  s u p p o r t i n g  a s p a c e - h e a t i n g  system. T h i s  e n v i r o n m e n t a l  r e p o r t  
assesses  t h e  i m p a c t  o f  d r i l l i n g  and t e s t i n g  t h e  w e l l .  (From t h e  
I n t r o d u c t i o n ) .  

10. McCarthy, K.P., 1982, GEOTHERMAL IMPLICATIONS OF WARM M I N E  WATER 
D R A I N A G E  AT LAKE CITY AND CRIPPLE CREEK, COLORADO: C o l o r a d o  Geol .  
Survey  O p e n - F i l e  R e p o r t  82-5 and U.S.  Dept .  o f  Energy DOE/ET/28365-20, 
1 5  p. 

D u r i n g  1981 warm w a t e r s  d r a i n i n g  f r o m  mines  n e a r  Lake Ci ty  and 
C r i p p l e  Creek were sampled. The most  i n t e r e s t i n g  r e s u l t  o f  
t h i s  work was t h e  d i s c o v e r y  o f  s e v e r a l  " h o t "  mines  n e a r  C r i p p l e  
Creek. S t r o n g  cases can be made f o r  b o t h  e x o t h e r m i c  r e a c t i o n s ,  
and geothermal  phenomena p r o v i d i n g  t h e  h e a t  a t  Lake Ci ty.  
Geothermal  g r a d i e n t s  may be h i g h e r  t h a n  normal  a t  t h i s  s i t e .  

S e v e r a l  c l u e s  p r o v i d e d  i n d i r e c t l y  by w a t e r  and a i r  p r o b l e m s  a t  
C r i p p l e  Creek s u g g e s t  s u l p h i d e  o x i d a t i o n  may cause t h e  h i g h  
t e m p e r a t u r e s  i n  t h e  mines.  
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11. McCarthy,  K.P., Been, Josh,  Reimer,  G.M., Bowles,  C.G., and Mur rey ,  
D.G., 1982, HELIUM AND GROUND TEMPERATURE SURVEYS AT STEAMBOAT S P R I N G S ,  
COLORADO: C o l o r a d o  Geol.  Survey  Spec. Pub. 21, and U.S. Dept .  o f  Energy 
DOE/ET/28365-21, 12 p. A l s o  p u b l i s h e d  i n  t h e  Sept., 1982 i s s u e  of  
Geothermal  Energy Magazine, pp. 13-16. 

As d e m o n s t r a t e d  i n  Steamboat S p r i n g s ,  C o l o r a d o ,  h e l i u m  and 
s h a l l o w  t e m p e r a t u r e  s u r v e y s  a r e  q u i c k ,  i n e x p e n s i v e  e x p l o r a t i o n  
methods t h a t  can be used t o g e t h e r  w i t h  e x c e l l e n t  r e s u l t s  i n  an 
u r b a n  e n v i r o n m e n t .  A s h a l l o w  t e m p e r a t u r e  s u r v e y  was c o n d u c t e d  
i n  t h e  c i t y  t o  d e t e r m i n e  t h e  u s e f u l n e s s  o f  t h i s  method t o  
t o  d e l i n e a t e  a l o w  t e m p e r a t u r e  r e s o u r c e .  S e v e r a l  e x t r a n e o u s  
f a c t o r s  i n f l u e n c i n g  s h a l l o w  t e m p e r a t u r e  measurements were d e l t  
w i t h  by f i e l d  t e c h n i q u e  o r  subsequent  a n a l y s i s .  A h e l i u m  s u r v e y  
was c o n d u c t e d  t o  compare w i t h  t e m p e r a t u r e  r e s u l t s .  S i x t y - t w o  
s o i l  h e l i u m  samples were t a k e n ,  u s i n g  an i n t e r v a l  o f  .O t o  .2 km 
( - 0 6  t o  .12 m i ) ,  t w i c e  t h e  d e n s i t y  o f  t h e  1 8  t e m p e r a t u r e  p r o b e  
s t a t i o n s .  The c o n t o u r e d  d a t a  f rom each method c o r r e l a t e  w e l l  
s p a t i a l l y  and i n d i c a t e  t h a t  t w o  f a u l t s  c o n t r o l  t h e  r e s o u r c e  i n  
Steamboat S p r i n g s .  (From t h e  A b s t r a c t ) .  

12. McCarthy,  K.P., Z a c h r a k i s ,  T.G., and P e a r l ,  R.H., 1982, GEOTHERMAL 
RESOURCE ASSESSMENT OF HARTSEL, COLORADO: C o l o r a d o  Geol.  Survey Res. 
Ser. 18, and U.S. Dept.  o f  Energy DOE/ET/28365-19, 86 p. 

Two unused h o t  s p r i n g s  of modera te  t e m p e r a t u r e  i s s u e  f r o m  t h e  
M o r r i s o n  F o r m a t i o n  a t  H a r t s e l ,  Co lo rado,  i n  South  Park.  
E x p l o r a t i o n  a c t i v i t i e s  by t h e  C o l o r a d o  G e o l o g i c a l  Survey  a r o u n d  
t h e s e  s p r i n g s  i n c l u d e d  s o i l  m e r c u r y  and e l e c t r i c a l  r e s i s t i v i t y  
s u r v e y s  and s h a l l  ow t e m p e r a t u r e  measurements. 

R e s u l t s  of  t h e  e x p l o r a t i o n  s u g g e s t  t h a t  t h e  Santa M a r i a  f a u l t  
w h i c h  passes t h r o u g h  H a r t s e l  s e r v e s  as t h e  c o n d u i t  f o r  warm 
w a t e r  coming f r o m  t h e  e a s t .  H o t  w a t e r  f r o m  d e p t h  may be f o r c e d  
upward due t o  an impermeab le  h o r s t  b l o c k  a d j a c e n t  t o  t h e  f a u l t .  
O t h e r  d a t a  i n d i c a t e s  t h a t  warm w a t e r  e x i s t s  i n  t h e  t h i c k  P a l e o z o i c  
s e d i m e n t s  t o  t h e  west ,  b u t  t h i s  i s  p r o b a b l y  a s e p e r a t e  system. 
Any f u r t h e r  e x p l o r a t i o n  s h o u l d  focus upon t h e  S a n t a  M a r i a  F a u l t ,  
t h e  Dakota  Sandstone a q u i f e r ,  o r  t h e  P r e c a m b r i a n  r o c k s  b e n e a t h  
G l e n d i v e r  Dome t o  t h e  e a s t .  (From t h e  A b s t r a c t ) .  

13. McCarthy,  K.P., Z a c h a r a k i s ,  T.G., and R i n g r o s e ,  C.D., 1982, GEOTHERMAL 
RESOURCE ASSESSMENT OF THE A N I M A S  VALLEY, COLORADO: C o l o r a d o  Geol.  
S u r v e y  Res. Ser.  17 and U.S. Dept.  o f  Energy DOE/ET/28365-17, 60 p. 

I n  t h e  Animas R i v e r  V a l l e y ,  n o r t h  o f  Durango, C o l o r a d o ,  i n  s o u t h -  
w e s t e r n  Co lorado,  t w o  g r o u p s  o f  t h e r m a l  s p r i n g s  e x i s t :  P i n k e r t o n  
S p r i n g s  t o  t h e  n o r t h ,  and T r i p p - T r i m b l e - S t r a t t e n  S p r i n g s  a b o u t  
5 m i l e s  (8.1 km) s o u t h  o f  P i n k e r t o n .  Tempera tures  r a n g e  f r o m  
28 t o  44°C ( 8 2  t o  111"F) ,  and t h e  d i s c h a r g e  ranges f r o m  1 gpm t o  
50 gpm (0.6 t o  3.15 l / s ) .  
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D u r i n g  t h e  summer o f  1980, t h e  geothermal  r e s o u r c e s  o f  t h e  
Animas V a l l e y  were s t u d i e d .  Due t o  t e r r a i n e  p r o b l e m s  i n  t h e  
n a r r o w  v a l l e y ,  a s o i l  m e r c u r y  s u r v e y  was c o n d u c t e d  o n l y  a t  
T r i p p - T r i m b l e - S t a t t e n ,  w h i l e  an e l e c t r i c a l  D.C. r e s i s t i v i t y  
s u r v e y  was l i m i t e d  t o  t h e  v i c i n i t y  o f  P i n k e r t o n .  

The geothermal  r e s o u r c e s  i n  t h e  Animas V a l l e y  a r e  f a u l t  c o n t r o l l e d .  
P i n k e r t o n  and T r i p p - T r i m b l e - S t r a t t e n  a r e  p r o b a b l y  n o t  d i r e c t l y  
c o n n e c t e d  systems,  b u t  may have t h e  same s o u r c e  a t  d i s t a n c e .  
Recharge t o  t h e  geothermal  systems comes f r o m  t h e  Need le  and La 
P l a t a  M o u n t a i n s ,  and t h e  l a t t e r  may a l s o  be a h e a t  source .  
Movement o f  t h e  t h e r m a l  w a t e r  i s  p r o b a b l y  p r i m a r i l y  h o r i z o n t a l  , 
v i a  t h e  L e a d v i l l e  L i m e s t o n e  a q u i f e r .  F u r t h e r  s h a l l o w  d r i l l i n g  
i n  t h e  v a l l e y  may produce modera te  t e m p e r a t u r e  f l u i d s  i n  g r e a t  
q u a n t i t y ,  b u t  deep d r i l l i n g  may n o t  be as s u c c e s s f u l .  

14. P e a r l ,  R.H., 1978, 1977-78 YEAR END REPORT FOR GEOTHERMAL R E S E R V O I R  
ASSESSMENT AND CONFIRMATION PROGRAM FOR D I R E C T  HEAT APPLICATIONS I N  
COLORADO: U.S. DEPT. OF ENERGY DOE/ET/1678-3. 

Descr i 'bes  a c t i v i t i e s  of p r o j e c t  d u r i n g  p e r i o d  June, 1977 
t o  December 31, 1978. 

15. P e a r l ,  R.H., 1979, COLORADO'S HYDROTHERMAL RESOURCE B A S E - - A N  
ASSESSMENT: C o l o r a d o  Geol . Survey Resource S e r i e s  6 and DOE/ET/28365-4, 
144 p. 

As p a r t  of. i t s  e f f o r t  t o  more a c c u r a t e l y  d e s c r i b e  t h e  
n a t i o n s  geothermal  r e s o u r c e  p o t e n t i a l ,  t h e  U.'S. Dept.  
o f  E n e r g y / D i  v i s i o n  o f  Geothermal  Energy c o n t r a c t e d  w i t h  
t h e  C o l o r a d o  G e o l o g i c a l  Survey t o  a p p r a i s e  t h e  h y d r o t h e r m a l  
( h o t  w a t e r )  r e s o u r c e s  o f  C o l o r a d o .  P a r t  o f  t h i s  e f f o r t  
r e q u i r e d  t h a t  t h e  amount o f  e n e r g y  p o s s i b l y  c o n t a i n e d  i n  t h e  
v a r i o u s  h y d r o t h e r m a l  systems i n  C o l o r a d o  be e s t i m a t e d .  T h i s  
p u b l i c a t i o n  p r e s e n t s  t h e  f i n d i n g s  o f  t h a t  assesment.  To make 
t h e s e  e s t i m a t e s  t h e  geothermometer  r e s e r v o i r  t e m p e r a t u r e s  
e s t i m a t e d  by B a r r e t t  and P e a r l  ( 1 9 7 8 )  were used. I n  a d d i t i o n ,  
t h e  p o s s i b l e  r e s e r v o i r  s i z e  and e x t e n t  were e s t i m a t e d  and used. 
T h i s  assessment shows t h a t  t h e  t o t a l  e n e r g y  c o n t e n t  o f  t h e  
t h e r m a l  sys tems i n  C o l o r a d o  c o u l d  r a n g e  f rom 4.872 x 1015 
BTU's t o  13.2386 x 1015 BTU's. (From t h e  A b s t r a c t ) .  
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16, P e a r l ,  R.H., 1980, GEOTHERMAL RESOURCES OF COLORADO: C o l o r a d o  Geol .  
S u r v e y  Map S e r i e s  14, S c a l e  1:500,000. 

C o l o r a d o ' s  geothermal  r e s o u r c e s  a r e  v a r i e d  i n  c h a r a c t e r  and 
s c a t t e r e d  i n  t h e  w e s t e r n  h a l f  o f  t h e  S t a t e .  I n  r e c e n t  y e a r s  
most  geothermal  e x p l o r a t i o n  has been d i  r e c t e d  t o w a r d  h i  gh 
t e m p e r a t u r e  (>15OoC) r e s o u r c e s  and has t e n d e d  t o  i g n o r e  t h e  
i n t e r m e d i a t e - t e m p e r a t u r e  (90-150°C) and l o w - t e m p e r a t u r e  
(<90°C) systems. Three h i g h - t e m p e r a t u r e  a r e a s  a r e  now b e i n g  
e v a l  u a t e d ,  a t  Mount P r i  n c e t o n  H o t  S p r i n g s ,  Poncha Hot  S p r i  ngs,  
and C e b o l l a  H o t  S p r i n g s .  Numerous i n t e r m e d i a t e  - and l o w -  
t e m p e r a t u r e  r e s o u r c e  a r e a s  can be e x p l o i t e d  f o r  v a r i e d  
s i g n i f i c a n t  uses and a r e  e x p e c t e d  t o  s u p p l y  a l a r g e  p a r t  o f  
t h e  S t a t e ' s  e n e r g y  needs i n  y e a r s  t o  come. 

T h e r e  a r e  a p p r o x i m a t e l y  130 t h e r m a l  s p r i n g s  and w e l l s  i n  58 
a r e a s  o f  w e s t e r n  Co lorado.  The t e m p e r a t u r e  range i s  g e n e r a l l y  
f rom 20°C (68°F)  i n  some a r e a s  t o  a h i g h  o f  83°C (181°F)  a t  
H o r t e n s e  H o t  S p r i n g  (Mount P r i n c e t o n )  . D i s c h a r g e  r a t e s  a r e  
l e s s  t h a n  f o u r  L / m i n  ( l i t e r s  p e r  m i n u t e )  a t  T r i m b l e  Hot  S p r i n g  
a"nni! Browns Canyon Warm S p r i n g  t o  more t h a n  8300 L /min  a t  
Glenwood S p r i n g s .  D i s s o l v e d  m i n e r a l  m a t t e r  ranges  f r o m  8 4  mg/L 
( m i l l i g r a m s  p e r  l i t e r )  a t  E l d o r a d o  Warm S p r i n g s  t o  a h i g h  o f  
o v e r  21,000 mg/L a t  Glenwood S p r i n g s .  (From t h e  p a p e r ) .  

17. P e a r l ,  R.H., 1981, HYDROTHERMAL RESOURCES OF WESTERN COLORADO: i n  
R.C. E p i s  and J.F. C a l l e n d e r  ( e d s )  Western S lope C o l o r a d o ,  G u i d x o o k ,  
New Mex ico  G e o l o g i c a l  S o c i e t y  T h i  r t y - s e c o n d  F i e l d  Conference,  

I n  C o l o r a d o  west  o f  t h e  C o n t i n e n t a l  D i v i d e  t h e r e  a r e  34 t h e r m a l  
a r e a s  c o n t i n i n g  a p p r o x i m a t e l y  103 t h e r m a l  s p r i n g s  and w e l l s .  The 
s u r f a c e  t e m p e r a t u r e s  of  t h e  w a t e r s  i n  t h e s e  a r e a s  r a n g e  f r o m  a 
l o w  o f  23°C t o  a h i g h  o f  80°C. The t e m p e r a t u r e s ,  d i s c h a r g e ,  
t o t a l  d i s s o l v e d  s o l  i d s  and e s t i m a t e d  r e s e r v o i r  t e m p e r a t u r e s  
o f  t h e  t h e r m a l  systems i n  C o l o r a d o  a r e  summarized i n  a t a b l e .  

pp. 333-335. 

W i t h  t h e  e x c e p t i o n  o f  R o u t t  Hot  S p r i n g s ,  n o r t h  o f  Steamboat 
S p r i n g s ,  a1 1 t h e r m a l  a r e a s  i n  w e s t e r n  C o l o r a d o  a r e  g e o l  o g i c a l  ly 
a s s o c i a t e d  w i t h  s e d i m e n t a r y  r o c k s ,  The g e o l o g i c a l  c o n d i t i o n s  
o f  t h e  t h e r m a l  a r e a s  v a r y  f r o m  r e l a t i v e l y  s i m p l e  s t r u c t u r a l  
c o n d i t i o n s  t o  h i g h l y  complex s t r u c t u r a l  e n v i r o n m e n t s .  E v a l u a t i o n  
o f  t h e  g e o l o g i c a l  c o n d i t i o n s  o f  each t h e r m a l  a r e a  has shown t h a t  
a l l  t h e r m a l  w a t e r s  a r e  a s s o c i a t e d  w i t h  f a u l t s  and i n  s e v e r a l  
i n s t a n c e s  t h e  s p r i n g s  a r e  l o c a t e d  a t  t h e  i n t e r s e c t i o n  o f  t w o  
f a u l t s .  (Summary o f  t h e  I n t r o d u c t i o n ) .  

18. P e a r l ,  R.H., 1981, R E V I S E D  1979 YEAR END REPORT FOR GEOTHERMAL 

c APPLICATIONS I N  COLORADO: U.S.  Dept .  o f  Energy DOE/ET/28365-11, 42 p. 
R E S E R V O I R  ASSESSMENT AND CONFIRMATION PROGRAM FOR D I R E C T  HEAT 

D e s c r i b e s  a c t i v i t i e s  o f  p r o j e c t  d u r i n g  p e r i o d  J a n u a r y  1, 1979 
t o  F e b r u a r y  28, 1980. 
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' t  

19. P e a r l ,  R.H., 1982, D E S C R I P T I O N  OF THE DRILL C U T T I N G S  FROM A DEEP 
GEOTHERMAL WELL DRILLED AT ALAMOSA, COLORADO: C o l o r a d o  Geol.  Survey  
I n f o r m a l  R e p o r t  and U.S.  Dept.  o f  Energy  DOE/ET/28365-16. 

t 
t 

n l a t e  1981 t h e  C i t y  o f  Alamosa, C o l o r a d o  d r i l l e d  a deep 
7,.?25 f t .  2.17 km) geothermal .  w e l l .  Due t o  t h e  d e p t h  o f  
he w e l l  and t h e  r o c k s  encoun te red ,  Energy S e r v i c e s  Inc . ,  

I d a h o  F a l l s ,  I D . ,  c o n s u l t a n t s  t o  t h e  c i t y  o f  Alamosa s u p p l i e d  
t h e  C o l o r a d o  Geol.  Survey w i t h  a s e t  o f  d r i l l  c u t t i n g s .  
T h i s  r e p o r t  d e s c r i b e s  t h o s e  c u t t i n g s .  

20. P e a r l ,  R.H. and Coe, B.A., 1980, POTENTIAL FOR GEOTHERMAL ENERGY 
DEVELOPMENT I N  COLORADO, i n  H.C. Ken t  and K.W. P o r t e r  ( e d s )  C o l o r a d o  
Geo logy :  Rocky M o u n t a i n  A G o c .  o f  G e o l o g i s t s ,  Denver, CO, pp. 247-249. 

C o l o r a d o ' s  geo the rma l  ene rgy  r e s o u r c e s  a r e  p r e d o m i n a n t l y  l o w  
t o  modera te  t e m p e r a t u r e  w e l l s  and s p r i n g s .  P r e s e n t l y ,  t h e r e  
a r e  known i n  t h e  S t a t e  o n l y  t h r e e  t h e r m a l  r e s o u r c e  a r e a s  c a p a b l e  
o f  g e n e r a t i n g  e l e c t r i c a l  power. The m a j o r i t y  o f  t h e  t h e r m a l  
a r e a s  o c c u r ' i n  a s s o c i a t i o n  w i t h  t h e  San Juan and La P l a t a  
Moun ta ins  of s o u t h w e s t e r n  C o l o r a d o ,  and t h e  San L u i s - U p p e r  
Arkansas  V a l l e y s  w h i c h  c o n s t i t u t e  a n o r t h e r n  e x t e n s i o n  o f  t h e  
R i o  Grande R i f t  Zone o f  New Mexico. G e o l o g i c a l l y ,  t h e  t h e r m a l  
r e s o u r c e s  o c c u r  i n  b o t h  normal s t r a t i  g r a p h i c  sequences and h i g h l y  
complex s t r u c t u r a l  and s t r a t i g r a p h i c  s e t t i n g s .  W ide ly  d i v e r s e  
uses  f o r  l o w  and modera te  t e m p e r a t u r e  t h e r m a l  ene rgy  e x i s t ,  
p r i  n c i  p a l  l y  space and w a t e r  h e a t i  ng. C o n s t r a i n t s  on deve lopment  
o f  t h e  r e s o u r c e  a r e  (1) a c q u i s i t i o n  o f  l e a s e s  on F e d e r a l  and 
p r i v a t e  l a n d s  (2) n e c e s s a r y  l a r g e  c a p i t a l  i n v e s t m e n t ,  and (3) 
g e n e r a l  pub1 i c  un fami  1 a r i  t y  w i t h  t h e r m a l  energy  as a r e s o u r c e .  
(From t h e  A b s t r a c t ) .  

21. P e a r l ,  R.H., Ga l loway,  M . J . ,  and D i c k ,  J.D., 1978, THE PAGOSA S P R I N G S  
PROJECT--THE F I R S T  PERMITTED GEOTHERMAL WELLS I N  COLORADO;' i n  
Geothermal  Energy :  A N o v e l t y  Becomes Resource;  T r a n s a c t i o n s G e o t h e r m a l  
Resources  C o u n c i l  Annual M e e t i n g s ,  H i l o ,  H a w a i i :  Geothermal  Resources  
C o u n c i l ,  v .  2, pp. 517-519. 

The geo the rma l  r e s o u r c e s  o f  t w o  a r e a s  i n  Co lorado-Pagosa 
S p r i n g s  and G1 enwood S p r i  n g s - a r e  be4 ng e x p l  o r e d  and d e v e l  oped 
f o r  d i r e c t  a p p l i c a t i o n  uses. A t  Pagosa S p r i n g s  any t h e r m a l  
w a t e r s  d e v e l o p e d  w i l l  p r i m a r i l y  be used t o  h e a t  a new h i g h  
s c h o o l  complex. G e o l o g i c a l ,  h y d r o g e o l o g i c a l ,  g e o p h y s i c a l ,  
and geothermometer  s t u d i e s  were done i n  t h e  r e g i o n  t o  f u l l y  
d e l i n e a t e  t h e  r e s e r v o i r .  It was d e t e r m i n e d  t h a t  t h e  r e s e r v o i r  
encompasses some 4 sq. k i l o m e t e r s  and may have a t e m p e r a t u r e  
o f  125°C. 

B e f o r e  d r i l l i n g  commences i t  was necessa ry  t o  a p p l y  f o r  p e r m i t s  
f rom t h e  C o l o r a d o  O i l  and Gas C o n s e r v a t i o n  Commission, Water 
Q u a l i t y  C o n t r o l  Commission, and A i r  Q u a l i t y  C o n t r o l  Commission. 
A l l  p e r m i t s  have been i s s u e d .  To t e s t  t h e  a q u i f e r  and t o  
d e t e r m i n e  what l e g a l  hyd ro1  o g i c a l  c o n d i t i o n s  t h e  t h e r m a l  w a t e r s  
a r e  o c c u r r i n g  under ,  a 2 -3  day a q u i f e r  t e s t  w i l l  be run .  
(From t h e  A b s t r a c t ) .  
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22. P e a r l ,  R.H., Z a c h a r a k i s ,  T.G., and R i n g r o s e ,  C.D., 1982, GEOTHERMAL 
RESOURCE ASSESSMENT OF HOT SULPHUR S P R I N G S ,  COLORADO: C o l o r a d o  Geol 
Survey Res. Ser.  23, and U.S. Dept .  o f  Energy DOE/ET/28365-23, 50 p. 

A p p r o x i m a t e l y  1 0  t h e r m a l  s p r i n g s  whose w a t e r s  a r e  
r e c r e a t i o n ,  s team b a t h s  and l a u n d r y  purposes  a r e  
Hot  S u l p h u r  S p r i n g s ,  a p p r o x i m a t e l y  97 m i  ( 1 5 6  km) 

used f o r  
o c a t e d  a t  
w e s t  o f  Denver.  

E s t i m a t e d  h e a t - f l o w  a t  Hot  S u l p h u r  S p r i n g s  i s  app o x i m a t e l y  
100 mW/m2, w h i c h  i s  a b o u t  normal  f o r  w e s t e r n  Co lorado.  
Recent  work t e n d s  t o  show t h a t  s u r f a c e  and reduced h e a t  f l o w  
i n  t h e  m o u n t a i n s  o f  n o r t h e r n  C o l o r a d o  c o u l d  be h i g h .  

The t h e r m a l  w a t e r s  have an e s t i m a t e d  d i s c h a r g e  o f  50 gpm, a 
t e m p e r a t u r e  t h a t  ranges  f r o m  104°F (40°C) t o  a h i g h  o f  111°F 
(44"C) ,  and a t o t a l  d i s s o l v e d  s o l i d  c o n t e n t  o f  1,200 m g / l .  
t h e  w a t e r s  a r e  a sodium b i c a r b o n a t e  t y p e  w i t h  a l a r g e  - 
c o n c e n t r a t i o n  o f  s u l p h a t e .  It i s  e s t i m a t e d  t h a t  t h e  most  l i k e l y  
r e s e r v o i r  t e m p e r a t u r e  o f  t h i s  sys tem ranges f r o m  167°F (75°C) 
t o  302°F (150°C) and t h a t  t h e  a r e a l  e x t e n t  o f  t h e  sys tem c o u l d  
c o u l d  encom$ass 1.35 sq  m i  (3.50 sq km) and c o u l d  c o n t a i n  
0.698 Q ' S  (1015 B.T.U.'s) o f  h e a t  energy .  

To a i d  i n  t h e  e v a l u a t i o n  o f  t h i s  system, s o i l  m e r c u r y  and 
e l e c t r i c a l  r e s i s t i v i t y  s u r v e y s  were conducted.  

W h i l e  no deep h y d r o g e o l o g i c a l  i n f o r m a t i o n  i s  a v a i l a b l e ,  i t  
appears  t h a t  t h e  Hot  S u l p h u r  S p r i  ngS t h e r m a l  w a t e r s  r e p r e s e n t  
deep c i  r c u l a t i  on o f  m e t e r o r i  c w a t e r s  a1 ong numerous f a u l t s  and 
f r a c t u r e s  i n  an a r e a  o f  above normal  h e a t  f l o w .  Recharge t o  t h e  
sys tem p r o b a b l y  o c c u r s  on t h e  h i g h  ground t o  t h e  e a s t .  

It i s  n o t  p o s s i b l e  t o  make any a c c u r a t e  p r e d i c t i o n s  c o n c e r n i n g  
r e q u i r e d  c i r c u l a t i o n  d e p t h s  due t o  t h e  t h i c k  sequence o f  
i n s u l a t i n g  P i e r r e  s h a l e  f o u n d  i n  t h e  area .  Due t o  t h e  p r e s e n c e  
o f  t h i s  u n i t  i t  i s  p o s s i b l e  t h a t  l o w - t o  m o d e r a t e - t e m p e r a t u r e  
w a t e r s  158"F-212"F, (70"C-1OO0C) c o u l d  be f o u n d  a t  i t s  base. 
(Summary o f  A b s t r a c t ) .  

L' 
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23. P e a r l ,  R.H., Z a c h a r a k i s ,  T.G., and R i n g r o s e ,  C.D., 1983, GEOTHERMAL 
RESOURCE ASSESSMENT OF STEAMBOAT S P R I N G S ,  COLORADO: C o l o r a d o  Geol.  
Survey  Res. Ser. 2 2 ,  and U.S. Dept .  o f  Energy DOE/ET/28365-24. 

An assessment o f  t h e  geothermal  r e s o u r c e s  o f  t h e  Steamboat-  
R o u t t  Hot  S p r i n g s  r e g i o n  i n  n o r t h w e s t  C o l o r a d o  was i n i t i a t e d  
and c a r r i e d  o u t  i n  1980 and 1981. The program c o n s i s t e d  
o f  d i p o l e - d i p o l e ,  A u d i o - m a g n e t o t e l l u r i c ,  t e l l u r i c ,  s e l f  
p o t e n t i a l  and g r a v i t y  g e o p h y s i c a l  s u r v e y s ,  s o i l  m e r c u r y  and 
s o i l  h e l i u m  geochemica l  s u r v e y s :  s h a l l o w  t e m p e r a t u r e  
measurements;  and p r e p a r a t i o n  o f  g e o l o g i c a l  maps. 

The i n v e s t i g a t i o n  showed t h a t  a l l  t h e  t h e r m a l  s p r i n g s  appear  
t o  be f a u l t  c o n t r o l l e d .  Based on c h e m i c a l  c o m p o s i t i o n  o f  t h e  
t h e r m a l  w a t e r s  i t  appears  t h a t  H e a r t  S p r i n g ,  i n  Steamboat 
S p r i n g s ,  i s  h y d r o l o g i c a l l y  r e l a t e d  t o  t h e  R o u t t  Hot  S p r i n g s .  
T h i s  r e l a t i o n s h i p  was f u r t h e r  c o n f i r m e d  when i t  was r e p o r t e d  
t h a t  t h e r m a l  w a t e r s  were e n c o u n t e r e d  d u r i n g  t h e  c o n s t r u c t i o n  
o f  a new h i g h  s c h o o l  i n  S t r a w b e r r y  Park  on t h e  n o r t h  s i d e  o f  
Steamboat S p r i n g s .  G e o l o g i c a l  mapping has d e t e r m i n e d  t h a t  a 
m a j o r  f a u l t  e x t e n d s  f r o m  t h e  R o u t t  Hot  S p r i n g s  a r e a  i n t o  
S t r a w b e r r y  Park.  

I t  i s  e s t i m a t e d  t h a t  t h e  Steamboat S p r i n g s  sys tem c o u l d  have 
an a r e a l  e x t e n t  o f  . 5 2  sq. m i l e s  (.84 sq. Km)  and c o n t a i n  
.0487 Q's o f  h e a t  energy.  The R o u t t  Hot  S p r i n g s  s y s t e m ' s  
minimum e x t e n t  c o u l d  be .50 - .75 sq  m i  ( .8  - 1.2 sq  km) and 
c o n t a i n  .1663 Q's o f  h e a t  energy.  I t  was n o t  assumed t h a t  t h e  
t w o  systems a r e  h y d r o l o g i c a l l y  connected .  I f  t h e y  a r e  t h e n  t h e  
e s t i m a t e s  g i v e n  a r e  minimum e s t i m a t e s .  

24. R e p p l i e r ,  F. N. and Fargo,  R.L., 1981, GEOTHERMAL GRADIENT MAP OF 
COLORADO: C o l o r a d o  Geol .  Survey Map S e r i e s  2 0 ,  and U.S. Dept .  o f  Energy 
DOE/ET/28365-13, S c a l e  1:1,000,000. 

R e p o r t e d  b o t t o m  h o l e  t e m p e r a t u r e s  (BHT) were t a k e n  f r o m  12,000 
O i l  and Gas w e l l s  p r o v i d e d  by t h e  C o l o r a d o  O i l  and Gas C o n s e r v a t i o n  
Commission f i l e s .  Ave rage  a n n u a l  s u r f a c e  t e m p e r a t u r e s  were 
s u b t r a c t e d  f r o m  t h e  BHT and t h e n  d i v i d e d  by t h e  d e p t h  t o  g i v e  
a g r a d i e n t .  To e l i m i a t e  as many s o u r c e s  o f  e r r o r  as p o s s i b l e ,  
t h e  g r a d i e n t  v a l u e s  were averaged f o r  each t o w n s h i p  and c o n t o u r e d .  
Geothermal  g r a d i e n t s  i n  C o l o r a d o  r a n g e  f rom a l o w  o f  l e s s  t h a n  
25"C/km t o  o v e r  45"C/km. 

25. R e p p l i e r ,  F.N., R e l f ,  M.M. and Columbia,  R.K., 1981, GROUNDWATER 
TEMPERATURE MAP OF COLORADO: C o l o r a d o  Geol. Survey Map S e r i e s  21, and 
U . S .  Dept .  o f  Energy DOE/ET/28365-15, S c a l e  1:1,000,000. 

T h i s  map was p r e p a r e d  u s i n g  p u b l i s h e d  and u n p u b l i s h e d  ground-  
w a t e r  t e m p e r a t u r e  d a t a  t h r o u g h o u t  Co lorado.  E x c l u d i n g  t h e  
t e m p e r a t u e s  of known t h e r m a l  w a t e r s ,  t h e  t e m p e r a t u e s  o f  t h e  
ground w a t e r s  i n  e a s t e r n  C o l o r a d o  range f r o m  a l o w  o f  
a p p r o x i m a t e l y  12°C t o  a h i g h  o f  17°C.  In w e s t e r n  C o l o r a d o  t h e  
t e m p e r a t u r e s  range f rom a l o w  o f  l e s s  t h a n  10°C t o  a h i g h  o f  
j u s t  o v e r  20°C. 
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26. R e p p l i e r ,  F.N., Z a c h a r a k i s ,  T.G., and R i n g r o s e ,  C.D., 1982, GEOTHERMAL 
RESOURCE ASSESSMENT OF I D A H O  S P R I N G S ,  COLORADO: C o l o r a d o  Geol.  Survey 
Res. S e r i e s  16 and U . S .  Dept .  o f  Energy DOE/ET/28365-17, 50 p. 

L o c a t e d  i n  I d a h o  S p r i n g s ,  a p p r o x i m a t e l y  30 m i l e s  west  o f  Denver  
a r e  a s e r i e s  o f  t h e r m a l  s p r i n g s  and w e l l s .  The t e m p e r a t u r e  o f  
t h e s e  w a t e r s  ranges  f r o m  a l o w  o f  68°F (20OC) t o  a h i g h  o f  127°F 
(53°C).  

An i n v e s t i g a t i o n  c o n s i s t i n g  o f  an e l e c t r i c a l  r e s i s t i v i t y  s u r v e y ,  
s o i  1 m e r c u r y  geochemica l  s u r v e y s ,  and r e c o n n a i s s a n c e  g e o l o g i c a l  
and h y d r o g e o l g i c a l  i n v e s t i g a t i o n s  was made i n  1980 t o  d e f i n e  
t h e  h y d r o t h e r m a l  c o n d i t i o n s  o f  t h e  I d a h o  S p r i n g s  r e g i o n .  Due 
t o  t o p o g r a p h i c a l  and c u l t u r a l  r e s t r i c t i o n s ,  t h e  i n v e s t i g a t i o n  
was l i m i t e d  t o  %he immedia te  a r e a  s u r r o u n d i n g  t h e  t h e r m a l  s p r i n g s  
a t  t h e  I n d i a n  S p r i n g s  R e s o r t .  

The i n v e s t i g a t i o n  showed t h a t  t h e  t h e r m a l  w a t e r s  a r e  most  l i k e l y  
f a u l t  c o n % r o l l e d  and t h e  t h e r m a l  a r e a  does n o t  have a l a r g e  
a r e a l  e x t e n t .  

27. R i n g r o s e ,  C.D. 1980, TEMPERATURE--DEPTH PROFILES I N  THE SAN LUIS 
VALLEY AND CANON C I T Y  AREA, COLORADO: C o l o r a d o  Geol.  Survey  O p e n - F i l e  
R e p o r t  80-12, and U.S. Dept .  o f  Energy DOE/ET/28365-6. 

D u r i n g  t h e  w i n t e r  o f  1979-80, 11 g r a d i e n t  h o l e s  were d r i l l e d  i n  
t h e  Canon Ci ty  a r e a  and 16 g r a d i e n t  h o l e s  were d r i l l e d  i n  t h e  
San L u i s  V a l l e y .  A l l  t h e  h o l e s  were a p p r o x i m a t e l y  100 rn deep 
e x c e p t  f o r  one i n  t h e  Canon Ci ty  a r e a  w h i c h  was 520 m deep. 
Measured g r a d i e n t s  ranged f r o m  28.2"C/km t o  a h i g h  o f  89.7'C/km 
i n  t h e  Canon C i t y  area .  I n  t h e  San L u i s  V a l l e y  t h e  g r a d i e n t s  
ranged f r o m  a l o w  o f  29.6"C/km t o  a h i g h  o f  71.5"C/km. 

28. Z a c h a r a k i s ,  T.G. ( e d ) ,  1981, GEOTHERMAL RESOURCE ASSESSMENT OF W A U N I T A  
HOT S P R I N G S ,  COLORADO: C o l o r a d o  Geol .  Survey Spec. Pub. 16 and U.S. 
Dept .  o f  Energy DOE/ET/28365-14. 

The i n v e s t i g a t i o n s  r e p o r t e d  i n  t h i s  p u b l i c a t i o n  were p r e p a r e d  
f o r  AMAX E x p l o r a t i o n ,  I n c .  and t h e i r  v e n t u r e  p a r t n e r  on t h e  
p r o j e c t ,  A u s t r a l  O i l  Co., by c o n s u l t a n t s  and AMAX company 
p e r s o n n e l  o r  by C o l o r a d o  G e o l o g i c a l  Survey  p e r s o n n e l .  Upon 
c o n c l u s i o n  o f  t h e i r  r e s o u r c e  e v a l u a t i o n  p r o g r a m  AMAX and A u s t r a l  
O i l  Company dropped t h e i r  l e a s e s  t o  t h e  Wauni ta  Hot  S p r i n g s  
and r e l e a s e d  the.  r e s u l t s  o f  t h e i r  r e s o u r c e  assessment e f f o r t s  
t o  t h e  g e n e r a l  p u b l i c .  R e a l i z i n g  t h e  v a l u e  o f  t h i s  i n f o r m a t i o n  
t h e  C o l o r a d o  G e o l o g i c a l  Survey  approached AMAX E x p l o r a t i o n  I n c .  
c o n c e r n i  ng t h e  p o s s i  b i  1 i t y  o f  pub1 i s h i  ng t h e  d a t a .  They 
g r a c i o u s l y  g r a n t e d  p e r m i s s i o n .  

The p u b l i c a t i o n  c o n t a i n s  r e p o r t s  on t h e  g e o l o g i c a l ,  g e o p h y s i c a l ,  
h e a t  f l o w ,  t e m p e r a t u r e  and g r a d i e n t  and hydrogeochemica l  c o n d i t i o n s  
o f  t h e  area .  I n  a d d i t i o n  t h e r e  i s  a c h a p t e r  d e s c r i b i n g  t h e  
r e s u l t s  o f  t h e  C o l o r a d o  G e o l o g c i a l  S u r v e y ' s  s o i l  m e r c u r y  s u r v e y s  
i n  t h e  area .  
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29. Z a c h a r a k i s ,  T.G., 1981, R E V I S E D  HEAT FLOW MAP OF COLORADO: C o l o r a d o  
Geol .  Survey Map S e r i e s  18 and U . S .  Dept.  o f  Energy DOE/ET/28365-12. 
S c a l e  1:1,000,000. 

T h i s  map r e p r e s e n t s  an u p d a t e  o f  an e a r l i e r  p u b l i s h e d  h e a t -  
f l o w  map o f  Co lorado.  I t i s  based on p u b l i s h e d  and u n p u b l i s h e d  
d a t a .  As shown measured h e a t  f l o w  i n  C o l o r a d o  v a r i e s  f rom a 
l o w  o f  60 mW/m2 t o  a h i g h  o f  240 mW/m2. 
a r e a s  a r e  t h e  San L u i s  V a l l e y  and t h e  Ouray-Gunnison t r e n d  
i n  t h e  s o u t h w e s t  c e n t r a l  p a r t  o f  t h e  s t a t e .  

The most p r o m i s i n g  

30. Z a c h a r a k i s ,  T.G., and P e a r l ,  R.H., 1982, GEOTHERMAL RESOURCE 
ASSESSMENT OF CANON C I T Y ,  COLORADO AREA:  C o l o r a d o  Geol.  Survey Res. 
S e r i e s  20 and U.S. Dept.  o f  Energy DOE/ET/28365-22, 79 p. 

I n  1979 a program was i n i t i a t e d  t o  f u l l y  d e f i n e  t h e  g e o t h e r m a l  
c o n d i t i o n s  o f  an a r e a  e a s t  o f  Canon Ci ty,  Co lorado.  I n  t h i s  
a r e a  t h e r e  a r e  a number o f  t h e r m a l  s p r i n g s  and w e l l s  i n  t w o  
d i s t i n c t  g roups .  The e a s t e r n  group c o n s i s t s  o f  5 t h e r m a l  
a r t e s i a n  w e l l s .  The w e s t e r n  group,  l o c a t e d  i n  and a d j a c e n t  t o  
Canon C i t y  c o n s i s t s  of  one t h e r m a l  s p r i n g  and t h r e e  t h e r m a l  w e l l s .  

The t h e r m a l  w a t e r s  o f  t h e  Canon C i t y  embayment, a r e  a c a l c i u m -  
b i c a r b o n a t e  t y p e  and r a n g e  i n  t e m p e r a t u r e  f r o m  70°F (26°C) t o  
a h i g h  o f  108°F (42°C).  The t o t a l  combined d i s c h a r g e  o f  a l l  
t h e  t h e r m a l  w a t e r s  i n  t h e  s t u d y  a r e a  i s  i n  excess o f  523 a c r e  
f e e t  (A.F.) p e r  y e a r .  

G r a d i e n t s  i n  11 t e m p e r a t u r e  g r a d i e n t  h o l e s  ranged f r o m  2.17"F/100 
f t  (21.8"C/km) t o  a h i g h  o f  4.92"F/100 f t  (89.7"C/km). The 
r e g i o n a l  h e a t  f l o w  map o f  C o l o r a d o  shows t h a t  t h e  s t u d y  a r e a  
has a h e a t  f l o w  o f  90mW/m2, a b o u t  normal  f o r  t h e  C o l o r a d o  
F r o n t  Range. 

D u r i n g  t h e  c o u r s e  o f  t h i s  i n v e s t i g a t i o n  t h e  f o l l o w i n g  g e o p h y s i c a l  
i n v e s t i  g a t i  ons were c o n d u c t e d  : E l e c t  r i  a1 r e s 1  s t  i v i  t y  ; t e l l  u r i  c ;  
a u d i o - r n a g n e t o t e l l u r i c ;  and s e i s m i c .  The e l e c t r i c a l  r e s i s t i v i t y  
s u r v e y s  were e f f e c t i v e  i n  d e l i n e a t i n g  t h e  n e a r  s u r f a c e  p a r t s  o f  
t h e  Canon C i t y  Hot  S p r i n g s  r e s e r v o i r .  These s u r v e y s  were l e s s  
t h a n  s a t i s f a c t o r y  i n  t h e  deeper  e a s t e r n  a r t e s i a n  t h e r m a l  w e l l  
a r e a .  The t e l l u r i c  s u r v e y s  were u s e f u l  i n  f u r t h e r  d e f i n i n g  t h e  
s t r u c t u r a l  c o n d i t i o n s  o f  t h e  B r u s h  H o l l o w  A n t i c l i n e  ( h o r s t ? ) .  
The a u d i o m a g n e t o t e l  l u r i c  s u r v e y  i n d i c a t e d  two p o s s i b l e  g e o t h e r m a l  
systems,  one i n  t h e  v i c i n i t y  of  Canon C i t y  and t h e  o t h e r  i n  
t h e  Penrose area .  The s e i s m i c  s u r v e y s  t u r n e d  up e v i d e n c e  o f  a 
a deep g e o l o g i c a l  s t r u c t u r e .  It was s u g g e s t e d  t h a t  t h i s  s t u c t u r e  
c o u l d  be o f  s e v e r a l  o r i g i n s :  an o v e r t h r u s t  w i t h  subsequent  
movement; a sub-basement r e f l e c t i o n  w i t h i n  t h e  basement; o r  a 
deep geothermal  f r o n t .  

Due t o  u n f a v o r a b l e  g e o l o g i c a l  c o n d i t i o n s  and c o n t a m i n a t i o n  
o f  t h e  s u r f a c e  by t h e  a c t i v i t i e s  o f  man, t h e  s o i l  m e r c u r y  
geochemica l  s a m p l i n g  program was u n s a t i s f a c t o r y  i n  d e f i n i n g  
t h e  geothermal  c o n d i t i o n s  o f  t h e  s t u d y  area .  
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E x a m i n a t i o n  o f  g e o l o g i c a l  and h y d r o g e o l o g i c a l  d a t a  s u g g e s t s  t h a t  
t h e  o r i g i n  o f  t h e  t h e r m a l  w a t e r s  i s  due t o  a c o m b i n a t i o n  of  
f a v o r a b l e  g e o l o g i c a l  c o n d i t i o n s  p l u s  decay o f  r a d i o a c t i v e  m i n e r a l s .  
The t h e r m a l  g r o u n d  w a t e r s  o f  t h e  s t u d y  a r e a  c o n t a i n  l a r g e  amounts o f  
r a d i o a c t i v e  m i n e r a l  d e p o s i t s .  O v e r l y i n g  t h e s e  a q u i f e r s  i s  a t h i c k  
sequence of P i e r r e  Shale,  a good i n s u l a t i n g  b l a n k e t .  T h i s  u n i t  
t r a p s  and r e t a i n s  t h e  h e a t  g i v e n  o f f  by d e c a y i n g  r a d i o a c t i v e  
m i n e r a l s  w h i c h  t h e n  h e a t s  t h e  r e c h a r g i n g  ground w a t e r s .  

The t h e r m a l  r e s o u r c e s  o f  t h e  Canon Ci ty  a r e a  appear  t o  be l a r g e .  
I t  i s  c a l c u l a t e d  t h a t  i n  excess  o f  532 A c r e  F e e t  (A.F. ) /year  of  
t h e r m a l  w a t e r s  a r e  c u r r e n t l y  b e i n g  d i s c h a r g e d  t o  t h e  s u r f a c e .  I n  
a d d i t i o n  i t  i s  e s t i m a t e d  t h a t  t h e r e  a r e  a p p r o x i m a t e l y  264,000 A.F. 
o f  t h e r m a l  w a t e r s  t h a t  c o u l d  be r e c o v e r e d  i n  t h e  s t u d y  area .  
Whi l e  t h e s e  r e s o u r c e s  a r e  l a r g e  t h e i  r development  w i  11 be 1 i m i  t e d  
by t h e  d e p t h  a t  w h i c h  t h e y  a r e  found.  (From t h e  A b s t r a c t ) .  

Z a c h a r a k i s ,  T.G. and P e a r l  , R.H., 1983, GEOTHERMAL RESOURCE 
ASSESSMENT OF RANGER WARM S P R I N G S :  C o l o r a d o  Geol.  Survey Res. S e r i e s  
24 and U.S. Dept.  o f  Energy DOE/ET/28365-26, 

31. 

D u r i n g  1980 and 1981 geothermal  r e s o u r c e  assessment e f f o r t s  
were c o n d u c t e d  i n  t h e  Cement Creek V a l l e y  s o u t h  o f  C r e s t e d  
B u t t e .  I n  t h i s  v a l l e y  a r e  t w o  w a r m  s p r i n g s ,  Cement Creek and 
Ranger,  a b o u t  4 m i  (6.4 km) a p a r t .  The t e m p e r a t u r e  o f  b o t h  
b o t h  s p r i n g s  i s  77-79°F (25-26OC) and t h e  d i s c h a r g e  ranges f r o m  
60 t o  195 g a l l o n s  p e r  m i n u t e .  Due t o  access prob lems no work 
was c o n d u c t e d  i n  t h e  Cement Creek Warm S p r i n g s  area .  A t  Ranger 
Warm S p r i n g s  e l e c t r i c a l  r e s i s t i v i t y  and s o i l  mercury -  s u r v e y s  
were conducted.  

The e l e c t r i c a l  r e s i s t i v i t y  s u r v e y  i n d i c a t e d  t h a t  t h e  w a t e r s  o f  
Ranger Warm S p r i n g s  a r e  mov ing  up a l o n g  a b u r i e d  f a u l t  w h i c h  
p a r a 1  l e 1  s Cement Creek. 

The a r e a l  e x t e n t  o f  t h e  Ranger Warm S p r i n g s  t h e r m a l  system has 
been e s t i m a t e d  t o  encompass between 0.30 sq. m i  (1.01 s q  km) and 
0.88 sq m i  (2.28 sq km) d e p e n d i n g  upon how much o f  t h e  f a u l t i n g  
i s  i n c l u d e d .  It has a l s o  been e s t i m a t e d  t h a t  t h e  e n e r g y  c o n t a i n e d  i n  
t h e  sys tem c o u l d  r a n g e  f r o m  0.0021 Q ' s  t o  0.0062 Q ' s  (1015 B T U ' S )  
a t  an a v e r a g e  t e m p e r a t u r e  o f  113°F ( 4 5 O C ) .  (Summary o f  A b s t r a c t ) .  

RESOURCE ASSESSMENT OF WESTERN SAN LUIS VALLEY, COLORADO: C o l o r a d o  
Geol.  Survey Res. Ser. 19, and U.S. Dept.  o f  Energy DOE/ET/28365-25, 
71 p. 

32. Z a c h a r a k i s ,  T.G., P e a r l ,  R.H., and R i n g r o s e ,  C.D., 1983, GEOTHERMAL 

The program i n i t i a t e d  and c a r r i e d  o u t  t o  f u l l y  assess  t h e  
geothermal  r e s o u r c e  p o t e n t i a l  o f  t h e  w e s t e r n  San L u i s  V a l l e y  
d u r i n g  1979 and 1980 was a f u l l y  i n t e g r a t e d  program. The San 
L u i s  V a l l e y  i s  a l a r g e  i n t e r m o n t a n e  b a s i n  l o c a t e d  i n  s o u t h -  
c e n t r a l  C o l o r a d o .  W h i l e  t h e r m a l  s p r i n g s  and w e l l s  a r e  f o u n d  
t h r o u g h o u t  t h e  V a l l e y ,  t h e  o n l y  t h e r m a l  w a t e r s  f o u n d  a l o n g  t h e  
w e s t e r n  p a r t  o f  t h e  V a l l e y  a r e  f o u n d  a t  Shaw Warm S p r i n g s ,  w h i c h  
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.- 

i s  a r e l a t i v e l y  unused s p r i n g  l o c a t e d  a p p r o x i m a t e l y  6 m i l e s  
(9.66 km) n o r t h  o f  De l  N o r t e ,  Co lorado.  The w a t e r s  a t  Shaws 
Warm S p r i n g  have a t e m p e r a t u r e  o f  86°F (30°C),  a d i s c h a r g e  o f  
40 g a l l o n s  p e r  m i n u t e  and c o n t a i n  a p p r o x i m a t e l y  408 m g / l  o f  
t o t a l  d i s s o l v e d  s o l  i d s .  

The assessment p rogram c o n s i s t e d  o f :  s o i l  m e r c u r y  geochemica l  
s u r v e y s  ; geothermal  g r a d i e n t  d r i  11 i ng; and d i  p o l  e - d i  p o l  e 
e l e c t r i c a l  r e s i s t i v i t y  t r a v e r s e s ,  Sch lumberger  sound ings ,  a u d i o -  
m a g n e t o t e l l  u r i c  s u r v e y s ,  t e l l  u r i c  s u r v e y s ,  and t ime-domai  n 
e l e c t r o - m a g n e t i c  s o u n d i n g s  and s e i s m i c  s u r v e y s .  

Shaw Warm S p r i n g s  appears  t o  be t h e  o n l y  s o u r c e  o f  t h e r m a l  
w a t e r s  a l o n g  t h e  w e s t e r n  s i d e  o f  t h e  V a l l e y .  From t h e  v a r i o u s  
i n v e s t i  g a t i o n s  c o n d u c t e d  t h e  s p r i n g s  appear  t o  be f a u l t  
c o n t r o l l e d  and i s  v e r y  l i m i t e d  i n  e x t e n t .  

Based on b e s t  e v i d e n c e  p r e s e n t l y  a v a i l a b l e  e s t i m a t e s  a r e  
p r e s e n t e d  on t h e  s i z e  and e x t e n t  o f  Shaw Warm S p r i n g s  
t h e r m a l  system. It i s  e s t i m a t e d  t h a t  t h i s  sys tem c o u l d  have 
an a r e a l  e x t e n t  o f  0.63 sq. m i l e s  (1.62 sq. km) and c o n t a i n  
0.0148 Q's o f  h e a t  energy .  

33. Z a c h a r a k i s ,  T.G., R i n g r o s e ,  C.D., and P e a r l ,  R.H., 1981, GEOTHERMAL 
RESOURCE ASSESSMENT OF OURAY, COLORADO: C o l o r a d o  Geol.  Survey  Res. 
S e r i e s  1 5 ,  and U.S. DeFt. o f  Energy DOE/ET/28365-9, 70 p. 

Resource assessment e f f o r t s  c a r r i e d  o u t  i n  t h e  Ouray a r e a  by 
t h e  C o l o r a d o  Geol . Survey c o n s i  s t e d  o f  geo l  o g i  c a l  mapping , s o i  1 
m e r c u r y  geochemica l  s u r v e y s  and r e s i s t i v i t y  g e o p h y s i c a l  s u r v e y s .  

The s o i  1 m e r c u r y  s u r v e y  o b t a i n e d  i n c o n c l  u s i  ve r e s u l t s  , w i t h  
t h e  Box Canyon a r e a  i n d i c a t i n g  a few anomalous v a l u e s .  These 
v a l u e s  a r e  q u e s t i o n a b l e  and p r o b a b l y  a r e  due t o  t o  h o t  s p r i n g  
a c t i v i t y  and m i n e r a l i z a t i o n  w i t h i n  t h e  L e a d i l l e  l i m e s t o n e  r o c k .  

The e l e c t r i c a l  r e s i s t i v i t y  s u r v e y  i n d i c a t e d  s e v e r a l  a r e a s  o f  low 
r e s i s i t i v i t y  zones above t h e  Box Canyon area ,  t h e  power s t a t i o n  
a e r a  and Wiesbaden M o t e l  a rea .  From t h e s e  low zones i t  i s  
s u r m i s e d  t h a t  t h e - s p r i n g s  a r e  r e l a t e d  t o  a complex f a u l t  sys tem 
w h i c h  s e r v e s  as a c o n d u i t  f o r  t h e  deep c i r c u l a t i o n  o f  g r o u n d  
w a t e r  t h r o u g h  t h e  system. (From t h e  A b s t r a c t ) .  
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PROBLEMS AND RECOMMENDATIONS 

F o r  t h e  most  p a r t  v e r y  few m a j o r  p r o b l e m s  were e n c o u n t e r e d  d u r i n g  t h i s  p r o j e c t  
and t h e  ones t h a t  d i d  d e v e l o p  were v e r y  e a s i l y  s o l v e d .  As a l l  t h e  prob lems have 
been d i s c u s s e d  i n  d e p t h ,  e i t h e r  i n  p r e v i o u s  y e a r l y  t e c h n i c a l  r e p o r t s  o r  i n  t h e  
s i t e  s p e c i f i c  r e p o r t s ,  a b r i e f  d i s c u s s i o n  w i l l  be made o f  some o f  t h e  more 
s e r i o u s  p r o b l e m s  e n c o u n t e r e d  and proposed s o l u t i o n s .  

* 

1). Urban e n v i r o n m e n t .  U n f o r t u n a t e l y ,  many o f  t h e  l o w  t o  m o d e r a t e  
t e m p e r a t u r e  geothermal  r e s o u r c e  a r e a s  i n  C o l o r a d o  a r e  1 o c a t e d  i n  u r b a n  
e n v i r o n m e n t s .  As we f o u n d  o u t ,  t h i s  makes e x p l o r a t i o n  e f f o r t s  v e r y  d i f f i c u l t .  
The s o i l  m e r c u r y  and e l e c t r i c a l  and s e i s m i c  g e o p h y s i c a l  s u r v e y s  i n  a number o f  
i n s t a n c e s  p r o v e d  l e s s  t h a n  s a t i s f a c t o r y .  Very l a t e  i n  t h e  p r o j e c t  we employed 
t w o  methods w h i c h  seemed t o  work v e r y  w e l l  i n  u r b a n  areas .  These were s h a l l o w  
t e m p e r a t u r e  measurements and s o i l  h e l i u m  s u r v e y s .  Where employed i n  t h e  same 
a r e a  t h e s e  t w o  methods gave s u p p o r t i n g  e v i d e n c e  f o r  t h e  l o c a t i o n  o f  t h e  
geothermal  r e s o u r c e s .  I t  i s  recommended t h a t  more r e s e a r c h  i n t o  t h e  
a p p l i c a b i l i t y  o f  t h e s e  two methods be u n d e r t a k e n .  They appear  t o  o f f e r  g r e a t  
p r o m i s e  f o r  t h e  e v a l u a t i o n  o f  geothermal  r e s o u r c e s  i n  an u r b a n  e n v i r o n e m t .  

2 ) .  Soi 1 m e r c u r y  s u r v e y s .  We e x p e r i e n c e d  m i x e d  r e s u l t s  w i t h  t h i  s 
e x p l o r a t i o n  method. T h i s  was p r i m a r i l y  due t o  s e v e r a l  causes :  A )  T r y i n g  t o  
c o l l e c t  samples i n  an u r b a n  e n v i r o n m e n t ,  where t h e  s o i l  had become c o n t i m i n a t e d  
b y  t h e  a c t i v i t i e s  o f  man, B) Low t e m p e r a t u r e  and d e p t h  o f  C o l o r a d o ’ s  geothermal  
r e s o u r c e s ,  e s p e c i a l l y  i n  t h e  Canon C i t y  area .  It i s  b e l i e v e d  t h a t  t h i s  

1’ e x p l o r a t i o n  method s h o u l d  be j u d i c i o u s l y  a p p l i e d .  I f  we had t o  do i t  o v e r  
a g a i n ,  I would  n o t  employ t h i s  method. 

3 ) .  Geophysics.  As so many o f  t h e  t h e r m a l  a r e a s  i n  C o l o r a d o  a r e  l o c a t e d  i n  
an u r b a n  e n v i r o n m e n t  we d i d  n o t  a c q u i r e  c o n s i s t e n t l y  good g e o p h y s i c a l  d a t a .  I n  
a d d i t i o n ,  t h e  s e i s m i c  method p r o v e d  l e s s  t h a n  s a t i s f a c t o r y  i n  t h e  San L u i s  
V a l l e y  where t h e  v o l c a n i c  r o c k s  a r e  c l o s e  t o  t h e  s u r f a c e .  From my l i m i t e d  
knowledge o f  t h e  s u b j e c t ,  t h e  r e a s o n  f o r  t h e  f a i l u r e  i s  n o t  a p p a r e n t .  To 
overcome t h i s  i t  i s  b e l i e v e d  t h a t  a who le  s u i t e  o f  g e o p h y s i c a l  methods s h o u l d  
be employed r a t h e r  t h a n  j u s t  t h e  one o r  two employed d u r i n g  t h i s  p r o j e c t .  
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TABLE 1. SUMMARY OF RESOURCE ASSESSMENT EFFORTS I N  COLORADO AND AN 
ESTIMATE OF FUTURE WORK ELEMENTS 
(See a t t a c h e d  map f o r  l o c a t i o n  o f  a r e a s )  

THERMAL A R E A *  GEOLOGY HYDROGEOLOGY** GEOTHER-*** G E O  
RECON.  DETAILED RECON.  DETAILED MOMETRY P H Y S I C S  r) 

P 1. J u n i p e r  
2. C r a i g  
3. R o u t t  
4. Steamboat 
5. B r a n d ' s  Ranch 
6. Hot  S u l p h u r  
7 .  Haystack  B u t t e  
8. E l d o r a d o  S p r i n g s  
9. I d a h o  S p r i n g s  

10. D o t s e r o  
11. Glenwood 
12. South Canyon 
13. Penny 
14. Col .  Ch inn  
15. Conundrum 
16. Cement Creek 
17.  Ranger 
18. Rhodes 
19. H a r t s e l  
20, Cot tonwood Creek 
21. Cha lk  Creek 
22. Brown 's  Canyon 
23. Poncha S p r i n g s  
24. W e l l s v i l l e  
25. S w i s s v a l e  
26. Canon C i t y  
27. Fremont 
28. F l o r e n c e  
29. Don K Ranch 
30. C l a r k  
31. Mineral 
32. V a l l e y  View 
33. Shaws 
34. Sand Dunes 
35. S p l a s h l a n d  
36. D e x t e r - M c I n t y r e  
38. S t i n k i n g  S p r i n g s  
39, Dutch  Crowley  
40.  E o f f  A r t e s i a n  
41. Pagosa S p r i n g s  
42. Rainbow 
43. Wagon Wheel Gap 
44. A n t e l o p e  and 
45 B i r d s i e  
46. Wauni t a 
47. C e b o l l a  
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THERMAL A R E A *  GEOLOGY HYDROGEOLOGY** GEOTHER-***  GEO 
RECON. DETAILED RECON.  DETAILED MOMETRY P H Y S I C S  

48. O r v i s  X 
49. Ouray 
50. Lemon 

I 51. Dunton 
52. Geyser 
53. P a r a d i s e  n 
54 R i c o  
55 P i n k e r t o n  X 
56 T r i  p p - T r i  rnbl e X 
5 7 .  S t r a t t o n  X 
58. P i e d r a  n 
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X 

X 
X 
X 
X 
X 
X 
X 
n 
n 

n 
n 
n 
n 
n 
n 
n 
X 
X 
n 
n 

* Areas a r e  p r e s e n t e d  h e r e  i n  t h e  same o r d e r  t h a t  t h e y  a r e  p r e s e n t e d  i n  
C.G.S. B u l l  39 and Resource S e r i e s  6. 

** H y d r o g e o l o g i c a l  a p p r a i s a l  i s  assumed t o  be d e t a i l e d  o n l y  i f  t h e  C . G . S .  

*** Geothemometer e s t i m a t e s  were done and p u b l i s h e d  i n  C.G.S. B u l l .  39. 

d r i l l s  and t e s t  w e l l s  l i k e  was done a t  Pagosa S p r i n g s .  

c 

x = done 
n = n e v e r  
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TABLE 1 CONT. 

THERMAL AREA 

J u n i p e r  
C r a i  g 
R o u t t  
Steamboat 
B r a n d ' s  Ranch 
Hot  S u l p h u r  
H a y s t a c k  B u t t e  
E l d o r a d o  S p r i n g s  
I d a h o  S p r i n g s  
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Penny 
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AREAL EXTENT 
OF R E S E R V O I R  
E S T I M A T E D * * * *  
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THERMAL AREA G R A D I E N T  SOIL AREAL EXTENT PRIORITY 
MERCURY OF R E S E R V O I R  FOR DEVELOPMENT 

ESTIMATED****  ( l = h i  gh, 5=1 ow) 
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San L u i s  V a l l e y  More g e o p h y s i c a l  and h e a t  f l o w  d r i l l i n g  needed. 
E a s t e r n  Colo.  Completed 

****Areal  e x t e n t  of t h e  i n d i v i d u a l  r e s e r v o i r s  were e s t i m a t e d  and p u b l i s h e d  
i n  C.G.S. Resource S e r i e s  6, H y d r o t h e r m a l  Resource  Base o f  C o l o r a d o - -  
An Assessment. 

* * * * * A l l  s o i l  m e r c u r y  d e t e r m i n a t i o n s  were made by t h e  C.G.S. w i t h  t h e  
e x c e p t i o n  o f  Glenwood S p r i n g s  w h i c h  was done and p u b l i s h e d  by Ron 
Klusman, Colo.  School  o f  Mines. 

x = done 
n = n e v e r  
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