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INTRODUCTION 

The S t a t e  of Colorado seems t o  have s i g n i f i c a n t  geothermal  energy  p o t e n t i a l .  
Geothermal energy  use can h e l p  conserve  o t h e r  r e s o u r c e s .  

I n  o r d e r  t o  more a c c u r a t e l y  d e f i n e  what t h e  geothermal  p o t e n t i a l  is, a d e t a i l e d  
a n a l y s i s  of s p e c i f i c  s i tes  w a s  cons ide red  t o  be necessa ry .  Furthermore,  such 
a n a l y s e s  can p rov ide  i d e a s  and in fo rma t ion  t o  p o t e n t i a l  u s e r s ,  d e v e l o p e r s  and 
o t h e r s  i n  t h e  development p r o c e s s  t o  h e l p  s t i m u l a t e  geothermal  development. 
A d d i t i o n a l l y ,  geothermal  energy  o f f e r s  o p p o r t u n i t i e s  f o r  economic development,  
p a r t i c u l a r l y  as energy  becomes an ever l a r g e r  and more impor t an t  p a r t  of 
b u s i n e s s e s  o p e r a t i n g  c o s t s .  The a n a l y s e s  can a l s o  h e l p  i d e n t i f y  c o n s t r a i n t s  
t o  geothermal  energy  development and subsequen t ly  sugges t  s o l u t i o n s .  F i n a l l y ,  
i n fo rma t ion  about  t h e  p o t e n t i a l  and t h e  l i m i t a t i o n s  t o  development can h e l p  
f e d e r a l  and s t a t e  governments d e s i g n  and implement programs t h a t  h e l p  i n c r e a s e  
goe thermal  energy  use .  

Scope of Repor t  

T h i s  s t u d y ,  conducted by t h e  Colorado Geo log ica l  Survey under c o n t r a c t  w i t h  t h e  
U.S. Department of Energy, h a s  ana lyzed  t h e  p o t e n t i a l  of f o u r  p r o s p e c t i v e  
geothermal  development s i t e s  i n  Colorado and prepared  h y p o t h e t i c a l  p l a n s  f o r  
t h e i r  development.  These p l a n s  are c e r t a i n l y  n o t  t h e  o n l y  p o s s i b l e  ones ,  b u t  
are meant t o  s e r v e  p r i m a r i l y  as examples. S ince  these p l a n s  have ,  however, 
been p repa red  u s i n g  i n f o r m a t i o n  and i d e a s  d e r i v e d  l a r g e l y  from r e s i d e n t s  and 
o f f i c i a l s  a t  t h o s e  s i tes ,  as w e l l  as pub l i shed  r e p o r t s ,  i t  is  b e l i e v e d  t h e y  are 
reasonab ly  r ea l i s t i c  and i n  tune  wi th  l o c a l  c o n d i t i o n s .  

The s t u d y  h a s  i n c l u d e d  t h e  i n v e s t i g a t i o n  of s e v e r a l  broad areas f o r  each s i te .  
The f i r s t  area of i n v e s t i g a t i o n  was t h e  s i t e  i t s e l f :  i t s  geographic ,  
p o p u l a t i o n ,  economic, energy  demand c h a r a c t e r i s t i c s  and t h e  a t t i t u d e s  of i t s  
r e s i d e n t s  r e l a t i v e  t o  geothermal  development p o t e n t i a l .  Secondly,  t h e  r e s o u r c e  
p o t e n t i a l  w a s  d e s c r i b e d ,  t o  t h e  e x t e n t  i t  w a s  known, a l o n g  wi th  in fo rma t ion  
concern ing  any e x p l o r a t i o n  o r  development t h a t  h a s  been conducted.  The t h i r d  
i t e m  i n v e s t i g a t e d  w a s  t h e  p r o c e s s  r e q u i r e d  f o r  development.  There are 
f i n a n c i a l ,  i n s t i t u t i o n a l ,  envi ronmenta l ,  t e c h n o l o g i c a l  and economic cr i ter ia  
f o r  development t h a t  must be known i n  o r d e r  t o  r e a l i s t i c a l l y  gauge t h e  p o s s i b l e  
development. Using a t  i n f o r m a t i o n ,  t h e  n e x t  concern ,  t h e  geothermal  energy  
p o t e n t i a l ,  w a s  t h e n  r e s s e d .  P lanned ,  proposed and p o t e n t i a l  development are 
a l l  d e s c r i b e d ,  a l o n g  wi th  a p o s s i b l e  schedu o r  t h a t  development.  An 
assessment  of t h e  development o p p o r t u n i t i e s  an  s t r a i n t s  are inc luded .  

The summary s e c t i o n  d e s c r i b e s  t h e  f i n d i n g s  of a l l  f o u r  complete  s i t e  a n a l y s e s .  
Techn ica l  methodologies  are d e s c r i b e d  i n  t h e  Appendix. 
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A. DURANGQ SITE 

S i t e  D e s c r i p t i o n  

The s i t e  f o r  t h i s  s tudy  i s  l o c a t e d  i n  La P l a t a  County i n  Southwest Colorado 
(Fig. A-L). It inc ludes  t h e  area f rom t h e  Purgatory  Sk i  area n o r t h  o f  t h e  Ci ty  
o f  Durango t o  j u s t  sou th  o f  t h e  Bodo I n d u s t r i a l  Park. The Animas R iver ,  "R ive r  
O f  Souls," f l o w s  th rough t h e  V a l l e y  and p rov ides  water  f o r  i r r i g a t i o n ,  i n d u s t r y  
and domest ic use. The t e r r a i n  v a r i e s  f rom t h e  rugged San Juan Mountains on t h e  
no r th  t o  t h e  mesas on t h e  south. The e l e v a t i o n  ranges ranges f rom 6400 t o  9400 
feet .  About 20 m i l e s  south  o f  t h e  s i t e  i s  t h e  Southern Ute  I n d i a n  Reserva t ion  

tha t ,  t h e  New Mexico S t a t e  l i n e -  

Access t o  t h e  nor th ,  eas t  and west i s  obs t ruc ted  by mountain passes t h a t  a r e  
prone t o  b l i z z a r d s ,  s l i d e s  and i c y  roads i n  w i n t e r  ( two- lane Highways 550 and 
160 serve t h e  area).  To t h e  south, where t h e  t e r r a i n  f l a t t e n s ,  access i s  
easier. 

The City of Durango has an average 8214 annual degree days and an average low  
temperature of l l ' F  ( C u n i f f ,  e t  a l ,  1979). The growing season averages 117 
days and i s  about 90 - 120 days f o r  apple and pears and o t h e r  f r u i t  c rops  grown 
i n  t h e  n o r t h e r n  p a r t  o f  t h e  s tudy area and about 150 days f o r  more 
f r o s t - r e s i s t a n t  crops such as a l f a l f a  and po ta toes  (Cap A l l en ,  pers. comm., 
1979). The mean annual p r e c i p i t a t i o n  of t h e  City of Durango i s  19 inches and 
the mean annual temperature i s  28'F i n  January, 67' i n  J u l y  ( D i v i s i o n  o f  
Commerce and Development, 1974). 

Land Use and.Ownership - The f e r t i l e  v a l l e y  j u s t  n o r t h  o f  t h e  City o f  Durango 
was once p r i m a r i l y  a g r i c u l t u r a l  b u t  i s  now low-dens i ty  r e s i d e n t i a l  w i th  a few 
sca t te red  commercial estab l ishments.  F u r t h e r  n o r t h  t o  t h e  Purgatory  Sk i  r e s o r t  
i s  some ve ry  1 ow d e n s i t y  r e s i d e n t  i a1 devel  opment , a year- round 1 uxury 
r e c r e a t i o n  r e s o r t  and a few res tau ran ts ,  lodges, a s k i - r e n t a l  shop and a 
p r i v a t e  board ing  school  . 
The City o f  Durango covers about 2,182 acres o f  land. South of t h e  City, t h e  
Bodo I n d u s t r i a l  Park con ta ins  about 240 acres. The v a l l e y  n o r t h  o f  t h e  Ci ty 
has about 3500 acres o f  developable l a n d  ( D a l l a s  Reynolds, per. comm., 1979). 
Much o f  t h e  l a n d  a d j o i n i n g  t h e  s tudy  area a t  t h e  n o r t h  i s  Na t iona l  Fo res t  Land, 
as shown i n  F i g u r e  A-2. County-wide, o n l y  about 40 percent  o f  t h e  l a n d  i s  
p r i v a t e l y  owned (Table A-1.) Within t h e  s tudy  area, much of t h e  undeveloped 
land i s  undevelopable, e i t h e r  s teep s lopes o r  f l o o d  p l a i n .  The ownership 
r e s t r a i n t s  and geo log ica l  c o n d i t i o n s  r e s t r i c t  t h e  l a n d  a v a i l a b l e  f o r  expansion. 
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TABLE A - 1  

LAND OWNERSHIP 
LA PLATA COUNTY 

Number of Acres and Percent of County 

bj 

UTE 
TRIBAL 

TOTAL PRIVATE U.S.F.S. B.L.M. LANDS STATE MUNICIPAL 

1,066,366 -421,312 394,537 29,344 202,953 14,980 3,240 
100% 39.5% 37% 2.8% 18.8% 1.4% 0 3% 

Source: Del Duca, e t  a1 , 1975 

Population - The populat ion of La P l a t a  County i s  growing. The 1970 popu la t ion  
of 19,199 grew t o  an e s t ima ted  27,500 i n  1977, an i n c r e a s e  of 43 perecent 
(Johnson, 1979). W i t h i n  t he  C i ty  of Durango, the  populat ion grew from 10,333 
t o  an e s t ima ted  12,240, an i n c r e a s e  of 25.8 percent (Div i s ion  of Commerce and 
Development, 1978). About 16,500 o r  60 percent of t h e  c o u n t i e s  populat ion i s  
estimated t o  be l oca t ed  i n  Durango and the  urbanizing (Johnson, 1979). 

About 4447 dwell ing units a r e  e s t ima ted  t o  be i n  the  c i t y ,  w i t h  2829 of these 
s ingle- fami ly  homes, 192 mobile homes, 806 apartments ,  and 620 rooms. About 
850 units ,  n e a r l y  a l l  s ing le - f ami ly ,  a r e  l o c a t e d  i n  the  nor thern  p a r t  of t h e  
study a rea  ( P h i l l i p s ,  Brandt,  Reddick, 1979). T h e  populat ion i n  Durango i s  
expected t o  grow t o  21,460 by the y e a r  2000. The nor thern  s t u d  a rea  is  
fo recas t  t o  u l t i m a t e l y  suppor t  a t o t a l  of 1,760 dwell ing units ( P h i l l i p s ,  
Brandt, Reddick, 1979). Ex t r apo la t ing  t o  the y e a r  2020 i n d i c a t e s  a t o t a l  of 
41,410 persons w i t h i n  the  s tudy  area.  

Economy - The economy of La P l a t a  County i s  d i v e r s e ,  i nc lud ing  tou r i sm and 
r e c r e a t i o n ,  a g r i c u l t u r e , .  wood products  and o t h e r  manufacturing, c o n s t r u c t i o n ,  
government and m i n i  ng (San Juan Regional Commi ssi on, 1978). The m i n i  ng  
a c t i v i t y  t h a t  brought the f i r s t  permanent se t t le rs  i n t o  the  a rea  has ,  however, 
declined (Div i s ion  o f  Business Research, U n i v .  o f  Colorado, 1978).  Only two 
coal mines and no hard rock mines are c u r r e n t l y  producing (San Juan Regional 
Commi ssi on, 1978). A n  abundance of high q u a l i t y  coal  i n  t h e  county could 
encourage si gni f i c t m i n i n g ,  but i s  c o n s t r a i n e d  by the  l ack  o f  a r a i l  system 
and the high c o s t  of t r u c k i n g  coal  ( J a n e t  S c h u l t z ,  pers. comm., 1979). 
Development of go ld ,  si 1 ver, copper,  n a t u r a l  gas ,  and coal  r e s o u r c e s  p r i m a r i l y  
under Federal ownership o f f e r s  p o t e n t i  a1 b u t  i s  determined by Federal  1 e a s i  ng 
and pe rmi t t i ng  p o l i c i e s .  

L i g h t  manufacturing i s  encouraged a s  a way t o  d i v e r s i f y  t he  economy. Table A-2 
shows the manufacturers  c u r r e n t l y  i n  the  a rea .  The types  and magnitude of 
manufacturing a c t i v i t i e s  a r e  l i m i t e d  by the remoteness of t he  a r e a  from l a r g e  
population centers and the  lack  of r a i l  t r a n s p o r t a t i o n .  There i s ,  however, a 
la rge  r u r a l  market i n c l u d  ng f o u r  Indian  r e s e r v a t i o n s ,  f i ve  c o u n t i e s ,  and ten 
municipal i t i es .  

In La P l a t a  County and surrounding counties,  a g r i c u l t u r e  i s  a s i g n i f i c a n t  p a r t  
of the economy, c o n t r i b u t i n g  about 10.9 percent of t he  reg iona l  income i n  1970. 
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Dry beans, hay, wheat, and corn f o r  g r a i n  and s i l a g e  a r e  t h e  primary f i e l d  
crops. Small amounts of rye ,  beer  b a r l e y ,  p o t a t o e s ,  o a t s ,  broomcorn, seeds ,  

Research, Un ive r s i ty  o f  Colorado, 1975). Most c rops  a r e  exported.  W i t h i n  t h e  
study a rea  are  che r ry ,  pear ,  and app le  orchards.  A planned i r r i g a t i o n  p r o j e c t ,  
the Animas-La P l a t a  p r o j e c t ,  would enhance t h e  a g r i c u l t u r a l  product ion,  bu t  i s  
being met w i t h  s i g n i f i c a n t  oppos i t i on  (Ron Shor t ,  pers. comm., 1979). 

fruits, vege tab les ,  and sugar  b e e t s  a r e  a l s o  grown (Div is ion  of Business cid 

Livestock product ion i'n t h e  r eg ion  inc ludes  c a t t l e ,  p igs ,  and sheep, w i t h  s a l e s  
c o n t r i b u t i n g  about 5.5 percent  of the Region's 1970 income (Div i s ion  o f  
%usiness Research, U n i v .  o f  Colorado, 1975). Most o f  t h e  l i v e s t o c k  i s  exported 
to f e e d l o t s  or markets o u t s i d e  t h e  reg ion .  A g r i c u l t u r e  has been d e c l i n i n g ,  
presumably because of decl  i n i  ng product prices and i nc reas i  ng 1 and c o s t s  with 
land i n  g r e a t  demand f o r  subd iv i s ions  (San Juan Regional Commission, 1678). 

Timber has  h i s t o r i c a l l y  been a s i g n i f i c a n t  segment o f  the r e g i o n a s  economy, 
w i t h  most o f  the  t imber  on p u b l i c  land  (Div is ion  o f  Business Research, U n i v .  of 
Colorado, 1975) , b u t  r o a d l e s s  a rea  s t u d i e s  and wi lde rness  d e s i g n a t i o n s  have 
l imi t ed  the avai 1 abi  1 i t y  of t imber  from these f e d e r a l  1 ands. Wood products  
manufactured i n  La P l a t a  County a r e  used mainly i n  the  a c t i v e  l o c a l  
cons t ruc t ion  i n d u s t r y  (San Juan Regional Commission, 1978). 

Government, wholesale and r e t a i l  t r a d e s  and services a r e  t h e  l a r g e s t  sou rces  o f  
jobs i n  t h e  Region. T h e  Ci ty  of Durango i s  the center of the  Region 's  t o u r i s t  
a c t i v i t y ,  a s  well a s  i t s  s e r v i c e  c e n t e r  and La P l a t a  County s e a t .  Scenic and 
h i s t o r i c a l  a t t r a c t i o n s  such a s  the Mesa Verde Indian  Ruins, the Narrow Gauge 
Railroad, o ld  m i n i n g  towns, the  Purgatory ski r e s o r t ,  the  Tamarron r e s o r t  
development and s p e c t a c u l a r  mountain v i s t a s  encourage some 1 m i l l i o n  v i s i t o r s  
t o  t he  a rea  each y e a r  ( P h i l l i p s ,  Brandt,  Reddick, 1978). Conventions and skiers 
are  a t t r a c t e d  by scheduled j e t  service t o  La P l a t a  a i r p o r t .  Ski buses b r ing  
skiers from a1 1 around t h e  Southwest. About 658 commercial e s t a b l  ishments were 
loca ted  i n  La P l a t a  County i n  1975, wi th  502 of t hose  wholesale and r e t a i l  
t r ade  and s e r v i c e s  a s  shown on Table A-3 (U.S. Bureau of the  Census, 1977). In  
1974, there  were 47 h o t e l s  and motels i n  the  C i ty  of Durango (Div is ion  of 
Business Research, Univ. of Colorado, 1975) ,  along w i t h  numerous r e s t a u r a n t s .  

The F t .  Lewis College a t  Durango i s  ano the r  f a c i l i t y  t h a t  i s  important t o  t he  
economy of the a r e a ,  w i t h  s t u d e n t s  c o n t r i b u t i n g  t o  the  a r e a ' s  economy and 
increas ing  t h e  a t t r a c t i v e n e s s  of the  a rea  by adding t o  the  educa t iona l  and 
cu l tu ra l  o p p o r t u n i t i e s  f o r  r e s i d e n t s .  San Juan Basin Vo-Tech School , about 30 
miles west of Durango, a voca t iona l - t echn ica l  school , a t t r a c t s  s t u d e n t s  from 
the study a rea  and provides  a t r a i n e d  l a b o r  f o r c e  t o  the  reg ion  i n  many 
technical  f i e l d s .  

i 
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TABLE A-2. 

INDUSTRIES 
DURANGO STUDY AREA 

1977 

Lid 

Y 

I 

Manufacturer  

Bas in  Co-op Inc.  
Basin Packing Co. 

Bur n e t t  Const ruc t  i on Co . 
Cabinets by Ral ph Thomas 
City Market Bakery 
Coca-Cola B o t t l i n g  Co. 
Cooper P u b l i c a t i o n s  Inc.  
Culhane Inc.  
Design I11 
Double Eagle Ranch Inc .  
Durango Coca-Cola B o t t l i n g  Co. 
Durango Hera ld  Inc.  

Durango Ornamental I r o n  Inc.  

Durango U.S.A. 
Eagle B lock  Co. 
Graden E l e v a t o r  & Feed 

Jackson-David B o t t l i n g  Co. 
Las Animas Wood Products  
Mesa Paving Co. 
O l i g e r  Sheet Meta ls  

Temperature No. 
Requi red o f  

Employees 
s I C  
Code 

2048 274 15 
2011 177 5 
2752 149 5 
2791 149 
3273 66 35 
2434 0 5 
2051 232 175 
2086 77 35 
2721 149 5 
2099 150 5 
2499 1 93 5 
3961 93 5 
2086 77 35 
2711 149 35 
2751 149 
3446 0 5 
3444 93 
3949 93 5 
327 1. 204 5 
2048 274 5 
2047 121 
2086 77 35 
2431 93 5 
2951 260 35 
3444 93 5 
3448 0 
3449 93 

P r i n t  Shop The 2752 149 5 

Rocky Mountain D o l l  House Co. 3944 0 5 
Rocky Mountain G1 assware 3231 5 

San Juan Lumber Co. 242 1 175 
.r T e l l u r i d e  I r o n  Works 3532 35 

Townsend E n t e r p r i s e s  3589 1371 5 
Treasure Tunnel 391 1 93 5 

2761 149 
R e d f i e l d  Go. DuPango Op t i cs  3832 0 175 

3229 

3915 0 
3999 93 & 
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TABLE A-2 CONT. 

Manufacturer  

T r i - S t a t e  P r i n t i n g  & 
& Bas in  O f f i c e  Supply 

T r i t e c  So la r  I n d u s t r i e s  Inc.  

Un i ted  S t a t i o n e r y  

Watts Jewel ry  Co. 
& Confec t ionery  Co. 

Source: C u n i f f ,  e t  a1 , 1979 

S i c  
Code 

2751 
2761 
3433 
3564 
3822 
3065 

3911 

Temperature 
Requi red 

O C  

149 
149 
93 

0 
93 
93 

93 

TABLE A-3 

No. 17 
o f  

Employees 

Number o f  Business Es tab l i shments  by I n d u s t r y  i n  La P h t a  County 
1975 

A g r i c u l t u r a l  Serv ices  
M in i  ng 
Cont rac t  Const ruc t  i on 
Manufac tur ing  
T r a n s p o r t a t i o n  and Other  

P u b l i c  U t i l i t i e s  
Who1 esa l  e Trade 
R e t a i l  Trade 
F i  nance, Insurance and 

Real Es ta te  Serv ices  
Noncl a s s i f  i ab1 e Es tab l  i shments 

TOTALS 

Source: U.S. Bureau o f  t h e  Census 
County Business Pa t te rns ,  1975, Colorado 

Washington, D.C., 1977. 

6 
8 

62 
20 

22 
32 

192 
62 

206 
49 

658 

a 

W 
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The c o n s t r u c t i o n  i n d u s t r y  is  a c t i v e ,  w i t h  housing c o n s t r u c t i o n  a t  an a l l - t i m e  
h i g h .  However, because seasonal  o r  vaca t ion  homes a r e  such a s i g n i f i c a n t  p a r t  
of the homes b e i n g  b u i l t ,  year-round housing s h o r t a g e s  a r e  a s e r i o u s  problem. 
Housing p r o j e c t s  i n  p rocess  o r  proposed include 180 uni ts  on 90 a c r e s  i n  t he  
northern Animas Val 1 ey b e i n g  devel oped by Wennen Shavi ng Cream Corp., Rockwood 
Es ta t e s  be ing  developed a d j a c e n t  t o  the Tamarron Resor t  and an 80-acre 
development i n  t he  no r the rn  Animas Valley. A new shopping center i s  planned t o  
be l oca t ed  near the I n d u s t r i a l  Park and i n t e n s i v e  commercial development f o r  
the r i v e r f r o n t  a r e a  w i t h i n  t h e  C i ty  o f  Durango is b e i n g  proposed by the C i ty  
(Dall a s  Reynolds, pers . comm. , 1979). 

W i t h i n  t h e  commuting a r e a ,  r a l l  of L a ' P l a t a  County and t h a t  p a r t  of Montezuma 
County extending about 30 i l e s  west, a t o t a l  of 7,537 persons were i n  t h e  
labor  f o r c e  i n  1970. O f  t h  e ,  5.8 percent were unemployed. As shown i n  Table 
A-4, 20 percent were i n  r e t a i l  t r a d e  and 13.3 percent were i n  services and 
miscellaneous (Colorado Div i s ion  of  Commerce and Development, 1978). The major 
employers i n  the  commuting a r e a ,  a r e  a l l  l o c a  w i t h i n  the s tudy  area.  

Energy Demand - The na tu ra l  gas  consumption i n  s tudy  a rea  was i n v e s t i g a t e d .  
As shown on Table A - 5 ,  the 3,417 Durango r e s i d e n t i a l  customers averaged about 
150 MCF of na tu ra l  gas  f o r  r e s i d e n t i a l  use per customer per y e a r ,  or about 292 
MCF of na tu ra l  gas  o r  155 m i l l i o n  Btu's per residence f o r  both residential  and 
commercial space  and hot  water heat.  The t o t a l  commercial energy consumed was 
about .93 of t he  t o t a l ,  residenti consumption. T h e  average c o s t  f o r  
r e s i d e n t i a l  consumption 6f . n a t u r a l  as is  $2.'80 per m i l l i o n  B t u  and about 
$10.00 per m i l l i o n  B t u  f o r  P u b l i c  U t i l i  ies  Commission, 
1979). The f o r e c a s t  dempnd 
year 2020 f o r  r e s i d e n t i a l  and commercial uses. 

T h e  a c t u a l  i n d u s t r i a l  energy consumption i s  more than  the  r epor t ed  i n d u s t r i a l  
na tura l  gas s a l e s  because small i n d u s t r i a l  users' a r e  c l a s s i f i e d  by the n a t u r a l  
gas s u p p l  i er a s  "commerci a1 " and bec t r i a l  users may be u s i n g  
add i t iona l  fuel s . 
In some p a r t s  of the  s tudy  a r e a ,  n a t u r a l  gas  i s  not  a v a i l a b l e .  An example i s  
the no r the rn  p a r t  of the  v a l l e y  where e l e c t r i c i t y  o r  propane a r e  used f o r  hea t .  
To account f o r  t h e  supplemental o r  a l t e r n a  ve use of fuels o t h e r  t h a n  n a t u r a l  
gas, t he  thermal energy demand was c a l c u l a  d based on hea t ing  degree days and 
extreme low temperatures .  .These estimates indicate  t h a t  about 1.67 x 1012 
Btu's of thermal energy would be r equ i r ed  by t h e  y e a r  1984 and about 2.55 x 
1012 Btu's would be r equ i r ed  by t h e  y e a r  2000, f o r  a l l  uses. The  Tamarron 
Resort energy demand was a s ses sed  independent ly  because i t  is  a major energy 

1 market t h a t  i s  very near t he  geothermal r e source  a r e a  and i s ,  fur thermore,  

k, 

' 

- 
1 

i s  2.12 x 10lh Btu's by the  

the y e a r  2000 
* 

n a r e a  play a 

commercial e s t ab l i shmen t s .  T h e  southern  p a r t  of the s tudy  a r e a ,  t h a t  p a r t  
furthest removed from geothermal r e sources ,  is i n d u s t r i  a1 . New i n d u s t r y  i s  

Lid 

- 9 -  



. TABLE A-4 

LABOR DATA FOR COMMUTING AREA 

Empl oyrnent Citteg-ory 

A g r i c u l t u r e  
M i  n i  ng 
C o n t r a c t  C o n s t r u c t i o n  
Manufactur ing 
T r a n s p o r t a t i o n  & 

P u b l i c  Ut i l i t ies  
Who1 e s a l  e Trade 

and Real E s t a t e  
S e r v i c e s  and  
M i  scell aneous 
Government ( F ede r a 1 , 

S t a t e  and Local )  , 

TOTAL EMPLOYMENT 

UNEMPLOYMENT 

TOTAL LABOR FORCE 

760 10.1 766 
140 1.9 65 
5 18 6.9 594 
372 4.9 666 

463 6.1 434 
157 2.1 282 

1,577 20.9 1,093 

258 3.4 336 

1970 1977 = 
Estimate 

No . Percen t  No. Percent 

6.5 
0.6 
5.0 
5.6 

3.7 
2.4 

17.7 

2.9 

1,000 13.3 2,749 23.3 

15.8 1,768 15.0 
- ,  1,189 

7,101 94.2 11,108 94.1 * 

436 5.8 7 00 5.9 

7,537 100.0 11,808 100.0 

Source:  D i v i s i o n  of Commerce and Development, S t a t e  of Colorado,  
Department of Local A f f a i r s ,  1978. 

TABLE A-5 

NATURAL GAS SALES 
DURANGO 

1977 

Tota l  R e s i d e n t i a l  
Customers Mcf No. Customers 

3,905 513,783 3,417 

Commerci a1 I n d u s t r i a l  
Mcf No. Customers Mcf No. Customers 

482,803 2 90,158 1 6  

Source : Peop le ' s  Natura l  Gas 0 ,  Colo., 1979 
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being encouraged t o  loca te  there i n  preference t o  o ther  area. The middle portion 
is the City of Durango, with primarily commercial-and resident ia l  uses. 

No d r a s t i c  changes a r e  a n t i c i p a t e d ,  since these p a t t e r n s  a r e  d e l i b e r a t e .  Light 
manufacturing i s  b e i n g  encouraged i n  o r d e r  t o  d i v e r s i f y  the economy. A s t r o n g  - desire t o  preserve the q u a l i t y  of l i f e  i n  the a r e a ,  without s i g n i f i c a n t  
popul a t  i on growth, i s apparent  . T h i s  desire ,  combined w i t h  the  
previous ly-es tab l  i shed  economic p a t t e r n s ,  seems 1 i k e l y  t o  a s s u r e  the  
cont inua t ion  of the r e c r e a t i o n  and tou r i sm focus.  A c o n t i n u a t i o n ,  t h e r e f o r e ,  of 
current development p a t t e r n s  and land use p o l i c i e s  can be a n t i c i p a t e d .  T h i s  
includes a s p a r s e  r e s i d e n t i a l  development and some new commercial f a c i l i t i e s  i n  
the nor thern  s e c t i o n ,  the l i m i t a t i o n  of i n d u s t r i a l  s i t es  t o  the i n d u s t r i a l  
park, and some i n c r e a s e  d e n s i t y  w i t h i n  Durango. 

z 

Geothermal Resource Evaluat ion 

P inker ton ,  Trimble and T r i p p  Hot Spr ings  a r e  t h e  s u r f a c e  expres s ions  of the 
geothermal r e source  f o r  t h i s  development s i te .  The c h a r a c t e r i s t i c s  of the  
sp r ings  t h a t  were i d e n t i f i e d  by the Colorado Geological Survey i n  r e source  
assessment work ( B a r r e t t  and P e a r l ,  1976 and P e a r l ,  1979) a r e  shown on Tables  
A-6, A-7 and A-8,  S ince  t h a t  inventory was conducted, a highway c u t  has 
severed t h e  s p r i n g  condui t  a t  Pinkerton Hot Spr ings ,  changing the l o c a t i o n  of 
the d ischarge .  Analyses t h a t  were performed by the  Colorado Geol. Survey 
ind ica t ed  high enough temperatures  f o r  space hea t ing  and o t h e r  uses r e q u i r i n g  
s i m i l a r  temperatures  and about .04-.05 x 1012 Btu's of u sab le  energy ( P e a r l ,  
1979) . However, these e s t i m a t e s  cannot be confirmed without a d d i t i o n a l  
information. Some a d d i t i o n a l  e x p l o r a t i o n  work was preformed by the Colorado 
Geol. Survey i n  t he  summer of 1980 and the d a t a  are being eva lua ted  (R.H. 
Pear l ,  per. comm., 1980). 

Current Uses of Geothermal Energy - There i s  appa ren t ly  no geothermal energy 
currently i n  use i n  th i s  a rea .  A t  one time, Pinkerton Hot Spr ings  and Trimble 
Hot Spr ings  supp l i ed  water t o  swimming pools t h a t  were popular wi th  residents 
and v i s i t o r s  i n  the area .  A home hea t ing  system and a greenhouse were 
cons t ruc ted  a t  T r ipp  Hot Spr ings  t o  use geothermal f l u i d  b u t  were not used. A 
system has been designed f o r  Timberl ine Academy a t  Pinkerton Hot Spr ings  t o  use 
geothermal heat.  A g r a n t  was awarded by the*U.S. Department of Energy f o r  
cons t ruc t ing  such a system a s  soon a s  t h e  S t a t e  Highway Department r e s t o r e s  t he  

(Cap Allen, pers. comm., 1979). The  owner of t h e  Trimble Hot 
l s o  i n d i c a t e d  he will c o n s t r u c t  a geothermally-heated r e s o r t  and 

is a l s o  well aware of the  p o t e n t i a l  f o r  extensive use of the geothermal energy 
throughout the  a r e a  (Rudy Baer, pers. comm,, 1979). 
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TABLE A-6 

GEOTHERMAL RESOURCE CHARACTERISTICS 
TRIPP/TRIMBLE/PINKERTON/MOUND 

Total Total 
Spring Di ssol ved SurTace Current 

We1 1 s Locati on mg/L C" gpm 
or Sol ids Temperature Discharge 

Trimbl e 36N,9W,Sec. 15 3340 36 <1 

Tri p p  36N,9W,Sec. 10 3240 44 NA 

Pinkerton A 37N,9W,Sec0 k 3 700-3 980 32: 54 

B 37N,9W,Sec. 25 NA 33 20 
Mound 37N,9W,Sec. 25 3800 32 54 

Little Mound 37N ,9W ,Sec. 25 NA 26 2 

Source: Barrett and Pearl, 1976 

TABLE A-7 

GEOTHERMAL RESERVOIR CHARACTERISTICS 
TRIPP/TRIMBLE/PINKERTON/MOUND 

Estimated Estimated E s t i mated 
Areal Estimated Subsurf ace Total 

Reservoir Extent Thickness Temperature Btyis 
Type mi2 ft OC 10 

Tripp/Trimble 

F r act ur e 1 1000 58°C .0357-.0357 

Pi nkerton 

Fracture 1.2 1000 5OoC .0099-.0209 

.0446-.0566 

LJ 

Source: Pearl, 1979 
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TABLE A-8 u 
Dissolved  Mineral Content of  Thermal Waters i n  Study Area 

P i  nke r ton  Tr imble  Tri pp  
Hot Spr ings  Hot Spr ings  Hot Spr ings  

Arsenic (ug / l  ) 120.0 17.0 17.0 
Boron ( u g / l )  3,000.0 1,400.0 1,500.0 

Calcium (mg/l)  510.0 510.0 470.0 

F1 u o r i d e  (mg/l ) 2.1 2.7 2.7 

Lithium ( u g / l )  2,500.0 1,600.0 1,600.0 
Magnesium (mg/l ) 79.0 42.0 41.0 
Manganese (mg/l ) 470.0 80.0 80.0 

Nitrogen (mg/l ) 0.10 0.08 0.16 
Phosphate  (mg/l)  0,05 0.02 0.05 
Potassium (mg/l) 120.0 47.0 47.0 

Si 1 i ca (mg/l ) 28.0 72.0 69.0 
Sodi um (mg/l ) 50.0 510.0 500.0 
S u l f a t e  (mg/l)  690 .O 1,400.0 1,4OO.O 

A1 kal i n i  t y  
as  Calcium Carbonate  (mg 1,340.0 894.0 810.0 
as  B ica rbona te  (mg/l)  1,630.0 1,090.0 988 . 0 

Hardness 
Noncarbonate (mg/l ) 260 . 0 550.0 530.0 
To ta l  (mg/l)  1,600.0 1,400.0 1,300.0 

S p e c i f i c  Conductance 5,600 4,400 3,900 
3,990 3,340 3,240 Tota l  Diss. S o l i d s  (mg/l)  

. 
Cadi um (ug/ l  ) 0.0 0.0 0.0 

.I Chlo r ide  (mg/l)  1,000.0 220 . 0 220 . 0 
I r o n  ( u g / l )  4,400.0 50.0 10.0 

Mercury (ug / l  ) 0.0 0.0 0.0 

Sel  eni um (mg/l ) 0 '  0 0 

Zinc ( u g / l )  0 10.0 20.0 

- Ph, F i e l d  6.5 - 
Discharge  (gpm) 54.0 1 E  - 
Temperature (C) 32 36 44 
Date Sampled 9 /75  9 /75  9 / 7 5  

Source: Barrett and 

rc 
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7 

fu Geothermal Development Process  

The manner i n  w h i c h  geothermal energy can be developed i s  dependent upon 
condi t ions  a t  the specific s i te .  T h e  most i n f l u e n t i a l  of these a r e  described 
below. 

F inancia l  - To f inance  the f e d e r a l  geothermal p r o j e c t s ,  s eve ra l  avenues are  
possible.  Same g r a n t s  have been a v a i l a b l e  such a s  the one Timberline Academy 
will receive t o  develop a simple geothermal hea t ing  system f o r  the main school 
f a c i l i t i e s .  Since the Trimble p r o j e c t  i s  not  imminen t ,  no financing 
arrangements have as y e t  been i n d i c a t e d ,  b u t  presumably, the p r o j e c t  will be 
financed wi th  p r i v a t e  funds .  As another  a l t e r n a t i v e ,  t o  develop and manage 
these and o t h e r  p r o j e c t s  i n  l ieu of an interested p r i v a t e  energy developer ,  a 
spec ia l  d i s t r i c t  o r  coope ra t ive  could be e s t a b l i s h e d  among p o t e n t i a l  users. 
Levies could be a s ses sed ,  revenue. bonds issued, o r  g r a n t  f u n d s  o r  l oans ,  
p r i v a t e  o r  government, ob ta i  ned, 

Although U.S. Dept. of Energy grants f o r  development a r e  not  c u r r e n t l y  widely 
a v a i l a b l e ,  o t h e r  f e d e r a l  sou rces  may be tapped ,  where the i r  mandates c o i n c i d e  
w i t h  the proposed geothermal energy development. For example, a r e a s  impacted 
by energy development a s  well a s  economically depressed a r e a s  a r e  t a r g e t  a r e a s  
f o r  Federal agencies  such a s  the  U.S. Housing and Urban Development Department 
and the Farm Home Adminis t ra t ion under the U.S. Department of Agriculture. 

Leasing and P e r m i t t i n g  - To e s t a b l i s h  the  r i g h t  t o  develop the energy, a 
prospec t ive  developer must e i ther  own o r  l e a s e  the geothermal r ights  and the  
land s u r f a c e  t o  be used and must have rights t o  t he  water con ta in ing  t h e  hea t  
if the water i s  t o  be consumed. No l e a s e s  on p u b l i c  land w i t h i n  the s tudy  a r e a  
have been issued. To d r i l l  a well requires S t a t e  permits (Coe and Forman, 
1979) . 
Approval by La P i a t a  County would a l s o  be required f o r  a geothermal development 
ou t s ide  Durango c i t y  limits and by the b u i l d i n g  department i f  w i t h i n  t he  Ci ty .  
Depending upon the  s i z e ,  magnitude of impacts and cons i s t ency  of use, approval 
may r e q u i r e  from a week t o  s i x  months. A s i g n i f i c a n t  land development review 
begins w i t h  a sketch p lan  f o r  p re l imina ry  review. I t  i s  submi t t ed  t o  c e r t a i n  
S t a t e  agencies  and t o  t he  planning commission f o r  t h e i r  review, i s  discussed a t  
a p u b l i c  hea r ing  and t h e n  i s  considered by the Board of County Commissioners. 
In La P l a t a  County, residents p repa re  t he i r  own land and r e source  management 
program. T h u s ,  any new development would have t o  conform t o  the g o a l s  of t he  
current residents i n  t h a t  reg ion  (Da l l a s  Reynolds, pers. comm., 1979). 

Technological Requirements - The procedure f o r  exp lo r ing  f o r  geothermal energy 
is aimed toward l e a r n i n g  more about t he  magnitude of hea t ,  the  s i z e  of the 
r e s e r v o i r ,  p o s s i b l e  r e s e r v o i r  d e p t h s ,  and s u i t a b l e  well l o c a t i o n s .  I t  would 
usua l ly  b e g i n  w i t h  a prel iminary e x p l o r a t i o n  program inc lud ing  geo log ic  
eva lua t ion ,  seismic tes t s ,  poss ib ly  more geochemical ana lyses  and d r i l l i n g  and 
analyzing g r a d i e n t  holes.  A f e a s i  b i  1 i t y  s tudy  i s  usual l y  conducted t o  
determine whether the investment seems t o  be warranted and f i n a l l y  a t e s t  well 
(or w e l l s )  i s  d r i l l e d  and tested. Depending upon the magnitude of the  energy 
demand and the  product ion of the  well, the t e s t  well may be used a s  a 
production well and/or a d d i t i o n a l  wells may be d r i l l e d .  

* 

t 

W 

t 

Q Too l i t t l e  i s  known about t he  geothermal r e sources  i n  t h i s  a rea  t o  c o n j e c t u r e  
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abou t  specific technical requirements or engineering design. Since the 
dissolved solids content i s  not particularly h i g h ,  no exotic treatment i s  
indicated so far .  The key question i s  whether the water i s  hot  enough t o  use 
as an independent source of heat ( a b o u t  6OoC ( 1 4 O O F )  i s  generally required). 
If the water produced is  not  near the 6 O o C  temperature, i t  could  s t i l l  be a 
valuable resource by using heat pumps or boilers t o  boost the heat produced. 

Disposal of the f l u i d  i n  a manner t o  protect ground and surface water q u a l i t y  
may be either by reinjection i n t o  another well, surface disposal or use of the 
geothermal f l u i d ,  depending upon the q u a l i t y  of the f l u i d ,  the standards of the 
stream or underground aquifer, as determined by the Water Q u a l i t y  Control 
Division. Or a downhole heat exhcanger t h a t  would extract the heat from inside 
the well m i g h t  be suitable. 

Environmental Considerations - Pending a detailed study, environmental e f fec ts  
of geothermal development are not definable. Reports do indicate t h a t  the 
existing s p r i n g  discharge has  damaged t rees  (Cap  Allen, pers. comm., 1979).  
T h i s  implies t h a t  careful handling of the resource would be needed i f  the f l u i d  
recovered exhibited character is t ics  similar t o  those of the spring. T h i s  a l s o  
implies t h a t  by properly controlling the f l u i d  w i t h  a well, further 
environmental damage could be avoided. I n  any case, the S ta te ' s  permitting 
system i s  designed t o  assure t h a t  neither the groundwater sources or surface 
water sources w i  11 be degraded. 

Other environmental concerns include so i l ,  wildlife,  wildlife habitat ,  p l a n t  
l i f e ,  land  disturbance, damage t o  the ecosystem as a whole and socio-economic 
impacts. Air p o l l u t i o n  i s  another matter of h i g h  concern for geothermal 
develoment. Noxious gases must be precluded from polluting the a i r .  The 
Colorado Air Q u a l i t y  Control Division i s  charged w i t h  assuring t h a t  standards 
are met and w i t h  i ssui ng permits for d i  schargi ng a i r  pol 1 utants , where 
appropriate. Development of geothermal energy, i f  properly done, i s  re la t ively 
environmentally benign. Most direct  negative impacts can be avoided. 

Indirectly, geothermal development could effect  environmental damage by 
encouraginy economic development and p o p u l a t i o n  growth i n  locations where the 
energy i s  available. So f a r ,  the avai labi l i ty  of geothermal energy i s  not  a 
primary determinant for industrial location decisions and should n o t  a t t r a c t  
massive and rapid growth i n  the foreseeable future. Further, the City and 
County have establ i shed the mechani sm for prevention of development i n  
hazardous areas and for review and control of new development. 

Since according t o  the Colorado D i v i s i o n  of Water Resources the water i n  the 
Animas River has n o t  been completely allocated, some water i s  probably 
available for development. I f  the geothermal reservoir i s  a tr ibutary t o  the 
river, o b t a i n i n g  some of these water rights would assure control of the 
geothermal fluid.  If  the geothermal reservoir i s  n o t  t r ibutary,  only 1/100th 
of the estimated water underlying the l a n d  controlled by the developer could be 
extracted i n  any one year. Water r ights  might a l so  be purchased, and a p l a n  of 
augmentation f i l ed  t o  subst i tute  water for the geothermal f lu id ,  or the water 
could be reinjected i n  a reinjection well a f te r  removing the heat. 
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Economic Considerations - According t o  studies by the New Mexico Energy 

be competitive with natural gas i n  the very near future. When transmission 
costs are reduced, when re t rof i t t ing  costs are eliminated (as in new 
structures) and when geothermal energy i s  compared with the cost of e lec t r ic i ty  
or propane, the geothermal energy is  considerably more economical. Analyses 
indicated t h a t  a large energy user such as the Tamarron Resort, which i s  only 
about 2 miles from the resource, could use geothermal energy a t  a much lower 
cost of e lec t r ic i ty  (Cuniff, e t  a l ,  1979).  

Insti tute,  the cost t o  develop geothermal for the en t i re  town of Durango would i 

I 

Potential Uses of Geothermal Energy 

Industrial users could provide a market for the geothermal energy, as well, and 
in turn, low-cost energy could help a t t rac t  new industry. The existing 
industries w i t h  temperature requirements commensurate with the estimated 
geothermal resources temperatures are 1 i sted on Tab1 e A-9. As i ndustri a1 
demands grow, more industrial  uses of geothermal energy couldl#e found. The 
total  energy demand in Durango i s  forecast t o  be about  2.5 x 10 
year 2000. 

B t u  by the 

Developing the energy i s  dependent u p o n  the various considerations t h a t  have 
been indicated. Steps required and a possible schedule for developing the 
geethermal energy are shown on Figure A- 3. 

The principal uses for geothermal energy in the Durango area are for space and 
water heating. Numerous opportunities are available for  using geothermal 
energy. New residents and an active tour i s t  business mean a large demand for 
hot water and space heat. In a resort  area, space and water heating needs are 
large relat ive t o  the population. Those large f a c i l i t i e s  located nearest the 
resource areas would allow for use of the energy with a m i n i m u m  of transmission 
costs. Among these are the Tamarron Resort, which has 320 condominium units 
plus restaurants, a lodge, sauna, indoor swimming pool, and conference 
f ac i l i t i e s  (S tan  Wadsworth, pers. comm., 1979) .  The nearby Rockwood 
subdivision could also use the energy, the elimination of the need for 
re t rof i t t ing i n  new structures enhancing the economic viabi l i ty  of such a 
project. Since i n  b o t h  cases, geothermal energy is  competing w i t h  expensive 
electrical  heat, i t  could be considerably less  expensive for building owners. 
Just how much money could be saved can be determined only through a detailed 
analysis. 

There are other large f a c i l i t i e s  more dis tant  from the resource areas t h a t  
could use the energy. These include State-owned buildings such as the National 
Guard bu i  1 d i n g ,  Highway Department b u i  1 di ngs and F t  . Lewi s Coll ege b u i  ld i  ngs, 
which could use the energy for space and water heat. The commercial, smaller 
pub1 ic  and residential buildings i n  Durango could eventually also convert t o  
geothermal energy. 
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TABLE A-9 

k, EXISTING POTENTIAL INDUSTRIAL PROCESS USERS OF 
GEOTHERMAL E N E R G Y  

Durango, Col o r  ado 
1976 

i 

Standard Number Low-grade 
Indus t r  i a1 of Heat Required 

Indus t ry  C l a s s i f i c a t i o n  P l a n t s  (10Btu's)* 

Bo t t l ed  and Canned 2086 2 044 

Prepared Foods 2048 1 2.06 
Confect ionary Products  2065 1 . 16 
Food P r e p a r a t i o n s  (honey) 2099 1 . 28 
Meat Packing 2011 1 . 14 
Sawmills and Planing Mills 2421 1 . -14 m 

S o f t  Drinks 

SOURCE: Coe and Solar  Energy Research I n s t i t u t e  

FIGURE A-3 

I 

DURANGO SITE 
SCENARIO FOR DEVELOPMENT 

Act i v i t y  1981 1982 1983 1984 1985 1986 1987 1988 

Pre l imina ry  geophysics --- 
Gradient  hol es, eval . ------ 
Feas. studies f o r  

leases Permits f o r  t es t  well ---- 
Drill  t es t  well ,  eval  . -- 
Permit t o  dev. system 
Water r i gh t s  -- 
R i g h t s  of way -- 
Loan or  bond -- 
Design system --- 
Construct  system I n s t a l l  i n  new s t ruc ture ,  ----- 
Permit t o  dev. well -- 
Dev. t e s t  well -- 

space  hea t  i ng --- -- 

----- 
t h e n  r e t r o f i t  e x i s t i n g  . --- 

Heat on l ine  (.07 x 1012 Btu 's /yr . )  --- 

*U.S. mean average p l a n t  s i z e  
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Development Oppor tuni t ies  and Cons t r a in t s -  There a r e  o p p o r t u n i t i e s  f o r  w 
development of geothermal energy i n  t h e  Durango area .  For t h e  most p a r t ,  they 
center  around t h e  t o u r i s t  indus t ry .  The es t imated  one mi l l i on  v i s i t o r s  i n  the 
area each year  use s u b s t a n t i a l  amounts of heat  and hot water. In  add i t ion  some 
l i g h t  i n d u s t r i a l  uses may be poss ib l e ,  inc luding  timber drying,  Those 
s t r u c t u r e s  neares t  t h e  known geothermal a reas  seem t o  a f fo rd  t h e  most 
economical means f o r  development and, given the a l t e r n a t i v e s ,  seem t o  s tand  a 
good chance of incurring s i g n i f i c a n t  savings on fue l  b i l l s .  There a r e ,  
however, severa l  condi t ions  t h a t  have l imi t ed  geothermal development. 

t 

The  f i r s t  c o n s t r a i n t  t o  such development i s  the lack of information about t h e  
resource and about the economic f e a s i b i l i t y .  Secondly, un less  a p r i v a t e  user 
or developer should become i n t e r e s t e d  i n  developing t h e  resource  i n  t h e  a rea ,  
another major c o n s t r a i n t  will be the lack of f ront-end funds .  Since Durango i s  
not a t a r g e t  c i t y  for  e i t h e r  economic development or f o r  energy impact f u n d s ,  
po ten t i a l  f ede ra l  g ran t  programs or a federa l ly-guaranteed  loan seem the most 
p l aus ib l e ,  were t h e  community or a coopera t ive  t o  i n i t i a t e  a p ro jec t .  The l a s t  
c o n s t r a i n t  and t h e  most d i f f i c u l t  t o  overcome is  t h e  v i r t u a l  lack of an 
in t r ep reneur ,  e i t h e r  p r i v a t e  or government, who i s  aware of the energy and i t s  
value and w i l l i n g  t o  devote time and e f f o r t  t o  see  i t  developed. Until such a 
person t akes  on the t a s k ,  e i t h e r  for  personel b e n e f i t  or t h e  good of t h e  
community, or b o t h ,  t h e  energy will  l i k e l y  remain underground. 
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B. GLENWOOD SPRINGS SITE 

S i t e  Descr ip t ion  

The City of Glenwood Spr ings  i s  s i t u a t e d  i n  a v a l l e y  bordering the confluence 
o f  t h e  Roaring Fork  and the  Colorado Rivers  i n  G a r f i e l d  County (F igure  B-1). 
I t  covers  an a rea  of 1,490 a c r e s  and has an average e l e v a t i o n  of 5,746 f e e t  
(Di v i  si on of Commerce and Devel opment , 1979). Rugged mountai ns border i ng 
Glenwood Spr ings ,  along w i t h  t h e  two r i v e r s ,  l i m i t s  the a v a i l a b l e ,  developable  
land. W i t h i n  the C i ty ,  s t e e p  s lopes  and a r e a s  sub jec t  t o  d e b r i s  f lows a r e  
hazardous a reas  on which t o  b u i l d  (Gene Allen,  pers.  comm., 1979). 

The average growing s e a s o n - i s  about 134 days,  and t h e  annual p r e c i p i t a t i o n  i s  
18 inches (Div is ion  of Commerce and Development, 1979). An average low 
temperature  of 0 degrees  and 7400 hea t ing  degree days a r e  recorded f o r  Glenwood 
Springs (Cuni f f ,  e t  a l ,  1979). 

Land Use and Ownership - Res iden t i a l  land makes u p  about 36 percent ,  commercial 
and i n d u s t r i a l  about 14 percent  and publ ic  land 8 percent .  Forty-two percent  
i s  vacant land ,  most of i t  not e a s i l y  developable  because of i t s  rugged 
topography. National Fores t  surrounds the Ci ty ,  a s  shown on Figure B-2. 

Populat ion - A 1975 s p e c i a l  census counted 5,351 r e s i d e n t s  i n  Glenwood Spr ings  
(U.S. Bureau of Census, 1976). Current  populat ion i s  es t imated  t o  be about 
5,500 (John Fernandez, pers .  comm., 1979). Populat ion f o r e c a s t s  vary widely 
because of t h e  unce r t a in ty  surrounding the a r e a ' s  energy development. By t h e  
year 2,000, a populat ion of 8,749 t o  9,152 persons i s  expected (Colorado West 
Council of Governments, 1977). Ex t r apo la t ing  the h i g h  f o r e c a s t  t o  t h e  year  
2020 r e s u l t s  i n  a f o r e c a s t  popula t ion  of 12,813. 

About 1,784 dwell ing u n i t s  a r e  es t imated  t o  be now i n  Glenwood Springs.  
Assuming t h e  number of occupants per dwell ing u n i t  s t a y s  t h e  same, between 
2,916 amd 3,050 dwell ing units a r e  f o r e c a s t  by t h e  year  2,000 and 4,271 by t h e  
year 2020. About 53 percent  of t h e  new homes between 1970 and 1974 were mobile 
homes. Townhouses and condomi n i  ums a r e  becomi ng more common, as  we1 1 (Di v i  si on 
o f  Business Research, 1975). Because t h e  area  i s  served by t h e  R i o  Grande 
Railroad and by an I n t e r s t a t e  Highway, 1-70, access  i s  somewhat e a s i e r  than  i n  
many western Colorado towns. 

Economy - Glenwood Spr ings  i s  t h e  r e t a i l  t r a d e ,  wholesale d i s t r i b u t i o n  and 
se rv ices  cen te r  f o r  e a s t e r n  G a r f i e l d  and nor thern  P i t k i n  Counties.  As shown on 
Table B-1, over 80 percent  of t h e  employed popula t ion  worked i n  t h e s e  s e c t o r s  
i n  1970. T h i s  will be enhanced by t h e  new s h o p p i n g  cen te r  t h a t  i s  scheduled t o  
be b u i l t  soon. Because of t h e  "world 's  l a r g e s t  outdoor h o t  s p r i n g  pool," 
(Chamber of Commerce, 1979) ,  nearby ski and summer r e c r e a t i o n  a r e a s ,  Glenwood 
Springs t o u r i s t  t r a d e  is s i g n i f i c a n t  (McDowell-Smith, ASSOC., 1975). 
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TABLE B.-1 

EMPLOYfD POPULATION 16 YEARS OLD AND OVER BY MAJOR INDUSTRY G R O U P  

G1 errwood Spr i ngs 
1970. 

Industry Group 

Agri cul ture+ Fores t ry ,  Fi strer i es 
Mixi ng 
Construct i on 
Manufacturing 
Transpor t a t i  on ,  Communi c a t i  on, 

Whohsal e. Trddc 
R.etai.1; Trade 
Finance, Trade, Real E s t a t e  
Serv ices  
Government 

P'ubl'ic U t i l i t i e s  

Number 

5 9. 
42 

190 
50, 

144 
82 

438 
90 

552 
168 

Percent  

3.3 
2.3 

10.5 
2.8 

7.9 
4.5 

24.1 
5.0 

30.4 
9.3 

Total  Employed 1,815 100 . 0 
SOURCE: Business. Research Division-,  Univers i ty  of Colorado-, 1975. 

Glenwood Springs has 11 manufacturers ,  as  shown on Table B-2, inc luding  wood 
working and newspapers. A l t h o u g h  only about 2.8 percent  of the employed f o r c e  
was i n  t h a t  s ec to r  i n  1970, i t  can r ep resen t  a s i g n i f i c a n t  energy demand. 

Energy development could s t i m u l a t e  economic growth. T h e  Ci ty  owns coal land 
nearby t h a t  could be mined (Bob West, pers .  comm., 1979) .  Most s i g n i f i c a n t l y ,  
if i ntense oi 1 sha le  devel opment s h o u l d  begi n ,  sub-r  egi onal energy company 
o f f i ces  may l o c a t e  in  Glenwood S p r i n g s  (Gene Allen,  pers.  comm., 1979). The  
economy of the c i t y  seems t o  be heal thy.  Where c i t y  revenue i s  concerned, 
&out $5 mil 1 ion of t h e i r  general  ob1 i ga t ion  bond 1 imi t i s  avai 1 ab1 e. A1 though 
property t a x  i s  t h e  p r i n c i p l e  source of revenue, some 48 percent i s  generated 
through t h e  2 percent  s a l e s  t a x  (Gary Schmueser, pers.  comm., 1979). 

Energy Demand - Glenwood Springs i s  served by na tura l  gas. As shown on Table  
B-3, t h e r e  were 2,187 t o t a l  customers u s i n g  a t o t a l  of 521,086 MCF dur ing  1977. 
This is  a t o t a l  of 131 MCF per r e s i d e n t i a l  customer or commercial- consumption 
of 1.2 percent  of the r e s i d e n t i a l  consumption.. No customers were c l a s s i f i e d  a s  
i n d u s t r i a l .  The c u r r e n t  es t imated na tura l  gas' p r i c e  i s  $3.00 per MCF or $3.57 
per mi l l i on  B t u  (Lee Heines, pers.  comm., 1979). The current r e s i d e n t i a l  and 
commercial thermal energy requi red  f o r  Glenwood Springs was es t imated  based on 
the degree days and low temperature.  The r e s u l t s  show about  38 X l @ d  Btu's 
required c u r r e n t l y .  Since no p a r t i c u l a r  new i n d u s t r i e s  a r e  planned or proposed, 
forecas t  i n d u s t r i a l  use- i s  proport ional  t o  f o r e c a s t  growth i n  o the r  sectors, 
For 131 uses, t h e  thermal demand by t h e  year  1983 was es t imated  tq$e about - 7 1  
X 10 B t u ' s  and by the year 2,000 was es t imated  t o  be 1.01 X 10 Btu's. 
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Manufacturer 

Arbaney Timber 
Co., Inc. 

Coca Cola 
B o t t l i n g  Co. 

Eitzen, Louis C. 
Co., Inc. 

Gazet te  Press  
G1 enwood Post 

Pub1 i shi ng 
co. 

G1 enwood Spgs.  
Creamery Co. 

TABLE 8-2 

MANUFACTURERS 
GLENWOOD SPRINGS 
1977 and 2020 

SIC Temperature - Code Required 

2584 0 
2411 0 
242 1 93 

2086 77 

3829 0 
2752 149 

2711 149 

202 1 
2024 

77 
77 

2026 77 

2541 93 
2431' 93 
2511 66 
2752 149 

Modern Cabinet 
co . 

Quick P r i n t  
Raymond ' s 

P r i n t i n g  & Off i ce  
Machines 2751 149 

Valley P r i n t i n g  2752 149 
Western 

Edi tor  i a1 
Se rv ices  2721 149 

2731 149 

27 52 

No . 
of 

Employees 

35 

5 

5 
5 

35 

5 

5 

5 

5 

5 

15 
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TABLE B-3 
b 

NATURAL GAS CONSUMPTION 
GLENWOOD SPRINGS, COLORADO 

1977 

Resident i a1 Commerci a1 Total  

236,250 1803 284,386 384 521,085 2187 

MCF Customers - -  MCF Customers - - MCE Gustomer s 

SOURCE: Colorado Publ ic  U t i l i t i e s  Commission 

Public I s sues  - Both p r i v a t e  developers  and t h e  City a r e  i n t e r e s t e d  i n  u s i n g  
geothermal energy, i f  i t  i s  f w n d  t o  be economically f e a s i b l e ,  Rapid or  
extreme growth is  not sought by r e s i d e n t s  of th is  Ci ty ,  a l though some l i g h t  
industry would. be acceptable .  Retaining s i n g l e  family r e s i d e n t i a l  a r eas  a s  
they a re  seems u i t e  d e s i r a b l e .  I t  i s  advocated, t oo ,  t h a t  new growth should 
pay fo r  i t se l f  IMcDowell-Smith, Assoc., 1975). 

Geothermal Resource Evaluat ion 

Much can be learned about a geothermal energy r e s e r v o i r  from prel iminary 
explora t ion  techniques.  Among these a r e  ob ta in ing  and tes t ing  water samples 
(geochemistry),  geophysics and d r i l l i n g  and t e s t i n g  shallow holes.  Table B-4 
shows the temperature  and other  c h a r a c t e r i s t i c s  of the geothermal resources  a t  
Glenwood Springs.  As shown, su r face  temperatures  a r e  wi th in  t h e  range of 
temperatures s u i t a b l e  f o r  space hea t ing  and flow r a t e s  a r e  high. The d isso lved  
minerals conten t  i s  q u i t e  high, as  much a s  20,000 mil l igrams per l i t e r .  
Subsurface temperatures  and energy content  have been es t imated ,  a s  shown on 
Table B-5. Table B-6 shows the chemical composition of t h e  Glenwood Springs 
thermal waters.  Some resource d e f i n i t i o n  geophysical work was done by the 
Colorado Geological Survey in  1978 b u t  was considered inconclus ive  (Richard 
Pearl ,  pers.  comm, 1980).  

Current Geothermal Energy Uses - T h e  geothermal f l u i d  a t  Glenwood S p r i n g s  i s  
cur ren t ly  used i n  t h e  l a r g e  and extremely popular swimming poo l ,  as  well a s  i n  
therapeut ic  baths.  New uses a r e  being i n v e s t i g a t e d  and planned. Curren t ly  
being analyzed i s  t h e  use of geothermal hea t ing  in  t h e  C i t y ' s  maintenance 
garage and fo r  sewage t reatment  (Ralph Williams, pers.  comm, 1979). 

Geothermal Development Process  

c 

Financial  Cons idera t ions  - For severa l  y e a r s ,  the City of Glenwood S p r i n g s  and 
several  p r i v a t e  developers  have di scussed t h e i  r des i  r e  t o  use t h e i r  geothermal 
energy. B u t  i n  order t o  i n i t i a t e  a p r o j e c t ,  f u n d i n g  i s  needed. Too l i t t l e  i s  
known, so f a r ,  about e i t h e r  t h e  resource  or t h e  economic f e a s i b i l i t y  t o  warrant  
or a t t r a c t  loan funds t o  pay fo r  development. The Four Corners Regional 
Commission had a l l o c a t e d  funds fo r  one geothermal well t o  be used t o  heat  a 
seni or c i  t i f ens  ' apartment house (Steve Col by, per s. comm. , 1979). 
Unfortunately,  the apartment house funding was n o t  ob ta ined ,  so t h e  well was 
never d r i l l e d .  Local banks might be r e l u c t a n t  t o  loan funds on s t r u c t u r e s  LiJ 
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Spr i ng 
o r  

We1 1 

Rai l road Spr ing  
Spring D 
Spring C 
Spring B 
Spring A 
River 
Vapor Caves 
B i g  Spr ing  
Dr i n k i  ng Spr i ng 
Graves Spring 

TABLE B-4 

GEOTHERMAL RESOURCE CHARACTERISTICS 
GLENWOOD SPRINGS 

Tota l  

Sol i d s  Temperature Discharge 
D i  s s o l  ved Sur face  Current 

Locat i on (mg/L) (C") 0 
6S,89W,Sec. 9 18,400 51 75 

18,000 50 74 
6s ,89W , Sec e 10 -- 46 2-3 

II 
II II 17,700-18,400 49 75-110 

6S,89W,Sec. 9 17,600 -- II I 1  I t  

I1 II ll 

II I1 II 
18,000 
20.200 

44 .  
50 
50 
50 

2-3 
10-50 

5 
2 -263 

I 1  II I1 18,860-20,500 50-51 i 40 - 160 
21 , 500 46 5 I 1  I 1  II 

SOURCE: B a r r e t t  and Pear l ,  1978. 

TABLE 8-5 

GEOTHERMAL RESERVOIR CHARACTERISTICS 
GLENWOOD SPRINGS 

Estimated Estimated E s t  i mated E s t  i mated 
Areal Thickness Subsurface Energy 

Ex ent Thickness Temperature 
Type ( m i  h ) 0 ("C) (Btu sX1 

Reser voi r 

S t r a t i g r a p h i c  . 5-1 . 32 2 50 65 .0106-.0279 

SOURCE: P e a r l ,  1979. 

us ing  geothermal energy u n t i l  the  e f fec ts  a r e  b e t t e r  t e s t e d  (Gene Allen, pers. 
comm., 1979) . 
Leasing and P e r m i t t i n g  - Any geothermal developer would be r equ i r ed  t o  own or  
l e a s e  t h e  geothermal r i g h t s  and the  land  s u r f a c e  t o  be used, a s  well a s  having 
r i g h t s  t o  water t h a t  would be consumed (Coe and Forman, 1979). S t a t e  permits 
a re  a l s o  r e q u i r e d  for  d r i l l i n g  wells (Coe and Forman, 1979). 

Add i t iona l ly ,  G a r f i e l d  County r e q u i r e s  permits f o r  pipelines i n  c e r t a i n  t y p e s  
of a reas .  Although Glenwood Spr ings  c u r r e n t l y  has no r e g u l a t i o n s  t h a t  
s p e c i f i c a l l y  addres s  geothermal development, they  would probably i n i t i a t e  them 
were a c t i v i t y  t o  begin (Gene Allen, pers. comm., 1979). Zoning, subd iv i s ion ,  
and bu i ld ing  r e g u l a t i o n s  a r e  a p p l i c a b l e  t o  s t ructures  t h a t  m i g h t  be b u i l t .  
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TABLE 8-6 

D i  ssol vect Mineral Content of G1 enwood S p r i n g s  Thermal Waters 

Y ampa 
Hot Spr ings  

Arsenic (ug/l  ) 0.0 
Boron (ug / l ) -  890.0 

0.0 
510.0 

11’, QOO. 0 
F luor ide  (mg/l) 2.3 
Iron (ug / l )  60.0 
L i  t h i  urn (ug/l  ) 800.0 

Manganese (mg/l ) 80.0 
Magnesium (mg/1) 91.0 

Mercury ( u g / l )  0 
N i  t r  ogen (mg/ T ) 0.01 
Phosphate mg/l ) 0.04 
Potassium mg/l) 180.0 

0 
32.0 

Selenium (mg/l) 
S i l i c a  (mg/l)  
Sodium (mg/l)  690.0 
S u l f a t e  (mg/l ) 1,100.0 
Zinc ( u g j l )  30.0 
A1 kal i n i  t y  

as  Calcium Carbonate ( m g / l )  634.0 
as  Bicarbonate  (mg/ l  ) 773.0 

Hardness 

Total (mg/l)  1,600.0 
S p e c i f i c  Conductance 36 , 800 

Ph ,  F i e l d  6.3 
D i  schar ge (gpm) 2,263 
Temperature (C) 50 

Source: B a r r e t t  and P e a r l ,  1976 

t 

Noncarbonate ( m g / l )  1,000.0 

Total Diss. S o l i d s  (mg/l)  20 , 200 

Date Sampled 7/75 

llhether geothermal l e a s e s  would be requi red  can be determined only by a 
de t a i l ed  ownership inventory.  There is concern among some of the poten t ia l  
developers about l ega l  ques t ions .  When the land i n  the  Ci ty  was s o l d  by the 
o r ig ina l  owner, deed r e s t r i c t i o n s  s t i p u l a t e d  t h a t  no a c t i o n s  could be taken  by 
the purchasers  or subsequent owners t h a t  would adverse ly  a f f e c t  the hot s p r i n g s  
(Ralph Mill iams, pers.  comm., 1979). Recent ly ,  the owner of the hot  s p r i n g  i s  
reported t o  have acquired mineral r i g h t s  on proper ty  ac ross  the s t ree t  from his 
property (John Fernandez, pers .  comm., 1979). Both the l ega l  and the t e c h n i c a l  
consequences of dr i 11 i ng geothermal we1 1 s i n  G1 enwood Spr ings  bear 
invest i g a t  i on. 

Technological Requirements - As mentioned i n  the  resource  eva lua t ion  s e c t i o n ,  
the geothermal f l u i d  con ta ins  a h i g h  concen t r a t ion  of d i s so lved  minerals .  
Without an engineer  i ng ana lys i  s , t h e  s p e c i f i c  techniques  r equ i r ed  t o  avoid 

hd 
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cor ros ion  and/or s c a l i n g  a r e  not  defined. Some p o s s i b i l i t i e s  a r e  a p re s su r i zed  
system t h a t  will exc e oxygen i f  o x i d i z a t i o n  i s  a problem, chemical t r ea tmen t  
or a heat exchanger h i c h  could be of a v a r i e t y  of designs. Although the 
d isso lved  s o l i d s  con ten t  i s  l i k e l y  t o  r e q u i r e  p recau t ions ,  the hardware and 
techniques a r e  probably r e a d i l y  

Environmental Cons ide ra t ions  - Those hazards  mentioned p rev ious ly ,  namely 
unstable and steep s l o p e s ,  r e q u i r e  t h a t  development i n  c e r t a i n  a r e a s  be l imited 
to avoid environmental and property damage. Too l i t t l e  is  known about the 
condi t ions  a t  t h i s  s i t e  t o  a s s e s s  t he  environmental concerns spec i f ic  t o  
geothermal development . Water and a i r  pol 1 u t i  on must be con t r  ol  1 ed a s  requi  red 
by the  Colorado Health Department. Impacts on vege ta t ion ,  wi ld l i fe ,  s o i l ,  water 

will u s u a l l y  be addressed p r i o r  t o  any extensive geothermal development. As 
mentioned above, the  l a r g e  volume of d i s s o l v e d  mine ra l s  i n  t he  geothermal f l u i d  
will r e q u i r e  measures t o  n t r o l  water p o l l u t i o n  t h a t  would not  be r equ i r ed  i n  
an a rea  of purer f l u i d .  

U 

- 
* a v a i l a b i l i t y ,  l and  use and s o c i a l  and economic c o n d i t i o n s  a r e  a l l  issues t h a t  

Economic Cons ide ra t ions  - Prel iminary economic ana lyses  conducted by the New 
Mexico Energy I n s t i t u t e  i n d i c a t e  t h a t - t h e  c o s t  of providing geothermal energy 
could be compe t i t i ve  w i t h  na tu ra l  gas. Continuing i n c r e a s e s  i n  n a t u r a l  gas  
p r i ces  will  most l i k e l y  make geothermal even more a t t r a c t i v e .  Although these 
are  prel iminary d a t a ,  t hey  do i n d i c a t e  t h e  va lue  of conducting a more d e t a i l e d  
a n a l y s i s  ( C u n i f f ,  e t  a l ,  1979). 

P o t e n t i a l  Uses of Geothermal Energy 

Although t h e r e  seems t o  be some p o t e n t i a l  f o r  i n d u s t r i a l  use of geothermal 
energy i n  Glenwood Spr ings ,  the  primary p o t e n t i a l  is  f o r  space and water h e a t  
i n  r e s i d e n t i a l ,  commercial and p u b l i c  b u i l d i n g s .  No specif ic  p r o j e c t s  a r e  
planned, a s  y e t .  However, numerous ones have been proposed and a r e  b e i n g  
inves t iga t ed .  Under i n v e s t i g a t i o n  c u r r e n t l y  i s  the  f e a s i b i l i t y  of h e a t i n g  t h e  
muni ci pal mai ntenance gar age and t r e a t  i ng sewage w i t h  geothermal hea t  . 
Figure B-3 shows the necessary steps t o  develop the geothermal energy and a 
poss ib l e  time-frame. The r e s i d e n t i a l  and commercial thermal energy demand and 
selected i n d u s t r i a l  energy demands a r e  included.  T h e  p r o j e c t  could be 
conducted i n  phases,  beginning w i t h  i n s t a l l a t i o n s  i n  new s t ructures  and 
conversion of p u b l i c  b u i l d i n g s ,  t h e n  commercial ones, and f i n a l l y ,  conversion 
of res idences .  Each phase would a c t  a s  a demonstrat ion t o  the next; each would 
begin a s  time, c o s t  of a l t e r n a t i v e  fue ls ,  a v a i l a b i l i t y  of f u n d s ,  and a t t i t u d e s  
permitted. As such, this  i s  b u t  one p o s s i b l e  time-frame. A speeding  up  or 
slowing down of i n c r e a s e s  i n  n a t u r a l  gas  c o s t  could  r e s u l t  i n  a d r a m a t i c a l l y  
d i f f e r e n t  schedule. The a v a i l a b i l i t y  or l ack  o f  o t h e r  a l t e r n a t i v e  sou rces  could  
have an e q u a l l y  profound e f fec t .  The 1.10 X 1012 B t u  of energy e s t ima ted  t o  
be on 1 ine by the year  2000 ( C u n i f f ,  e t  a1 , 1979) assumes i n d u s t r i a l  demand 

Development O p p o r t u n i t i e s  and Constraints-InGlenwoodSprings a s  i n  t he  Durango 
area ,  there i s  an apparent  market f o r  geothermal energy. I t  t oo ,  c o n s i s t s  
p r imar i ly  of r e s i d e n t i a l  and commercial space  and water heating. Again, a 
s t rong  t o u r i s t  economy r e s u l t s  i n  h i g h  commercial energy consumption. 

The c e r t a i n t y  r ega rd ing  the  adequacy of t h e  r e source  temperature  i s  g r e a t e r  a t  
this s i t e  and the current flow r a t e  i s  q u i t e  h i g h .  Quite probably,  the h i g h  

- 
growth p ropor t iona l  t o  the  r e s i d e n t i a l  and commercial energy demand. 

b-i 
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minerals conten t  would n e c e s s i t a t e  t h e  use of heat  exchangers. Even so, the 
proximity o f  t h e  resource  t o  p o t e n t i a l  users  he lps  t o  keep t h e  system c o s t  low.& 

i d  
There a r e  two primary c o n s t r a i n t s  t o  development in Glenwood Springs.  One of 
them is ,  as i n  %he Durango a r e a ,  t h e  lack of funds .  The secund is t h e  
uncer ta in ty  regard ing  resource ownership. Current i n v e s t i g a t i o n s  may help 
c l a r i f y  t h e  owner shi p ques t ions .  

FIGURE 9-3 

GLENWOOD SPRINGS 
SITE DEVELOPMENT SCHEDULE 

Prel iminary geophysics 
Gradient ho les ,  eval . 
Feas. s t u d i e s -  space 

Leases 
Cost-share f o r  t e s t  we1 1 
D r i l l  test well, eva l .  
Permits  t o  d r i l l  t e s t  well 
Permit t o  dev. system 
Water r i g h t s  
R i g h t s  of Way 
F i  nanci ng 
Design 
Constr. of system 
R e t r o f i t  . homes, bus  . 
Connect t o  homes, bus. 

hea t  i ng 
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C. IDAHO SPRINGS 

Si te  Descr i p t i  on 

Idaho Spr ings  i s  a p a r t  of the g r e a t e r  Denver Metropol i tan Region, a s  shown on 
Figure C-1.  I t  is  l o c a t e d  35 miles west of Denver a t  the  j u n c t i o n  of two 
t r anspora t ion  c o r r i d o r s ,  Clear Creek and Chicago Creek Canyons. I t  fo l lows  the 
banks of Clear Creek and is  bisected by Soda Creek. The narrow mountain v a l l e y  
has an e l e v a t i o n  of  7,542 fee t  w i t h  canyon w a l l s  t h a t  climb t o  8,500 and 9,300 
feet (Taylor and Scanlon, 1973). 

Land Use and Ownership - National Fo res t  bounds the  Idaho S p r i n g s  a r e a  on t h e  
south,  a s  shown on Figure  C-2. The l o c a t i o n  of Idaho S p r i n g s  limits i t s  
a b i l i t y  t o  expand, however, w i t h  i t s  c a r r y i n g  c a p a c i t y  limited t o  about 7,000 
persons (Thomas Johnson, pers.  comm., 1979). Chicago Creek Canyon a t  the south  
has some land  s u i t a b l e  f o r  low d e n s i t y  development and,Soda Creek, a l s o  a t  the  
south, has good development p o t e n t i a l .  Some land  a t  the  west is  a l s o  
developable (Taylor and Scan1 on, 1973). 

Population - The  current populat ion of Idaho Spr ings  is  about 2,900 (T. 
Johnson, pers. comm., 1979). I t  has grown from 1,480 r e s i d e n t s  i n  1960, and 
2,003 i n  1970, l a r g e l y  because of i t s  proximity t o  employment i n  Metro Denver 
mployment ,centers .  Th i s  i s  a growth r a t e  from 1970 t o  1979 of  24 percent and 
a higher t o t a l  populat ion than  t h a t  f o r e c a s t  by the  S t a t e  D iv i s ion  of Planning 
for the yea r  2000 (Colorado Div i s ion  of  Planning, 1 

Seven hundred e i g h t e e n  r e s i d e n t i a l  structures were ident i f ied  i n  1973. About 20 
percent o f  t h e s e  were mobile homes (Taylor and Scanlon, 1973). Most o f  t he  
permanent structures a r e  e s t ima ted  t o  be between 50 and 80 y e a r s  o l d ,  many of 
them V i c t o r i a n  frame s t y l e  c o n s t r u c t i o n .  About 91 percent  seem t o  be 
s u f f i c i e n t l y  sound f o r  cont inued occupancy. The h i s t o r i c  low d e n s i t y  i s  
increas ing  s l i g h t l y  w i t h  the c o n s t r u c t i o n  of  townhouse condominiums (Taylor and 
Scanlon, i973); - 

~. . 

Economy - The economic base o f  t he  c i t y  i s  tourism. County employment by 
Sector d a t a  shown on Table  C - 1  i n d i c a t e  t h a t , t h e  l a r g e s t  percent of workers i n  
1970 were employed i n  t he  services s e c t o r ,  next l a r g e s t  i n  t r a d e  and t h e  
next i n  c o n s t r u c t i o n  (Taylor and Scanlo 73). -and  11 motels  i n  Idaho 
Springs.  Table C-3 shows‘ the 2 manufactur l o c a t e d  i n  Ida  

Primary c i t y  income i s  from the 7 percent t ax .  The  ‘ge 
bond c a p a c i t y  of $640,520.70 will be f u l l y  a v a i l a b l e  next y e a r ,  once an 
e x i s t i n g  bond i s  pa id  (Thomas Johnson, pers. comm., 1979). I n d u s t r y  is  not  
encouraged. Rather,  c o n t i n u a t i o n  of the predominantly suburban r e s i d e n t i a l  
cha rac t e r  i s ’ c o n s i d e r e d  t o  be d e s i r a b l e  f o r  the f u t u r e  (Thomas Johnson, pers.  
c o m m . ,  1979). 
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TABLE C-1 c 

EMPLOYMENT BY SECTOR 
CLEAR CREEK COUNTY RESIDENTS 

1970 

Sector  Number Per cen t  

Agr i cu l tu re  20 
Mi n i  ng 2 68 
Construct ion 36 1 
Manufacturing 134 

Trade 4 06 
F.I.R.E. 55 
Serv ices  81 Miscellaneous 506 

Utili t ies,  Transpor t a t ion ,  Communication 90 

Pub1 i c  Admi n i  s t r a t i  on 
Total 

147 
1m 

1.0 
13.5 
18.2 
6.7 
4.5 
20.4 
2.8 

25.5 la 
Source: Sca les ,  1972. 

Energy Demand - The average na tu ra l  gas consumption f o r  Idaho Spr ings  was 
tabula ted  and t h e  thermal energy demand was es t imated .  There: were 633 
r e s i d e n t i a l  na tura l  gas customers i n  1979. During 1978, the n a t u r a l  gas 
customers paid approximately $2.40 per MCF or $3.38 per m i l l i o n  B t u  ( a t  720 
Btu's per NCF) (John Nixon, pers.  comm., 1979). E l e c t r i c i t y  used f o r  
r e s i d e n t i a l  hea t ing  c o s t s  about $8.80 per mi l l i on  B t u  (John Nixon, pers.  comm., 
1979). Some residents a r e  on propane, coal and wood. The es t imated  thermal 
energy demand f o r  Idaho Spr ings  i n  the  1983 i s  373 b i l l i o n  B t u ' s ,  t h a t  f o r e c a s t  
for the year 2000 is  439 b i l l i o n ,  and t h a t  f o r e c a s t  f o r  t h e  year  2020 i s  530 
b i l l i o n  Btu's (Roy Cuni f f ,  and o t h e r s ,  1979). 

Public I s s u e s  - The r e s i d e n t s  of Idaho S p r i n g s  a r e  qui te  concerned t h a t  growth 
i n  t he  c i t y  be "good" growth. A r ecen t  survey ind ica t ed  t h a t  over 90 percent  
want the Ci ty  t o  s t a y  under 7,000 populat ion.  The City admin i s t r a to r  i n d i c a t e s  
t ha t  t h a t  populat ion is  t h e  es t imated  ca r ry ing  c a p a c i t y ,  g i v e n  the physical  
sett ing l i m i t a t i o n s  (Thomas Johnson, pers.  comm., 1979). The c u r r e n t  emphasis 
on r e s i d e n t i a l  and commercial development wi l l  most l i k e l y  cont inue ,  w i t h  no 
si gn i  f i  can t  i ndustr  i a1 development , agai n because of t h e  1 i m i  t a t i  ons of the 
site. The use of geothermal energy i s  appea l ing ,  as  r e f l e c t e d  i n  t h e  C i t y  
Council I s  unanimous vote  t o  a c t i v e l y  pursue i t s  p o s s i b l e  development (Thomas 
Johnson, per s . comm., 1979). 
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. TABLE C-2 

BUSINESS IN IDAHO SPRINGS 

Accountants Advert is ing--Directory 
1. Connie Kenward 1. Mountain Bell 
2. John Sammons 

A1 umi num Products  Antiques 
1. R & S Sa les  and Welding S e r v i c e s  1. Dandy Lions Ga l l e ry  

A n t i  que Repair 
1. The S i lver  Bell 1. Montgomery Ward & Co. 

Appl i ance Repai r 
1. P u b l i c  S e r v i c e  Co. of Colorado 1. Eureka Real ty  Co. 

Art G a l l e r i e s  
1. Ar t i s an  1. Cullen Auto Body Shop 

Automobile P a r t s  
1. Clear Creek Supply Co. 1. A OK Auto Cl inic  
2. Idaho Spr ings  Auto Supply 2. A & B Garage 
3. Roy's Standard S e r v i c e  3. Blue Ribbon T i r e  Co. 

Banks 5. M t .  Evans 66 
1. F i r s t  S t a t e  Bank 6. Warren's Auto S e r v i c e  

Bars Barbers 
1. Buffalo Bar 1. The Barber Shop 
2. Cross Roads Inn 2. Genuine Hare Barber & Beauty Shop 
3. S u l t a n ' s  Lounge and Res tau ran t  3. Toadstool Hai re  

Baths Beads 
1. Indian Spr ings  Resort  1. Clear Creek Trading Co. 

Beauty Sa lons  
1. Beauty Nook Beer & Ale 
2. Bet ty  J Beauty Salone 1. County S t o r e  & Standard Gas 
3. Charisma Beauty Salon 2. J & J Pioneer Liquors 

Book Dealers  Boots 
1. Hawkeye Bookstore 1. F e r d ' s  Spor t ing  Goods 

2.  Ponderosa S p o r t s  Inc. 

Bowl i ng B u i  1 d i  ng Con t rac to r s  
1. Placer  Inn & Lanes 1. Wheelock Construct ion 

Building M a t e r i a l s  Bus Lines 
1. Idaho Spr ings  Lumber Co. 1. Trai lways Bus System 

Appl i ances  

Appr a i  s e r  s 

Automobi 1 e Repai r i ng (Body & P a i n t )  

Automobile Repair ing & S e r v i c e  

4. Clear Creek Standard & Care 

2. Mountain Records and Gifts 
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Table C-2 cont  i nued _ -  

id  
Cabinets 
1. Thiessen Const. & I n s u l a t i o n  

Car p e t  Layers 
1. Vis ta  Carpet Co. 

Ch i rop rac to r s  
1. Dr. Joel McKee 

C l i n i c s  
1, Idaho Spr ings  Medical Cl in ic  
2. Mountain Community Med. Center 

Dent i s t  s 
1. Robert Hickam 
2. Boyd Tomasetti 
3. Paul Rocke 
4. Neal Wilsted 

Educational Consul tants  
1. Mark Harrington 

Engi neers--Consul t i  ng 
1. Colorado Cadas t ra l  Mapping Co. 

F i  rep1 aces  
1. Clear Creek Stove Co. 

F ish ing  Ba i t  
1. Or ig ina l  R & D Ba i t  

Funeral D i r e c t o r s  
1. Tomford Mortuary 

Gasol i ne-Who1 e s a l  e 
1. Blackwell O i l  Co., Inc. 
2. Cass’s Texaco 

Gif t  Shops 
1. Chicago Creek Traders  
2. The Dogsled 
3. High Country C r a f t s  
4. T h i s  N That Shops 
5. blells Curio Shop 
6 .  Wells Fargo I 1  

Camping Equipment 
1. Cook’s Liquor & Spor t ing  Goods 

Ceramic Products  
1. H i  Country Ceramics 
2. House of Unique Gifts 

C1 eaner s 
1. Wardrobe Cleaners  

C 1  ocks 
1. The  Cuckoo Clock ’ 

Department S t o r e s  
1 . McDonal d s  C1 o t h i  ng 

D r i l l i n g  & Boring Con t rac to r s  
1. Pr icke t t  & Sons 

Elec t r ic  Con t rac to r s  
1. Mountain Elec t r ic  Co. 

Feed Dealers  
1. General Hardware S t o r e s  

F i  r ewood 
1. Her i t age  Wood Co. 

F r a t e r n a l  Organizat ions 
1. E l k s  BPO Lodge 
2. Masonic Temple 

Gas Companies 
1. Williams Energy Co. 

Geol ogi s t s  
1. I r v i n  Nielson 

Grocers 
1. Idaho Spr ings  Husky S t a t i o n  
2. Safeway 
3. Seven-Eleven S t o r e s  
4. West End Elarket 

I 
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Table C-2 continued 

Heating Con t rac to r s  Heating Equi pment 
1. A & N P l u m b i n g  Heat i ng 1. Kincannon Heating & Sheet Metal 

I c e  Cream Dea le r s  I n d u s t r i a l  Equipment  
1. The Sugar P l u m  1. Marv's Manufacturing & Repair 

I n s u l a t i o n  Contract0 Insurance  
1. Alpine Energy 1. Bank Insurance Agency 

2. Chas C r a b i l l  Agency 
3. Bob Gilber tson 

Landscape Con t rac to r s  Laundries 
.1. James Greene 

2. B & J Restaurant  

Lawyers 

2. Walter Cass 
3. David Drucke 
4. Richard Garn 
5. David Goodman 
6. David Kanigel 
7. Sadler  & Owen 
8. Edward S h i n d e l  
9. Richard Veinberg 

1. Snapper Lawn & Garden Products  1. Kathy Beilstein 

Leather Goods--Who1 e s a l  e L i  quor S t o r e s -  
'1. Mountain Mama Products  1. Clear Creek Pharmacy 

2. P i c k  Liquor 

Mental Health S e r v i c e s  ' Mining  Companies 
1. Mental Health S e r v i c e s  f o r  1. P e t r o  Nuclear Mineral 

Expl or a t  i ons 

Mining Equipment Motels 
1. R F S Inc. 1. Argo Motor Inn 

2. B l a i r  Motel 
3. Krenzel Motel 
4. Columbine Motel 
5. H & H Motel 
6. Miners T r a i l e r  Court 
7. Peoriana Motel 
8. Rest Haven Motel 
9. S i x  & For ty  Motel 

Newspapers 

C1 ea r  Creek County 

10. Top's Court 

1. Argo Gold Mill The C 1  ear  Creek Courant 
- Front Range Journa l  



Table C-2 continued 

Optometr is ts  Phys ic i ans  - D.O. 
1. P a t r i c k  Fowler 1. Robert Bichon 

Phys ic ians  - M.D. Pr i n t e r s  
1. Morgan Durham 1 . Mountain Graphics 
2. Steward Williams 2, Sander 6 r a p h i c s  

Real E s t a t e  
1. Blue Spruce Realty 1. M & A S a l e s  & Serv ice  
2. Eureka Real ty  Co. 
3. Red Carpet Credence Rea l ty  
4. Stanbro Real E s t a t e  Co. 
5, George Sumpter 

Res t au ran t s  Road S e r v i c e  
1. A & W Drive Inn 1. Berthoud F a l l s  S e r v i c e  & Towing 
2. Beau Jo ' s  P izza  Pa r lo r  
3. Big Bob's Valley Cafe 
4. Canyon's Claim 
5. Chief Idaho Restaurant  
6. E r i c ' s  Deli & Restaurant  
7. Fifty-Niner Restaurant  
8. J i g g i e s  Cafe 
9. 
10. Las Dos Mujeres 
11. Or ig ina l  Eat Shop 
12. Roy's Restaurant  
13. S ix  & For ty  Restaurant  

2. Roger Bichon 

Ref r i ge r a t  i ng E qu i pment 

K i n g ' s  Derby Restaurant  & Lounge 

Road S e r v i c e  Rubbish Removal 
1. Berthoud F a l l s  S e r v i c e  & Towing 1. Clear Creek Disposal 

Sandwiches 
1. The Lunch Box 

Savings & Loand 
1. Golden Savings t% Loan 

Seni or  C i  t i Zen Se rv ice  S e r v i c e  S t a t i o n s  
1. Senior N u t r i t i o n a l  Program 1. Idaho Spr ings  Conoco S e r v i c e  
2 2. Roy's Standard S e r v i c e  

Shoes 
1. The Shoe P lace  

Sportswear 
1. Belle Fashions 

Ski i ng Equipment 
1. Maison de Ski 

Thea t r e s  
1. Mines Thea t r e  

Var ie ty  Shops 
1. Ben Frank l in  1. Clear Creek Ve te r ina ry  Clinic 

SOURCE: Mountain Bell Telephone Di rec to ry ,  1979 

Veter i nar i ans  
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TABLE C-3 

MANUFACTURERS LOCATED 
IN IDAHO SPRINGS 

1977 
R E Q U I R E D  NUMBER 

SIC OF 
CODE O C  EMPLOYE E S - 

Dogsico, The 3961 93 5 

Johnson Newspapers 2711 149 5 

3911 93 

I ncor por a t e d  2752 149 

kd 

? 

Geothermal Resource Evaluat ion 

The  c h a r a c t e r i s t i c s  of the  geothermal r e source  i n  Idaho Spr ings  a r e  shown on 
Table  C-4. As i n d i c a t e d ,  the s u r f a c e  temperature  i s  near t h a t  r equ i r ed  f o r  
economical space  h e a t i n g  (6OOC). Shown on Table C-5 a r e  e s t ima ted  subsu r face  
t e  e r a t u r e s  and t h e  e s t ima ted  energy conten t .  There a r e  e s t ima ted  t o  be 171 X 

geothermal water from th i s  r e source  s i te .  During the summer of 1980 the 
Color ado Geol ogi c a l  Survey d i d  some pr el  imi nary r e source  expl or a t i  on work i n 
the v i c i n i t y  of the hot  s p r i n g s  (R. H. P e a r l ,  pers.  comm., 1980). According 
Pearl (pers .  comm., 1980) d a t a  c o l l e c t e d  du r ing  th i s  work i s  c u r r e n t l y  being 
analyzed. A r e p o r t  d e t a i l i n g  the  r e s u l t s  of t h e i r  f i n d i n g s  wil l  be prepared 
during 1981. 

10 T3 Btu's of energy a v a i l a b l e .  Table C-6 shows the  chemical con ten t  of t h e  

Current Development - Water from the well i s  c u r r e n t l y  used i n  ba ths  and a 
swimming pool a t  t he  Indian  Spr ings  Resort .  The r e s o r t  management i s ,  however, 
ms t  i n t e r e s t e d  i n  conve r t ing  h is  b u i l d i n g  t o  geothermal heat.  He i n d i c a t e d  he 
would d r i l l  a new well i n  t h e  near f u t u r e  (Jim Maxwell, pers.  comm., 1979). 

Devel opment Process  

F inancia l  Cons ide ra t ions  - Financing geothermal development, beginning w i t h  
d e t a i l e d  f e a s i b i l i t y  s tudies  and r e s e r v o i r  confirmation is ,  so f a r ,  a 
d i f f i c u l t y  f o r  Idaho Spr ings .  No p r i v a t e  energy developers  a r e  known t o  be 
i n t e r e s t e d  i n  i n v e s t i n g  i n  such development. The u n c e r t a i n t y  a s s o c i a t e d  w i t h  
exp lo ra t ion  f o r  the  r e source  i s ,  on the o t h e r  hand, not  the s o r t  of f i n a n c i a l  
risk t o  which  a l o c a l  government i s  prepared t o  commit f i n a n c i a l  r e sources ,  
were such re sources  a v a i l a b l e .  The u n c e r t a i n t y  of t he  t o t a l  p r o j e c t  c o s t  and 
benefits  adds t o  t he  d i f f i c u l t y  of o b t a i n i n g  f inanc ing .  

For s t r u c t u r e s  t h a t  would use geothermal h e a t ,  the loca l  bank is not  y e t  
f a m i l i a r  enough w i t h  geothermal energy t o  have confidence i n  i t .  Given the 
s t a t e  of knowledge, back-up systems might be r e q u i r e d  or  l oans  m i g h t  be 
d i f f i c u l t  t o  ob ta in .  Bank r e p r e s e n t a t i v e s  d i d ,  however, i n d i c a t e  t h a t  
f i nanc ing  a s u b d i v i s i o n  would probably be more a t t r a c t i v e  t o  the bank than  
would f i n a n c i n g  a s i n g l e  u n i t .  More knowledge about t he  Idaho Spr ings  r e source  

I 

coul d change the per Eept i on of t he  bank ' s  Cepr e s e n t a t  i ves . - 

'bpl 
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TABLE C-4 

GEOTHERMAL RESOURCE CHARACTERISTICS 
IDAHO SPRINGS 

.Spr i wb Surface Current 
or TDS Temperature Discharge 

Wet1 Location mg/L [ "C) 0 
Spring A 4S,73W, Sec. 1 1940-2110 40-45 2 1  

B 1070 24 <1 

C 1070 20 1 

11 

II 

Lodge 
Hat Water W 
We1 1 2070 46 

Barrett and Pearl, 1976 

*These springs and wells have altered since 
this survey was conducted, according to owners. 

TABLE C-5 

GEOTHERMAL RESERVOIR CHARACTERISTICS 
IDAHO SPRINGS 

Est i mated Est i mated Estimated 
Areal E s t i mated S u bsur face Total Bw Reservoir Extpnt Thickness Temperature 

Fracture 1.52 1,000 80°C . 1714 

Type mi ft "C 1 

Pearl, 1979 
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LJ TABLE C-6 

Dissolved Mi r a l  Content  of Idaho Spr ings  Thermal Waters 

Lodge 
Hot Water Well 

Arsenic (ug/ l  ) 46 .O 
360.0 
0 Cadi um (ug/ l  ) 

Calcium (mg/l) 150 .O 

.. Boron ( u g / l )  

9 Chloride (mg/l) 66 .O 
F l u o r i d e  (mg/l) 3.5 

L i  t h i  um (ug/ l  ) 
Magnesi u m  (mg/l ) 
Manganese (mg/l ) 
Mercury ( u g / l )  , 0 
Nitrogen (mg/l ) 0 
Phosphate (mg/l] 0.05 
Potassium (mg/?) 
Se l  eni um (mg/l ) 

1,000.00 
870 .O 
38 .O 

7 .O 

82 .O 
0 

58 .O 
520 .o 
420 .O 

10.0 

1,220.0 
a s  Bicarbonate  (mg/l ) 1,490.0 

Total  (mg/l) 530 .O 

Tota l  Oiss. S o l i d s  (mg/l) 2,070 
P h ,  F i e l d  6.9 

30 
46 

.~ 

Hardness 
doncarbonate (mg/ 0 

S p e c i f i c  Conductance, 2,920 

t o  a i d  the Ci ty  w i t h  t i n g  the f e a s i b i l i t y  s tudy  
* and a s s e s s i n g  the r e s e r v o i r ,  the ac tua l  c o n s t r u c t i o n  of a geothermal hea t ing  

revenue bonds 

c e r t a i  n 1 ega l  
t he  energy, a 

r i g h t s  and the 
he water c o n t a i n i n g  the  hea t  

necessary for 
development. Whether geothermal o r  surface l e a s e s  a r e  r equ i r ed  depends upon 
the well l o c a t i o n  w h i c h  cannot y e t  be decided. I f  the  l o c a t i o n  is  on C i ty  

d i  s t r i c t  could  r ead i  1 

c 

)cri 
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proper ty ,  leases would be unnecessary. Laater r i g h t s  shou ld  be no problem, s ince  

(Thomas Johnson, pers. comm., 1979) . 7 -  t h e  City has ex tens i ve  unused water  r i g h t s  on Soda, Chicago and C lear  Creeks I .  

ti 
I n  Idaho Spr i  ngs, no City ord inance s p e c i f i c a l l y  r e g u l a t e s  geothermal 
devel  opment . A developer  must comply w i th  zoni  ng and subdi  v i  s i  on r e g u l a t i o n s .  
Since t h e  r e g u l a t i o n s  pe rm i t  greenhouses i n  r e s i d e n t i a l  d i s t r i c t s ,  some 
a d d i t i o n a l  energy b e n e f i t  c o u l d .  be o b t a i  ned f rom smal I p r i v a t e  
geothermal ly-heated greenhouses. 

Technologica l  Cons idera t ions  - The t e c h n o l o g i c a l  c o n s i d e r a t i o n s  cannot be 
accu fa te l y  assessed f rom a v a i l a b l e  i n fo rma t ion .  The e x i s t % n g  and p rev ious  
w e l l s  a re  known t o  have become plugged f rom minera l  scale.  Th is  s c a l i n g  may be 
caused, however, by s imple o x i d i z a t i o n  r e s u l t i n g  f rom an open p i p i n g  system. 
1.f t h i s  i s  t h e  problem, it can be e a s i l y  c o n t r o l l e d  w i th  proper  system des ign  
and cons t ruc t i on .  

Environmental  .Considerat ions - Again, t o o  l i t t l e  i n f o r m a t i o n  i s  a v x i l a b l e  t o  
i n d i c a t e  what s p e c i f i c  env i ronmenta l  problems, i f  any, migh t  be encountered i n  
deve lop ing  t h i s  system. D isso lved  s o l i d s  o f  t h e  geothermal. f l u i d  range f r o m  
1,070 t o  2,111 mg/L, a moderate amount. D isposa l  o f  waste f l u i d  and a i r  
p o l l u t i o n  would be c o n t r o l l e d  by t h e  S t a t e  as i n  any case, t o  p rec lude 
s i g n i f i c a n t  env i ronmenta l  degradat ion.  Slope i n s t a b i l i t y  and f l o o d  p l a i n s  a r e  
hazardous c o n d i t i o n s  f o r  s t r u c t u r e s  i f  handled improper ly .  Such p o t e n t i a l  
hazards should be considered when an a p p l i c a t i o n  f o r  development i s  reviewed. 
I n d i r e c t l y ,  these hazards can a f f e c t  geothermal development, mandat ing t h e  
r e s t r i c t i o n  o f  t h e  b u i  1 d i n g  o f  s t r u c t u r e s ,  o r  by making env i ronmenta l  
degradat i  on p o s s i b l e  i f  s t r u c t u r e s  a r e  a1 1 owed. S i t e s  f o r  bo th  geothermal we1 1 s 
themsel ves and devel  opment t o  use t h e  energy shoul d be c a r e f u l  l y  i n v e s t i g a t e d  
p r i o r  t o  devel  opment . 
E.conomi c Consi d e r a t i  ons - A p r e l  i m i  na ry  economic eva l  u a t i  on o f  geothermal 
development a t  t h i s  s i t e  was conducted by t h e  dew Mexico Energy I n s t i t u t e .  The 
r e s u l t s  i n d i c a t e d  t h a t  t h e  geothermal energy cou ld  be prov ided a t  a c o s t  
c o m p e t i t i v e  with n a t u r a l  gas, even c o n s i d e r i n g  r e t r o f i t t i n g  c o s t s  ( C u n i f f ,  e t  
a l ,  1979). 

The f ro r l t -end cos t  o f  such a p r o j e c t  i s  s i z a b l e ,  however, perhaps as much as $8 
m i l l i o n  o r  more. Given t h e  u n c e r t a i n t i e s  about t h e  resources and about t h e  
cos t ,  funds a re  ex t remely  d i f f i c u l t  t o  ob ta in .  P rospec t i ve  l enders  a re  
r e l u c t a n t  and f u r t h e r ,  t h e  u n c e r t a i n t i e s  c o n s t r a i n  t h e  a b i l i t y  o f  a p o t e n t i a l  
developer,  especi  a1 l y  a l o c a l  government, t o  o b t a i n  a loan.  Federa l  research  
and development programs t o  d e l i n e a t e  t h e  resources and t o  do s i t e - s p e c i f i c  
f e a s i b i l i t y  s t u d i e s  may be necessary i f  community development i s  t o  occur. 

P o t e n t i a l  Uses o f  Geothermal Energy 
* There i s  l i t t l e  doubt t h a t  un less  some very  s u b s t a n t i a l  and-unforseen changes 

occur i n  t h e  economy, t h e  pr imary  p o t e n t i a l  f o r  geothermal energy development 
i n  Idaho Spr ings  i s  f o r  r e s i d e n t i a l  and commercial space and water  heat ing .  I n  
a d d i t i o n  t o  t h e  aforement ioned heat ing ,  a more s i g n i f i c a n t  
proposal  i n  terms o f  t h e  amount p l i e d  i s  t o  supp ly  geothermal 
space and water heat t o  t h e  e n t i r e  town. As mentioned, r e s i d e n t i a l  and 
commercial b u i l d i n g s  have t h e  pr imary  demand. I f  t h e  e n t i r e  town were 
converted, about 373 b i l l i o n  B t u ' s  o f  geothermal energy c o u l d  be on l i n e  by . -  

u 
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1983. Over the l o n g  term, t h e  market s h o u l d  expand, w i t h  a f o r e c a s t  530 
b i l l i o n  B t u ' s  on l i n e  by t h e  year  2020. The schedule  on Figure C-3, shows a 
poss ib le  development time-frame. As shown, f u n d s  a r e  needed i n  o rder  t o  l e a r n  
more about the f e a s i b i l i t y  and the c a p a b i l i t y  of the resource.  

L J  

Development Oppor tuni t ies  and Constraints-The geothermal energy a t  Idaho 
SDri nas does have Dotenti  a1 f o r  devel oDment f o r  resi den t i  a1 and commerci a1 use . 
T h e r e g r e  f i  nanci a1 b a r r i e r s  t o  geotheimal development by t h i  s small community. 
Whereas h o u s i n g  o r  commercial s t r u c t u r e  developers  could devel op  geothermal 
energy for  new s t r u c t u r e s ,  they may be r e l u c t a n t  t o  do so by a lack of 
s u f f i c i e n t  p r o f i t a b i l i t y  t o  warrant the e f f o r t .  Idaho S p r i n g s  i s  not a 
depressed a r e a ,  nor i s  i t  an energy-impacted one, so i s  i n e l i g i b l e  f o r  Federal 

l imi t ed  from inves t ing  f u r t h e r ,  and a r e  r e l u c t a n t  t o  do so because of t h e  lack  
of s u f f i c i e n t  f i n a n c i a l  and engineer ing da ta .  Were t h e  r e s e r v o i r  and 
f e a s i  b i  1 i t y  da t a  avai l 'abl e ,  such t h a t  t h e  u n c e r t a i n t y  was m i n i  m i  zed,  guaranteed 
loans ,  general  o b l i g a t i o n  bonds o r  revenue bonds could be a much more 
acceptab le  way t o  f inance  t h e  ac tua l  cons t ruc t ion .  The  lack of f ron t - end  

I 

# programs d i r e c t e d  t o  t h e s e  needs. Communities l i k e  Idaho Springs a r e  o f t e n  

f inanc ing  f o r  pre l iminary  s t u d i e s  i s  t h e  key 
f a r .  

f 

t o  the  lack  of development t h u s  
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FIGURE C-3 

IDAHO HOT SPRINGS 
SITE DEVELOPMENT SCHEDULE 

Act i v i  t y  1981 1982 1983 1984 1985 

Pre l iminary  geophysics 
Gradient  holes., eua? uation 
Feas. studies f o r  town 
space hea t ing  
Leases 
Grant f o r  tes t  well 
Ori 11 t e s t  we1 1, eual uat  i on 
Permits t o  d r i l l  t es t  well 
Permit t o  4ev. system 
Uzr t er r i ght s 
Rights  o f  May 
Guaranteed loan  f o r  system 
Design 
Cons t ruc t ion  of system 
I n s t a l l a t i o n  of homes, businesses 
Leases on National Fo res t s  
Permit f o r  f i e l d  development 
Dri 11 more #el 1 s 
Approve R.O.W. 
Expand system a s  needed t o  e x i s t i n g  

structures. 
Expand -25 X 1012 B t u ' s  - about y e a r  2000 

* -  I .  

i 
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D. OURAY SITE 

S i t e  Descr ip t ion  

The City of Ouray i s  l o c a t e d  i n  t h e  h e a r t  of t h e  Uncompahgre Valley,  i n  t h e  San 
Juan Mountains of Ouray County i n  southwestern Colorado, a s  shown on Figure 
D - 1 .  I t  is  l o c a t e d  i n  a na tu ra l  ampi thea t re  and i s  confined by towering c l i f f s  
t h a t  r ise a s  h i g h  as  5,000 f e e t  above s t r e e t  l eve l  (Ouray Chamber of Commerce). 
The e l e v a t i o n  of Ouray i s  7,800 f e e t .  The Uncompahgre River t h a t  f lows through 
Ouray o r i g i n a t e s  just above the c i t y .  With  an annual growing season of only 
129 days (Region 10 Planning Commission, 1976) ,  9,000 degree days and an 
average low tempera ture  o f  20°F, a g r i c u l t u r e  i n  t h e  a rea  i s  obviously very 
l imited,  but  the need f o r  hea t ing  fue l  q u i t e  h i g h .  

Land Use and Ownership-Generally, commercial es tab l i shments  border t h e  highway 
t h r o u g h  Ouray and r e s idences  a r e  loca t ed  along t h e  h i l l s i d e  b e h i n d .  U.S. 
Highway 550 provides Ouray w i t h  good access  w h i c h  i s  r e l a t i v e l y  easy from the 
nor th ,  b u t  h indered  by the rugged t e r r a i n  and seve re  win ter  storms t o  t h e  
south.  National Fores t  land surrounds t h e  Ci ty  a s  shown on Figure D-2. 

Populat ion - The es t imated  1975 populat ion of t h e  c i t y  of Ouray i s  844. The 
populat ion grew a t  about 4 percent  a year  s i n c e  1970 (Ryan, 1976).  The 
f o r e c a s t  of 2074 f o r  the 2020 assumes 3 percent  annual growth u n t i l  t h e  year  
2,000 and 2 percent  t h e r e a f t e r .  In 1970, t h e  County median age was 34.2, a s  
c o n t r a s t e d  w i t h  26.0 f o r  Colorado a s  a whole. Ret i red  persons migra te  i n t o  
Ouray, whereas younger persons migrate  outward t o  ob ta in  employment (Ryan, 
1976).  

Economy - In Ouray, the major source of employment has h i s t o r i c a l l y  been 
m i n i n g .  S ince  t h e  r ecen t  c l o s i n g  of two mines, unemployment has been h i g h  and 
tour i sm has become the predominant economic s e c t o r .  Not only i s  tour i sm very 
seasonal  (Way through October) because of severe  win te r s ,  b u t  i t  dec l ined  i n  
1979 p rev ious ly  because o f  the gasol i ne  shor tage  (George Gaul t ,  pers .  comm., 
1979). Government, i n  1970, was t h e  t h i r d  l a r g e s t  employment s e c t o r  a s  shown 
on Table D - 1 .  Even when t h e  mines were open,  making  a v a i l a b l e  r e l a t i v e l y  
wel l -paid employment, county per c a p i t a  income was lower than t h a t  f o r  the 
S t a t e ,  a l though h i g h e r  than  t h a t  f o r  nearby c o u n t i e s ,  a s  shown on Table  D-2. 

O f  the  seventy-one commerci a t  and p ro fes s iona l  services e s t a b l  i shments l i s ted  
i n  t h e  1979 Ouray te lephone  d i r e c t o r y ,  15 of t h e s e  were motels and h o t e l s  and 9 
of them were r e s t a u r a n t s ,  r e f l e c t i n g  the s t rong  t o u r i s t  economy. Table D-3 
shows the businesses i n  Ouray. 

Ci ty  revenue has been s h o r t ,  because of t h e  mine c l o s u r e s  (George Gaul t ,  pers .  
comm., 1979). The s a l e s  t a x  wi l l  be increased  from 2 percent  t o  3 percent  i n  
January,  1980 (John Brennan, pers . comm., 1979) 

)I 

F 

- 43 - 



- 44 - 



a
 9 

", 
.c f 

a
 

W
 

K
 

a
 

a
 
3
 

0
 
L
 

0
 

A
L

L
. 

a
 K
 

w
 

2
 

O
 
I
 
a
 

P
 
z U

 

- 45 - 



TABLE D - 1  

0 URA Y 

EflPLOYED POPULATION 16 YEARS AND OVER BY MAJOR INDUSTRY GROUP 
BY COUNTY AND MUNICIPALITY 

1970 CENSUS 

. I d u s t r y  .Group 

Agr.iculture, f o r e s t r y  d f i s h e r i e s  
.Mi n i  ng 
Construct ion 
Maau f a c t  .il r i ng 
Tran-sporlt.at5 onJ Communication & 
Pub1 ic Ut7'1ttie.s 
ifholesale Trade 
-Retai 1 Trade 
Finance, Insurance & Real E s t a t e  
S er v t c  e s 
Go-vernment 
Total Empl oyed 

Ouray County 
No. Percent 

12 6 
162 
-5 2 
0 

7 
10 
58 
26 
76 
95 

612 

20.6 
25.6 
8.5 
0 *o 
1.1 
1.6 
9.5 
4.2 

12.4 
15.5 

100 0 

5ource: 1970 Census .of Populationn, Colorado, 
U.S. Department of Commerce, Bureau of t h e  Census, Washington D.C. 

To provide s o l u t i o n s ,  an economic development p r o j e c t  i s  underway. For 
increas ing  revenue and employment, b o t h  add i t iona l  manufacturing (George Gaul t ,  
pers .  cornin., 1979)  and a convention c e n t e r  have been suggested (John Brennan, 
pers. comm., 1979). Because of i t s  r e l a t i v e  i s o l a t i o n  and lack  of a r a i l  
system, new development m u s t  be amenable t o  highway t r a n s p o r t a t i o n .  

Publ ic  I s sues  -- The c i t i z e n s  of Ouray a r e  q u i t e  suppor t ive  of economic 
development . e f f o r t s  (George Gaul t ,  pers . comm., 1979). They a1 so express g r e a t  
interest i n  geothermal development i f  i t  i s  f e a s i b l e  ( p u b l i c  meeting, 1978). 

Energy Demand - The City uf Ouray i s  n o t  served by na tura l  gas. As such, 
cu r ren t  ac tua l  energy consumption f i g u r e s  f o r  t h e  Ci ty  o f  Ouray a r e  not 
ava i l ab le .  Propane, coal and fuel o i l ,  along w i t h  e l e c t r i c i t y ,  a r e  widely used 
f o r  h e a t  (John % r e m a n ,  pers.. comm., 1979). The c o s t  of propane was repor ted  
t o  be $4.26 per mi l l i on  B t u ,  while e l e c t r i c i t y  f o r  r e s i d e n t i d  use was about 
10.00 .per mi 11 ion Btu. Based on o t h e r  simi 1 a r  c i  t i . e s ,  - the  mmmerci a1 energy 
demand i s  expected t o  be 100 percent  of t h e  r e s i d e n t i a l  demad.  'The es t imated  
annual r e s i d e n t i a l  and commercial thermal 'heat demand i s  112 b i l l i o n  B t u ' s  
(Cuniff ,  e t  aJ, 1979). 
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TABLE 0-2 

COLORADO PLANNING AND MANAGEMENT R E G I O N  NO. 10 
TOTAL AND PER C A P I T A  PERSONAh INCOME 81  REGION, COUNTY AND COMMUNITY 

1970 AND 1973 

1 

Per Cap i ta  
T o t a l  Personal  Income Personal  Income 

Percent  Percent 
P lace  o f  Residence 1970 1973' I nc rease  1970 1973 I nc rease  

B lack  Canyon Region $105,872,216 $144,783,522 36.8 

D e l t a  County 33,613,914 45,335,498 34.9 
Orchard City 2,899,359 4,011,829 38.4 
Cedaredge 1,400,210 1,907,043 36.2 
Crawf o r d  336,870 514,583 52.8 
D e l t a  8,222,844 10,189,000 23.9 
Hotchk i  ss 1,034,787 1,414,458 36.7 
Paoni a ,015,117 3,819,3609 26.7 

Gunni son County 19,392,102 25,652,682 32.3 
Crested B u t t e d  953,064 1,157,496 21.5 
Gunni son 10,328,507 13,806,720 33.7 
Marbled 33,267 44,940 35.1 
Mount Crested B u t t e d  33,267 323,568 872.6 
P i  t k i n d  64,020 144,687 126 .O 

H i  nsdal  e County 991,416 1,428,840 44.1 
Lake C i t y d  425,789 646,800 51.9 

Mont rose  County 43,619,250 59,078,631 35.4 
Montrose 17,246,880 24,081,720 39.6 
N a t u r i  t a  1,515,360 1,966,640 29.8 
Nucl a 2,036,554 2,648,855 30.1 
01 a the  1,425,816 1,855,050 30.1 

$2,356 $3,046 29.3 

2,199 2,834 28.9 
2,493 3,259 30.7 
2,410 3,111 29.1 
1,970 2,843 44.3 
2,226 2,875 29.2 
2,041 2,634 29.1 
2,597 3,270 25.9 

2,559 3,013 17.7 
2,562 2,837 10.7 
2,239 2,720 21.5 
2,559 2,996 17.1 
2,559 2,996 17.1 
1,455 2,837 95.0 

4,908 5,880 19.8 
4,679 5,880 25.7 

2,375 3,147 32.5 
2,655 3,590 35.2 
1,848 2,440 32.0 
2,146 2,833 32.0 
1,886 2,490 32.0 

5,890,635 59.1 2,395 3,555 48.4 
2,674,192 60.8 2,244 3,368 50.1 
1,008,509 52.4 2,525 3,589 42.1 

San Miguel  Count 7,397,236 62.5 2,336 3,431 46.9 
1,538,361 66.8 2,260 3,411 50.9 

23,884 N.A. ,N.A. 3,412 N.A. 
92,097 N.A. 

C1973 T o t a l  Personal  Income equa1,s J u l y  1, 1973 p o p u l a t i o n  t imes 1973 

SOURCE: D i v i s i o n  o f  Business Research, U n i v e r s i t y  o f  Colorado, 1975. 

"Census per  c a p i t a  personal  income. 
Personel  income es t ima te  based on s t a t e  and county es t imates  
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TABLE 0-3 

BUSINESSES IN OURAY 
1979 

c-- 

id 

Accountants 
1. Robert Ellis 
2. Lawrence S tevens  

A n t i q u e s  
1. R e l i c s  of the P a s t  

Bakery 
1. Down-Under Bakery 

Beauty Shops 
1. I l e n e s  Beauty Den 

Coal & Coke Dea le r s  
1. Paul Boyd Coal Co. 

F r a t e r n a l  Organi t a t i o n s  
1. E l k s  Club 

Insurance  
Navaho T r a d e r s  

Lawyers 
1. David S m i t h  
2. Richard T i sde l  

Lounge 
1. 550 Inn 

Markets 
1. D u c k e t t ' s  AG Market 

Medical 
1. Ouray Medical Center  

Ambul a n t e  
1. Ouray County Ambulance 

Art Gal leri es 
1. Westside G a l l e r y  

Banks 
1. Citizens S t a t e  Bank 

Bus  
1. Con t inen ta l  f r a i l w a y s  

F1 o r i s t  
1. Ouray Florist & Gift 

G i f t  Shops 
1. Benham's Bear Creek S t a r e  
2 .  The Hogan 
3. Ore Car G i f t  Shop 
4.  The V i k i n g  
5. Wi lderness  Hut  

Jewel ry  
Navaho Trade r s  

Liquor  
1. Ouray Liquor  

Lumber 
1. Rice Lumber Co. 

Medical 
1. Ouray Medical Center 

Mi n i  ng  Companies 
1. Baumgartner Co. 
2. Ranchers E x p l o r a t i o n  & 

Dev. Corp. 
3. Idarado  Mining  Co. 
4. Camp Byrd Inc.  
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bk Table D-3 cont inued 

Mote ls  Newspapers 
1. A l p i n e  Mote l  Ouray County P1 a i  ndeal  e r  
2. A n t l e r s  Mote l  
3.  The Barn Motel  
4. Box Canyon Mote l  
5. B r i g h t  Diamond Mote l  
6. C i r c l e  M Mote l  
7. E l  khorn Mote l  
8. Ouray Chalet  Mote l  
9. Ouray Cot tage Mote l  
10. S t .  Elmo Hote l  & A r t  G a l l e r y  . 
11. Twin Peaks Motel  
12. Weisbaden Chalet  Motel  & Spa 
13.. House o f  Yesteryears ' 

14. Mountain View Inns  
15. Red Mountai  

Phys i c ian  - M.C. 

Restaurants  

2. The Bonton Restaurant  
3. 1876 Gourmet Restaurant  
4. Nugget Restaurant  
5 . Coach1 i ght  
6. The Depot 
7. Old Trapper I n n  
8. The Outlaw 

Serv i ce  S t a t i o n s  
1. A l ' s  Se rv i ce  S t a t i o n  
2. tunday 's  Automot ive 

Gas & Towing 

1. Robert  M a i s i l  

1 . John Lesnef  sky ran t  1. A lp ine  Cafe 

So la r  Energy Equi pment 
1. M i l l o w  D i v i d e  Design 1. M a i  n s t r e e t  General S to re  

S p o r t i n g  Goods 

e 

c 
1. Chie f  Ouray Trad ing  Post 1. San Miguel  Power Assoc. 

V a r i e t y  S tores  
1. Ouray V a r i e t y  

SOURCE: Mountain B e l l  Telephone D i r e c t o r y ,  1979 
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Table 0-3 cont inued 

Not Listed i n  Di rec to ry  
1, Alpenglow - Rental Condominiums 
2. Barney's Plumbing and Heating - Hardware 
3. Four J t r a i l e r  Court  - Campground 
4. Four J Tab le  Canstruction 

e's P l a c e  - Boutique 

fl'iams - Cont rac to r  
ngbr-ttnsh - Res tau ran t  r 

9 

Resource Evaluat iun,  Sp r ings  

Table 0-4 shows the temperature  and o t h e r  c h a r a c t e r i s t i c s  of the  geothermal 
resources l o c a t e d  a t  Ouray, Est imates  have been made of the r e s e r v o i r  
characteristixs and of the enrgy i n  the  ground, a s  shown on Table 0-5, Table 
D-6 shows the chemical con ten t  of t h e s e  sp r ings .  I f  a .06 f a c t o r  for  e f f i c i e n c y  
and a 30-year l i f e  w i t h  1/30 wiydrawal per y e a r ,  the amount of energy 
a v a i l a b l e  would st i l l  be 45 X lOl Btu's. Table 0-6 shows the  chemical 
con ten t  of these s p r i n g s .  In  o r d e r  t o  more f u l l y  d e f i n e  the e x t e n t  of the 
thermal r e sources  the  Colorado Geological Survey du r ing  the summer of 1980 
sampled the s o i l  f o r  contained mercury con ten t  and ran e l e t r i c a l  res is t ivi ty  
surveys i n  Ouray. The d a t a  c o l l e c t e d  d u r i n g  these surveys  is c u r r e n t l y  being 
analyzed and a r e p o r t  will be prepared dur ing  the winter of 1980-81 (R .  P e a r l ,  
pers. comm., 1980). Thermal g r a d i e n t  h o l e s ,  followed by a t es t  well would 
provide va luab le  information.  

The e x i s t i n g  su r face  t empera tu res  a r e  s u f f i c i e n t l y  hot  t o  use f o r  space  and 
water hea t ing ,  as well a s  f o r  some lower-temperature processes.  

Current Uses - The c i t y  swimming pool and municipal maintenance garage  use 
waters from the Pool Spring. The Meisbaden Motel uses n a t u r a l  hot  water f o r  
mineral b a t h s ,  a swimming pool and f o r  space and water  hea t ing  ( B a r r e t t  and 
P e a r l ,  1978) and ano the r  motel uses i t  f o r  space and water  hea t ing .  

Development Process  

F inancia l  Cons ide ra t ions  - A mode of f inanc ing  a geothermal development, 
e s p e c i a l l y  a t  the  f r o n t  end, i s  necessary i n  o r d e r  f o r  development t o  occur.  A 
small town such a s  Ouray has very l imited revenues i n  the most l u c r a t i v e  times, 
b u t  when the major  source  of revenue c l o s e s  i t s  door s ,  the  s i t u a t i o n  i s  
c r i t i c a l .  Because of i t s  current economic depres s ion ,  however, some f e d e r a l  
funding, such a s  U.S. Housing and Urban Development ( H U O )  and W.S. Farm Home . 
Adminis t ra t ion (FmHA) g r a n t  and loan  programs may be open t o  Ouray, 
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TABLE 0-4 

GEOTHERMAL RESOURCE CHARACTERISTICS 

SPRING . 
OR 

WELL 

OURAY 

CURRENT 
SURFACE DISCHARGE 

TDS TEMPERATURE (gpm) LOCATION - 
200 

5 
Pool T44N,R7WS Sec. 31 1,650 67-69 
Uncompahgre T44N,R7WS Sec. 31 1,570 49 
Wei sbaden P 

Spring A T44H,R7W9 Sec. 31 9 10 53 -- 
Spring 6 T44N,R7W, Sec. 31 410 - -  2 (est) 
Spring C T44N,R7W, Sec. 31 800 -- 1-30 

Source: Barret and Pearl, 1978 

TABLE D-5 

GEOTHERMAL RESERVOIR CHARACTERISTICS 
OURAY 

, ESTIMATED ESTIMATED E ST I MATED 
AREA EST I MATED SUBSURFACE TOTAL 

mi ft . "C 10 BIi's R E S E R V O I R  E X T E N T  T H I C K N E S S  TEMPERATURE - TYPE 

Fracture 2 

- 6  

f 
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TABLE D-6 - 
Dissolved Mineral Content of Ouray Thermal Waters 

Pool 
Hot Springs 

Arsenic (ug / l )  
Boron ( u g l l )  
Cadium (ug/l ) 
Cal ci um (mg/l ) 
Chloride (mg/l) 
F1 uor ide  (mg/l ) 
I ron  ( u g / l )  
L i t h i u m  (ug/T) 
Magnesi um (mg/l ) 
Manganese (mg/l ) 
Mercury ( u g / l  ) 
Nitrogen (mg/l ) 
Phosphate (mg/l) 
Po ta s s i  um (mg/l) 
Selenium (mg/l) 
S i l i c a  (mg/l) 
Sodium (mg/l) 
S u l f a t e  (mg/l) 
Zinc ( u g / l )  
A1 kal i n i  t y  

a s  Calcium Carbonate (mg/l) 
a s  Bicarbonate  (mg/l ) 

Hardness 
Noncarbonate (mg/l ) 
Total ( m g / l )  

Speci f i e Conductance 
Total  Diss. S o l i d s  ( m g / l )  
Ph ,  Field 
D i  scharge  (gpm) 
Temperature (C) 
Date Sampled 

Source: B a r r e t t  and P e a r l ,  1976 

13 .o 
200.0. 
0 

370.0 
41.0 
' 3.0 
10.0 

2,800.0 
8.9 

670 .O 
0 
0.01 
0.06 
9.2 
0 
47 .O 
110.0 
990 * o  
10.0 

106 .O 
129 .O 

850 .O 
960 .O 

2,000 
1,650 

6.7 
125 
67 

9/75 

While c o n s t r u c t i o n  of a geothermal system i s  expensive, the riskiest  p a r t  of a 
p r o j e c t  i s  the  well d r i l l i n g  and may, t h e r e f o r e ,  be t h e  most c r i t i c a l .  A 
r e se rvo i  r confirmation program and a1 so an economic f e a s i  b i  1 i t y  s tudy  were 
i n d i c a t e d  by the loca l  o f f i c i a l s  and residents i n  Ouray t o  be needed ( p u b l i c  
meeting, 1978) . Financing of structures u s i n g  geothermal energy could  be 
d i f f i c u l t  u n t i l  the  f i n a n c i a l  i n s t i t u t i o n s  a r e  bet ter  acquainted w i t h  t h e  
r e source  r e source  (George Gault  , pers. comm., 1979) . 
I n s t i t u t i o n a l  Requirements - Any geothermal development i n  t h e  S t a t e  i s  s u b j e c t  
t o  cer ta in  S t a t e  requirements. To e s t a b l i s h  t he  r i g h t  t o  develop the energy, a 
p rospec t ive  developer  must e i the r  own o r  l e a s e  the geothermal r i g h t s  and the  
land  s u r f a c e  t o  be used and m u s t  have the r i g h t s  t o  t he  water c o n t a i n i n g  the 
hea t  if the water i s  t o  be cansumed. To d r i l l  a well r e q u i r e s  S t a t e  permits 

f 

f 

gi 
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(Coe and Forman, 1979). No Ci ty ,  ordinances would d i  r e c t l y  r e s t r i c t  geothermal 
development; the  City has ,  i n  f a c t ,  h i s t o r i c a l l y  promoted i t  (John Brennan, 
1979) . Zoni ng and County f 1ood p l  a i  n , w i  1 d l  i f  e and geol ogi c hazard regul a t  i ons 
r equ i r e  t h e  choice  of a s u i t a b l e  l o c a t i o n  f o r  s t r u c t u r e s  (Susan Rahm, pers, 

- The procedure for explor ing  for  geothermal 
ng more about t h e  magnitude of t h e  hea t ,  the s i z e  

of the r e s e r v o i r ,  possible r e s e r v o i r  d e p t h s ,  and su ' i t ab le  well l oca t ions .  I t  
would usua l ly  begin w i t h  a prel iminary exp lo ra t ion  program inc luding  a geologic  
eval ua t i  on, se i smic  t es t s ,  poss ib ly  more geochemical ana lyses  and d r i  11 i ng and 
g rad ien t  holes .  A f e a s i b i l i t y  s tudy i s  u s u a l l y  conducted t o  determine whether 
the investment seems t o  be warranted and f i n a l l y  a t e s t  well ( o r  we l l s )  i s  
d r i l l e d  and t e s t e d .  Depending upon t h e  magnitude of t h e  energy demand and t h e  
production of the wel l ,  the t e s t  well may be used a s  a production well and/or 
add i t iona l  wells may be d r i l l e d .  No analyses  a r e  yet  a v a i l a b l e  t o  i n d i c a t e  the 
t echn ica l  requirements  of this geothermal resource.  The water has been piped 
t o  t h e  swimming pool and seems not t o  have caused any undue cor ros ion  o r  
sca l  i ng  . 
Environmental Cons idera t ions  - P e n d i n g  a d e t a i l e d  s tudy ,  t h e  probable 
environmental e f f e c t s  of geothermal development a r e  not c l e a r l y  de f inab le .  
Geologic hazards ,  abundant wild1 i f e  and f lood  p l a i  w i l l  l imit  development i n  
c e r t a i n  a r e a s  of Ouray and Ouray County. n t h e  geothermal water ,  
concen t r a t ions  of radiochemical elements preclude s p o t a b i l i t y  ( B a r r e t t  and 
P e a r l ,  1979). Suff ic ien t  information i s  not a v a i l a b l e  concerning the e f f e c t  
t h a t  t h e  c u r r e n t  d i scharge  of the Pool S p r i n g  has upon su r face  water. Water 
s t anda rds  and p o l l u t i o n  con t ro l  r e g u l a t i o n s  would i n d i c a t e  t h e  procedures 
necessary t o  prevent contamination. 

Economic Cons idera t ions  - Prel i m i  nary economic ana lyses  conducted by the New 
Mexico Energy I n s t i t u t e  i n d i c a t e  t h a t  the development of geothermal energy 
would be qui te  economical per mi l l i on  B t u ,  a s  low as  $2.47 per mi l l i on  B t u .  
T h i s  is extremely low compared t o  t h e  c u r r e n t  c o s t  of a l t e r n a t i v e  energy 
resources .  T h e  f r o n t  end c o s t  of developing a system, inc luding  r e t r o f i t t i n g ,  

'could r u n  a s  h i g h  as  $2.5 mil l ion  ( C u n i f f ,  e t  a l ,  1979). - 

P o t e n t i a l  Uses o f  Geothermal Energy 

The exis t ing energy demand i n  t h e  City -of Ouray i s  p r imar i ly  f o r  r e s i d e n t i a l  
and commercial uses. T h i s  a n a l y s i s  will not a t tempt  t o  p r e d i c t  new i n d u s t r i a l  
consumpti on. Wh her  new indus t ry  i s  encouraged t o  l o c a t e  i n  Ouray will depend 
l a r g e l y  upon t h  r e l a t i v e  value of t h e  var ious  l o c a t i o n a l  c r i t e r i a  such a s  
energy, s i t e  a v a i l a b i l i t y ,  t r a n s p o r t a t i o n  and l a b o r  market and upon s p e c i f i c  
i ncen t ives  t h a t  m i g h t  be provided t o  indus t ry  t o  l o c a t e  i n  the area .  A new 
convention c e n t e r  and/or a l a r g e  wholist ic hea l th  spa ,  which have been 
suggested,  would seem t o  t a k e  good advantage of t h e  t r u l y  spec tacu la r  and 
unusual s i te .  Manufacturing of easi l y - t r a n s p o r t a b l e  i tems could,  on t h e  o the r  
hand, provide higher-paying jobs .  Figure D-3 shows t h e  major s t e p s  required 
f o r  development of the geothermal energy. Ouray i s  c u r r e n t l y  seeking ways t o  
accompl i s h  t h e  f i r s t  step of the i r  development process ,  t h e  f e a s i  b i  1 i t y  study. 
As s h o w n ,  i t  seems l i k e l y  t h a t  t h e  publ ic  b u i l d i n g s ,  then commercial ones and 
f i n a l l y ,  r e s idences ,  would be re t rof i t ted.  No growth and hence, no i n c r e a s e  i n  
energy demand i s f o r e c a s t  u n t  i 1 some new economic devel opment i s  accompl i shed . 
About 112 b i l l i o n  Btu's of thermal energy could be demanded, given t h e  f o r e c a s t  
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popul a t  i on. 

Development Oppor tuni t ies  and Cons t r a in t s  - In Ouray, i f  e s t i m a t e s  a r e  c o r r e c t ,  
the geothermal energy supply i s  much i n  excess  of t h e  demand. The  commercial 
bu i ld ings  i n  this popular t o u r i s t  s top ,  a s  well a s  the r e s idences ,  o f f e r  a 
prime oppor tuni ty  f o r  geothermal use.. 

Given the t e m p e r a t w e  o f  this resource  along w i t h  the amount o f  flow, i t  may 
seem s u r p r i s i n g - t h a t  the resource  has not been more ex tens ive ly  used. Several  
cond i t ions  seem to have  r e s t r a i n e d  the development. The  f irst  of these is the 
lack of informatton - about both the resource  and about the eco-nomic 
f e a s i b i l i t y . .  The second of  the c o n s t r a i n t s  i s  t h e  lack of f u n d s  t o  o b t a i n  such 
information. There  is some concern,  t oo ,  t h a t  d r i l l i n g  a well migh t  result i n  
the l o s s  of the resource  i n t o  a permiable lower formation o r  a f a u l t .  U n t i l  
funds  a r e  a v a i l a b l e  t o  he lp  the Ci ty  do the necessary research ,  i t  seems h ighly  
un l ike ly  t h a t  thts energy will be developed, e s p e c i a l l y  i n  l i g h t  of i t s  c u r r e n t  
economic s i t u a t i o n ,  

c 
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FIGURE D-3 
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SUMMARY 

The f o u r  s i tes  chosen for  t h e s e  ana lyses  were s e l e c t e d  for  severa l  reasons.  
First, they  a r e  a l l  loca ted  a t  town s i t e s .  Second, t h e  est imated subsurface 
temperatures  a r e  a l l  s u f f i c i e n t l y  h i g h  for  space and water heat ing.  F ina l ly  
s t r o n g  express ions  of i n t e r e s t  among r e s i d e n t s  and po ten t i a l  users were 
ind ica t ed  i n  those areas .  They a r e  n o t  considered t o  n e c e s s a r i l y  r ep resen t  t h e  
o t h e r  s i t e s  i n  the S t a t e ,  al though many c h a r a c t e r i s t i c s  will c e r t a i n l y  be 
shared because of t h e  commonality of laws, h i s t o r i c a l  development and .the 
s i m i l a r i t y  of geographic c h a r a c t e r i s t i c s .  

In t h e  case  of these f o u r  s i t e s ,  several  s i m i l a r i t i e s  a r e  apparent ,  along w i t h  
some d i f f e rences .  All a r e  loca t ed  i n  mountain va l l eys  where space t o  expand i s  
l imi t ed .  All a r e  a t  f a i r l y  h i g h  e l eva t ions .  The s t r o n g e s t  i n d u s t r i a l  s e c t o r  
i n  a l l  of them i s  t r a d e  and s e r v i c e s  w i t h  tour ism and r e c r e a t i o n  s t imu la t ing  
much of t h e  a c t i v i t y .  They l a r g e l y  c u r r e n t l y  lack ex tens ive  manufacturing o r  
a g r i c u l t u r a l  p rocess ing ,  a1 t h o u g h  Ouray's h i s t o r i c a l  ly- important  m i n i n g  
i ndus t ry  could r ev ive ,  depending l a r g e l y  u p o n  t h e  na t iona l  economy and f ede ra l  
government pol icy.  The Ouray s i t e  i s  economical l y  depressed and could benef i t 
from a s s i s t a n c e .  A l l  f o u r  s i tes  have a l a r g e  commercial energy demand r e l a t i v e  
t o  t h e  r e s i d e n t i a l  energy demand, presumably because of t h e  l a r g e  amounts of 
heat  and h o t  water necessary fo r  motels and r e s t a u r a n t s .  

In  each case ,  t h e  development process seems reasonably s t r a igh t fo rward ,  
e s p e c i a l l y  s i n c e  f ede ra l  l e a s e s  a r e  n o t  seen t o  be necessary fo r  d i r e c t  thermal 
development of t h e  magnitude discussed.  In  each case ,  t oo ,  t h e  c o n s t r a i n t s  t o  
devel opment were si m i  1 a r  . They i ncl uded t h e  1 ack of energy devel oper i n t e r e s t  
and t h e  lack  of f u n d s  and/or development e x p e r t i s e  as well a s  resource  
information.  Among those  p o t e n t i a l  users  who were i n t e r e s t e d ,  none have so f a r  
been a b l e  t o  go beyond t h e  i n i t i a l  conceptual , planning and ana lyses  stages of 
development. By obta in ing  a U.S. Department of Energy cos t - sha re  c o n t r a c t ,  the 
Timber1 i ne Academy near Durango wi l l ,  i t  i s  hoped, soon lead t o  develop a 
d i s t r i c t  hea t ing  system. 

These a reas  do have po ten t i a l  f o r  geothermal energy development. Geothermal 
energy a l s o  seems t o  have the po ten t i a l  for a id ing  t h e  economies of these ar'eas 
a s  well a s  f o r  helping t o  conserve o t h e r  energy resources .  While the i r  
development is  l i k e l y  t o  be economically f e a s i b l e ,  and most beneficial  t o  
users, i t  i s  n o t  gene ra l ly  perceived by energy developers  t o  be s u f f i c i e n t l y  
prof  i tab1 e t o  warrant  t h e i  r investment . Community coopera t ive  or 
user-devel opment t h e r e f o r e  seems necessary.  I f  informati  on can be provided t d  
po ten t i a l  users /deve lopers  about t h e  resources  and about t h e i r  development 
f e a s i  b i  1 i t y  , ex tens i  ve near-term devel opment w i  11 seem more probable. A t  t h i  s 

t o  provide t h a t  information a t  t hese  four  s i tes .  So f a r ,  t h e  focus of f ede ra l  
f u n d i n g  programs for geothermal development has been upon a g r i c u l t u r a l  and 
i n d u s t r i a l  processing and on demonstrat ions of new uses.  The demand f o r  
commercial and r e s i d e n t i a l  energy i s  n o t  only s u b s t a n t i a l  b u t  i s  i n t i m a t e l y  
t i e d  t o  Colorado 's  economy. Geothermal energy could help supply t h a t  demand. 

4 poin t ,  i t  seems l i k e l y  t h a t  government cos t - shared  programs will be necessary 
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. APPEND1 X * 

METHODOLOGY ti 
For t h e  most par t ,  t h i s  a n a l y s i s  and p o s s i b l e  development scenar io  used 
i n f o r m a t i o n  f rom secondary sources. Both a v a r i e t y  o f  pub l i ca t i 'ons  and 
numerous i n d i v i d u a l s  were surveyed, as shown i n  t h e  Sources o f  I n f o r m a t i o n  
Sect ion.  1.t was necessary, however, t o  t a i l o r  and choose amnng these da ta  i n  

they a re  descr ibed b e l  ow: 
many instances.  Where these ins tances  a re  not  s e l f - e x p l a n a t o r y  i n  t h e  t e x t ,  e 

Popul a t  i on - Where popul a t i  on es t imates  and f o r e c a s t s  had been prepared by 
l o c a l  o rgan iza t i ons ,  those f i g u r e s  were used i n  p re fe rence  t o  those  p repared  a t  
another governmental l e v e l .  Stnce f o r e c a s t s  were n o t  a v a i l a b l e  fol- the year  
2020, f o r e c a s t s  f o r  2000 were e x t r o p o l a t e d  t o  t h a t  year ,  un less t h e r e  were 
capac i t y  l i m i t s  t h a t  were lower ,  such as i n  Idaho Spr ings  and t h e  n o r t h e r n  
Animas V a l l e y  (Durango area) . 
Economy - To i d e n t i f y  those i n d u s t r i a l  sec to rs  t h a t  c o u l d  use geothermal energy 
r e q u i r e s  a knowledge o f  t h e  a p p l i c a t i o n  and f a c i l i t i e s  f o r  u s i n g  geothermaj 
energy. 

Energy Demand - The es t imates  o f  energy demand were c a l c u l a t e d  by t h e  New 
Mexico Energy I n s t i t u t e  personnel  f rom a formula,  u s i n g  h e a t i n g  degree days, 
average low  temperature ( f o r  peak needs) and es t ima ted  square footage.  That 
fo rmula  may be found i n  Rules of Thumb f o r  Geothermal D i r e c t  A p p l i c a t i o n s ,  
pub l i shed b3 EG&G, Inc., Idaho F a l l s ,  Idaho. 

The analyses a l s o  r e q u i r e d  some judgment about t h e  f u t u r e  o f  t h e  economy. 
Changes based upon a c t s  o f  God and governmental p o l i c y  changes, e i t h e r  U.S. o r  
fo re ign ,  i n  p a r t i c u l a r ,  a re  imposs ib le  t o  p r e d i c t .  The scenar ios,  the.refore 
assume no d r a s t i c  changes i n  government p o l i c y ,  i n  s o c i e t a l  va lues o f  i n  
n a t u r a l  events. They a l s o  assume no d r a s t i c  changes i n  a v a i l a b l e  raw 
mater ia ls . .  As such, f o r  l a c k  o f  more a u t h o r i t a t i v e  knowledge, t h e y  assume t h a t  
t he  f u t u r e  w i l l  be l a r g e l y  l i k e  t h e  pas t  and present .  Given these and o t h e r  
u n c e r t a i n t i e s ,  a t  l e a s t  severa l  economic scenar ios  a re  poss ib le .  As such, t h e  
on ly  c l a i m  t o  be made f o r  t h e  scenar ios  i n  t h i s  r e p o r t  i s  t h a t  t h e y  a re  
reasonable, based upon t h e  i n f o r m a t i o n  prov ided.  

f 
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