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ABSTRACT 

A geothermal energy f e a s i b i l i t y  study has 
been performed f o r  the  City o f  Ouray, Colorado, t o  
determine the po ten t i a l  economic development oppor- 
t u n i t i e s  t o  the City. The resource assessment i n -  
d icates the resource t o  be associated w i th  the 
Ouray f a u l t  zone, the Leadvi 11 e 1 imestone forma- 
t ion ,  the  high thermal gradient i n  the area o f  the  
San Juan mountains, and the recharge from p rec ip i -  
t a t i o n  i n  the adjacent mountains. Four engineer- 
i n g  designs o f  a l t e rna t i ve  sizes, costs, appl ica- 
t ions ,  and years of s ta r t -up  have been defined t o  
o f f e r  the City a range o f  development scales; L i f e  
cycle cost  analyses have been conducted f o r  cases 
o f  both pub l i c  and p r i v a t e  ownership. A l l  systems 
are found t o  be feas ib le  on both economic and 
technical  grounds. 

INTRODUCTION 

The City o f  Ouray, Colorado, w i t h  p a r t i a l  f i -  
nanci ng from a DOE Appropriate Energy Techno1 ogy 
Small Grant Award, has sponsored a geothermal re -  
source, engineering and economic f e a s i b i l i t y  study. 
The purpose of the study p ro jec t  has been " t o  ex- 
p lo re  new ways f o r  the  City t o  use i t s  geothermal 
energy f o r  economic development and d i v e r s i f i c a -  
t i on . "  The p ro jec t  ob jec t ives  have been (1) t o  
create new tour ism and commercial business oppor- 
t u n i  t i e s ,  (2 )  t o  generate add i t iona l  revenues f o r  
the City and i t s  businesses, ( 3 )  t o  reduce energy 
costs f o r  c i t y  and county bu i ld ings ,  f o r  commercial 
businesses, and f o r  residences, (4) t o  achieve 
year-round optimum use o f  geothermal energy, and 
(5) t o  preserve the r i g h t s  and uses o f  geothermal 
springs and waters by pa r t i es  already engaged i n  
o r  e n t i t l e d  t o  use o f  geothermal energy. 

RESOURCE ASSESSMENT 

Geologic Set t ing :  Ouray i s  loca ted  i n  a re -  
gion of h igh heat f low, perhaps f o u r  times t h a t  o f  
the wor ld average (Zacharaki s', 1981). 
f a u l t i n g  and a moderate t o  high l eve l  o f  seismic 
a c t i v i t y  a1 so character ize the  region. Faul ts 
less  than 2 m i l l i o n  years o l d  on the Uncompahgre 
Plateau are on ly  22 mi les  northwest o f  and on 
s t r i k e  w i t h  Ouray (Howard and others, 1978). A 
seismic study of the Ridgway f a u l t  zone 12 mi les 
nor th  o f  Ouray shows i t  t o  be se ismica l l y  ac t i ve  

Act ive 

(Su l l i van  and Mart in, 1981). Ouray l i e s  a t  the  
i n te rsec t i on  o f  several major f a u l t s .  The Ouray 
f a u l t  t h a t  i s  associated w i th  the  ho t  springs a t  
Box Canyon i s  one o f  several f a u l t s  o f  WNW t o  ENE 
t rend t h a t  make up the complex, 3-mile wide Ouray 
Fau l t  Zone (O.F.Z.) t h a t  i s  the boundary between 
the Ouray Graben and Sneffels Horst. 

The Ouray Geothermal System: The thermal 
springs a t  Ouray are probably the r e s u l t  o f  deep 
c i r c u l a t i o n  o f  meteoric water i n  f rac tu res  and 
permeable sedimentary rocks o f  the Ouray Graben. 
The graben contains a maximum o f  8800 f e e t  of sedi-  
mentary rocks; about 3300 f e e t  are aqu i fe r  zones. 
Within the graben, groundwater f low i s  probably 
l a r g e l y  confined t o  the two main aqu i fe r  zones. 
But i n  the  basin margin f a u l t  zones, f rac tu re  
permeabi l i ty  permits downward recharge o f  the  aqui- 
fers and upward f l ow  o f  deep thermal waters, as a t  
Ouray and Ridgway. Recharge i s  mostly from the  
San Juan Mountains along the south f l ank  o f  the  
graben, through steep in te rsec t i ng  f rac tu res  o f  
the Ouray and o ther  f a u l t  zones. The geothermal 
gradient i s  s u f f i c i e n t l y  high t o  heat the deeply 
c i r c u l a t i n g  groundwater. The f l ow  path, from re-  
charge t o  discharge area, i s  much shorter f o r  the  
Ouray thermal water than f o r  the  water o f  t he  
Ridgway area. The r e s u l t i n g  d i f fe rence i n  subsur- 
face residence t ime o f  the waters o f  the  two areas 
i s  r e f l e c t e d  i n  consistent di f ferences o f  water 
chemistry and temperature. Orvis thermal water 
i s  more mineral ized (2300 vs. 1650 ppm TDS) and 
has a higher geochemical rese rvo i r  temperature 
(78OC vs. 7OoC) than Ouray thermal water (Ba r re t t  
and Pearl, 1976, 1978). 

Temperature w i t h i n  the  graben can be estimated 
from the  depth o f  f i l l  and the geothermal gradient.  
The t o t a l  sedimentary-vol canic sect ion above PE 
basement i s  a maximum 8 f  8800 f e e t  t h i ck .  The geo- 
thermal gradient i s  40 C/km, which amounts t o  a 
temperature d i f fe rence o f  117OC between the top  
and bottom o f  the  section. Adding the  average 
annual surface temperature o f  7OC (Benci and McKee, 
1977) gives 124OC as the maximum expectable tem- 
perature a t  the  bottom o f  the graben. The "average" 
temperature w i t h i n  the  graben would be about ha l f  
t h a t  o r  66oC, which checks c lose ly  w i t h  the 69OC 
temperature o f  the  Box Canyon Pool Spring a t  Ouray. 
The chal cedony-si1 i c a  geothermometer y i e l d s  a sub- 
surface temperature o f  on ly  69OC t o  710C (Bar re t t  
and Pearl,  1978). This i s  very c lose t o  the  surface 
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temperature of Pool Spring and may mean t h a t  the 
thermal waters are ascending r a p i d l y  w i t h  l i t t l e  
coo l ing  o r  high- level  d i l u t i o n .  

The r a t e  of recharge can be estimated from 
the  average annual p rec ip i t a t i on ,  which i s  about 
40 inches per year (U.S. Weather Bureau Map). 
This computes t o  93 m i l l i o n  cubic f e e t  o f  water 
per year per square mi le,  o r  177 cubic f e e t  per 
minute per square mi le.  Since 1 cubic f o o t  = 
7.48 gal lons, the p r e c i p i t a t i o n  r a t e  i s  1323.5 
gal lons per minute per square mi le .  Only p a r t  o f  
t h i s  water a c t u a l l y  recharges the Ouray geother- 
mal system. We assume t h a t  on ly  one-eighth o f  the 
recharge, o r  about 3300 gal lons per minute o f  ho t  
water, i s  ascending beneath Ouray. The measured 
na tura l  discharge from the thermal spr ings a t  
Ouray ranges from 60 t o  200 gpm. 
of the geothermal resource i s  apparently leak ing  
ou t  o f  the  system elsewhere. 
amount o f  ho t  water may be l o s t  up bedrock f rac -  
tu res  i n t o  shal low s u r f i c i a l  deposits, becoming 
d i l u t e d  w i t h  co ld  groundwater. 

The greater p a r t  

A considerable 

It i s n ' t  possible t o  p red ic t  what e f f e c t  
d r i l l i n g  and pumping would have on the na tura l  
springs a t  Ouray. 
f rac tu re  zones i s  unknown, hence the po ten t i a l  
p roduc t i v i t y  o f  the system cannot be calculated. 
However, because the recharge r a t e  i s  high, and 
the  temperature and chemistry o f  the waters seem 
t o  i nd i ca te  r a p i d  ascent, the i nd i ca t i ons  are 
favorable t h a t  the system may have the  capaci ty 
t o  sus ta in  a ten - fo ld  increase i n  discharge w i th -  
ou t  adversely a f f e c t i n g  the e x i s t i n g  springs. 

The permeabi l i ty  o f  the  LL and 

ENGINEERING DESIGNS 

Four engineering designs have been evolved t o  
provide a range o f  development and/or app l i ca t i on  
opt ions fo r  t he  City of Ouray. The City may 
choose t o  i n i t i a t e  geothermal development w i th  
the smal lest  scale opt ion and proceed sequent ia l l y  
t o  enlarged geothermal systems u n t i l  a complete 
c i ty -w ide  d i s t r i c t  heating system i s  achieved. O r  
the  City may choose t o  s t a r t  ou t  w i t h  an i n t e r -  
mediate s ize  system and progress from t h a t  design. 
However, the  City may a1 so choose t o  proceed w i th  
design and construct ion o f  a f u l l - s c a l e  c i ty -w ide  
geothermal system. The fou r  engineering designs 
presented herein g ive  the  City the  opportuni ty t o  
examine a t  t h i s  t ime the engineering design fac- 
to rs ,  the c a p i t a l  costs, and the  cons t ruc t ion  as- 
pects o f  f ou r  a l t e r n a t i v e  s i ze  systems. The four 
engineering designs are b r i e f l y  described here. 

c i p a l  Pool would be the- source o f -  hot-water; no 
geothermal we l l s  would be d r i l l e d .  The e x i s t i n g  
pipe1 i n e  would be tapped i n t o  a t  the base o f  S i x th  
Avenue and a po r t i on  o f  the  Pool Spring water would 
be pumped up t o  the pub l ic  bu i ld ings  through a 
newly - ins ta l led  insu la ted  p ipe l ine .  The new pipe- 
l i n e  system would serve the City Ha l l ,  the  County 
Courthouse, the  Museum, the School Gymnasium, and 
the proposed Emergency Services Bu i ld ing .  The 

discharge water would be returned through a para l -  
e l  insu la ted  p ipe l i ne  t o  the Pool Spring P ipe l ine  
a t  the base o f  S i x th  Avenue and added t o  the f l ow  
t o  the Municipal Pool. The water i n  the e x i s t i n g  
p ipe l i ne  i s  est imated t o  be 155OF and f low a t  200 
gpm. Under the peak demand s i t ua t i on ,  124 gpm a t  
155OF would be required t o  provide thermal energy 
t o  the f i v e  bu i ld ings .  This 155OF geothermal wa- 
t e r  would be lowered i n  temperature t o  120°F and 
returned t o  the pool p ipe l i ne  a t  115OF. The r e -  
su l tan t  water f low ing  t o  the pool would be 130.2OF 
a t  200 gpm, which represents the "worst case'' con- 
d i  t ion .  

as Case A, except t h a t  i t  provides f o r  year-round 
use o f  the Municipal Pool, which requires space 
heating and ho t  water f o r  the ex i s t i ng  Bathhouse; 
i t  a lso  a l loca tes  water from the Box Canyon Pool 
Spring p ipe l i ne  t o  provide space and ho t  water 
heating f o r  a prospective new year-round Recreation 
Center, which would be located i n  the immediate 
v i c i n i t y  o f  the Municipal Pool and Bathhouse. 
Capital costs fo r  Case B include r e t r o f i t  costs 
f o r  the Bathhouse bu t  no t  bu i l d ing  o r  heat ing sys- 
tem costs f o r  the Recreation Center; on ly  the en- 
ergy load o f  the Recreation Center i s  incorporated 
i n t o  the  design. 

Case C: Main S t ree t  Commercial S t r i D .  I n -  I - .  

cluding Pub l ic  Bui ld ings , Municipal Bathhouse and 
Recreation Center: Case C i s  d e s i m e d - t o  be a 
comple te ly r  iew geothermal system o f  geothermal 
we l ls  and p i p e l i n e  system. -The design provides 
f o r  two geothermal we l ls  t o  be d r i l l e d  a t  the 
northern edge o f  the City, t o  a we l l  depth o f  800 
t o  900 f e e t  i n t o  the  Leadv i l le  Limestone Formation. 
The two we l l s  would be connected t o  a p ipe l i ne  
system which comes up Main St ree t  and which has 
s ide-s t ree t  branches i n  order t o  service most o f  
the e x i s t i n g  commercial businesses and motels. 
The Main S t ree t  p ipe l i ne  would a lso  connect w i t h  
a major branch 1 i n e  t o  service the pub1 i c  bui  1 dings 
which are  def ined i n  Case A. Estimating the geo- 
thermal resource t o  provide 175OF and 400 gpm per 
wel l ,  two we l ls  would be required t o  meet the ther -  
mal needs f o r  the above locat ions.  The t o t a l  capi-  
t a l  costs f o r  Case C, i nc lud ing  r e t r o f i t  o f  t he  
f i v e  bu i ld ings  i n  Case A and a l l  engineering design 
and contingencies, i s  estimated t o  be $720,000 i n  
1982 dol  1 a rs  . 

Case D: Year 2000 City-Wide D i s t r i c t  Heating 
System: Case D i s  an engineering design i nco r -  
porat ing s i x  geothermal we l ls  a t  the  no r th  end o f  
town and a p ipe l i ne  array which would supply most 
o f  the  residences , commercial establishments, and 
l i g h t  i ndus t r y  i n  the immediate area o f  the City 
i n  the Year 2000. The Year 2000 energy demand es- 
t imate i s  approximately 200 b i l l i o n  BTU per year. 
Peak commercial and res iden t ia l  demands are e s t i -  
mated equa l ly  a t  30 m i l l i o n  BTUH each. Est imat ing 
the geothermal resource t o  be ava i lab le  a t  175OF 
and 400 gpm per we1 1 , s i x  we1 1s would be requ i red  
t o  meet the c i t y ' s  thermal energy requirements. 
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The t o t a l  estimated cos t  t o  develop the wel ls,  f o r  
the we l l  , c i r c u l a t i n g  and booster pumps, inc lud ing  
engineering desi n costs and contingencies, i n  
1982 d o l l a r s  i s  $875,000. The t o t a l  estimated 
cost f o r  t he  we l l  c o l l e c t i o n  system and the trans- 
mission 1 ine, inc lud ing  engineering design, in-  
s t a l l a t i o n ,  and contingencies, i s  estimated t o  be 
$1,875,000 i n  1982 do l l a rs .  The t o t a l  cap i ta l  
costs f o r  Case D i s  then computed t o  t o t a l  
$2 , 750,000. 
ECONOMIC EVALUATIONS 

Summary o f  Costs: Table 1 summarizes the  es- 
t imated explorat ion,  c a p i t a l  equipment, working 
cap i ta l ,  and annual operat ing and maintenance costs 
f o r  the f o u r  engineering designs. Also l i s t e d  i n  
Table 1 are  the t o t a l  BTU equivalents o f  f o s s i l  
f ue l  t o  be displaced by the  g e o t h e r ~ l  systems, 
the t o t a l  investment cost  per MMBTU displaced, and 
the annual O&M cos t  per M~BTU displaced. The 
l a t t e r  two sets of numbers suggest t h a t  s ign i f i can t  
economies o f  scale can be achieved w i th  the  l a r g e r  
geo t herma 1 sys terns. 

Results o f  Evaluations: Table 2 sumarizes 
the  resu l t s .  I n  each pr ivately- f inanced case, the 
desired rate-of-return.  i s  sped f ied  and the f i r s t -  
year MMBTU-price t o  the Ouray consumer i s  calcu- 
1 ated. For the  pub1 i c l y - f  inanced case , the break- 
even pr ice ,  which meets a l l  operating, maintenance, 
and bond indebtedness costs, i s  determined. For 
comparison, Table 3 presents the  expected costs of 
fuels cu r ren t l y  i n  use i n  Ouray. It i s  seen t h a t  
under a l l  options, geothermal energy i s  h i g h l y  
compet i t ive w i t h  propane and f u e l  o i l .  
f i r s t  year geothermal p r i ce  i s  Case A - Pr i va te  a t  
$5.39/MM6TU i n  1983. Propane f u e l  o i l  p r i ces  a re  
expected t o  be $10.10/MMBTU i n  t h a t  year. The 
prev ious ly  projected e f fec t  o f  the economy of scale 
f o r  Case D i s  confirmed here. A t  $2.7O/MMBTU i n  
1986, Case D i s  a lso  competit ive w i th  coal, which 
i s  p ro jec ted  t o  cost  $3.63/~MBTU i n  t h a t  year. 
Year by year cash f lows f o r  the  f i v e  opt ions are  
ava i lab le  and have been provided t o  the  City o f  
Ouray . 

The highest 

Table 1 
Cost Summary (1982 Dol la rs )  

Case 
Cost Element A B C D 
EXPLORATION COSTS - - $30,000 $50,000 
CAPITAL COSTS 

Well and/or Pump Costs 
(No. o f  Wells) 
Transmission L ine  Costs 
Bu i l d ing  R e t r o f i t  Costs 

$10,000 $10,000 $279,700 $875,000 

$80,400 $287,500 $1,875,000 $80,400 
$21,800 $32,800 $32,800 - 

(0) (2) (6 1 (0) 

Total  Capi ta l  Costs $112,200 $123 , 200 $600,000 $2,750,000 
WORKING CAPITAL $16,800 $18,500 $90,000 $4 12 , 500 
TOTAL INVESTMENT $129,000 $141,700 $720,000 $3,212,500 

4,900 6,600 31,000 233,000 MMBTU DISPLACED 
ANNUAL O&M COSTS $11,900 $12,200 $28,600 $121,000 

TOTAL INVES~MENT PER ~ ~ 6 T U  DrSP~ACE~ $26 $21 $23 $14 
AN~UAL O&M COST PER MMBTU DISPLACED $2.42 $1.85 $0.92 $0.52 

Table 2 
Economic Evaluat ion Results S u ~ a r y  

Case 
Pa rame t e  r A A B C D 

1s t  Year of 1983 1983 1983 1985 1986 
(Pub1 i c )  (P r i va te l y  owned & operated franchise) 

Operation 

1s t  Year $3.50 $5.39 $4.22 $4.10 $2.70 
$/MMBTU 

DCFROR --- 15% 15% 20% 20% 

Table 3 
Projected Conventional Fuel Pr ices 

(Dol lars per MMBTU) 

Propane 
and 

Fuel O i l  Coal 
1982 $ 9.10 $2.50 
1983 10.10 2.75 
1984 11.21 3.02 
1985 12.45 3.33 
1986 13.81 3.63 
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