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ABSTRACT 

Two geothermal test wells (CD-1, CD-2) were 
d r i l l e d  i n  January, 1983, i n  Antelope Canyon t o  
a s s e s s  t h e  p o t e n t i a l  f o r  resource  u t i l i z a t i o n  by 
t h e  Ci ty  of C a l i e n t e ' s  proposed space hea t ing  d i s -  
t r i c t .  Both holes  d r i l l e d  i n t o  bedrock a t  220 
f e e t ,  encountered hot water i n  t h e  upper p a r t  of 
t h e  h o l e  (40 t o  100 f t . )  and cooler  water below 
(100 t o  210 f t . ) .  L i tho logic  l o g s  r e v e a l  t h a t  a 
c l a y  l a y e r ,  i n  t h e  v i c i n i t y  of t h e  temperature 
r e v e r s a l ,  r e p r e s e n t s  an aqui ta rd  t h a t  limits f l u i d  
mixing. 

A series of pump tests, completed on CD-1 
i n  February, 1983, i n d i c a t e  t h a t  t h e  t ransmissiv-  
i t y  of t h e  thermal a q u i f e r  is  v e r y  high. A pump- 
ing rate of 255 ga l lons  per minute a t  8OoC (178'F) 
may be considered a minimum. Drawdowns of 3 t o  6 
f e e t  recovered i n s t a n t l y  a f t e r  pumping was stopped. 
Pumping of t h i s  w e l l  d i d  not  a f f e c t  t h e  water 
l e v e l s  of two nearby observat ion w e l l s .  S igni f  i- 
cant  temperature  increases  were recorded i n  both 
observat ion w e l l s  dur ing t h e  last  few days of t h e  
tests. 

Chemical ana lyses  of f i v e  water samples col-  
l e c t e d  during t h e  course of CD-1 pump tests indi -  
c a t e  l i t t l e  o r  no change i n  composition over t h e  
per iod of t e s t i n g ,  and demonstrate a high degree 
of c o r r e l a t i o n  with nearby thermal f l u i d s .  Chemi- 
cal  geothermometers suggest that t h e  maximum temp- 
e r a t u r e s  from t h i s  resource  range from 120 t o  140' 
C. The h ighes t  temperature measured i n  t h i s  re- 
source is  96OC. 

INTRODUCTION 

I n  November, 197 9 , t h e  Nevada Geothermal Re- 
source Assessment Team w a s  asked t o  perform a pre- 
l iminary assessment of t h e  geothermal resources  of 
Cal ien te ,  Nevada (Trexler  and o t h e r s ,  .1980). This  
program w a s  funded by t h e  U.S. Department of En- 
ergy ( c o n t r a c t  no. DE-AC08-79NV10039) and included 
c o l l e c t i o n  of e x i s t i n g  da ta ,  geologic  reconnais- 
sance, temperature  measurements i n  spr ings  and 
wells, two meter-depth temperature probe surveys, 
and chemical ana lyses  of water and s o i l  samples. 
The r e p o r t  recommended t h a t  two test wells be 
d r i l l e d  t o  a depth of 500 f e e t  t o  confirm t h e  ex- 
t e n t  of t h e  resource;  t h e  d r i l l  sites were select- 
ed on t h e  b a s i s  of geophysical and geologic  obser- 

v a t i o n s  and are shown i n  Figure 1 (Test  Wells #1 
and 112). 

Figure 1: Location map showing d i s t r i b u t i o n  of 
thermal waters ( s t i p p l e d  p a t t e r n ) ,  
thermal w e l l s  and recommended test w e l l  
sites. 

I n  a d d i t i o n  t o  t h e  Resource. Assessment Pro- 
gram, t h e  Nevada Department of Energy requested 
t e c h n i c a l  a s s i s t a n c e  from t h e  G e 0 - H a . t  U t i l i z a t i o n  
Center , Oregon I n s t i t u t e  of Technology (OIT) . The 
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f i n a l  r e p o r t ,  District Heating System, Ci ty  of 
Cal ien te ,  Nevada (1980), included an engineering 
and economic s tudy of t h e  f e a s i b i l i t y  of i n s t a l l i n g  
a geothermal d i s t r i c t  heat ing system. The r e p o r t  
concluded t h a t  t h e  proposed d i s t r i c t  hea t ing  sys- 
tem was economically f e a s i b l e .  It assumed a geo- 
thermal resource  capable  of d e l i v e r i n g  7loC (16O0F) 
f l u i d s  a t  a peak load of 850 GPM, from a r e l a t i v e -  
l y  shal low depth  near  t h e  c i t y  boundaries. 

The Ci ty  of Cal ien te  subsequently appl ied f o r  
and received a d d i t i o n a l  f e d e r a l  funds t o  d r i l l  t h e  
two h o l e s  recommended by t h e  Resource Assessment 
Team. 

This  paper descr ibes  t h e  d r i l l i n g ,  completion 
and t e s t i n g  of two geothermal w e l l s  i n  Antelope 
Canyon, loca ted  j u s t  n o r t h  of Cal ien te .  Funding 
f o r  t h i s  program was suppl ied by t h e  U.S. Depart- 
ment of Energy Appropriate  Energy Technology Pro- 
gram, g r a n t  number DE-FG03-81SF11624. 

GEOLOGY GEOTHERMAL RESOURCES 

C a l i e n t e  i s  loca ted  i n  Lincoln County, Nevada, 
a t  t h e  confluence of Meadow Valley Wash and Clover 
Val ley Wash. 
walled canyon that c o n s i s t s  p r i n c i p a l l y  of Cre- 
taceous-Tert iary r h y o l i t e .  The canyon f l o o r  i s  
composed of Quaternary alluvium c o n s i s t i n g  of sand, 
s i l t ,  c l a y ,  g r a v e l s  and cobbles .  

The Ci ty  i s  s i t u a t e d  i n  a s teep-  

Antelope Canyon i s  a very  narrow, northwest- 
t rending  r a v i n e  t h a t  t r a n s e c t s  s e v e r a l  major l i t h -  
o l o g i c  u n i t s .  I n  t h e  v i c i n i t y  of d r i l l  sites CD-1 
and CD-2 ( f i g .  l ) ,  t h e  canyon w a l l s  c o n s i s t  of 
l a te  Cretaceous t o  e a r l y  T e r t i a r y  u n d i f f e r e n t i a t e d  
p e r l i t i c  r h y o l i t e .  Immediately w e s t  of the d r i l l  
sites, a middle Cambrian u n d i f f e r e n t i a t e d  hydro- 
thermally a l t e r e d  l imestone-dolomite  i s  i n  t h r u s t  
f a u l t  c o n t a c t  wi th  t h e  lower Cambrian Prospect  
Mountain Quar tz i te .  
s t r i k e s  nor th ,  a c r o s s  t h e  a x i s  of t h e  canyon, and 
has  a n e a r - v e r t i c a l  d ip .  This  v e r t i c a l l y - d i p p i n g  
l imes tone  may r e p r e s e n t  t h e  near-surf ace s t r u c t u r -  
a l  c o n t r o l  f o r  r i s i n g  thermal f l u i d s .  Temperature 
d i s t r i b u t i o n  of f l u i d s  suggests  la teral  f low t o  
t h e  southeas t  through t h e  unconsolidated al luvium 
t h a t  o v e r l i e s  t h e  r h y o l i t e  bedrock. 

The p lane  of t h e  t h r u s t  f a u l t  

P r i o r  t o  i n i t i a t i o n  of t h i s  d r i l l i n g  program, 
t h e  h ighes t  geothermal f l u i d  temperature i n  Cali- 
e n t e  w a s  67OC (153OF). This  temperature w a s  re- 
corded i n  w e l l  FW-1 ( f i g .  1) a t  approximately 60 
f e e t .  Thermal f l u i d s  are d i s t r i b u t e d  throughout 
t h e  n o r t h  p a r t  of t h e  City. Temperatures range 
from 24OC t o  67OC. A temperature-depth p r o f i l e  
completed on w e l l  JW ( f i g .  1) before  d r i l l i n g  be- 
gan recorded a maximum temperature  of 8OoC (176'F) 
a t  a depth  of 80 f e e t .  

Geothermal f l u i d  u t i l i z a t i o n  i n  C a l i e n t e  con- 
sists l a r g e l y  of space heat ing a trailer park  and 
h o s p i t a l .  I n  a d d i t i o n ,  thermal f l u i d s  are used 
d i r e c t l y  f o r  a laundry f a c i l i t y ,  a geothermal spa,  
and a car wash. 

DRILLING SPECIFICATIONS 
a MONITORING TECHNIQUES 

D r i l l  s i te  s e l e c t i o n  was u l t i m a t e l y  based on 
t h e  a v a i l a b i l i t y  of a 1.3 acre p a r c e l  of land ad- 
j a c e n t  t o  test w e l l  /I2 d r i l l  s i te recommended by 
T r e x l e r  and o t h e r s  (1980). A l l  d r i l l i n g  w a s  
completed with a P o r t a d r i l l  524 r o t a r y  mud r i g .  
D r i l l  ch ip  samples were c o l l e c t e d  a t  1 0  f o o t  i n t e r -  
v a l s  and r e t u r n  mud temperatures were monitored 
continuously. 

D r i l l i n g  began in January, 1983. Hole CD-1 
was d r i l l e d  t o  a t o t a l  depth  of 220 f e e t .  Rhyo- 
l i t e  bedrock was encountered a t  210 f e e t .  A temp- 
e r a t u r e  p r o f i l e  ind ica ted  a temperature  r e v e r s a l  
a t  approximately 100 f e e t  ( f ig .  2 ) .  
w a s  then made t o  complete h o l e  CD-1 as a production 
w e l l  f o r  test pumping and chemical a n a l y s e s  of t h e  
thermal f l u i d s .  The w e l l  w a s  reamed o u t  with a 
1 2  inch  diameter b i t  t o  a depth  of 100 f e e t  and 
cased wi th  8 5/8 inch blank cas ing  from t h e  sur face  
t o  a depth of 60 f e e t .  
bottom 40 f t . )  w a s  cased wi th  8 5/8 inch  s t a i n l e s s  
steel screen (3/16 in . ) .  
ed around t h e  screen and a phosphate s o l u t i o n  was 
swabbed through t h e  grave l .  
wi th  cement from t h e  s u r f a c e  t o  a depth  of 50 f e e t .  

A dec is ion  

The product ion zone ( t h e  

The hole  w a s  g r a v e l  pack- 

The w e l l  was sealed 

1/18/83 

40 O C  60 80 

Figure 2: L i thologic  l o g  and temperature  depth 
p r o f i l e s  of w e l l  CD-1. 
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Discharge measurements w e r e  es t imated by t i m -  
ing t h e  f i l l i n g  of a 5 g a l l o n  p a i l  a t  a known rpm. 
Extrapolat ion of t h e s e  d a t a  w e r e  used t o  e s t i m a t e  
d ischarge  a t  high rpm. 

Well CD-2 w a s  d r i l l e d  as an  observa t ion  w e l l  
This w e l l  was cased with t o  a depth of 220 f e e t .  

2 inch diameter  steel t o  220 f e e t .  The bottom 
80  feet of cas ing  had torch-cut p e r f o r a t i o n s  and 
w a s  g rave l  packed. The t o p  20 f e e t  w a s  cemented. 

ANALYSIS OF DRILL HOLE DATA, CD-1, CD-2 

Combined a n a l y s i s  of t e m p e r a t u r e 4 e p t h  pro- 
f i l e s  and l i t h o l o g i c  l o g s  from d r i l l  ho les  CD-1 
and CD-2, i n  conjunct ion wi th  temperature  gradi-  
e n t s  measured i n  nearby w e l l s ,  show t h a t  geothermal 
f l u i d s  i n  Antelope Canyon are widespread, but are 
r e s t r i c t e d  t o  a zone loca ted  between 40 and 100 
f e e t  below t h e  surface.  Thermal w a t e r s  i n  Antelope 
Canyon are under la in  by cooler  waters, which are 
i n  t u r n  under la in  by r h y o l i t e  bedrock. 
temperature of 8 l o C  (177'F) was measured i n  J. 
Wilkens' w e l l  (JW, f i g .  1). 

A maximum 

The a q u i f e r  f o r  both thermal and non-thermal 
waters is young alluvium and c o n s i s t s  of varying 
proport ions of sand and grave l  wi th  clay-r ich 
f r a c t i o n s  and occas iona l  l a y e r s  of l a r g e r  cobbles  
and boulders. 
and c o n s i s t s  l a r g e l y  of Prospect  Mountain quartz-  
i t e  and Cretaceous-Tertiary r h y o l i t e s .  Minor 
b a s a l t ,  shale, and carbonate  are a l s o  present .  

The material is  a l l  l o c a l l y  der ived 

Temperature r e v e r s a l s  i n  both d r i l l  ho les  
c l e a r l y  d e l i n e a t e  t h e  lower boundary of the thermal  
waters. Clays found i n  d r i l l  c u t t i n g s  from both  
holes  are coincident  wi th  t h e  temperature  r e v e r s a l  
and l i k e l y  form a semi-permeable b a r r i e r  (aqui tard)  
between t h e  two waters ( f i g .  2 ) .  The probable  
source of the cold waters is  Meadow Valley Wash, 
but t h e  Antelope Canyon dra inage  may a l s o  c o n t r i -  
bute. Mixing of thermal and non-thermal waters is 
probably occurr ing n a t u r a l l y  throughout Antelope 
Canyon. The source of t h e  thermal waters i s  n o t  
known f o r  c e r t a i n .  
drothermally a l t e r e d  carbonate ,  which has  been 
t h r u s t  over t h e  Prospect  Mountain q u a r t z i t e .  The 
carbonate  d i p s  a t  approximately 90' and s t r i k e s  
N30°E a c r o s s  t h e  canyon, approximately 500 f e e t  
west of CD-1. The source of t h e  h e a t  is  probably 
t h e  r e s u l t  of deep c i r c u l a t i o n  along f a u l t s .  
Pl iocene b a s a l t s  mapped w e s t  of C a l i e n t e  i n  Dry 
Lake Valley (Tschanz and Pampeyan, 1970) should 
not  be r u l e d  out .  

A l i k e l y  candida te  i s  t h e  hy+ 

PUMPING AND MEASURING SPECIFICATIONS 

A l l  pump tests were completed using a down- 
hole  l i n e  s h a f t  bowl pump. 
a variable-speed gasoline-powered automobile en- 
g ine  f o r  t h e  step-drawdown test. 
30 HP electric motor (1760 rpm a t  440 V) provided 
power dur ing  t h e  sus ta ined  pump tests. 

Power w a s  provided by 

A constant-speed 

The pump w a s  set i n  t h e  w e l l  a t  67 f e e t  below 
t h e  ground l e v e l .  A 10 f o o t  l e n g t h  of 4 inch  d i a -  
meter tubing (sucker tube) extended below t h e  pump. 
The a c t u a l  pumping depth  was 77 f e e t  below ground 
l e v e l .  

Temperatures of discharging f l u i d s  were m e a -  
sured wi th  mercury-in-glass thermometers t h a t  were 
a c c u r a t e  t o  0.2OC. Down-hole temperatures  i n  ob- 
s e r v a t i o n  w e l l s  CD-2 and JW w e r e  measured w i t h  an  
Env ir o l a  bs cable- r eel d i g  it a 1  thermometer wi th  a n  
accuracy of 0 .1Oc.  

Water l e v e l s  were measured i n  w e l l  CD-1 using 
a gas-charged 63 f o o t  a i r  l i n e  wi th  a d i r e c t  read-  
ing depth gauge, a c c u r a t e  t o  0.5 f o o t .  The a i r  
l i n e  gauge w a s  c a l i b r a t e d  a g a i n s t  an electric 
sounding probe wi th  an estimated accuracy of 0.1 
f o o t .  Water l e v e l s  i n  observat ion wells were m e a -  
sured w i t h  t h e  electric sounding probe. 

AQUIFER TEST 

CD-1 STEP DRAWDOWN EVALUATION 

The purpose of t h e  CD-1 s t e p  drawdown test 
w a s  t o  determine t h e  optimum pumping rate f o r  t h e  
constant  rate a q u i f e r  test and t o  c a l c u l a t e  t h e  
i n i t i a l  s p e c i f i c  capac i ty  of t h e  w e l l .  

Each ' 'step" cons is ted  of producing t h e  w e l l  
a t  t h e  spec i f ied  ra te  f o r  120 minutes and monitor- 
ing t h e  r e s u l t i n g  water l e v e l  decrease.  
i n  rate f o r  t h e  next  production l e v e l  was acconl- 
panied by s h u t t i n g  of f  t h e  pump, a l lowing t h e  
water l e v e l  t o  surge  i n  t h e  w e l l ,  and s t a r t i n g  t h e  
pump a t  t h e  new, increased rate.  

A change 

Resul t s  from each s t e p  are summarized as 
fol lows : 

PUMPING RATE DRAWDOWN SPECIFIC CAPACITY 
STEP (GPM) (FT 1 (GPM/FT .) 

# 1 2 00 5 40 

# 2 250 6 41.7 

83 3 00 7 42.9 

A t  each s t e p ,  t h e  water l e v e l  decreased w i t h i n  
t h e  f i r s t  two minutes of production and "s tab i -  
l i zed"  a t  that l e v e l .  The increas ing  s p e c i f i c  
capac i ty  r e s u l t s  from cont inuing w e l l  development. 

The cons tan t  production ra te  s e l e c t e d  f o r  t h e  
a q u i f e r  test was determined by t h e  phys ica l  l i m i -  
t a t i o n s  of t h e  pump. 

CD-1 CONSTANT RATE EVALUATION 

Three s e p a r a t e  constant  r a t e  pump tests were 
conducted during a 7 d a y  per iod from February 17, 
through February 24, 1983. The product ion ra te  i n  
each case was 255 GPM, t h e  water temperature  w a s  
a constant  80°C (178'F), and t h e  s t a t i c  water 
l e v e l  was 43 f e e t .  A summary of each test is as  
fol lows : 
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YAXIMUM RECOVERY SPECIFIC 
DATE TEST LENGTH TEST OF DRAWDOWN TIME CAPACITY 

0 (FT.) (MIN.) (GPM/FT.) 

2/17 1 26 h r s .  6 2 41.7 

2/19 2 72 h r s .  5.5 1 46.4 

2/22 3 48 h r s .  5.0 1 51 .O 

S p e c i f i c  c a p a c i t y  of t h e  w e l l  i n  gallons-per- 
minute per f o o t  of drawdown continued t o  i n c r e a s e  
during t h e  t h r e e  tests and r e s u l t s  from cont inuing 
w e l l  development. 
served dur ing  t h e  s t e p  drawdown tes t .  

This phenomenon was a l s o  ob- 

Maximum drawdown dur ing  tests ill and #2 occur- 
red wi th in  four  minutes a f t e r  pump s ta r t -up .  
recovery of t h e  water  l e v e l  t o  s t a t i c  condi t ion  
occurred wi th in  two minutes a f t e r  pump shut-down 
f o r  every test. 
a h ighly  t ransmiss ive  a q u i f e r  . 

F u l l  

Such quick responses  r e s u l t  from 

Because of t h i s  high t ransmiss iv i ty ,  t h e  
a q u i f e r  test d a t a  cannot be analyzed t o  determine 
an exact  value.  Analysis  of t h i s  a q u i f e r  charac- 
t e r i s t ic  depends on removing f l u i d  during t h e  pump 
tes t  a t  a g r e a t e r  rate than t h e  aqui fe r  w i l l  de- 
liver t o  t h e  w e l l .  I n  t h i s  case, water could move 
through t h e  a q u i f e r  a t  a ra te  a t  l e a s t  equal  t o  
t h e  pumping ra te  of CD-1. I n  order  t o  obta in  an 
exact  va lue  of t r a n s m i s s i v i t y ,  CD-1 must be pumped 
a t  a higher ra te  and f o r  a s u f f i c i e n t  period of 
time t o  observe a gradual  d e c l i n e  i n  t h e  water 
l e v e l .  

Resul t s  from t h i s  test i n d i c a t e  that CD-1 
w i l l  s u c c e s s f u l l y  produce a t  l e a s t  255 g a l l o n s  per 
minute a t  a cons tan t  temperature  of 8OoC. Consid- 
e r ing  t h e  genera l  hydrologic  response and t h e  
gravel-type material, t h i s  a q u i f e r  could be pro- 
duced a t  a higher  rate.  
quant i f ied  wi th  t h i s  d a t a .  

The exact  r a t e  cannot be 

OBSERVATION WELL RESULTS 

Observation w e l l s  CD-2 and JW, located approx- 
imately 150 f e e t  southeas t  and 600 f e e t  northwest 
of CD-1, r e s p e c t i v e l y ,  were monitored during t h e  
7-day pump test per iod.  The i n i t i a l  s ta t ic  water 
l e v e l s  were measured on February 15, before  any 
t e s t i n g  of CD-1. 
depth t o  water below t h e  t o p  of t h e  cas ing .  
a c t u a l  water level e l e v a t i o n s  were not  determined 
because w e l l  e l e v a t i o n s  were not  surveyed. 

This  measurement es tab l i shed  t h e  
The 

Water levels recorded i n  both w e l l s  dur ing 
t h e  CD-1 cons tan t  ra te  test showed both increased 
and decreased l e v e l s  a s  compared t o  t h e  i n i t i a l  
s ta t ic  l e v e l .  These f l u c t u a t i o n s  d id  not  r e s u l t  
from t h e  CD-1 pump t e s t i n g .  I n  p a r t i c u l a r ,  CD-2 
showed a maximum i n c r e a s e  of 0.25 f e e t  during 
cons tan t  ra te  test #3. I f  t h e  observat ion w e l l  
had been a f f e c t e d  by t h e  test, a drop i n  water 
l e v e l  would have r e s u l t e d .  Water l e v e l  f luc tua-  
t i o n s  i n  both CD-2 and JW probably r e s u l t e d  from 
barometric pressure  changes during t h e  7-day per- 
iod of observat ion.  

TEMPERATURE GRADIENT MEASUREMENTS 

IN OBSERVATION WELLS 

Measurements of water l e v e l s  and water temp- 
e r a t u r e s  a t  s p e c i f i c  depths  w e r e  made i n  observa- 
t i o n  w e l l s  before ,  dur ing  and a f t e r  pumping w e l l  
CD-1 from February 15 through February 25, 1983. 
Data from t h e  measurements are graphica l ly  i l l u s -  
t r a t e d  i n  Figure 3. The d a t a  show t h e  charac te r -  
i s t i c  temperature-depth p r o f i l e  f o r  Cal ien te .  On 
February 15, 1983, w e l l  CD-2 had a maximum temper- 
a t u r e  of n e a r l y  8OoC (178OF) a t  a depth of 60 f e e t .  
For w e l l  JW on February 15, a maximum temperature 
of 8OoC was measured a t  80  f e e t .  The temperature 
grad ien t  conf igura t ion  f o r  both w e l l s  remained 
near ly  constant  dur ing  t h e  f i r s t  f i v e  days  of pump- 
ing w e l l  CD-1.  On February 22, a s l i g h t  increase  
i n  temperature of lo t o  2OC w a s  f i r s t  recorded i n  
w e l l  JW; water temperatures  continued t o  increase  
throughout t h e  w e l l  bore. 
e r a t u r e  of 14OC w a s  recorded i n  JW a t  a depth of 
80  f e e t .  
throughout t h e  CD-2 w e l l  bore  w a s  a l s o  recorded. A 
measureable i n c r e a s e  w a s  f i r s t  observed on February 
23, and by February 25 a maximum temperature in-  

On February 25, a temp- 

A similar i n c r e a s e  i n  water temperatures 

crease of 9OC w a s  recorded 
80 f e e t .  

FT 

16 

i n  CD-2 a t  a depth of 

FT 

60 70 80 90 100 
O C  

Figure 3 : Temperature-depth p r o f i l e s  of wells 
CD-2 and JW before  and a f t e r  10-day 
pump t e a t  of w e l l  CD-1. 

The i n c r e a s e  i n  temperature  of t h e s e  two w e l l s  
is d i r e c t l y  r e l a t e d  t o  f l u i d  withdrawal during 
t h e  sustained pumping of CD-1. The d a t a  suggest 
t h a t  t h e  h ighly  t ransmiss ive  thermal a q u i f e r  is  in 
hydraul ic  c o n t i n u i t y  wi th  a responsive recharge 
mechanism t h a t  can supply water i n  excess  of 200°F. 
The exact  l o c a t i o n  of recharge  is unknown, but it 
appears  t o  be r e l a t e d  t o  t h e  carbonate  t h r u s t  sheet  
that s t r i k e s  n o r t h  a c r o s s  Antelope Canyon wi th  a 
near  v e r t i c a l  d ip .  Observation w e l l  JW i s  located 
very near  t h i s  s t r u c t u r e .  Temperature increases  
i n  observat ion w e l l  CD-2, which is  loca ted  near ly  
1000 f e e t  east of t h e  t h r u s t  s h e e t ,  suggest that 
another  s t r u c t u r e  may a l s o  recharge  t h e  shallow 
thermal a q u i f e r  wi th  thermal  f l u i d s .  It is  i n t e r -  
e s t i n g  t o  n o t e  that a l though temperature increases  
were observed i n  both observa t ion  wells, no temp- 
e r a t u r e  i n c r e a s e  was observed i n  t h e  production 
w e l l  ( C P 1 ) .  
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GEOTHERMAL FLUID CH.EMISTRY 

A f l u i d  geochemistry sampling program was 
completed during t h e  prel iminary assessment of 
geothermal resources  i n  C a l i e n t e  (Trexler  and 
o thers ,  1980). During that study, 1 2  f l u i d  sam- 
p l e s  were c o l l e c t e d  and analyzed f o r  major, minor 
and trace elements. The thermal waters range i n  
temperature from 24 t o  67OC and are chemically 
similar t o  one another .  These d a t a  are shown 
graphica l ly  i n  F igure  4. The two chemical groups 
were d i f f e r e n t i a t e d  on t h e  b a s i s  of chemistry and 
geography. 

CATIONS PERCENTAOL REACTINO VALUE8 ANIONS 

Figure 4: Chemical c h a r a c t e r i s t i c s  of geothermal 
f l u i d s  i n  Caliente. 

Five f l u i d  samples w e r e  c o l l e c t e d  a t  i r r e g u l a r  
i n t e r v a l s  over t h e  course  of pump t e s t i n g  w e l l  
CD-1. 
d i scharge  p ipe  which flowed clear, sediment-free 
water a t  a cons tan t  255 GPM a t  8OoC. Fluid Sam- 
p l e s  were c o l l e c t e d  i n  c l e a n ,  p l a s t i c  sample bot- 
t les that had been r i n s e d  twice wi th  d ischarg ing  
f l u i d s .  A l l  t h e  a i r  w a s  e l iminated from t h e  plas-  
t i c  b o t t l e  p r i o r  t o  capping. Fluid samples were 
n o t  f i l t e r e d ,  a c i d i f i e d ,  nor  d i l u t e d  i n  t h e  f i e l d .  
The samples were shipped t o  a commercial labora- 
t o r y  and analyzed f o r  m a j  o r  dissolved c o n s t i t u e n t s  , 
as w e l l  as some minor and trace elements. 

Samples were c o l l e c t e d  d i r e c t l y  from t h e  

Analy t ica l  techniques cons is ted  of s tandard 
labora tory  procedures f o r  a n a l y s i s  of d i l u t e  geo- 
thermal f l u i d s  and included atomic absorpt ion,  in-  
duction-coupled plasma, c o l o r i m e t r i c  and hot 
g r a p h i t e  atomic absorp t ion  methods. 

The a n a l y t i c a l  r e s u l t s  a r e  i n  good agreement 
throughout t h e  sampling period. No l a rge-sca le  
phys ica l  o r  chemical v a r i a t i o n s  are observed. 
water from CD-1 is  sodium-bicarbonate wi th  t o t a l  
d i sso lved  s o l i d s  of approximately 450 p a r t s  per 
m i l l i o n  (ppm) and a pH of 7.6. 

The 

The dr inking  water 

Flynn and Larson 
f o r  t h e  Ci ty  of Cal ien te  conta ins  approximately 
395 ppm t o t a l  d i sso lved  s o l i d s .  

The major chemical c o n s t i t u e n t s  f o r  t h e  f i v e  
samples c o l l e c t e d  dur ing  pump tests of CD-1 do not  
vary over a wide range  and are chemically similar 
t o  f l u i d s  c o l l e c t e d  i n  a previous s tudy (Trexler  
and o t h e r s ,  1980). F igure .4  compares t h e  range 
of v a l u e s  from t h i s  s tudy  wi th  those c o l l e c t e d  i n  
1980. The d a t a  p o i n t s  from t h e s e  ana lyses  are 
coinc ident  wi th  those  from other  geothermal waters 
from Cal iente .  

Temperatures of geothermal waters i n  Cal ien te  
range from 67OC (Wallis w e l l )  t o  24OC (LDS w e l l ) .  
Di lu t ion  of thermal waters from Meadow Valley 
Wash is documented i n  chemical v a r i a t i o n s  of t h e  
f l u i d s  as w e l l  as f l u i d  temperatures. 
temperatures  recorded i n  Antelope Canyon (95OC; 
204'F) were measured i n  w e l l  JW, loca ted  approxi- 
mately 600 f e e t  w e s t  of CD-1. 
c o o l e r  (8OoC; 176'F) , geothermal f l u i d s  from w e l l  
CD-1 probably r e p r e s e n t  r e l a t i v e l y  undi luted geo- 
thermal waters. Trexler and o t h e r s  (1980) conclud- 
ed that thermal f l u i d s  o r i g i n a t e  i n  o r  near  Ante- 
l o p e  Canyon and a r e  quick ly  cooled and d i l u t e d  by 
mixing wi th  waters from Meadow Valley Wash. This  
s tudy supports  that claim. 

The h ighes t  

Although somewhat 

Water samples w e r e  c o l l e c t e d  during t h e  pump 
test t o  a s c e r t a i n  t h e  chemical c o n t i n u i t y  wi th in  
t h e  thermal a q u i f e r  and t o  i d e n t i f y  p o s s i b l e  
contamination of t h e  a q u i f e r  by a non-thermal 
source.  No s i g n i f i c a n t  v a r i a t i o n  was observed i n  
concent ra t ions  among t h e  major ca t ions .  Some var.i- 
a t i o n s  were observed i n  s u l f a t e  and n i t r a t e ,  but 
t h e s e  are bel ieved t o  be r e l a t e d  t o  contamination 
from a near-surface source. 
that t h e  thermal a q u i f e r  t h a t  produced t h e s e  f l u i d s  
is chemically homogeneous. 

These d a t a  suggest  

CONCLUSIONS 

Direct u s e  of geothermal f l u i d s  f o r  d i s t r i c t  
space hea t ing  has been hampered i n  s e v e r a l  areas 
by a combination of t e c h n i c a l  and economic b a r r i -  
ers. Technical  cons idera t ions  include i n s u f f  ic i -  
ent temperature, poor f low rate, u n s a t i s f a c t o r y  
water q u a l i t y ,  and l a r g e  depth-to-resource. ECOT 
nomic cons idera t ions  are fac tored  i n t o  each tech- 
n i c a l  a s p e c t ,  bu t  are much more s i g n i f i c a n t  dur ing  
resource  development. The choice of hardware f o r  
t h e  pumping and d i s t r i b u t i o n  system, t h e  method 
of f l u i d  d i s p o s a l  o r  r e i n j e c t i o n ,  labor  c o s t s ,  
and charges assoc ia ted  wi th  f inanc ing  r e p r e s e n t  
. c r i t i ca l  d e c i s i o n  p o i n t s  i n  t h e  development of a 
geothermal resource  . 

This  r e p o r t  provides  a d e s c r i p t i o n  of a geo- 
thermal resource  that p r e s e n t s  no known t e c h n i c a l  
b a r r i e r s  t o  development. 
loca ted  wi th in  a m i l e  of downtown Cal ien te .  
temperature of t h e  pumped f l u i d s  was 8OoC C176'F), 
but temperatures  as h igh  as 96OC C204'F) were 
measured i n  a w e l l  600 f e e t  w e s t  of CD-1. The 
depth  t o  t h e  resource  is 100 f e e t  and t h e  a q u i f e r  
t r a n s m i s s i v i t y  is extremely high. I n  a d d i t i o n ,  t h e  
water q u a l i t y  is e x c e l l e n t  and can be used f o r  both 
space hea t ing  and domestic Cpotable) a p p l i c a t i o n s .  

The two test wells a r e  
The 
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An engineer ing and economic f e a s i b i l i t y  s tudy 
completed f o r  t h e  City of Cal ien te  by t h e  Oregon 
I n s t i t u t e  of Technology, GEO-HEAT Center es t imated 
t h a t  a city-wide geothermal space hea t ing  d i s t r i c t  
could be developed and i n s t a l l e d  f o r  approximately 
$2.5 mi l l ion .  This  s tudy assumed a resource  temp- 
e r a t u r e  of 160°F and a f low rate of 850 GPM. 
Because t h e  resource  temperature is  higher  than 
expected, a flow rate of only 750 GPM is requi red .  

The test r e s u l t s  from t h i s  s tudy s t r o n g l y  
suggest t h a t  t h e  resource  can support t h e  proposed 
geothermal space hea t ing  d i s t r i c t .  
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