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ABSTRACT 

The Moana geothermal a r e a  is  t h e  l a r g e s t  s in-  
g l e  low- t o  moderate-temperature geothermal re- 
source i n  t h e  S t a t e  of Nevada p r e s e n t l y  employed 
f o r  d i rec t -use  a p p l i c a t i o n s .  Approximately 150 
indiv idua l  w e l l s ,  r epresent ing  a t o t a l  estimated 
investment of $5 t o  $7 m i l l i o n ,  .are p r e s e n t l y  used 
t o  provide heat  and hot water t o  more than 130 
p r i v a t e  res idences ,  s e v e r a l  churches and two l a r g e  
motels. Although most of t h e  w e l l s  are constructed 
t o  m e e t  t h e  heat ing needs of ind iv idua l  homes, a 
la rge-sca le  d i s t r i c t  space hea t ing  system, designed 
t o  supply heat  t o  60 houses from a s i n g l e  w e l l ,  i s  
now being developed. Usable temperatures  range 
from 50° t o  99OC (120' t o  210'F); w e l l  depths  range 
from 60 t o  400 m (100 t o  1300 f t . ) .  The number of 
new wells coming on-l ine i n  Moana is  two t o  t h r e e  
per month. 
l a r g e l y  unregulated and ques t ions  d e a l i n g  wi th  
repor ted  r e s e r v o i r  temperature  and water l e v e l  de- 
c l i n e s ,  l o s s  of a r t e s i a n  flow, and f l u i d  d i s p o s a l  
have r e c e n t l y  surfaced. 

Development of t h e  resource  has been 

I n  October, 1982, a geologic  and hydrologic 
r e s e a r c h  program began that w a s  designed t o  pro- 
v i d e  d e t a i l e d  geothermal r e s e r v o i r  d a t a  t o  present  
o r  prospec t ive  developers .  The program combines 
geophysical ,  geochemical, and geologica l  surveys 
of t h e  Moana resource  area wi th  a d r i l l i n g  program 
f o r  5 monitor /observat ion w e l l s .  Data from t h i s  
program are supplied d i r e c t l y  t o  developers  as 
w e l l  as s ta te  and l o c a l  government agencies  t o  
provide f o r  prudent resource  development. 
paper summarizes t h e  program elements and de- 
s c r i b e s  t h e  present  s t a t u s .  

This  

INTRODUCTION 

Figure 1: Location map of t h e  Moana geothermal 
a r e a .  

commercial money br ings  t h e  estimated t o t a l  inves t -  
ment t o  $5 t o  $7 mi l l ion .  Present  development 
inc ludes  a d d i t i o n a l  new indiv idua l  w e l l s  and a t  
least one proposed d i s t r i c t  space hea t ing  system. 

Development of t h e  r e s e r v o i r  has  been l a r g e l y  
unmanaged and unregulated.  
Moana Hot Springs which repor ted ly  ceased t o  f low 
20 t o  25 years  a,go. More r e c e n t l y ,  an a r t e s i a n  

Moana is  t h e  s i t e  of 

thermal w e l l  t h a t  discharged 5-7 GPM a l s o  ceased 
t o  flow. I n  a d d i t i o n ,  Ghusn ( i n  Trexler and others, 
1982) has shown t h a t  r e s e r v o i r  contamination can 
occur i n  poorly completed w e l l s .  Add it  i o n a l  pro- 
blems inc lude  premature d e t e r i o r a t i o n  of copper 

r e s u l t  of anode-cathode r e a c t i o n s .  Disposal of 

and Scheibach (1975) reported a 
of "35 geothermal hea t ing  systems i n  u s e  through- 
out  t h e  Truckee Meadows ." Ghusn ( i n  Trexler .  and 
o t h e r s ,  1982) l i s t e d  n e a r l y  120 i n d i v i d u a l  wells 

approximately 150 indiv idua l  geothermal w e l l s  and 
in the Moans area (fig. '1. Today there are hea t  exchangers o r  steel cas ing  or  both as a 

that number is increasing to Per month' f l u i d s  from geothermal w e l l s  is another problem 
t h a t  has be& l a r g e l y  ignored. The Moana area is  t h e  l a r g e s t  s i n g l e  geother- 

m a l  r e s e r v o i r  i n  t h e  S t a t e  of Nevada t h a t  supports  
d i r e c t  hea t  a p p l i c a t i o n s .  An estimated $3 t o  $5 
m i l l i o n  has  a l ready  been invested i n  r e s i d e n t i a l  r e s e a r c h  program t h a t  focuses  on t h e  geologic  and 
hea t ing  systems. 

This  paper d e s c r i b e s  work i n  progress  on a 

An a d d i t i o n a l  $2 t o  $3 m i l l i o n  i n  hydrologic  a s p e c t s  of t h e  Moans r e s e r v o i r .  Much 
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of t h e  d a t a  is  der ived from previous s t u d i e s  (Bate- 
man and Scheibach, 1975; Ghusn, i n  Trexler and 
o t h e r s ,  1982; Carlson, 1982). This  information i s  
supplemented by geologic  reconnaissance of t h e  sus- 
pected r e s e r v o i r  rocks t h a t  outcrop t o  t h e  n o r t h  
and w e s t  of Moana. 
from Moana t o  Steamboat (10 m i l e s  t o  t h e  south)  was 
completed t o  poss ib ly  i d e n t i f y  s t r u c t u r e s  i n  the  
volcanic  basement (north- t rending normal f a u l t s )  
which are believed t o  provide t h e  hot water t o  t h e  
shallow r e s e r v o i r .  Samples of thermal and non- 
thermal f l u i d s  w e r e  c o l l e c t e d  and analyzed f o r  
major, minor and trace elements, s t a b l e  i so topes  
of hydrogen and oxygen ( inc luding  t r i t i u m ) ,  and 
carbon-14. 
by providing d r i l l  ch ip  samples from t h e  many w e l l s  
t h a t  are present ly  under cons t ruc t ion .  These d a t a ,  
coupled with temperature-depth p r o f i l e s  der ived 
from t h e  same w e l l s  have been used t o  i d e n t i f y  t h e  
r e s e r v o i r  rock. 

A g r a v i t y  survey that extended 

Many of t h e  developers  have cooperated 

The f i n a l  phase of t h e  program c o n s i s t s  of 
long t e r m  observat ions and measurements i n  stra- 
t e g i c a l l y  placed monitor w e l l s .  
d r i l l e d  t o  a t o t a l  depth  of 400 f e e t  (one w a s  d r i l -  
l e d  t o  800 f e e t )  and cased with 2% inch diameter 
steel pipe.  I n  a d d i t i o n  t o  t h e  l i t h o l o g i c  infor -  
mation derived from each hole ,  t h e  water l e v e l s  and 
temperatures w i l l  be monitored f o r  6 t o  12 months 
p r i o r  t o ,  during,  and a f t e r  t h e  hea t ing  season. 

These w e l l s  were 

GEOLOGY 

The Moana area i s  loca ted  along t h e  western 
edge of t h e  Truckee Meadows. It is a s t r u c t u r a l  
bas in  bounded on t h e  east by t h e  Virg in ia  Range 
and on t h e  w e s t  by t h e  Carson Range, a spur of t h e  
S i e r r a  Nevada. 
f a u l t i n g  o f f s e t s  T e r t i a r y  volcanics  and volcani-  
c l a s t i c  sediments and Quaternary alluvium and out- 
wash. Late Quaternary al luvium and g l a c i a l  outwash 
cover many Quaternary and T e r t i a r y  s t r u c t u r e s  (Sing- 
ler, 1975; Mizel l ,  1975). 

Late  T e r t i a r y  and Quaternary 

The l i t h o l o g i c  u n i t s  found wi th in  t h e  Moana 
area inc lude  a l l u v i a l  d e p o s i t s  of t h e  Truckee 
Meadows, g l a c i a l  outwash from Quaternary g l a c i a l  
per iods,  T e r t i a r y  l a c u s t r i n e  and f l u v i a l  sediments, 
and T e r t i a r y  v o l c a n i c l a s t  i c  and volcanic  u n i t s  
(Bingler , 1975). Driller's l o g s  provide some sub- 
s u r f a c e  l i t h o l o g i c  information,  but t h e  q u a l i t y  of 
t h e s e  d a t a  a r e  g e n e r a l l y  poor and i n c o n s i s t e n t .  

The o l d e s t  formations i n  t h e  Moana a r e a  a r e  
T e r t i a r y  volcanic  and v o l c a n i c l a s t i c  rocks.  
are genera l ly  a n d e s i t i c  f lows,  agglomerates and 
b r e c c i a s  with interbedded t u f f s ,  and l a c u s t r i n e  
and diatomaceous sediments. These u n i t s  are a l l  
considered t o  be p a r t  of t h e  Kate Peak Formation 
(Bingler ,  1975; Cohen and Loel tz ,  1964; Thompson 
and White, 1964). 

These 

Unconformably overlying t h e  Kate Peak Forma- 
t i o n  are T e r t i a r y  l a c u s t r i n e  and f l u v i a l  sediments. 
Thompson and White (1964) assigned t h e s e  u n i t s  t o  
t h e  Truckee Formation, f i r s t  descr ibed by King 
(1878). 
l a c u s t r i n e  sand and si l t  d e p o s i t s  wi th  i n t e r c a l a t -  
ed grave ls ,  v o l c a n i c l a s t i c s ,  diatomaceous silt- 
s tone,  and d ia tomi te .  Est imates  of t h e  th ickness  

These u n i t s  c o n s i s t  of fine-grained 

of t h e  Truckee Formation range from 2100 f e e t  
(Anderson, 1908) t o  g r e a t e r  than 3000 f e e t  (Cohen 
and Loel tz ,  1964). 

Bingler  (1975) i d e n t i f i e d  those u n i t s  asso-  
c i a t e d  wi th  t h e  Truckee Formation i n  t h e  Truckee 
Meadows as t h e  Sandstone of Hunter Creek. Litho- 
l o g i c  d e s c r i p t i o n s  of t h i s  formation inc lude  some 
clast ic  f l u v i a l  and v o l c a n i c l a s t i c  members pre- 
v i o u s l y  assoc ia ted  wi th  t h e  Kate Peak Formation. 
Estimates of th ickness  of t h e  Sandstone of Hunter 
Creek range from 3000 t o  4000 f e e t .  The lowest 
member c o n s i s t s  of a sequence of fining-upwards 
coarse  g r a v e l s  and c l a s t i c  sediments. 
t h i s  member is a t h i c k  (1000 t o  3000 f e e t )  s e c t i o n  
of d ia tomi te ,  diatomaceous s i l t s t o n e  and sandstone. 
I n  outcrops w e s t  of Moana, t h e s e  diatomaceous uni t s  
are whi te  t o  medium gray i n  co lor .  
u n i t s  a r e  c o a r s e  t o  f i n e  sands and silts i n t e r -  
bedded wi th  diatomaceous sediments. 

Overlying 

The uppermost 

The T e r t i a r y  u n i t s  a l l  d i p  t? t h e  east forming 
a homoclinal s t r u c t u r e  from t h e  Carson Range i n t o  
t h e  Truckee Meadows. Anderson (1908) i d e n t i f i e d  
t h e  Carson Range a s  a broad a n t i c l i n e  and Truckee 
Meadows as a broad syncl ine .  

The Sandstone of Hunter Creek i s  o v e r l a i n  by 
outwash g r a v e l s  from Quaternary g l a c i a l  runoff  
as  w e l l  as a l l u v i a l  f a n  and pediment u n i t s  from 
t h e  surrounding ranges. Bingler  (1975) d e s c r i b e s  
t h e s e  u n i t s  i n  d e t a i l  i n  h i s  study on Quaternary 
geology of t h e  Truckee Meadows. 

Pre-Holocene f a u l t i n g  r e s u l t e d  i n  a series of 
h o r s t s  and grabens i n  t h e  Moana area and t h e  w e s t -  
e r n  Truckee Meadows. 
Quaternary and T e r t i a r y  u n i t s  i n  s e v e r a l  a r e a s .  
Younger f a u l t i n g  o f f s e t s  both Quaternary and T e r t i -  
a r y  u n i t s .  The Holocene a l l u v i a l  u n i t s  obscure 
many of t h e  f a u l t s  i n  t h e  Moana area, but  they are 
known t o  exist by t h e  s t r a t i g r a p h i c  v a r i a t i o n s  and 
o f f s e t s  seen i n  w e l l  l o g s  of t h e  area. 

These f a u l t s  jux tapose  l a t e  

Of s p e c i a l  i n t e r e s t  i n  t h e  Moana area i s  t h e  
geologic  r e l a t i o n s h i p  between t h e  Sands t o n e  of 
Hunter Creek and t h e  Kate Peak Formation. The 
Kate Peak has  been mapped as t h e  formation under- 
ly ing  t h e  Hunter Creek, and evidence of t h i s  
r e l a t i o n s h i p  i s  c l e a r l y  seen i n  t h e  h i l l s  w e s t  of 
Moana. The Kate Peak a n d e s i t e  recovered from 
wells d r i l l e d  i n  Moana c o n s i s t s  of e i t h e r  f i n e -  
grained d w itr i f  ied rhyol i te / rhyodaci t  e o r  highly 
a l t e r e d  "blue clay. ' '  
t e red  Kate Peak c o n s t i t u t e  t h e  r e s e r v o i r  rock  f o r  
thermal f l u i d s .  The overlying u n i t s  c o n s i s t  of 
Quaternary a l l u v i a l  f a n  d e p o s i t s  of pebbles ,  brown 
c l a y ,  sand, and si l t ,  and t h e  diatomaceous s i l t -  
s t o n e  member of t h e  Sandstone of Hunter Creek. 

Both t h e  a l t e r e d  and unal- 

GRAVITY SURVEY 

T h i s  survey was used t o  d e l i n e a t e  t h e  base- 
ment s t r u c t u r e  from Steamboat nor th  through Moana. 
Three hundred and f i f t e e n  s t a t i o n s  were occupied, 
including 85 s t a t i o n s  f o r  which e l e v a t i o n s  were 
a l ready  known and 230 s t a t i o n s  whose e l e v a t i o n s  
were obtained by surveying. 
were obtained wi th  a LaCoste-Romberg Gravimeter. 

Gravity measurements 
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Reduction of t h e s e  d a t a  included c a l c u l a t i o n  

of t h e  simple Bouguer anomaly according t o  t h e  
1939 I n t e r n a t i o n a l  Gravi ty  Formula and t e r r a i n  
c o r r e c t i o n s  ca lcu la ted  by Hammer (1939) f o r  selec- 
ted p o i n t s  and appl ied  t o  a l l  p o i n t s .  From t h e  
r e s u l t i n g  complete Bouguer g r a v i t y  va lues ,  a n  
evenly spaced g r i d  of va lues  was in te rpola ted  by 
computer a p p l i c a t i o n  of Laplacian cubic  s p l i n i n g  
( f i g .  2 ) .  
high appears  a s  a depression.  

The s u r f a c e  here  is inver ted ;  a g r a v i t y  

Figure 2 : Three-dimensional complete Bouguer 
Gravi ty  Anomaly Grid from Steamboat 
Hot Springs t o  t h e  Moana geothermal 
area. 

Figure 2 shows a g r a v i t y  h igh  through t h e  
center  of t h e  Moana area. The g r a v i t y  low 
( ra i sed  i n  t h e  diagram) corresponds t o  t h e  low 
d e n s i t y  d ia tomi te  of t h e  Sandstone of Hunter 
Creek. There is some i n d i c a t i o n  that t h e  north-  
east- t rending s t r u c t u r e  i n  Moana corresponds t o  
f a u l t  t r e n d s  mapped i n  t h e  area. This t rend may 
a l s o  represent  t h e  c o n t a c t  between t h e  Kate Peak 
a n d e s i t e  and t h e  less dense sedimentary rocks.  The 
l a r g e  g r a v i t y  high (depression)  i n  t h e  center  of 
t h e  diagram corresponds t o  outcrops  of t h e  Kate 
Peak andes i te .  Faul t  s c a r p s  h e r e  are d i f f i c u l t  t o  
i d e n t i f y  because o f f s e t  a long t h e  f a u l t s  is  small. 

THERMAL FLUIDS GEOCHEMISTRY 

The Moana geothermal f l u i d s  are sodium-sulfate 
type  waters that show l i t t l e  or no a b s o l u t e  cor re-  
l a t i o n  wi th  t h e  sodium-chloride type  water from 
Steamboat Hot Springs. Although r e l a t i v e  percent- 
ages  of c a t i o n s  are i d e n t i c a l  f o r  f l u i d s  from Moana 
and Steamboat ( f ig .  31, t h e  a b s o l u t e  concent ra t ions  
of c a t i o n s  and anions are d i f f e r e n t  by a f a c t o r  of 
a t  least two. The thermal  f l u i d s  from Moana are 
chemically similar t o  o ther  low- t o  moderate-temp- 
e r a  t u r e  geothermal f l u i d s  that are widespread 
throughout western Nevada. 

Var ia t ions  i n  t h e  composition of Moana thermal 
f l u i d s  a r e  d i r e c t l y  r e l a t e d  t o  t h e  degree of mixing 

RRCLNTAOL RLACTIYO VALUE8 

Figure 3: Chemical c h a r a c t e r i s t i c s  of thermal and 
non-thermal f l u i d s  from Steamboat a r e a  
(1, 2) and Moana (3-10). 

of thermal and non-thermal f l u i d s .  These v a r i a -  
t i o n s  a r e  a l s o  observed i n  t h e  gradual  decrease  i n  
temperature from west t o  east a c r o s s  Moana. I n  
general ,  along a west t o  east t r a v e r s e ,  bicarbonate  
and magnesium increase  and boron, s i l i c a ,  s u l f a t e ,  
and calcium decrease.  Mixing of thermal and non- 
thermal f l u i d s  can a l s o  be seen i n  t h e  Steamboat 
a r e a  ( f i g .  3 ) .  Zolezzi  Spr ings  C82, 34OC) f l u i d  
composition appears  t o  be t h e  r e s u l t  of mixing 
Steamboat f l u i d s  (111, 96OC) w i t h  t h e  s u r f a c e  
waters from Thomas Creek ($10, 10°C).  

Major chemical ana lyses  are supplemented by 
ana lyses  of t r i t i u m  and carbon-14. 
i s o t o p i c  age  of Steamboat f l u i d s  is  i n  excess of 
25 Ka.  The carbon-14 i s o t o p i c  age  of Moana f l u i d s  
ranges from 1 K a  t o  32 Ka. These are uncorrected 
values, but  t h e  o lder  f l u i d s  are high-temperature 
(>85OC) and are c l o s e l y  a s s o c i a t e d  wfth mapped 
f a u l t s  i n  t h e  west-central  p a r t  of t h e  r e s e r v o i r .  
These f a u l t s  are bel ieved t o  be t h e  u l t i m a t e  
source of hot water i n  Moana. 
l y  absent  i n  t h e  high-temperature waters f n  Moana 
(and Steamboat), but increases  i n  t r i t i u m  are ob- 
served i n  t h e  cooler  waters  i n  t h e  e a s t e r n  p a r t  of 
Moana . 

The carbon-14 

Tri t ium is  virtual.: 

LITHOLOGIC AND 
TEMPERATURE-DEPTH MEASUREMENTS 

Drill c h i p s  are c o l l e c t e d  r e g u l a r l y  from w e l l  
d r i l l e r s  and developers  throughout Moana. I n  
a d d i t i o n ,  temperature-depth p r o f i l e s  of geothermal 
wells a r e  completed soon a f t e r  d r i l l i n g ,  bu t  p r i o r  
t o  hardware i n s t a l l a t i o n .  Figure 4 i s  a t y p i c a l  
l i t h o l o g i c  l o g  f o r  t h e  c e n t r a l  p o r t i o n  of Moana. 
The accompanying t e m p e r a t u r e a e p t h  p r o f i l e  shows 
t h a t  t h e  h ighes t  temperatures  are achieved and 
maintained i n  t h e  d a c i t e - r h y o l i t e  (Kate Peak an- 
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Figure 4 : Li thologic  log. and temperature-depth 
p r o f i l e  of geothermal w e l l  i n  c e n t e r  
of Moana. 

d e s i t e ) .  To t h e  w e s t  and nor th ,  t h e  Kate Peak an- 
d e s i t e  is  o v e r l a i n  by a t h i c k  s e c t i o n  of diatoma- 
ceous s i l t s t o n e  ( t h e  middle member of t h e  Sand- 
s tone  of Hunter Creek), and w e l l s  i n  t h i s  area 
must be d r i l l e d  t o  depths  of 800 t o  1300 f t .  t o  
reach high-temperature f l u i d s .  

Surface exposures of t h e  Kate Peak a n d e s i t e  
crop o u t  south and w e s t  of t h e  Moana geothermal 
area, and c o n s i s t  of p e r l i t i c  ( d e v i t r i f i e d  volcan- 
i c  g l a s s )  r h y o l i t e - d a c i t e .  I n  t h e  subsurface,  t h e  
Kate Peak a n d e s i t e  i s  a hydrothermally a l t e r e d  
product of t h e  s u r f a c e  rocks,  and o f t e n  has t h e  
appearance of a sandy "blue clay."  X-ray d i f -  
f r a c t i o n  p a t t e r n s  of t h i s  c l a y  show t h a t  i t  is  com- 
posed almost e n t i r e l y  of smectite and no o ther  
c l a y  minera ls  (Dave Bish, LANL, personal  communi- 
c a t i o n ) .  I n  a d d i t i o n ,  minor amounts of quar tz ,  
c r i s t o b a l i t e ,  a lkal i  f e l d s p a r ,  calci te  and gypsum 
were a l s o  detected i n  t h e  c lay .  Smect i tes  are of -  
t e n  formed by hydrothermal a l t e r a t i o n  of vo lcanic  
g l a s s .  Whole rock chemical ana lyses  of t h e  "blue 
clay" r e v e a l  anomalous concent ra t ions  of a r s e n i c  , 
antimony, thal l ium, gold and s i l v e r .  These ele- 
ments probably represent  hydrothermal a l t e r a t i o n  of 
t h e  volcanic  g l a s s  i n  t h e  Kate Peak a n d e s i t e  by 
minera l iz ing  f l u i d s .  

Although w a t e r  temperatures wi th in  t h e  "blue 

Many geothermal wells a r e  com- 

The pumped f l u i d s  a r e  

c lay" a r e  high (80 t o  95OC), a q u i f e r  t ransmiss i -  
v i t y  i s  very low. 
p le ted  with draw-off pumps t h a t  remove cooled 
f l u i d s  from t h e  w e l l  bore. 
then replaced by h o t t e r  formation f l u i d s .  These 
spent f l u i d s  are t r a d i t i o n a l l y  disposed of i n  near- 
by i r r i g a t i o n  d i t c h e s  and storm sewers. 

I n  order  t o  a c c u r a t e l y  determine t h e  e f f e c t s  
of thermal f l u i d  withdrawal dur ing  t h e  hea t ing  
season (October through March) , f i v e  observat ion/  
monitor w e l l s  were d r i l l e d  i n  s t r a t e g i c  l o c a t i o n s  
throughout t h e  Moana geothermal a r e a  ( f i g .  5 ) .  
Four wells (1, 2 ,  3 ,  4) were d r i l l e d  t o  a t o t a l  
depth of 400 f e e t .  The remaining w e l l  (5) was 
d r i l l e d  t o  a depth  of 800 f e e t .  A l l  f i v e  w e l l s  
were cased wi th  2% inch  diameter steel p i p e  t o  
t o t a l  depth.  
torch-cut p e r f o r a t i o n s  and is gravel-packed. The 
top 50 f e e t  of t h e  w e l l s  have cement s a n i t a r y  
seals. The remaining annulus  i n t e r v a l  i s  back- 
f i l l e d  wi th  d r i l l  c u t t i n g s .  

The bottom 20  f e e t  of t h e  cas ing  has 

Figure 5: Location map of Moana a r e a  and observa- 
t ion/monitor w e l l s .  

The l i t h o l o g i c  u n i t s  penetrated by t h e s e  f i v e  
holes  i l l u s t r a t e  t h e  complexi t ies  of t h e  Moana 
geothermal r e s e r v o i r .  
hot water; bottom hole  temperatures  range from 
35OC ( w e l l  112) t o  an est imated 85OC ( w e l l  #5). 

A l l  f i v e  w e l l s  encountered 

I n  w e l l s  1 and 2, only  two l i t h o l o g i c  u n i t s  
were encountered, alluvium under la in  by diatomace- 
ous s i l t s t o n e  (middle member of t h e  Sandstone of 
Hunter Creek). I n  wells 3 and 4 ,  t h e  alluvium w a s  
under la in  by hydrothermally a l t e r e d  Kate Peak an- 
d e s i t e ;  no d i a t o m i t e  was encountered. Hole 5 w a s  
s t a r t e d  i n  a l luvium, pene t ra ted  t h e  Sandstone of 
Hunter Creek ( inc luding  a previously unknown or-  
ganic-r ich u n i t  near  t h e  base) and was completed i n  
t h e  a l t e r e d  a n d e s i t e .  

Monitoring techniques f o r  t h e s e  wells inc lude  
measurements of s t a t i c  water l e v e l  and temperature- 
depth p r o f i l e s .  
t o  t h e  heat ing season t o  determine n a t u r a l  f l u c -  
t u a t i o n s  that r e s u l t  from barometric changes. 

Measurements a r e  performed p r i o r  
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PRESENT DEVELOPMENT 

Geothermal w e l l  d r i l l i n g  and completion f o r  
i n d i v i d u a l  res idences  is proceed ing throughout 
Moana a t  a rate of 2 t o  3 new w e l l s  per month. 
Carlson (1982) descr ibed a geothermal space heat-  
ing system t h a t  i s  designed t o  d e l i v e r  hot water t o  
a space heat ing d i s t r i c t  c o n s i s t i n g  of a s  many as 
60 homes. Several  new churches and businesses  have 
developed p lans  f o r  space heat ing.  
motel that a l ready  uses  geothermal waters f o r  heat-  
ing has expanded and w i l l  develop another  geother-  
mal w e l l  to . supply  a d d i t i o n a l  heat  t o  t h e  new 
s t r u c t u r e .  

One e x i s t i n g  

Corrosion of m e t a l  p a r t s  i n  hea t  exchangers 
occurs  s p o r a t i c a l l y  throughout Moana. 
completed wells now u s e  f i b e r g l a s s  tubing as a 
hea t  exchanger instead of copper or  Steel. A l -  
though t h e  thermal conduct iv i ty  of f i b e r g l a s s  i s  
much less than copper o r  steel, it is  an e x c e l l e n t  
insul .a tor ;  t h e  water i s  less l i k e l y  t o  cool  from 
t h e  w e l l  bore t o  t h e  house. I n  a d d i t i o n ,  t h e  
f i b e r g l a s s  c a r r i e s  a 50 year guarantee.  

Most newly 

Disposal  of f l u i d s  from geothermal w e l l s  
remains a problem i n  Moana. S t a t e  r e g u l a t o r s  urge  
developers  t o  r e i n j e c t  spent f l u i d s  i n t o  t h e  aqui-  
f e r  from which they are produced. The c o s t  of a 
r e i n j e c t i o n  w e l l  is p r o h i b i t i v e  f o r  small-scale 
developers;  l a rge-sca le  developers  must incorpora te  
a r e i n j e c t i o n  system. 

CONCLUSIONS 

Reports of overdevelopment and r e s e r v o i r  
d e p l e t i o n  of t h e  Moana geothermal area a r e  pre- 
s e n t l y  being evaluated with a combination of geo- 
l o g i c ,  geophysical ,  and geochemical surveys coupled 
with down-hole measurements i n  observat ion w e l l s .  
Geologic surveys r e v e a l  that a complex sequence of 
T e r  t iar y s ed imen t a r  y rocks and hydrothermal 1 y a 1 t - 
ered a n d e s i t e  c o n s t i t u t e s  t h e  r e s e r v o i r  rock.  Spa- 
t i a l  v a r i a t i o n s  i n  subsurface temperatures are re- 
l a t e d  t o  t h e  d i s t r i b u t i o n  of hydrothermally a l t e r e d  
Kate Peak andes i te .  A g r a v i t y  survey completed 
i n  t h i s  a r e a  appears  t o  have de l inea ted  t h e  eastern-  
most boundary of t h e  less dense sedimentary rocks .  
Geochemical ana lyses  of Moana thermal f l u i d s  sug- 
g e s t  l i t t l e  o r  no c o r r e l a t i o n  with nearby Steam- 
boat Hot Springs.  S l i g h t  v a r i a t i o n s  i n  f l u i d  
composition from w e s t  t o  east c o r r e l a t e  wi th  
decreas ing  temperatures. Radiocarbon and t r i t i u m  
ana lyses  suggest t h a t  t h e  Moana thermal f l u i d s  
o r i g i n a t e  from a series of north-trending f a u l t s  
i n  t h e  west-central  p a r t  of t h e  r e s e r v o i r .  
f l u i d s  then  spread out  l a t e r a l l y  t o  t h e  e a s t ,  
nor th ,  and south. A series of observat ion w e l l s  
w i l l  be monitored p r i o r  t o ,  dur ing ,  and a f t e r  t h e  
hea t ing  season t o  determine t h e  e x t e n t  of reser- 
v o i r  d e p l e t i o n  as a r e s u l t  of f l u i d  withdrawal by 
t h e  150 geothermal w e l l s  i n  t h e  Moana a r e a .  Re- 
commendations f o r  prudent resource  development a r e  
being formulated and supplied t o  government agen- 
cies and prospec t ive  users .  

Work performed under US Dept. of Energy Cont rac t  
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