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THE MONROE KGRA 

K. B la i r ,  R. Ha r r i son ,  
B.  S a k a s h i t a  and A .  H. Jones  

Terra Tek, I n c .  
420 Wakara Way 

S a l t  Lake C i t y ,  Utah 84108 

ABSTRACT 

A p r e l i m i n a r y  r e source  assessment  of t h e  
Monroe KGRA e s t ima ted  a maximum r e s o u r c e  temp- 
e r a t u r e  of 120" C a s s o c i a t e d  w i t h  t h e  S e v i e r  
F a u l t .  The f a u l t  i s  f e d  from a l a r g e  watershed 
t o  t h e  east. In  d r i l l i n g ,  t h e  maximum bottom- 
h o l e  t empera tu re  encountered w a s  81" C w i t h  a 
wel lhead t empera tu re  of 165" F. The n a t u r a l  
a r t e s i a n  f low w a s  16.4 l i t e rs  p e r  second. W e l l  
pumping a t  390 l i t e r s  pe r  second reduced t h e  
water  l e v e l  i n  t h e  w e l l  by 122 me te r s  i n  30 hour s  
du r ing  which wa te r  seepages a t  t h e  Monroe Mound 
were e i t h e r  g r e a t l y  reduced o r  s topped e n t i r e l y .  

INTRODUCTION 

Monroe C i t y  i s  a small c e n t r a l  Utah com- 
munity w i t h  a popu la t ion  of 2,000. It  is  l o c a t e d  
about  250 km s o u t h  of S a l t  Lake C i ty  i n  t h e  S e v i e r  
River  Va l l ey  t o  t h e  immediate w e s t  of t h e  S e v i e r  
F a u l t .  The f a u l t  rises t o  w i t h i n  600 m of t h e  
town's e a s t e r n  boundary. 
ua t ed  a long  t h i s  f a u l t  and i s  c h a r a c t e r i z e d  by 
two l a r g e  t u f a  mounds from which s p r i n g s  d i s c h a r g e  
up t o  24 l i t e r s  pe r  second of w a r m  water. 

The Monroe KGRA is  si t-  

Mundorff (1970) desc r ibed  t h e  h o t  s p r i n g s  of 
+ t h e  area, f u r n i s h e d  chemical d a t a  and f low est im- 

a t e s .  H e  r e p o r t e d  t h e  d i s s o l v e d  s o l i d s  concentra-  
t i o n  of t h e  Monroe Spr ings  d i s c h a r g e  a t  2,770 ppm 
w i t h  t h e  major c o n s t i t u e n t s  being:  S i l i c a  54 ppm, 
Calcium 282, Sodium 562, Bicarbonate  354, Su lpha te  
898 and Ch lo r ide  630. U t i l i z i n g  t h e  Na-K-Ca geo- 
thermometer of Fourn ie r  and T r u e s d e l l  (1973),  W. 
T. P a r r y  c a l c u l a t e d  t h e  minimum geothermal  reser- 
v o i r  t empera tu res  ( temperature  of l a s t  w a l l  r o c k  
e q u i l i b r a t i o n )  a t  t h e  Monroe Mound and Red H i l l  
Sp r ings  as 197" C and 193" C y  r e s p e c t i v e l y .  
Measured t empera tu res  of t h e  Monroe Mound and 
Red H i l l  S p r i n g s  were 65" C and 76" C y  r e s p e c t i v e l y .  

(Ward , 1977) performed a comprehensive r e s o u r c e  
assessment  of t h e  Monroe KGRA under U .  S .  Dept. 
of Energy funding.  Th i s  r e s e r v o i r  assessment  
i n d i c a t e d  t h a t  a temperature  of 120" C might be  
r e a l i z e d  a t  a d e p t h  of 300 m. Recharge t o  t h e  
f i e l d  i s  provided from d r a i n a g e  from t h e  S e v i e r  
River  Va l l ey  and a l a r g e  watershed area t o  t h e  
e a s t  f o r  which t h e  Sev ie r  F a u l t  s e r v e s  as  a 
condu i t .  

I n  t h e  summer of 1977, t h e  U n i v e r s i t y  of Utah 

Th i s  paper summarizes t h e  e x p l o r a t i o n  and 
r e source  assessment  performed i n  t h e  v i c i n i t y  
of t h e  Monroe Mound. 

SITE EXPLORATION 

Geology. The ho t  s p r i n g s  and geothermal 
system are  s t r u c t u r a l l y  c o n t r o l l e d  by t h e  Sevier  
F a u l t  which s e p a r a t e s  upthrown T e r t i a r y  v o l c a n i c s  
t o  t h e  east from Quaternary al luvium t o  t h e  west;  
see F i g u r e  1. T e s t  h o l e  l i t h o l o g i e s  i n d i c a t e  a 
sequence of s i n t e r  d e p o s i t s  i n  t h e  shal low sub- 
s u r f a c e ,  u n d e r l a i n  by a l t e r e d  Quaternary al luvium 
c o n s i s t i n g  p r i m a r i l y  of q u a r t z  l a t i t e  fragments  
de r ived  from t h e  v o l c a n i c  range t o  t h e  east, and 
more c o n s o l i d a t e d  v o l c a n i c  bedrock a t  t h e  base. 

A d i p  of 67" 5 3" from h o r i z o n t a l  f o r  the 
Sev ie r  F a u l t  zone was computed on t h e  b a s i s  of 
t h e  i n t e r s e c t i o n s  wi th  more conso l ida t ed  vo l -  
c a n i c s ,  w e l l  geomet r i e s ,  and an  assumed f a u l t  
t r end  of n o r t h  10" west .  This d i p  is  shal lower 
than  t h a t  deduced from t h e  geophysical  modeling 
and may i n d i c a t e  s t e p  f a u l t i n g .  Temperatures 
observed i n  t h e  tes t  h o l e s  and t h e  thermal  
g r a d i e n t  h o l e s  i n d i c a t e  a s t r o n g  convec t ive  
system r i g o r o u s l y  confined along t h e  f a u l t  zone. 

W SPIER FAULT E 

; 4 ; ; 6 Mp Undivided 
DISTANE (km) Lower Mesozoic 

Pa leso ics VERTICAL E X W R A T I O N  281 

Figure  1. General ized geo log ic  c r o s s  s e c t i o n  of 
t h e  Sev ie r  F a u l t  near  Monroe, Utah. 

The major purpose of 
t h e  survey w a s  twofold,  f i r s t  t o  map t h e  t r a c e  
of t h e  S e v i e r  F a u l t  which se rves  as t h e  focus  
a n d . t h e  condu i t  f o r  t h e  hydrothermal f l u i d s  and 
second t o  map t h e  nea r  s u r f a c e  expres s ion  of the  
hydrothermal system i n  t h e  v i c i n i t y  of Monroe 
Mound - Red H i l l  Sp r ings  and i t s  probable  ex ten t .  
The survey c o n s i s t e d  of 21 line-km of l O O m  dipole-  
d i p o l e  mapping on s h o r t  east-west l i n e s  ( 1  t o  2 km 

R e s i s t i v i t y  Survey. 
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Figure  2 .  Two d imens iona l  r e s i s t i v i t y  model a c r o s s  t h e  Monroe Mound. 

i n  l e n g t h )  spaced a t  30Om i n t e r v a l s  through t h e  
h o t  s p r i n g s  a r e a  and 1 km i n t e r v a l s  on t h e  p e r i -  
p h e r a l  of t h e  h o t  s p r i n g s  a r e a .  The r e s i s t i v i t y  
con tour  map o u t l i n e s  a r e s i s t i v i t y  zone (<300Rm) 
which r e p r e s e n t s  t h e  t r a c e  of t h e  S e v i e r  F a u l t .  
Within t h i s  zone i s  a n  a r e a  of low r e s i s t i v i t y  
(c1Oslm) which r e p r e s e n t s  t h e  n e a r  s u r f a c e  e x t e n t  
of t h e  h o t t e r  p o r t i o n s  of t h e  convec t ive  hydro- 
therm24 system, and fo l lows  t h e  t r e n d  of hydro- 
thermal  s p r i n g s  i n  t h e  Monroe Mound-Red H i l l  a r e a .  
A northwest  t r e n d  of low r e s i s t i v e  v a l u e s  away 
from t h e  Monroe Mound-Red H i l l  S p r i n g s  may be 
assumed t o  bs. evidence of b r i n e  l e a k i n g  north-  
westward from t h e  convec t ive  hydrothermal  system 
a long  t h e  t r e n d .  Th i s  i s  demonstrated i n  t h e  
two dimensional  model of Line M77-14 ( F i g u r e  2)  
a c r o s s  t h e  Monroe Mound which i n d i c a t e s  a 
s u r f i c i a l  cover  of r e s i s t i v e  a l luv ium u n d e r l a i n  
by a low r e s i s t i v e  b r ine - sa tu ra t ed  al luvium. 
The model a l s o  i n d i c a t e s  t h e  e x t e n t  of t h e  con- 
v e c t i v e  hydrothermal  system. 

Therma 2 Gradient Measurements. I i g h t  thermal  
g r a d i e n t  and t es t  h o l e s  were d r i l l e d  by t h e  Univ. of 
Utah, seven i n  t h e  v i c i n i t y  of t h e  Monroe Mound 
(F igu re  3 ) .  Temperature p r o f i l e s  i n  t h e  thermal  
g r a d i e n t  and t es t  h o l e s  a r e  shown i n  F i g u r e  4. The 
d a t a  have been .p ro jec t ed  on a l i n e  pe rpend icu la r  t o  
t h e  Sev ie r  F a u l t .  Th i s  p r a j e c t i o n  al lowed cons t ruc -  
t i c q  of t h e  t empera tu re  p r o f i l e  a c r o s s  t h e  Monroe 

geothermal  f i e l d  (F igu re  5 ) .  This  p r o f i l e  r e v e a l s  
t h e  e x t e n t  and c h a r a c t e r i s t i c s  of t h e  t empera tu re  
f i e l d .  Even t h e  bottom of t h e s e  h o l e s  were undoub- 
t e d l y  l o c a t e d  i n  t h e  zone of mixing of deepe r ,  
h o t t e r  hydrothermal  waters and s u r f a c e  water 
de r ived  from t h e  mountains t o  t h e  east .  

F i g u r e  3 .  Thermal g r a d i e n t  and test h o l e s .  
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F i g u r e  5. Thermal g r a d i e n t  p r o f i l e  a c r o s s  t h e  
Monroe Mound. 

Geochemistry. The chemical  a n a l y s i s  of t h e  
water  is: 

Calcium 224 ppm 
Magnesium 33 
Sod ium 5 58 
Po t a s  s ium 57 
S i l i c a  44 
S u l p h a t e  7 50 
Ch lo r ide  750 
Bica rbona te  435 
TDS 2700 
PH 6.6 

C02 c o n c e n t r a t i o n  w a s  0.3 pe rcen t  by weight.  

Swrimar~ of Exploration. The geophysical  
survey i d e n t i f i e s  t h e  S e v i e r  F a u l t  a s  t h e  s o u r c e  
of t h e  geothermal  water .  S ince  t h i s  is  a major 
no r th - sou th  f a u l t  and because i t  appea r s  t o  be 
f e d  from a l a r g e  watershed t o  t h e  e a s t  where 
r a i n f a l l  exceeds 38 cm, a n  adequate  r e s e r v o i r  
w i t h  an adequa te  r echa rge  w a s  be l i eved  t o  e x i s t .  
The chemical ly  e s t ima ted  mixing model maximum 
tempera tu re  w a s  120" C .  

f o r  developing t h e  r e s e r v o i r  f o r  d i r e c t  h e a t  
a p p l i c a t i o n .  

D r i l l i n g  i n  excess  of 300 m w a s  recommended 

PRODUCTION TEST WELL 

P e n e t r a t i o n  of f r a c t u r e s  w i t h i n  t h e  f a u l t ,  
t he reby  inducing p roduc t ion  w a s  t h e  p r i n c i p a l  
g o a l  of t h e  p roduc t ion  t es t  d r i l l i n g .  The we l l  
w a s  designed and l o c a t e d  on t h e  b a s i s  of t h e  
geometry i n f e r r e d  from t h e  test h o l e  d r i l l i n g  
t o  i n t e r s e c t  t h e  v o l c a n i c  bedrock a t  275-335 
me te r s .  It  w a s  f e l t  t h a t  p roduc t ion  from t,he 
335 meter  l e v e l  and below o f f e r e d  t h e  advantages 
of good a r t e s i a n  flow due  t o  inc reased  d r i v i n g  
p o t e n t i a l  w i t h  depth.  I n  a d d i t i o n ,  i t  was 
expected t h a t  p roduc t ion  from t h i s  l e v e l  would 
minimize any i n f l u e n c e  of s u r f a c e  hydrologic  
c o n d i t i o n s .  

D r i l l i n g  proceeded as planned u n t i l  a hard 
fo rma t ion  w a s  i n t e r s e c t e d  a t  approximately 210 
meters. The c h i p s  from t h i s  hard zone p r imar i ly  
c o n s i s t e d  of l imes tone  w i t h  some q u a r t z  d i s -  
t r i b u t e d  w i t h i n  t h e  m a t r i x .  T h i s  was i n t e r p r e -  
t e d  as a p o s s i b l e  l o c u s t r i n e  fo rma t ion  r e s u l t i n g  
from a n c i e n t  ponding a g a i n s t  t h e  f a u l t .  Hard 
d r i l l i n g  p e r s i s t e d  t o  400 meters a l though  a number 
of c l a y  s t r i n g e r s  were i n t e r s e c t e d .  A s i g n i f i c a n t  
i n c r e a s e  i n  t h e  f r a c t i o n  of v o l c a n i c  rock  i n  t h e  
r e t u r n e d  c h i p s  w a s  noted from about  320 meters .  

ged. A r t e s i a n  f low w a s  s t e a d y  a t  5.36 l i t e rs  per 
second w i t h  a shu t - in  w e l l  head p r e s s u r e  of 159 
H a .  I n  view of t h e  d i s a p p o i n t i n g  a r t e s i a n  flow 
(compared w i t h  t h e  f low obtained from f r a c t u r e s  
a t  238 me te r s  i n  MC2) i t  was decided t o  d r i l l  on 
t o  457 meters i n  t h e  hope of f i n d i n g  a good 
producing f r a c t u r e  i n  t h e  v o l c a n i c s .  The we l l  
w a s  completed a t  457 meters as shown i n  F igu re  6 .  

The w e l l  w a s  c l eaned  a t  400 me te r s  and log- 

Temperature l o g s  i n  t h e  p roduc t ion  w e l l  a f t e r  
complet ion ( s e e  F igu re  7)  i n d i c a t e  a s l i g h t  war- 
ming a t  t h e  bottom of t h e  w e l l  when f lowing 
a r t e s i a n  a t  10  l i t e r s , p e r  second compared t o  t h e  
shu t - in  c o n d i t i o n .  T h i s  i s  a t t r i b u t e d  t o  t h e  
d i v e r s i o n  of warmer water, which would normally 
f low up t h e  f a u l t  zone, i n t o  t h e  bottom of the 
w e l l  where t h e  l o c a l  p r e s s u r e  is  reduced below 
t h e  surrounding r e s e r v o i r  c o n d i t i o n s ;  

The a b r u p t  change i n  temperature  a t  305 and 
390 me te r s  i n  t h e  f lowing temperature  l o g  prob- 
a b l y  i n d i c a t e s  a n  i n f l u x  of water  i n t o  t h e  
we l lbo re  a t  t h e  top  and bottom of t h e  s l o t t e d  
1 i n e r  . 
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F i g u r e  7. Temperature p r o f i l e s  i n  p roduc t ion  
w e l l  (MC3). 

R e s u l t s  of a 70-hour drawdown tes t  du r ing  
which t h e  w e l l  was pumped a t  20.5 l i t e r s  p e r  
second are shown i n  F igu re  8.  The two monitor 
wells MC1 and MC2 a r e  50 meters  and 110 meters 
from t h e  p roduc t ion  w e l l ,  r e s p e c t i v e l y .  Computed 
s t o r a g e  c o e f f i c i e n t s  i n d i c a t e  t h a t  confinement 
i n c r e a s e s  w i t h  depth.  This r e s u l t  is  c o n s i s t e n t  
w i t h  t h e  presence of a d i scha rg ing  h o t  s p r i n g  
zone. Simple Theis  (1935) type c u r v e  a n a l y s i s  
of t h e  d a t a  g i v e s  t r a n s m i s s i v i t i e s  of 2.5 m2/hr 
and 1 . 7  m2/hr f o r  M C 1  and MC2, r e s p e c t i v e l y .  

w e l l  is  due i n  p a r t  t o  formation damage near  t h e  
we l lbo re .  The l e v e l i n g  o f f  i n  drawdown a f t e r  
approximately 1 2  minutes i n d i c a t e s  t h e  presence 
of a h i g h  pe rmeab i l i t y  o r  r echa rge  zone,  perhaps 
a water c a r r y i n g  f r a c t u r e ,  a t  between 1 2  and 20 
meters from t h e  we l lbo re .  

The l a r g e  i n i t i a l  drawdown i n  t h e  product ion 

The w e l l  was surged i n  an  e f f o r t  t o  i n c r e a s e  
t h e  w e l l  e f f i c i e n c y .  The r e s u l t s  of a subsequent  
drawdown tes t  i n  which t h e  w e l l  was pumped a t  38 
l i t e r s  p e r  second f o r  30 hours  are shown i n  F igu re  
9.  A p a r e n t  t r a n s m i s s i v i t i e s  of 2.3 m2/hr and 
1 . 5  m / h r  i n  M C 1  and MC2 are c o n s i s t e n t  w i th  
r e s u l t s  from t h e  previous tes t .  The drawdown 
r e s u l t s  from t h e  product ion w e l l ,  however, do 
n o t  i n d i c a t e  a s t r o n g  r echa rge  zone. 

obv ious ly  p rec ludes  t h e  use  of t h e  s imple  Theis  
a n a l y s i s .  The two shal low monitor w e l l s  M C 1  and 
MC2 p robab ly  e x h i b i t  t h e  c h a r a c t e r i s t i c s  of t h e  
a l luv ium i n  t h e  shal low subsu r face .  The produc- 
t i o n  w e l l  draws bo th  from s t o r a g e  i n  t h e  a l luv ium 
and d i r e c t l y  from t h e  b r e c c i a t e d  f a u l t ' z o n e  which 
c a r r i e s  water t o  t h e  s u r f a c e .  

3 

The complicated geometry of t h e  a q u i f e r  

SUMMARY 

The fo l lowing  conc lus ions  are based on t h e  
e x p l o r a t i o n  and tes t  program r e p o r t e d .  

1. The Monroe Mound/Red-Hill Sp r ings  thermal  
anomaly as de f ined  by r e s i s t i v i t y  and h e a t  f low 
su rveys  i s  a moderate t empera tu resys t em r i g o r o u s l y  
confined t o  t h e  Sev ie r  F a u l t  Zone. An apparent  
s t r u c t u r a l  d i s c o n t i n u i t y  i n  t h e  S e v i e r  F a u l t  
p rov ides  t h e  plumbing f o r  forced c o n v e c t i v e  
d i s c h a r g e  of deep c i r c u l a t i n g  water  t o  t h e  s u r f a c e .  
The l a c k  of P l e i s t o c e n e  and Quaternary volcanism 
i n  t h e  area sugges t s  t h a t  t h e  system is  i n  a 
the rma l ly  s t a b l e  c o n d i t i o n  supported by t h e  high 
r e g i o n a l  h e a t  f low common t o  t h e  Bas in  and Range 
Province.  

2. Temperatures of 82" C (maximum) h a v e  
beenobserved a t  t h e  bottom of t h e  e x i s t i n g  w e l l  
as compared t o  t h e  maximum tempera tu re  of 120" C 
e s t ima ted  based on a chemical mixing model. 
Recent geothermometry i n t e r p r e t a t i o n s  l i s t e d  
i n  "Assessment of Geothermal, Resources  of t h e  
United S t a t e s  - 1978", Geological  Survey 
C i r c u l a r  790, sugges t s  t h a t  t h e  Monroe Mound/ 
Red H i l l  Sp r ings  maximum source  t empera tu re  is  
between 79" C (chalcedony geothermometry) and 
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114" C (Na-K-Coy Mg - c o r r e c t e d  geothermometry) 
w i t h  t h e  most l i k e l y  r e s e r v o i r  tempera ture  of 
109" C ( q u a r t z  conduct ive  geothermometry). 

3. N a t u r a l  f low from behind t h e  s l o t t e d  
l i n e r  (287 t o  400 meters )  and t h e  open h o l e  
s e c t i o n  (400 t o  457 meters )  r e s u l t e d  i n  a 
16.4 l i t e r s  p e r  second a r t e s i a n  f low.  This  
r a t e  compares w i t h  t h e  1 2  l i ters  p e r  second 
a t  48" C t o  70" C n a t u r a l  seepage  a t  t h e  
Monroe Mound. The d a t a  s u g g e s t s  t h a t  t h e  
w e l l  i s  n o t  i n  d i r e c t  communication wi th  a 
n a t u r a l ,  ho t  water  c o n d u i t  bu t  does i n d i c a t e  
h o t  water d i v e r s i o n  i n t o  t h e  w e l l .  The draw- 
down i n  t h e  monitor  w e l l s  and t h e  f low reduc- 
t i o n  i n  t h e  nearby s p r i n g s  s u g g e s t s  t h a t  water  
i s  s u p p l i e d  t o  t h e  w e l l  from a l i m i t e d ,  n e a r  
s u r f a c e  a q u i f e r .  Breaks i n  t h e  drawdown d a t a  
can  be  i n t e r p r e t e d  as ev idence  of t h e  e x i s t e n c e  
of a water c a r r y i n g  f r a c t u r e  a t  between 12 and 
20 meters from t h e  w e l l b o r e .  However, t h e  
non-uniform f low over  t h e  170 meters of open 
h o l e  and s l o t t e d  l i n e r ,  as  evidenced by t h e  
l o c a l i z e d  low tempera ture  water  i n f l u x  a t  
t h e  287 meters l e v e l ,  occ ludes  a d e t a i l e d  
p h y s i c a l  i n t e r p r e t a t i o n  of t h e  drawdown d a t a .  
Well tests on an  i s o l a t e d ,  lower p o r t i o n  of 
t h e  w e l l  i s  needed t o  f u r t h e r  i n v e s t i g a t e  
t h e  e x i s t e n c e  of a nearby n a t u r a l ,  hot-water 
c o n d u i t .  
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