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Heat and mass t r a n s f e r  due to convec t ion  i n  a two- dimensional 

model o f  t h e  E a s t  Mesa geo thermal  sys tem are p r e s e n t e d  i n  t h i s  paper. 

These r e s u l t s  are a n  e x t e n s i o n  of t h o s e  p r e s e n t e d  by Goyal and  

Kassoy (1977) .  G e o l o g i c a l ,  g e o p h y s i c a l ,  geochemical ,  and  b o r e h o l e  

l o g g i n g  data s u g g e s t s  t h e  e x i s t e n c e  o €  f o u r  d i f f e r e n t  zones  i n  

t h i s  anomaly. Basement, t h e  deepest :zone, is a b o u t  4 km from t h e  

s u r f a c e  (Combs and fiadley,  1977) and carries n e a r l y  vert ical  t e n s i l e  

f r a c t u r e s  ( B a i l e y ,  1 9 7 7 ) .  These f r a c t u r e s  would i n c r e a s e  t h e  vert ical  

p c r r n c a b i l i t y  much morc t h a n  t h e  h o r i z o n t a l  p e r m e a b i l i t y .  

dominated zone o v e r l i e s  t h e  basement and ex tends  to  about 1.9-2.2 km 

f r o m  t h e  s u r f a c e .  

ZOIX is cxpcc tcd  to  bc good n e a r  t h e  f r a c t u r e s .  The h o r i z o n t a l  

A c l a y -  

The ver t ica l  p e r m e a b i l i t y  of t h e  s e d i m e n t s  i n  t h i s  

p e r m e a b i l i t y  is t h o u g h t  t o  be o n l y  moderate because  of t h e  p r e s e n c e  

of c l a y  and d i r t y  s a n d s .  

a b o u t  800-1900 meters d e p t h .  

Sands dominate  t h c  sed imenta ry  zone from 

Both h o r i z o n t a l  and v e r t i c a l  permeabili- 

t ies  i n  t h i s  zone are expec ted  to  be be t te r  t h a n  t h e  u n d e r l y i n g  zone 

because  of g r e a t e r  sand c o n t e n t s ,  c o n t i n u i t y ,  and less compaction.  

The f o u r t h  zone,  c o n t a i n i n g  l a r g e  amounts of c l a y ,  is  r e p r e s e n t e d  by 

thcupper  600 meters o r  so. The v e r t i c a l  p e r m e a b i l i t y  is p r o b a b l y .  

v e r y  l o w  i n  t h e s e  sed iments  b u t  t h e  numerous s h a l l o w  w e l l s  i n  them 

i n d i c a t e  t h a t  t h e i r  h o r i z o n t a l  p e r m e a b i l i t y  i s  good. The major s o u r c e  
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of f l u i d  for Southern  Imperial V a l l e y  b r i n e s  i s  t h e  underf low from 

t h e  Colorado  River .  

and/or  f r a c t u r e d  basement rock  over a n  area c o n s i d e r a b l y  l a r g e r  t h a n  

t h e  anomaly i t s e l f .  

the l i q u i d  can  rise i n  t h e  h i g h  p e r m e a b i l i t y  f r a c t u r e d  f a u l t  zone,  

T h i s  water percolates g r a d u a l l y  i n t o  sed iments  

Heated a t  d e p t h  by a n  as y e t  undef ined  source, 

c o n v e c t i n g  energy . toward  t h e  s u r f a c e .  

i n t e r s e c t e d  ( r e l a t i v e l y  l a r g e  h o r i z o n t a l  p e r m e a b i l i t y )  , r e s e r v o i r  

c h a r g i n g  w i l l  o c c u r .  

When a h o r i z o n t a l  a q u i f e r  is 

A two-dimensional mathemat ica l  model o f  t h i s  sys tem is shown i n  

F i g u r e  1. The Mesa f a u l t  i s  assumed t o  act as a c o n d u i t  for  t h e  

r i s i n g  h o t  water (Combs and Hadley,  1 3 7 7 ) .  L i q u i d  rises i n  t h e  

r e s e r v o i r  s e c t i o n  of t h e  f a u l t .  The p r e s e n c e  of c l a y s  i n  t h e  cap 

s u p p r e s s e s  the v e r t i c a l  t r a n s p o r t  t h c r e .  Water pushed o u t  of the 

f a u l t  by tlic o v e r p r e s s u r e  'issoci;,ted w i  t!i c o n v e c t i o n  i s  assumed t o  

f l o w  krrrri z o n t a l  l y  i n  the a q u j  f e r .  

boundary conciitiions ~ Y S  imposed on t h e  cold cap surface  and a t  t h e  

h o t  bottcja bourtiary of t h e  r e s e r v o i r .  O n  t h e  l a t e r a l  boundary far  

f r o m  t h e  f a u l t  ( H '  >>L '>>ye ' )  , t h e  t empera tu re  d i s t r i b u t i o n  is 

assumed t o  be c o n t r o l l e d  by v e r t i c a l  conduc t ion .  

t h e o r y  is  developed f o r  h i g h  Rayleigh nunlber c o n v e c t i o n  of a l i q u i d  

i n  a r i g i d  porous  medium.  

f a u l t  and spreads i n t o  t h e  n e a r  r e g i o n  of' t h e  r e s e r v o i r  a d i a b a t i c a l l y .  

The c o o l i n g  e f f e c t  o f  t h e  cap i n  t h e  reservoir i s  c o n f i n e d  to  a t h i n  

l a y e r  a d j a c e n t  to  t h e  i n t e r f a c e .  The l a y e r  grows w i t h  d i s t a n c e  from 

t h e  f a u l t .  

by t h e  s u r f a c e .  

SpatF;i l ly uniform t e m p e r a t u r e  

A q u a s i - a n a l y t i c  

I n  t h i s  approx imat ion  l i q u i d  rises up the 

I n  t h e  far  f i e l d ,  f u l l  d e p t h  of t h e  a q u i f e r  is cooled 
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The following simplifying assumptions are made in the analysis: 

(i) Flow is steady. 

(ii) Physical properties such as coefficient of thermal expansion, 

specific heat, and medium thermal conductivity are assumed 

constant. 

(iii) Fault medium is isotropic. 

(iv) Fault and aquifer are homogeneous in the x-y plane. 

(VI Vertical permeability in the aquifer is zero. The presence 

of shaly layers, associated with the interbedding, makes 

the vertical transport unimportant in the global sense. 

(vi) The ratio (permeability/kinematic viscosity) is a constant. 

This is a qualitative representation of the decrease of 

kinematic viscosity u i  th depth (associated with increasing 

temperature) and the corresponding decrease in permeability 

due to compaction. In actual s i t . u a t i o n s  precise compensation 

is not. achieved. 

Figures 2 and 3 show the near fault and far field temperatures 

i n  the aquifer and cap at different distances away from the fault. 

The nondimensional parameters used in these figures are defined 

as below: 

z = actual vertical distance/reservoir depth (L') 

y = horizontal distance/reservoir depth (L') 

= horizontal distance/reservoir length in y-direction (HI) 

II = cap thickness/reservoir depth ( L ' )  

ye = semi-fault width/reservoir depth (L') 

d = an O(1) number 

= thermal conductivity of the cap/thermal conductivity 
of the aquifer 
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M = a c t u a l  m a s s  flow r a t e / r e f e r e n c e  m a s s  f l o w  rate 

T = a c t u a l  t e m p e r a t u r e / r e f e r e n c e  t e m p e r a t u r e  

T = t e m p e r a t u r e  d i f f e r e n c e  across t h e  reservoir/ 
r e f e r e n c e  t e m p e r a t u r e  

R = Rayleigh number = r e f e r e n c e  c o n v e c t i o n  h e a t  t r a n s f e r /  
r e f e r e n c e  conduc t ion  h e a t  t r a n s f e r  

I t  can  be no ted  t h a t  t h e  p r e d i c t e d  t empera tu res  i n  the n e a r  

f i e l d  ( F i g u r e  21 are  q u i t e  l i k e  t h a t  f o r  !.lesa w e l l  8-1, 44-7, and 

4B-7. F a r  f i e l d  p rof i l c ! s  as i n  F i g u r e  3 can be r e l a t e d  to t h o s e  i n  

5-1, 31-1, and the RepuSlic y e o t h e r m i  we1.l~. S u r f a c e  h e a t  f l u x  r a t i o  

( n c a r  faGI t/far f i e l d )  can be o b t a i n 4  from t h e  Conh's c o n t o u r s  

(Goyal., 1978)  drawn for  the East  Mesa area .  A s i m i l a r  r a t i o  can  

a l so  !,e obtaine-!  f r m  t h e  Ficjurt: 4 which is  p l o t t e d  f c x  the ternperatur t  

g r a d i e n t  a t  t h e  s u r f a c e  vs .  h o r i z o n t a l  d i s t a n c e  from t h e  f a u l t .  A 

d e t a i l e d  a n a l y s i s  of t h i s  work and t h e  e f f e c t  of the v a r i o u s  parmeters 

is a v a i l a b l e  i n  Goyal (1978) .  

R e f e r e n c e s  

B a i l e y ,  T. (1977) . CUMER-77-4-Mec!ianical Engineer ing  Department,  
U n i v e r s i t y  of Colorado, Boulder .  

Combs, J. and Hadley,  D.  (1977) .  Geophysics - 42, 17 .  

Goyal,  K. P. (1978) .  PhD t h e s i s ,  Mechanical  Engineer ing  Department,  
U n i v e r s i t y  of Colorado, Boulder .  

Goyal,  K. P. and D. R. Kassoy (1977) .  P roceed ings  o f  t h e  T h i r d  
Workshop on Geothermal R e s e r v o i r  Engineer ing ,  S t a n f o r d  
U n i v e r s i t y ,  pp. 209-213. 

-303- 



a 
4 
0 

t I  

ce 
0 
c 

.. 
r i  

-304- 



.2 

.1  

z 
-.l 

- .2 

- . 3  

- .4 

-.5 

-.6 

- . 7  

- .8 

-.9 

- 1  .o 

=.06 

d = .32 

1 = .24 

x = .7 

M = l  

R = 338 

r = .6 

ye = .034 

Figure 2:  Near Fault Temperatures i n  the Aquifer and t he  
Cap fo r  D i f f e r e n t  Values of y 
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Temperature i n  the  Aquifer and the Clay Cap a t  
Different L.ocations away f r om the F a u l t  
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