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The u s e f u l  l i f e t i m e  of a geothermal r e s e r v o i r  as an energy source  can 

depend s t r o n g l y  on t h e  t echn ique  used t o  e x t r a c t  h e a t .  

o c c u r r i n g  geothermal f i e l d s  and a r t i f i c i a l  geothermal r e s e r v o i r s ,  such as the  

Los Alamos h o t  d ry  rock  experiment,  cont inuous  e x t r a c t i o n  o f  heat  r e q u i r e s  

maintenance of  a channel of permeable material t o  and away from t h e  heat 

source .  Since  such a system must be recharged t o  mainta in  product ion over a 

u s e f u l  p e r i o d  of time, wa te r  must be heated and t h u s  t r a n s p o r t e d  through rock 

i n  the presence of  large temperature  g r a d i e n t s .  

I n  both n a t u r a l l y  

We have designed experiments t o  study pe rmeab i l i ty  changes i n  rock due t o  

f l u i d  f low along a temperature  g r a d i e n t  t o  f u r t h e r  unders tanding o f  how heat 

product ion i n  geothermal r e s e r v o i r s  may depend on these effects.  

samples of  Westerly G r a n i t e ,  8.9 cm long ,  7.6 cm i n  d iamete r ,  and c o n t a i n i n g  a 

0.56 cm diameter borehole ,  were used. A r e s i s t a n c e  h e a t e r  was p laced  i n  t h e  

borehole  as a heat s o u r c e ,  g i v i n g  a r a d i a l l y  symmetric temperature  g r a d i e n t .  

Confining p r e s s u r e  and pore p r e s s u r e  were a p p l i e d  t o  t h e  sample; a pore  
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p r e s s u r e  g r a d i e n t  was a p p l i e d  t o  induce radial f low e i t h e r  toward o r  away from 

t h e  borehole.  

t h e  exper iments ,  a n  apparen t  p e r m e a b i l i t y ,  averaged over  t h e  whole sample, was 

c a l c u l a t e d  from Darcy's  Law by measuring t h e  pore  f l u i d  f low rate.  

Although pe rmeab i l i ty  may not  have remained homogeneous dur ing  

F i g u r e  1 shows t h e  r e s u l t s  of two experiments w i t h  samples of Wester ly  

G r a n i t e ;  exper imenta l  c o n d i t i o n s  are given i n  Table I. 

Table I 

Experiment I Experiment I1 

Confining P r e s s u r e  (bars)  

Pore Pressure- borehole  ( bars) 

- j a c k e t  (bars) 

Temperature - borehole (OC) 

- j a c k e t  ( O C )  

300 

105 

100 

310 

115 

600 

200 

205 

358 

14 5 

I n  both experiments t h e  pe rmeab i l i ty  decreased,, I n  experiment I ,  pore f l u i d  

flowed away from t h e  h o t  borehole ;  t h e  dec rease  i n  pe rmeab i l i ty  may have been 

caused by d e p o s i t i o n  of  d i s s o l v e d  minera l s  because of a dec rease  i n  s o l u b i l i t y  

w i t h  lowered temperature .  I n  experiment 11, pore f l u i d  flowed toward t h e  

borehole .  I n  t h i s  experiment,  t h e  decrease i n  pe rmeab i l i ty  may l i k e w i s e  have 

been due t o  d e p o s i t i o n  of d i s s o l v e d  m i n e r a l s .  

s o l u b i l i t y  of s i l i c a  as a f u n c t i o n  of temperature  goes through a maximum 

between 320' and 3 4 O O C .  

i t  must depos i t  s i l i c a  on h e a t i n g  as i t  moves t,oward t h e  borehole ,  t h u s  

A t  p r e s s u r e s  below 300 bars t h e  

If t h e  pore f l u i d  is s a t u r a t e d  a t  t h i s  temperature ,  
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decreas ing  the pe rmeab i l i ty .  Permeabil i . ty may a l s o  have been decreased i n  

both  experiments I and I1 by a l t e r a t i o n  of minera l s  i n  p lace ,  r e s u l t i n g  i n  

c logging of  pores .  F u r t h e r  experiments are being conducted t o  determine the 

r e l a t i v e  importance of these two effects.  

These r e s u l t s  suggest  t ha t  under t h e  proper c o n d i t i o n s ,  f l u i d  f lowing 

through rock a long a temperature  g r a d i e n t  can r e s u l t  i n  decreased 

pe rmeab i l i ty .  Although t h i s  e f f e c t  i s  u n d e s i r a b l e  i n  geothermal  a p p l i c a t i o n s ,  

i t  may be of u s e  i n  t h e  d i s p o s a l  of  nuc lea r  waste materials. I n  t h i s  case ,  

t r a n s p o r t a t i o n  of n u c l e i d e s  away from the h o t  d i s p o s a l  s i t e  by ground water 

may be i n h i b i t e d  by d e c r e a s e s  i n  t h e  pe rmeab i l i ty .  The experiments r e p o r t e d  

here were des igned t o  show t h a t  pe rmeab i l i ty  can be decreased by f l u i d  f low. 

We a r e  c u r r e n t l y  conducting experiments t o  s tudy  the  c o n d i t i o n s  under which 

pe rmeab i l i ty  can be inc reased  by f l u i d  f low. When t h i s  problem is  thoroughly 

unders tood,  i t  should be p o s s i b l e  t o  des ign geothermal heat e x t r a c t i o n  systems 

s o  as t o  take advantage of these effect:; and the reby  improve energy product ion.  
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FIG. 1. Plot of average permeability vs time €or two samples of Vesterly 
Granite. 
borehole. 
increasing in temperature. 
decreased with time. 

In Experiment I, water cooled as it flowed away from the 
In Experiment 11, water flowed toward the borehole, 

In both experiments, permeability 
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