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The research program c u r r e n t l y  underway i n  the  Department of C i v i l  
Engineering a t  Pr inceton U n i v e r s i t y  can be subdiv ided i n t o  f i v e  separate 
i n t e r a c t i n g  components. Each component addresses a s p e c i f i c  problem encoun- 
te red  i n  t h e  numerical s i m u l a t i o n  of  geothermal r e s e r v o i r s .  I n  t h i s  summary, 
t he  components w i l l  be examined independently a l though i n  f a c t  t he re  a re  
many f a c e t s  o f  t h e  work which ove r lap  and thereby p rov ide  a foundat ion f o r  
the  exchange o f  ideas between i n d i v i d u a l s .  

The n a t u r a l  ex tens ion  o f  t h e  two-dimensional s i n g l e  phase area l  model 
o f  the  Wairakei r e s e r v o i r  i s  t he  f u l l y  three-dimensional problem. Although 
the  development o f  a three-dimensional f i n i t e  element energy t ranspor t  code 
was r e  a t i v e l y  s t ra igh forward ,  the  ca ta logu ing,  o rgan iza t i on  and manipu la t ion  
o f  t h e  l a r g e  q u a n t i t i e s  o f  p e r t i n e n t  f i e l d  da ta  was more d i f f i c u l t .  I n  pre-  
pa r ing  t h e  i npu t  data t rend  sur faces o f  t h e  important  hyd ro log i ca l  and geo- 
l o g i c a  parameters were generated. I n  t h i s  way the  requ i red  in format ion  f o r  
each f n i t e  element node can be determined r e a d i l y .  
r e n t l y  ope ra t i ona l  and the  l a s t  elements o f  da ta  a re  being prepared. 

The s imula tor  i s  cu r-  

Whi le t h e  c o r r e c t  fo rmula t ion  o f  t h e  equat ions governing mul t i - phase 
(steam-water) f l o w  i n  porous media i s  now a v a i l a b l e  i n  t he  l i t e r a t u r e ,  the  
development o f  an accura te  and e f f i c i e n t  three-dimensional s imula tor  s t i l l  
remains a formidable task .  Because o f  t he  f l e x i b i l i t y  and accuracy o f  t he  
f i n i t e  e lement-Galerk in approach, t h i s  method has been chosen as t h e  bas i s  
f o r  our general s imu la to r .  To overcome l i m i t a t i o n s  inherent  i n  t he  c l a s s i c a l  
f i n i t e - e l e m e n t  approach, h i g h l y  e f f  
combined w i t h  i t e r a t i v e  methods f o r  
tems o f  a l g e b r a i c  equat ions.  

Al though the  B i o t  system o f  
c i t y  i s  g e n e r a l l y  recognized as a r 
sidence, i t  does no t  desc r ibe  impor 

c i e n t  c o e f f i c i e n t  generat ing schemes a r e  
the  s o l u t i o n  o f  t he  r e s u l t i n g  l a r g e  sys-  

equat ions based on the  theory o f  e l a s t i -  
gorous expression o f  the  physics of sub- 
an t  phenomena observed i n  the  f i e l d .  I n  

p a r t i c u l a r ,  i t  i s  observed t h a t  phys ica l  systems a re  charac ter ized by param- 
e t e r s  which e x h i b i t  memory. 
must be based upon v i s c o - e l a s t i c  r a t h e r  than e l a s t i c  theory .  Because of  t h e  
l ack  o f  understanding o f  the  exact  form o f  t h e  s t r e s s - s t r a i n  r e l a t i o n s h i p ,  
we have assured g e n e r a l i t y  by cons ider ing  an approach which e x t r a c t s  the  
form of  t h i s  equat ion  d i r e c t l y  from a v a i l a b l e  l a b o r a t o r y  experiments r a t h e r  
than d i c t a t i n g  i t  a p r i o r i .  
t h e  l ap lace  t ransform i n  con junc t i on  w i t h  a f i n i t e  e lement-Galerk in scheme. 

A c o r r e c t  f o rmu la t i on  o f  t h e  problem, therefore,  

The r e s u l t i n g  system o f  equations i s  solved us ing  

Al though equat ions f o r  energy t r a n s p o r t  i n  porous media have been i n  
use f o r  some t ime, we deemed i t  necessary t o  v e r i f y  t h a t  these equations had 
a sound t h e o r e t i c a l  bas i s .  A systemat ic  technique o f  l o c a l  volume averaging 
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of  t he  continuum equat ions was adopted and app 
equat ion.  Th i s  technique a l l ows  one t o  d e r i v e  
which con ta ins  terms account ing f o r  mechanical 
energy conduct ion and phase change. 

When t h e  assumption of  thermal e q u i l i b  

i e d  t o  the  thermal energy 
an equat ion  f o r  each phase 
d i spe rs ion ,  in te rphase 

ium between the  va r ious  phases 
i s  reasonable, t h e  equat ions f o r  each phase may be added together  and t h e  
coup l i ng  terms between t h e  phases w i l l  drop o u t .  However, i f  cond i t i ons  
a r e  such t h a t  thermal e q u i l i b r i u m  i s  no t  es tab l i shed ,  app rop r ia te  c o n s t i t u -  
t i v e  r e l a t i o n s  can be found f o r  t he  coup l i ng  term and t h e  equat ions a r e  
solved separa te ly  f o r  each phase. 

For t h e  case o f  c o l d  water i n j e c t i o n  i n t o  a f r a c t u r e d  geothermal 
r e s e r v o i r ,  one might  expect t h e  c o l d  water t o  move a t  d i f f e r e n t  v e l o c i t i e s  
i n  t he  f r a c t u r e s  and pores and thermal e q u i l i b r i u m  between the  pore and 
f r a c t u r e  f l u i d  may n o t  e x i s t .  To model t h i s  case, t he  pore  f l u i d  and f r a c -  
t u r e  f l u i d  were considered t o  be d i f f e r e n t  phases and f l o w  and energy equa- 
t i o n s  were developed f o r  each o f  t h e  two f l u i d  phases as w e l l  as f o r  t h e  
s o l i d  m a t r i x .  A t  present ,  a G a l e r k i n - f i n i t e  element computer code i s  being 
developed which solves t h e  complete coupled se t  o f  equations. 
v a r i a b l e s  a r e  expanded i n  terms o f  a new type o f  bas ic  f u n c t i o n  which 
a l l ows  f o r  increased accuracy and a reduc t i on  i n  t he  number of f i n i t e  
element equat ions which must be solved.  

The unknown 
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