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OVERVIEW - UNIVERSITY FESEARCH I N  GEOTHERMAL RESERVOIR ENGINEERING 

Roland N. Horne 

Stanford Universi ty  

Universi ty  research i n t o  r e s e r v o i r  
engineering aspec t s  of geothermal u t i l i s a t i o n  
has undergone a long development s ince  work 
f i r s t  gathered speed i n  t h e  e a r l y  1970's. 
Universi ty  research,  appropr ia te ly  enough, 
has  remained somewhat academic throughout 
t h a t  t i m e  although with a constant  watch over 
t h e  ph i losophica l ly  t r o u b l i n g  problems 
assoc ia ted  with i n d u s t r i a l  u t i l i s a t i o n  of t h e  
resource. Research i n  t h e  u n i v e r s i t y  
environment is  charged with f i n d i n g  t h e  
answer "why?" as much as "how?". 

The Pas t  One of t h e  earlier popular areas of 
u n i v e r s i t y  research  was t h e  behaviour of 
convection i n  porous media--a region of 
i n t e r e s t  s t imula ted  by fundamental ques t ions  
of how geothermal r e s e r v o i r s  form and what 
mechanisms are important i n  t h e i r  
behaviour. Work i n  this area was done a t  the 
Universi ty  of Hawaii by Prof. Ping Cheng, a t  
Universi ty  of Colorado by Prof. David Kassoy, 
a t  Stanford Universi ty  by Profs .  George Homsy 
and Roland Horne, and a t  UCLA by Prof. George 
Schubert and D r .  Joe Straus.  Physical  
s i t u a t i o n s  i n  which non-isothermal f l u i d  flow 
through porous media is important also appear 
i n  o ther  engineering f i e l d s  and have been 
s tud ied  i n  o t h e r  u n i v e r s i t i e s  with frequent  
c ross  re fe rences  t o  geothermal energy. Much 
product ive work w a s  generated i n  t h e  area of 
convection, however most a c t i v i t y  d r e w  t o  a 
c l o s e  with a s u b t l e  change of emphasis 
towards more p r a c t i c a l  problems, perhaps 
o r i g i n a t i n g  with ERDA' s 1975 catch-phrase of 
"megawatts on-line". 

Methods f o r  r e s e r v o i r  modelling have been 
inves t iga ted  continuously from t h e  beginning 
and s t i l l  a r e  of cur ren t  i n t e r e s t .  The f i e l d  
can be s p l i t  somewhat u n t i d i l y  i n t o  t h e  
regions of a n a l y t i c a l  modelling, phys ica l  
modelling and numerical modelling. F u l l  
scale numerical modelling has been undertaken 
a t  t h e  u n i v e r s i t y  l e v e l  by Prof. George 
Pinder  a t  Princeton Universi ty  and Prof. Paul 
Witherspoon a t  U. C. Berkeley who have made 
major con t r ibu t ions  i n  phi losophical  i n s i g h t s  
i n t o  aspec t s  of t h e  f i e i d .  Nuts-and-bolts 
code development has remained p r i n c i p a l l y  
ou ts ide  t h e  academic environment and has 
been tackled by commercial companies and t h e  
n a t i o n a l  l abora tor ies .  

Ana ly t ica l  mode l l i n g  is somewhat 
inappropr ia te ly  named s ince  most examples use 
numerical methods, however t h e  term has c o m e  
t o  be used with reference t o  lumped 
parameter, l i n e a r i s e d  or otherwise s impl i f ied  
models. Some of these  models such as 
Universi ty  of Colorado's fault- charged model 
(Kassoy and Goyal, 1979) grew out  of earlier 
convection work, while o t h e r s  a t  Stanford 
Universi ty  o r ig ina ted  from petroleum 
engineering mate r ia l  balance techniques 
(Brigham and N e r i ,  1980, and Westwood and 
Castanier- - this  conference) .  Prof. Gunnar 
Bodvarsson of Oregon S t a t e  Universi ty  has 
a l s o  cont r ibu ted  a wide range of conceptual 
models from h i s  geophysical backqround. The 
arguments concerning t h e  appropriateness  of 
t h i s  type of model compared t o  f u l l  scaLe 
d i s t r i b u t e d  parameter models have ye t  t o  be 
resolved,  and it is l i k e l y  t h a t  work i n  bohh 
areas w i l l  cont inue i n  research,  a s  it does 
i n  industry.  

Physical  modelling of f u l l  scale systems has 
never been undertaken i n  u n i v e r s i t y  research 
( d e s p i t e  suggest ions of sand box models a t  
Colorado S t a t e  Universi ty  - F o r t  C o l l i n s ) ,  
bu t  l abora tory  s t u d i e s  of l a rge  scale hea t  
t r a n s f e r  has been undertaken i n  t h e  chimney 
model a t  Stanford. 

With t h e  change i n  t h e  later 1970's towards 
more immediate p r a c t i c a l  problems, g r e a t e r  
a t t e n t i o n  was placed upon w e l l  t e s t i n g  and 
w e l l  test ana lys i s .  Research i n  t h i s  a r e a  
had been i n  progress  a t  Stanford under the 
d i r e c t i o n  of Prof. Ramey s ince  considerably 
before t h a t  t i m e ,  however Stanford w a s  joined 
by t h e  Universi ty  of Hawaii and o ther  nan- 
u n i v e r s i t y  establ ishments  i n  t h e  renewed 
i n t e r e s t .  W e l l  t e s t i n g  is an a rea  on which 
a l l  sectors of t h e  geothermal r e s e r v o i r  
engineering area depend, inc lud ing  numerical 
s imulat ion,  economics, r e s e r v o i r  modelling, 
s t a t i o n  design, p i p e l i n e  design and even 
environmental impact inves t iga t ion .  

In teres t  i n  fundamental rock and f l u i d  
p r o p e r t i e s  has been maintained because of 
t h e  continued importance t h a t  phys ica l  and 
chemical behaviour have i n  exp lora t ion ,  w e l l  
test a n a l y s i s  and simulation. Work i n  f l u i d  
flow has been followed a t  Stanford Universi ty  
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i n  the bench scale experiments i n v e s t i g a t i n g  
abso lu te  permeabil i ty ,  steam/water r e l a t i v e  
permeabil i ty  and adsorpt ion.  The impact of 
t h e  adsorpt ion experiments has been f a r  
reaching i n  t h e  engineering of vapor 
dominated systems, but t h e  determination of 
s t e a m / w a t e r  r e l a t i v e  permeabil i ty  (which is 
of major importance i n  r e s e r v o i r  s imulat ion)  
cont inues t o  be elusive.  The d i f f i c u l t y  i n  
measuring r e l a t i v e  permeabi l i t i es  may w e l l  
arise ph i losophica l ly  i n  t h e i r  d e f i n i t i o n ,  
making t h e i r  study an i d e a l  candidate  f o r  
academic research.  

The chemical behaviour of geothermal f l u i d  
flow has a l s o  been inves t iga ted  i n  u n i v e r s i t y  
research,  with t h e  mineralogical  and s t a b l e  
i so tope  s t u d i e s  performed a t  U. C. Riverside 
and t h e  non condensable gas s t u d i e s  a t  
Stanford. 

The Present  and Future The p r i n c i p a l  
phi losophical  problem suf fe red  by geothermal 
r e s e r v o i r  engineering is t h e  app l ica t ion  of 
techniques developed f o r  porous media t o  
systems which have s u b s t a n t i a l  f r a c t u r e  
permeability. A g r e a t  dea l  of e f f o r t  i n  
u n i v e r s i t y  research is now being appl ied  i n  
t h i s  d i rec t ion .  Tracer  t e s t i n g  has  been 
perceived as one of t h e  clearest means t o  
def ine  f r a c t u r e  systems and t h e  design and 
i n t e r p r e t a t i o n  of a major tracer f i e l d  test 
has been undertaken by Stanford i n  
cooperation with t h e  I n s t i t u t o  de 
Invest igaciones E l e c t r i c a s  i n  Mexico. W e l l  
test ana lys i s ,  and non condensable gas 
monitoring techniques are being developed f o r  
t h i s  use a l s o ,  and t h e  hea t  t r a n s f e r  

behaviour of f r a c t u r e d  systems is also i n  
progress .  

I n  September 1980, LBL d r a f t e d  a n  updated plan 
(Howard, Goldstein and Graf ,  1980) f o r  t h e  
support  of geothermal r e s e r v o i r  engineering 
research  by t h e  U.S. Department of Energy. 
Twenty t o p  p r i o r i t y  research needs were i d e n t i-  
f i e d  and presen t ly  8 of these  research  t o p i c s  
are under i n v e s t i g a t i o n  ( e i t h e r  formally or 
informally)  a t  u n i v e r s i t i e s .  
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