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ABSTMCT 

Much computing t ime is s p e n t  when a numerical  
s imi i ln to r  is used t o . s t u d y  a geothermal  reset- , 

v o i r .  An e f f o r t  w a s  made. t o  develop a n ' e f f i -  I 
c i e n t  metlioclology t o  s o l v e  t h e  non l i n e a r  sys- 
tem of e q u a t i o n s  i n  each t i i n t !  s t e p  of t h e  i n i -  
t i a l  v a l u e  problem. Advantage was taken from 
t h e  e x p e r i e n c e  r e p o r t e d  i.n t h e  l i t e r a t u r e  and 
some improvements were i n t r o d u c e d :  an a l g e b r a i c  
man ipu la t ion  t o  reduce tlie number of e q u a t i o n s ,  
a d i f f e r e n t  t r e a t m e n t  t o  e q u a t i o n s  f o r  r e g i o n s  
under and above t h e  s a t u r a t i o n  curves and a 
s imple  p rocedure  t o  s h i f t  from one t r ea tmen t  to 
tlie o t h e r .  
is a lmos t  l i n e a r  and i t s  e x a c t  s o l u t i o n  is  ap- 
proached through Newton-Ramphson c o r r e c  t i o n s  t o  
tlie main v a r i a b 1 . e ~  and updiiti.ng of o t h e r  voria- 
hles i n  each i t e r a t i o n .  A computer code w a s  
developed and i t  was v a l i d a t e d  a p p l y i n ~  i t  t o  
t h e  s i x  problems posed by t h e  US Department of  
Enerp.y i n  1980. Computinr times were s i g n i f i -  
c a n t l y  lower t h a n  those  o f  o t h e r  codes.  

The r e s u l t i n g  s y s t e m  of  e q u a t i o n s  

INTRODUCTION 

A g r e a t  dea l  O F  work has h e m  dune i n  t h e  numeri- 
r n l  s i inulat ion of geothermal  r e s e r v o i r s  and some 
c-omputer codes proved t o  tic reli.ahle i n  s o l v i n g  

. , t h e  mass momen turn. and ener!:y b a l  a n c r  eqiiatioiis  to  
s i m u l a t e  t h e  f low of h o t  w a t e r  i n  one o r  two 
phases  i n  a permeable mediiim. T h i s  was mode c l e a r  
i n  t h e  .workshop h e l d  a t  S t a n f o r d  (Standotd Univer- 
s i t y ,  1080) t o  compare r e s u l t s  from s e v e r a l  com- 
p u t e r  codes i n  t h e  s o l u t i o n  on s i x  probLems w i t h  
v a r y i n g  d i f F i c u l t y  posed by t h e  U.S.. Department of 
I'nergy . Some c o n c l u s i o n s  Froin t h e  workshop were: 
"'1:lle s t u d i e s  p r e s e n t e d  a t  t h i s  workshop c l e a r l y  
i n d i c a t e d  t h a t  t h e s e  s i m u l a t o r s  can s o l v e  a wide 

. v a r i e t y  of  geothermal  problems ... they can d e s c r i b e  
t h e  p h y s i c a l  p r o c e s s e s  a s  w e l l  as we now under- 
s t a n d  them... Model e f f i c i e n c y  is impor t an t  be- 
c a u s e  models are becoming more complicated and 
t h e r e f o r e  c o s t l y  to . implement;  a l a r g e  number of 
r u n s  a r e  normally r e q u i r e d  i n  ana lyz ing  a t y p i c a l  
f i e l d  problem; model e f f i c i e n c y  is c r i t i c a l  t o  t h e  
u s e  of Monte C a r l o  methods oE r i s k  assessment . . . .  
'It is i n f o r t u n a t e  indeed t h a t  program e f f i c i e n c y  
was no t  documented" . 
T n  tlie p rev ious  expe r i ence  O F  t h e  a u t h o r  i n  u s i n g  
a n  a v a i l a b l e  code and i n  deve lop ing  a n o t h e r  

(Cruickshnnk, 1982) t o  s t u d y  s p e c i f i c  r e s e r v o i r s .  
much computing t i m e  was' employed i n  t h e  s i m u l a t i o n  
runs ;  t h i s ,  i n  most computing f a c i l i t i e s ,  is i n c o n  
v e n i e n t  and c a u s e s  p r o j e c t  d e l a y s  because many 
runs  have  t'o b e  made. through t h e  model c a l i b r a t i o n ,  
s e n s i t i v i t y  a n a l y s i s  and a1 t e r r i a t i v e  t e s t i n g  
s t a g e s  of t h e  s t u d y  of  any r e s e r v o i r .  T h e r e f o r e  
i t  was c o n s i d e r e d  impor t an t  t o  d e d i c a t e  e f f o r t  t o  
develope e f f i c i e n t  p rocedures  of p,eotliermal reser- 
v o i r  s i m u l a t i o n .  

There have  been claims abou t  p rocedure  e f f i c i e n c y  
i n  t h e  l i t e r a t u r e  (Coats ,  1977,Clieng and Crichlow,  
1980) and t h a t  e x p e r i e n c e  w i t h  some f u r t h e r  dcvel-  
opments r e s u l t e d  i n  t h e  methodology d e s c r i b e d  h e r e  
which is though t  t o  b e  b o t h  f l e x i b l e  and e f f i c i e n t  
and of  a c c e p t a b l e  accu racy  comparing i t s  r e s u l t s  
with t h o s e  o f  o t h e r  s i m u l a t o r s .  

GOVERN INC EQUATIONS 

The b a s i c  e q u a t i o n s  t o  b e  s o l v e d  are tlie conserva-  
t i o n  laws of mass, momentum and energv which ex- 
p re s sed  f o r  a c o n t r o l  volume R bounded by a su r -  
f a c e  r have  t h e  g e n e r a l  form: 

wher,e q is a mass a s s o c i a t e d  ( i n t e n s i v e )  p r o p e r t y .  

The geothermal, r e s e r v o i r  is cons ide red  t o  b e  a po- 
rous and permeable  r o c k  f i l l e d  w i t h  the geotherninl  
f l u i d .  Tn tlie p r e s e n t  development on ly  one f l u i d  
component (wa te r )  i n  two phases  ( l i q u i d  and vapor )  
is  c o n s i d e r e d .  I n  such  a medium, t h e  mass conser-  
v a t i o n  e q u a t i o n  is  a p p l i e d  on ly  t o  t h e  f l u i d  i n  
t h e  v o i d  f r a c t i o n  of t h e  rock;  w i t h  q = l  and the 
i n t e g r a l  of tlie d i s p e r s i v e  term equa l  t o  z e r o ,  eq. 
1 becomes 

(2) 

i 

l , , F d r  + L- 3 I ( b p m  = I,,M~SI 
a t  i z  

A lso,  t h e  momentum e q u a t i o n  may b e  s e e n  t o  r educe  
t o  Darcy's law: 

p = - i lklk p .  (vr-p ; j - l i q u i d ,  vapor  
1 P J  

. j  
j 

The c o n s e r v a t i o n  of energy is a p p l i e d  t o  t h e  b u l k  
of r o c k  and f l u i d ;  w i t h  q=u t h e  i n t e r n a l  enerf:y 
on ly  s i n c e  t h e  k i n e t i c  energy is ve ry  s m a l l ,  eq.1 
is: 
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(4) 

w i  tli 
u = P + U  + (1-QI)P 11 r r  

Ihcr1:y s o u r c e  terms inclrirlc work done hy ex ter r in l  
f o r c e s ,  mainly pressure and g r a v i t y ,  and t h e  ener -  
gy taken  i n  or o u t  of t h e  sys tem by t h e  mass sour-  
c e s .  Neglec t ing  t h e  work o f  1:ravity the p r e s s u r e  
work may b e  added t o  t h e  c o n v e c t i v e  t r a n s p o r t  of 
i n t e r n a l  energy ,  l e a v i n g  o n l y  energy a t t a c h e d  t o  
mass so i i rces  i n  t h e  rip,ht hand s i d e  of eq .4  . 
'rlic d i s p e r s i v e  t r a n s p o r t  i n t e g r a l  may no l o n g e r  b e  
taken  as ni1.1 and is normal ly  c o n s i d e r e d  t o  b e  
' d i r e c t l y  p o r p o r t i o n a l  t o  tlie g r a d i e n t  ol: tlie mass 
a s s o c i a t e d  p r o p e r t y  i n  b a l a n c e .  Two mechanisms 
r a n t r i b u t e  to  t h i s  term i n  t h e  c a s e  OF energy;  h e a t  
conducti.on and mechanical d i s p e r s i o n .  The l a s t  
term is u s u a l l y  n e g l e c t e d  a l though i n  f r a c t u r e d  and  
l a y e r e d  Formations may be l a r g e r  tlinn conduct ion .  
Assuming t h a t -  meclianical d i s p e r s i o n  may b e  exptea-  
se'd as 'a d i f f u s i v e  q u a n t i t y ,  t h e  d i s p e r s i v e  t r a n s -  
p o r t  term may. be e x p r e s s e d  as: 

where KU i n c l u d e s  t h e r m a l  c o n d u c t i v i t y  and d i s p e r -  
si v i  tv .  

C;i Ll ing  - 
CI = - K OT+Ch.F. 

1) j J J  
( . j= l iqu id ,  vapor)  

eq . / I  1 s t r a n s  Formed t o  

Eqs. 2 and 6 are e x a c t l y  t h o s e  r e p o r t e d  i n  t h e  li- 
t e r a t u r e ,  e x c e p t  f o r  t h e  i n c l u s i o n  h e r e  oE the,me- 
ch an i ca  1 d i s p e rs  i o n  t e n  . 
Apart  from the c o n s e r v a t i o n  laws,  e q u a t i o n s  of 
s t a t e  a r e  needed t o  d e s c r i b e  t h e  thermodynamic 
s t a t e  of t h e  f l u i d  w i t h i n  tlie pores  of f r a c t u r e s  o f  
tltc rock format ion .  These e q u a t i o n s  r e l a t e  f l u i d  
p r o p e r t i e s  l i k e  d e n s i t y ,  i n t e r n a l  e n e r g y ,  v i scos-  
i t y ,  e t c ,  t o  s t a t e  v a r i a b l e s ,  mainly p r e s s u r e ,  t e m -  
p c r n t u r e  and phase  c o n c e n t r a t i o n .  These r e l a t i o n s  
l l l i ly he ob ta.i ned  from s t a n d s r d  thermodynamic t a b l e s  
or from e q u a t i o n s  t h a t  f i t  t h e  t a b l e s .  The equa- 
t i o n s  o b t a i n e d  by Mercer  and F a u s t  (1977) a r e  used 
h e r e .  Some. s imply  Eying assumpt ions  are a l o c a l  
t liema1 equi  1 i h r i  urn between phases  i n c l u d i  np, t h e  
roc.k and a small i n f l u e n c e  O P  s u r f a c e  t e n s i o n ;  t h e  
f i r s t  one is  a c c e p t a b l e  for g r a n u l a r  media and even  
for f r a c t u r e d  media w i t h  d i s t a n c e s  among' f r a c t u r e s  
o f  t h e  o r d e r  of some meters i n  view of t h e  mesh 
s i z e s ' a n d  time i n t e g r a t i o n  s t e p s  normal ly  used t o  
s i m u l a t e  a r?eothermal r e s e r v o i r s ;  a c c o r d i n g  t o  
some exper iments ,  s u r f a c e  t e n s i o n  i n f l u e n c e  a p p e a r s  
t o  b e  v e r y  lor1 f o r  t e m p r a t u r e s a h o v e  100°C (Faus t  
and Mercer ,  1979). 

Sl'ACI< AND T l W  1 NTEGMTlON 

'l'l1e s i m u l a t i o n  of t h e  be imviour  o l  a gcot l iermal  

r e s e r v o i r  is acf i ieved by s o l v i n g  t h e  i n i t i a l  v a l u e  
problem posed  by e q u a t i o n s  2 and 6 i n  t h e  r e g i o n  
of i n t e r e s t  w i t h  t h e  cor responding  time de- 
pendent  boyndary c o n d i t i o n s .  
cha rac t e r i s t i . c . s  and complex bor indor ies  t h e  s o l u -  
t i o n  is c o n v e n i e n t l y  o b t a i n e d  by d i s c r e t i z i n g  t h e  
r e g i o n s ,  t h a t  is t o  s a y ,  s u b d i v i d e  i t  i n t o  s u b r e -  
g i o n s  and a p p l y  t h e  c o n s e r v a t i o n  e q u a t i o n s  t o  each 
one of them; t h e  s o l u t i o n  ( d e t e r m i n a t i o n  o f  s t a t e  
v a r i a b l e s )  is t h e n  o b t a i n e d  f o r  r e p r e s e n t a t i v e  
p o i n t s  w i t h i n  t h e  r e g i o n ;  t h e s e  may b e  n o d a l  
p o i n t s  a t  t h e  b o u n d a r i e s  oE t h e  s u b r e g i o n s  as in 
t h e  f i n i t e  e lement  method, a t  t h e i r  c e n t e r  as i n  
t h e  i n t e g r a t e d  f i n i t e  d i f f e r e n c e  method (IFD) o r  
a t  mesh p o i n t s  as i n  t h e  f i n i t e  d iFEerence  method. 
l lere,  t h e  IFD method was s e l e c t e d  b e c a u s e  its' R i m -  
p l i c i t y ,  i ts  a d a p t a b i l i t y  t o  i r r e g u l a r  g e o m e t r i e s  
and i t s  a b i l i t y  t o  manage problems from z e r o .  t o  
t h r e e  d imens ions  w i t h o u t  change i n  t h e  a l g o r i t h m i c  
f o r m u l a t i o n ;  t h e s e  advantages  a r e  e x p l a i n e d  i n  
more d e t a i l  by P r e u s s  and Naxashiman (1985). The 
main r e l a t i v e  d isadvantage  is t h a t  t h e  l i n e s  con- 
n e c t i n g  a d j a c e n t  e lements  must b e  c o i n c i d e n t  w i t h  
a p r i n c i p a l  a x i s  of p e r m e a b i l i t y .  

With v a r i a b l e  medium 

Eqs. 2 and 6 s h o u l d  b e  i n t e g r a t e d  w i t h  r e s p e c t  t o  
t i m e ;  t h i s  may b e  done us ing  t h e  mean v a l u e  thco- 
rem and a mean v a l u e  which is a l i n e a r  c o m b i n a t i o n  
of t h e  i n t e g r a n d  extreme v a l u e s  i n  t h e  i n t e r v a l :  

(7)  

The t i m e  integral of t h e  s t o r a g e  terms is s i m p l y  
t h e  d i f f e r e n c e  between i ts  E i n a l  and  i n i t i a l  va- 
l u e s .  

A t  any p o i n t  i n  s p a c e  and time, t h e  state of t h e  
f l u i d  is f u l l y  de te rmined  by two state v a r i a b l e s :  
i f  o n l y  o n e  phase  is p r e s e n t  t h e s e  v a r i a b l e s  are 
p r e s s u r e  and tempera ture ;  i n  a two phase  m i x t u r e  
they  are p h a s e  c o n c e n t r a t i o n  ( l i q u i d  or v a p o r )  and 
e i t h e r  p r e s s u r e  o r  tempera ture  s i n c e  i n  t h e r m i c  
e q u i l i b r i u m  t h e r e  is a unique r e l a t i o n  among them. 
I t  h a s  b e e n  u s u a l  i n  p r e v i o u s  works t o  resort t o  
i n t e r n a l  energy  o r  e n t h a l p y  as a s u b s t i t u t e  o €  
t e m p e r a t u r e  t o  a v o i d  t h e  d u a l i t y  of s t a t e  v a r i a -  
b l e s  i n  o n e  and two phases; n e v e r t h e l e s s  t h e  new 
v a r i a b l e  is dependent  on phase c o n c e n t r a t i o n .  The 
need f o r  t w o  state v a r i a b l e s  is t h e  r e a s o n  €or t h e  
use  of two time dependent  b a l a n c e  e q u a t i o n s  t o  
de termine  t h e  development of a g c o t h e r m a l  sys tem.  

With tile s p a c e  d i sc re t i . zn t . i on  arid time i n t e g r a t i o n  
by eqs .  - 7  t h e  s i m u l a t i o n  problem r e d u c e s  t o  t h e  
s o l u t i o n  of a set of  2 N s i m u l t a n e o u s  non l i n e a r  
e q u a t i o n s  i n  2 N unknowns which are t h e  N c o u p l e s  
of s t a t e  v a r i a b l e s  a t  t h e  end O C  t h e  t i m e  i n t e r v a l  
and a t  N i n t e r n a l  d i s c r e t i z a t i o n  p o i n t s  o f  t h e  
r e g i o n .  T h i s  sys tem of e q u a t i o n s  h a s  t o  b e  s o l v e d  
through i t e r a t i v e  methods among which t h e  Ncwton- 
Ramphson t e c h n i q u e  h a s  proved. t o  b e  r e l i a b l e  and 
e f f i c i e n t  p r o v i d e d  time s t e p s  are n o t  t a k e n  t o o  
l a r g e  when t r a n s i t i o n  from one t o  two p h a s e s  or 
viceverwa o c c u r s .  T h i s  is b e c a u s e  t h e  more impor- 
t a n t  non l i n e a r i t y  oE t h e  geothermal  p r o c e s s  l ies  
p r e c i s e l y  i n  t h e  phase  change. 
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'l'liis f a c t  p o i n t s  t o  t h e  p o s s i b i l i t y  t h a t  a s p e c i a l  
i t e r a t i v e  p r o c e d u r e  i n  phase t r a n s i t i o n s  might  b e  
n f i r s t  s t e p  t o  more e f f i c i e n t  s o l u t i o n  a l g o r i t h m s .  

~ o i i i c -  rc.scni-c*llc!rs (Clien a n t 1  CIir iciilow, 1980) Irnve 
taltcn advantage  o f  tlie Fact  t l l a t  i n  one phose  re-  
g i o n s  t h e  change  i n  tempera ture  ( o r  en t i in lpy)  is 
niiirli s m a l l e r  t h a n  t h a t  i n  p r e s s u r e ,  a l l o w i n g  the  u t  
c*oupling of t h e  mass and enerp,y e q u a t i o n s  be i t  
between i t e r a t i o n s  or from one time s t e p  to  the  
next .  T h i s  a l l o w s  t o  w r i t e  t h e  inass b a l a n c e  equa- 
t i o n s  as a q u a s i  l i n e a r  system of e q u a t i o n s  i n  
pk+l m d  t h e  energy b a l a n r e  e q u a t i o n s  as a system' 
i n  liklcl and s o l v i n g  them s u c c e s i v e l y  by i t e r a t i o n s  
ro  t a k e  i n t o  account  t h e i r  mutual  i n f l u e n c e .  The 
two phase r e g i o n  is t r e a t e d  s i m i l a r l y  b u t  s o l v i n g  
t h e  energy e q u a t i o n  i n  t h e  f irst  p l a c e  because  en- 
t h a l p y  changes are l a r g e r  t h a n  t h o s e  of p r e s s u r e .  

Yet a n o t h e r  a l t e r n a t i v e  t o  d i m i n i s h  t h e  computat io-  
n a l  e f F o r t  i s  t h e  ttse o f  t l ie a l t e r n a t i n g  d i r e c t i o n  
i t e r a t i o n  or the,, l i n e  s u c c e s i v e  o v e r r c l a x a t i o n  me- . 
tliods of s o l u t i o n  of t h e  sys tem o f  non l i n e a r  equa- 
t i o n s  in '  t w o  and ' . th ree-d imens iona l  r e g i o n s  .* The 
need For too many i t e r a t i . o n s  t o  meet soine s p e c i f i c  
errnr t o l e r a n c e  could  handfcap  t h e s e  methods i n  
Front  of t h e  d i r e c t  s o l u t i o n  of t h e  comple te  sys- 
tem. 

'1'I.I E PROPOSED M eTI 10DO LOGY 

Pr0bab.l.y t h e  most  i m p o r t a n t  among t h e  above  consi-  
d e r a t i o n s  i n  problems i n v o l v i n g  phase changes  and 
c o e x i s t e n c e  ob one and two phases  is  t h a t  of a pnr- 
t i c ~ i  Lar p r o c e d u r e  t o ,  d e a l  w i t h  t h e  phase  change. 
The second i m p o r t a n t .  q u e s t i o n  i s  a d i f f e r e n t  t r e n t -  
nieiit f o r  each  r e g i o n  because  i t s  obvious  d i f f e r e n t  
belinviour wiiicli i s  r e f l e c t e d  i n  t h e  v a r i a t i o n  
change of t h e  s t a t e  v a r i a b l e s .  T h i s  is t h e  c a s e  €or 
wilter which,  as mass is  e x t r a c t e d  or in : jec ted  w i t h i n  
n Riven volume, e x p e r i e n c e s  I n r g e  p re s s i l r e  chmiges 
. i n  nrie p h a s e  s t a t e  and l a r g e  e n t h a l p y  or vapor 
Concent ra t ion  v a r i a t i o n s  i n  t h e  two phase  reg ion .  

Based on t h i s  l a s t  o b s e r v a t i o n  a s t e p  t o  r e d u c e  t h e  
number OP e q u a t i o n s  is p o s s i b l e  by r a n k i n g  t h e  i m -  
p o r t a n c e  of t h e  s t a t e  v a r i a b l e s  changes d u r i n g  t h e  . 
time i n t e g r a t i o n  i n t e r v a l .  . .  

For t h e  moriopliase f low,  p r e s s u r e  is the v a r i a b l e  
w i t h  I .nrgcr c:hanges and they  may b e  e v a l u a t e d  
tliroiigli tire mass b a l a n c e  (eq. 2)  i n  i t s  Newton- 
R;iiiiplison wi. t l i  lime s u c c e s i v e  o v e r r e l a x a t i  on form as: 

n k k  k n k+l 
= ( l -O)ht t~lMk(Pt  -Pi +gp& + O A t  g M 

%-1 c 

which forms a t r i d i a g o n a l  sys tem of N1 e q u a t i o n s  in 
t h e  c o r r e c t i o n  t o  t h e  p r e s s u r e  pk+l f o r  e a c h  i t e r a -  
t i o n ,  w h e r e  N1 is t h e  number of e lements  w i t h  one 
phase f low; s i n c e  ,k+l and vk+l s u f E e r  l i t t l e  va- 
r i a t i o n  they  are  s imply  updated i n  t h e s e  e q u a t i o n s  
a t  each i t e r a t i o n .  Temperature  v a r i e s  l i t t l e  a l s o  
and may b e  e x p l i c i t l y  o b t a i n e d  from a conihinat ion 

OF t h e  energy  and mass e q u a t i o n s  where new v a r i a -  
b l e  v a l u e s  are u p d a t e d  through i t e r a t i o n s :  

( 9 )  

Fox n two pllnse flow t h e  p r o p e r t y  t h a t  undergoes 
l a r g e r  changes is l i q u i d  (or vapor)  f r a c t i o n  of 
tlie nii.xture; i n  o r d e r  t o  reduce the number of  
e q u a t i o n s  i t  is  convenient  t o  e l i m i n a t e  i t  u s i n g  
t h e  mass and t h e  energy c o n s e r v a t i o n  e q u a t i o n s .  
From tl ie l a t t e r  o n  g e t s :  

Using t h e  C 1 aus ius-Clapeyron  r e l a t i o n  f o r  clianges 
of P dnd T i n  t h e  two phase r e g i o n  AT is t r a n s -  
formed t o  AP i n  eq. 10 and tlie v a l u e  of  ACl is 
s u b s t i t u t e d  i n  t h e  mass e q u a t i o n :  

T h i s  g i v e s  r ise  a a i n  t o  a t r i d i a g o n a l  system of  
N2 e q u a t i o n s  i n  Pe+l on ly  where t h e  f i n a l  v a l u e s  
of p i ,  p v ,  t i v ,  4 which have l i t t l e  change a r e  up- 
d a t e d  through i t e r a t i o n s ;  ACE is o b t a i n e d  e x p l i c -  
i t l y  from eq. 10 . 
With t h i s  m a n i p u l a t i o n s  a t  every  time i n t e r v a l  and 
i t e r a t i o n ,  o n e  has  t o  s o l v e  a t r i d i a g o n a l  sys tem 
o f  o n l y  N=Nl+N2 e q u a t i o n s  i n  Pk+l, t h u s  reducing  . 

c o n s i d e r a b l y  t h e  computing t imes .  

Every t i m a  i n t e r v a l  i s  i n t e g r a t e d  w i t h  each e1.e- 
mcnt i.n i t s  i n i t i a l  state b e  i t  one ,  or two phase 
and t h e  new set  O F  s t a t e  v a r i a b l e s  is t e s t e d  t o  
f i n d  o u t  i f  t h e r e  has been a change of s ta te ;  if  
t h a t  is t h e  case for some element  . t h e  c a l c u l a t i o n  
is t a k e n  o v e r  a g a i n  s t a r t i n g  from t h e  s a t u r a t i o n  
curve  a t  t h e  p o i n t .  t h a t  is c r o s s e d  by t h e  i n i t i a l  
p a t h  O P  i n t e g r a t i o n .  T h i s  i s  i l l u s t r a t e d  i n  f i g  . 
1 w i t h  8 P-h d iagram.  Tf a t  the end of t h e  time 
i n t e r v a l  t h e  f i n a l  c o n d i t i o n  lies under  t h e  s a t u -  
r a t i o n  l i n e ,  t h e  c r o s s i n g  p o i n t  is  de termined  
u s i n g  t h e  slope of tlic s a t u r a t i o n  l i n e  and t h a t  
o f  t h e  i . n t e g r a t i o n  p a t h  

k-t 1 - Ilk+l 

(12) k+l . lis S .  P s = P  - 
dhs k+l  ( T I  - J  

w i t h  

The computa t ion  is r e s t a r t e d  w i t h  i n i t i a l  condi- 
t i o n s  a t  t h e  p o i n t s  P,, h, with  a n  i n t e g r a t i o n  
t i m e  i n t e r v a l  f o r  t h a t  e lement  of  
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F.i.gure 1. Cross ing  t h e  s a t u r a t i o n  l i n e  

wl i i ( - I i  ends up a t  t h e ' p o i n t  ( k + l ) '  

'lliis siiiiple procedure  is used i n  any d i r e c t i o n  t h e  
cl1niiv.e O F  phase s t a t e  t a k e s  p l a c e ,  be  i t  from one 
t o  two phase o r  vi .ceversa,  arid from or t o  l i q u i d  
or vapor  s i n g l e  phase.  

A coniputer code WRS bui  1 C i n  FORTIWN usinl:  tlie 
d e s c r i b e d  a l g o r i t h m ,  where,  as was a l r e a d y  men- 
t i o n e d ,  t h e  TFD d i s c r e t i z a t i o n  and mainly t h e  
cons t \i t u  t i v e  eqiia t i o n s  by Paus t and Mercer 
(1977) were used. 

I n  order t o  test  i f  t h e  alp,oritlim had any unde- 
s i r e d  numerical  e r r o r  t h e  code was a p p l i e d  to  t h e  
s i x  problems'used by t h e  US l lepartment of Energy 
t o  t es t  geothermal  s i m u l a t o r  codes from d i f f e r e n t  
make. l'he results are i n  a l l  co i r l c iden t  w i t h  re- 
s t i l t s  from atlicr s i m u l a t o r s  and a r e  r a p o r t c d  else- 
where (Cruickshank, 1987). 

Processi .ng time comparison lins been made w i t t i  a 
code of tlie US C e o l o g i c a l  Survey (Faust  and 
Mercer, 1977) s o l v i n g  a two-dimensional a q u i f e r  
where CPU time was reduced from 60 min t o  3 min i n  
a BurrouRhs 6700, and w i t h  a p r e v i o u s l y  deve loped  
code (Cruickshank, 1982) which f o r  t h e  same prob- 
1.em and machine used 25 min CPU. Computing time 
was saved bo th  by e f f i c i e n c y  i n  s o l v i n g  t h e  sys t em 
of equa t ions  ( r a r e l y  more than two i t e r a t i o n s  were 
n@c?clerl) and by t h e  p o s s i b i l  i ty. of empl.oyj.np, l a r g e  
t iirie ' i n t e r v a l s .  Code comparison wi.th more modern 
a v a i l a b l e  codes is  i n  c o u r s e  i n  c o l l a b o r a t i o n  w i t h  

t h e  I n s t i t u t o  
(Msxico) . 
CONCLUSIONS 

I n  a n  a t t e m p t  
e f f o r t  i n  t h e  

de I n v e s t i g a c i o n e s  Eldc t r icas  

d i r e c t e d  towards r e d u c i n g  computing 
numerical  s i m u l a t i o n  of geo the rma l  

r e s e r v o i r s ,  a new procedure was developed which as- 
sembles metiiodo1.ogies r e p o r t e d  i n  t h e  l i t e r a t u r e  
to  have  had success  i n  geo the rma l  problems and 
some new ones t h a t  f u r t h e r  improved them. The 
p r o c e d u r e  was v a l i d a t e d  comparing its r e s u l t s  w i t h  
. t hose  of o t h e r  s i m u l a t o r s  a p p l i e d  t o  t h e  same 
problems and t h e  p r o c e s s i n g  t i m e  employed w a s  s i g -  
n i f i c a n t l y  lower than two o t h e r  a v a i l a b l e  codes. 

It  is n o t  argued t h a t  t h i s  is t h e  b e s t  metliodol.ogy 
to  n u m e r i c a l l y  s i m u l a t e  geo the rma l  r e s e r v o i r s ,  b u t  
i t  i s  though t  th'at some of t h e  u n d e r l y i n g  i d e a s  
migh t  h e l p  t o  improve some of t h e  e x i s t i n g  models. 
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