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lNTRODUCTION 

The r e s e r v o i r  i n  t h i s  problem c o n s i s t s  of two l aye r s  each lkm 
th i ck  with t h e  upper l a y e r  l e s s  permeable than the  bottom one ( d e t a i l e d  
p r o p e r t i e s  a r e  given i n  Table 1). The i n i t i a l  temperature i n  the  
r e s e r v o i r  drops l i n e a r l y  from 31OoC a t  t he  bottom of t h e  r e se rvo i r  
t o  29OoC a t  t h e  i n t e r f a c e  between t h e  two l aye r s  and then drops 
more s t e e p l y ,  bu t  s t i l l  l i n e a r l y  t o  10°C a t  the  ground sur face .  
The i n i t i a l  p ressure  d i s t r i b u t i o n  i s  the  hydros t a t i c  p r o f i l e  cor- 
responding t o  t h i s  temperature d i s t r i b u t i o n .  

The r e se rvo i r  i s  produced a t  t h e  bottom of the  system a t  a 
r a t e  of 100kg/s.km2. 
t i o n  are uniform i n  the  ho r i zon ta l  d i r e c t i o n s  so t h a t  flow occurs  
i n  t h e  v e r t i c a l  d i r e c t i o n  only.  

It  i s  assumed t h a t  the  system and t h e  produc- 

A ca l cu la t ion  g r i d  of 20  equal s i zed  blocks i s  spec i f i ed  and 
r e s u l t s  a r e  required f o r  a 40 year  per iod.  

The a n t i c i p a t e d  behavior of  t he  r e s e r v o i r  i s  t h a t  a b o i l i n g  
zone w i l l  develop near  t he  top  of t h e  more permeable l a y e r  and 
spread downwards, a l s o  spreading a s h o r t  d i s tance  i n t o  the  upper 
l aye r .  A s  the  pressure  drops i n  t h e  lower l a y e r ,  down flow 
through t h e  top  l a y e r  and recharge a t  t he  ground sur face  w i l l  be 
induced . 
DIFFICULTIES 

The v e r t i c a l  flow of a b o i l i n g  f l u i d  dr iven by a combination of 
g rav i ty  and production r e l a t e d  pressure  g rad ien t s  i s  one of  t he  
most d i f f i c u l t  flow problems f o r  a numerical s imulator  t o  handle. 
I n i t i a l l y  the  pressure  i n  the  r e s e r v o i r  increases  r ap id ly  with 
depth. After  production begins the  s lope  of the  pressure  p r o f i l e  
decreases  and a l iquid/vapor counter-flow develops a f t e r  about one 
year  when the  r e se rvo i r  starts bo i l ing .  That i s ,  water flows 
downwards t o  the  production wel l  while steam rises and recondenses 
a t  a higher  l eve l .  The numerical ana lys i s  required t o  s imulate  
these  phys ica l  processes  i s  q u i t e  complex. Separate  t reatment  of 
t he  vapor flow and the  l i q u i d  flow i s  required with upstream 
weighting of  pressure  g rad ien t  t e r m s ,  i n  opposi te  d i r e c t i o n s  f o r  
each phase. 

A t  a more elementary l e v e l  t h i s  problem a l s o  tests t h e  a b i l i -  
t y  of s imulators  t o  handle vigorous b o i l i n g  (severa1,nodes changing 
from l i q u i d  t o  two-phase) and the  implementation of a constant  
p re s su re ,  constant  temperature recharge condi t ion a t  t he  ground 
sur face .  
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RESULTS 

The pressure  p r o f i l e s  given i n  Figure 1 show the  processes  
involved c l e a r l y .  The flow i n  t h e  top  l aye r  does not  change very 
s i g n i f i c a n t l y  with t i m e  and a t  a rate of approximately 30kg/s .km2 
i s  not  s u f f i c i e n t  t o  supply a l l  t h e  production. Therefore t h e  
f l u i d  from the  bottom l a y e r  i s  progress ive ly  mined. The s t eepe r  
p a r t  of  t h e  pressure  p r o f i l e  i n  t h e  lower l a y e r  corresponds t o  t h e  
b o i l i n g  zone. A t  about 30 years  t h i s  extends throughout t h e  lower 
l a y e r  and a f t e r  about 37 years  t h e  l i q u i d  s a t u r a t i o n  has dropped 
s u f f i c i e n t l y  t o  i n h i b i t  t he  flow of water and then t h e  pressure  
g rad ien t  s teepens t o  induce an adequate add i t iona l  downward f l o w .  
of steam. The steam flow-rate p r o f i l e s  given i n  Figure 2 show t h e  
upward flow of steam changing t o  a la te r  downward flow a t  around 
37 years .  

COMPARISON O F  RESULTS 

A s e l e c t i o n  of t h e  required r e s u l t s  f o r  problem four  are 
shown i n  Figures  3 ,4 ,5  and 6. The su r face  recharge r e s u l t s  shown 
i n  Figure 3 a l l  agree w e l l  except for those of Intercomp. Even 
t h e  Intercomp r e s u l t s  a r e  not  s i g n i f i c a n t l y  d i f f e r e n t .  T h e  su r f ace  
recharge r a t e  i s  very s t rong ly  dependent on t h e  v i s c o s i t y  of  water 
and o t h e r  parameters a t  temperatures c lose  t o  t h e  recharge temper- 
a t u r e  of 10OC. Therefore ,  t h e  d i f f e rences  between Intercomp's 
r e s u l t s  and t h e  o t h e r  resu l t s  could be explained by minor inaccu- 
racies i n  t h e i r  low temperature thermodynamic p r o p e r t i e s  of w a t e r .  
A more d e t a i l e d  comparison of temperatures and pressures  a t  nodes 
near  t h e  su r face  would be required t o  f u l l y  expla in  t h e  d i f fe ren-  
ces.  The production en tha lp i e s  shown i n  Figure 4 a r e  a l l  s i m i l a r  
except  f o r  those  submitted by Intercomp. Their  r e s u l t s  p r e d i c t  a 
l a te r  rise i n t h e  enthalpy,  t h a t  i s  a l a t e r  b o i l i n g  of the  pro- 
duct ion node. This r e s u l t  i s  t o  be expected because of t h e i r  
h igher  su r face  recharge rate. 
Intercomp r e s e r v o i r  i t  takes  longer f o r  t he  bottom l a y e r  t o  corn- 
p l e t e l y  b o i l .  

Since m o r e  cold water flows i n t o  the  

The pressure  and s a t u r a t i o n  h i s t o r i e s  a t  var ious depths  
shown i n  Figures 5 and 6 a l l  agree w e l l  (with Intercomp r e s u l t s  
showing some v a r i a t i o n ) .  

CONCLUSIONS 

A l l  the  s imula tors  compared i n  t h i s  study came through t h e  
severe t es t  represented by problem four  very w e l l .  C lear ly  they 
are capable of handling the  counter-flow of steam and water ,  t he  
expansion of a b o i l i n g  zone and t h e  v e r t i c a l  drainage of cold 
su r face  water i n t o  a r e se rvo i r .  A s  a l l  these processes  occur i n  
real geothermal r e s e r v o i r s  such a s  Wairakei, t he  r e s u l t s  f o r  t h i s  
problem have considerable  p r a c t i c a l  s ign i f icance .  The s imula tors  
t e s t e d  a l l  appear t o  be s a t i s f a c t o r y  t o o l s  f o r  analyzing models of 
t h i s  type of geothermal r e se rvo i r .  
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TABLE 1. RESERVOIR PROPERTIES 

6 

Top Layer 

Porosity 0.15 -15 2 Permeability (10 
Rock density (kg/m ) 

5.0 
2500. 

3m 

Rock heat capacity (kJ/kg.K) 1.0 
Thermal conductivity (W/m.K) 1.0 

Bottom .Layer 

0.25 
100.0 
2500. 
1.0 
1.0 

Figure 1. Pressure profiles in the reservoir at various times. 
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