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STATUS OF MODELING EFFORTS FOR THE WAlRAKEl  GEOTHERMAL FIELD 

James W. Mercer and Charles R .  Faust 
U.S. Geologica l  Survey 

Reston, UA. 

The t h e o r e t i c a l  model used i n  t h i s  s tudy i s  based on an approach t h a t  
combines t h e  mass, momentum and energy balances f o r  steam and water  i n t o  two 
p a r t i a l  d i f f e r e n t i a l  equat ions i n  terms o f  t h e  dependent v a r i a b l e s ,  p ressure  
and en tha lpy .  The assumptions used i n  t h i s  f o r m u l a t i o n  and t h e  d e t a i l e d  
development o f  the  equat ions a r e  presented i n  Faust (1976). The r e s u l t i n g  
two- and three-d imensional  equat ions a r e  approximated by f i n i t e - d i f f e r e n c e  
express ions,  and a r e  so lved u s i n g  e i t h e r  d i r e c t  or i t e r a t i v e  m a t r i x  
techniques.  

To s i m u l a t e  t h e  p r o d u c t i o n  behavior  o f  t h e  Wairakei  geothermal f i e l d  
we have chosen a two-dimensional ,  a r e a l  model. A l though a three-d imensional  
model has been developed f o r  a p p l i c a t i o n s  t o  f i e l d  problems, i t  i s  
p r e f e r a b l e  t o  use two-dimensional  models whenever p o s s i b l e ,  i n  o r d e r  t o  
a v o i d  excess ive d a t a  p r e p a r a t i o n  and computing expense. The two-dimensional ,  
a r e a l  model is o b t a i n e d  by p a r t i a l l y  i n t e g r a t i n g  t h e  pressure-en tha lpy  
equat ions i n  t h e  Z-dimension. The r e s u l t i n g  two-dimensional equat ions a r e  
thus d e f i n e d  i n  terms o f  v e r t i c a l l y  averaged q u a n t i t i e s .  I n  averaging 
these q u a n t i t i e s ,  i t  i s  g e n e r a l l y  assumed t h a t  e i t h e r  (1) t h e  f l u i d s  have 
no segregat ion,  or  (2) t h e  f l u i d s  a r e  comple te ly  segregated. 

I f  t h e  f l u i d s  a r e  assumed n o t  segregated, then a f u r t h e r  s i m p l i f y i n g  
assumption i s  g e n e r a l l y  made: t h a t  t h e i r  p r o p e r t i e s  a r e  u n i f o r m  throughout  
t h e  th ickness  o f  t h e  r e s e r v o i r .  T h i s  leads t o  t h e  e a s i e s t  e v a l u a t i o n  of 
t h e  v e r t i c a l l y  averaged terms, s i n c e  l a b o r a t o r y  determined r e l a t i v e  
p e r m e a b i l i t y  curves may be used i n  t h e  s i m u l a t i o n .  However, t h i s  assumption 
i s  v e r y  r e s t r i c t i v e  as i t  l i m i t s  t h e  a p p l i c a t i o n  o f  t h e  averaged equat ions 
t o  v e r y  t h i n  r e s e r v o i r s  o r  t o  l a b o r a t o r y  exper iments.  

The assumption t h a t  t h e  f l u i d s  a r e  comple te ly  segregated i s  l e s s  
r e s t r i c t i v e .  I t  r e q u i r e s  t h a t  t h e  f l u i d s  a r e  i n  v e r t i c a l  e q u i l i b r i u m .  
T h i s  concept was f i r s t  in t roduced i n  t h e  pet ro leum l i t e r a t u r e  by Coats, 
N ie lsen,  Terhune and Weber (1967) f o r  t h e  r e s e r v o i r s  hav ing  a l a r g e  c a p i l l a r y  
t r a n s i t i o n  zone. I t  was l a t e r  m o d i f i e d  by Coats, Dempsey and Henderson 
(1971) f o r  r e s e r v o i r s  w i t h  a smal l  t r a n s i t i o n  zone. The l a t t e r  case i s  
s i m i l a r  t o  t h e  c o n d i t i o n s  i n  a geothermal r e s e r v o i r  i n  which a steam cap 
( o r  steam-water m i x t u r e  a t  t h e  r e s i d u a l  water  s a t u r a t i o n )  e x i s t s .  I n  
a p p l y i n g  t h e  concept o f  v e r t i c a l  e q u i l i b r i u m  i t  i s  assumed t h a t  t h e  f l u i d  
p o t e n t i a l s  a r e  u n i f o r m  throughout  the  r e s e r v o i r  th ickness .  T h i s  corresponds 
t o  a g r a v i t y  segregated f l u i d  d i s t r i b u t i o n  w i t h  t h e  p o t e n t i a l  o f  each f l u i d  
be ing  u n i f o r m  i n  the  p o r t i o n  o f  the  column occupied by t h a t  f l u i d ,  and 
r e q u i r e s  t h a t  t h e  r e s e r v o i r  has good v e r t i c a l  communication. Use of the  
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assumption o f  
r e l a t i v e l y  un 
t h e  r e s e r v o i r  
f l u i d  p r o p e r t  

v e r t i c a l  e q u i l i b r i u m  and o f  t h e  a d d i t i o n a l  assumption o f  a 
form temperature d i s t r i b u t i o n  throughout t h e  t h i c k n e s s  o f  

es as f u n c t i o n s  o f  average pressure and en tha lpy .  
p e r m i t s  r e l a t i o n s h i p s  t o  be d e r i v e d  fo r  v e r t i c a l l y  averaged 

To demonstrate t h e  a p p l i c a b i l i t y  o f  t h i s  approach t o  s o l v i n g  f i e l d  
problems, we used our  a r e a l  two-phase model t o  s i m u l a t e  t h e  geothermal 
system l o c a t e d  a t  Wairakei ,  New Zealand. The Wairakei  f i e l d  was the  f i r s t  
ho t -water  hydrothermal system t o  be u t i l i z e d  f o r  t h e  genera t ion  o f  
e l e c t r i c i t y .  Power genera t ion  began a t  Wairakei  i n  1958, and by 1968 t h e  
power s t a t i o n s  a t  Wairakei  were p r o v i d i n g  192 MW, o r  approx imate ly  8% o f  
t h e  t o t a l  e l e c t r i c a l  requirements o f  New Zealand 's  N o r t h  I s l a n d .  A though 
i t  i s  b e l i e v e d  t h a t  t h e  f i e l d  was o r i g i n a l l y  a l l  h o t  water ,  by 1962 lower 
p o r t i o n s  o f  t h e  r e s e r v o i r ,  where most development i s  o c c u r r i n g ,  had become 
two phase and upper p o r t i o n s  probab ly  became two phase much e a r l i e r  

Our conceptual  model o f  t h e  Wairakei  system i s  b a s i c a l l y  t h e  same as 
t h a t  o u t  ined i n  Mercer, P inder  and Donaldson (1975), w i t h  t h e  e x c e p t i o n  t h a t  
we now a l o w  for  mass leakage through the  bottom o f  t h e  r e s e r v o i r .  The 
Wairakei  hydrothermal system i s  considered t o  have been a t  steady s t a t e  p r i o r  
t o  e x p l o  t a t i o n .  The f i r s t  s t e p  i n  model ing t h e  Wairakei  f i e l d  i s  t h e r e f o r e  
t h e  r e p r - d u c t i o n  o f  t h e  observed v i r g i n  o r  steady s t a t e  c o n d i t i o n s .  These 
r e s u l t s  w i l l  be used as t h e  i n i t i a l  c o n d i t i o n s  f o r  t h e  t r a n s i e n t  model o f  
e x p l o i t a t i o n .  I n  o r d e r  t o  reproduce t h e  s t e a d y - s t a t e  c o n d i t i o n s ,  t h e  
f o l l o w i n g  g e o l o g i c a l  and h y d r o l o g i c a l  da ta  a r e  necessary: 1 )  isopachs o f  
t h e  unconf ined a q u i f e r ,  t h e  Huka F a l l s  c o n f i n i n g  bed, and Waiora a q u i f e r ,  
where development i s  o c c u r r i n g ;  2) s t r u c t u r e  map o f  one o f  these l a y e r s ;  
3) i n i t i a l  temperature and pressure  d i s t r i b u t i o n s ;  4 )  parameters such as 
p e r m e a b i l i t y ,  p o r o s i t y ,  and thermal c o n d u c t i v i t y  f o r  t h e  a q u i f e r  and 
c o n f i n i n g  bed; and 5) a q u i f e r  d ischarge measurements. 

The r e s u l t s  o f  t h e  steady s t a t e  s i m u l a t i o n  a r e  used as i n i t i a l  c o n d i t i o n s  
f o r  t h e  t r a n s i e n t  model. 
and t h e  r e s u l t s  t o  be presented w i l l  d e s c r i b e  t h e  c u r r e n t  s t a t u s  o f  our  
Wairakei  s i m u l a t i o n .  

T h i s  model ing e f f o r t  represents  an ongoing p r o j e c t ,  
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