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In t roduc t ion  

I n  t h e  con tex t  of  t h i s  paper the  ' u s e r '  inc ludes  a l l  t hose  
involved i n  t h e  management of a geothermal resource.  The 
o b j e c t i v e  of r e s e r v o i r  modelling and s imula t ion ,  i n  my view, 
should be t o  supply these  ' u se r s '  wi th  appropriate and 
r e l i a b l e  d a t a  so that they can make sound dec i s ions ,  whether 
t hese  be i n  f i n a n c i a l  or  engineer ing f i e l d s .  The scale of 
models would thus  extend from a s i n g l e  w e l l ,  which may 
r e q u i r e  a workover to  remove mineral  depos i t i on  cos t ing ,  s a y ,  
$30,000, t o  a f u l l  geothermal f i e l d  development, c o s t i n g  more 
than $100 mi l l i on .  

Geothermal development work can involve h igh  r i s k s .  With the 
a i d  of modelling it should be poss ib l e  t o  quan t i fy  r i s k s ,  
and, i f  these are considered excessive,  to  i d e n t i f y  what data 
should be  obtained to  reduce them. Schemes r e l y i n g  on a 
s i n g l e  w e l l  are p a r t i c u l a r l y  hazardous. I n  1974 an a l f a l f a  
drying p l a n t  w a s  b u i l t  a t  Broadlands next  to  w e l l  BR7.  This  
well had previous ly  been flow tested f o r  t h r e e  y e a r s ,  showing 
very r e l i a b l e  d ischarge  c h a r a c t e r i s t i c s .  But when opened t o  
supply t h e  drying p l a n t ,  t h e  w e l l  d i d  no t  perform satis-  
f a c t o r i l y  and a 350 m p i p e l i n e  w a s  b u i l t  t o  supply steam f r o m  
another  nearby product ive w e l l .  A l l  geothermal developments 
involve d r i l l i n g  and t h i s ,  a l s o ,  i s  a r i s k y  bus iness .  I n  New 
Zealand, over t h e  l a s t  s i x  yea r s ,  t he  t i m e  t o  d r i l l  a 1200- 
1400 m i n v e s t i g a t i o n  w e l l  shows v a r i a t i o n s  of 240% about t h e  
average (us ing  t h e  same r i g  and equipment). The time f o r  
workovers is  even more v a r i a b l e ,  due t o  unforeseen downhole 
condi t ions  a f f e c t i n g  progress  - an overrun of  100% would n o t  
be unexpected . 
What information does t h e  use r  want? Basic da t a  w i l l  be the 
power-life and l i k e l y  d ischarge  c h a r a c t e r i s t i c s  of a f i e l d  
given c e r t a i n  ope ra t ing  condi t ions .  For example, i f  w e  have 
a l i q u i d  dominated f i e l d ,  t h e  des ign  engineers  w i l l  r e q u i r e  
information about  changing en tha lpy ,  gas  and to t a l  flow f o r  
t he  system a s  a whole and f o r  each ind iv idua l  w e l l .  There 
i s  no p o i n t  i n  f i t t i n g  a w e l l  wi th  equipment to  handle 100 t /h  
of separa ted  steam if,  a f t e r  t h r e e  yea r s '  product ion,  i t  
w i l l  only produce 50 t /h .  Those providing f inance  f o r  a 
scheme w i l l  r e q u i r e  an assurance of i t s  v i a b i l i t y .  How many 
years  can the  f i e l d  s u s t a i n  the  p ro jec t ed  withdrawal rate? 
For a we l l  r e p a i r  opera t ion ,  those providing funds w i l l  want 
to  know t h e  chances of success and how much steam t h e  w e l l  
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might produce i f  t h e  o p e r a t i o n  succeeds.  These f a c t o r s  
must be ba lanced  a g a i n s t  t h e  e s t ima ted  cost  of  t h e  operation, 
which i t s e l f  
i d e n t i f i e d  i n  t h e  f irst  place. I n  a f i e l d  which has  been 
o p e r a t i n g  for  s o m e  y e a r s ,  t h e  q u e s t i o n  a r i ses :  What do w e  
do now? D o  w e  i n c r e a s e  p roduc t ion ,  or  do noth ing ,  or maybe 
manage t h e  f i e l d  by o p e r a t i n g  on ly  s e l e c t e d  w e l l s .  Whatever 
t h e  c h o i c e ,  p r e d i c t i o n s  of f u t u r e  f i e l d  and w e l l  performance 
are r e q u i r e d  t o  allow t h e  f i e l d  operator t o  e v a l u a t e  t h e  
economics of a l t e r n a t i v e  schemes. 

re l ies  on t h e  problem having been p r o p e r l y  

I n p u t  D a t a  

Reliable and a c c u r a t e  i n p u t  d a t a  are an  e s s e n t i a l  p a r t  of 
any u s e f u l  m o d e l .  Problems w i t h  i n p u t  data arise i n  t h r e e  
areas. F i r s t l y ,  t h e  accuracy  o f  t h e  r a w  d a t a ,  and second ly ,  
t h e  i n t e r p r e t a t i o n  o f  t h i s  d a t a .  Raw d a t a  should always be 
t r e a t e d  w i t h  c o n s i d e r a b l e  scepticism. D a t a  c o l l e c t i o n -  
p r o c e s s i n g  sys tems have several possible sources  o f  error;  
in s t rumen t  c a l i b r a t i o n ,  measurement procedure and d a t a  
p rocess ing  to  name a few. Where r e c o r d s  have been c o l l e c t e d  
ove r  a long  t i m e  period, accuracy w i l l  change a s  d i f f e r e n t  
equipment,  t echn iques  and personnel  become involved .  

Only i n  e x c e p t i o n a l  c i rcumstances  are  f l u i d  c o n d i t i o n s  i n s i d e  
a geothermal  w e l l  and i n  t h e  format ion  o u t s i d e  t h e  w e l l  i n  
e q u i l i b r i u m  throughout  the d e p t h  of h o l e  exposed to  format ion .  
I n  most w e l l s ,  t h e r e  are i n t e r n a l  c i r c u l a t i o n  and i n t e r z o n a l  
f l o w  e f f e c t s .  The r a w  d a t a  must first be i n t e r p r e t e d  to  t e l l  
u s  what i s  happening i n s i d e  t h e  w e l l ,  t hen  w e  can  ex tend  t h i s  
i n t e r p r e t a t i o n  t o  o b t a i n  in fo rma t ion  about  t h e  r e s e r v o i r  
o u t s i d e  t h e  w e l l .  A t  t h i s  s t a g e ,  w e  must a s k  o u r s e l v e s :  Can 
we  make any o t h e r  s e n s i b l e  i n t e r p r e t a t i o n ?  Is t h e  i n t e r p r e -  
t a t i o n  i n f l u e n c e d  by basic assumptions and does  it make 
ser.se? 

The t h i r d  and,  p o s s i b l y ,  t h e  most impor tan t  problem area w i t h  
model i n p u t  i s  t h e  p o s s i b i l i t y  t h a t  h igh ly  s i g n i f i c a n t  data  
may be miss ing  - e i t h e r  undiscovered or ignored .  For  example, 
t h e  importance of cool in f lows  o r i g i n a t i n g  above t h e  
geothermal  r e s e r v o i r  a t  Wairakei  w a s  n o t  recognised  u n t i l  
very  r e c e n t l y .  Measured downflows i n  t w o  w e l l s  t o t a l  100 l/s, 
compared w i t h  t o t a l  withdrawal  r a t e  of 1500 l/s. A t  l eas t  
three o t h e r  w e l l s  have comparable downflows and a n  unknown 
amount may e n t e r  t h e  r e s e r v o i r  from above v i a  n a t u r a l  f a u l t s  
and f i s s u r e s  . 
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W a i  r a k  e i 

Dur ing  t h e  h i s t o r y  of i n v e s t i g a t i o n  and p r o d u c t i o n  a t  
Wairake i  a n  enormous q u a n t i t y  of d a t a  h a s  been c o l l e c t e d  and 
hundreds  of papers w r i t t e n ,  n o t  a few on model l ing  and 
reservoir s i m u l a t i o n .  From t h e  f i e l d  u s e r ' s  point-of-view,  
much of t h i s  work h a s  b e e n  i n t e r e s t i n g ,  b u t  of no pract ical  
value. On t h e  to ta l - f ie ld  scale o n l y  one  s i m u l a t i o n ,  by 
Wainwright!, h a s  b e e n  s u c c e s s f u l  i n  i t se l f  as  a management 
tool .  T h i s  w a s  w r i t t e n  i n  1969 when t h e  f i e l d  had been 
o p e r a t i n g  for  t e n  y e a r s  and f u r t h e r  e x p e n d i t u r e  was b e i n g  
c o n s i d e r e d  t o  i n c r e a s e  sys tem e f f i c i e n c y .  

The s i m u l a t i o n  u s e d  t h e  p r e v i o u s  s i x  y e a r s '  p r o d u c t i o n  
data  to  predict  steam and w a t e r  f l o w s  for  t h e  f o l l o w i n g  10- 
1 5  y e a r s .  Several methods w e r e  t r i ed  and the m o s t  
s a t i s f a c t o r y  w a s  found t o  be one  i n  which t h e  performance 
of t h e  reservoir w a s  p r o j e c t e d ,  t h e n  t h e  o u t p u t s  o f  t h e  w e l l s  
c a l c u l a t e d  for  t h e s e  f u t u r e  c o n d i t i o n s .  T h i s  method c a n  o n l y  
predict  w e l l  o u t p u t s  i f  t h e r e  is no major change i n  f l u i d  
wi thdrawal  r a t e ,  however i t  does f a c e  t h e  problem t h a t  
w i t h o u t  a p r e d i c t i o n  of f u t u r e  s t e a m  f l o w  ra tes  i n  s o m e  
d e t a i l ,  no e n g i n e e r i n g  progress c a n  be made. T h i s  s i m u l a t i o n  
was complicated by t h e  f a c t  t h a t  t h e  h i g h  p r e s s u r e  w e l l s  were 
to  be s l o w l y  derated ( t o  i n c r e a s e  o u t p u t )  i n  order t h a t  
power s t a t i o n  t u r b i n e s  would remain f u l l y  l o a d e d .  The 
s i m u l a t i o n  h a s  b e e n  remarkably a c c u r a t e .  I n  1978 t h e  h i g h  
p r e s s u r e  steam f l o w  w a s  8% b e l o w  p r e d i c t e d  v a l u e s ,  and 
i n t e r m e d i a t e  p r e s s u r e  steam f l o w  w a s  m a r g i n a l l y  i n  e x c e s s  of 
t h e  p r e d i c t i o n .  The p r e d i c t e d  steam f lows  w e r e  t h e n  used i n  
a f u r t h e r  report  to  a s s u r e  t h e  e n g i n e e r i n g  and f i n a n c i a l  

C o n s t r u c t i o n  of t h e  scheme w a s  completed i n  1974 and power 
s t a t i o n  o u t p u t  w a s  i n c r e a s e d  11% to 162 MW(e) w i t h  no change 
i n  mass w i t h d r a w a l  ra te  f r o m  t h e  r e s e r v o i r .  

v i a b i l i t y  of t h i s  proposed ' o p t i m i s a t i o n '  scheme. 2 

Ten y e a r s  a f t e r  Wainwright ' s  p r e d i c t i o n ,  power s t a t i o n  
o u t p u t  c o n t i n u e s  t o  f a l l  and a g a i n  t h e  q u e s t i o n  is: What do 
w e  d o  now? Many o p t i o n s  are  open. R e i n j e c t i o n  of waste 
w a t e r  i s  b e i n g  c o n s i d e r e d ,  w e  c o u l d  d r i l l  e x t r a  p r o d u c t i o n  
w e l l s  or  as a l o n g e r  t e r m  tool  w e  c o u l d  m a n i p u l a t e  t h e  o v e r a l l  
f i e l d  d i s c h a r g e  e n t h a l p y  - b y  s h u t t i n g  h i g h  e n t h a l p y  o r  ' d r y '  
steam p r o d u c e r s .  

A l l  t h r e e  of t h e  above o p t i o n s  are p r e s e n t l y  b e i n g  
c o n s i d e r e d .  I n  d e t a i l e d  examinat ion  o f  t h e  Wairakei  f i e l d ,  
Hi tchcock3 came t o  t h e  c o n c l u s i o n  t h a t  c o n t i n u i n g  rundown i n  
o u t p u t  of t h e  power s t a t i o n  w a s  mainly d u e  to  e x c e s s  h e a t  
w i t h d r a w a l  f r o m  t h e  reservoir v ia  t h e  h i g h  e n t h a l p y  and ' d r y '  
steam w e l l s .  If o u t p u t  w a s  t o  be m a i n t a i n e d ,  t h e s e  w e l l s  
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should be s h u t  and t h e i r  c o n t r i b u t i o n  made up from new w e l l s  
producing f r o m  t h e  l i q u i d  levels of t h e  r e s e r v o i r .  Rein j  c- 
t i o n  t e s t i n g  a t  Wairakei i s  c u r r e n t l y  i n  p rogres s .  Grant  
has  shown t h a t  provided t h e r e  is  no r a p i d  r e t u r n  of coo l  
i n j e c t e d  f l u i d  to  t h e  product ion  w e l l s ,  r e i n j e c t i o n  i n t o  t h e  
l i q u i d  r e s e r v o i r  should have a r a p i d  and b e n e f i c i a l  e f f e c t  
on w e l l s  producing from t h i s  l e v e l .  

Broadlands 

S ince  t h e  first s u c c e s s f u l  w e l l  w a s  d r i l l e d  a t  Broadlands 
more than  $20 m i l l i o n  worth of  usable  energy ( a t  lc/kWh) has  
been used wh i l e  t e s t i n g  t h e  f i e l d .  Most of t h i s  energy w a s  
e x t r a c t e d  du r ing  a t h r e e  year  f i e l d  d i scha rge  a t  an average 
ra te  of  60 MW(e) equ iva len t .  This  has  allowed much d e t a i l e d  
work to  be done on model l ing of  t h e  behaviour  of t h e  wes tern  
h a l f  of t h e  f i e l d  . These, and o t h e r  s imula t ions  have 
e s t a b l i s h e d  optimum withdrawal ra tes  ve r sus  l i f e t i m e  for  
t h i s  par t  of  t h e  f i e l d ,  f o r  a no r e i n j e c t i o n  cond i t ion ,  b u t  
o u r  des ign  eng inee r s  and f i n a n c i e r s  r e q u i r e  much more d e t a i l .  
Can they  be as su red  t h a t  r e i n j e c t i o n  i s  v i a b l e ?  What are  t h e  
i n j e c t i o n  w e l l  f l o w  c h a r a c t e r i s t i c s  now, and how w i l l  they  
change w i t h  t i m e ?  How w i l l  p roduct ion  w e l l  c h a r a c t e r i s t i c s  
change ( i n  d e t a i l )  over  t h e  f i r s t  3-4 y e a r s  of f i e l d  
ope ra t ion?  

5 

Conclusion 

These q u e s t i o n s  cannot  be answered d i r e c t l y  by model l ing.  
However, w e l l  p r e sen ted  conceptual  models can be u s e d ,  
t o g e t h e r  w i t h  t h e  best  a v a i l a b l e  informat ion  to  make re l iab le  
eng inee r ing  d e c i s i o n s .  Ex t r a  assurance  can be b u i l t  i n t o  a 
scheme by having a f l e x i b l e  des ign ,  so t h a t ,  i n  t h e  even t  of  
unforeseen  changes,  a f a l l b a c k  p o s i t i o n  i s  a v a i l a b l e  wi thou t  
changing t h e  o v e r a l l  scheme v i a b i l i t y .  The e f f e c t i v e n e s s  o f  
t h i s  approach will depend o n  t h e  skill and experience, and a 
mutual i n t e rchange  of t h e  informat ion  among a l l  t hose  
involved i n  management d e c i s i o n s  (.i .e. f i n a n c i e r s ,  des ign  
eng inee r s ,  r e s e r v o i r  eng inee r s ,  model le rs  e t c . ) .  

One of  t h e  prime reasons  f o r  t h e  success  of  t h e  Wairakei 
p r o j e c t  was t h e  d i r e c t ,  o n - s i t e  involvement of a s m a l l  group 
of very  competent and r e s o u r c e f u l  engineers,who followed t h e  
p r o j e c t  through from i n i t i a l  i n v e s t i g a t i o n s ,  t o  p lanning ,  
c o n s t r u c t i o n  and l a t e r  ope ra t ion .  A l l  understood t h e  problems 
p e c u l i a r  t o  geothermal engineer ing  and, a s  a r e s u l t  of t h i s ,  
t h e i r  teamwork and down-to-earth approach, t h e r e  have been 
few major problems wi th  t h e  p r o j e c t .  
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For new developments today, model l ing can make a u s e f u l  
c o n t r i b u t i o n ,  b u t  much d e t a i l e d  eng inee r ing  informat ion  
must s t i l l  be supp l i ed  by exper ience  and i n t u i t i o n .  To 
be e f f e c t i v e  t h e  model ler  should be par t  of  a management 
t e a m  which must main ta in  a close and cont inuing  l i a i s o n  
w i t h  those  involved  i n  i n v e s t i g a t i o n  and des ign .  From t h e  
u s e r ' s  point-of-view, t h e  u l t i m a t e  tests f o r  any model are: 
Does it make sense?  Does it ' f e e l  ' r i g h t ?  and What can  I 
do w i t h  it? 

Acknowledgement 

The a u t h o r  acknowledges t h e  permiss ion  of  t h e  Commissioner 
of  Works to  p u b l i s h  t h i s  paper. I also thank R.S. Bolton, 
I . A .  Innes  and M.A. Grant  f o r  t h e i r  comment and c r i t i c i sm.  

References 

1. 

2. 

3 .  

4. 

5. 

Wainwright, D.K. , 1970. Wairakei Geothermal Power 
P r o j e c t ,  P r e d i c t i o n  of Steam Output.  I n t e r n a l  r e p o r t  by 
Min i s t ry  of  Works and Development (Wairake i ) .  

R o b i n s o n ,  J.P.F., 1970. O p t i m i s a t i o n  of the Wai rake i  
Geothermal Power P r o j e c t .  I n t e r n a l  r e p o r t  by New 
Zealand E l e c t r i c i t y  (Wairakei)  . 
Hitchcock,  G.W., 1978. Various i n t e r n a l  r e p o r t s  he ld  by 
Minis t ry  o f  Works and Development Geothermal P r o j e c t s  
Off ice (Wairakei 1 . 
Grant ,  M.A., and Horne R.N. ,  1980. The I n i t i a l  S t a t e  and 
Response to  E x p l o i t a t i o n  of Wairakei Geothermal F i e l d ,  
Trans.  Geothermal Resources Counci l  Annual Meeting. 

Grant ,  M.A., 1979. Broadlands Opt imisa t ion ,  Trans.  
Geothermal Resources Council  Annual Meeting. 




