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GEOTI-IEilMAL ENERGY RESOURCES CAN ALSO BE TOURIST RESOURCES: 

LESSONS FROM WAIRAKEI AND ROTORUA-JJTIAKAREWAREWA, NEW ZEALAND 

I a n  G. Donaldson? Physics  & Engineering Laboratory,  D . S . I . R . ,  
New Zealand 

INTRODUCTION 

To d a t e  w e  have tended t o  d e d i c a t e  our  geothermal systems t o  a s i n g l e  
use; i . e .  e i t h e r  as an energy source,  as i s  t h e  case w i t h  The Geysers 
f i e l d  i n  C a l i f o r n i a ,  o r  as 2 t o u r i s t  reserve, as wi th  Yellowstone 
Nat iona l  Park.  With increased  energy demand on a l o c a l  scale  w e  may 
wish t o  extract some energy i n  some areas b u t  a t  t h e  same t i m e  r e t a i n  
t h e  t o u r i s t  a t t r a c t i o n s  t h a t  t h e s e  areas have. This i s  a l ready  t h e  
case i n  t h e  Whakarewarewa-Rotorua area i n  New Zealand. The q u e s t i o n s  
c u r r e n t l y  being asked of us wi th  regard t o  t h a t  area are:  

"Is such combined use poss ib le?"  
"How much energy w i l l  be  a v a i l a b l e  ( o r  what are t h e  energy c o s t s  

of t h e  r e t e n t i o n  o f  t h e  t o u r i s t  f e a t u r e s ) ? "  and 

leve ls  of energy e x t r a c t i o n ? "  
What are t h e  c o s t s  i n  terms o f  t h e  t o u r i s t  f e a t u r e s  of v a r i o u s  1 1  

A s  t h e s e  q u e s t i o n s  are almost c e r t a i n  t o  be asked elsewhere i n  t h e  
f u t u r e  i t  i s  r e l e v a n t  t o  in t roduce  and d i s c u s s  them here.  I n  t h i s  
a t tempt  a t  some answers, I w i l l  look f i r s t  a t  our  experience i n  t h e  
Wairakei,  New Zealand, area and then  d i s c u s s  t h e  Whakarewarewa- 
Xotorua case. 

WAIRAKEI. NEW ZEALAND 

A genera l  map of Wairakei,  showing l o c a t i o n s  of e a r l y  d r i l l h o l e s  and 
t h e  hydrothermal areas as they were p r i o r  t o  e x p l o i t a t i o n ,  is  shown i n  
Fig. 1. This  d r i l l i n g  commenced i n  1950 and t h e  w e l l s  i l l u s t r a t e d  
are those  t h a t  w e r e  d r i l l e d  by t h e  end of 1556. 18 of t h e s e  w e l l s  
w e r e  d ischarged befo e t h e  end of 1954, t h e  t o t a l  d i scharge  by t h a t  
t i m e  being 12.5 x 10  
over  a two-year per iod) .  By 1968 t h e r e  were 125 w e l l s  d r i l l e d  i n t o  
t h e  Wairakei r e s e r v o i r .  a t  
t h e  end of 1964. 

Before product ion commenced t h e r e  w e r e  several areas of n a t u r a l  
a c t i v i t y  i n  and around Wairakei. 
t h e  water-based f e a t u r e s  of Geyser Valley ( t o  t h e  no r th )  and t h e  
steam-based f e a t u r e s  of Waiora Valley ( t o  t h e  west)  and R a r a p i t i  ( t o  
t h e  s o u t h ) .  There w a s  a l s o  a c t i v i t y  i n  and around Taupo, b u t  t h i s ,  
being some d i s t a n c e  from Wairakei,  w a s  n o t  thought t o  be connected 
wi th  t h e  b o r e f i e l d  a t  t h a t  t i m e ,  

-1 5 kg of f l u i d  ( a  mean d ischarge  of about 200 kg s 

The d ischarge  peaked a t  about 2500 kg s- 

The most prominent of t h e s e  were 

*Manager, Stanford Geothermal Program, 1980/81. 



-42- 

FIG. 1: GENERAL MAP OF WAIRAJCEI, SHOWING LOCATIONS OF DRILLHOLES AND 
HYDROTHERMAL AREAS (S tudt ,  1957) 

E f f e c t s  - ~ -  -o f  E x p l o i t a t i o n  

A s  e a r l y  as 1954 t h e  a c t i v i t y  i n  Geyser Valley w a s  showing s i g n s  of 
d e t e r i o r a t i o n  due t o  t h e  withdrawals from t h e  Wairakei r e s e r v o i r ,  even 
though t h e s e  withdrawal w e r e  only on t h e  hrder  of h a l f  t h e  n a t u r a l  
d i scharge  (c. 400 kg s >. The o v e r a l l  d e t e r i o r a t i o n  of t h e  f e a t u r e s  
i n  t h i s  area w a s  q u i t e  f a s t ,  al though t h e  t o u r i s t  r e se rve  w a s  n o t  
f i n a l l y  c losed  u n t i l  1972. 

I n  c o n t r a s t ,  t h e  steam-based s e c t i o n s  showed no such e a r l y  decay. 
Grindley (1974) suggested,  i n  f a c t ,  t h a t  t h e  t o t a l  n a t u r a l  hea t  flow 
had inc reased  from about 450 t o  about 750 megawatts over t h e  f i r s t  20 
o r  s o  y e a r s  of l i f e t i m e  of t h e  e x p l o i t e d  f i e l d .  
t h e  water-based f e a t u r e s ,  t h i s  would r e q u i r e  an i n c r e a s e  i n  t h e  steam 
hea t ing .  
of t h e s e  f e a t u r e s  and zones of a c t i v i t y .  

Although t h e  a c t i v i t y  w i t h i n  and around Taupo showed a slower response,  
t h a t  response has been s i m i l a r  t o  t h a t  f o r  similar f e a t u r e s  known t o  
be d i r e c t l y  l i nked  wi th  t h e  Wairakei r e s e r v o i r .  Steam-heated f e a t u r e s  
i n  Taupo, f o r  example, appeared t o  i n c r e a s e  i n  both s i z e  and i n t e n s i t y  
i n  t h e  ea r ly -  t o  mid-1970's. 

-9 

With t h e  decay of 

S ince  Gr indley ' s  r e p o r t  t h e r e  has  been a marked dying o f f  
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Lessons from t h e  Wairakei ExDerience 

This Wairakei d i scuss ion  un fo r tuna te ly  leaves a l o t  of ques t ions  
unanswered. Wairakei i s ,  f o r  example, s t i l l  exp lo i t ed  heav i ly ,  a t  
about 3-4 t i m e s  t h e  n a t u r a l  d i scharge  rate, and hence w e  have no d i r e c t  
measure of t h e  l i k e l y  e f f e c t s  of lower rates of e x p l o i t a t i o n .  
t h e l e s s ,  t h e  e a r l y  e f f e c t  on Geyser Valley does sugges t  t h a t  w e  must 
t a k e  care. 

Wairakei i s  a l s o  exp lo i t ed  much more deeply than w e  may need t o  e x p l o i t  
f o r  l o c a l  use. This could be e i t h e r  a ga in  o r  a l o s s  as f a r  as t h e  
t o u r i s t  f e a t u r e s  are concerned. We are a l s o  con t inua l ly  removing mass 
from t h e  r e s e r v o i r ,  s o  t h a t  w e  are r e s t r i c t i n g  t h e  a v a i l a b i l i t y  of 
l i q u i d  water and making no e f f o r t  t o  main ta in  p re s su re .  

F i n a l l y ,  i n  s p i t e  of our observa t ions  of t h e  f e a t u r e s  i n  Geyser Val ley ,  
w e  s t i l l  have l i t t l e  knowledge of t h e i r  s e n s i t i v i t y  t o  drawdown and 
w a t e r  supply. 

Nonetheless,  t h e  e f f e c t s  are much as w e  might expec t  from an a n a l y s i s  
of f l u i d  removal from a liquid-dominated geothermal r e s e r v o i r .  
Removal of m a s s  ( f l u i d )  from t h e  r e s e r v o i r  r e s u l t s  i n  a l o c a l  drop i n  
p re s su re .  This may ac t  t o  reduce t h e  flow t o  t h e  su r face .  This 
p re s su re  drop w i l l ,  however, a l s o  induce a d d i t i o n a l  b o i l i n g  and t h i s ,  
i n  t u r n ,  can modify r e l a t i v e  pe rmeab i l i t y  f a c t o r s  and hence a f f e c t  t h e  
flow s t i l l  f u r t h e r .  For t h e  water phase i t  i s  t h e  change i n  v e r t i c a l  
p r e s s u r e  g r a d i e n t  t h a t  i s  c r i t i c a l .  Th i s  v e r t i c a l  p re s su re  g r a d i e n t  
i s  u s u a l l y  only  s l i g h t l y  above h y d r o s t a t i c  f o r  t h e  f l u i d  temperatures 
involved. A s m a l l  change may thus  have a s i g n i f i c a n t  e f f e c t .  The 
p r e s s u r e  change and t h e  decrease  i n  r e l a t i v e  pe rmeab i l i t y  w i l l  thus  
act  con junc t ive ly  t o  markedly decrease  t h e  water d ischarge .  

For steam t h e  p r e s s u r e  e f f e c t  i s  r e l a t i v e l y  i n s i g n i f i c a n t  and t h e  
g r e a t e r  r e l a t i v e  pe rmeab i l i t y  may w e l l  act  t o  i n c r e a s e  t h e  flow. 
Ul t imate ly ,  w i th  s i g n i f i c a n t  drawdown and l i t t l e  a d d i t i o n a l  b o i l i n g ,  
t h i s  ba lance  may no longer  be maintained. 
down. 

It i s  i n t e r e s t i n g  t o  n o t e  t h a t  i n  s p i t e  of t h e  demise  of the n a t u r a l  
t o u r i s t  f e a t u r e s  i n  t n e  area, Wairakei has  maintained i t s  t o u r i s t  
image. The development i t s e l f  i s  s t i l l  s u f f i c i e n t l y  unique t o  a t t r a c t  
t h e  i n t e r e s t .  It is ,  however, most u n l i k e l y  t h a t  t h i s  state of  
a f f a i r s  would apply in any f u t u r e  New Zealand s i t u a t i o n .  

None- 

The d ischarge  w i l l  then go 

WHAKAREIJAREWA-ROTORUA. NEW ZEALAND 

The Whakarewarewa thermal area i s  New Zealand's primary geothermal 
t o u r i s t  r e s e r v e  and obviously t h e r e  i s  a l o t  of p re s su re  t o  maintain 
t h i s  s t a t u s .  The immediately ad jacen t  c i t y ,  Rotorua, however, e x t r a c t s  
h e a t  from a shallow ho t  water a q u i f e r  t h a t  i s  now known t o  be connected 
t o  t h e  Whalcarewarewa system and some energy i s  a l s o  e x t r a c t e d  from t h e  
system i t s e l f ,  j u s t  o u t s i d e  t h e  r e se rve  boundaries.  A s ,  wi th  t i m e ,  t h e  
evidence of i n t e r a c t i o n  between t h e  withdrawals and t h e  t o u r i s t  f e a t u r e s  
i s  i n c r e a s i n g ,  t h e r e  i s  an a s s o c i a t e d  i n c r e a s e  i n  demand f o r  c o n t r o l  of 
t h e  e x p l o i t a t i o n  and t h e  p r o t e c t i o n  of t h e  Whakarewarewa f i e l d .  
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Descr ip t ion  o f  t h e  System 

Although t h e  d a t a  are l i m i t e d ,  t h e  a n a l y s e s  and tests t h a t  have been 
c a r r i e d  o u t  have l e d  t o  a model of t h e  combined system t h a t  appears  
bo th  c o n s i s t e n t  and meaningful (Donaldson, 1980; Grant & Donaldson, 
1980). This model of t h e  system i s  i l l u s t r a t e d  i n  Fig. 2.  I n  t h i s  
model t h e  Whakarewarewa f e a t u r e s  are t h e  main water-based d ischarge  
f e a t u r e s  f o r  t h e  r e s e r v o i r .  J u s t  t o  t h e  n o r t h  of t h e s e  w e  have some 
steam-heated f e a t u r e s ,  whi le  f u r t h e r  t o  t h e  n o r t h  w e  have a mixed 
geothermal f luid/groundwater  flow o u t  through a h o r i z o n t a l  a q u i f e r ,  
o r  series of f low channels.  This  is t h e  h o t  water flow t h a t  i s  
tapped by most of t h e  Rotorua wells. To t h e  n o r t h e a s t ,  and n o t  
i l l u s t r a t e d  i n  t h i s  N-S s e c t i o n ,  w e  appear t o  have o t h e r  f r a c t u r e  
zones o r  flow pa ths  running o u t  from t h e  main geothermal r e s e r v o i r .  
When tapped, t h e s e  g i v e h o t t e r ,  h igher  p r e s s u r e  f l u i d  than i s  found i n  
t h e  h o t  water a q u i f e r .  Th i s ,  coupled wi th  t h e i r  high d ischarge  
c h a r a c t e r i s t i c s ,  s u g g e s t s  some d i r e c t  connection wi th  e i t n e r  t h e  
deeper water  o r  t h e  two-phase zone a d j a c e n t  t o  Whakarewarewa. I n  
e i t h e r  case t h e s e  flow channels may be  considered simply as an  
ex tens ion  of t h a t  two-phase r e s e r v o i r .  

E f f e c t s  A t t r i b u t e d  t o  t h e  Withdrawals t o  Date 

The major e f f e c t s  of t h e  withdrawal of h e a t  and f l u i d  from t h i s  system 
t h a t  w e  need t o  cons ider  are t h e  changes t h a t  have taken p l a c e  i n  t h e  
Whakarewarewa s u r f a c e  d ischarge  f e a t u r e s  and t h e  changes t h a t  w e  can 
i d e n t i f y  i n  t h e  r e s e r v o i r  i t s e l f .  Although t h e r e  has  been a marked 
decay i n  s u r f a c e  a c t i v i t y  w i t h i n  t h e  Rotorua Ci ty  area, a t  t h e  moment 
t h i s  i s  being taken as an  acceptab le  c o s t  of e x p l o i t a t i o n .  We t h u s  
do n o t  cons ider  t h i s  d i r e c t l y  he re .  

Changes w i t h i n  t h e  boundaries o f  t h e  hrnakarewarewa Thermal Reserve 
have been occurr ing  throughout t h e  l i f e t i m e  of t h e  system. Hence 
w e  must expect  some n a t u r a l  modi f ica t ion  of some f e a t u r e s .  Several 
r e c e n t  changes have, however, occurred dur ing  p a r t i c u l a r l y  n igh  
r a i n f a l l  (and high groundwater) periods--the h i g h e s t  t h i s  cen tu ry ,  
and hence i t  i s  d i f f i c u l t  t o  a s s o c i a t e  t h e s e  wi th  t h e  main n a t u r a l  
cause,  a slow drop i n  t h e  o v e r a l l  groundwater level.  

The main changes t h a t  have occurred,  bo th  h i s t o r i c a l l y  and r e c e n t l y ,  
have been t h e  reduct ion  of ou t f low from h o t  s p r i n g s  and t h e  c e s s a t i o n  
of a c t i v i t y  of v a r i o u s  geysers .  Most of t h e s e  changes have been 
d iscussed  i n  some d e t a i l  by Lloyd (1975). Of p a r t i c u l a r  i n t e r e s t  i s  
t h e  more r e c e n t  c e s s a t i o n  of a c t i v i t y  of Papakura Geyser. This  
geyser  h a s  only  been recorded a t  s topping  once b e f o r e ,  f o r  3 months 
i n  1924, a t  t h e  end of t h e  d r i e s t  per iod  (and lowest  groundwater 
l e v e l s )  t h i s  century.  The r e c e n t  c e s s a t i o n  of Papakura Geyser w a s  
monitored and s t u d i e d  by Grant & Lloyd (1980) and a b r i e f  r e t u r n  t o  
a c t i v i t y  a f t e r  an  i n i t i a l  c e s s a t i o n  has  been a t t r i b u t e d  by them t o  a 
1 0  m i l l i b a r  change i n  a tmospheric 'pressure.  This  shows t h e  . 
s e n s i t i v i t y  of such f e a t u r e s  n e a r  t h e i r  c r i t i c a l  p o i n t .  The water 
level  i n  t h i s  geyser  i s  now down more than  a metre from i t s  pre- 
dormant level .  
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The most important  change i n  t h e  r e s e r v o i r  i t s e l f  i s  t h e  marked 
p r e s s u r e  drop, es t imated  by Donaldson (1980) a t  about 0.5 b a r ,  over  
t h e  p e r i o d  1955-75. This  drop appears t o  be  r e l a t i v e l y  uniform 
throughout t h e  h o t  water s e c t i o n  of t h e  r e s e r v o i r .  A s  t h e r e  are no 
h i s t o r i c  d a t a  a v a i l a b l e  f o r  t h e  Whakarewarewa area,  wecannot g e t  a 
d i r e c t  measure o f  t h e  drawdown t h e r e .  It is u n l i k e l y  t h a t  i n  t h e  
s e c t i o n  of r e s e r v o i r  underlying t h e  t o u r i s t  f e a t u r e s  t h e  drawdown 
would be  less than  h a l f  t h e  h o t  water zone f i g u r e .  The drawdown, 
which might be t r a n s l a t e d  as 2.5-5 metres of w a t e r  head, must 
t h e r e f o r e  be  considered " s i g n i f i c a n t . "  
p r o t e c t i o n  of t h e  t o u r i s t  f e a t u r e s  i t  would obviously be p r e f e r a b l e  
f o r  i t  n o t  t o  be  increased.  To a l low f o r  f u l l  maintenance o f  t h e  
p r e s e n t  f e a t u r e s  dur ing  f u t u r e  dry  p e r i o d s ,  i t  may, i n  f a c t ,  need t o  
be  decreased. 

For management and 

Cont ro l l ing  t h e  Pressure  -___ Drawdown 
I 

I f  w e  assume t h a t  w e  must reduce t h e  p r e s s u r e  drawdown, w e  have 
t h r e e  p o t e n t i a l  management a l t e r n a t i v e s  a v a i l a b l e :  

(1) 

( 2 )  

(3) we may resite t h e  withdrawal and i n j e c t i o n  w e l l s .  

A s  t h e  f i r s t  of t h e s e  i s  l i k e l y  t o  be both  s o c i a l l y  and p o l i t i c a l l y  
unacceptable  i t  i s  c u r r e n t l y  being considered t h e  approach of l a s t  
r e s o r t .  Nonetheless,  more care and e f f i c i e n c y  i n  usage o f  t h e  
energy could be a b i g  gain.  

I n  cons ider ing  r e i n j e c t i o n  we must t r ea t  t h e  two s e c t i o n s  of t h e  
r e s e r v o i r  independently.  Within t h e  water s e c t i o n  of t h e  r e s e r v o i r  
e i t h e r  withdrawal of h e a t  a lone  o r  t o t a l  r e i n j e c t i o n  of t h e  e x t r a c t e d  
water should maintain t h e  a q u i f e r  pressures .  Curren t ly  such 
r e i n j e c t i o n  is  w r i t t e n  i n t o  t h e  permits .  The genera l  drawdown, 
which could only  be e s t a b l i s h e d  by some d i s t r i b u t e d  withdrawal of 
f l u i d  from t h i s  s e c t i o n ,  sugges ts ,  however, t h a t  t h i s  r e i n j e c t e d  
water is  n o t  a l l  g e t t i n g  back t o  t h e  a q u i f e r  from which i t  w a s  taken. 
It appears  t h a t  g r e a t e r  care may be necessary i n  t h e  f u t u r e .  

When we  come t o  t h e  two-phase s e c t i o n  of t h e  r e s e r v o i r  t h e  p i c t u r e  
i s  somewhat d i f f e r e n t .  Here, withdrawal of e i t h e r  f l u i d  o r  h e a t  
w i l l  i n s t i g a t e  a p r e s s u r e  drop. Rein jec t ion  of t h e  cool  f l u i d  w i l l ,  
i n  most cases, i n c r e a s e  t h e  p r e s s u r e  drop r a t h e r  than reduce i t  
(Grant,  1980). 
t hus  no withdrawal o r  some p r e s s u r e  drawdown. 

By j u g g l i n g  wi th  t h e  s i t i n g  of withdrawal and i n j e c t i o n  w e l l s  w e  bo th  
i n c r e a s e  our  o p t i o n s  and complicate  t h e  problem. The a l t e r n a t i v e s  
w i l l  depend p r i m a r i l y  on our o v e r a l l  approach. Xe might f o r  example 
dec ide  on some c o n t r o l l e d  drawdown of t h e  system t o  s t i m u l a t e  more 
h e a t  and f l u i d  flow i n t o  t h e  h o t  water zone, W e  would then  need t o  
ba lance  our withdrawal and r e i n j e c t i o n  t o  achieve t h e  s ta te  des i r ed .  
A l t e r n a t i v e l y ,  w e  may wish t o  mine some of t h e  s t o r e d  h e a t  from one 
area. The s i t i n g  and o p e r a t i o n  of t h e  w e l l s  i n  t h a t  area would then  
depend on t h i s  new requirement.  

w e  may reduce t h e  ra te  of withdrawal and res t r ic t  any 
f u t u r e  exp an s i o n  ; 
w e  may r e i n j e c t  a l l  t h e  e x t r a c t e d  f l u i d  o r  e x t r a c t  h e a t  
a lone ;  o r  

The o p t i o n s  f o r  t h i s  s e c t i o n  of t h e  r e s e r v o i r  are 
- 
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Within t h e  h o t  water zone t h e r e  is l i t t l e  problem foreseen  un le s s  w e  
approach an over-production s i t u a t i o n .  That i s  something t h a t  w e  
w i l l  have t o  work t o  prevent .  I n  t h e  two-phase areas w e  do, however, 
have problems. 
a b l e  t o  be used wi thout  some drawdown propagat ing  through t o  t h e  
f e a t u r e  zone. Thus he re  w e  have l i t t l e  op t ion  but  t o  accept  r e s i t i n g  
o r  some drawdown. 

here no w e l l  i s  l i k e l y  t o  be  " f a r  enough away" t o  be 

Heat Con s i d e  r a t ion  s - 

T o t a l  c o n t r o l  of t h e  drawdown, a t  any s p e c i f i c  level ,  must r e s u l t  i n  
t h e  l i m i t a t i o n  of t h e  hea t  withdrawal. I f ,  f o r  example, w e  permit 
no drawdown, i . e .  i n s i s t  t h a t  t h e  f i e l d  be r e tu rned  as c l o s e l y  as 
p o s s i b l e t o i t s  o r i g i n a l  p r e s s u r e  cond i t ion ,  w e  can p e r m i t  no with- 
drawal a t  a l l  from t h e  two-phase areas, and only a l i m i t e d  amount 
from t h e  ho t  water zone. This l a t t e r  would be c o n t r o l l e d  by t h e  
amount of h e a t  n a t u r a l l y  e n t e r i n g  t h a t  zone, t h e  r e c o v e r a b i l i t y  f a c t o r  
of t h e  system (which could depend on t h e  w e l l  l ayou t  and e x t r a c t i o n  
rates as w e l l  as t h e  s t r u c t u r a l  composition of t h e  withdrawal and 
i n j e c t i o n  zones) ,  and such management d e c i s i o n s  as whether t o  mine 
some of t h e  s t o r e d  hea t  o r  no t .  

I f ,  a l t e r n a t i v e l y ,  some drawdown w e r e  pe rmi t t ed ,  t h e r e  may be 
d i f f e r e n t  bu t  s t i l l  l i m i t e d  amounts of hea t  a v a i l a b l e  depending on 
whether w e  induce t h a t  drawdown by withdrawals from t h e  hot  water 
zone o r  some s e c t i o n  of t h e  two-phase one. 

P r o t e c t i n g  t h e  T o u r i s t  Fea tu res  

C lea r ly  t h e  g r e a t e r  t h e  drawdown t h e  g r e a t e r  t h e  r i s k  f o r  t h e  t o u r i s t  
f e a t u r e s .  Thus t h e  drawdown l i m i t  i n  t h e  f e a t u r e  zone i s  t h e  
" c r i t i c a l "  parameter of t h i s  exercise. 

A t  t h e  two extremes are t h e  argument t h a t  t h e  c u r r e n t  drawdown i s  
a s a t i s f a c t o r y  l i m i t  and t h e  counter-argument t h a t  t h e r e  should be 
no drawdown a t  a l l .  The former of t h e s e  i s  presumably based on t h e  
assumption t h a t  i f  w e  don ' t  change anyth ing  w e  won't do any more 
damage. This ,  however, does n o t  t ake  n a t u r a l  e f f e c t s  i n t o  account,  
and u n f o r t u n a t e l y ,  w e  have l i t t l e  o r  no i d e a  of j u s t  how much a long 
d ry  s p e l l  may c o n t r i b u t e  i n  t h e  f u t u r e .  

The argument f o r  t h e  r e t u r n  t o  t h e  p re -exp lo i t a t ion  cond i t ion  i s  
presumably based t o  some e x t e n t  on t h e  i d e a  t h a t  such a r e t u r n  w i l l  
r e s u l t  i n  t h e  re-awakening of f e a t u r e s  t h a t  have become dormant over  
more r e c e n t  yea r s .  Unfor tuna te ly ,  even t h e  f u l l  recovery of p r e s s u r e s  
may be of l i t t l e  b e n e f i t  t o  some such f e a t u r e s .  
coo l ing ,  e ros ion  and depos i t i on  of s i l i c a ,  e t c .  from t h e  coo le r  water 
means t h a t  some f e a t u r e s  may never recover  and o t h e r s  may need much 
g r e a t e r  p r e s s u r e s  than those  t h a t  e x i s t e d  30 y e a r s  ago t o  restart. 
W e  no te ,  f o r  example, t h a t  t h e  w a t e r  i n  Yapakura Geyser has  dropped 
about 1 m e t r e  i n  l e v e l  i n  a y e a r  s i n c e  i t  became dormant. 
been no s i m i l a r  drop i n  p r e s s u r e s  i n  t h e  r e s e r v o i r  w i t h  which w e  can 
r e l a t e  t h a t  decay. 

Hopefully,  t h e r e  w i l l  be a ba lance  a t  which w e  should a i m .  More and 
b e t t e r  d a t a  w i l l ,  however, be needed be fo re  w e  can even guess where. 

RevePsed flows, 

There has  
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CCNCLUS I ONS 

To t h e  "tourist-environmentalist ; '  N e w  Zealand's excurs ions  i n t o  
geothermal energy e x t r a c t i o n  a t  Xa i rake i  and Rotorua may appear t o  be 
d i s a s t e r s .  We have, however, l e a r n e d a l o t  from our  exper iences  and, 
wh i l e  w e  must now recognise  Wairakei as an a l t e r n a t i v e  man-made 
f e a t u r e  t o  t h e  n a t u r a l  ones t h a t  e x i s t e d  p r i o r  t o  e x p l o i t a t i o n ,  w e  
f e e l  t h a t  t h e r e  i s  s t i l l  t i m e  t o  p r o t e c t  Whakarewarewa and t h a t  i t  is  
t e c h n i c a l l y  p o s s i b l e  t o  do so.  Our c u r r e n t  t h e o r e t i c a l  c o n s i d e r a t i o n s  
i n d i c a t e  t h a t ,  w i t h  ca re  and good management, u t i l i s a t i o n  of geothermal 
energy from t h i s  f i e l d  should be compatible wi th  t h e  r e t e n t i o n  of t h e  
s u r f a c e  thermal f e a t u r e s  i n  t h e  t o u r i s t  r e se rve .  

L i m i t s  of withdrawal w i l l  depend on t h e  l i m i t s  on drawdown t h a t  can be  
t o l e r a t e d  by t h e s e  f e a t u r e s  and on t h e  l o c a t i o n  of t h e  withdrawal and 
r e i n j e c t i o n .  For t h e  Rotorua-Whakarewarewa system, under t h e  
t i g h t e s t  r e s t r a i n t s  and t h e  most conserva t ive  assumptions, i t  has  been 
es t imated  t h a t  w e  could s t i l l  e x t r a c t  about 1 3  megawatts of h e a t  energy 
(above 20 C )  on a continuous b a s i s  (us ing  a recovery f a c t o r  of 50%). 
Hopefully,  w i th  t h e  opt imal  management p lan  w e  w i l l  be a b l e  t o  e x t r a c t  
s e v e r a l  t i m e s  t h a t  f i g u r e .  

0 
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TO ILLUSTRATE THE LIKELY HYDROLOGICAL CONNECTIONS 

THE WKAREWAREWA-ROTORUA GEOTHERMAL RESERVOIR 
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