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A f t e r  about twenty years o f  geothermal energy development i n  New 
Zealand, progress i s  s t i l l  hampered by incomplete knowledge. I n  sane cases, 
t h i s  has l e d  t o  unnecessary c a p i t a l  expenditure.  Lack o f  a c c e s s i b i l i t y  o f  
the medium and i t s  complexi ty are major  obstac les t o  ach iev ing a b e t t e r  
understanding, and the  i n t e r p r e t a t i o n  o f  f i e l d  geophysical  surveys i s  o f t e n  
ted ious and may be open t o  ambigui ty.  
logged d r i l l - h o l e ,  w i t h  backup s tud ies  on the  geology and geochemistry 
encountered, bu t  exp lo ra to r y  d r i l l i n g  i s  expensive and o f t e n  d i f f i c u l t  t o  
j u s t i f y  t o  an i ndus t r y  geared t o  " product ion psychology." 

There i s  no s u b s t i t u t e  f o r  a p rope r l y  

Most o f  the  advances made i n  New Zealand have been achieved by com- 
promise. Boreholes intended f o r  p roduc t ion  have been used as research holes 
dur ing  the d r i l l i n g  phase. Since p roduc t ion  holes may be s i t e d  i n  q u i t e  
dense c l u s t e r s ,  a very d e t a i l e d  p i c t u r e  can be es tab l i shed  w i t h i n  a geo- 
thermal f i e l d .  O f  course, the drawback t o  t h i s  approach i s  t ha t  few, i f  any, 
ho les are a v a i l a b l e  f o r  study ou ts ide  the  f i e l d .  This i s  an important gap 
i n  the geothermal i n f o rma t i on  a t  the  present t ime; i t  does no t  seem poss ib l e  
t o  determine p r e c i s e l y  the volume o f  hot-water resource avai l a b l e  w i thou t  
knowing the v e r t i c a l  temperature g rad ien ts  a t  depth between the  obv ious ly  
a c t i v e  geothermal f i e l d s .  

Where groundwater i s  abundant, w i t h  h igh  water tab les ,  geothermal a c t i v -  
i t y  i s  gene ra l l y  man i fes t  a t  the surface. 
resource may n o t  be the main problem. I t  i s  necessary t o  map the resource 
and t o  determine how much energy i s  genuine ly  recoverable.  Here the use o f  
models can be o f  value, I t  has been found i n  New Zealand t h a t  the se o f  
the  experience gained i n  the  d e t a i l e d  study o f  one f i e l d  (Wairakei)  can a s s i s t  
i n  model l ing the  performance o f  o the r  f : e l d s  i n  e a r l y  stages o f  exp o i t a t i o n .  
Since a l l  o f  these f i e l d s  are w i t h i n  the same vo l can i c  zone, i t  can be expected 
t h a t  t h e i r  p rope r t i es  a re  reasonably s i m i  l a r .  

Thus the i n i t i a l  l o c a t i o n  o f  a 

However, the approach i s  no t  w i thou t  p i t f a l l s .  Recently i t  was d i s -  
covered t h a t  the Broadlands geothermal f i e l d ,  which appeared on r e s i s t i v i t y  
s t ud ies  t o  have a p o t e n t i a l  c lose  t o  t h a t  of Wai rake i ,  cou ld  perhaps be on l y  
p a r t i a l l y  exp lo i t ed .  During p rov ing  t es t s ,  the  pressure drop encountered was 
found t o  correspond t o  a resource on l y  about o n e - f i f t h  the s i z e  o f  Wairakei 
(Grant,  1975). Two poss ib l e  explanat ions f o r  t h i s  have been considered. 
F i r s t ,  carbon d iox i de  l e v e l s  a t  Broadlands are much h igher  than a t  Wairakei .  
When t he  pressure drops around a producing bore, i t  is  poss ib l e  t h a t  carbon 
d iox i de  canes out  o f  s o l u t i o n  t o  form a two-phase m ix tu re  w i t h  very poor 
t r a n s m i s s i b i l i t y  t o  water.  
p roduc t i ve  p a r t  o f  the f i e l d  i s  n o t  s i g n i f i c a n t l y  f a u l t e d  o r  f i s s u r e d  so t h a t  
the bores are located i n  low-permeabi l i ty  media. 
were v a l i d ,  t he re  would be some prospect f o r  remedial ac t ion .  

The second poss ib le  exp lana t ion  i s  t h a t  the poo r l y  

I f  the l a t t e r  exp lanat ion 
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I n  another example, the p r i v a t e l y  owned Kawerau geothermal f i e l d ,  which 
was thought t o  be o f  f a i r l y  minor s i g n i f i c a n c e ,  has now been shown t o  be 
h i g h l y  p roduc t i ve  from hydrothermal ly-a1 te red  graywacke below the sur face 
vo lcan ics .  I f  t h i s  proves t o  be product ion  from deeper hor izons than were 
p rev ious ly  known, then the Kawerau resource cou ld  be upgraded s u b s t a n t i a l l y .  

Geothermal research involves several  d i s c i p l  ines; i t  can be p e r i  lous 
t o  neg lec t  the c o n t r i b u t i o n  from any one o f  these. I n  Fig.  1 ,  an attempt i s  
made t o  i n d i c a t e  the  i n t e r - r e l a t i o n s h i p s  between the f i e l d s  which appear t o  
have relevance i n  New Zealand geothermal research. Each heading i s  intended 
t o  be app l i cab le  both  on the  la rge ( reg iona l )  sca le  and the l o c a l  (geothermal 
f i e l d )  scale. 
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F i g u r e  1 .  Aspec ts  R e l a t i n g  t o  Geothermal Development 

The la rge- sca le  geology and geophysics and associated tec ton ics  are 
use fu l  i n  desc r ib ing  the  background under which h igh  heat f lows occur. Jus t  
what mechanisms are  i nvo lved  may have t o  be i n f e r r e d  from t h e  pet ro logy and 
geochemistry. This inc ludes ex tens ive  use o f  i so tope chemistry and da t ing  
methods. The term "hydrology"--here intended ' t o  embrace a1 1 aspects o f  f l u i d  
f l ow  inc lud ing  hydrothermal convection--may be i n f e r r e d  from a knowledge o f  
the f i e l d  s t r u c t u r e ,  i nc lud ing  observed temperature d i s t r i b u t i o n s ,  permeabi 1-  
i t i e s ,  and chemistry. Models are  p a r t i c u l a r l y  usefu l  i n  supplementing the  
a v a i l a b l e  f i e l d  knowledge, f i l l i n g  i n  the  gaps by means o f  hypotheses, and 
leading t o  p r e d i c t i o n s  which may be tested.  I f  a model passes such t e s t s ,  
i t  may become a p r a c t i c a l  p r e d i c t i o n  t o o l .  Many o f  the above aspects a i d  i n  
the e x p l o i t a t i o n  o f  a f i e l d ,  and the knowledge gained dur ing  e x p l o i t a t i o n  
provides e s s e n t i a l  feedback. 

Models o f  Hydrothermal Systems 

R e s i s t i v i t y  mapping t o  a depth of about one-half  k i l omete r  has now been 
c a r r i e d  out  by G .  F. Risk and W. J .  P .  Macdonald o f  New Zealand's Department 
o f  S c i e n t i f i c  and I n d u s t r i a l  Research f o r  a s u b s t a n t i a l  p a r t  o f  the Taupo 
Volcanic Zone. Ample backup s tud ies  i n d i c a t e  t h a t  temperature maps would 
e x h i b i t  s i m i l a r  major  features.  
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Unfo r tuna te l y ,  d e t a i  l e d  r e s u l t s  o f  
th ree dimensions using p r e s e n t l y  avai  l ab  
o f  models research i s  aimed a t  reso lv ing  
convect ion problem and e s t a b l i s h i n g  r e a l  
o f  geothermal f i e l d s .  

t h i s  q u a l i t y  a re  n o t  ob ta inab le  i n  
e geophysical  methods. One l i n e  
the  mechanisms o f  the  groundwater 
s t i c  values f o r  phys ica l  parameters 

Jus t  one aspect o f  t h i s  e f f o r t  has been t o  determine meaningful values 
o f  f i e l d  pe rmeab i l i t y .  I t  i s  f a i r l y  c l e a r  t h a t  the l a r g e  sca le  pe rmeab i l i t y  
o f  the  f i e l d ,  which c o n t r o l s  the  major  groundwater movement, i s  very low-- 
probab ly  a l i t t l e  l ess  than 10 m i l l i d a r c i e s  fo r  v e r t i c a l  pe rmeab i l i t y .  Some 
est imates f o r  h o r i z o n t a l  p e r m e a b i l i t y  have been s i g n i f i c a n t l y  h igher,  bu t  
the value obta ined from f i e l d  draw-off s tud ies  i s  about the same as t h a t  i n  
the  v e r t i c a l  (McNabb, Grant  and Robinson, 1975). 

Model 1 ing  o f  f i e l d  behavior  under e x p l o i t a t i o n  i s  o f  major  importance. 
A successful  f i t  has been achieved i n  the case o f  t he  Wairakei data using 
the  formula 

q = a + bp + c dp/dt ( 1 )  

where q i s  t h e  r a t e  o f  draw-off,  p i s  t h e  pressure, t i s  t ime and 
a, b and c are  c o e f f i c i e n t s  which may be determined from the data. F ig .  2 
i l l u s t r a t e s  a model (due t o  M. A. Grant) from which Equation ( 1 )  may be j u s-  
t i  f i e d  on t h e o r e t i c a l  grounds. 

4 
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Figure  2 .  Model o f  Drawdown i n  a Hot-Water Geotherma 
(McNabb, Grant and Robinson, 1975) 

F i e l d  

I n  Equation ( l ) ,  the term bp represents i n f l o w  from the  s ides,  i .e . ,  con- 
t r a c t i o n  o f  t he  h o t  zone, w h i l e  c dp/dt a r i s e s  from drawdown o f  the water  
sur face.  The c o e f f i c i e n t  b depends upon the rad ius  o f  the  f i e l d .  Since 
t h i s  cont rac ts ,  b decreases s low ly  w i t h  time, b u t  b may be t r e a t e d  as 
constant  f o r  smal l  t imes. 
i s  a r a p i d  decay of f i e l d  pressure, which asymptotes t o  an in termedia te  value. 
F u r t h e r  pressure decay i s  very  stow, and i s  due main ly  t o  con t rac t i on .  

Th is  i nd i ca tes  t h a t ,  a f t e r  draw-off begins, t he re  
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Equat ion ( 1 )  has been used, i n  p a r t i c u l a r ,  by Donaldson (1975), McNabb 
(1975), and i t  has been u s e d  f o r  p r e d i c t i o n  o f  performance i n  the Broad- 
lands geothermal f i e l d  (Grant, 1975). 
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