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ABSTRACT 

Recent d r i l l i n g  i n  t h e  Te M i h i  F i e l d  - t h e  western 
ex tens ion  o f  k a i r a k e i  - has conf i rmed t h e  presence o f  
a 300-400 m t h i c k  steam r e s e r v o i r ,  produced b y  f a l l i n g  
a q u i f e r  pressures and t rapped  below an impermeable cap 
- t h e  Huka F a l l s  Format ion - o f  l a c u s t r i n e  s i l t s t o n e  
and hydrothermal  e r u p t i o n  conglomerates. The presence 
o f  a sha l low vapour-dominated r e s e r v o i r  was i n i t i a l l y  
i n f e r r e d  f r o m  p r e c i s e  g r a v i t y  changes and f rom d i r e c t  
measurement o f  steam pressures i n  t h e  Te:Mih i  200 
s e r i e s  w e l l s .  I n v e s t i g a t i o n  o f  t h e  boundar ies o f  t h e  
r e s e r v o i r  by sha l low (600 m )  w e l l s  i s  proceeding and 
w i  I I  be f o l l o w e d  by p r o d u c t i o n  d r i l l i n g  a long known 
a c t i v e  f a u l t s .  One 400 m w e l l  (WK228) a l ready  d r i l l e d  
has an o u t p u t  o f  90 t / h r  o f  d r y  steam (11 MWe), a 
s u b s t a n t i a l  and cheap energy s u p p l i e r  t o  t h e  Power 
S t a t i o n .  

The s t r a t e g y  f o r  Wairakei development over  t h e  n e x t  
decade i s  l i k e l y  t o  be changed i f  t h e  Te Mih i  Steam 
r e s e r v o i r  can be s u c c e s s f u l l y  e x p l o i t e d .  The c o s t  
aavantage 'of cheap steam i n  t h e  west needs t o  be 
balanced aga ins t  t h e  a d d i t i o n a l  expense o f  ex tend ing  
t h e  steam p i p e l i n e s  a f u r t h e r  1 - 2  km. However. t h e  
p r o v i s i o n  o f  e x t r a  steam s u p p l i e s  should a l l o w  t h e  
c l o s i n g  down o f  t h e  Eas te rn  B o r e f i e l d  - a l r e a d y  
th rea tened  by  c o l d  water i n v a s i o n  - and t h e  u t i l i s a t i o n  
o f  e x i s t i n g  sha l low w e l l s  f o r  r e i n j e c t i o n .  This  should 
m a i n t a i n  r e s e r v o i r  pressures and temperatures, c o n t r o l  
ground subsidence and e l i m i n a t e  was te fu l  d i scharge  o f  
e f f l u e n t  t o  t h e  Waikato R ive r .  I n  t h e  l o n g  term, deep 
d r i l l i n g  i n  t h e  p o s t u l a t e d  up f low r e g i o n s  a t  Wairakei, 
such as Te Mih i ,  w i l l  be necessary t o  m a i n t a i n  steam 
s u p p l i e s  t o  t h e  s t a t i o n .  

- 

I n t r o d u c t i o n  

Fo l lov r ing  t h e  spec tacu la r  success o f  WK228 (11 MWe) 
d r i l l e d  i n  September 1985 on an a c t i v e  NNE- trending 
f a u l t  near  F lash- p lan t  9 i n  t h e  Te M i h i  ex tens ion  o f  
Wairakei ,  i t  was unanimously decided a t  a meet ing o f  
t h e  "Wairakei  Working P a r t y  on Steam Supply"  h e l d  a t  
Wai r a k e i  Geothermal Research Cent re  on 1 3 t h  November 
1985, t o  i n v e s t i g a t e  and recomnend f u r t h e r  s i t e s  f o r  
d ry  steam p r o d u c t i o n  i n  t h e  Te Mihi F i e l d ,  thus  
e l i m i n a t i n g  t h e  need f o r  o t h e r  a l t e r n a t i v e  steam 
s u p p l i e s  (Grant 1985). The f i r s t  o f  a s e r i e s  of  new 
w e l l s  (WK229) was d r i l l e d  i n  J u l y  1986 t o  i d e n t i f y  t h e  
e a s t e r n  boundary o f  t h e  steam f i e l d  and f u r t h e r  w e l l s  
w i l l  be d r i l l e d  i n  l a t e  1986 - e a r l y  1987 t o  i d e n t i f y  
t h e  n o r t h e r n  and western boundar ies.  

The Resource: Dry steam has been accumulat ing i n  t h e  
Upper Waiora r e s e r v o i r  below t h e  Huka F a l l s  Format ion 
f o r  a t  l e a s t  t h e  l a s t  27 years.  This  steam cap i s  
produced b y  f l a s h i n g  of r e s e r v o i r  f l u i a s  i n s t i g a t e d  b y  
p r e s s u r e  drawdown ( S t u d t  1958; Bolton 1170). propagated 
th roughou t  t h e  r e s e r v o i r  b y  p roduc t ion .  I n  t h e  s i x t i e s  
and e a r l y  sevent ies.  a s u b s t a n t i a l  steam cap formed t o  
t h e  southwest  o f  t h e  Wairakei F i e l d ,  p a r t l y  b y  SW 
m i g r a t i o n  a long a c t i v e  f a u l t s ,  and d ischarged a t  
K a r a p i t i  fumaroles i n  The Cra te rs  o f  t h e  Moon Thermal 
area ( A l l i s  1979). 
Karap i  t i  R h y o l i t e  i n  1960 a t  t h e  i n t e r s e c t i o n  of t h e  
Wairakei  F a u l t .  and d ischarged  an es t imated  250 t / h r  Of 
d r y  steam u n t i l  quenched ( G r i n d l e y  1965). 

K 2 0 4  tapped t h i s . s t e a m  cap i n  t h e  

I t s  

GRAVITY CHANGE (1974 - w a g  

FIGURE 1: Wairakei and Tauhara Fields showing re- 
sistivity boundary (Risk et al. 1984) boundaries of 
high pressure (>20  bars) steam zone at Te Mihi and 
low-pressure steam zone at Karapiti in the south as 
outlined by gravity decreases. Area of water in- 
vasion into steam zone in Eastern Borefield indicated 
by gravity increase. 

subsequent h i s t o r y  as t h e  infamous "liogue Bore" i s  
documented b y  Thompson (1976). U n f o r t u n a t e l y ,  no 
at tempts were made t o  e x p l o i t  t h i s  d r y  steam resource 
t o  t h e  southwest and i t  has s i n c e  l a r g e l y  ven ted  and 
wasted t o  atmosphere except  c l o s e  t o  t h e  b o r e f i e l d  
(e.g. WK216). 

A s i m i l a r  steam cap appeared t o  t h e  nor thwest  o f  
Wairakei a t  l e a s t  as e a r l y  as 1958 when WK201 
encountered d r y  steam below t h e  Huka F a l l s  Formation. 
U n f o r t u n a t e l y ,  because t h e  anchor cas ing  was se t  t o o  
shal low,  w e l l  WK201 blew o u t  t o  t h e  s u r f a c e  and was 
abandoned as t h e  f i r s t  Wairakei Rogue Bore ( G r i n d l e y  
1965). 

The th ickness .  s i z e  and p ressure  o f  t h e  steam cap has 
f l u c t u a t e d  subsequent ly  b u t  s t i l l  c o n s t i t u t e s  a 
s i g n i f i c a n t  resource  (Grant  1982) occupying an i n t e r v a l  
f r o m  300 t o  400 m t h i c k  over  an area o f  a t  l e a s t  3 km2, 
a t  a mean p ressure  o f  24 bars.  Al though some d i s c h a r g t  
o f  steam occurs  n a t u r a l l y  t o  t h e  n o r t h  i n  t h e  a c t i v e  
f u m a r o l i c  area n o r t h  o f  Te Rau-Te-Huia Stream, the re  i s  
l i t t l e  steam d ischarge  t o  t h e  south a p a r t  f rom a l i n e  
o f  weak fumaroles n o r t h  o f  WK201 and near WK215, so 
t h a t  t h e  r e s e r v o i r  may be r e l a t i v e l y  i n t a c t .  Steam 
pressures  i n  t h e  Waiora r e s e r v o i r  decrease eastwards 
towards t h e  Western Produc t ion  b o r e f i e l d .  and southward 
towards t h e  K a r a D i t i  Thermal area f rom about 24 bars  t o  
about 12 bars  (Grant 1982. p. 35. f i g .  3). 
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FIGURE 2: 
e r u p t i o n  b recc ias ,  and s i t e s  f o r  d r y  steam producers ( s o l i d  c i r c l e s ) ,  deep i n v e s t i g a t i o n  w e l l s  (open c i r c l e s ) ,  
and new r e i n j e c t i o n  we1 1 ,(WK302) ( a f t e r  G r i n d l e y  1974. 1982. m o d i f i e d ) .  

A c t i v e  f a u l t  map o f  Wairakei  Geothermal F i e l d  showing i so therms (- 300 m),  isopachs on hydrothermal  

D e l i n e a t i n g  t h e  Resource: The approximate l o c a t i o n  o f  
t h e  Te M i h i  Steam Reservo i r  i s  apparent f rom t h e  map 
( F i g .  1) showing g r a v i t y  changes (1974-1983) c i r c u l a t e d  
b y  R.G. A l l i s  ( a f t e r  Hunt 1983) a t  t h e  Wairakei 
meeting. The g r a v i t y  decrease o f  100 ugal a t  Te Mih i  
and 80 ugal  a t  K a r a p i t i  i s  considered t o  mark 
replacement  o f  water  b y  steam i n  t h e  Waiora Reservo i r .  
The corresponding g r a v i t y  inc rease  o f  200 ugal  i n  t h e  
Eas te rn  B o r e f i e l d  i s  considered t o  mark c o l l a p s e  o f  t h e  
steam r e s e r v o i r  and replacement b y  water. 

The updated r e s i s t i v i t y  boundary ( R i s k  e t  a l .  1984) 
(F ig .  1) prov ides  an approximate i n d i c a t i o n  o f  t h e  
n o r t h e r n  and western boundar ies o f  t h e  Te Mih i  Steam 
Reservo i r .  The n o r t h e r n  boundary l i e s  a lmost  1 km 
n o r t h  o f  t h e  map edge (F ig .  2 )  where steaming ground 
and fumaroles a r e  v i s i b l e  a lmost  as f a r  n o r t h  as L i n k  
Road. 
The sou thern  boundary o f  t h e  Te Mih i  Steam R e s e r v o i r  
l i e s  between WK212 (20 bars )  and WK214 (12 b a r s )  and i s  
p r o b a b l y  f a i r l y  sharp, perhaps a p e r m e a b i l i t y  b a r r i e r .  
The e a s t e r n  boundary has been exp lo red  b y  WK229, 
d r i l l e d  i n  t h e  rough, t h e r m a l l y - a c t i v e  upper Waiora 
V a l l e y  between t h e  western b o r e f i e l d  and Alum Lake. 
D r i l l i n g  problems due t o  t h e  h i g h  p e r m e a b i l i t y  and 
f r a c t u r e d  r e s e r v o i r  r o c k s  r e q u i r e d  t h a t  t h e  p o t e n t i a l  
steam zone be  cased o f f .  P r e l i m i n a r y  i n d i c a t i o n s  a r e  
t h a t  steam pressures a r e  between 1 5  and 20 bars,  
s i m i l a r  t o  those p r e s e n t l y  encountered i n  t h e  B o r e f i e l d  
t o  t h e  eas t .  The e a s t e r n  boundary o f  t h e  e x p l o i t a b l e  
steam zone i s  p robab ly  c l o s e  t o  t h e  l i n e  of t h e  Cra te r  
F a u l t  ( F i g .  2). 

D r i l l i n g  o f  t h e  nor theas te rn ,  n o r t h e r n  and western 
boundar ies o f  t h e  Te M i h i  F i e l d  i s  p r e s e n t l y  b e i n g  
undertaken b y  sha l low (600 m )  f a i l i n g ' w e l l s .  

E x p l o i t i n g  t h e  Resource: The success o f  WK228 shows 
t h a t  f a u l t - c o n t r o l l e d  p e r m e a b i l i t y  i s  t h e  key t o  
e x p l o i t i n g  t n e  steam i n  t h e  Te Mihi F i e l d .  Because 
steam moves th rough  t h e  r e s e r v o i r  l e s s  r e a d i l y  than  
l i q u i d  water, due t o  t h e  low p o r o s i t y  o f  t h e  r e s e r v o i r  
r o c k s  and t h e  h i g h e r  v i s c o s i t y  o f  steam r e l a t i v e  t o  ho t  
w a t e r , ' h o r i z o n t a l  f l o w  i s  s lower i n  a s ingle- phase 
steam r e s e r v o j r  than  i n  a 2-phase or l i q u i d - f i l l e d  
r e s e r v o i r .  P r e c i s e  s i t i n g  o f  steam p r o d u c t i o n  w e l l s  
i s ,  t h e r e f o r e ,  demanded f o r  optimum produc t ion .  F i g u r e  
2 i s  an updated a c t i v e  f a u l t  map o f  Wairakei w h i l e  
F i g u r e  3 shows t h e  f a u l t e d  s t r u c t u r e s  c o n t r o l l i n g  t h e  
h i g h  p e r m e a b i l i t y  and p r o d u c t i o n  o f  WK228. WK229 and 
e a r l i e r  deep i n v e s t i g a t i o n s  w e l l s  i n  t h e  western (Te 
M i h i )  ex tens ion  of t h e  Wairakei F i e l d .  

Because o f  s teep  topography i n  t h e  Te M i h i  F i e l d  and 
t h e  deployment o f  steam p i p e  l i n e s  and power l i n e s  
a long v a l l e y s  and across e a s i e r  topography, d r i l l h o l e  
s i t e s  a r e  q u i t e  d i f f i c u l t  t o  f i n d ,  e s p e c i a l l y  when they  
a re  r e q u i r e d  t o  be l o c a t e d  ad jacen t  t o  a c t i v e  f a u l t  
scdrps. O f  t h e  e i g h t  s i t e s  chosen (F ig .  2 )  S i t e  SE may' 
be d i f f i c u l r  t o  d r i l l  due t o  t h e  p r o x i m i t y  o f  t h e  main 
p i p e l i n e s  f r o m  t h e  Te Mih i  F i e l d .  S i t e  SB i s  a l s o  i n  
c l o s e  p r o x i m i t y  t o  an 11 Kva power l i n e  and may need t o  
be moved southwest towards S i t e  SA, or n o r t h e a s t  
torrards WK207 (un less  t h e  l i n e  i s  s h i f t e d ) .  S i t e  SD, 
t h e  s tepou t  frm WK228, i s  c l o s e  t o  t h e r m a l l y - a l ' t e r e d  
ground and may be d i f f i c u l t  t o  c o n s t r u c t .  S i t e  SF i s  
betrreen Alum Lake and t h e  Wairakei  Mud C r a t e r  and w i l l  
r e q u i r e  road  access. The rema in ing  s i t e s  (SG, SH along 
Te Rau-Te-Huia Stream) should present  no problems. 

L i f e  o f  t h e  Steam Reservo i r :  The sha l low steam 
r e s e r v o i r  i n  t h e  Te Mihi F i e l a  i s  c u r r e n t l y  decaying at  
t h e  r a t e  o f  0.5 bar /year  and t h i s  has undoubtedly  
a c c e l e r a t e d  s i n c e  Wk228 was opened f o r  p roduc t ion .  
I n t e r f e r e n c e  t e s t s  are planned once WK228 i s  connected 
and p roduc ing  t o  measure p ressure  drawdown i n  
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ne ighbour ing  w e l l s  (W215, 219, 206, 207, 222) b e l i e v e d  
t o  be open i n  t h e  steam zone. This  should p r o v i d e  
v i t a l  i n f o r m a t i o n  on t h e  s i z e  o f  t h e  resource  and t h e  
optimum r a t e  o f  p roduc t ion .  Es t imates  o f  t h e  p o t e n t i a l  
l i f e  o f  t h e  steam r e s e r v o i r  u n t i l  pressures a re  reduced 
below p i p e l i n e  requi rements ( 6  bars )  may a l s o  be 
p o s s i b l e . ' -  A l i f e t i m e  o f  5-10 years was es t imated  by  
those  a t t e n d i n g  t h e  recen t  Working P a r t y  meeting. 

Deep D r i  11 i ng a t  Te Hi  h i  

The Te Mih i  F i e l d  i s  c u r r e n t l y  considered t h e  most 
l i k e l y  up f low r e g i o n  a t  i J a i r a k e i .  a sugges t ion  f i r s t  
made b y  S tud t  (1959) on t h e  b a s i s  of low magnetic 
va lues and l a t e r  r e i n f o r c e d  b y  t h e  r e s u l t s  o f  t h r e e  
separate r e s i s t i v i t y  surveys o f  t h e  Wairakei F i e l d  
(R isk  e t  a l .  1984) which showed lowes t  r e s i s t i v i t i e s  i n  
t h e  nor thwes te rn  Te Min i  area, between L i n k  Road and Te 
Rau-Te-Huia Stream). Much o f  t h i s  area i s  a c t i v e l y  
steaming ground and n o t  s u i t a b l e  f o r  d r i l l i n g .  
temperature and p ressure  t rends ,  Grant (1982) has 
presented a case f o r  Te Mih i  as t h e  main up f low zone o f  
Wairakei ,  a l though t h e  maintenance o f  pressures and 
temperatures t h e r e  may mere ly  r e f l e c t  absence o f  
sus ta ined  l o c a l  p roduc t ion .  These t r e n d s  w i l l  a l s o  be 
masked by  f o r m a t i o n  o f  a steam cap as happened i n  t h e  
s i x t i e s  i n  t h e  Eas te rn  B o r e f i e l d  and i n  t h e  seven t ies  
i n  t h e  Western B o r e f i e l d .  
f o r  Wairakei i s  l i k e l y  ( G r i n d l e y  1982) artd t h e  t r u e  
up f low zones w i l  I o n l y  become apparent as e x p l o i t a t i o n  
proceeds. The Waiora F a u l t  area s t i l l  c l a i m s  t h e  
l a r g e s t  producers i n  t h e  Western B o r e f i e l d  d e s p i t e  25 
years  o f  i n t e n s e  p roduc t ion ,  and must s t i l l  be 
considered an impor tan t  heat  source a t  l e a s t  down t o  
2.2 km, where t h e  h i g h e s t  temperature o f  275OC was 
recorded i n  WK121 (F ig .  4) .  

S t r a t i g r a p h i c  and s t r u c t u r a l  arguments f o r  a c a l d e r a  
marg in  i n  t h e  n o r t h  o f  t h e  Na i rake i  F i e l d  were f i r s t  
advanced b y  G r i n d l e y  (1982) and supported b y  Healy 
(1984) w. i th  m o d i f i c a t i o n s .  The Rau-Te-Huia Stream 
f o l l o w s  an arcuate course which may be t h e  s u r f a c e  
express ion  o f  such a ca ldera  margin, a l though  t h e  
s i g n i f i c a n t  s t r a t i g r a p h i c  d isp lacements of 900 m on t h e  
t o p  o f  t h e  Ohakuri Group (between WK219 and WK121, F ig .  
4)  are o n l y  found  below 1 km. The p o s t u l a t e d  f o r m a t i o n  
o f  t h e  ca ldera  as a r e s u l t  o f  subsidence and 
b a c k - f i l l i n g  b y  t h i c k  Wairakei  ( =  Whakamaru?) 
I g n i m b r i t e s  i s  a l s o  a po ten t  argument f o r  a major  heat  
source i n  t h i s  area. E r u p t i o n  o f  resurgen t  r h y o l i t e  
domes f u r t h e r  t o  t h e  south a t  Wairakei ( K a r a p i t i  and Te 
M i h i  R h y o l i t e s )  has depressed t h e  Wairakei I g n i n b r i t e s  
a t  l e a s t  b y  1 km i n  t h i s  area, making i t  a less  
a t c r a c t i w e  p r o p o s i t i o n  f o r  deep d r i l l i n g ,  e s p e c i a l l y  
s i n c e  t h e  Wairakei I g n i m b r i t e s  a re  t h i c k  (1.1 km) and 
impermeable. However, t h e  p o s i t i v e  thermal  g r a d i e n t s  
down t o  1 km and t h e  presence o f  major  a c t i v e  f a u l t i n g  
war ran ts  a deep w e l l  i n  t h i s  area. A s i t e  has, 
t h e r e f o r e ,  been s e l e c t e d  ( F i g .  2 ) .  

A 1  I t h e  f a c t s  and t h e o r e t i c a l  arguments s t r o n g l y  
suppor t  t h e  case f o r  t h e  f i r s t  deep w e l l  b e i n g  s i t e d  a t  
Te M i h i  and c l o s e  t o  t h e  presumed s i t e  o f  t h e  b u r i e d  
c a l d e r a  margin (WK206, 219, 215 t r i a n g l e ) .  
d i s c o v e r y  o f  t h e  steam zone, p a r t s  o f  t h i s  area w i l l  be 
needed f o r  shal low steam produc t ion .  This  a p p l i e s  t o  
t h e  area be t reen  WK215 and WK219. where t h e  o r i g i n a l  
deep w e l l  s i t e  was loca ted .  

Accord ing ly ,  a new s i t e  i s  proposed i n  a r e l a t i v e l y  
u p f a u l t e d  b l o c k  250 m n o r t h  of WK206, on t h e  h i g h  
ground o v e r l o o k i n g  t h e  Rau- te-Huia Stream ( S i t e  OH1). 
A n . a l t e r n a t e  s i t e  f o r  a deep w e l l  a t  Te M i h i  ( S i t e  DH2) 
has a l s o  been s e l e c t e d  i n  t h e  area between WK207, WK215 
and LJK202 on t h e  western boundary ( C r a t e r  F a u l t ? )  o f  
t h e  u p f a u l t e d  Wairakei  Block.  T h i s  s i t e  i s  a l s o  
i n t e r e s t i n g  because o f  t h e  t h i c k  hydrothermal  e r u p t i o n  
b r e c c i a s  ( >  200 m, F i g .  2 )  i n t e r c a l a t e d  i n  t h e  lower 
p a r t  of t h e  Huka F a l l s  Format ion .  suggescing p r o x i m i t y  
t o  a h e a t  source. 

Because t h e  l i f e  of t h e  sha l low stream r e s e r v o i r  i s  
1 i ini  ted  and w i  11 g i v e  o n l y  a few years  r e s p i t e  b e f o r e  
steam s u p p l i e s  t o  t h e  Wairakei S t a t i o n  again became 
c r i t i c a l ,  i t  i s  s t r o n g l y  recommended t h a t  t h e  f i r s t  
deep w e l l  (DH1) be programmed f o r  d r i l l i n g  i n  1987. 

From 

A m u l t i p l e  heat- source model 

Since 

Gr ind1 ey 

FIGURE 3 :  Cross sect ion  from WK121 to  WK215 t o  
WK206 showing structure of  T e  Mihi Steam Reservoir 
i n  r e l a t i o n  t o  Western Borefield and new steam 
w e l l  wK228. 

E f f e c t s  on R e i n j e c t i o n  P r o g r a m  

The d i s c o v e r y  o f  s u b s t a n t i a l  and e x p l o i t a b l e  reserves 
o f  d r y  steam i n  t h e  Waiora Reservo i r  o f  t h e  Te Mih i  
F i e l d  shou ld  a l l o w  r e c o n s i d e r a t i o n  o f  t h e  R e i n j e c t i o n  
P o l i c y  f o r  Wairakei .  The s u b s t i t u t i o n  o f  d r y  steam f o r  
two-phase f l u i d  a t  t h e  f l a s h  p l a n t s  w i l l  a u t o m a t i c a l l y  
lower t h e  q u a n t i t i e s  o f  separated water  d ischarged t o  
t h e  Waikato R i v e r  ( c u r r e n t l y  about 4000 t / h r ) .  

The a v a i l a b i l i t y  o f  d r y  steam i n  t h e  west may a lso  
a l l o w  t h e  even tua l  c l o s i n g  down o f  t h e  Eas te rn  
P r o d u c t i o n  B o r e f i e l d ,  c u r r e n t l y  c o n t r i b u t i n g  about 800 
t / h r  of t h e  t o t a l  mass p r o d u c t i o n  o f  5200 t /hour .  
These w e l l s  should then  become a v a i l a b l e  f o r  
r e i n j e c t i o n  w e l l s  a t  a cons iderab le  sav ing  i n  c a p i t a l  
c o s t s  th rough  n o t  r e q u i r i n g  an es t imated  10-15 new 
r e i n j e c t i o n  w e l l s  around t h e  south and e a s t  f i e l d  
margins as had been planned. 

As a f i r s t  s tep  towards r e i n j e c t i o n  i n  t h e  Eas te rn  
Produc t ion  B o r e f i e l d ,  i t  i s  p lanned t o  p i p e  t h e  
separated water f r o m  F lash  P l a n t  7 down WK58. I f  these  
t e s t s  are success fu l ,  t h e  whole o f  t h e  C i r c l e  a rea  
cou ld  become a " R e i n j e c t i o n  Park"  i n  t h e  nex t  decade. 

As a f u r t h e r  f i e l d  t e s t  o f  r e i n j e c t i o n  i n  t h e  east, a 
new r e i n j e c t i o n  w e l l  WK302 has been p lanned f o r  some 
t ime.  P o s s i b l e  s i t e s  were chosen t o  t h e  eas t  o f  
LJai rakei  Stream b u t  these r e q u i r e  a 2 kin p i p e l i n e  f rom 
t h e  F l a s h  p l a n t s  i n  t h e  western Produc t ion  B o r e f i e l d .  

To reduce c o s t s  a new s i t e  f o r  WK302 has, the re fo re ,  
been chosen c l o s e r  t o  t h e  Eastern B o r e f i e l d  and t o  the  
"Subsidence Bowl" i n  lower Wairakei Stream. Canp le t ion  
o f  t h i s  w e l l  should p r o v i d e  v a l u a b l e  i n f o r m a t i o n  on t h e  
l i t h o l o g y  and p h y s i c a l  p r o p e r t i e s  o f  t h e  Huka F a l l s  and 
Waiora b r e c c i a s  t o  t h e  n o r t h  o f  t h e  Eas te rn  B o r e f i e l d  
and enable r e i n j e c t i o n  t e s t s  t o  b e  c a r r i e d  o u t  p r i o r  t o  
t h e  even tua l  demise o f  t h e  C i r c l e  w e l l s .  
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F i g u r e  4. 
showing c o r r e l a t i o n  o f  g e o l o g i c a l  fo rmat ions ,  i so therma l  su r faces  and p o t e n t i a l  deep w e l l  s i t e s  ( G r i n d l e y  1982). 

Cross s e c t i o n  o f  Wairakei  Geothermal F i e l d  between i n v e s t i g a t i o n  w e l l s  WK208. WK218. WK121 and WK219 

The w e l l  s i t e  i s  l o c a t e d  on a road  from t h e  drop 
s t r u c t u r e  on t h e  Main D r a i n  back up Wairakei  Stream. 
I t  i s  approx imate ly  150 m west o f  t h e  Drop S t r u c t u r e  
and 50 m due n o r t h  o f  t h e  Main D r a i n  a t  c. 50 m west o f  
t h e  j u n c t i o n  w i t h  t h e  d r a i n  f r o m  F l a s h  P l a n t  7. The 
w e l l  shou ld  be d r i l l e d  t o  c. 450 m depth, cased t o  150 
m and cored a t  50 m i n t e r v a l s  f o r  d e t e r m i n a t i o n  o f  
l i t h o l o g y  and phys ica l  p r o p e r t i e s .  According t o  A l l i s  
& Barker  (1982. f i g .  3)  t h e  subsidence r a t e  a t  t h i s  
s i t e  i s  c. 300 m l y e a r .  
n o r t h - s o u t h  a x i s  o f  t h e  "Subsidence Bowl". h o r i z o n t a l  
movement i s  o n l y  about 50 m l y e a r  d i r e c t e d  on a b e a r i n g  
o f  340"T. 

R e i n j e c t i o n  o f  separated water  (150°C) i n t o  t h e  Huka 
F a l l s  and Waiora a q u i f e r s  a t  t h i s  s i t e  should i n  t h e  
long t e r m  c o n t r i b u t e  t o  t h e  r e p r e s s u r i n g  o f  t h e  
r e s e r v o i r  and by  d e l a y i n g  t h e  c o l l a p s e  o f  t h e  steam cap 
might  a l l o w  subsidence r a t e s  t o  be brought  under 
c o n t r o l  i f  no t  c u r t a i l e d  (see d iscuss ion ,  pp. 5-6 i n  
G r i n d l e y  1983). The cores f rom t h i s  w e l l  m igh t  a l s o  
a1 low some informed d i s c u s s i o n  on t h e  u n d e r l y i n g  reason 
f o r  r a p i d  subsidence a t  t h i s  p a r t i c u l a r  l o c a l i t y .  
Several  g e o l o g i c a l  models and a v a r i e t y  o f  p h y s i c a l  
causes o f  subsidence have been advanced b u t  o n l y  t h e  
d r i l l i n g  of a w e l l  w i l l  enable these t o  be t e s t e d .  
WK302 w i l l  a l s o  be a v a l u a b l e  r e i n j e c t i o n  w e l l  f o r  t h e  
f u t u r e  p r o v i d e d  p e r m e a b i l i t y  i s  r e l a t i v e l y  h igh .  I t s  
l o c a t i o n  c l o s e  t o  t h e  ex tens ion  o f  t h e  K a r a p i t i  F a u l t  
th rough  t h e  Eas te rn  B o r e f i e l d  ( G r i n d l e y  1965) may 
p r o v i d e  access t o  permeable f i s s u r e d  coun t ry .  

S ince  i t  i s  c l o s e  t o  t h e  

F i e l d  Management Opt ions  

The success fu l  d i scharge  o f  t h e  f i r s t  d r y  steam w e l l  i n  
t h e  Te M i h i  F i e l d  t o  t h e  nor thwest  o f  t h e  p resen t  
P r o d u c t i o n  Area a t  Wairakei has made i t  i m p e r a t i v e  t o  
r e t n i n k  t h e  s t r a t e g y  f o r  m a i n t a i n i n g  steam s u p p l i e s  t o  
t h e  Wairakei  S t a t i o n  and d i s p o s i n g  o f  separated water  
by  r e i n j e c t i o n  i n t o  t h e  r e s e r v o i r .  By d r i l l i n g  sha l low 
w e l l s  (300-500 m )  i n t o  t h e  3 km2. 300 m t h i c k ,  
vapour-dominated Waiora r e s e r v o i r  a t  Te Mih i ,  i t  may be 
p o s s i b l e  t o  augment t h e  steam supply t o  t h e  Power 
S t a t i o n  s u f f i c i e n t l y  t o  a l l o w  h i g h l y - p r o d u c t i v e  b u t  
s e v e r e l y  dep le ted  s e c t i o n s  o f  t h e  f i e l d  t o  be withdrawn 
f rom produc t ion ,  e i t h e r  t e m p o r a r i l y  or permanently. 
F i e l d  management problems t h a t  cou ld  be a s s i s t e d  b y  a 
r e l i a b l e  steam supp ly  i n  t h e  west are: 

1. Dry steam p r o d u c t i o n  on a s u f f i c i e n t l y  l a r g e  s c a l e  
cou ld  d r a s t i c a l l y  reduce t h e  t o t a l  amount o f  separated 
water d ischarged v i a  t h e  main d r a i n  t o  t h e  Waikato 
R i v e r .  

2. By p r o g r e s s i v e l y  c l o s i n g  t h e  Eastern B o r e f i e l d  over  
t h e  nex t  5-10 years.  these p r o d u c t i o n  w e l l s  cou ld  be 
u t i l i s e d  f o r  r e i n j e c t i o n  o f  separated water f rom h i g h e r  
up t h e  v a l l e y .  

3. Steam pressures i n  t h e  Te Mih i  F i e l d  w i l l  be 
reduced a v o i d i n g  p o t e n t i a l  steam e r u p t i o n s  and 
decreas ing  t h e  i n t e n s i t y  o f  f u m a r o l i c  a c t i v i t y  i n  t h e  
thermal  areas n o r t h  o f  Te Rau-Te-Huia Stream. 

4. R e i n j e c t i o n  o f  150°C water i n t o  t h e  E a s t e r n  
B o r e f i e l d  should repressure t h e  Waiora a q u i f e r  and 
a s s i s t  i n  t h e  maintenance o f  t h e  o u t p u t  o f  w e l l s  f r o m  
t h e  Weste rn 'Bore f ie ld .  by r e p l a c i n g  c o l d  recharge wi th  
ho t  recharge.  

5. Subsidence i n  t h e  lower  Wairakei Stream area cou ld  
be c o n t r o l l e d  by r e i n j e c t i o n  i n t o  t h e  Huka F a l l s  
a q u i f e r  i n  t h e  Eas te rn  B o r e f i e l d .  
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APPENDIX 1 RESULTS OF NEW DRILLING 

TABLE 1. S t r a t i g r a p h i c  sequence i n  WK228 (DD 485 m )  

Depth 

0- 45 m 

45-140 m 

140-170 m 

170-185 in 

185-220 m 

220-275 m 

275-355 m 

355-400 m 
400-402 m 

L i t h o l o g y  

Pumice tephra,  r h y o l i t e  
l a p i l l i  

P u m i c e / r h y o l i t e  l a p i  Ili 
t u f f / b r e c c i a  

C h a l a z o i d i t e  t u f f ,  tephra  

Pumice s i l t s t o n e  and 
sandstone (hu3)  

Quartzose c r y s  t a1 t u f f  
(hu2) 

Grey s i l t s t o n e  and f i n e  
sandstone ( h u l l  

Hydrothermal e r u p t i o n  
conglomerate ( h u l l  

C r y s t a l  - v i t r i c  t u f f  
( i g n i m b r i t e )  

No c u t t i n g s  
L i t h i  c - v i  t r i  c t u f f  

(wa te r  l a i d )  

Format ion 

TAUPO PUMICE 
( t p )  

WAIRAKEI 
BRECCIA 
(wb) 

HUKA 
FALLS 
FORMAT I O N  
(hu)  

WAI ORA 

FORMATION 
(ha5 1 

(wa4) 

I n t e r p r e t a t i o n  o f  Downhole Data 

C i r c u l a t i o n  was l o s t  a t  t h e  base o f  t h e  Huka F a l l s  
Format ion (270 m), a t  315 m where a co re  o f  i g n i m b r i t e  
was taken, and a t  355 m where t h e  b i t  dropped 2 m. 
Maximum temperatures a f t e r  5 days were 226'C between 
315 and 355 m, f a l l i n g  t o  140'C a t  t h e  w e l l  bot tom and 
150'C a t  280 m. The w e l l  i s  cased t o  315 m and 
produced bo th  f rom here and f rom a major f i s s u r e  a t  355 
m. considered t o  mark t h e  i n t e r s e c t i o n  o f  t h e  f a u l t  
d i p p i n g  eas t  a t  80' f rom t h e  s u r f a c e  t r a c e .  

The base o f  t h e  Huka F a l l s  Format ion was 30 m h i g h e r  
than a n t i c i p a t e d  due t o  t h e  conglomerate u n i t  t h i n n i n g  
r a t h e r  r a p i d l y  n o r t h  and nor thwest  f rom WK215 ( F i g .  2). 
The Wairakei B r e c c i a  ou tc rops  i n  t h e  scarp  beh ind  WK228 
and was n o t  encountered i n  WK228 u n t i l  a depth o f  45 m. 
p o s s i b l y  an i n d i c a t i o n  of t h e  t o t a l  throw on t h e  a c t i v e  
t a u l t .  Adu la r ia ,  w a i r a k i c e  and a l b i t e  a r e  present  i n  
b o t h  co res  (Wood 1986a) i n d i c a t i v e  o f  h i g h  
perineabi I i ty, normal l y  assoc ia ted  w i t h  f i s s u r e s  a long 
a c t i v e  f a u l t s  ( G r i n d l e y  & Browne 1976). 

Wel l  WK228 on f i r s t  opening (29.10.1985 - F ig .  5) gave a 
p r o l i f i c  d r y  steam d ischarge  measured a t  180 t / h r  when 
f u l l y  open a t  6 bg  - t h e  pressure o f  t h e  nearby steam 
main a t  F lash  P l a n t  9. 
r e s e c v o i r  ( s h u t  i n  p ressure )  i s  25 bg ( F i g .  6) .  S ince 
connec t ion  t o  t h e  steam l i n e  and t h e  Power S t a t i o n ,  t h e  
o u t p u t  has dropped t o  about 9 0  t / h r  - s t i l l  e q u i v a l e n t  
t o  about 11 MW(e) s u f f i c i e n t  t o  f u l l y  l o a d  t h e  steam 
l i n e  and enable t h e  c l o s i n g  dowri o f  t h r e e  h igh- ou tpu t  
l i q u i d - f e d  w e l l s  (wK206, 207, 215). 

The steam pressure i n  t h e  

I WHP bg Fullr men .la 
22a .I ma-pm 

Figure 5. Output Test o f  Yell lP228. Ilaxinua output (180 tlhour) 
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I n t e r p r e t a t i o n  o f  Downhole Data 

C i r c u l a t i o n  was l o s t  a t  t h e  base o f  t h e  Waiora 
i g n i m b r i t e  u n i t  (Wa5) a t  278 m where a core o f  
hydrothermal  e x p l o s i o n  conglomerate and quar tzose 
sandstone was taken. Th is  b r e c c i a  i s  s i m i l a r  t o  
t h i c k e r  conglomerates found h i g h e r  i n  t h e  sequence i n  
t h e  lower Huka F a l l s  Format ion ( h u l l .  and a t  t h e  same 
s t r a t i g r a p h i c  l e v e l  i n  WK206. 

Hard f o r m a t i o n  encountered between 310 m and 360 m 
proved t o  be i n t e n s e l y  a l t e r e d  f low-banded r h y o l i t e  
w i th  corroded quar tz ,  p l a g i o c l a s e  and a l t e r e d  pyroxene 
and hornblende phenocrysts.  Rare l i t h i c  c l a s t s  a r e  
present .  Th is  r h y o l i t e  i s  s i m i l a r  t o  t h e  Te Mih i  
R h y o l i t e s  d r i l l e d  i n  t h e  western p a r t  o f  t h e  Te M i h i  
F i e l d  ( G r i n d l e y  1965; S t e i n e r  1977) and may a l s o  be 
l i n k e d  Wi th  quar tz- bear ing  f low-banded r h y o l i t e  d r i l l e d  
i n  WK219 700 m t o  t h e  n o r t h  ( F i g .  4). The w e l l  was 
cased i n t o  t h e  base o f  these  r h y o l i t e  f l o w s  (360 m). 

C i r c u l a t i o n  was l o s t  aga in  i n  t h e  Waiora t u f f s  and 
b r e c c i a s  below t h e  r h y o l i t e  and n o t  rega ined  below 425 
m. Caving o f  f r i a b l e  a l t e r e d  rocks  i n  t h e  Waiora 
Format ion c o u l d  n o t  be s a t i s f a c t o r i l y  c o n t r o l l e d  and -a 
f u r t h e r  c a s i n g  s t r i n g  was i n s e r t e d  t o  524 m. 
C i r c u l a t i o n - c o n t i n u e d  t o  be l o s t  on r e s u n p t i o n  o f  
d r i l l i n g  and a d r i l l i n g  break between 590 and 597 m 
i n d i c a t e d  s u b s t a n t i a l  f i s s u r e s  i n  t h e  u n d e r l y i n g  h a r d  
format ion,  b e l i e v e d  t o  be t h e  Waiora V a l l e y  Andesi te 
( F i g .  3) .  F u r t h e r  c i r c u l a t i o n  losses  were recorded a t  
t h e  f i n a l  dep th  (647 m)  where Wairakei  I g n i m b r i t e  was 
p r e d i c t e d ,  b u t  no core  was taken  t o  c o n f i r m  t h i s .  

Wel l  K 2 2 9  was ex t reme ly  permeable. c o n s i s t e n t  w i t h  i t s  
l o c a t i o n  between a c t i v e  f a u l t s  ( F i g .  21, and con f i rmed 
b y  medium rank i n t e n s e  hydrothermal  a l t e r a t i o n ,  w i t h  
l o c a l l y  abundant a d u l a r i a  (Wood 1986b). 
peaked a t  220°C i n  t h e  Waiora Format ion and remained 
cons tan t  f o r  300 m t o  550 m, decreas ing  s h a r p l y  near 
t h e  h o l e  bottom, below t h e  i n f e r r e d  t o p  o f  t h e  Wairakei  
I g n i m b r i t e .  On f i r s t  opening (17 August) WK229 gave a 
v e r y  c l e a n  mass d ischarge o f  almost 300 t / h r .  
Measured steam ou tpu t  i s  50 t / h r .  a power p o t e n t i a l  of 
between 6 and 7 MW. 

Temperatures 

I . . , I >  
. .  
1.111 4 . d  R u  8,TS 

TABLE 2. S t r a t i g r a p h i c  sequence i n  WK229 (DD 472 m)  

Depth L it ho 1 ogy 

0-45 m Pumice tephra,  r h y o l i t i c  
sand and g r a v e l  

45-140 m P u m i c e / r h y o l i t e  l a p i l l i  
t u f f  

C h a l a z o i d i t e  t u f f ,  tephra  

V i t r i c  t u f f  (hu2)  
140-182 m Sandstone, s i l t s t o n e  (hu3)  

182-227 m S i l t s t o n e  conglomerate/ 

227-277 m Pumiceous i g n i m b r i t e  

277-310 m L i t h i c - c r y s t a l - t u f f  

b recc ia ,  sandstone ( h u l )  

q u a r t z - p l  ag ioc lase  (wag) 

rhyo1 i t e / d a c i  t e  1 i t h i  cs 

p lag ioc lase- quar tz  ( h a )  
310-360 m F low-banded R h y o l i t e  

360-460 m Pumice b recc ia .  t u f f  
460-560 m No da ta  
560-570 m? Thin-bedded g rey  s i l t s t o n e ,  

green sandstone (wa2 1 

Format ion  

TAUPO PUMICE 
( t p )  

WAI RAKE1 
BRECCIA 
(wb) 

HUKA 
FALLS 
FORWT I O N  
(hu)  

WAI ORA 
FORMATION 
(wa) 

HAPARANGI 
RH Y OL I TE 

WAIORA 
FORMATION 
(wa) 

1570-647 m Hard fo rmat ion ,  p robab ly  WAIORA VALLEY 
Andes i te  f I g n i m b r i t e  (wk?) . ANDESITE (wv) 
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I RlIN IlATE Wid' FITHAIIKS 
11370 
11371 
P1279 
11374 
P l 2 B l  
11375 
P1284 

10.10.05 0 
10.10.05 0 
10.10.05 - 
11.10.05 23.0 
II.IO.05 23.0 
15.10.09 23.0 
15.IO.U5 23.0 

I .  19.1 I/S 
I .  1 9 . 1  I/, 
I .  19.3 I / =  NO PLUI 
H. I Oa1 
n. 1 ua1 
n. 5 ua"s 
n. 9 uo19 

1 1 . 1  I / '7 




