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ABSTRACT 

O h a a k i  P o w e r  S t a t i o n  i s  u n d e r  c o n s t r u c t i o n  
o n  B r o a d l a n d s  G e o t h e r m a l  F i e l d ,  20km n o r t h  
of W a i r a k e i .  

L i m i t e d  water r i g h t s  f o r  t h e  d i s c h a r g e  o f  
g e o t h e r m a l  w a t e r s  i n t o  s u r f a c e  waters ,  n a m e l y  
t h e  W a i k a t o  R i v e r ,  w e r e  s o u g h t  a n d  g r a n t e d .  
T h e s e  h a v e  n e c e s s i t a t e d  t h e  d e s i g n  of re- 
i n j e c t i o n  systems f o r  s e p a r a t e d  w a t e r  a n d  
c o n d e n s a t e  w h i c h  are t h e  major  q u a n t i t i e s  
of g e o t h e r m a l  f l u i d  r e q u i r i n g  d i s p o s a l .  

T h e  s e p a r a t e d  w a t e r  r e i n j e c t i o n  system i s  
t h e  l a r g e r  of t h e  t w o  systems a n d  w i l l  be 
r e q u i r e d  t o  d i s p o s e  1500- 1700  t o n n e s  p e r  
h o u r  of s i l i c a  s a t u r a t e d  water  w h i c h  h a s  
b e e n  separated f r o m  t h e  p r o d u c t i o n  steam. 
T h e  system c o n s i s t s  o f  f i v e  s i m i l a r  p u m p i n g  
s t a t i o n s ,  each a s s o c i a t e d  w i t h  a s e p a r a t i o n  
p l a n t ,  s e v e n  r e i n j e c t i o n  w e l l s  a n d  a n  i n t e r -  
c o n n e c t i n g  n e t w o r k  of p i p e l i n e s .  

I n  t h e  pape r ,  t h e  d e s i g n  d e c i s i o n s  t a k e n  
i n  d e t e r m i n i n g  t!ie r e q u i r e d  p u m p i n g  s t a t i o n  
e q u i p m e n t  b a s e d  0 ; )  p r o b l e m s  a s s o c i a t e d  w i t h  
p u m p i n g  s i l i c a  s a t u r a t e d  water,  H,S p o l l u t i o n  
of t h e  e n v i r o n m e n t  a n d  u n c e r t a i n t i e s  i n  
t h e  f l u i d  q u a n t i t i e s  a n d  r e i n j e c t i o n  p r e s s u r e  
are d i s c u s s e d .  I n  a d d i t i o n ,  t h e  proposed 
c o n t r o l  o f  t h e  r e i n j e c t i o n  s y s t e m  u s i n g  
e l e c t r o n i c  v a r i a b l e  s p e e d  d r i v e n  p u m p s  i s  
o u t  l i n e d .  

INTRODUCTION 

R e i n j e c t i o p  i s  r e q u i r e d  a t  O h a a k i  P o w e r  
S t a t i o n  i n  o rde r  t o  m i n i m i s e  t h e  d i s c h a r g e  
of t o x i c  s u b s t a n c e s ,  p a r t i c u l a r l y  h e a v y  
m e t a l s ,  t o  t h e  W a i k a t o  River .  A s e c o n d  ma jo r  
c o n c e r n  is t o  m i n i m i s e  t h e  h e a t  i n p u t  t o  
t h e  r i v e r .  

Water r i g h t s  g r a n t e d  f o r  t h e  o p e r a t i o n  of 
t h e  p o w e r  s t a t i o n  r e c o g n i s e  t h a t ,  d u r i n g  
t i m e s  of  m a i n t e n a n c e  a n d  u n d e r  a b n o r m a l  
s i t u a t i o n s ,  a d i s c h a r g e  t o  t h e  r1ve.r w i l l  
be n e c e s s a r y .  T h e  wa te r  r i g h t  f o r  e m e r g e n c y  
d i s c h a r g e  u n d e r  a b n o r m a l  s i t u a t i o n $  l i m i t s  
a n y  s u c h  i n c i d e n t  t o  a 1 2  h o u r  d u r a t i o n .  
H e n c e ,  a n y  f a u l t  i n  t h e  r e i n j e c t i o n  s y s t e m  
t h a t  r e s u l t s  i n  a s y s t e m  o u t a g e  o f  l o n g e r  
t h a n  1 2  h o u r s  w i l l  r e q u i r e  a power s t a t i o n  
s h u t  down a n d  loss o f  g e n e r a t i o n .  

R e l i a b i l i t y  o f  t h e  r e i n j e c t i o n  system a n d  
i n  p a r t i c u l a r  t h e  p u m p s ,  d r i v e r  a n d  c o n t r o l  
s y s t e m  i s  e s s e n t  Fal. 

S i l i c a  S a t u r a t i o n  

P r o b l e m s  a s s o c i a t e d  w i t h  h a n d l i n g  s i l i c a  
l a d e n  w a t e r  p l a y e d  a m a j o r  p a r t  i n  
d e t e r m i n i n g  t h e  p o w e r  s t a c i o n  o p e r a t i n g  
parsnctcrs .  I n  o r d e r  t o  a v o i d  s i l i c a  
d e p o s i t i o n  i t  i s  n e c e s s a r y  t o  k e e p  separated 
water  a b o v e  t h e  s i l i c a  s a t u r a t i o n  t e m p e r a t u r e .  

T h i s  r e q u i r e m e n t  d e t e r m i n e s  t h e  m i n i m u m  
“ t e a m  s e p a r a t i o n  a n d  h e n c e  t u r b i n e  i n l e t  
p r e s s u r e s .  

S e p a r a t e d ’  Water S e p a r a t i o n  S y s t e m  

A t  W a i r a k e i ,  steam s e p a r a t i o n  w a s  c a r r i e d  
o u t  a t  t h e  w e l l h e a d s  b e c a u s e  i t  w a s  b e l i e v e d  
t h a t  t h e  t w o  phase f l u i d  d i s c h a r g e d  f r o m  
t h e  w e l l  c o u l d  n o t  b e  s a t i s f a c t o r i l y  p i p e d  
t o  a remote s e p a r a t i o n  p l a n t .  T h i s  p roblem 
h a s  s i n c e  b e e n  overcome a n d  a t  O h a a k i ,  
t h e  p r o d u c t i o n  w e l l s  w i l l  f e e d  a t w o  p h a s e  
m i x t u r e  t o  f i v e  s e p a r a t i o n  p l a n t s  l o c a t e d  
t h r o u g h o u t  t h e  s teamfield .  S t e a m  f o r  p o w e r  
p r o d u c t i o n  w i l l  b e  separated f rom t h e  m i x t u r e  
i n  a t w o  s t age  f l a s h  process l e a v i n g  hot  
water t o  b e  r e i n j e c t e d .  S t e a m  f r o m  t h e  
f i r s t  s t age  f l a s h  w i l l  b e  u s e d  i n  t w o  b a c k  
p r e s s u r e  t u r b i n e s  w h i c h  are b e i n g  t r a n s f e r r e d  
f r o m  W a i r a k e i .  Rundown o f  t h e  f i e l d  w i l l  
e v e n t u a l l y  m a k e  power p r o d u c t i o n  from t h e s e  
t u r b i n e s  u n e c o n o m i c  a n d  t h e  d e s i g n  o f  t h e  
s e p a r a t i o n  p l a n t s  a l l o w  f o r  t h e i r  c o n v e r s i o n  
t o  s i n g l e  stage f l a s h  a t  t h a t  p o i n t .  

S e p a r a t e d  Water R e i n j e c t i o n  S y s t e m  

H o t  w a t e r  l e a v i n g  each s e p a r a t i o n  p l a n t  
w i l l  b e  d i s c h a r g e d  f r o m  a w a t e r  vessel 
i n t o  t h e  r e i n j e c t i o n  s y s t e m .  

T h e r e  are i n i t i a l  u n c e r t a i n t i e s  c o n c e r n i n g  
b o t h  t h e  t o t a l  q u a n t i t y  of  water t o  b e  
d i s p o s e d  of a n d  t h e  p r o b a b l e  e n t h a l p y  
c h a n g e s  i n  t h e  p r o d u c t i o n  f l u i d  o v e r  t h e  
power s t a t i o n  l i f e .  R e i n j e c t i o n  r e q u i r e m e n t s  
w i l l  a l s o  vary  as a r e s u l t  o f  s t e a m f i e l d  
m a n a g e m e n t  as  new p r o d u c t i o n  a n d  r e i n j e c t i o n  
w e l l s  are b r o u g h t  i n t o  s e r v i c e .  F l e x i b i l i t y  
w a s  t h e r e f o r e  a n  i m p o r t a n t  c o n s i d e r a t i o n  
i n  t h e  d e s i g n  o f  t h e  r e i n j e c t i o n  system. 

A r e i n j e c t i o n  m a i n  l i n k i n g  t h e  s e p a r a t i o n  
p l a n t s  w i t h  a l l  t h e  a l loca ted  r e i n j e c t i o n  
w e l l s  h a s  b e e n  u s e d  as  t h e  b a s i s  f o r  t h e  
s y s t e m .  T h i s  a l l ows  t h e  d i s t r i b u t i o n  of 
t h e -  w a t e r  t o  b e  r e i n j e c t e d  o v e r  t h e  greatest  
n u m b e r  o f  r e i n j e c t i o n  w e l l s .  

R e i n j e c t i o n  P r e s s u r e  

R e i n j e c t i o n  p r e s s u r e  h a s  a s i g n i f i c a n t  
e f f e c t  o n  t h e  e q u i p m e n t  t h a t  may b e  u s e d  
f o r  t h e  r e i n j e c t  i o n  sy s t em w i t h  p a r t i c u l a r  
r e f e r e n c e  t o  t h e  p u m p i n g  s t a t i o n .  T h e  
r e i n j e c t i o n  p r e s s u r e  w a s  t h e r e f o r e  s u b j e c t e d  
t 6  -a n  o p t i m i s a t i o n  s t u d y .  

T h e  m e t h o d  u s e d ,  d e v e l o p e d  f r o m  G r a n t  (11, 
c o m p a r e s  t h e  c o s t  o f  a new well t o  t h e  
p u m p i n g  c o s t s .  I n  o rder  t o  make  t h i s  c o m p a r i -  
s o n ,  i t  i s  n e c e s s a r y  t o  e x p r e s s  well costs 
and p u m p i n g  c o s t s  a s  a f u n c t i o n  o f  P ,  t h e  
w e l l h e a d  p r e s s u r e  a t  t h e  r e i n j e c t i o n  w e l l .  
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An assumption t h a t  p i p i n g  network p r e s s u r e  
l o s s e s  would be e q u a l  t o  t h e  s u c t i o n  p r e s s u r e  
a v a i l a b l e  a t  t h e  gump ( i .e .  s e p a r a t i o n  
p r e s s u r e )  w a s  made so t h a t  r e q u i r e d  pump 
g e n e r a t e d  head c 3 A d  be equa ted  t o  t h e  
r e i n j e c t i o n  we l lhead  p r e s s u r e .  

A t y p i c a l  w e l l  c o s t  w a s  t aken  as NZS0.75M. 
T h i s  c o s t  was c o n v e r t e d  t o  t h e  c o s t  of 
a w e l l  r e q u i r i n g  P b a r  t o  d i s p o s e  o f  1 
t o n n e / h r  of w a t e r  by making use  of  a t y p i c a l  
Ohaaki r e i n j e c t i o n  w e l l  i n j e c t i v i t y  
C h a r a c t e r i s t i c .  A number of  w e l l s  had been 
s e l e c t e d  a s  p o s s i b l e  r e i n j e c t i o n  w e l l s  
( B i x l e y  1 ,  2 ,  3 )  and a s  a r e s u l t  o f  t r i a l s ,  
had known a b i l i t i e s  t o  a c c e p t  r e i n j e c t i o n  
f l u i d .  These a b i l i t i e s  w e r e  summed, averaged  
and a curve  o f  b e s t  f i t  p roduc ted  ( t y p i c a l  
w e l l  i n j e c t i v i t y  c h a r a c t e r i s t i c ) .  T h i s  , 

curve  r e l a t e d  wel lhead p r e s s u r e  t o  
r e i n j e c t i o n  q u a n t i t i e s  and was g e n e r a l l y  
o f  t h e  form:- 

R = A P + B  

where R is t h e  r e i n j e c t i o n  f low i n  

P i s  wel lhead  p r e s s u r e  i n  b a r s  
A and B a r e  c o n s t a n t s .  

t o n n e s / h o u r  

The w e l l  c o s t  a t t r i b u t a b l e  t o  r e i n j e c t i n g  
1 t o n n e / h r  i s  o b t a i n e d  by d i v i d i n g  t h e  
w e l l  c o s t  by ( A P + B ) .  

Pump c a p i t a l  c o s t s  w e r e  o b t a i n e d  from 
s u p p l i e r s .  C o s t s  w e r e  o b t a i n e d  f o r  pumping 
s t a t i o n  equipment c a p a b l e  o f  p r o v i d i n g  
v a r i o u s  g e n e r a t e d  p r e s s u r e s .  These w e r e  
used t o  produce a n  e q u a t i o n  l i n k i n g  t h e  
pump g e n e r a t e d  head t o  c a p i t a l  c o s t .  Pumping 
power c o s t s  were developed u s i n g  t r a d i t i o n a l  
fo rmulae  t o  proc7uce t h e  power r e q u i r e m e n t s  
combined w i t h  a c a p i t a l i s e d  c o s t  of power 
based on t h e  c u r r e n t  u n i t  c o s t ,  t h e  p r o j e c t e d  
s t a t i o n  l i f e  ( 2 5  y e a r s ) ,  l o a d  f a c t o r  ( 8 5 % )  
and r e q u i r e d  d i s c o u n t  rate.  Pump e f f i c i e n c y  
p l a y s  a major  p a r t  i n  d e t e r m i n i n g  pump 
power r e q u i r e m e n t s  and a m i l d l y  c o n s e r v a t i v e  
f i g u r e  o f  60% was used.  

Combining t h e  e q u a t i o n s  for w e l l  c o s t ,  
pumping s t a t i o n  c a p i t a l  c o s t s  and o p e r a t i n g  
c o s t s  and o b t a i n i n g  a minimum by 
d i f f e r e n t i a t i o n ,  i n d i c a t e d  t h a t  c o s t s  would 
b e  minimised i f  a wel lhead p r e s s u r e  of  
2 4  b a r s  w a s  adop ted .  

P r e d i c t i o n s  f o r  t h e  i n i t i a l  q u a n t i t y  of 
w a t e r  t o  be d i s p o s e d  of v a r i e d  Cepending 
on which p r o d u c t i o n  w e l l s  would b e  used .  
A f i g u r e  of  approx imate ly  1 7 0 0  t o n n e / h r  
was t h e  a v e r a g e .  The e x i s t i n g  w e l l s  a v a i l a b l e  
f o r  r e i n j e c t i o n  have a combined i n j e c t i v i t y  
c h a r a c t e r i s t i c  which a l l o w s  t h i s  q u a n t i t y  
t o  be d i s p o s e d  o f  a t  a l i t t l e  o v e r  1 9  b a r .  
I n  view of t h i s  i t  w a s  dec ided  t o  r e d u c e  
t h e  d e s i g n  p r e s s u r e  t o  20  b a r  t h e r e b y  e a s i n g  
t h e  s e l e c t i o n  o f  pump type  ( s i n g l e  s t a g e  
vs  m u l t i s t a g e ) ,  r e d u c i n g  pump o p e r a t i n g  
speed and e a s i n g  n e t  p o s i t i v e  s u c t i o n  head 
(NPSH 1 r e q u i r e m e n t s .  

Pumping S t a t i o n  Equipment 

Pumping s t a t i o n  equipment c h o i c e s  can be 
s p l i t  i n t o  two m a i n  a r e a s ,  c h o i c e  of  pump 
type  and c h o i c e  of  pump d r i v e  o r  c o n t r o l  
method. 

a )  Pump Type:, F i e l d  t r i a l s  used m u l t i s t a g e  
'caKned' pumps, which a r e  w i d e l y  used i n  t h e  
power i n d u s t r y  t o  l i m i t  e x c a v a t i o n  r e q u i r e -  
m e n t s  where s u c t i o n  head i s  l i m i t e d .  

However, t h i s  t y p e  of pump i s  prone t o  
o p e r a t i o n a l  problems when c a l l e d  upon t o  
hand le  s i l i c a  laden  w a t e r .  

Overseas  e x p e r i e n c e  ( M a k b a n , P h i l i p p i n e s )  
f a v o u r s  h o r i z o n t a l  pumps, mounted below 
t h e  water v e s s e l ,  t o  overcome s u c t i o n  d i f f i -  
c u l t i e s .  There  i s  a p r e f e r e n c e  f o r  s i n g l e  
s t a g e  pumps o r ,  a t  most ,  two s t a g e  pumps, 
t o  avo id  s i l i c a  d e p o s i t i o n  problems i n  i n t e r -  
s t a g e  b u s h e s ,  s h a f t  s u p p o r t s  e t c .  H o r i z o n t a l ,  
s p l i t  case, pumps a r e  a l s o  g e n e r a l l y  e a s i e r  
t o  m a i n t a i n .  The d e c i s i o n  was t h e r e f o r e  
made t o  o p t  f o r  h o r i z o n t a l  s i n g l e  or two 
s t a g e  s p l i t  case pumps. 

S u i t a b l e  mechan ica l  s e a l s  are c o n s i d e r e d  
e s s e n t i a l  t o  avo id  s i l i c a  bu i ld- up  from 
g land  l e a k a g e  and t h e r e f o r e  t h e y  w i l l  be 
employed.Se1ect ion of s e a l  t y p e  w i l l  r e q u i r e  
c a r e f u l  c o n s i d e r a t i o n .  

b )  Drive o r  c o n t r o l  t y p e :  The i n i t i a l  
u n c e r t a i n t y  a s  t o  w a t e r  q u a n t i t y  and t h e  
l i k e l i h o o d  of  v a r i a t i o n s  d u r i n g  t h e  l i f e  
of  t h e  power s t a t i o n  i n d i c a t e d  t h a t  some 
form of f low c o n t r o l  w a s  r e q u i r e d .  A number 
of  o p t i o n s  w e r e  a v a i l a b l e .  The f o l l o w i n g  
major o p t i o n s  were c o n s i d e r e d :  

i )  Cons tan t  speed d r i v e  by d i r e c t  coup led  
e lec t r i c  motor w i t h  t h r o t t l e  v a l v e  c o n t r o l :  

T h r o t t l e  c o n t r o l  of pumps i s  a w e l l  p roven ,  
s imple  method f o r  f low c o n t r o l .  It  i s  however, 
i n e f f i c i e n t ,  p a r t i c u l a r l y  when t h r o t t l i n g  
t o  low f lows  and t h e  v a l v e  i t s e l f  i s  l i a b l e  
t o  r e q u i r e  a c o n s i d e r a b l e  d e g r e e  of  
maintenance.  

ii) V a r i a b l e  speed d r i v e  by d i r e c t  coup led  
steam t u r b i n e :  

T h i s  method h a s  also been w i d e l y  used.  

Smal l ,  s i n g l e  wheel v a r i a b l e  speed t u r b i n e  
d r i v e r s  g i v e  r e l i a b l e  s e r v i c e ,  however,  
f o r  t h i s  p a r t i c u l a r  a p p l i c a t i o n  t h e y  have 
a number of  drawbacks. F i r s t l y ,  t h e  s p e c i f i c  
s team consumption of t h e  t u r b i n e  d r i v e r  
i s  h i g h e r  t h a n  t h a t  of t h e  l a r g e  t u r b i n e s  
used f o r  power p r o d u c t i o n  a t  t h e  power 
s t a t i o n ,  i . e .  t h e  t u r b i n e  d r i v e r  r e q u i r e s  
more steam p e r  kW o u t p u t .  T h e r e f o r e ,  a h igh  
o p p o r t u n i t y  c o s t  f o r  u s i n g  t h e  s team must 
be a p p l i e d .  Secondly,  a s team t u r b i n e ,  even 
of  t h e  s i m p l e s t  t y p e ,  i s  a r e a s o n a b l y  complex 
machine r e q u i r i n g ,  p a r t i c u l a r l y  w i t h  
r e f e r e n c e  t o  geo thermal  steam o p e r a t i o n ,  
c o n s i d e r a b l e  maintenance i n p u t .  T h i r d l y ,  
t h e  t u r b i n e  d r i v e r  i s ,  o f  n e c e s s i t y ,  a back 
p r e s s u r e  t y p e  w i t h  s team be ing  d i s c h a r g e d  
from a n  a tmospher ic  e x h a u s t .  The n o i s e  and 
p o l l u t i o n  from g a s  e n t r a i n e d  w i t h  t h e  steam 
become env i ronmenta l  n u i s a n c e s .  F i n a l l y ,  
t h e  r e i n j e c t i o n  system r e q u i r e s  some d e g r e e '  
of  s t a n d b y  o p e r a t i o n  or, a t  t h e  v e r y  l e a s t ,  
t h e  a b i l i t y  t o  commission and s t a r t  up e x t r a  
pumpsets i n  t h e  e v e n t  of p l a n t  f a i l u r e .  
A steam t u r b i n e  d r i v e r  cannot  be l e f t  on 
s t a n d b y  for e x t e n s i v e  p e r i o d s  when exposed 
t o  geo thermal  s team and g a s  due t o  t h e  r i s k  
of c o r r o s i o n  and cannot  be s t a r t e d  q u i c k l y  
as- it  h a s  t o  be p r e s s u r i s e d  and warmed 
t h r o u g h  f i r s t .  

iii) V a r i a b l e  speed d r i v e  u s i n g  a f i x e d  
speed e lec t r ic  motor w i t h  h y d r a u l i c  coup l ing :  

The h y d r a u l i c  c o u p l i n g  i s  commonly used 
€or  speed  c o n t r o l  b u t  i s  i n c r e a s i n g l y  
i n e f f i c i e n t  when t h e  pump i s  o p e r a t i n g  a t  
lower  s p e e d s .  
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i v )  V a r i a b l e  speed  motor d r i v e .  

A l a r g e  number of  v a r i a b l e  speed  motor 
d r i v e  t y p e s  have heen used i n  a wide v a r i e t y  
o f  a p p l i c a t i o n .  I n  g e n e r a l ,  t h e y  have a 
r e l a t i v e l y  h i g h  c a p i t a l  c o s t  b u t  ma in t a in  
a h igh  e f f i c i e n c y  o v e r  a r ange  o f  speeds .  

Walker (1) c o n s i d e r e d  a number o f  t h e  d r i v e  
t y p e s  w i t h  s p e c i f i c  r e f e r e n c e  t o  t h i s  
a p p l i c a t i o n  : 

( a )  V a r i a b l e  f r equency  AC d r i v e  making u s e  
o f  a s t a n d a r d  i n d u c t i o n  motor f e d  w i t h  v a r i a b l e  
f r equency  from a s t a t i c  t h y r i s t o r  i n v e r t e r .  

( b )  DC t h y r i s t o r  d r i v e  where t h e  motor t o r q u e  
and speed  are c o n t r o l l e d  by v a r y i n g  t h e  , 

c u r r e n t  and v o l t a g e  r e s p e c t i v e l y .  

( c )  S l i p  ene rgy  r e c o v e r y  u s i n g  a s l i p r i n g  
i n d u c t i o n  motor where speed  i s  c o n t r o l l e d  
b y  v s r y i n g  t h e  e f f e c t i v e  r o t o r  impedence 
w i t h  t h e  r e s u l t i n g  e n e r g y  a p p e a r i n g  i n  t h e  
r o to r  be ing  r e s t o r e d  t o  t h e  s u p p l y  by  means 
of a n  i n v e r t e r .  

A comparison of t h e s e  v a r i a b l e  speed motor 
o p t i o n s  conc ludes  t h a t  DC motor based  sys t ems  
a r e  u n s u i t a b l e  due t o  problems i n  p r o t e c t i n g  
t h e  motors  from Hydrogen Su lph ide  c o r r o s i o n  
and t h a t  t h e  AC v a r i a b l e  f r equency  sys tem 
i s  p r e f e r a b l e  t o  t h e  s l i p  ene rgy  r e c o v e r y  
system as t h e  former  u s e s  s t a n d a r d  i n d u c t i o n  
motors which are more r e a d i l y  a v a i l a b l e .  
A d i sadvan tage  o f  t h e  AC v a r i a b l e  f r equency  
d r i v e  i n v e r t e r  i s  t h a t  i t  g e n e r a l l y  h a s  
t o  b e  p r o t e c t e d  from Hydrogen Su lph ide  which 
means t h a t  t h e  s u b s t a t i o n  used t o  house 
c o n t r o l  equipment i n  a low Hydrogen Su lph ide  
a tmosphere  h a s  t o  b e  e n l a r g e d  t o  a l so  house  
t h e  i n v e r t e r .  

Pumping System Layout 

The sys tem l a y o u t  w a s  nex t  c o n s i d e r e d .  
F l e x i b i l i t y  and r e l i a b i l i t y  w e r e  c o n s i d e r e d  
t o  be  paramount and t h e r e f o r e ,  i t  w a s  d e c i d e d  
t h a t  a number o f  pumps should  b e  i n s t a l l e d  
a t  e a c h  pumping s t a t i o n .  The s i z e  of pump 
w a s  i n i t i a l l y  de t e rmined  by  assuming t h a t  
two d u t y  pumps would be  i n s t a l l e d  a t  e ach  
pumping s t a t i o n .  T h i s  produced a pump w i t h  
a c a p a c i t y  o f  1 7 0  t o n n e / h r .  

A s  h a s  a l r e a d y  been ment ioned,  i n  o r d e r  
t o  u s e  h o r i z o n t a l  pumps t h e y  must b e  l o c a t e d  
below t h e  w a t e r  v e s s e l  s o  t h a t  t h e i r  s u c t i o n  
c o n d i t i o n  r e q u i r e m e n t s  can  b e  m e t .  T h i s  
d i c t a t e s  t h a t  pumps must be i n s t a l l e d  close 
t o  t h e  w a t e r  v e s s e l  i n  a p i t .  Two b a s i c  
system l a y o u t s  can  b e  developed from t h i s  
p o i n t .  F i r s t l y ,  t h e  pumps a d j a c e n t  t o  t h e  
w a t e r  v e s s e l s  can  be used as ' p r i m a r y '  pumps 
t o  f eed  t h e  water  t o  t h e  s u c t i o n  o f s l a r g e r  
p r e s s u r i s i n g  pumps a t  a c e n t r a l i s e d  
l o c a t i o n ( s )  o r  s e c o n d l y ,  t h e y  can  be used 
t o  g e n e r a t e  t h e  e n t i r e  p r e s s u r e  r ise  r e q u i r e d  
i n  a s i n g l e  s t e p .  The s i n g l e  s t e p  sys tem 
i s  less complex i n  p h y s i c a l  and c o n t r o l  
t e r m s  . 

System Adopted Y 

C o n s i d e r a t i o n  of t h e  v a r i o u s  f a c t o r s  d i s -  
cussed  above i n  c o n j u n c t i o n  w i t h  c a p i t a l  
costs  f o r  equipment ,  maintenance  costs and 
o p e r a t i n g  co s t s ,  l e d  t o  t h e  s e l e c t i o n  o f  
t h e  pumping s t a t i o n  sys tem o u t l i n e d  below. 

The b a s i c  sys tem c o n s i s t s  o f  s i n g l e  s t e p  
pumping u s i n g  s i n g l e  s t a g e  h o r i z o n t a l  s p l i t  
case pumps. Pump s i z e  h a s  been s t a n d a r d i s e d  
t o  a l l o w  pumps t o  be  i n t e r c h a n g e a b l e  and 
r educe  s p a r e s  h o l d i n g s .  Two o r  t h r e e  d u t y  
pumps w i l l  b e  i n s t a l l e d  a t  each  pumping 
s t a t i o n .  Each pump w i l l  be d r i v e n  b y  a n  
i n d u c t i o n  motor s u p p l i e d  v i a  a v a r i a b l e  
f r equency  AC i n v e r t e r  w i t h  t h e  i n v e r t e r s  
i n s t a l l e d  i n  s u b s t a t i o n s .  The a i r  s u p p l y  
t o  t h e s e  s u b s t a t i o n s  i s  f i l t e r e d  t o  remove 
most o f  t h e  Hydrogen Su lph ide .  

The d e s i r -  pimping p r e s z u r e  i s  z 
2 0  S a r s  i n c i e a s e  above s e G a r a t i o n  
p r e s s u r e  which co r r e sponds  t o  a r e i n j e c t i o n  
we l lhead  p r e s s u r e  o f  2 0  b a r s .  A d d i t i g n a l  
f l e x i b i l i t y  w a s  c o n s i d e r e d  n e c e s s a r y  and 
t h e r e f o r e  t h e  pumps w i l l  b e  c a p a b l e  o f  
acr i iev ing  t h e  d e s i g n  f l ow  r a t e  a t  
a d i f f e r e n t i a l  head o f  25  b a r s  t o  t a k e  
accoun t  o f  p o s s i b l e  r e d u c t i o n s  i n  i n  j e c t i v i t q r  
o f  Ohaaki r e i n j e c t i o n  w e l l s .  T h i s  i s  p o s s i b l e  
by  i n c r e a s i n g  t h e  pumps o p e r a t i o n a l  speed  
r a n g e  w h i l e  s t i l l  r ema in ing  below t h e  SOOkW 
power r a t i n g  of  t h e  d r i v e .  

Subsequent t o  t h e s e  d e c i s i o n s  b e i n g  made, 
one  o f  t h e  a l loca ted  r e i n j e c t i o n  w e l l s  
w a s  found t o  be  u n s u i t a b l e  f o r  r e i n j e c t i o n  
p u r p o s e s  and a n o t h e r  w a s  r e a l l o c a t e d  f o r  
condensa t e  r e i n j e c t i o n .  A n a l y s i s  o f  t h e  
r ema in ing  system a t  t h a t  s t a g e  i n d i c a t e d  
t h a t  it w a s  more economic t o  a d a p t  t h e  
b a s i s  sys tem by add ing  t w o  f i x e d  speed  
b o o s t e r  pumps t o  i n c r e a s e  t h e  p r e s s u r e  
of s u p p l y  t o  t w o  of t h e  r e i n j e c t i o n  w e l l s  
t o  p r o v i d e  t h e  n e c e s s a r y  sys tem c a p a c i t y ,  
r a t h e r  t h a n  d r i l l  a new w e l l .  

C o n t r o l  o f  t h e  Sepa ra t ed  Water R e i n j e c t i o n  
System 

C o n t r o l  o f  t h e  pumps a t  a g iven  pumping 
s t a t i o n  w i l l  be  e x e r c i s e d  from t h e  w a t e r  
l eve l  i n  t h e  wa te r  v e s s e l  feeci ing them. 
B a s i c a l l y ,  t h e  pumps w i l l  o p e r a t e  t o  ma in t a in  
t h e  level  i n  t h i s  v e s s e l .  

A number o f  r e f e r e n c e  l e v e l s  a re  u sed .  
F i r s t l y ,  a normal o p e r a t i n g  l e v e l  n e a r  
t h e  midpoint  of t h e  vessel. A programmable 
c o n t r o l l e r  i s  used  t o  c o n t r o l  t h e  o p e r a t i o n  
of t h e  d u t y  pumpsets by  v a r y i n g  t h e i r  speed  
i n  un i son ,  i n c r e a s i n g  speed  i f  t h e  l e v e l  
r i ses  and r educ ing  it i f  t h e  l e v e l  f a l l s .  
An upper  l e v e l  l i m i t  i s  set i n t o  t h e  
c o n t r o l l e r  and i f  t h i s  i s  r e a c h e d ,  t h e  
c o n t r o l l e r  w i l l  s t a r t  t h e  nex t  a v a i l a b l e  
pump. I f ,  however, a l l  a v a i l a b l e  pumps 
are a l r e a d y  o p e r a t i n g ,  t h e  c o n t r o l l e r  w i l l  
set a l l  o p e r a t i n g  pumps t o  maximum speed 

-and .open  a dump v a l v e  which w i l l  modula te  
t h e  e x c e s s  f l u i d  i n  t h e  v e s s e l  t o  waste. 
Conve r se ly ,  t h e r e  i s  a l o w e r  l e v e l  limit 
set i n t o  t h e  c o n t r o l l e r  which r u n s  o f f  
a pumpset p rov ided  more t h a n  one i s  
o p e r a t i n g .  I n  t h e  e v e n t  t h a t  o n l y  one  pumpset 
i s  o p e r a t i n g  a r e c i r c u l a t i o n  v a l v e  i s  opened 
between t h e  pump d i s c h a r g e  man i fo ld  and 
t h e  water v e s s e l  t h e r e b y  bypass ing  f l ow  
back t o  t h e  water  v e s s e l  and keep ing  t h e  
pump o p e r a t i n g .  

O u t s i d e  t h e s e  l i m i t s  on t h e  c o n t r o l l e r ,  
l e v e l  sw i t ches  on t h e  w a t e r  v e s s e l  t r i p  
t h e  pumpsets on h i g h  and low l e v e l .  

I n  a d d i t j - o n ,  t h e  h i g h  l e v e l  s w i t c h  f u l l y  
opens  a second dump v a l v e  t o  p r e v e n t  w a t e r  
c a r r y o v e r  i n t o  t h e  s team mains .  
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T h e  c o n t r o l  s y s t e m  i s  d e s i g n e d  t o  a t  a l l  
t i m e s  maximise t h e  q u a n t i t y  of w a t e r  b e i n g  
r e i n j e c t e d  a n d  m i n i m i s e  t h e  q u a n t i t y  b e i n g  
d u m p e d  t o  t h e  r i v e r .  I t  a c h i e v e s  t h i s  b y  
k e e p i n g  as m a n y  pumps  r u n n i n g  as  i s  p o s s i b l e  
a n d  r e s o r t i n g  t o  c iumping  o n l y  w h e n  a b s o l u t e l y  
n e c e s s a r y .  

A c k n o w l e d g e m e n t s  

T h e  A u t h o r  w i s h e s  t o  a c k n o w l e d g e  t h e  c o n t r i -  
b u t i o n  of  s t a f f  from t h e  M i n i s t r y  o f  W o r k s  
a n d  D e v e l o p m e n t ,  T h e  D e p a r t m e n t  of S c i e n t i f i c  
a n d  I n d u s t r i a l  R e s e a r c h  a n d  t h e  E l e c t r i c i t y  
D i v i s i o n  o f  t h e  M i n i s t r y  of E n e r g y  i n  t h e  
d e s i g n  o f  t h e  S e p a r a t e d  Water R e i n j e c t i o n  
P u m p i n g  S y s t e m .  

T h e  A u t h o r  w i s h e s  t o  t h a n k  t h e  D e p u t y  ’ 

S e c r e t a r y ,  E l e c t r i c i t y  D i v i s i o n ,  M i n i s t r y  of 
E n e r g y ,  f o r  p e r m i s s i o n  t o  p u b l i s h  t h i s  p a p e r .  
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