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The OlKaria qeothermal f i e l d  has  been under 
cont inuous  development s i n c e  1970. A f e a s i b i l -  
i t v  s t u d y ,  completed i n  1976, a f t e r  s i x  wells 
had been d r i l l e d  and t e s t e d ,  i n d i c a t e d  t h a t  
development of t h e  O l k a r i a  f i e l d  was f e a s i b l e .  
The f e a s i h i l i t v  s t u d y  was followed by produc- 
t i o n  d r i l l i n o  and t h e  cons t ruc t ion  of t h r e e  15  
ih qene ra t inq  u n i t s .  The f i r s t  u n i t  was 
brouqht on s t ream i n  3 u l y  1981, t h e  second i n  
Oecemner, 1932,  and t h e  t h i r d  u n i t  is  
scheouled t o  be completed i n  e a r l y  1955. The 
c u r r e n t  o u t p u t  of 19 product ive  wells i s  
eqtr ivalent  t o  46 t i h e .  

9 i s t r i o u t i o n  of fumaroles and r e s i s t i v i t v  
surveys  i n d i c a t e  an a r e a l  e x t e n t  of some 80 kin2 
f o r  t h e  9 l k a r i a  aeothermal f i e l d .  Gas chemis- 
t r y  of fumaroles i n d i c a t e s  comparable under- 
mound tempera tures  over  t h e  whole f i e l d ,  
ZO0-25OoC. The c a p a c i t y  of  t h e  r e source  has  
been e s t ima ted  t o  he 500-1000 MY, e lec t r i c  f o r  a 
oroduct ion  Deriod of  25  y e a r s .  

Nost of t h e  d r i l l i n g  has  been conf ined  t o  a 
s m d l l  p a r t  o f  t h e  oeothercnal f i e l d .  Yere 
maximum recorded  downhole tempera ture  is  339OC 
and tempera tures  f o l l o w  t h e  b o i l i n a  Doint curve  
w i t h  depth.  A t h i n  steam zone a t  2 4 0 O C  is 
observed i n  t h e  t o p  of t h e  r e s e r v o i r  a t  
approximate ly  600-700 m depth.  The r e s e r v o i r  
f l u i d  i s  d i l u t e ,  of t h e  sodium c h l o r i d e  t v p e ,  
c o n t a i n s  c h l o r i d e  i n  the ranqe of  200-7W oom. 
The r e s e r v o i r  r o c k s  c o n s i s t  of a sequence of 
near  h o r i z o n t a l  l a v a s  and t u f f s  of  t r a c h y t i c  
composition, bu t  b a s a l t i c  a n d e s i t e s  have a l s o  
been i d e n t i f i e d .  The d r i l l e d  r o c k s  a t  Q l k a r i a  
a r e  of  r e l a t i v e l y  low p e r m e a b i l i t y ,  t h e  averaqe  
y i e l d  of se l ls  be ing  e q u i v a l e n t  t o  about  2.5 

Fxp lo ra to ry  d r i l l i n g  i s  p r e s e n t l y  i n  p r o q r e s s  
i n  t h e  O l k a r i a  f i e l d ,  t h e  aim beinq t o  l o c a t e  
new product ion  a r e a s  H i t h i n  t h e  f i e l d .  Three 
h o l e s  have been completed and t h e  f o r t h  and 
l a s t  h o l e  under t h e  p r e s e n t  p lan  i s  being 
d r i l l e d .  

INTSODUCTION 

The V I R K I R  Consul t ing  Group Ltd.  has  been 
engaqed i n  c o n s u l t a t i o n  f o r  qeothermal develop- 
ment a t  O lka r i a  s i n c e  1976,  f i r s t  i n  c o l l a b o r -  
a t i o n  wi th  SDECO i n  Stockholm and l a t e r  wi th  

I 'V e. 

Merz and McLellan i n  Newcastle. V I R K I R ' s  
p a r t i c i p a t i o n  has  involved  assessment of t h e  
r e s e r v o i r  c h a r a c t e r i s t i c s ,  s i t i n q  of  wells and 
des ign  of wellhead equipment and t h e  steam 
supply  system. T h i s  a r t i c l e  f o c u s e s  on t h e  
r e s e r v o i r  a s p e c t s  bu t  it d e s c r i b e s  a l s o  how t h e  
f low c h a r a c t e r i s t i c s  of  wells a f f e c t e d  dec i s ion  
on t h e  des ign  of t h e  steam supply  system and 
t u r b i n e  i n l e t  p r e s s u r e .  

The r e s e r v o i r  d a t a  have been 110st1y c o l l e c t e d  
by e x p e r t s  of  t h e  Kenya Power Comoany Ltd .  
I n t e r p r e t a t i o n  has  been j o i n t l y  by t h e s e  
e x p e r t s  and V I R K I R  e x p e r t s .  Var ious  a s p e c t s  of 
t h e  geothermal development a t  O l k a r i a  and 
d e t a i l e d  eva lua t ion  of  t h e  s c i e n t i f i c  d a t a  has  
been descr ibed  i n  numerous r e p o r t s ,  mostly of  
t h e  Kenya Power Company Ltd.  Some key refer- 
e n c e s  i n c l u d e  Bhoqal ( 1 9 9 1 3 ) ,  Rodvarsson and 
P ruess  (1951 ) ,  Rrown (1'351 ) ,  Glover (1972) ,  
Kenya Power Company (1977, 1979, 1980, 1981,  
1 9 0 2 ,  1 % 3 a ) ,  ricCann (1974) ,  f.!una (1992) ,  
ibiwangi (19S21, Naylor (1972) ,  Ndomhi (19501, 
Nganga (1962) ,  Noble and Ojiambo (1975) ,  Odonqo 
(19331, Ojiambo e t  a l .  (19921, (IN-EAPL (1972, 
1 9 7 6 ) ,  and V:aruinqi (1933). 

The Olka r i a  Geothermal P r o j e c t  h a s  heen 
f inanced  by t h e  Kenyan Government, t h e  World 
iiank, t h e  Commonwealth Development Corpora t ion ,  
and t h e  European Investment Rank. 

OVERALL FIELD CH4RACTERISTICS 

The Olka r i a  qeothermal f i e l d  i s  l o c a t e d  i n  t h e  
Greqorv R i f t  V a l l e y ,  5-10 km s o u t h  o f  Lake 
Naivasha and some 100 km northwest of  Flairobi 
(F ig .  1 ) .  The Olka r i a  geothermal svstem is  
cons idered  t o  be r e l a t e d  t o  a mature c e n t r a l  
vo lcano  near  t h e  wes tern  marginal f a u l t s  of  t h e  
R i f t  Val ley .  The geothermal f i e l d  occupies  t h e  
q r e a t e r  p a r t  of a c a l d e r a  or  r i n g  s t r u c t u r e  
which i s  a t  l e a s t  RO km2 i n  s i z e  (Kavlor,  1972; 
KPC, 1979).  There  h a s  been some disaqreement 
on t h e  e x i s t e n c e  of t h e  r i n g  s t r u c t u r e  (KPC, 
1981) which is mostly i n f e r r e d  from c i r c u l a r  
arrangement of comendite domes (F ig .  2 ) .  4 
f i s s u r e  zone,  a c t i v e  both t e c t o n i c a l l y  and 
vo lcano loq ica l ly ,  t r e n d s  N-S throuqh t h e  
wes tern  p a r t  of t h e  i n f e r r e d  r i n q  s t r u c t u r e .  
WSW-strikinq f a u l t s  have been ohserved i n  t h e  
a r e a .  Recent ev idence  from d r i l l i n g s  i n d i c a t e s  
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F i g .  1 Loca t ion  of  the 0 l k d r i a  geothermal f i e l d  
i n  t h e  R i f t  Valley.  

t h a t  t h e s e  f a u l t s  may be major upflow zones.  

The younqest vo lcan ic  e rup t ion  i n  t h e  Q l k a r i a  
a r e a  occurred  some 303 .*- IOC, v e a r s  aqo pro- 
ducinq t h e  Olo lbu to t  f l o n  and s e v e r a l  s m a l l e r  
f lows  on a c r a t e r  l i n e  which c o i n c i d e s  with t h e  
N-S f i s s u r e  zone. I t  is  not  p o s s i b l e  t o  
p r e d i c t  when a n o t h e r  vo lcan ic  e r u p t i o n  is due 
but  very  probably it w i l l  occur i n  t h e  same 
f i s s u r e  zone a s  p rev ious  e r u p t  ions .  

The a r e a l  e x t e n t  of t h e  Olka r i a  qeothermal 
f i e l d  has  oeen i n f e r r e d  on t h e  b a s i s  of 1 )  t h e  
occurrence  of fumaroles  and h o t  around, 2 )  
anomalous shallow round tempera tures ,  and 3 )  
anomalies of l o n  bedrock r e s i s t i v i t y  (Noble and 
Ojiambo, 1975) .  4 conse rva t ive  e s t i m a t e  based 
on 1 )  and 2 )  l i e s  i n  thc ranoe  50 km2. Resis- 
t i v i t y  surveys  s t r o n g l y  suooes t  a l a r g e r  f i e l d ,  
t o t a l l l n q  about 51) km2 ( F i a .  2 ) .  biatural  h e a t  
l o s s  of  t h e  Olka r i a  svstem h a s  been e s t ima ted  
by Clover  (1972) t o  be 400 :W thermal  corre- 
spondinq t o  a steam flow of  140 k g / s e c ,  or  t h e  
steam requ i r ed  f o r  513 MW e lec t r ic  power 
production. Gas geothermometry r e s u l t s  
i n d i c a t e  t h a t  subsu r face  tempera tures  of 250OC 
and h i a h e r  a r e  t o  be expec ted  over  t h e  e n t i r e  
f i e l d  (KPC, 1963b).  The a r e a  i n  t h e  southern  
p a r t  of t h e  f i e l d  by t h e  f i s s u r e  swarm and near  
t h e  f i r s t  e x p l o r a t i o n  h o l e  r e p r e s e n t s  a major 
upflow accord inq  t o  t h e  most r e c e n t  qeothermo- 
metry i n t e r o r e t a t i o n  (KPC, 1983b) a s  steam 
condensation i n  t h e  upf lon  is h e r e  a t  minimum. 

A c r i t i c a l  review of a v a i l a b l e  r e s i s t i v i t y  d a t a  
c a r r i e d  o u t  i n  1960 favoured Schlumherqer 
soundings a s  t h e  most appropr i a t e  for  evalua- 
t i o n  o f  t h e  deep r e s i s t i v i t y  s t r u c t u r e  (KPC, 
1980) .  S e - i n t e r p r e t a t i o n  of t h e  d e e p e s t  
soundings revea led  r e g i o n a l  low r e s i s t i v i t y  i n  
t h e  south  of t h e  f i e l d  below 2000 m and 
updoming t o  some 1400 in i n  t h e  nor thwes t .  T h i s  
updoming r e s i s t i v i t y  low i s  most l i k e l y  due t o  
hydrothermal a l t e r a t i o n .  I t  has  been postu- 
l a t e d  t h a t  t h e  northwest r e q i o n  is  a primary 
upflow of t h e  h o t t e s t  r e s e r v o i r  f l u i d  (KPC, 
1960).  

The catchment a r e a  t o  t h e  n o r t h  of t h e  Olka r i a  
f i e l d  is over  3000 km2. Yean annual p r e c i p i t a -  
t i o n  wi th in  t h e  catchment a r e a  v a r i e s  between 
650 and 1500 mm.  P o t e n t i a l  evapora t ion  is  
e s t ima ted  a s  1700-2109 mm/year (McCann, 1974) .  
The r a i n  p a t t e r n  is, however, such t h a t  an 
excess  of water  j o i n s  t h e  ground water  a f t e r  
l o s s e s  by evapora t ion .  Lake Naivasha i s  a 
f r e s h  water  l a k e .  There is  no s u r f a c e  out f low 
so  underground seepage  must occur and t o  t h e  
south .  The subsu r face  d ra inage  has  been 
e s t ima ted  a s  8 m3/sec and more than  4.7 m3/sec 
have been e s t ima ted  t o  r echa rge  on average  t h e  
Olka r i a  qeotherinal r e s e r v o i r  (I,lcCann, 1974, 

C a l c u l a t i o n s  Noble and Ojiambo, 1975) .  
i n d i c a t e  t h a t  r echa rge  i n t o  t h e  O lka r i a  
r e s e r v o i r  is  n o t  a l i m i t i n g  f a c t o r  t o  e x p l o i t a -  
t i o n ,  even cons ide r ino  a reasonably  l a r v e  
geothermal power p l a n t  (U?J-EAPL, 1976) .  

O U T L I N E  OF YISTOHY OF DEVELOFIIENT 

Exp lo ra t ion  of t h e  Olka r i a  geothermal f i e l d  was 
i n i t i a t e d  i n  t h e  year  1956 and h a s  been 
cont inuous  s i n c e  1970. The e a r l y  e x p l o r a t i o n  
involved t h e  d r i l l i n o  of two holes .  Yigh 
tempera tures  were encountered but  a t t empt s  t o  
b r i n g  t h e  h o l e s  i n t o  product ion  were not  
s u c c e s s f u l .  I n  1970 a qeothermal exp lo ra t ion  
p r o j e c t  was i n i t i a t e d  i n  Kenya and was j o i n t l y  
f inanced  by t h e  United t ia t ions  Development 
P r o q r a m e  and t h e  Kenyan Government. Durinq 
1471 and 1972 e x n l o r a t i o n  was c a r r i e d  o u t  i n  
t h e  O l k a r i a  qeothermal f i e l d .  It c o n s i s t e d  of  
geo log ica l  mapping and aeophys ica l  and qeo- 
chemical surveys  a s  well a s  f u r t h e r  i n v e s t i q a -  
t i o n s  on t h e  two e x p l o r a t i o n  h o l e s  d r i l l e d  i n  
1956-56. The s u r f a c e  exp lo ra t ion  work was 
followed by a Technica l  Review Meeting t o  
a s s e s s  t h e  e x p l o r a t i o n  r e s u l t s .  The bleetino 
recommended t h e  d r i l l i n g  of f o u r  e x p l o r a t o r y  
h o l e s  i n  t h e  O l k a r i a  f i e l d .  D r i l l i n q  s t a r t e d  
i n  1973.  The second h o l e  was s u c c e s s f u l  and 
f u r t h e r  d r i l l i n g  was concent ra ted  around t h a t  
ho le .  By 1976 s i x  h o l e s  had been d r i l l e d  a t  
O l k a r i a .  The d r i l l i n g  was succeeded by a 
f e a s i b i l i t y  s t u d y  t h e  results of which i n d i -  
c a t e d  t h a t  development of t h e  geotherna l  
r e source  a t  O lka r i a  was a t t r a c t i v e  and Kenyan 
a u t h o r i t i e s  dec ided  t o  c o n s t r u c t  a 30 tW power 
p l a n t  of two 15  M W  u n i t s  with p o s s i b l e  exten-  
s i o n  by t h e  a d d i t i o n  of a t h i r d  15  bW u n i t .  
The f i r s t  u n i t  was brought on s t ream i n  J u l y ,  
1961,  t h e  second i n  December, 1982 and t h e  
t h i r d  u n i t  is  scheduled t o  be commissioned i n  
e a r l y  1Y85. 
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F i g .  2 Combined map showinq g e o l o q i c a l  f e a t u r e  and boundary of  bedrock r e s i s t i v i t y  anomaly. 

I n  1980 t h e  Kenya Power Company Ltd.  o rqanized  
a second S c i e n t i f i c  Review Meetina,  t h e  aim of 
which was t o  g i v e  recowanendations on explora-  
t i o n  of t h e  Olka r i a  qeothermal f i e l d  beyond t h e  
p r e s e n t  product ion  a r e a .  The Meeting recom- 
mended t h e  d r i l l i n g  of exp lo ra t ion  h o l e s  a t  
f o u r  new si tes t o  be followed by a o p r a i s a l  
d r i l l i n o  where t h e  exp lo ra t ion  d r i l l i n g s  were 
s u c c e s s f u l .  Three  of t h e  e x p l o r a t i o n  h o l e s  
have now been completed and t h e  f o u r t h  h o l e  is 
be inq  d r i l l e d .  

THE BOREFIELD CHARACTERISTICS 

After t h e  s u c c e s s f u l  d r i l l i n q  of t h e  second 
exp lo ra to ry  h o l e  (OW-2) i n  1974 l a t e r  a p p r a i s a l  
and product ion  d r i l l i n g  has  been concen t r a t ed  
i n  t h a t  p a r t  of t h e  Olka r i a  f i e l d .  I t  was 

v i s u a l i z e d  t h a t  e a r l y  demonstration of f e a s i b l e  
u s e  of t h e  geothermal r e s o u r c e  was d e s i r a b l e  
r a t h e r  t h a n  more exp lo ra to ry  d r i l l i n g  i n  o t h e r  
p a r t s  of t h e  Olka r i a  f i e l d  t h a t  mioht have 

The d iscovered  b e t t e r  product ion  a r e a s .  
p r e s e n t  b o r e f i e l d  is about  2 km2 and now 
(November, 1963) 24 wells have been completed 
and t h e  25th  well is being d r i l l e d .  Of t h e  24 
wells, 19 a r e  product ive  y i e l d i n g  steam 
equ iva len t  t o  46 bI!’re. The wells ranqe  irl depth 
from 901 t o  24b5 m ,  most of them being i n  t h e  
range  1200-1400 m. 

P h y s i c a l  S t a t e  - Temperature and P r e s s u r e  
I n  t h e  product ion  f i e l d  perched s a l t y  a q u i f e r s  
a r e  unde r l a in  by a sha l low,  low p r e s s u r e  steam 
zone a t  1600-1700 m e l e v a t i o n  ( t h e  b o r e f i e l d  i s  
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a t  1920-1955 masl ) .  Setween 1275 and 1625 n a s l  
l i q u i d  near  b o i l i n g  tempera ture  c o n t r o l s  t h e  
p r e s s u r e .  The observed t empera tu re  p r o f i l e  i n  
t h i s  depth  i n t e r v a l  (F ig .  3 )  can be expla ined  
by t h e  r ise  of s t e m  through rock  composed of 
l a y e r s  of a l t e r n a t i n q  poor and qood permeabil- 
i t y .  I n  Fig.  3 one may recognise  s e c t i o n s  of 
l i n e a r  g r a d i e n t s  i n  aquic ludes ,  b o i l i n g  cu rve  
segments i n  l a y e r s  of b e t t e r  pe rmeab i l i t y  and 
i n t e r v a l s  of cons t an t  tempera ture ,  where t h e  
f l u i d  is  convec t lna  i n  l a y e r s  of h i g h e s t  
permeabi 1 it y. 

A t  113c)-127j m e l e v a t i o n  t h e  wells p e n e t r a t e  a 
steam zone near  240OC and 35 b a r s  abs .  p ress -  
u r e .  The p res su re  q r a d i e n t  i n  t h i s  zone i s  
c o n t r o l l e d  by t h e  vapour phase a l though both 
phases,  steam and w a t e r ,  a r e  coex i s t ing .  Below 
1130-12113 mas1 t h e  wells reach  a l i q u i d  
aominated b o i l i n q  water  r e s e r v o i r  with a 
p re s su re  p o t e n t i a l  cor respondinq  t o  a rest 
water  l e v e l  o f  b o i l i n a  water  a t  1550-1620 masl. 

Temperoture OC 

40 80 120 160 200 240 
Pressure bars aba. 

Fiq.  4 Temperature and p res su re  p r o f i l e s  i n  
s e l e c t e d  wells. The l o g s  fo r  wel l  OW-15 show 
t h e  f e a t u r e s  c h a r a c t e r i s i n g  t h e  steam zone and 
a tempera ture  r e v e r s a l  below t h a t  zone con- 
s i d e r e d  t o  be due t o  c o o l i n g  by i n j e c t e d  water  
21 days be fo re  t h e  tempera ture  run  was taken .  

Temperature O C  . I 
0 

Fig.  3 Temperature i n  well OW2 above t h e  steam 
zone. 

Temperatures i n  t h e  water  r e s e r v o i r  appear  t o  
fol low t h e  b o i l i n g  p o i n t  curve  a t  l e a s t  t o  t h e  
d r i l l e d  depth  of 2465 m. T h i s  is not  e a s i l y  
confirmed as most tempera ture  logs a r e  s e v e r e l y  
d i s t u r b e d  by c o o l i n g  e f f e c t s  of i n j e c t e d  water  
and coo l ing  due t o  b o i l i n q  i n  t h e  format ion  
du r ing  f low tests (Fiq .  4 ) .  The h i g h e s t  
recorded  tempera tures  a r e  3OrCoC a t  1651 m depth  
i n  well OW-4 and 296OC and 3 3 9 O C  a t  1690 m and 
2460 m i n  wells OW-6 and OW-19 r e s p e c t i v e l y .  
A l l  a r e  s l i g h t l y  below t h e  b o i l i n g  p o i n t  f o r  
pure  water  a t  t h e s e  depths  but  d i s so lved  g a s e s  
may have lowered t h e  b o i l i n q  tempera ture .  

P r e s s u r e  l o g s  have been analysed t o  i n f e r  t h e  
p re s su re  p o t e n t i a l  of t h e  dominating a q u i f e r s  
i n  t h e  water  r e s e r v o i r .  These a q u i f e r s  a r e  
found a t  v a r i o u s  d e p t h s  i n  wells. I n  o r d e r  t o  
o b t a i n  a common r e f e r e n c e  l e v e l  f o r  t h e  
p re s su re  p o t e n t i a l  t h e  l e v e l  of t h e  35 b a r  abs .  
i s o b a r i c  s u r f a c e  has  been e s t ima ted  assuming a 
v e r t i c a l  p re s su re  q r a d i e n t  of h y d r o s t a t i c  water  
of b o i l i n g  tempera ture .  The i s o b a r i c  s u r f a c e  
i s  found t o  s l o p e  up towards n o r t h  by 0.14 m / m  
i n d i c a t i n g  a l a t e r a l  f low component from t h e  
n o r t h  through t h e  b o r e f i e l d .  

S t r a t i g r a p h y  and Yydrothermal A l t e r a t i o n  
The rocks  pene t r a t ed  by d r i l l h o l e s  i n  t h e  
product ion  a r e a  a r e  e x c l u s i v e l y  vo lcan ic  except  
f o r  t h e  topmost 100-150 m. No s i g n i f i c a n t  
sedimentary i n t e r c a l a t i o n s  have been d i s -  
covered. The s t r a t i g r a p h i c  sequence c o n s i s t s  
mos t ly  of near  h o r i z o n t a l  l a v a s  of f i n e  g r a i n  
and some t u f f s .  They a r e  g e n e r a l l y  Of 
t r a c h y t i c  composition but r h y o l i t e s  have been 
i d e n t i f i e d .  Less d i f f e r e n t i a t e d  rocks ,  
probably b a s a l t i c  a n d e s i t e  a r e  conspiceous  a t  
500-700 m depth.  They o v e r l i e  t h e  steam zone 
and probably a c t  a s  caprock f o r  t h e  geothermal 
r e s e r v o i r .  Channelways for  t h e  oeothermal 
f l u i d  a r e  probably  l a v a  c o n t a c t s ,  scoria zones 
and c o a r s e  p y r o c l a s t i c  i n t e r b e d s ,  but a l s o  
c o n t r a c t i o n  j o i n t s  i n  t h e  l a v a s .  

-68- 



T h e  hydrothermal a l t e r a t i o n  of t h e  r e s e r v o i r  
rocks has been s t u d i e d  by Arowne (1781 ) .  The 
mineral  assemolaae i s  t h a t  t y p i c a l l y  found i n  
rocks a l t e r e d  by hydrothermal f l u i d s  above 
203OC ( s e e  Rrowne, 1778) .  Prominent a l t e r a t i o n  
minera ls  inc lude  c h l o r i t e ,  c a l c i t e ,  q u a r t z ,  
p y r i t e ,  f l u o r i t e ,  e p i d o t e ,  a l b i t e  and a d u l a r i a .  

C a l c i t e  occurs  i n  g r e a t e s t  abundance above 
600-b,00 m depth.  As its formation is  a s s o c i -  
a ted  w i t h  b o i l i n g  it  is i n f e r r e d  t h a t  s i q n i -  
f i c a n t  steam formation s t a r t s  a t  t h i s  level.  
Epidote  d i s t r i b u t i o n ,  b u t  t h i s  mineral  forms a t  
t empera tures  above about 250°C, i n d i c a t e s  t h a t  
t h e  southernmost wells i n  t h e  b o r e f i e l d  a r e  
l o c a t e d  on  t h e  per iphery  of t h e  steam zone. 

T h e  abundance of a d u l a r i a  and a l b i t e  i n  t h e  
a l t e r e d  rock has been u s e d  a s  a semiquant i ta -  
t i v e  i n d i c a t o r  of permeabi l i ty  (Rrowne, 1781 1. 
A t  Olkar ia  t h e y  a r e  most abundant i n  t h e  
westernmost p a r t  of t h e  b o r e f i e l d  b u t  here  
w e l l s  t e n d  t o  be Door producers .  I t  is 
expected t h a t  t h e  amount of a l b i t e  and a d u l a r i a  
i n  a l t e r e d  rock i s  determined by t h e  t o t a l  
q u a n t i t y  of water pass inq ,  t o q e t h e r  w i t h  water 
s a l i n i t y  and b o i l i n g ,  and may not r e p r e s e n t  
present-day permeabi l i ty .  A l t e r a t i o n  l e a d s  t o  
reduct ion  i n  permeabi l i ty .  I n  o r d e r  t o  expla in  
t h e  p o s i t i v e  c o r r e l a t i o n  between a l b i t e  and 
a d u l a r i a  abundance ana permeabi l i ty ,  observed 
i n  some geothermal f i e l d s  (Browne, 1991) a 
mechanism w h i c h  r e j u v e n a t e s  t h e  permeabi l i ty  
m u s t  be p o s t u l a t e d  s u c h  a s  t e c t o n i c  movements. 
T h e  apparent  n e g a t i v e  c o r r e l a t i o n  between 
a l t e r a t i o n  and permeabi l i ty  a t  O l k a r i a  would by 
t h i s  argument i n d i c a t e  i n s i g n i f i c a n t  t e c t o n i c  
movements i n  t h e  p resent  b o r e f i e l d .  

F l u i d  Chemistry 
Waters discharged from w e l l s  a t  O l k a r i a  a r e  of 
t h e  sodium c h l o r i d e  type  (Table  1 ) .  Compared 
w i t h  waters  i n  geothermal systems l o c a t e d  i n  
ac id  volcanics  i n  many o t h e r  p a r t s  of t h e  world 
t h e  c h l o r i d e  c o n c e n t r a t i o n s  a r e  r e l a t i v e l y  low 
a t  Olkar ia  or i n  t h e  range 200-500 ppm when 
c o r r e c t i o n  has been made f o r  steam l o s s .  The 
c o n c e n t r a t i o n s  o f  compatible major components, 
i n c l u d i n a  g a s e s ,  a r e  governed by e q u i l i b r i a  
w i t h  a l t e r a t i o n  m i n e r a l s  i n  the rock. 

An  i n c r e a s e  i n  t h e  c h l o r i d e  c o n c e n t r a t i o n s  is  
observed w i t h  i n c r e a s i n q  d e p t h  of t h e  producinq 
a q u i f e r s  . Also c h l o r i d e  c o n c e n t r a t i o n s  
i n c r e a s e  from south t o  north a c r o s s  t h e  
b o r e f i e l d .  The p o s i t i v e .  r e l a t i o n  observed 
between c h l o r i d e  levels and 'Na-K qeothermometry 
tempera tures  have been taken t o  i n d i c a t e  t h a t  
t h e  northernmost wells a r e  c l o s e s t  t o  a major 
upflow (KPC, 1Y62) .  T h e  ch lor ide-depth  
gradien t  i s  be l ieved  t o  have development by . 
downward p e r c o l a t i o n  of condensate  from t h e  
steam zone i n t o  t h e  b o i l i n g  water r e s e r v o i r  a s  
a resul t  of hea t  l o s s  through t h e  caprock. 

Permeabi l i ty  
Permeable zones have been i d e n t i f i e d  by 
c i r c u l a t i o n  l o s s e s  dur ing  d r i l l i n g ,  or inf low,  
a s  well a s  from a n a l y s i s  of p r e s s u r e  and 
temperature  l o g s  obta ined  dur ing  i n j e c t i o n  
t e s t s  and recovery of temperature  and pressure 

Table  1 .  Composition of water and steam from 
selected wells a t  Olkar ia  a t  a tmospheric  
pressure (9.8 b a r s  a b s . ) .  From !*luna (1962) .  

OW-6 ow-IO ow-12 
Water phase (ppm) 
pH/OC 7.25120 8.56120 9.10120 
Si02 762.0 734.0 880 
B 5.6 8 .O 6.4 
Na 475.0 734.0 476.0 
K 70.2 147.4 72.2 
Ca 0.82 0.92 0.62 
Mg 0.009 0.032 0.018 
c02a 46.8 34.4 71 . I  
so4 38.6 30.1 44.1 
H2Sa 2.9 0.62 1.46 
c1 482.2 1140.2 629.9 
F 49.5 57 .o 67.5 
Steam phase (immoles/kg steam) 

62.24 41.71 36.00 
10.91 5.12 5.09 H2Sa 

H2 5.67 4.02 5.14 
CY% o . i s  0.42 1 .69 
N2 0.98 1.36 0.96 
Discharge enth.319 2316 2378 2207 
aTota l  carbonate  and t o t a l  s u l p h i d e .  
bResidual gas .  

co2 

a f t e r  completion of t h e  wel l s .  

tlost o f  t h e  wells have encountered permeable 
horizons w i t h i n  t h e  steam zone a t  690-YO0 v 
depth. T h i s  corresponds w i t h  t h e  hottom of t h e  
b a s a l t i c - a n d e s i t e  s e r i e s  and t h e  t o p  of t h e  
underlying r h y o l i t e s .  !+any o t h e r  wells have 
encountered a q u i f e r s  a t  1000-1150 m depth i n  
t r a c h y t e  l a v a s  w i t h i n  t h e  b o i l i n q  water 
r e s e r v o i r .  Some w e l l s  have a l s o  pene t ra ted  
permeable zones a t  90(!-10OO m depth.  O n l y  t h r e e  
wells p e n e t r a t e  s i q n i f i c a n t l y  below 1400 m. Of 
t h e s e  only one w e l l ,  OW-19, has s t r u c k  a 
s i g n i f i c a n t  a q u i f e r  below t h i s  depth ,  or a t  
15i)O m. 

Transmiss iv i ty  ( p e r m e a b i l i t y - t h i c k n e s s  product)  
has  been es t imated  by s e v e r a l  methods. They 
i n c l u d e  p r e s s u r e  bui ld-up  d u r i n q  i n j e c t i o n  of 
water  of c o n s t a n t  f low r a t e  and p r e s s u r e  f a l l  
o f f  a f t e r  i n j e c t i o n  is stopped.  Also by 
record ing  drawdown of pressure  i n  producinq 
a q u i f e r s  u n d e r  s t a b l e  d ischarge  c o n d i t i o n s  and 
by s tudyinq  t h e  gradual  recovery of t h a t  
p r e s s u r e  t o  undis turbed  va lues  a f t e r  t h e  well 
has  been c losed .  There is o f t e n  c o n s i d e r a h l e  
d iscrepancy  between t h e  r e s u l t s  of t h e  d i f f e r -  
ent test methods b u t  i n t e r p r e t a t i o n  i n  a two 
'phase r e s e r v o i r  i s  complicated. Values 
obta ined  f o r  t h e  t r a n s m i s s i v i t y  i n  i n d i v i d u a l  
wells l i e  g e n e r a l l y  i n  t h e  range 1-5 Darcv- 
meters but t h e  h i g h e s t  va lues  recorded a r e  13 
Dm f o r  well OW-12. 

These results show, compared w i t h  many o t h e r  
e x p l o i t e d  geothermal f i e l d s ,  t h a t  permeabi l i ty  
is r e l a t i v e l y  low a t  O l k a r i a ,  a t  l e a s t  w i t h i n  
t h e  p resent  b o r e f i e l d .  
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well Performance 
!,lost of t h e  wells a r e  f e d  by a number of 
a q u i f e r s  a t  d i f f e r e n t  l e v e l s .  C l e a r l y  many 
wells have a s i g n i f i c a n t  c o n t r i b u t i o n  from t h e  
steam zone. !Veils dominated by f e e d e r s  i n  t h e  
steam zone show r a p i d  b u i l d  up of s h u t - i n  
p re s su re  t o  about 35 bars .  On t h e  o t h e r  hand 
wells dominated by a q u i f e r s  i n  t h e  water  
r e s e r v o i r  have a tendency t o  b u i l d  up h igher  
wel lneaa  p r e s s u r e s .  The flow from these  l a t t e r  
group of wells shows l i t t l e  d e c l i n e  wi th  r i s i n g  
wellhead p r e s s u r e s  up t o  20 b a r s  whereas wells 
dominated by f e e d e r s  i n  the ,  steam zone cannot 
main ta in  t h e i r  o u t p u t  a t  such a h igh  wellhead 
p r e s s u r e .  

T h e  en tha lpy  of t h e  well d i scha rges  i s  v a r i -  
a b l e ,  a l thouqh h i a h  on average ,  o r  about 2200 
3 / g .  A few wells d i scha rqe  p r a c t i c a l l y  d r y  
steam. During t h e  e a r l y  p e r i o d s  of d i scha rge  
t h e  en tha lpy  niay correspond with t h a t  of steam 
s a t u r a t e d  water  a t  t h e  r e s p e c t i v e  a q u i f e r  
tempera ture  but  i t s  va lue  g r a d u a l l y  rises 
wi th in  a few weeks t o  about  2000 3 / q  or  more. 

T h e  steam f low from t h e  wells is low on t h e  
whole a s  would be expec ted  from t h e  low 
r e s e r v o i r  permeabi l i ty .  For e x p l o i t a b l e  wells 
it l ies  i n  t h e  range  10-60 tonnes /hour  a t  6 
b a r s  abs .  wellhead p r e s s u r e ,  t h e  weighted 
average  beinq about 2 5  tonnes /hour .  During t h e  
2 y e a r  product ion  p e r i o d  of  t h e  O lka r i a  
qeothermal power s t a t i o n  some wells have shown 
d e c l i n e  i n  o u t p u t  by a s  much a s  20% whereas 
o t h e r  wells have remained s t a b l e .  The cause  
has  not  y e t  been s a t i s f a c t o r i l y  expla ined .  

The b e s t  wells a r e  l o c a t e d  on a r a t h e r  narrow 
b e l t  on e i t h e r  s i d e  of a r a v i n e  runninq N-S and 
immediately e a s t  o f  t h e  power s t a t i o n .  I t  may 
be t h a t  t h i s  r a v i n e  i s  t h e  s u r f a c e  expres s ion  
of a f r a c t u r e  zone. 

Conceptual F i e l d  Model 
The main f e a t u r e s  of  a model fo r  t h e  p r e s e n t  
b o r e f i e l d  a r e  a s  follows: B o i l i n g  water  
r e s e r v o i r  is  o v e r l a i n  by a steam zone of  50-150 
in t h i c k n e s s  capped by a sequence of b a s a l t i c -  
a n d e s i t e  l a v a s .  There is  a s t r o n g  component of 
l a t e r a l  f low through t h e  b o r e f i e l d  from n o r t h  
t o  south  a s  i n d i c a t e d  by t h e  p re s su re  g r a d i e n t  
and f l u i d  c h e m i s t r y ,  poss ib ly  from a major 
upflow a long  t h e  NSW t r e n d i n g  f a u l t  j u s t  nor th  
of t h e  b o r e f i e l d .  During t h e  l a t e r a l  movement 
of t h e  f l u i d ,  b o i l i n g  and phase s e p a r a t i o n  
o c c u r s ,  l e a d i n g  t o  t h e  format ion  of t h e  steam 
zone. The l a t e r a l  movement from t h e  major 
upflow may be concen t r a t ed  on a N-S t r end ing  
f r a c t u r e  zone r ep resen ted  by a topograph ica l  
r a v i n e  immediately e a s t  of t h e  power s t a t i o n .  
Heat l o s s  throuuh t h e  cap  rock  c a u s e s  some 
steam condensa t ion  and descending condensa te  
produces r a t h e r  s t r o n g  s a l i n i t y  q r a d i e n t  i n  t h e  
uppermost p a r t  of t h e  hot  water  r e s e r v o i r  a s  
well a s  a g r a d i e n t  i n  t h e  d i r e c t i o n  of t h e  
flow. 

Genera t ing  Capac i ty  o f  t h e  Rese rvo i r  
The l o n a e v i t v  of t h e  r e s e r v o i r  around t h e  
p r e s e n t  ” b o r i f i e l d  has  been p red ic t ed  by 

numerical  s imula t ion  (Yodvarsson and P r u e s s ,  
1 9 b l ) .  The approach t a k e n  was t o  assume t h a t  
t h e  p re s su re  d e c l i n e s  uniformly throughout  t h e  
b o r e f i e l d  a s  a consequence of f l u i d  e x t r a c t i o n .  
The b o r e f i e l d  was t h u s  modelled a s  one  block 
w i t h i n  which t h e r e  a r e  no s p a t i a l  v a r i a t i o n s  i n  
p r e s s u r e .  The r echa rge  i n t o  t h e  r e s e r v o i r  was 
a c c u r a t e l y  modelled. Furthermore t h e  f l u i d  
mass i n  t h e  steam zone was neglec ted  and t h e  
r e s e r v o i r  f l u i d  was e x t r a c t e d  from t h e  upper- 
most 550 m of t h e  water  r e s e r v o i r .  

The r e s u l t s  of t h e  numerical  s imula t ion  s tudy  
showed t h a t  t h e  most c r i t i c a l  factors  con- 
t r o l l i n g  t h e  gene ra t ing  c a p a c i t y  a r e  h o r i z o n t a l  
and v e r t i c a l  pe rmeab i l i t i e s .  F ig .  5 shows 
examples of p red ic t ed  p res su re  d e c l i n e  fo r  
d i f f e r e n t  assumed v e r t i c a l  pe rmeab i l i t y  va lues .  
Frorii t h e  s imula t ion  s t u d i e s  and a v a i l a b l e  d a t a  
on t r a n s m i s s i v i t y  it was concluded t h a t  t h e  
geothermal r e s e r v o i r  around t h e  p r e s e n t  
b o r e f i e l d  can supply  steam f o r  t h e  45 M\V power 
p l a n t  over  a t  l e a s t  30 y e a r s  (KPC, 1982) .  

THE STEAH SUPPLY SYSTEM 

.A wellhead s e p a r a t o r  and wellhead s i l e n c e r  is 
i n s t a l l e d  a t  each w e l l .  T h e  steam is piped 
from t h e  s e p a r a t o r  t o  t h e  power s t a t i o n  pass ing  
throuqh a moi s tu re  s e p a r a t o r  p r i o r  t o  admission 
t o  t h e  t u r b i n e s .  Steam p res su re  is c o n t r o l l e d  
a c c u r a t e l y  by automat ic  exhaus t  v a l v e s  l o c a t e d  
near  t h e  power house and blowing e x c e s s  steam 
t o  atmosphere. The water  f rom t h e  s i l e n c e r s  is  
d ischarged  i n t o  s p e c i a l  i n f i l t r a t i o n  ponds. 

The steam supply  svsteni v a s  des igned  t o  
accomodate t h e  observed  well c h a r a c t e r i s t i c s  a s  
well a s  t h e  p red ic t ed  response  of  t h e  r e s e r v o i r  
t o  t h e  product ion  load.  The water  f r a c t i o n  i n  
t h e  well descharqes  was low and i t  was a n t i -  
c i p a t e d  t h a t  i t  would dec rease  s t i l l  wi th  time. 
It  was, t h e r e f o r e ,  no t  a t t r a c t i v e  t o  e x p l o i t  

t h i s  water  phase by a second f l a s h  a t  low 
p r e s s u r e .  The admission p res su re  t o  t h e  
t u r b i n e s  was s e l e c t e d  a t  5 b a r s  abs .  by making 
a compromise between hardware economy and t h e  
cos t  of steam winning wi th  due regard  t o  
p o s s i b l e  f u t u r e  d e c l i n e  i n  wellhead p res su re  
and steam flow due t o  r e s e r v o i r  drawdown. 

FUTURE DEVELOPYENT 

I n  December, 1990,  t h e  Kenya Power Company Ltd.  
o rqanized  a S c i e n t i f i c  Review Meeting t h e  aim 
o f  wnich was t o  a s s e s s  a l l  a v a i l a b l e  d a t a  on 
t h e  Olka r i a  geothermal f i e l d  and forward 
recoinmendat i o n s  f o r  e x p l o r a t i o n  and development 
beyond t h e  p r e s e n t  45 MW power s t a t i o n .  The 
kieeting recommended t h e  d r i l l i n g  of deep (2500 
m) exp lo ra to ry  h o l e s  a t  f o u r  new si tes t o  be 
followed by a p p r a i s a l  d r i l l i n g  where t h e r e  was 
success .  Success fu l  exp lo ra to ry  h o l e  was 
de f ined  a s  one t h a t  d i scharqed  s u f f i c i e n t  steam 
t o  gene ra t e  a t  l e a s t  4 M W  electr ic .  A t  t h i s  
time (November, 1983)  exp lo ra to ry  h o l e s  have 
been d r i l l e d  a t  t h r e e  of t h e s e  s i t e s  and 
d r i l l i n g  i s  i n  p rogres s  a t  t h e  l a s t  s i te.  I t  
is v i s u a l i z e d  t h a t  a p p r a i s a l  d r i l l i n g  w i l l  be 
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Time (years) 

Fig .  5 An exanple  of pred ic t ed  p res su re  a e c l i n e  i n  t h e  b o r e f i e l d .  T h e  fo l lowing  assumptions were 
made: lJroLiuctiun a r e a  2 km2. Yeservoi r  a r e a  12 km2. Yor izonta l  t r a n s m i s s i v i t y  4.0 Darcv-meters. 
F i g u r e s  on qraph show v e r t i c a l  pe rmeab i l i t y  i n  mD. Corey r e l a t i v e  pe rmeab i l i t y  c u r v e s  were used.  
Trod1 Yodvarsson and P ruess  (1351) .  

commenced a f t e r  thorough e v a l u a t i o n  of t h e  
exp lo ra to ry  well d a t a  an0 it  i s  a n t i c i p a t e d  
t h a t  u n i t s  of 30 blW w i l l  be s u i t a b l e  f o r  
economy reasons  and market requirements.  

kenya does not  posses s  f o s s i l  f u e l  r e s e r v e s  and 
most of t h e  economica l ly  a t t r a c t i v e  hydropower 
schemes have a l r e a d y  been developed. I n  view 
of  t h i s  and t h e  s u c c e s s f u l  development a t  
O l k a r i a ,  geothermal r e sources  w i l l ,  we b e l i e v e ,  
p lay  an i n c r e a s i n g l v  important ro l e  i n  Kenya's 
power gene ra t ion .  
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