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HYDROLOGY OF OLKARIA GEOTHERMAL FIELD
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AR

Olkaria in Kenya is a
temperature liquid-dominated It is
unusual in that it possesses a vapour-
dominated zone sandwiched between two zones
of liquid-dominated fluid.

data, it has been concluded that the field
has a primary upflow of boiling chloride
water, in a region of the field not yet
drilled. Lateral this upflow
region produce the fluid distribution
found in the wells drilled to date.

In a re-evaluation of hydrological

I IOM

Olkaria field is one of a number of
geothermal fields in the Rift Valley of 
East Africa. Exploration began in the
1950s with the drilling of three shallow 
wells. Later exploration w a s carried out
under the UNDP programme (Noble 
1975, 1975). The results of the
exploration work have been described in
unpublished reports, and by Noble

and (1978).
Figures 1 and 2 show a map of the 

field. Surface activity of fumaroles and
other steam discharge extends over an area 
of over 30 Geophysical studies indi-
cate an area more than twice this size 
(Hochstein et 1981). The field
extends beyond the area of Figure 1. The
first two exploration wells, and
were drilled to depths 500 and 950 m. X-2
encountered temperatures up to but
would sustain only a small flow. X- 3 was
a very shallow hole that did not penetrate
past surface groundwater.

Under the UN programme, was
drilled as the first deep well in Olkaria.
Although sited beside the largest fumarole 
in the field, a maximum temperature of 

was encountered. In addition, a
complex pressure structure was found, with
upper overpressured aquifers (Noble

1975, Dench 1980). The second
deep well, OW-2, was productive. It
reached temperatures of over and
flowed up to 40 t/h of high enthalpyfluid. 
Subsequent exploration wells were drilled 
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Heating 3 days

Heat ing 9 days

Heat ing 19-21 days

FIGURE 3 WELL OW-13
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as from OW-2, and very s i m i l a r
c o n d i t i o n s w e r e found. The w e l l s , excep t
f o r OW-16, produce an average of about
2 electr ical e q u i v a l e n t ,  u s u a l l y  pro-
ducing a modest flow of high- enthalpy dis-
charge. OW-16 i s very similar i n p r e s s u r e
and tempera ture , b u t produces a flow t h r e e
t i m e s l a r g e r than o t h e r w e l l s . A 2 MW
power s t a t i o n is under c o n s t r u c t i o n , based
upon t h e produc t ion w e l l f i e l d around OW-2.

hydrology, t h e r e are e s s e n t i a l l y f o u r ob-
s e r v a t i o n  p o i n t s  i n t h e f i e l d : w e l l s
X- 2 , OW-1, and t h e produc t ion w e l l f i e l d .
The produc t ion w e l l f i e l d i s of course
much b e t t e r def ined  than  t h e o t h e r  p o i n t s .  

I n terms of d e f i n i n g a f i e l d

THE PRODUCTION HELL FIELD

INFORMATION DURING DRILLING

I n t h e d r i l l i n g of some w e l l s a zone
of low-pressure steam is encountered close
t o s u r f a c e . Where measured, p r e s su re s of
around 3.5 bg are repor ted . This p r e s su re
is c o n s i s t e n t wi th t h e i n d i c a t e d f l u i d
supply t o t h e s u r f a c e steam a c t i v i t y
(Mahon, Beneath t h i s zone a
l iquid- dominated reg ion encountered.
P r e s s u r e and temperature measurements are
made du r ing d r i l l i n g , and cas ing is set
when s u f f i c i e n t l y high temperatures  have
been reached.  This  p laces the c a s i n g shoe
u s u a l l y nea r an e l e v a t i o n of 1300 m asl.

COMPLETED WELLS

The cas ing excludes t h e sha l low
pre s su re steam and t h e liquid-dominated
zone beneath it. The measurements i n t h e
completed w e l l s , open from 1300 m t o
bottom ho le , i n d i c a t e t h e presence of a
steam zone between 1175 and 1300 m a s l , a t
35 b a r and about Beneath t h i s
steam zone is a liquid-dominated two-phase
zone, i n which temperatures r i s e t o above

The b e s t permeabi l i ty i s usua l l y
encountered i n t h e steam zone.

The presence of t h e steam zone i s
shown by t h e s t a b l e p re s su re p r o f i l e i n t h e
w e l l s (Grant 1979) . L e f t s h u t t o r ecove r ,
m o s t w e l l s adopt a steam cap p r o f i l e , wi th
steam i n t h e upper p a r t of t h e ho l e and
p re s su re up t o 35 b a r on t h e wellhead.
Beneath t h i s steam column is a column of
water i n which tempera tures
p o i n t p r o f i l e . F igure 3 shows measure-
ments i n OW-13, i n which t h e steam zone is
w e l l marked, when p a r t l y d r i l l e d , and
dur ing h e a t i n g a f t e r complet ion. The d i s-
p a r i t y between t h e sha l low and deeper
p re s su re s i s shown. The steam zone
permeabi l i ty makes i t s e l f apparen t i n t h e
s t r o n g hea t i ng of t h e steam column i n t h e
w e l l . Deeper tempera tures  recover  more
slowly from t h e e f f e c t s of d r i l l i n g and
completion t e s t i n g .

Some w e l l s have developed i n t e r n a l
Other downhole p r o f i l e s have appeared. 
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d i scha rges ,  w i th  b o i l i n g f l u i d f lowing up
from t h e lower zone and be ing i n j e c t e d i n t o
t h e steam zone. Some w e l l s have poor 
pe rmeab i l i t y i n t h e steam zone and do n o t
deve lop a good wellhead p re s su re when s h u t ,
a l though shal low and deep p r e s s u r e s confirm
t h e e x i s t e n c e of t h e steam zone. I n some
w e l l s a temperature inve r s ion persists i n
t h e water column i n t h e w e l l , appa ren t l y
r e f l e c t i n g a genuine inve r s ion i n t h e
r e s e r v o i r .

The steam zone is a s t r i k i n g phenome-
non, no t  r epo r t ed  i n any o t h e r unexplo i ted
l iquid- dominated f i e l d . The f a c t t h a t t h e
s t a b l e steam cap p r o f i l e has a water l e v e l
benea th t h e major permeable zone shows t h a t
it is a steam zone and t h a t t h e p r o f i l e is
n o t j u s t caused by accumulat ion of gas i n
t h e cas ing .  F igure  4 shows a combined p l o t
of  pressure- depth d a t a f o r w e l l s i n t h e
b o r e f i e l d . Permeabi l i ty of t h e Olka r i a
w e l l s i s g e n e r a l l y l o w , so t h a t it is
d i f f i c u l t t o i d e n t i f y f eedpo in t s and t h e
r e s e r v o i r p r e s su re s a t t h e s e  p o i n t s .  
F igu re 4 shows i n s t e a d t h e s t a b l e downhole
p r o f i l e s i n w e l l s , over t h e open i n t e r v a l .
The shal low d a t a are measured i n w e l l s
p a r t l y  d r i l l e d .  There i s c l e a r l y a
p r e s e n t i n t h e p re s su re p r o f i l e .

The bo i l i ng- po in t  cond i t i ons  beneath
t h e steam zone i d e n t i f y t h e f l u i d t h e r e as
l iquid- dominated two-phase. Where inver-
s i o n s are p r e s e n t it i s l i q u i d .

WELL PERFORMANCE AND PERMEABILITY

The major feed i s u s u a l l y encountered
i n t h e steam zone, wi th a secondary feed
i n t h e liquid- dominated reg ion beneath.
Thus w e l l behaviour i s c o n t r o l l e d by t w o
f e e d s , supplying f l u i d s of d i f f e r e n t
en tha lpy . I n a d d i t i o n t h e upper feed is
somewhat overpressured wi th r e s p e c t t o a
h y d r o s t a t i c g r a d i e n t t o t h e lower zone.
Th i s  imp l i e s  t h a t downhole and d i s cha rge
measurements can become complex.

On i n j e c t i o n ,  t h e r e  i s sometimes
i n t e r z o n a l f low wi th t h e steam zone d i s -
charg ing .  This  is no t common, as t h e
moderate pe rmeab i l i t y impl ies t h a t a t most
i n j e c t i o n rates a l l zones w i l l be accep-
t i n g water. On d i scha rge , c y c l i n g i s
common and seve re . The s i t u a t i o n i n which
a vapour zone o v e r l i e s a liquid-dominated
one is p a r t i c u l a r l y prone t o c y c l i n g
(Grant e t a l . 1979) .

Because of t h e two feeds and t h e
v a r i a b l e f l u i d  t h a t  may occupy t h e
bo re ,  p r e s su re  t r a n s i e n t a n a l y s i s is a l s o
m o r e complicated than normally. I d e a l l y ,
t h e flow must be a l l o c a t e d between t h e t w o
zones of t h e  r e s e r v o i r ,  and p r e s s u r e
r e c o v e r i e s f o r bo th determined. The s t a b l e
steam cap p r o f i l e imp l i e s t h a t t h e p re s su re
recovery of t h e steam zone can be measured
a t wellhead, and t h a t of t h e deeper zone by
downhole gauge Grant , unpub.
r e p o r t s ) . It i s also p o s s i b l e t o ana lyse
s e c t i o n s of a downhole p r e s s u r e  c y c l e  t o

de te rmine  permeabi l i ty  of t h e deep zone.
Rep re sen t a t i ve va lues  ob ta ined  from such
ana ly se s g i v e f o r t h e steam zone a
pe rmeab i l i t y  t h i cknes s  of 2 darcy-metre,
and for f e e d s i n t h e liquid-dominated
zone one- tenth of t h a t , wi th much v a r i a-
t i o n . I n g e n e r a l t h e w e l l s are s l i g h t l y
s t imu la t ed . This and t h e f a i r l y similar
r e s u l t s between w e l l s i n d i c a t e t h a t t h e
f lows of t h e w e l l s are l i m i t e d by reser-
v o i r pe rmeab i l i t y .

THE OTHER WELLS

I n w e l l s X-2 and t h e shal low X-3
a near- sur face a q u i f e r w a s found. Beneath 
t h i s and X-2 d r i l l e d through a reg ion
where blows of dry steam were encountered.
Beneath t h i s X-2 reached an a q u i f e r con-
t a i n i n g l i q u i d water, a t o r below b o i l i n g
p o i n t .

P r e s s u r e s du r ing d r i l l i n g OW-1, and
p r e s s u r e s a f t e r completion, d e f i n e a d i s -
t i n c t upper and l o w e r a q u i f e r wi th some
in t e rmed ia t e  p r e s su re s  between (Dench
1980, Noble Ojiambo 1975).

THE FIELD

Figu re 5 shows t h e p re s su re s i n t h e s e
w e l l s t o g e t h e r with those from t h e 'produc-
t i o n b o r e f i e l d . I t is now p o s s i b l e t o
c o n s t r u c t a coheren t model of t h e f i e l d
hydrology (Fig . 6 ) . The deep a q u i f e r
encountered i n X-2 agrees  wi th  t h e h i g h e s t
p r e s s u r e s i n t h e liquid-dominated zone
above t h e steam zone. The f i e l d model
hypothes izes a primary upflow of b o i l i n g
c h l o r i d e w a t e r i n a reg ion of t h e f i e l d
n o t y e t  d r i l l e d .  From t h i s r eg ion water
can f low l a t e r a l l y , so t h a t c h l o r i d e water
i s found both above and beneath the steam
zone, b u t it does n o t flow d i r e c t l y up
through it. The upflow i s nea re r X-2 than
t h e produc t ion f i e l d , b u t is n o t a t X-2.
( I f it were a t X - 2 , temperatures t h e r e

would be b o i l i n g . )
t o which c h l o r i d e water reaches i s about
1650 m a s l . Above t h i s i s t h e shal low
3.5 ba r steam zone, and above t h a t near-
s u r f a c e groundwater. The shal low a q u i f e r
i n OW-1 i s t h e same groundwater. The deep
a q u i f e r i n OW-1 i s a t lower p re s su re than
e i t h e r X- 2 o r t h e product ion f i e l d , and so
could be de r ived by l a t e r a l flow from
e i t h e r of t he se .

The tempera ture inve r s ions t h a t
appear i n some of t h e product ion f i e l d
w e l l s , beneath t h e steam zone, must a l s o
be de r ived by l a t e r a l flow. Thus Olka r i a
is a f i e l d i n which a primary upflow 
undergoes s u b s t a n t i a l modi f ica t ion and
phase s e p a r a t i o n by l a t e r a l flow. This
c o n t r a s t s w i th o t h e r more permeable f i e l d s
i n which such l a r g e h o r i z o n t a l  p r e s s u r e  
g r a d i e n t s do n o t appear .

The steam zone appears i n t h i s model
as a p e r i p h e r a l  f e a t u r e  of t h e f i e l d . I t
is c r e a t e d by t h e l a t e r a l outflow s p l i t t i n g

The h ighes t e l e v a t i o n
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FIGURE OF THE STATE OF FIELD
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i n t o t w o a q u i f e r s as it d i v e r g e s from t h e
main upflow. The s u r f a c e a c t i v i t y d e r i v e s
immediate ly from t h e sha l low (3.5 bar)
steam zone, i n which t h e r e i s a p p a r e n t l y
l a t e r a l f low o f steam. Thus t h e d i s t r i b u -
t i o n of such a c t i v i t y does n o t n e c e s s a r i l y
cor respond t o t h e d i s t r i b u t i o n of a pro-
d u c t i v e reservoir.

(Hochs te in et a l . , i n d i c a t e s a
c o h e r e n t l o w r e s i s t i v i t y body t o t h e
n o r t h w e s t . T h i s f i t s v e r y w e l l w i t h t h e
h y d r o l o g i c a l i n t e r p r e t a t i o n of t h e r e g i o n
of pr imary upflow. The l a t e r a l p r e s s u r e
d i f f e r e n c e s encounte red so f a r i n d i c a t e
moderate t o l o w g e n e r a l p e r m e a b i l i t y , as
does t h e w e l l performance. A l l t h e s e
measurements and i n f e r e n c e app ly o n l y t o
t h e o u t f l o w s t r u c t u r e s . With l u c k , b e t t e r
p e r m e a b i l i t y cou ld be found i n t h e upflow
r e g i o n .

R e- i n t e r p r e t a t i o n of t h e r e s i s t i v i t y
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