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ABSTRACT

The objective of this study was to determine the

corrosiveness and the deposition tendency of the Dara -
jat geothermal fluids. It is essential to have some

measure of the corrosivity and the strength of the

scaling tendency if the exploitability of the Darajat

field is to be evaluated from a materials point of view.

INTRODUCTION

A good u n d e r s t a n d i n g of t h e c o r r o s i v e e n-
v i r o n m e n t and d e p o s i t i o n t e n d e n c y o f t h e
f l u i d s i n a geo the rma l f i e l d is e s s e n t i a l i n
d e t e r m i n i n g i f t h e f i e l d is e x p l o i t a b l e f o r
g e o t h e r m a l f l u i d e n e r g y r e c o v e r y . To e v a l u a t e
t h e e x p l o i t a b i l i t y o f a new and u n e x p l o i t e d
g e o t h e r m a l f i e l d from a materials p o i n t o f
v i e w some measure o f s u r f a c e c o r r o s i o n and
c r a c k i n g s u s c e p t i b i l i t y o f " s t a n d a r d " e n g i n e e r -
i n g materials, as w e l l as t h e s c a l i n g t e n d e n c y
o f t h e g e o t h e r m a l f l u i d s i s n e c e s s a r y . The
p u r p o s e o f t h i s s t u d y is t o e s t a b l i s h a know-
l e d g e of t h e c o r r o s i v i t y and t o assess t h e
s c a l i n g t e n d e n c y of t h e Darajat g e o t h e r m a l
f l u i d s i n W e s t J a v a , I n d o n e s i a . To a c h i e v e
t h e s e  o b j e c t i v e s ,  a simple series of materials
t e s t i n g p r o c e d u r e s have been conduc ted t o mea-
s u r e s u r f a c e c o r r o s i o n ra tes , t o check f o r
s t r e s s - e n h a n c e d c o r r o s i o n and t o d e t e r m i n e
s c a l i n g t e n d e n c y .

To assess s u r f a c e c o r r o s i o n , e lect r ica l
r e s i s t a n c e t e c h n i q u e and w e i g h t - l o s s method
h a v e been chosen . For t h e e v a l u a t i o n o f
s t r e s s - e n h a n c e d c o r r o s i o n , u-bend spec imens
w e r e used . S i n c e s c a l i n g t e n d e n c y of t h e geo-
t h e r m a l f l u i d s is i n t i m a t e l y a s s o c i a t e d w i t h
t h e f l u i d c h e m i s t r y , a n a l y s i s u s i n g s o l u b i l i t y
d i a g r a m s b a s e d on t h e c h e m i c a l compos i t i on of
t h e f l u i d s w e r e conduc ted . P e r f o r a t e d scale
coupons w e r e also i n c o r p o r a t e d i n t h e test t o
m o n i t o r t h e s t r e n g t h of t h e s c a l i n g tendency .

Because d i f f e r e n t p h a s e s o f t h e g e o t h e r -
m a l f l u i d s e x h i b i t d i f f e r e n t c h e m i c a l composi-
t i o n , e a c h p h a s e can r e s u l t i n d i f f e r e n t

and d e p o s i t i o n t e n d e n c y . I n t h i s
s t u d y f o u r d i f f e r e n t t y p e s o f Darajat g e o t h e r -
m a l media w e r e a s s e s s e d , namely: t h e r a w steam,
t h e l i q u i d phase s e p a r a t e d from t h e steam, t h e
steam c o n d e n s a t e , and t h e a e r a t e d s t eam con -

The o b t a i n e d r e s u l t s are i n t e n d e d n o t on-
l y t o assist i n t h e e v a l u a t i o n o f t h e
a b i l i t y o f t h e Darajat g e o t h e r m a l f i e l d b u t
also t o p r o v i d e a d d i t i o n a l i n f o r m a t i o n as a
c o n t r i b u t i o n t o t h e e x i s t i n g g e o t h e r m a l d a t a -
base.

THE CHEMISTRY OF THE GEOTHERMAL FLUIDS

The first s t e p i n c o n s i d e r i n g t h e c o r r o -
s i v e n e s s and t h e d e p o s i t i o n t e n d e n c y of geo-
t h e r m a l f l u i d s is t o e v a l u a t e t h e c h e m i s t r y of
t h e f l u i d s . Dur ing t h e period o f September
1988 t h r o u g h November 1988 t h i r t e e n samples of
t h e l i q u i d p h a s e s e p a r a t e d from t h e steam (sep-
arated w a t e r ) and t h e l i q u i d p h a s e condensed
from t h e s e p a r a t e d steam (steam c o n d e n s a t e )
w e r e t a k e n and a n a l y z e d . The a v e r a g e composi-
t i o n s of t h e s e g e o t h e r m a l f l u i d s are p r e s e n t e d
i n Table- 1.

An i m p o r t a n t t o o l i n t h e a n a l y s i s of t h e
c o r r o s i o n and d e p o s i t i o n phenomena i n g e o t h e r-
m a l f l u i d s is e q u i l i b r i u m thermodynamics. The
c o m p l e x i t y of s u c h prob lems dic ta tes t h a t t h e
thermodynamic a n a l y s i s be r e p r e s e n t e d i n g raph-
ical fo rms . I t is i m p o r t a n t t o r e a l i z e t h a t
t h e d e r i v e d d iag rams are v a l i d o n l y fo r t h e
species c o n s i d e r e d , and t h a t t h e f i n a l d i a g r a m
w i l l n o t reveal whe the r species t h a t are n o t
c o n s i d e r e d might b e s t a b l e t o t h o s e used . C a r e
must a lso b e e x e r c i s e d i n t h e i n t e r p r e t a t i o n
and u s e of t h e s e diagrams b e c a u s e of t h e
ommision of a r e l e v a n t species. And f i n a l l y
t h e v a l i d i t y of t h e s e diagrams w i l l h i n g e on
t h e r e l i a b i l i t y of t h e thermodynamic data em-
p l o y e d .

To d e t e r m i n e t h e c o r r o s i o n c h e m i s t r y of
t h e g e o t h e r m a l f l u i d s , p o t e n t i a l - p H d i a g r a m s
f o r sys t ems w e r e drawn. These
d i a g r a m s are based on t h e data o f Tab le- 1 and
c o l l e c t e d thermodynamic data a v a i l a b l e i n t h e
l i t e r a t u r e s . The d i a g r a m s d e s c r i b e t h e e q u i -
l i b r i u m c o r r o s i o n r e a c t i o n s of p u r e i r o n i n
c o n t a c t w i t h t h e g e o t h e r m a l f l u i d s a t t h e spec-
i f i e d t e m p e r a t u r e s . The p o t e n t i a l - p H d i a g r a m
f o r t h e s e p a r a t e d w a t e r a t 150' C is i l l u s t r a t -
ed i n F igure- 1 , w h i l e t h e o n e f o r t h e steam
c o n d e n s a t e a t 50' is g i v e n i n Figure- 2. The
d i a g r a m s i n d i c a t e t h a t , a t t h e s p e c i f i e d a v e r -
aged v a l u e s of pH-for e a c h medium, t h e corro -
s i o n p r o d u c t formed i n t h e s e p a r a t e d w a t e r
would l i k e l y be o r w h i l e i n t h e
s t e a m c o n d e n s a t e f e r r o u s i o n or may
p r o b a b l y b e formed. I n a d d i t i o n , t h e d i a g r a m
a l so r e v e a l e d t h a t a t t h e g i v e n v a l u e s , t h e
s t a b i l i t y r e g i o n o f e l e m e n t a l s u l p h u r i s i n s i g -
n i f i c a n t , s u l p h u r d e p o s i t i o n i s n o t l i k e -
l y t o o c c u r .

d e s c r i b i n g c a l c i u m c a r b o n a t e d e p o s i t i o n , it i s
i m p o r t a n t t o d i s t i n g u i s h two cases:

I n t r e a t i n g t h e e q u i l i b r i u m thermodynamics

1. s y s t e m s t h a t are closed t o t h e atmosphere
2 . systems t h a t i n c l u d e a g a s p h a s e a t a

g i v e n p a r t i a l p r e s s u r e o f g a s e o u s i n
a d d i t i o n t o s o l i d and s o l u t i o n p h a s e .

Because of i t s s i g n i f i c a n c e i n n a t u r a l water
s y s t e m , calcite w i l l r e p r e s e n t t h e s o l i d p h a s e
i n t h e s e t w o cases.

I n t h e c l o s e d sys t em t h e c a r b o n i c acid is
treated as a n o n v o l a t i l e a c i d , i n c l u d i n g also
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Figure- 4: S o l u b i l i t y of calc i te i n t h e steam
c o n d e n s a t e a t 50' C .Fe
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F i g u r e- 1 : P o t e n t i a l - p H d i a g r a m of Fe-H 0-S
s y s t e m for s e p a r a t e d water 150" C .
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Figure- 5: S o l u b i l i t y of s i l i c a , i r o n and cal-
cium s i l i ca te i n t h e s e p a r a t e d water
a t 150' C .

F igure- 2: P o t e n t i a l - p H d i a g r a m of Fe-H 0-S
system for steam c o n d e n s a t e a t 50" C .
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F i g u r e- 3 : S o l u b i l i t y of calcite i n t h e s e p a r a-
t e d w a t e r a t C .

F i g u r e- 6 : S o l u b i l i t y of s i l i c a , i r o n and cal-
cium s i l i ca te i n t h e steam -
sate a t 50" C.
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e d for t h e i r c o r r o s i o n r e s i s t a n c e i n t h e f o u r
d i f f e r e n t g e o t h e r m a l f l u i d s i n c l u d e :

The e n g i n e e r i n g materials t h a t were test-

AISI- 1018 Carbon steel
A I S I - 304 A u s t e n i t i c s t a i n l e s s steel
AISI- 316 A u s t e n i t i c s t a i n l e s s steel
AISI- 410 M a r t e n s i t i c s t a i n l e s s steel

I n c o n e l
T i t a n ium

um

a l l t h e d i s s o l v e d
c o n s i d e r the c o n d i t i o n of calcite
( i )i f t h e c o n c e n t r a t i o n of c a l c i u m i o n s i n
the s o l u t i o n e q u a l s t o t h e c o n c e n t r a t i o n of
a l l d i s s o l v e d c a r b o n i c species, and

i f t h e s o l u t i o n c o n t a i n s a f i x e d q u a n t i t y
of c a r b o n i c species.

F u r t h e r m o r e , one must

For t h e s y s t e m i n e q u i l i b r i u m w i t h gase-
o u s pa r t i a l p r e s s u r e s of are s l e c t e d
r a n g i n g from a t m . t o a t m . ,
t h e la t te r of which is t h e p a r t i a l p r e s s u r e o f

i n e q u i l i b r i u m w i t h t h e a tmosphe re .

o f f o r t h e s e p a r a t e d water and f o r t h e
steam c o n d e n s a t e are g i v e n i n F igure- 3 and
F i g u r e- 4 , r e s p e c t i v e l y . These d i a g r a m s i n d i -
cate t h e s t a b i l i t y r e g i o n o f c a l c i u m i o n s and
of calcite. It c a n b e s e e n t h a t , a t t h e ave-
r a g e d v a l u e s , t h e separated water and t h e
steam c o n d e n s a t e are u n d e r s a t u r a t e d w i t h cal-
c ium i o n s imply ing t h a t t h e p r o b a b i l i t y o f
calc i te d e p o s i t i o n is u n l i k e l y .

The s o l u b i l i t y of calcite as a f u n c t i o n

The s o l u b i l i t y e v a l u a t i o n of s i l i c a i s
q u i t e i m p o r t a n t i n e s t i m a t i n g t h e p r e c i p i t a -
t i o n of v a r i o u s s i l i c a t e m i n e r a l s f rom h i g h
t e m p e r a t u r e water. U n f o r t u n a t e l y p e r t i n e n t
thermodynamic d a t a are n o t known w i t h a n y pre-
c i s i o n and t h e u n c e r t a i n t i e s make t h e a n a l y s i s
o f a d e t a i l e d thermodynamic c o n s i d e r a t i o n un-
c e r t a i n . However, by u s i n g b e s t a v a i l a b l e
thermodynamic da ta , s t a b i l i t y d i a g r a m s t h a t
may h e l p i n u n d e r s t a n d i n g t h e p r e c i p i t a t i o n of
s i l i c a as w e l l as of i r o n and calcium c o n t a i n -
i n g s i l icate m i n e r a l s c a n b e c o n s t r u c t e d . Fig-
u r e- 5 and Figure- 6 , r e s p e c t i v e l y , d e p i c t t h e
s t a b i l i t y d i a g r a m s of s i l ica, and

f o r t h e s e p a r a t e d water and t h e steam
c o n d e n s a t e o f t h e Darajat g e o t h e r m a l f l u i d s .

A t t h e ave raged v a l u e o f = 4 . 5 ,
shows tha t t h e s e p a r a t e d w a t e r is s a t u r a t e d
w i t h f e r r o u s i o n s and s i l i c i c a c i d capable of
p r e c i p i t a t i n g and d e p o s i t s . On
t h e o t h e r hand, t h e f l u i d is u n d e r s a t u r a t e d
w i t h c a l c i u m i o n s t o p r e c i p i t a t e
F i g u r e- 6 i n d i c a t e t h a t , w i t h o f 4 .8 , t h e
steam c o n d e n s a t e i s u n d e r s a t u r a t e d w i t h -
c ium and f e r r o u s i o n s , b u t i t is s a t u r a t e d
w i t h s i l i c i c acid.

FIELD TEST

The p u r p o s e of t h e f i e l d test i s t o assess t h e
c o r r o s i v e n e s s and t h e d e p o s i t i o n t e n d e n c y of
t h e Darajat geo the rma l f l u i d s . To a c h i e v e
t h e s e o b j e c t i v e s , a simple series o f materials
t e s t i n g p r o c e d u r e s have been d e s i g n e d t o mea-
s u r e s u r f a c e c o r r o s i o n ra tes , t o c h e c k f o r lo-
c a l i z e d and stress c o r r o s i o n , and t o d e t e r m i n e
s c a l i n g rates. Four d i f f e r e n t g e o t h e r m a l
f l u i d s w e r e t e s t e d f o r t h e i r c o r r o s i v e n e s s and
s c a l i n g t e n d e n c y , namely : (1) t h e r a w s t e a m ,
( 2 ) t h e water s e p a r a t e d from t h e steam,
( 3 ) t h e l i q u i d p h a s e condensed f rom t h e sepa-
r a t e d steam, and ( 4 ) t h e aerated l i q u i d p h a s e
condensed from t h e s e p a r a t e d steam.

Two methods o f c o r r o s i o n t e s t i n g w e r e
u s e d , t h e w e i g h t - l o s s ( c o u p o n ) method
a n d t h e e lect r ica l r e s i s t a n c e method. Corro-
s i o n coupons were used t o d e t e c t t h e o c c u r-
r e n c e of l o c a l i z e d c o r r o s i o n and t o o b t a i n
l o n g t e r m a v e r a g e c o r r o s i o n rates. To i n v e s-
t i g a t e stress c o r r o s i o n s t r e s s e d coupons w e r e
u t i l i z e d , w h i l e s c a l i n g t e n d e n c y w a s deter -
mined b y u s i n g p e r f o r a t e d scale coupons . The
electr ical r e s i s t a n c e " c o r r o s o m e t e r " w a s se-
l e c t e d as c o n t i n u o u s c o r r o s i o n s e n s i n g d e v i c e .
C o n v e r t i n g t h e change i n t h e r e s i s t a n c e m e a-
s u r e m e n t s i n t o known amounts o f m e t a l loss ,
data o n c o r r o s i o n rates w e r e c o l l e c t e d d a i l y .

The c o r r o s i o n coupons as w e l l as t h e electrical
r e s i s t a n c e probes o f t h e s e materials w e r e ob-
t a i n e d f r o m Rohrback Cosasco Systems (USA).
The tests were conduc ted f o r a p e r i o d o f 92
d a y s e x t e n d i n g from March 2 3 t o June 23 , 1989.

TEST RESULTS

The test r e s u l t s p r e s e n t e d c o n s i s t
of f o u r main topics , namely : ( 1 ) c o r r o s i o n
rate measu remen t s , ( 2 ) l o c a l i z e d c o r r o s i o n and
p i t t i n g , ( 3 ) s t r e s s - e n h a n c e d c o r r o s i o n , and
( 4 ) scale d e p o s i t i o n . Each of t h e t o p i c s w i l l
be d i s c u s s e d s e p a r a t e l y i n t h e f o l l o w i n g p a r a -
g r a p h .

1. C o r r o s i o n R a t e Measurements

f o r t h e s e v e n d i f f e r e n t materials i n t h e f o u r
d i f f e r e n t g e o t h e r m a l f l u i d s are p r e s e n t e d i n
Table- 2. I n e a c h case, t w o corrosion rates
are g i v e n , rates measured by t h e electr i-
cal r e s i s t a n c e method and rates o b t a i n e d ' f r o m
t h e w e i g h t - l o s s method f o r t h e d u r a t i o n of 92
d a y s . The la t te r r e p r e s e n t s t h e l o n g t e r m ave-
r a g e c o r r o s i o n rates.

R e s u l t s o f t h e c o r r o s i o n ra te measu remen t s

When r e a d i n g s from t h e c o r r o s i o n probes
showed t w o o r more c o r r o s i o n rates at d i f f e r e n t
period of t e s t i n g , t h e n t h e h i g h e r ra te is se-
lected. G e n e r a l l y , as i n d i c a t e d by t h e test
r e s u l t s , t h e c o r r o s i o n rates o b t a i n e d f r o m the
coupons c l o s e l y a g r e e w i t h t h e e lect r ica l re-
s i s t a n c e r e a d i n g s i f t h e p r o b e measu r ing ele-
ment of t h a t p a r t i c u l a r material showed one
c o n s t a n t ra te d u r i n g t h e e n t i r e test period.

( a ) . C o r r o s i o n rates i n steam

A l m o s t a l l materials tested i n t h i s e n v i -
ronment e x h i b i t t w o c o r r o s i o n rates w i t h t h e
l o w e r rate o c c u r r i n g i n t h e second h a l f of t h e
test period. For t h e two a u s t e n i t i c s t a i n l e s s
steels a n d I n c o n e l , t h e i r c o r r o s i o n rates de-
creases t o a v e r y l o w v a l u e o f 2-3 mpa n e a r
t h e e n d of t h e test campaign. The l o w e r cor-
r o s i o n rate o f t h e ca rbon s tee l is 25 m p a ,
w h i l e f o r aluminum i t s l o w e r v a l u e is 90 mpa.
C o r r o s i o n rate r e a d i n g s f rom t i t a n i u m p r o b e
i n d i c a t e s t h a t t h i s metal w a s n o t affected b y
t h e c o r r o s i v i t y of t h e steam env i ronmen t .

( b ) . C o r r o s i o n rates i n s e p a r a t e d w a t e r

steam p h a s e , t i t a n i u m i n t h e s e p a r a t e d w a t e r
env i ronmen t showed a d i s t i n c t c o r r o s i o n rate
o f 3 1 m p a . Carbon steel e x h i b i t s a c h a n g i n g
b e h a v i o r i n t h i s test c o n d i t i o n . A v e r y l o w
c o r r o s i o n rate o f ca rbon steel i n t h e f i r s t
h a l f o f t h e test p e r i o d i n d i c a t e s t h a t i t h a s
a s t r o n g c o r r o s i o n r e s i s t a n c e , b u t t h i s rate
s u b s e q u e n t l y i n c r e a s e s t o 27 mpa as t h e test
p r o g r e s s e d . Rate r e a d i n g s from t h e aluminum
p r o b e s n o t o n l y i n d i c a t e a h i g h c o r r o s i o n rate
b u t also e x h i b i t a n o n l i n e a r i n c r e a s e i n t h e
r e s i s t a n c e of t h e p r o b e e l e m e n t , s u g g e s t i n g
t h e p o s s i b l e o c c u r r e n c e of p i t t i n g .

C o n t r a r y t o t h e r e s u l t s found i n t h e

(c). C o r r o s i o n rates i n steam c o n d e n s a t e

p e r i e n c e d a change i n t h e c o r r o s i o n rate. I n-
i t i a l l y t h e ra te w a s r o u g h l y 250 m p a , b u t i t

I n t h i s env i ronmen t c a r b o n steel a g a i n ex-
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d o u b l e d a t the end of t h e test p e r i o d . S i m i -
l a r l y AISI- 316 a u s t e n i t i c s t a i n l e s s s teel show-
e d a moderate c o r r o s i o n rate i n t h e second h a l f
of t h e e x p o s u r e period, w h i l e i n i t i a l l y i t d i s -
p l a y e d a s t r o n g c o r r o s i o n r e s i s t a n c e . C l o s e a-
greemen t be tween t h e t w o d i f f e r e n t l y o b t a i n e d
rate v a l u e s is d e m o n s t r a t e d b y AISI-304 a u s t e -
n i t i c s t a i n l e s s s teel i n t h i s test c o n d i t i o n .
Rate r e a d i n g s f r o m i t s p r o b e r e v e a l e d t h a t i t
h a s o n l y o n e c o r r o s i o n ra te d u r i n g t h e e n t i r e
test campaign. C o r r o s i o n rate for aluminum
c o u l d n o t be d e t e r m i n e d b e c a u s e i ts c o r r o s i o n
p r o b e gave u n r e l i a b l e d a t a .

C o r r o s i o n rates i n a e r a t e d c o n d e n s a t e

almost a l l materials s u f f e r e d from t h e i n -
c r e a s e d c o r r o s i v i t y o f t h e aerated test c o n d i-
t i o n . Carbon steel and aluminum, i n p a r t i c u -
l a r , e x p e r i e n c e d a s i g n i f i c a n f i n c r e a s e i n
t h e i r c o r r o s i o n rates. Even though AISI-410
m a r t e n s i t i c s t a i n l e s s steel i n t h i s e n v i r o n -
ment corrodes at a rate of 4 1 m p a i n t h e sec-
ond h a l f of t h e test p e r i o d , i t showed s t r o n g
c o r r o s i o n r e s i s t a n c e i n t h e e a r l y weeks o f
t e s t i n g.

Excep t t h e t w o a u s t e n i t i c s t a i n l e s s steel,

2 . L o c a l i z e d  C o r r o s i o n  and P i t t i n g

To observe l o c a l i z e d c o r r o s i o n and p i t t i n g
a t t a c k , coupons o f t h e w e i g h t - l o s s method w e r e
u t i l i z e d i n t h i s c o r r o s i o n test. Coupons of
t h e s e v e n d i f f e r e n t t y p e s of materials w e r e
exposed t o t h e f o u r d i f f e r e n t g e o t h e r m a l f l u i d s
f o r o n e , t w o , and t h r e e months. N o d i s t i n c t
s i g n o f l o c a l i z e d c o r r o s i o n w a s d e t e c t e d i n
a n y of t h e exposed coupons .

Some p r o b e e l e m e n t t y p e s , t y p i c a l l y w i r e
or t u b e , may also be used t o d e t e r m i n e t h e
p r e s e n c e o f p i t t i n g a t t a c k . P i t t i n g c a n c a u s e
a n o n l i n e a r i n c r e a s e i n t h e r e s i s t a n c e of t h e
m e a s u r i n g e l e m e n t exposed t o c o r r o s i v e e n v i r o n-
ment . I n s p i t e t h e f a c t t h a t t h e r e s i s t a n c e o f
t h e aluminum elemen t tested u n d e r s e p a r a t e d
w a t e r e n v i r o n m e n t n o n l i n e a r l y , no
m a c r o s c o p i c p i t s w a s o b s e r v e d on t h e aluminum
coupon exposed t o t h e same c o n d i t i o n .

3 . S t r e s s- e n h a n c e d C o r r o s i o n

U-bend spec imens w e r e used i n t h i s test
t o d e t e r m i n e t h e p r e s e n c e o f s t r e s s - e n h a n c e d
c o r r o s i o n . Of a l l t h e materials t e s t e d i n t h e
f o u r d i f f e r e n t e n v i r o n m e n t , none s u f f e r e d from
stress c o r r o s i o n c r a c k i n g , no c r a c k s w a s
d e t e c t e d , a f t e r b e i n g exposed f o r o n e , two,
and t h r e e months .

4 . Scale D e p o s i t i o n

To i n v e s t i g a t e the p o s s i b l e p r e s e n c e of
scale d e p o s i t i o n , scale coupons d r i l l e d w i t h a
series of d i f f e r e n t s i z e d h o l e s t o collect de-
pos i t s w e r e i n s t a l l e d . The s t r e n g t h o f t h e
s c a l i n g t e n d e n c y i s d e t e r m i n e d b y t h e l a r g e s t
s i z e h o l e t h a t h a s accumula t ed d e p o s i t .

I n e a c h of t h e f o u r g e o t h e r m a l f l u i d s ,
t h r e e scale coupons w e r e exposed . The coupons
w e r e r e t r i e v e d p e r i o d i c a l l y a t one-month i n t e r

d u r i n g t h e t h r e e months tes t campaign.
The r e s u l t s i n d i c a t e t h a t t h e s t r e n g t h o f t h e
s c a l i n g t e n d e n c y w a s h i g h e s t i n t h e a e r a t e d
steam c o n d e n s a t e w i t h o n l y t h e smallest h o l e
c o l l e c t i n g deposi ts a f t e r t h r e e months o f ex-
p o s u r e . U n f o r t u n a t e l y s c a l i n g rate d e t e r m i n a-
t i o n w a s i n c o n c l u s i v e .

DISCUSSIONS

are l o w t o moderate e x c e p t f o r AISI- 1018 ca rbon
steel and aluminum. Carbon steel e x p e r i e n c e d
v e r y s e v e r e c o r r o s i o n i n the s t e a m c o n d e n s a t e
and i n t h e aerated steam c o n d e n s a t e , w h i l e a l u -
minum may w e l l s u f f e r e d v e r y s e v e r e c o r r o s i o n
rates i n a l l t h e f o u r t e s t e d g e o t h e r m a l f l u i d s .
C o n s i d e r e d t o be t h e " workhor ses" f o r t h e pro-
cess i n d u s t r i e s , t h e a u s t e n i t i c s t a i n l e s s steels
AISI-304 and 316, on t h e o t h e r hand , e x -

e x c e l l e n t c o r r o s i o n r e s i s t a n c e w i t h l o w
c o r r o s i o n rates i n any of t h e f o u r media .

The h i g h c o r r o s i o n rates of c a r b o n s teel
i n t h e uncon tamina ted and i n the a e r a t e d steam
c o n d e n s a t e r a i s e d some c o n c e r n b e c a u s e t h e cor-
r o s i o n p r o d u c t may l i k e l y be i t s f e r r o u s i o n s ,
as d e t a i l e d by F igure- 2 , capable of i n c r e a s i n g
t h e f e r r o u s i o n c o n c e n t r a t i o n . R e f e r r i n g t o
F i g u r e- 6 , however, i t seems u n l i k e l y t h a t  t h e  
i n c r e a s e d f e r r o u s i o n c o n c e n t r a t i o n w i l l r e s u l t
i n t h e p r e c i p i t a t i o n of a t l o w ' v a l u e s .

The c o r r o s i o n ra t e o f c a r b o n steel i n t h e
s e p a r a t e d water env i ronmen t is m o d e r a t e l y
and t h e c o r r o s i o n p r o d u c t i s l i k e l y t o be sol-
i d or as d e p i c t e d i n F igure- 1 . A l -
t h o u g h Figure- 5 i n d i c a t e s t h a t t h e f e r r o u s i o n
c o n c e n t r a t i o n i n t h e s e p a r a t e d water i s near
s a t u r a t i o n w i t h respect t o , t h e l o w cor-
r o s i o n ra te and t h e state o f t h e c o r r o s i o n prod-
u c t w i l l p r o b a b l y create a l i m i t e d e f f e c t t o
t h e i n c r e a s e o f t h e f e r r o u s i o n c o n c e n t r a t i o n .

F igu re- 3 and F igure- 5 of t h e separated
w a t e r as w e l l as Figure- 4 and F i g u r e- 6 o f t h e
steam c o n d e n s a t e i l l u s t r a t e t h e remote proba-
b i l i t y o f c a l c i u m p r e c i p i t a t i n g as calc i te or
c a l c i u m s i l i c a t e b e c a u s e t h e c a l c i u m i o n con-
c e n t r a t i o n i n b o t h media is u n d e r s a t u r a t e d .

Even though f i n d i n g s based on c a l c u l a t e d
r e s u l t s s u g g e s t t h e imminent c o n d i t i o n fo r

and s i l i c a t o p r e c i p i t a t e , t es t r e s u l t s
f rom t h e scale coupons i n d i c a t e t h a t  t h e  
s t r e n g t h of t h e s c a l i n g t e n d e n c y i n g e n e r a l is
min ima l .

1.

2.

3.

4.

5 .

CONCLUSIONS

Except AISI-1018 ca rbon steel and aluminum,
t h e c o r r o s i o n rates of t h e t e s t e d materials
are l o w t o moderate w i t h a n o t i c e a b l y h i g h e r
rates i n t h e aerated c o n d i t i o n .

The a u s t e n i t i c s t a i n l e s s steels AISI-304 and
AISI-316 d e m o n s t r a t e s t r o n g c o r r o s i o n resis-
t a n c e and c a n w i t h s t a n d s a t i s f a c t o r i l y t h e
d e l e t e r i o u s e f f e c t s o f t h e f o u r g e o t h e r m a l
f l u i d s .

N o l o c a l i z e d c o r r o s i o n or p i t t i n g was v i s u a l -
l y d e t e c t e d i n t h i s s t u d y .

N o t one o f t h e s e v e n t e s t e d materials gave
i n d i c a t i o n o f s u f f e r i n g from stress -
s i o n c r a c k i n g

The s t r e n g t h of t h e s c a l i n g t e n d e n c y is
found t o b e min ima l , w i t h a p r o b a b i l i t y o f
s i l i c a and f e r r o u s s i l icate as t h e d e p o s i t e d
compounds.
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T a b l e - 1

Chemical Composition of the Darajat Geothermal Fluids

---
SEPARATED WATER STEAM CONDENSATE

COMPOSITION

1. Cations

Fe total

cs+

2. Anions

co;

24.4

3.4

15.3

1.5

9.0

0.1

387.12

0.35

< 0.01

0.2 3.1

0.3 0.9

0.2 3.2

c 0.1 0.4

5.8

0.05

0.38 55.3

0.2

0.01

1.8

0.4

15.0

0.1

4.25

0.1

62.4

0.24

< 0.01

< 0.1

0.1

0.1

< 0.1

0.5

0.2

1.5

0.1

2.3

0.1

15.0

0.1

0.01

24

nil

1.4

25

0.13

0.5

2.99

35

nil

23

806

1.3

0.5

nil

nil

nil

15.6

nil

4.8

119

0.5

0.3

35

nil

5

145

0.23

1.0

15

nil

nil

nil

0.10

0.1

=

30

49.3

0.16

106.9

551

2

4.9

0.01

0.1

54

12

31.5

0.07

29.8

274

25

15.4

0.16

84.6

408

0.1

0.12

0.01

1.1

78

4.3

2.8

0.05

52.8

226

I.

I.

i. A6

5.285.28 3.80 4.5 4.28 4.8

T a b l e - 2

The Corrosion Rates of Tested Materials 

S t e a m Separated Water Condensate Aerated Condensate 
M A T E R I A L S

Probe Coupon Probe Coupon Probe Probe Coupon 

AISI-1018 Carbon Steel 30.23 58.0 26.92 86.0 489.71 242.9 3048 360.9

AISI- 304 Austenitic S.S. 27.18 0.5 5.33 0.8 1.02 0.9 0.76 0.7
AISI- 316 Austenitic 6.35 0.8 2.89 0.8 13.21 0.9 1.27 0.5
AISI- 410 Martensitic 20.07 4.3 10.92 10.9 11.68 5.7 40.64 10.2

17.02 4.9 1.78 4.6 2.03 8.5 5.08 21.0

5.84 0.1 12.7 1.5TI 0.0 0.2 31.24 0.6

ALUMINUM 558.04 14.7 633.73 22.1 10.1 77.1

not observed
Units in micrometer per annum 
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