
9 1

CHEMISTRY AND SILICA SCALING POTENTIAL OF MULTIPLE FLASH
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ABSTRACT

The removal of carbon d i o x i d e and hydrogen 
s u l p h i d e a t each  succes s ive  stage o f steam
s e p a r a t i o n from a geothermal d i s c h a r g e l e a d s t o

v a l u e s i n t h e r e s i d u a l waters which f o r New Zealand
sys tems f a l l i n t h e range 7.5 - I n t h i s
r ange t h e d i s s o c i a t i o n of s i l i c i c a c i d t o form
s i l i ca te i o n s becomes s i g n i f i c a n t and t h e  s o l u b i l i t y  
of amorphous s i l i c a i n c r e a s e s . Recogni t ion of t h i s
e f f e c t a l l o w s t h a t , w i thou t t h e development of
s i g n i f i c a n t s c a l i n g  p o t e n t i a l ,  steam may be

separated a t p r e s s u r e s s u b s t a n t i a l l y lower t h a n h a s
normal ly  been recommended i n t h e  p a s t  on t h e basis
of t h e  s o l u b i l i t y  s i l i ca i n pu re  wa te r .  

A computer program is d e s c r i b e d f o r t h e
r o u t i n e  c a l c u l a t i o n  of water and steam chemis t ry

r e s u l t i n g from primary and secondary steam
s e p a r a t i o n from w e l l d i s cha rges . These d a t a may be

used i n t h e d e s i g n of f l a s h p l a n t and t h e manage-
ment of geo the rma l f i e l d s to ach i eve maximum steam

r e c o v e r y w h i l e minimis ing problems due t o silica
d e p o s i t i o n i n p i p e l i n e sys tems. Data from Wairakei
and t h e proposed Ohaki (Broadlands) f i e l d are g i v e n
as examples.

INTRODUCTION

Environmenta l c o n s t r a i n t s on f u t u r e develop-
ments of  geothermal  energy have l e d t o a demand
f o r more d e t a i l e d unders tanding of t h e chemis t ry o f
f l a s h e d geo the rma l water and steam than h a s
p r e v i o u s l y been t h e case. Whereas i n t h e past t h e
d i s p o s a l o f w a s t e w a t e r s con ta in ing t o x i c e l emen t s
h a s l a r g e l y been by d i s c h a r g e i n t o i n l a n d waterways
( E l l i s , c u r r e n t  c o n s t r a i n t s  have placed
more emphas is on d i s p o s a l by r e i n j e c t i o n . The
p r e s e n c e  o f  r e l a t i v e l y h igh c o n c e n t r a t i o n s  o f  
s i l i ca i n t h e s e waters l e a d s t o p o t e n t i a l problems
o f s c a l i n g i n r e i n j e c t i o n  p i p e l i n e s  and w e l l s so

t h a t i n t h e d e s i g n o f geothermal power development
schemes such as on t h e Broadlands-Ohaki f i e l d , New

Zealand, d a t a are r e q u i r e d f o r t h e
d e g r e e o f s i l i c a s a t u r a t i o n and s c a l i n g p o t e n t i a l
of waste waters, ove r a range of m u l t i p l e f l a s h
s e p a r a t i o n  c o n d i t i o n s ,  w e l l i n advance t h e
reopen ing o f  e x p l o r a t i o n  w e l l s and i n s t a l l a t i o n o f

separator p l a n t .

CHEMISTRY OF DISSOLVED SILICA

Due t o t h e e q u i l i b r i u m between f l u i d and
q u a r t z i n t h e m a j o r i t y of geothermal r e s e r v o i r s ,
t h e s i l i ca c o n c e n t r a t i o n of t h e water sepa ra t ed
from a d i s c h a r g i n g geothermal w e l l i s a func t ion of
t h e t empera tu re o f t h e r e s e r v o i r f l u i d supplying
t h a t w e l l (Mahon, Succes s ive removal of

steam a t t h e wel lhead l e a d s to s imul taneous
i n c r e a s e i n t h e s i l i c a c o n c e n t r a t i o n of t h e

r e s u l t a n t r e s i d u a l l i q u i d . some
cases t h e i n c o r p o r a t i o n of a d d i t i o n a l r e s e r v o i r
steam i n t o t h e w e l l d i s c h a r g e may l e a d t o a
p r o p o r t i o n a l i n c r e a s e i n t h e s i l ica concen t r a t i on

of t h e subsequen t ly Separa ted w a t e r .

The s i l i ca d i s s o l v e d i n geothermal waters is

p r e s e n t bo th s i l i c i c a c i d and s i l i c a t e
i o n s as w e l l as a v a r i e t y of

species such t h a t

4 4

4 4

T o t a l d i s s o l v e d
- + m

= mH H polymers
4 3

where m i s t h e c o n c e n t r a t i o n of t h e s p e c i f i e d

species expressed i n molal u n i t s .
s i l i c a t e ion forms by t h e  s e l f - d i s s o c i a t i o n of
s i l i c i c a c i d

The

= H +
3

so t h a t i ts c o n c e n t r a t i o n is a f u n c t i o n both t h e
t o t a l c o n c e n t r a t i o n of s i l i c a and of t h e of t h e
s o l u t i o n = a + where a + is t h e concent ra- (3)

H H 
t i o n of free i o n s  c o r r e c t e d  €or i n t e r -
a c t i o n s  w i t h  o t h e r d i s s o l v e d i o n i c species). For
s o l u t i o n s whose is less than about  7 , s i l i c a t e
ion c o n c e n t r a t i o n s a r e A t h iqhe r
s i l icate i o n s i n c r e a s e i n c o n c e n t r a t i o n r e l a t i v e t o

s i l i c i c a c i d , u n t i l a t (approx. ) i n
r e i n j e c t i o n waters they become t h e dominant species.
A t h i g h e r a d i v a l e n t s i l i c a t e i o n occu r s b u t i t s
c o n c e n t r a t i o n i s not s i g n i f i c a n t i n t h e w a t e r s
d i s c u s s e d he re .

The s o l u b i l i t y of s i l i ca i n aqueous s o l u t i o n s

i s c o n t r o l l e d by t h e tempera ture dependent r e a c t i o n

2
S +

4
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S o l u b i l i t y d a t a f o r s i l ica due t o t h i s r e a c t i o n
have been determined exper imen ta l ly (Fournier and

Rowe 1977) .  For  high s o l u t i o n s t h e format ion of

si l icate i o n from t h e d i s s o l v e d si l icic a c i d  l e a d s  
t o a n  i n c r e a s e  i n t h e t o t a l s i l i c a concen t ra t ion
of t h e s o l u t i o n (Equation 1). Thi s e f f e c t of
i n i n c r e a s i n g t h e s o l u b i l i t y of s i l i c a , has been
recognised for a long t i m e f o r l o w temperature
n a t u r a l waters, b u t u n t i l r e c e n t l y has been
d i s rega rded f o r geothermal f l u i d s . Using r e c e n t
r e l i a b l e exper imenta l d a t a f o r r e a c t i o n
(Seward, 1975, Busey and M e s m e r , Henley
and S i n g e r s have shown t h a t , w i t h i n t h e

range of  f l a s h e d New Zealand geothermal
waters, s i l i ca te ion may c o n t r i b u t e s i g n i f i c a n t l y
to t h e s o l u b i l i t y of amorphous s i l i ca . F ig . 1
shows t h i s e f f e c t  f o r  f l a s h e d wate r from BR22 a t

SECOND FLASH

120°C

6 7 9

-F ig . 1 Isothermal amorphous s i l ica s o l u b i l i t y

cu rves a s a func t ion of and s i l i c a
c o n t e n t for low s a l i n i t y New Zealand

geothermal wa te r s . The composition of t h e
waste wa te r a f t e r double f l a s h a t 183

and i s shown by t h e square symbol.

S o l u b i l i t i e s i n p u r e water a r e rep resen ted

by t h e h o r i z o n t a l  p o r t i o n  of t h e curves .

wa te r s i n t h e temperature range
100-160 C a t Wairakei and Broadlands have i n
t h e range a f t e r double f l a s h steam
s e p a r a t i o n .
r e t i c u l a t i o n l e a d s t o minor changes of t h e o r d e r
+ 0.1 u n i t s , b u t the s o l u t i l i t y of amorphous
s i l i c a changes r a p i d l y a s shown i n F ig . 1. S ince

changes a r e s m a l l t h e  i n c r e a s e  i n t h e s i l i ca

Cooling of t h e s e wa te r s  du r ing  

s a t u r a t i o n r a t i o = s i l i c a c o n t e n t i s
s i l ica s o l u b i l i t y

approximated by

= 0.013 AT

For t h e high flow rates i n r e i n j e c t i o n p i p e l i n e s
h e a t losses a r e r e l a t i v e l y s m a l l b u t are
of obvious s i g n i f i c a n c e i n designing h e a t exchange
systems wi th a view to avoidance o f s c a l e format ion.
C l e a r l y f o r waters whose s i l i c a con ten t remains
below t h e amorphous s i l ica s o l u b i l i t y
no s i l i ca scale can form dur ing

S t u d i e s of s c a l i n g r a t e s are i n progres s a t
Broadlands t o d e f i n e t h e of s i l i c a

d e p o s i t i o n f r o m f l a shed waters where 1 a s
f u n c t i o n s of temperature and
f l a s h e d t o a supe r sa tu ra t ed s t a t e t h e maximum
amount o f s i l i c a which may d e p o s i t is

where S i s t h e amorphous s i l i c a Gener-
a l l y on ly a small, b u t cumulat ively
pe rcen tage of t h i s excess s i l i c a a c t u a l l y d e p o s i t s .

For waters

-

The of a geothermal water a t i t s
s e p a r a t i o n o r r e t i c u l a t i o n temperature i s a

f u n c t i o n of temperature and

and, as a r e s u l t of t h e weak b u f f e r i n g a c t i o n of

t h e carbonic a c i d - b ica rbona te i o n pair, is

2
l a r g e l y dependent upon the  p ropor t ion  of CO

remaining i n t h e  l i q u i d  fo l lowing steam

s e p a r a t i o n . T h i s high temperature cannot b e
measured d i r e c t l y b u t i s ob ta ined from wate r
cooled s e p a r a t e d water samples by l a b o r a t o r y
measurement, a n a l y s i s f o r major d i s so lved

components and an i t e r a t i v e thermodynamic
c a l c u l a t i o n .

o p e r a t i n g product ion w e l l s i f s u i t a b l e sample
p o i n t s a r e a v a i l a b l e it is n o t p o s s i b l e to o b t a i n
t h e high temperature f l a s h e d wate r f o r w e l l s
p r i o r t o t h e i r commissioning f o r product ion,
u n l e s s some p r a c t i c a l assumptions may be made

concerning t h e d i s t r i b u t i o n of carbon d iox ide and
hydrogen su lph ide between sepa ra t ed water and

steam

,

While t h i s i s p o s s i b l e f o r

Henley and Singers have shown t h a t
convent ional  cyclone s e p a r a t o r s of t h e type
i n s t a l l e d a t Wairakei (Bangma, achieve a

quas i- s ing le s t a g e equ i l ib r ium d i s t r i b u t i o n of
g a s e s between t h e separated water and steam
phases . As a r e s u l t , t h e chemis t ry of f l a s h

sepa ra t ed waters may b e c a l c u l a t e d by
i t e r a t i v e s o l u t i o n of a set of dependent mass
ba lance  equa t ions  f o r t h e major d i s so lved
c o n s t i t u e n t s .
of water and steam determined a t t h e exp lo ra t ion

s t a g e and t h e enthalpy of t h e t o t a l d i scha rge .

The inpu t d a t a a r e t h e composition

L



93

Henley

The ENTHALPY computer program used a t

Chemistry Div i s ion , D.S.I.R. (Palmer has
been adapted f o r t h e  r o u t i n e  c a l c u l a t i o n  of t h e s e
d a t a (S inger s e t a l , i n p r e s s ) . The ou tpu t
i n c l u d e s t h e
s e p a r a t i o n a t any pressu re of i n t e r e s t , t h e concen-

t r a t i o n s of t h e p r i n c i p a l d i s so lved species
b ica rbona te , s i l i c a t e ions) and t h e  g a s  concentra-
t i o n s i n t h e separa ted steam. Advanced knowledge
of steam chemist ry of value i n es t ima t ing
reduc t ion of p l a n t e f f i c i e n c y due to t h e presence of
g a s as w e l l as i n assess ing t h e cor ros ion behaviour
of condensates . I n add i t ion , t h e program may b e
used to c a l c u l a t e these d a t a f o r success ive s t a g e s
of steam s e p a r a t i o n from a given w e l l and f u r t h e r ,
up t o 5 w e l l d i scha rges may be processed toge the r t o
o b t a i n t h e phase chemistry of steam and water
de r ived from m u l t i p l e f l a s h p l a n t .

of t h e water r e s u l t i n g from f l a s h
T

A t h igh f l o w r a t e s i n convent ional s e p a r a t o r s ,
t h e rates of steam bubble formation and c o l l a p s e
appear t o be l o w t o achieve t h e s i n g l e  s t a g e  

g a s equ i l ib r ium and a mul t i s t age d i s t r i b u t i o n of
g a s e s is achieved by t h e  p a r t i t i o n i n g  of g a s t o
each success ive steam f r a c t i o n formed a c r o s s t h e
p r e s s u r e drop of t h e separa to r . The n e t t r e s u l t
is t h e  t r a n s f e r  of a higher p ropor t ion  o f  t h e
d i s s o l v e d  g a s  t o the steam phase than would
be t h e c a s e f o r t h e s i n g l e  s t a g e  equ i l ib r ium and a
concommitant inc rease i n of t h e orde r of 0.1
u n i t s .

c o n t r a s t , f o r sepa ra to r  ope ra t ion  a t
r e l a t i v e l y l o w water l e v e l , vor tex format ion may
l e a d t o t h e carryover of separa ted steam i n t o

t h e water l i n e flow. Af te r p i p e l i n e  h e a t  loss

downstream of t h e separa to r , condensation of t h i s
r e l a t i v e l y g a s r i c h steam r e s u l t s i n dec rease i n

t h e wate r w i t h respec t t o t h e s i n g l e  s t a q e  
equ i l ib r ium Since a decrease  reduces  t h e
s o l u b i l i t y of amorphous s i l i c a i n t h e f l a shed
wate r , t h i s e f f e c t should be avoided as f a r as
p o s s i b l e by s u i t a b l e design and opera t ion of
f l a s h p l a n t . I n p a r t i c u l a r , t h e carryover of
t h e gas- r ich steam from f l a s h  p l a n t  primary
s e p a r a t o r s should be prevented.

DISCUSSI O N

The system of equat ions used i n t h e

modified ENTHALPY computer proqram descr ibed
above may be used f o r t h e c a l c u l a t i o n of f l a shed
water a t any s p e c i f i e d sequence of s e p a r a t i o n
p r e s s u r e s us ing chemical d a t a from exp lo ra t ion
or produc t ion w e l l d ischarges . I n  t h i s  way
chemical d a t a may be r o u t i n e l y used i n t h e

des iqn s t a g e of a geothermal development t o
minimise or avoid problems of s i l i c a s c a l e
format ion. S i m i l a r l y dur ing f i e l d management,
chanqes i n s i l i c a concen t ra t ions due t o enthalpy
d e c r e a s e s dur inq t h e power l i f e o f t h e f i e l d
may be r e a d i l y evaluated i n orde r t o achieve bo th

optimum steam separa t ion from ind iv idua l w e l l s
or f l a s h p l a n t systems and t o control s c a l i n q .
The Wairakei and Broadlands f i e l d s a r e discussed
below t o i l l u s t r a t e  t h i s  approach.

C a s e S t u d i e s

Wairakei Temperatures i n t h e product ion zone of

range of
d i l u t e near- neutra l c h l o r i d e water w i t h a
r e l a t i v e l y l o w con ten t of d i s so lved and H S.

2
For t h e genera t ion of electric mul t ip le
steam is performed a t 159 C (6.2

and 124 C (2.3 sometimes w i t h a h igh  p ressu re  
s t a g e a t about (10 .

t h e Wairakei geothermal f i e l d  a r e  i n t h e
The r e s e r v o i r f l u i d i s a

Fig. 2 shows t h e  c a l c u l a t e d  and s i l i c a
c o n t e n t s of waters separa ted to 140 and by
two s t a g e steam separa t ion a t i n d i v i d u a l wellheads.
The w e l l s shown were s e l e c t e d a t random b u t
provide a u s e f u l i l l u s t r a t i o n of t h e following:

s i n g l e f l a s h separa t ion  l eads  t o lower and
h igher s c a l i n g p o t e n t i a l than does double
f l a s h

c a l c u l a t i o n  o f  s a t u r a t i o n ratios on t h e b a s i s
of amorphous s i l i c a s o l u b i l i t y i n pure  water  
may l e a d t o erroneous conclusions  regarding 
s c a l i n g hazards w e l l s 72, 108 and 206.

combination of h igh and low si l ica discharges

i n f l a s h p l a n t s may ensure s c a l e f r e e
r e t i c u l a t i o n f o r t h e combined r e s i d u a l water

mixture .

A t sepa ra t ion t o temperatures of
t h e orde r 130 C (2.7 i n m o s t c a s e s leads to
si l ica undersa tu ra ted waters , q u i t e incapable of
depos i t ing s i l i c a s c a l e dur ing r e t i c u l a t i o n . The .

p r a c t i c e a t Wairakei has been t o d i scha rge t h i s
r e s i d u a l water t o an open d r a i n w i t h f u r t h e r steam
loss; t h e a s s o c i a t e d decrease i n s o l u b i l i t y due
to t h e lower temperature of t h e d r a i n water l e a d s
t o s a t u r a t i o n r a t i o s 1 and i n e v i t a b l y to the
d e p o s i t i o n of a voluminous s i l i c a s c a l e , which
r e q u i r e s a c o s t l y d r a i n maintenance programme.
P i p e l i n e t ransmiss ion of waste water a t t h e f i n a l
s e p a r a t i o n p r e s s u r e would have obviated t h e
problem of s i l i c a depos i t ion . A t t h i s s t a g e of t h e
p o w e r p r o j e c t t h e replacement o f t h e e x i s t i n g d r a i n
by a p i p e l i n e i s economically u n a t t r a c t i v e , b u t
f u r t h e r development of t h e f i e l d i n t h e f u t u r e
w i l l probably involve p i p e l i n e r e t i c u l a t i o n
w i t h a consequent avoidance of t h e s i l i c a sca l ing

problem.

Broadlands - Ohaki The r e s e r v o i r f l u i d a t

Broadlands is similar t o  t h a t  
a t Wairakei b u t c h a r a c t e r i s e d by much higher  gas  

c o n t e n t s (Mahon and Finlayson, . Reservoir
temperatures i n t h e proposed product ion f i e l d
range from about 240 t o and t h e discharges
of a s i g n i f i c a n t number of w e l l s con ta in excess
r e s e r v o i r steam. Each of t h e s e  t h r e e  f a c t o r s

c o n t r i b u t e t o the  h igher  broader range and 
h igher s i l i c a con ten t of Broadlands f l a shed waters
compared t o Wairakei. The range of s i l i c a con ten t s
and f o r t h e Broadlands w e l l s are shown i n F ig .
3 c a l c u l a t e d f o r s i n g l e and double f l a s h cond i t ions .
The s e p a r a t i o n  p r e s s u r e s  chosen independently f o r
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Fig. 2 ( r i g h t )  S i l i c a  v. f o r a randomly

se lec ted set of Wairakei w e l l s ,
calculated for double f l a s h steam
separat ion t o The

s o l u b i l i t y curve is shown f o r reference

and represents a mean temperature €or

t h e avoidance of s i l i c a sca l ing by

mixing of f l a s h  p l a n t  feed w e l l s . The

l i n e shows the s o l u b i l i t y of s i l i c a i n
pure water (see t e x t ) .

Fig. 3 (below) S i l i c a v. f o r individual

well discharges separated a t the w e l l

head f o r Broadlands West Bank w e l l s .

The f l a s h p l a n t w e l l feeds a r e selected

on the bas i s of proximity of wells ,

whereas a l t e r n a t i v e groupings may

resolve the high s i l i c a combination

of Flash Plant 2 .

Flash Plant 1

o Early discharge sample

900I Later

FLASH PLANT DISCHARGE

155'

6 7

700

600
W
U

a
U

SINGLE FLASH

12
WELL NO.

I I 

Flash Plant 2 Flash Plant 3

6 7 8 7 8
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power production are compatible with the optimum 
temperature difference required to water

and amorphous silica solubility.
figure it is clear that the majority of wells are
undersaturated with respect to silica following 
double flash separation to (4.5 but
cooling during reticulation to reinjection wells 
may lead to the waters from some flash plants
becoming just supersaturated. A few wells, such 
as are characterised by high source
temperatures and gas contents and, as a result,
have relatively high saturation ratios at the
final flash temperature of The possible
affect of reduction in field enthalpies are also
shown by the silica - vectors in Fig. 3.

From the 

In fields such as this where steam is to be
separated at flash plants, proximity is a principal
.factor in selecting the feed wells and the site of
the plant. In some cases adoption of only this
criterion may lead to the choice of well combina-
tions which optimise the and amorphous silica 
solubility of the flashed waters, while other
combinations result in flashed water with
unnecessarily high saturation ratios. The
chemistry discussed above may be used as an

additional criterion to avoid or minimise
potential problems of silica scaling in pipelines.
Fig. 3 shows such a test case for well combinations
at Broadlands.
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