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ABSTRACT INTRODUCTION 

During shakedown opera t ions  f o r  t h e  HGP-A 
generator p lan t  sampling and a n a l y t i c a l  problems 
were encountered during the  process chemistry mon- 
i t o r i n g  e f f o r t .  Acid-preservation of b r ine  f o r  
ca t ion  ana lys i s  required t h e  use of n i t r o u s  oxide- 
ace ty lene  flame f o r  accura te  A-A ana lys i s  of ca l -  
cium. Analysis of gases f o r  carbonate and s u l f i d e  
was by s p e c i f i c  ion e l ec t rode  and a l k a l i n i t y  
t i t r a t i o n ,  respec t ive ly .  Sul f ide  caused s u b s t a n t i a l  
i n t e r f e rences  with t h e  a l k a l i n i t y  method and cor- 
r e c t i o n s  f o r  s u l f i d e  were required.  Su l f ide  a l s o  
in t e r f e red  with ch lor ide  ana lyses  i n  t h e  steam 
phase r equ i r ing  removal of t h e  s u l f i d e  by bo i l ing .  
Analysis of dissolved si l ica i n  t h e  b r ine  w a s  com- 
p l i ca t ed  by t h e  presence of c o l l o i d a l  s i l i c a  which 
produced e r r a t i c  a n a l y t i c a l  r e s u l t s .  An accura te  
eva lua t ion  of t h e  hydrogen s u l f i d e  abatement sys- 
t e m  was poss ib l e  only when t h e  hydrogen s u l f i d e  
concentrations i n  t h e  t r ea t ed  and unt rea ted  steam 
were compared wi th  a second component i n  t h e  steam 
phase t h a t  w a s  unaffected by c a u s t i c  i n j ec t ion .  

Construction of t h e  HGP-A turb ine  generator 
f a c i l i t y  on t h e  i s l and  of H a w a i i  was completed i n  
June of 1981 and opera t ions  f o r  start up of t h e  
p lan t  w e r e  i n i t i a t e d  on June 12, 1981. Beginning 
then, and cont inuing t o  t h e  present ,  t h e  chemical 
compositions of a number of process streams 
throughout t h e  p l an t  have been monitored. 

PLANT PROCESS 

The HGP-A generator f a c i l i t y  (Figs. 1 and 2) 
is  fed by a s i n g l e  geothermal w e l l  wi th  an output 
capac i ty  of approximately 23,000 kg!hr (50,000 
lb /h r )  of steam and 23,000 kg/hr (50,000 l b / h r )  of 
water. Mixed f l u i d  from t h e  w e l l  i s  piped t o  a 
cen t r i fuga l  separator/demistor vesse l  where the  
br ine  f r a c t i o n  is removed from the  steam phase a t  
1,200 kPaa (175 ps i a ) .  The b r ine  stream is passed 
through a pressure  reduct ion  va lve  t o  atmospheric 
pressure  and, a f t e r  passing through a muffler box 
and s i l i c a  s e t t l i n g  pond, i t  i s  allowed t o  perco- 
late i n t o  t h e  ground. 
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Fig. 1 HGP-A Geothermal Generator Pro jec t  steam supply process,  
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Fig ,  2 HGP-A Geothermal Generator 

The steam phase from t h e  separa tor ,  under nor- 
m a l  opera t ing  condi t ions ,  passes  through a second 
m i s t  e l imina tor  and t h e  power p lan t  t r i p  and con- 
t r o l  valve manifolds t o  the  turb ine .  The turb ine  
exhaust i s  piped t o  a s t a i n l e s s  steel sur face  con- 
denser and t h e  steam condensate, a f t e r  pH adjus t -  
ment, is pumped i n t o  t h e  cooling water r e t u r n  l i n e  
a s  make-up water f o r  t h e  forced d r a f t  coollng 
tower. The non-condensable gases a r e  e jec ted  from 
t h e  condensate i n t o  a thermal oxid izer  where t h e  
hydrogen s u l f i d e  f r a c t i o n  is  inc inera ted  t o  form 
s u l f u r  dioxide that is  subsequently scrubbed with 
caus t i c  soda i n  a packed column, The t a i l  gas 
from t h e  scrubber column is  piped t o  t h e  a i r  
in t ake  of t he  cooling tower where, as a f i n a l  
treatment,  t h e  cooling water cascade removes sul-  
f u r  p a r t i c u l a t e s  from t h e  gas stream. 

When the  power p l an t  t u rb ine  is not  opera t ing  
a t  f u l l  capacity,  p a r t  o r  a l l  of the steam from 
t h e  p lan t  separa tor  is  d iver ted  t o  a pressure  re- 
duction valve where it is passed t o  t h e  atmosphere 
through a caus t i c  abatement system and rock 
muffler . 

PROCESS MONITORING 

The loca t ions  a t  which t h e  process chemistry 
w a s  monitored, and the spec ies  f o r  which analyses 
were made, are a s  follows. 

(1) The high pressure  b r ine  discharge l i n e  immer 
d i a t e l y  downstream of t h e  p l an t  separa tor  was m n -  
i t o r e d  f o r  major element compositions including 
SiO2, C1-, H2S, Na, K, Ca, Mg, Sob. Silica was 
monitored t o  ind ica t e  t h e  changes i n  r e se rvo i r  
temperatures; ch lor ide ,  t o  determine t h e  s t a b i l i t y  
of t h e  production aqu i f e r s ;  and H2S t o  determine 
s u l f i d e  emission rates from t h e  b r ine  discharge 

P ro jec t  output and hea t  r e j e c t i o n .  

po in t .  
check on scale formation wi th in  t h e  product ion 
zone of t h e  w e l l .  

(2) The high-pressure steam l i n e  immediately 
downstream of t h e  p lan t  separa tor  was monitored 
f o r  non-condensable gases, ch lor ide ,  and s i l i c a .  
The N-C gases were used t o  eva lua te  t h e  gas load 
and air  requirements of t he  inc ine ra t ion  system, 
and ch lor ide  was used t o  determine t h e  f r a c t i o n  
of b r ine  p a r t i c u l a t e  that was being passed by the  
p l a n t  separator/demistor ves se l .  

(3) The condensate d ischarge  l i n e  from t h e  
p l an t  condenser was monitored f o r  pH and N-C gas 
content and f o r  ch lo r ide  concentrations.  The 
former da t a  were used t o  eva lua te  pa r t ion ing  of 
the  N-C gases between t h e  condensate and gas 
phase, and t h e  l a t t e r  t o  check on t h e  ch lo r ide  
measurements upstream of t h e  turb ine ,  

was monitored f o r  hydrogen s u l f i d e  and s u l f u r  
dioxide t o  eva lua te  t h e  abatement e f f i c i e n c y  and 
compliance wi th  emission requirements f o r  t h e  
p l an t .  

f o r  s i l i c a  concentration t o  check t h e  e f f ec t ive -  
ness  of t h e  pond i n  removing dissolved s i l i c a ,  

( 6 )  The rock muffler discharge was monitored 
f o r  hydrogen s u l f i d e  t o  check t h e  e f f ec t iveness  
of t h e  abatement system and compliance wi th  
emission regula t ions ,  and f o r  pH t o  ensure  t h a t  
t he  steam discharge was not emi t t ing  s i g n i f i c a n t  
q u a n t i t i e s  of the  c a u s t i c  soda in j ec t ed  i n t o  the  
steam l i n e  f o r  hydrogen s u l f i d e  abatement, 

The o ther  spec ies  were analyzed as a 

(4) The inc ine ra to r  column gas d ischarge  l i n e  

(5) The s i l i c a  p r e c i p i t a t i o n  tank w a s  monitored 

SAMPLING AND ANALYTICAL PROCEDURES 

The sampling procedure f o r  t h e  pressur ized  
b r ine  w a s  e s s e n t i a l l y  t h a t  described by Kindle 
and Woodruff (1981). Although t h e i r  recommended 
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on-s i te  a n a l y t i c a l  procedures f o r  ch lo r ide ,  s i l ica  
and dissolved gases were s a t i s f a c t o r y ,  later 
a n a l y s i s  of t h e  major element chemistry d id  en- 
counter one s i g n i f i c a n t  problem. The sample pre- 
s e rva t ion  and a n a l y t i c a l  method recommended f o r  
c a t i o n  samples was a c i d i f i c a t i o n  of r a w  and f i l -  
t e r ed  samples and la ter  ana lys i s  by atomic absorp- 
t i o n  spectroscopy. Using t h i s  method, we found 
t h a t  t h e  calcium concent ra t ions  i n  t h e  a c i d i f i e d  
samples were indica ted  t o  be approximately 30% of 
those  i n  t h e  non-acidified samples f o r  both f i l -  
t e r ed  and un f i l t e r ed  s p l i t s .  Subsequent a n a l y s i s  
ind ica ted  t h a t  a n i t r o u s  oxide/acetylene flame was 
requi red  t o  ob ta in  accura te  concent ra t ion  va lues  
f o r  calcium ion. This s i t u a t i o n  suggests t h a t  
s i l i ca  polymerization o r  complexing i s  i n  some way 
binding t h e  d isso lved  calcium ions .  It is not  
p re sen t ly  known whether a similar e f f e c t  i s  occur- 
i ng  f o r  t h e  trace elements i n  t h e  b r ine ;  however, 
t h i s  p o s s i b i l i t y  i s  being inves t iga ted .  

I n i t i a l l y ,  steam samples w e r e  obtained from a 
%-inch in su la t ed  l i n e  a t tached  t o  a p o r t  on t h e  
s i d e  of t h e  main steam l i n e .  
cedure w a s  found t o  be unacceptable because of 
condensation i n  t h e  sampling l i n e .  Subsequent 
experimentation found t h a t ,  l ack ing  sample probe 
access d i r e c t l y  i n t o  t h e  steam l i n e ,  an  acceptab le  
a l t e r n a t i v e  was a steam jacke ted  1/8-inch probe 
(Fig. 3 ) .  The steam samples obtained were con- 
densed i n t o  a cool ing  water-jacketed evacuated 
b o t t l e  conta in ing  4 N sodium hydroxide. 

This sampling pro- 

PLANT STEAM LINE 

SAMPLING LINE 
7- 

Fig. 3 Steam Jacket  Sample Line. 

Analysis of t h e  samples f o r  non-condensable 
gases  w a s  by gas chromatography f o r  t h e  non- 
absorbable gases ( N 2 ,  H 2 ,  CO) and by s p e c i f i c  i o n  
e l ec t rode  and a l k a l i n i t y  t i t r a t i o n  f o r  H2S and 
CO2,  respec t ive ly .  Su l f ide  concent ra t ions  i n  t h e  
samples were high enough t o  r e s u l t  i n  s u b s t a n t i a l  
i n t e r f e rences  from HS- ion  i n  t h e  carbonate de te r -  
minations. P r e c i p i t a t i o n  and oxida t ion  of t h e  
s u l f i d e  were attempted, but t h e  r e s u l t s  were in- 
cons i s t en t ;  t h e  only  r e l i a b l e  method found f o r  
overcoming t h e  s u l f i d e  in t e r f e rences  was t o  per- 
form t h e  a l k a l i n i t y  t i t r a t i o n  over a pH range of 
11.5 t o  3.5 and then co r rec t  t h e  ac id  volume used 
'by t h a t  required f o r  a similar t i t r a t i o n  (over t h e  
same pH range) of a carbonate blank having a su l -  
f i d e  concent ra t ion  i d e n t i c a l  t o  that of t h e  sample, 

Chloride ana lyses  of t he  steam condensate 
a l s o  encountered in t e r f e rences  from disso lved  su l -  
f i d e  ion even f o r  r a w  condensate taken without 
caus t i c .  P rec ip i t a t ion  of t h e  s u l f i d e  by n i cke l  

n i t r a t e  o r  l ead  n i t r a t e  d id  not  reduce t h e  s u l f i d e  
concent ra t ion  s u f f i c i e n t l y  t o  e l imina te  t h e  in t e r -  
fe rence .  The only  method e f f e c t i v e  f o r  e l imina t -  
i ng  t h e  in t e r f e rence  w a s  t o  a c i d i f y  and b o i l  t h e  
sample down t o  one-tenth its o r i g i n a l  volume t o  
d r i v e  of f  t h e  s u l f i d e  and concent ra te  t h e  ch lo r ide  
i n  t h e  remaining l i qu id .  Another method p resen t ly  
being inves t iga ted  is  pre-concentration of t h e  
ch lo r ide  and removal of s u l f i d e  through t h e  appl i -  
c a t i o n  of i o n  exchange r e s i n s .  

The condensate discharge sampling procedures 
f o r  non-condensable gases  were s t ra ight forward  
provided t h a t  t h e  l i q u i d  w a s  introduced d i r e c t l y  
i n t o  a c a u s t i c  medium (Kindle and Woodruff, 1981). 
Without t h i s  precaution, dissolved H2S and CO2 
w e r e  r ap id ly  l o s t  t o  t h e  atmosphere. The analy- 
t i c a l  procures were i d e n t i c a l  t o  those described 
above f o r  carbonate,  s u l f i d e  and ch lor ide  ions.  

The inc ine ra to r  packed-column gas d ischarge  
w a s  monitored wi th  a l ead  acetate tape  continuous 
monitoring system. Under normal opera t ing  condi- 
t i o n s  t h i s  method w a s  successfu l ;  however, under 
flame-out of t he  inc ine ra to r ,  t he  s u l f i d e  l e v e l s  
i n  t h e  column gases  were s u f f i c i e n t l y  h igh  t o  
a f f e c t  t h e  e n t i r e  tape  spool i n  the  instrument 
and render i t  use l e s s .  Sul fur  oxides from t h e  
column e f f l u e n t  were i n i t i a l l y  sampled in te rmi t -  
t e n t l y  by d i sposa l  gas de t ec t ion  tubes; however, 
absorp t ion  of a measured volume of e f f l u e n t  i n t o  
a c a u s t i c  impinger is presen t ly  believed t o  y i e ld  
more r e l i a b l e  r e s u l t s  f o r  t o t a l  su l fu r  emission 
rates. 

Analysis of s i l i ca  concentration i n  t h e  
si l ica p r e c i p i t a t i o n  pond proved t o  be an  i n t r a c t -  
a b l e  problem. Whereas t h e  s i l i ca  present  i n  t h e  
high-pressure b r ines  seemed s t a b l e  enough t o  
a l low d i l u t i o n  before  polymerization occurred, t h e  
change i n  pH of t h e  l i q u i d  phase from 7.5  t o  8.5, 
brought about by t h e  atmospheric f l a sh ing  of t h e  
hot pressur ized  b r ine ,  induced the  rap id  formation 
of  c o l l o i d a l  s i l ica i n  t h e  b r i n e  phase, F i l t e r e d  
and d i l u t e d  (1O:l) b r i n e  samples yielded inconsis- 
t e n t  r e s u l t s  wi th  t h e  molybdate blue method even 
a f t e r  s eve ra l  days of r eequ i l ib ra t ion .  Later 
a n a l y s i s  of t hese  samples by n i t r o u s  oxide/ 
ace ty lene  atomic absorp t ion  provided b e t t e r  re- 
s u l t s ,  al though t h e  v a r i a t i o n s  i n  the  da t a  suggest 
t h a t  t h e r e  s t i l l  may be a n a l y t i c a l  problems t o  be 
resolved. 

A prec i se  eva lua t ion  of t h e  s u l f i d e  concen- 
t r a t i o n  present  i n  t h e  steam emissions from t h e  
rock muffler w a s  a r e l a t i v e l y  s t ra ight forward  
procedure. Steam condensate and non-condensable 
gases  were drawn i n t o  a c a u s t i c  so lu t ion  through 
an  evacuated f l a s k .  The major requirement w i th  
t h i s  procedure is t h e  exclusion of a i r  from t h e  
sample so lu t ion ;  t h e  in t roduct ion  of atmospheric 
oxygen i n t o  t h e  sample allows oxida t ion  of  s u l f i d e  
t o  s u l f a t e  t o  occur i n  t h e  bas i c  medium. 

Although t h e  above procedure y i e l d s  an  accur- 
a te  r ep resen ta t ion  of t h e  s u l f i d e  present  i n  t h e  
atmospheric steam emissions, an  eva lua t ion  of t h e  
e f f i c i e n c y  of t h e  abatement system, i n  terms of 
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percent  removal of t h e  o r i g i n a l  s u l f i d e  present ,  
required a f u r t h e r  s tep .  A s  t h e  hydrogen su l f ide-  
to-water vapor r a t i o  i n  t h e  steam phase i s  a l t e r e d  
by t h e  addi t ion  of de-superheat water t o  t h e  steam 
l i n e  downstream of t h e  pressure  reduct ion valve,  
i t  i s  necessary t o  r a t i o  t h e  H2S concentrat ion i n  
t h e  emitted steam t o  another  component i n  t h e  
steam phase t h a t  is unaffected by c a u s t i c  treat- 
ment. I n  t h e  present  case,  t h e  hydrogen concen- 
t r a t i o n  i n  t h e  steam emissions w a s  used as t h e  
second component. Comparison of t h e  H2S:Hz 
r a t i o s  i n  t h e  steam before and a f t e r  c a u s t i c  
t reatment  yielded t h e  requi red  abatement e f f i -  
c iency values. 

SUMMARY OF CURRENT DATA 

A summary and d iscuss ion  of t h e  p lan t  process  
chemistry d a t a  acquired dur ing  t h i s  monitoring 
program is  presented elsewhere i n  t h i s  volume 
(Thomas, 1982). However, i n  general  terms t h e  
fol lowing observat ions have been made dur ing  t h e  
f i r s t  n ine  months of opera t ions  of HGP-A: 

1. The HGP-A w e l l  f l u i d  chemistry is fol lowing a 
slow but p r e d i c t a b l e  t rend  of increas ing  
ch lor ide  concentrat ion.  
The non-condensable gases  make up about 0.2% 
of t h e  steam phase. 
Brine carryover through t h e  separator /demistor  
system is  about 0.03%. 
L e s s  than 1% of t h e  non-condensable gases  are 
p a r t i t i o n e d  i n t o  t h e  exhaust steam condensate 
from t h e  exhaust steam condenser. 
The turb ine  off-gas hydrogen s u l f i d e  abatement 
system i s  opera t ing  a t  b e t t e r  than 99% 
ef f ic iency .  
The abatement e f f i c i e n c y  of hydrogen s u l f i d e  
i n  t h e  t u r b i n e  standby (rock-muffler) system 
is  about 90% a t  a mole r a t i o  of 3 NaOHtalHzS, 
S i l i c a  p r e c i p i t a t i o n  i n  t h e  s i l i c a  s e t t l i n g  
pond i s  occurr ing a t  a very slow rate, 

2. 

3. 

4. 

5 .  

6. 

7 .  
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