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ABSTRACT 

The HGP-A Generator F a c i l i t y  has been i n  near- 
l y  continuous opera t ion  f o r  approximately 1 5  months. 
During t h i s  period w e l l  flow and power p l an t  output 
have been maintained at 49,900 kg/hr and 2.9 MWe 
respec t ive ly .  The q u a l i t y  and chemical composition 
of t h e  steam from the w e l l  has  been q u i t e  s t a b l e ,  
whereas the  s a l i n i t y  of t h e  b r i n e s  produced has 
increased s t ead i ly .  The ope ra t iona l  performance of 
t h e  steam supply system has  remained wi th in  speci- 
f i c a t i o n s  whereas maintenance d i f f i c u l t i e s  wi th  
t r i p  and con t ro l  va lve  hydraul ics  have been exper- 
ienced. The hydrogen s u l f i d e  abatement systems f o r  
normal and standby condi t ions  have proven t o  be 
q u i t e  e f f e c t i v e ,  however, t h e  opera t ing  c o s t s  of 
both systems have been found t o  be extremely high. 
S i l i c a  depos i t ion  rates wi th in  t h e  b r i n e  con t ro l  
and d isposa l  system have gradual ly  increased since 
beginning opera t ions  and are p resen t ly  considered 
t o  be the  major impediment t o  continued opera t ion  
of t h e  f a c i l i t y .  A major overhaul of t h e  HGP-A 
Generator F a c i l i t y  is c u r r e n t l y  planned t o  t ake  
p lace  i n  t h e  near  fu tu re .  

INTRODUCTION 

Construction of  t h e  HGP-A Generator F a c i l i t y ,  
loca ted  i n  Puna, H a w a i i  was completed i n  June 1981. 
During i n i t i a l  s ta r t -up  opera t ions  a number of d i f -  
f i c u l t i e s  were encountered wi th  both equipment per- 
formance and process des ign  bu t ,  a f t e r  approximate- 
l y  s i x  months of shake-down, redesign and r e p a i r ,  
t h e  power p l an t  began supplying power t o  t h e  u t i l -  
i t y  gr id  on March 1, 1982. Despite some operation- 
a l  and maintenance problems, t h e  a v a i l a b i l i t y  fac- 
t o r  f o r  t he  genera tor  f a c i l i t y  dur ing  t h e  las t  year 
of opera t ion  has  averaged approximately 95%. 
opera t ing  experience gained dur ing  t h i s  period has 
provided va luable  i n s i g h t  i n t o  both t h e  production 
c h a r a c t e r i s t i c s  of t h e  r e s e r v o i r  tapped by HGP-A 
as w e l l  as t h e  performance c a p a b i l i t i e s  of t h e  
power p l an t  equipment ope ra t ing  wi th  H a w a i i  geo- 
thermal f lu ids .  

The 

RESERVOIR PRODUCTION CHARACTERISTICS 

During i n i t i a l  t e s t i n g  of t h e  HGP-A w e l l ,  to- 
t a l  f l u i d  d ischarge  rates of approximqtely 49,900 
kg/hr (,110,000 l b s / h r )  t o  54,430 kg/hr (120,000 
bs /hr )  were achieved; a steam q u a l i t y  of 

approximately 60% t o  70% was a l s o  measured dur ing  
these  tests (Chen e t  a l , ,  1978), More r ecen t ly ,  
dur ing  extended production from HGP-A, t h e  t o t a l  
flow rate from t h e  w e l l  has s t a b i l i z e d  a t  about 
49,900 kg/hr. 
shown s i g n i f i c a n t  va r i a t ions .  
t i o n  condi t ions  (1241 kPaa (180 p s i )  wellhead pres- 
sure)  t h e  steam q u a l i t y  has  remained s t a b l e  a t  
about 43% and increas ing  o r  decreasing t h e  w e l l -  
head pressure  y i e l d s  a nea r ly  i soen tha lp i c  change 
i n  steam qua l i ty .  Subs tan t i a l  v a r i a t i o n s  i n  t h e  
steam q u a l i t y  and flow s t a b i l i z a t i o n  have, however, 
been observed i n  t h e  course of s ta r t -up  procedures. 
I n  the  pas t  a t  HGP-A, t h e  steam q u a l i t y  s t a b i l i z e d  
over a period of s eve ra l  days t o  an  equi l ibr ium 
va lue  a t  a set, s t a b l e ,  wellhead pressure.  During 
t h e  December 1981 s ta r t -up  t h e  steam q u a l i t y  re- 
mained lower than expected f o r  t h r e e  t o  four  weeks. 
It is  of no te  t h a t  t h i s  s ta r t -up  occurred a f t e r  
approximately 98 days of shut-in t h a t  was preceded 
by an 84 day production per iod ,  
l i e v e  t h a t  t h i s  i n i t i a l  decrease observed i n  t h e  
steam q u a l i t y  w a s  caused by hea t  l o s s  from t h e  
r e se rvo i r  rock around t h e  wellbore dur ing  t h e  earl- 
ier extended production. This  suggests t h a t  a 
shut-down of HGP-A i n  t h e  fu tu re  w i l l  r equ i r e  a 
considerably longer per iod  f o r  thermal recovery of 
t h e  r e se rvo i r  around t h e  w e l l  bore. 
behavior may a l s o  have important impl ica t ions  on 
t h e  p o t e n t i a l  f o r  "on-off" cyc l ing  of t h e  f u t u r e  
geothermal w e l l s  i n  H a w a i i .  

The steam qua l i ty ,  however, has  
Under power genera- 

W e  cu r r en t ly  be- 

This  type of 

Changes i n  the  chemical composition of t h e  
f l u i d s  discharged by HGP-A have followed t r ends  
very  similar t o  those  observed dur ing  t h e  w e l l s '  
earlier production h i s t o r y  (Xroopnick et  al . ,  1978; 
Thomas, 1980; Thomas, 1982a). The concent ra t ion  of 
t h e  major d i sso lved  i o n s  (Cl, Na, K, Ca) i n  t h e  
b r i n e  have continued t o  inc rease  (Table I) whereas 
t h e  s i l i ca  concent ra t ion  and b r ine  have remained 
q u i t e  s t a b l e .  
i o n  concent ra t ion  i n  t h e  b r i n e  may have been due 
t o  changing steam q u a l i t y  dur ing  t h e  earlier pro- 
duction, it now seems more probable that t h e  con- 
t i nu ing  inc rease  i s  due t o  t h e  rap id  reequi l ibra-  
t i o n  bf d i sso lved  si l ica t o  t h e  temperature of t h e  
wellbore under production conditions.  The concen- 
t r a t i o n  of non-condensable gases i n  t h e  steam phase 
have remained very  s t a b l e :  
a t  approximately 1200 ppm, H2S a t  950 ppm, N2 a t  
125 ppm, and H2 a t  11 ppm. 

Although a por t ion  of t h e  increas ing  

t h e  C02 concent ra t ion  
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Table 1. Chemical Analyses of HGP-A Brines (mg/kg) 

c1 N a  K Mg C a  S i02  

6-12-81 1593 806 154 0.02 18.5 1200 

9- 4-81 3700 2190 250 0.1 72 800 

12-22-81 3261 1745 2.81 0.04 58.3 1100 

5-19-82 5489 3066 508 0.06 124 802 

7-12-82 6044 3300 536 0.073 157 - 
10-25-82 6383 3419 579 0.10 186 802 

1- 7-83 6902 3769 582 .131 218 - 
5-28-83 7990 - - - - - --------------------------------------- ----------- ---------------------------------------=----------- 

Power P lan t  Operations and Performance 

The HGP-A F a c i l i t y  is present ly  genera t ing  a 
gross output of 2.9 me; 0.2 MWe is being consumed 
wi th in  t h e  power p lan t  and the  remainder i s  being 
transmitted t o  the  u t i l i t y  gr id .  
has been no apparent dec l ine  i n  t h e  p l an t  output o r  
e f f i c i ency  during the  l a s t  year of generation, some 
opera t iona l  and maintenance problems have developed. 

Although t h e r e  

The general  design of t he  HGP-A F a c i l i t y  is 
presented i n  Figures 1 ,2 ,  and 3. The subsystems of 
major concern t o  the  present d i scuss ion  a r e :  
steam supply system cons i s t ing  of t h e  primary w e l l -  
head separa tor ,  the  demistor ves se l ,  and assoc ia ted  
transmission piping; t h e  turbine-generator package 
cons i s t ing  of t h e  t r i p  and con t ro l  va lves  and the  
steam turb ine ;  t he  steam exhaust system cons i s t ing  
of t he  condenser and hydrogen s u l f i d e  abatement 
system; the  "stand-by" steam exhaust system con- 
s i s t i n g  of a pressure  con t ro l  valve,  a chemical in- 
j e c t i o n  system, and a rock muffler;  and t h e  b r i n e  
d isposa l  system cons is t ing  of transmission piping, 
an atmospheric f l a s h  chamber, s i l ica s e t t l i n g  ponds 
and percola t ion  ponds. 

t h e  

Turbine Package 

In  t h e  course of shake-down opera t ions  i n  mid- 
1981, depos i t ion  of t h e  above mentioned steam 
transmission l i n e  cor ros ion  products onto t h e  tu r -  
bine blades degraded t h e  tu rb ine  balance t o  t h e  
point t h a t  a ca t a s t roph ic  v i b r a t i o n  inc ident  dam- 
aged the  turb ine  r o t o r  (Thomas, 1982b). By con- 
t r a s t ,  t h e  performance of t h e  tu rb ine  during t h e  
near ly  continuous opera t ions  s ince  March, 1981 has 
been q u i t e  good. There has been l i t t l e ,  i f  any, 
increase  i n  the  c r i t i c a l  speed v i b r a t i o n  during 
turb ine  s ta r t -up  and no apprec iab le  l o s s  i n  tu rb ine  
e f f i c i ency  s ince  beginning on-line opera t ions .  
This i s  in t e rp re t ed  t o  i n d i c a t e  that s o l i d s  depo- 
s i t i o n  on the  fixed and r o t a t i n g  tu rb ine  b lades  
has been r e l a t i v e l y  minor dur ing  normal operations.  
However, a recent inspec t ion  of t h e  hand-valve 
chambers i n  the  steam-chest have found some s i l i c a  
and i ron  s u l f i d e  accumulation i n  a "dead-end" sec- 
t i o n  of t h e  number 2 hand-valve chamber. 
t i o n  of t h e  i n t e r n a l  po r t ions  of t h e  tu rb ine  is 
thus considered t o  be e s s e n t i a l  i n  t h e  near fu tu re .  

Inspec- 

The subsystem i n  t h e  tu rb ine  package t h a t  has 
experienced the  g r e a t e s t  d i f f i c u l t y  during recent  
opera t ions  has been t h e  tu rb ine  t r i p  and con t ro l  
valves. I n i t i a l l y ,  a number of problems w e r e  en- 
countered with valve seat creep i n  t h e  con t ro l  
valves;  these  problems have apparent ly  been solved 
by the  i n s t a l l a t i o n  of s t i f f e n e d  sea t ing  r i n g s  on 
these  valves.  Another malfunction t h a t  has contin- 
ued up t o  the  present has been t h e  repeated f a i l u r e  
of t h e  con t ro l  va lve  a c t u a t o r s  that apparently is 
the  r e s u l t  of t h e i r  continuous "searching" ac t ion .  
A t  t h e  present t i m e  it is  believed t h a t  t h e  
"searching" ac t ion  may be due t o  t h e  accumulation 
of water and p a r t i c u l a t e  ma te r i a l  i n  t he  hydraulic 
system. Modifications t o  t h e  r o u t i n e  maintenance 
procedures have been introduced i n  an  e f f o r t  t o  
a l l e v i a t e  t h i s  problem, 

Steam Exhaust System 
Steam Supply System 

The primary separa tor  ves se l  and t h e  secondary 
demistor have operated a t  a high l e v e l  of e f f i c i ency  
s ince  w e l l  s ta r t -up  i n  December, 1981. Brine ca r ry -  
over through t h e  primary separa tor  has remained be- 
low 0.5% and t h a t  through the  secondary demistor  
ves se l  has not been observed above 0.01% dur ing  
t e s t i n g  e f f o r t s .  

During t h e  e a r l y  shake-down period f o r  t h e  
p l an t ,  Oxidative corrosion was observed i n  t h e  steam 
transmission l i n e s  and i n  t h e  demistor ves se l .  This 
cor ros ion  i s  thought t o  have been t h e  r e s u l t  of re- 
peated cyc l i c  exposure of t h e  p ip ing  system t o  t h e  
hydrogen s u l f i d e  r i c h  geothermal steam and then t o  
a i r .  
steam l i n e  corrosion has occurred s ince  continuous 
opera t ions  began i n  March 1982; inspec t ion  and wal l  
thickness measurements w i l l  be made on these  l i n e s  
during t h e  power p lan t  overhaul opera t ions  cu r ren t ly  
being planned. 

No evidence has been found t h a t  s i g n i f i c a n t  

The hydrogen s u l f i d e  concent ra t ion  i n  HGP-A 
steam is comparit ively high (Thomas, 1982a) and, as 
a r e s u l t ,  a sur face  condenser and an  incenerator- 
scrubber hydrogen s u l f i d e  abatement system have 
been i n s t a l l e d  downstream of t h e  tu rb ine  t o  d e a l  
with t h e  non-condensable gases. 

The performance of t h e  su r face  condenser has  
been exce l len t  throughout t h e  opera t ion  of t h e  
generator f a c i l i t y ,  Neither ammonia nor boron have 
been detected i n  t h e  HGP-A steam and, hence, p a r t i -  
t ion ing  of t he  non-condensable gases has been very 
favorable;  less than 0.7% of t h e  hydrogen s u l f i d e  
i n  the  steam phase remains wi th  t h e  condensate 
water which i s  recycled t o  t h e  cool ing  tower. 

The abatement e f f i c i e n c y  of t h e  inc inera tor -  
scrubber package has been found t o  be very high 
under optimal opera t ing  condi t ions ;  less than 0.1% 
of t h e  hydrogen s u l f i d e  feed gas is emitted a s  
su l fu r  dioxide. However, a number of problems 
have been encountered i n  its operation. 
inadequate air  feed d id  not  permit complete c o w  
bus t ion  of t h e  hydrogen s u l f i d e  r e s u l t i n g  i n  

I n i t i a l l y ,  
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Figure 2 .  Turbine Generator System 
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eiemental s u l f u r  formation downstream of the  in- 
c ine ra to r .  Sul fur  depos i t ion  i n  the  scrubber 
column packing r e su l t ed  i n  rap id  plugging and a 
high pressure drop ac ross  t h e  column. 
of t h e  air  feed system t o  increase  t h e  a i r  supply 
r a t e ,  t o  twice t h e  s to ich iometr ic  a i r  requirement, 
a l l e v i a t e d  t h i s  problem f o r  rou t ine  operations.  
However, occassional recurrance of "flame out" 
condi t ions  i n  t h e  inc ine ra to r  tank continue t o  gen- 
e r a t e  a gradual build-up of s u l f u r  i n  t h e  column 
packing, 

Modification 

- 
GURNER 

r------ 
I 
1 

Figure 3. Incenerator-Scrubber System 

A second aspec t  of t h e  inc ine ra to r  scrubber 
abatement system t h a t  has caused considerable con- 
cern  has been its opera t ing  cos t s .  A t  t h e  present 
time the  chemlcal c o s t s . f o r  t h e  caus t i c  soda re- 
quired f o r  s u l f u r  d ioxide  removal average more than 
$700/day. This c o s t  is equivalent t o  about 30% of 
t h e  gross revenues generated by the  power p lan t  
from t h e  s a l e  of e l e c t r i c i t y .  
t h e  chemical feed rate have r e su l t ed  i n  substan- 
t i a l l y  reduced abatement e f f i c i e n c i e s  and increased 
cor ros ion  rates i n  t h e  e f f l u e n t  d i sposa l  system. 
An evaluation of t h e  u t i l i t y  of t h i s  abatement 
system i n  1-arger geothermal power p l a n t s  i n  Hawaii 
a l s o  suggests t h a t ,  presuming s imi l a r  steam chemi- 
s t r y  t o  HGP-A, t h e  opera t ing  c o s t s  of t h i s  type of 
system w i l l  scale up on a 1:l b a s i s  wi th  p lan t  
s i z e .  Largely due t o  t h e  c o s t s  of t h i s  systems, we 
are cu r ren t ly  eva lua t ing  t h e  f e a s i b i l i t y  of in- 
s t a l l i n g  one of s eve ra l  a l t e r n a t i v e  H2S abatement 
systems t h a t  w i l l  provide equivalent abatement 
e f f i c i e n c i e s  a t  a somewhat reduced opera t ing  cos t .  

Attempts t o  reduce 

<-< 

Standby Steam Exhaust System 

This standby system is  the  primary steam d i s -  
posa l  method used whenever the  tu rb ine  cannot ac- 
cept  steam provided by t h e  w e l l .  Its primary 
func t ion  is t o  aba te  both t h e  no i se  and t h e  hydro- 
gen s u l f i d e  emissions t h a t  would be c rea t ed  by the  
d i r e c t  r e l e a s e  of t h e  w e l l  flow t o  t h e  atmosphere. 

Noise abatement is  accomplished by accous t ic  
muff l ing of t h e  pressure  cont ro l  va lve  and by a 
sparger  and rock muffler a t  the  steam discharge  
poin t .  This design has been q u i t e  successfu l ,  
reducing the  ambient no ise  l e v e l  from about  74 dbA 
a t  a d i s t ance  of 30m under d i r e c t  ven t ing  condi- 
t i o n s  t o  about 44 dbA a t  the  same l o c a t i o n  under 
abated conditions.  

Hydrogen s u l f i d e  is removed by t h e  d i r e c t  in- 
j e c t i o n  of c a u s t i c  soda i n t o  the  steam l i n e  down- 
stream of t h e  pressure  reduction va lve  and up- 
stream of a static mixer spool. During i n i t i a l  
opera t ions  the  maximum abatement e f f i c i e n c y  ob- 
ta ined  with t h i s  system was approximately 70% t o  
92%. More r ecen t ly  however, i n s t a l l a t i o n  of spray 
nozze ls  on the  caus t i c  i n j e c t i o n  l i n e s  has  improved 
t h e  abatement l e v e l s  t o  about 95%. The opera t ing  
c o s t s  of t h i s  system a r e  a l s o  q u i t e  high: 
imately $1000/day. 

approx- 
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Brine Disposal System 

The major t echn ica l  d i f f i c u l t y  being faced i n  
t h e  continued opera t ion  of t h e  HGP-A F a c i l i t y  i s  
assoc ia ted  wi th  the  b r i n e  d i sposa l  systems. A s  
cu r ren t ly  designed, t h e  pressur ized  b r i n e  d ischarge  
from t h e  primary separa tor  is passed through a le- 
v e l  con t ro l  valve t o  an  atmospheric f l a s h  chamber. 
The f l a sh ing  process reduces t h e  b r i n e  temperature 
from approximately 190°C (37S0F) t o  100°C (212'F) 
and reduces the  b r ine  volume by about 16% through 
steam formation. The l o s s  of  d i sso lved  C02 and 
H2S from t h e  b r ine  t o  t h e  steam phase inc reases  
t h e  b r i n e  pH from about 7.0 t o  about 8.0. 

A s  a r e s u l t  of t h e  temperature and pH changes 
during t h e  secondary f l a s h i n g  process,  c o l l o i d a l  
s i l i ca  formation is induced i n  t h e  low temperature 
br ines .  During i n i t i a l  opera t ions  t h e  c o l l o i d a l  
s i l i ca  showed l i t t l e  tendency t o  p r e c i p i t a t e  of i ts  
own accord. (Early e f f o r t s  t o  aba te  hydrogen su l -  
f i d e  emissions from t h e  b r i n e  by c a u s t i c  i n j e c t i o n  
d id ,  however, i nd ica t e  t h a t  a s i g n i f i c a n t  i nc rease  
of t h e  b r i n e  pH (above 9.5) l e d  t o  a very r ap id  
f loccu la t ion  of t he  c o l l o i d a l  s i l ica  i n t o  a w e t  
ge la t inous  mass (Thomas, 1982b). Modifications t o  
the  abatement process eliminated t h i s  problem bu t ,  
more r ecen t ly ,  as t h e  s a l i n i t y  of t h e  f l u i d s  has  
increased, t he  p r e c i p i t a t i o n  of v i t r eous ,  s i n t e r -  
l i k e ,  s i l i ca  scale wi th in  and downstream of t h e  
f l a s h  chamber has increased subs t an t i a l ly .  Th i s  
has l e d  t o  plugging problems downstream of the at- 
mospheric f l a s h  chamber i n  t h e  p ip ing  and t h e  b r i n e  
d i sposa l  ponds. 

Although w e  have been unable t o  thoroughly 
inspec t  t h e  b r ine  d ischarge  l i n e s  upstream of t h e  
f l a s h  chamber, t he re  is some evidence that  si l ica 
p r e c i p i t a t i o n  i s  occurr ing  t h e r e  as w e l l ;  s eve ra l  
,small diameter "dead end" o r  i n t e r m i t t a n t  flow 
p o r t s  a t tached  t o  the  b r i n e  l i n e  have shown a ten- 
dency t o  form shor t  s i l i ca  p lugs  immediately adja- 
cen t  t o  t h e  connection poin t .  W e  have not however, 
observed a s i g n i f i c a n t  i nc rease  i n  t h e  pressure  
drop through t h e  b r ine  l i n e  upstream of t h e  l e v e l  
con t ro l  va lve  and hence we be l i eve  t h a t  s i l i ca  
p r e c i p i t a t i o n  here is cons iderably  slower than  t h a t  
occur r ing  downstream of t h e  l e v e l  con t ro l  valve.  

Modifications t o  t h e  b r i n e  d i sposa l  system 
are being planned f o r  t h e  near  f u t u r e  that may 
a l l e v i a t e  some of t h e  depos i t ion  problems, however, 
experimental i nves t iga t ions  w i l l  have t o  be consi- 
dered before  anything more than a temporary solu- 
t i o n  w i l l  be possible.  

no t  as ye t  devised a so lu t ion  t o  t h i s  problem. 

The major source of d i f f i c u l t i e s  w i th  o the r  
a u x i l i a r y  equipment seems t o  be due t o  t h e  f a c t  
t h a t  t h e  design l i f e  f o r  t h i s  demonstration pro- 
ject  w a s  set  a t  two years.  
i n t e r n a l s  and some p ip ing  wi th  more durable  
materials may be  ab le  t o  extend t h e  use fu l  l i f e  of 
t h e  HGP-A F a c i l i t y  t o  f i v e  o r  poss ib ly  t e n  years.  

R e f i t t i n g  of pump 

FUTURE OPERATIONS 

The HGP-A Generator F a c i l i t y  has now been i n  
nea r ly  continuous opera t ion  f o r  approximately 15 
months. 
components of t h e  steam supply system, t h e  tu rb ine  
generator package, and t h e  b r i n e  d i sposa l  system 
is  becoming increas ingly  necessary.  Planning f o r  
a major overhaul is  cu r ren t ly  underway and numer- 
ous opt ions  are being considered, ranging from a 
complete shut  down of t he  f a c i l i t y  and overhaul 
of t h e  e n t i r e  system, t o  a subunit  by subuni t  re- 
p a i r  in te rspersed  wi th  normal operations.  The 
former opt ion  would r equ i r e  a period of from 90 
t o  120 days f o r  w e l l  recovery (with a t t endan t  l o s t  
revenue) whereas t h e  lat ter could allow f o r  con- 
t inued revenue generation u n t i l  shut-down of t h e  
tu rb ine  f o r  overhaul i s  requi red .  A v a i l a b i l i t y  
of funding may d i c t a t e  t he  course of a c t i o n  u l t i -  
mately taken. 

A thorough examination of t he  i n t e r n a l  

Planning is a l s o  underway t o  i n s t a l l  one o r  
more a l t e r n a t i v e  hydrogen s u l f i d e  abatement sys- 
t e m s  on t h e  f a c i l i t y  t o  test t h e i r  t echn ica l  and 
economic f e a s i b i l i t y .  The abatement systems 
under cons idera t ion  have not  here-to-fore been 
used on geothermal power p l a n t s  and may provide 
very  va luable  information f o r  fu tu re  design of 
f u l l  scale geothermal p l an t s .  

SUMMARY 

The HGP-A Geothermal F a c i l i t y ,  a f t e r  more 
than  a year of operation, has successfu l ly  demon- 
s t r a t e d  t h e  t echn ica l  f e a s i b i l i t y  of genera t ing  
electrical power from H a w a i i ' s  geothermal re- 
sources.  Some subsystems of t h e  p l an t  have proven 
more successfu l  than an t i c ipa t ed  whereas o t h e r s  
have been less so. The experience gained a t  t h e  
HGP-A F a c i l i t y  s ince  s ta r t -up  w i l l  genera te  im- 
provements i n  t h e  design of f u t u r e  geothermal 
p l a n t s  i n  H a w a i i  t h a t  should allow them t o  be both  
t echn ica l ly  and economically successfu l .  

Auxi l ia ry  Equipment 
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