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=.e ECP-A geothenal  vc l l ,  located on the  lover  
east  rift system of Kilauea volcano, has provided 
seek 
frcLLi.ty on a concfnuous basis since Decenber 
L O E l .  
rtaa:Lal c!uzzges i n  the coqos i t fon  of  the reser- 

'\-of= f lu i& L ~ C  suggest several i rpor tan t  con- 
c l r u i o ~ p g a r G f n g  the KCT-A v e l l  and the reser-  
yefr r r s o c i ~ t e d  uf& the Kilauea eas t  rift zone. 
t = o q  these ere: t ha t  preproduction reservoir  
Zu iCs  have toderatc t o  lov  dissolved so l id s  
concea t t t6 t io~;  that  long-tern fluid productLon 
c i a  r e su l t  fa encroackenc of heavfly codif ied 
rewa:e: into the geothenal system; and tha t  
Ce;ositicn ot secocdary rir.crals from the  in- 
= x C L z g  sea%xter cay resu l t  i n  the obstruction and 
even=ual seal ing of che saline aquifers. 

hot  vater  t o  a 3We wellhead generator 

S h c e  proCuction beganathere have been sub- 

2 i i i . C X C i l G  

3 e  ECT-A geothernal vel1, located on tho lover  
eas t  rif: zcze of Kflauea, vas dr i l l ed  i n  1316 t o  
a t o t a l  'Ce@ of 1966 ccters. I n i t i a l  t e s t ing  o f  
=\is well shoved t h r t  it had a botton hole temp- 
rraCi=e o f  356'C and r-as capable of producing 
qq tcx l r a t e ly  SO tow,es of geothcmal f l u i d  pe r  
>;err CYues et-al., 1978). 
2 1 s  w e l l  v u  co=posed oL approxfnately 43% stcam 

57% 1fguiC brfnc (ac a separation pressure of 
r;?tcxiu:ely 1200kFa (175psia)) indfct t ing t h a t  
=L_e resource eacouatcrrd vas l iqu id  doninatid. 
ctCcr  t o  Ce=cr.strate t h e  technical f e a s i b i l i t y  of  
-,roCr?cing c laezr ica l  pover froo the geochernal 
zetsn-oir Cfseovered by the KCP-A vell, the  U.S. 
:+gameat  of e.ergy, the State  of Havaii, and 
- 3 - d a i k t i  Elec'-,c Cocpany provided funds t o  con- 
s ~ =  a sir.g?.e-flash 3Kuc uellhead generator 
ficilfty. nafs f a c i l i t y  vas completed i n  Junc 
1 5 6 1  a?*, a f t e r  a lengthy shake-dovn period, began 
c :n tkxus  cpctatfon i n  Harch 1982 (Thoors. 
ija2). 
r:icn =!e eheslcal coqos i t lon  of the reservoi r  
,",rticI dischatgcd by KCP-A have been carefu l ly  
a?rittreci i n  a3 e f f o r t  t o  identify the source of 
&e PkL& prcCuced by thfs  v c l l  and t o  provide 
:e:!xiFcal infor=ot:on tha t  nay be of value i n  thc 
C C S ? ~  of larger  cot=ercial gcochcmal generator 
ft:ili:ies. Sc=e of the core loportant findines 
cf chis nonicering program are prcsenced bclov. 

Ihe f lu id  discharged by 

f n  

&ring the subsequent f fve years of oper- 

HCP-A FLUID CKEHISTilY 

Analysis of the s t e m  and brine discharged by the 
HCP-A vell during i n i t i a l  f lov tes t ing found c h i t  
the  reservoir  f lu ids  i n  thc Kilauea cost  r f f c  zone 
contained only moderate concencratfons of 
dissolved so l id s  (about 3000cgfkg) and gases 
(about 0.2%) (Kroopnick e t  al., 1978, Thouas. 
1980). The principal dissolved specics found in 
the l i qu id  phase vere sodim, chloride, and silica 
and .the c a j o r  non-condensable gases presenc were 
carbon dioxide, hydrogen sulfide and nitrogen. 
Although the leve ls  of dissolved solids present in 
t he  geochercal f luids  vare vc l l  belov those 
an t ic ipa tcd  i n  the  in t e r io r  of the Aflauen eas t  
rift. concinuous production of f luids  d u r i n ~  cho 
subsequant f fve  years of operation of the f a c i l i t y  
resu l ted  in an approxirately tenfold fncrcase i n  
the so l id s  concentraeions (Thocas. 1986). 
o f  chlor ide ion conccntration i n  the brine phase 
varsus t i oqshovs  the gcneral crcnd of the oajor 
dissolved ions: 
increase chat, 4 t h  t ine,  has gradually levelled 
off .  Core recently, hovevcr the trend has 
undergone a reversal uich a very s l igh t  decline i n  
the  dissolved ion concentrations. 
o the r  naj.or d i  ssolved Lon concentrations have 
fol lovcd a similar trend duqing chis period, only 
rodfun increased a t  the saaa ra te  as chloride 
whoreas calcium and oagnesiua increased more 
rapidly and potassiup and l i th iun  increased more 
slowly. It is notevorchy, hovever, tha t  the 
disrolveC a f l i c a  and chc non-condensable grscs 
have not  €olloved the s w e  trend as the dissolved 
ions b u t  have naincained relat ively constant 
values in chc. brine and . s t em phases respectively. 

A plo t  

an fnfcialLy scecp race of 

Although chc 

DISCUSSION 

The concentrations of the dfssolvad sol ids  prescnc 
in the  deep reservoir f lu ids  discharged by the 
HCP-A vcl l  during the fnftial tes t ing vcre 
subs t an t i a l ly  below those anticipated on che bas is  
of t he  Chybcn-Hcrzbcrg model of island hydrology. 
This aodcl  predicted that, in che location of the 
KCP-A v c l l ,  only a th in  ( Q O O m  chick) f resh vatcr  
layer should havc been present and thac this layer  
would bc underlain by seawater sacuratcd basal ts  
8t  the  dcpchs of the ptoduccion incervalr dravn 
upon by chc KCP-A vcl l .  
s l l ghc ly  brackish vzccr a t  2km depchs suggested 
t h a t  SOIC ncchanisci hssociatcd virh chc rift zone 

. 

The prescnca of only 
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Ftg. 1. C5loridc coscencration i n  XCP-A brine vdrsus t h e .  

v u  respoasiblc f o r  exclusion of seavater fron the  
k c e x l o r  of &e gco*.e:cmal reservoir. 
ads== that tave been suggested have included: 
IFXbl t i cn  o f  c r o s s - r i f t  seauater intrusion by tSe 
l e s s  ~ e a e r b l e  dike- cotplex vi thin the deeper p a r t  
of t4.c rift; rapid convective overam and nixing 
of hct, l ess  & w e  sa l ina  caters v i th  colder, 
& s e r e  fresh retcorfc  recharge: o r  the a l t e r a t i o n  
c I  tke reservoir basal ts  and the deposition o f  
seecr.Ca-+ry ake:Crals along the southern boundary o f  

&aq;es in foe c h e a i t t y  t!!t occurred during t h  
10%-tern proCuctfon o f  the well nov suggests t h a t  
dl t ? ? ~ e c  tectaxtisu ray play a role i n  control-  
1 k g  ,clufC f lov  vf thfn thc lover eas t  rift syrtcn.  

=.e %'cry steep increaser in  the dissolved ion 
cm.cer.:ratio= t ha t  accoopanfcd long-tern pro- 
&ctfcn of nul& fro0 XCP-A suggested tha t  vfth- 
&-cr.d of reservoir fluids vas pernftt ing seawater 
ir.crrrsLons ic:o the hydrothenad systeo tappcd by 
&e well. This inference is substantiated by t h e  
coicclCcnt 1nc:cascs i n  the sodiwa and chloride 
ion ccacenaatioru vhich have caintaincd a Na:Cl 
r a t i o  &\at is nearly fCcntieal t o  that  of sea- . 
water. The conccntracions of several other najor  
icas,  tclativc t o  thac of chloride, indicated hov- 
ever t h t  the intruding seawater had been hcavily 

The nech- 

rfe k?CZO&!XYAl SyS t e a  (Thoas,  1987). The 

codified: 'lfthiun and potassiuor vere enriched i n  
the  HCP-A brines re la t ivc t o  reavater, by factors 
o f  f i f t e e n  and five respectively, ea lc iunvas  de- 
p l e t ed  by 40%, end magnesium and sulfate vere de- 
pleted by nore than 99.9t. 
enrichment and depletion is very'rfmflar to chat 
found in seafloor hydrothema1 vent systems and in 
laboratory cxpcrinentt of h i  gh-teaperamre re- 
ac t ions  bctvecn seawater and basalts (Kottle, 
1983: Birchoff and Dkkson, 1975). These. and 
o the r  s tudies ,  have shovn tha t  seavater undergoes 
a complex'chain of reactions when exposed t o  hfgh 
temperaturs bnialts  that r e su l t s  i n  both 
cod i f i ca t ion  Q €  the seavater coqos i t i on  and 
intensive a l t e r a t i o n  of the reservoir basalts. 

The degree o f  enriehnent and depletion of the 
i on ic  species during the carry production period 
indicated that the  seavater:basalt r a t io s  vera 
qutte l o v  (4.1) (Thorias, 1983). Hovever. as tha 
s a l i n i t y  of the production f luids  increased with 
tfae. the degree of enrichment of l ichiun and 
Potassiua. and the depletion of aagnesium, da- 
c l i n e d  while caleiua ion concentrattons changed 
from befng dcplctcd t o  being substancially 
enriched (Figure 2). The observed trend of 
r e l a t i v e  ion concentrations suggest t v o  possible 
interpretat ions.  The f i r s t  fr  that  the obscrved 

This pattern of 

. 
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Fig. 2. Percent enrichnent o r  depletion of Mjor  cat ions wlth respect t o  seavacer of equal 
chloride concentration. 

changes i n  ion r a t io s  reflect a progressively 
increasing seavater:basalt r a t io  i n  the geothemal 
reservoir: as progressively aore seavacer passes 
through, and reac ts  v i th ,  the vall-rock of  the 
intrusion equffer, the rocks became progressively 
al tared,  depleting Bore soluble ions f ron the 
so l id  phase. 
potassium and caleiua suggest tha t  the cffectfve 
vater  rock (V:R) r a t i o  is currently approxfnately 
three. 
seavater:sock r a t io s  observed i n  seaf loor  
hydrothenzal systens and i n  u similar  landzbased, 
scaviater doninated hydrothernal system on the 
ReykJanes peninsula in fceland (Kottl and 
Seyfreid, 1980). 

An al ternat ive hypothesis t h a t  could account fo r  
the observed changes i n  the ion r a t io s  is t h a t  
they reflecc a decline in the  temperature of  the 
reservoir due t o  the influx of  cold seavater  fro= 
outside the rift zone. 
geothexnoccter tenperahtrer through the period of 
changing f lu id  corpositions shovs t h a t  there  has 
been an apparent decline in the f lu id  temperatures 
w i t h  t i ne  (Ffgure 3). The temperatures calculated 
fo r  the f lu ids  Curing tha first few vecks o f  pro- 
duction indicated a temperature of approxbately 
300'C butm d e e r  several years of production, the 

The degree of enrichment of  

This U:R r a t i o  is u e l l  w i t h i n  the range of 

. . 

Calcuht ion of the  Na-K-Ca 

apparent ca t ion  tecperamre hive f a l l e n  t o  l e s s  
than 240%. Hovever, as noted above, the silica 
concentrations have renrined re la t fve ly  rmble at 
abouc 800-85OogFg r5ich yielC calculr ted tea- 
pcramres of approxfcately 293%. 
discrepancy in &e geoeheafcal tctperrrxcrrr i s  
believed t o  be the r e su l t  of  the difference i n  t !c  
rate at which these geotheaoceterr approach q u i -  
lfbrium. Because s i l i c a  approaches 8s equilibrirr= 
concentration pore rapidly than does t\e Na. K. 
and Ca concentration, che forner aote recurately 
r e f l ec t s  the actual  reselvoir cerperrn-es aroc-.d 
the .vell-bore. .. Because &e No-K-CI geotherco=ctcr 
achieves cqu i l fb r fw  aore rlcvly, and t a y  be core 
sens i t ive  t o  progressive depletion of  these ions 
from aquifer  Val1 rock (Le.,  a t  higher U:R 
ra t ios ) ,  the  apparent decline in the tetperatures 
calculated from these ion concentratfons nay 
correspond t o  the ceoperahucs of the fnCrudir,g 
f lu ids  p r io r  to c n t q  in to  the hydrothhcrral sys- 
tem. Thusm the changing ion cnrickencs a y  be 
the r e s u l t  of progressive a l te ra t ion  e f  reservoir 
rocks exposed to the intntdfng *eawater. 

The react ions that accompany the i n w i o n  of 
seavater i n to  the geothemal r e semoi r  have 
several important implications fo r  the chedscry 
of the geothernal reservoir f luids .  

rtrc appuenr 

* 

T i e  



production aquifers i n  thc vcll; depletion oE buf- 
fcr inc capnclty of rcscrvoir basales a t  a fas tc r  
r a t e  than tho dcplction of thcnnal encrcy could 
rcsu l t  i n  concinucd high f lu id  tcmpcraturcs but a 
disastrous daclina i n  pH of the f luids  produced; 
o r  the deposition of alteration nincrals could 
r e su l t  i n  thc eventual obstruction of thc in- 
trusion aquifers. As notcd abovc, thc s i l i c a  
tcmpcraturc has reaained rclat ivcly constant and 
thus suggcsts chat a decllnc i n  rescrvoir tcm- 
pcraturc is not imminent. 
dcclfnc i n  tho br ine pH from pH 7.1 (@25*C) t o  6.5 
(an incrcasc i n  thc  hydrogen ion conccncration by 
nearly a factor  of 10) indicates tha t  some de- 
pletion of thc buffering capacity of thc reservoir 
rocks has occurred and that fur ther  dccline i n  thc 
pH is quite  possible. Nonctheless, the decline i n  
the dissolvcd ion concentrations i n  the brine 
phase t ha t  have recently been obscrved suggest 
chat the f ractures  through vhich cold seavater 
fron south of the r i f t  is entering the geothermal 
system are  gradually beconing obstructed 8nd are  
thus choking o f f  the  f lov  of seawater in to  the 
production horizon tapped by HCP-A. 

IHPLfCATIONS FOR NTURE CE0THERHA.L DEVEYBPHfKT 
ON THE KIKUEA U S T  RIFT ZONE 

Although a project ion of the expected production' 
charactcr is t ics  o f  an  en t i re  geothemal f i e l d  on 
thc basis  of the r e su l t s  dcrived fron a single  
exploration v c l l   PUS^, of necessity, be highly 
speculative, tvo tentat ive conclusioris a r e  
suggested by the operating his tory of the HCP-A 
vel l .  These a re  a s  follovs: 

. 

Houcvcr, an observcd 

1. Wells d r i l l c d  i n  the in t e r io r  of the rift 
are  Likely t o  encountcr lov t o  coderate 
s a l i n i t i e s  but those dr i l l ed  along the 
southern boundary of the rift a r c  more 
1 i k d y  t o  encounter a se,awater dooinated 
hydro chernal sys t en  . 

2. kells d r i l l e d  along the southern boundary 
of the rift are  aore l ikc ly  t o  encounter 
e i the r  lover persneabilitlcs o r  ouch core 
ac id  geothcrmal'fluids than those drilled 
i n  the i n t e r io r  of the rift systea. 
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.. Table 7 

REPRESENTATIYE DATA 

L 

Ca 
Mg 
Fe 
Mn 

KS-IA UELL 

STEAM 
CONDENSATE 

0.19 
0- 7 

(0.7 
so. 7 

0.04 

B 
Br 
I 
F 
L.1 
c7 
Nh3 
so4 
H!3 
As 
S= 
SO3' 
Conducti vity/umho/cm) 
PH 
Density 
rota7 A7 kal inity 
HCO3 
co3 
C/a 
TSS (Total Suspended So l ids )  
Tds (Total Oisolved S o l i d s )  
s7 02 

* 40.5 . 

40.07 
<2  

0.76 
7.7" 

IO.01 

770 
3.6 

(10 
0 
0 

&z5=m E&//& - - BRINE 

10000 
2500 
860 

7 07 
8.6 
8.7 
7.0 

00 
420 

0.91 
8.6 

7 8500 
0.73 

20 - 
< 0.001 

0.6 

- 

65000 
4.6 
7.03 

570 
512. 
0 

1700 
32000 

7 500 

Results reported i n  mg/l unless otherwise noted. 

* Suspected to be incorre.ct. and responsible .for. low pH. reading. 

4 Indicates below the detection 7 i m i  t indicated. 
Brine 1196 by Weight 

. 
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A r  c02 H2S NH3 
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Table 2 
1 '  

Prel intinary noncondensible gas composition of KS-1A 
produced fluids by weight. 

r a t i o n  (& 

CH4 
Eta1 NCG 
J / O  H20 

1885 

He I H2 

I 
MP-A 

--- 
< (symbol) indicates below the detectable l i m i t  
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