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. ABSTRACT

The EG2-A geothermal well, leocated on the lower
east rifc systea of Kilsuea volcano, has provided
sceaz and hot water to & 3iile wellhead generator
f2¢114ty on & continucus basis since Dececber
1981. Since production began.there have been sub-
stancial chenges in the cozpositicn of the reser-
‘volr fluids that suggest several {mportant con-
cluslons regazding the HGP-A well and the reser-
<wolr essocleted with the Kileuea east rift zome,
s=ong these ere: that prepreduction reservoir
£fluids have molerate to lew dissolved solids
concentrations; that long-term fluld productien
can result {n encroachzent of heavily modified
seawvater {nto the geothermal systen; and that
dezositicn of secondary minerals from the iIn-
sruding seaveter may result in the obstruction and
eventual seaiing of the saline aquifers.

SNTELIUCTION

The EGP-A geocthermal vell, located on the lower
east tifs zocze of Kilauea, vas drilled fn 1976 to
& toctal depcth of 1966 meters. Initial testing of
this vell shewed thet {t had a bottom hole texp-
ezatuze of 358°C and was capable of producing
pprexicately 50 tonnes of geothermal fluid per
tzur (Yuen et'e2l., 1978). The fluid discharged by
this vell vas cozmposed of approximately 43% stean
a=d STt ligquid brine (at & separacion pressure of
ezprexinately 1200k?a (175psis)) {ndicating thac
the rescurce encountered was liquid dominated. In
czder to dezcnstrate the technical feasibility of
sroducing electrical pover from the geothermal
Teservolir discovered by the HCP-A well, the U.S.
Sepertment of Energy, the Scate of Hawvali, and
Zzwallan Electric Company provided funds to con-
szzuct & single-flash 3MUe vellhead generater
facill :y. This facility was completed {n June
1551 end, after e lengthy shake-down period, began
csatinucus epecztion in March 1982 (Thomas,

1332). During the subsequent five years of opers
azlca the chezlcal cemposition of the reserveir
Sivids discharged by HCP-A have been carefully
saltered {n an effort to identify the source of
tie flulds preduced by this well and to provide
tezhinical {nforzation that may be of value {n the
¢esign of larger comzercial geothermal generator
fe2ilicles, Scze of the core fmporcant findings
¢ chis conitering prograc are presenced below.

HGP-A FLUID CHEMISTRY

Analysis of the steam and brine discharged by the
HGP-A well during initial flow testing found that
the reservoir fluids {n the Kilauea east rift zone
contained only moderate concentraticns of
dissclved solids (sbout 3000mg/kg) and gases
(about 0.25%) (Kroopnick et al,, 1978, Thomas,
1980). The principal dissolved specifes found in
the liquid phase were sodium, chloride, and sflica
and the cajor non-condensable gases presenc vere
carbon dfoxide, hydrogen sulfide and nitrogen.
Although the levels of dissolved solids present {n
the geotherczl flulds were vell below those
anticipated in the interior of the Kilauea easc
rifc, concinuous production of fluids during the
subsequent five years of operation of the facflity
resulted in an approxirately tenfold fmcrease in
the solids concentrations (Thomas, 1986). A plot
of chloride fon concentration in the brine phase
versus time shovs the general trend of the nmajor
dissolved fons: an initially steep rate of
increase that, vith time, has gradually levelled
off. tHore recently, however the trend has .
undergone & reversal with a very slight decline in
the dissolved fon concencrations. Although the
other major dissolved fon concentrations have
followed & similar trend during chis pericd, only
sodiun {ncrecased at the same rate as chloride
vhereas calcium and magnesium {ncreased vore
rapidly and potassfum znd 1ithium increased vore
slovly. It i{s noteworthy, however, that the
dissolved silica and the non-condensable gases
have not folloved the same trend az the dissolved
{fons but have maintained relatively constant
values in the brine and steam phases respeccively.

DISCUSSION

The concentrations of the dissolved solids present
in the deep reservoir flutds discharged by the
HGP-A well during the {initial testing were
substantially belov those anticipated on the basis
of the Chyben-Herzberg model of {sland hydrology.
Thi{s model predfcted that, in the location of the
HGP-A well, only & thin (<200m thick) fresh water
layer should have been present and that this layer
vould be underlain by seavater saturated basalts
ac the depths of the produccion {ntervals drawvn
upon by the HGP-A well. The presence of only
slighcly brackish vater at 2km depths suggested
that some mechanism sssociated with the rift zone
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Fig. -. Chloride concentration in KGP-A brine versus tice.

vas responsible for exclusion of sesvater from the
f{aterior of the geothernal reservolr, The mech-
gnis=s that kave been suggested have {ncluded:
{chiblizicn of cross-rifc seavacter intrusien by the
less gercesble dike complex vithin the deeper parc
of the rifc; rapid convective overturn and mixing
of hee, less dense galine vaters vich colder,
C¢easer, fresh tetecric recharge; or the alteration
¢f the reservolr basalts and the deposition of
secenZary aninerals along the southern boundary of
tte Lidrother=zl system (Thomas, 1987).  The
ctenges in foa cheaistry that cccurred during the
leng-tern production of the well now guggests thac
211 three pechznisss cay pley a role in control-
ling fluid flov within the lower ezst rift systen.

The very steep Increases in the dissolved fon
cencentrations that accompanied long-term pro-
¢ucticn of flulds from HCP-A suggested that with-
éreval of reservolr flulds vas pernitting seawacer
¢nzrusions {nto the hydrothermal systems tapped by
the vell, This {nference is substanciated by the
colrclident {ncresses {n the sediua and chloride
{en ccncencrations vhich have czintained a Na:Cl
ratioc that {s nearly {dentical to that of sea-
vateT, The concentracions of several cther major
fens, relstive to thac of chloride, {ndicated how-
ever that the intruding seavater had been heavily

codificd: lithfun and potassium vere enriched {n
the HGP-A brines relacive to seawater, by factors
of fifteen and five respectively, czlciun was de-
pleted by 40%, and magnesium and sulfate were de-
pleted by more than 99.9t. This pattern of
enrichzoent and deplectfon i{s very similar to that
found in geafloor hydrothermal vent systems and in
laberatory experiments of high-temperature re-
actions between scavater and basalts (Mottle,
1983; Bischoff and Dickson, 1975). These, and
other studies, have showvn that geswater undergoes
& complex’chain of reactions vhen exposed to high
texperature basalts that results in boch
zodification of the seavater composition and
inctensive alteracion of the reservoir basalcs.

The degree of enrichument and depleticn of the
ionic spectles during the early production period
indicated that the seavater:basazlt racios wvere
quite low (<0.1) (Thomas, 1983). Hovever, as the
salinity of the production flulds increased with
time, the degree of enrichment of l{chium and
potassiun, and the depletion of magnesium, de-
clined while calciun {on concentrations changed
from being depleted to being subsctantially
encriched (Figure 2). The cbserved trend of
relative {on concentrations suggest two possible
interpretations. The first is that the observed
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changes in fon ratios reflect & progressively
increasing geavater:bssalc ratic in the geothermal
reservolr; as progressively.more seawater passes
through, and rezccts with, the wallerock of the
incrusion equifer, the rocks became progressively
altered, depleting more soluble fons from the
solid phase. The degree of enrichment of
potassium end czlciuz suggest thzt the effective
vater rock (V:R) ratlo {s currencly approximately
chree. This W:R ratfo {s well within the range of
seawater:rock ratics observed in sezfloor
hydrocherzal syscems and in a similar land-based,
sezvater doninated hydrothermal systeam on the
Reykjenes penfinsula in Iceland (Mottl and
Seyfreld, 1980).

An alternative hypothesis that could account for
the cbserved changes in the ifon ratios is that
they reflect & decline {n the temperature of the
reservoir due to the {nflux of cold seavater from
outside the rift zone. Calculaticon of the Na-K-Ca
geothermoncter temperatures through the period of
changing fluid compositions shows thac there has
been an apparent decline in the fluld temperatures
wvith time (Figure 3). The Ctemperatures calculated
for the fluids during the first few weeks of pro-
duction {ndicated & temperature of spproximately
300°C but, after several years of producticn, the

apparent cation tecperature have fallea to less
than 240°C. However, &s nocted sbove, the s{lica
concentrations have remained relati{vely stable ez
about B0Q-850mg/kg vhich yleld calculated tez-
peratures of zpproxicactely 295°C. The apparent
discrepancy in cthe geochenfcal tecpersztures {s
believed co be the result of the difference {n the
race at which these geothercoceters approsch equi-
librium, Because silice zpproeches an equilibriu:
concentration more rzpidly than dees the Na, K,
and Ca concentration, the former more eccurately
reflects the actual reservolr tecperatures arcund
the wvell-bore. - Because: the Na-K-Ca gecthercozeter
achieves equilibrium more slevly, and cay be core
sensitive to progressive depletion of these fons
from aquifer vall vock (i.e., at higher W:R
raties), the apparent decline in the tecperacures
calculated from these fon concentraticns cay '
-correspond to the temperatures of the intruding
fluids prier to entry into the hydrotherzal sys-
tem, Thus, the changing {on enrichzents cay be
the resulc of progressive slteracion ¢f reservolr
rocks exposed to the {ntruding seavater.

The rcactions that accompeny the Intrusion of
seavater into the geothermal reservoir have
several important ioplications for the cheoiscry
of cthe geothermal reservoir fluids., The




production aquifers in the wecll; depletion of buf-
fering c.apn'ct.ty of rescrvoir basalcs at a faster
rate cthan the depletion of thermal energy could
result {n conctinued high fluld temperatures buc a
disastrous declino in pH of the. fluids produced;
or the deposition of ‘alteration minerals could
result {n the cventual cbstruction of the in-
trusion aquifers. As noted above, the silica
temperature has remained relatively constant and
thus suggests that a decline in reservoir tem-
perature {s not {mminent, However, an cbserved
decline in the brine pH from pH 7.4 (@25°C) to 6.5
(an increase in the hydrogen fon concentration by
nearly a factor of 10) indicates that soce de-
plecion of the buffering capacity of the reserveir
rocks has cccurred and that further decline in the
pH 1s quite possible. Nonetheless, the declinre in
the dissolved fon concentrations in the brine
phase that have recently been observed suggest
that the fractures through which cold seawater
from gouth of the rift i{s entering the geothermal
systen are gradually becoming obstructed znd are
thus choking off the flow of seawater into the
production horizon tapped by HGP-A,

IMPLICATIONS FOR FUTURE GEOTHERMAL DEVELOPMENT
ON THE KILAUEA EAST RIFT ZONE

Although a projecticn of the expected productioen
chavacteristics of an entire geothermal field onm
the basis of the results derived from & single
exploration well cust, of necessicy, be highly
speculacive, two tentative conclusioris are
suggested by the operating history of the HGP-A
vell. These sre as follows:

1. WVells drilled {n the interfor of the rifc
are likely to encounter lov to moderate
salinities but those drilled along the
southern boundary of the tift are more
likely to encounter a seavater doainated
hydrothernal systenm.

2, {(lells drilled along the southern boundary
of the rift are more likely to encounter
either lower permeabilities or much core
acid geothermal ‘fluids than those drilled
in the interior of the rifc system.
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Table 1

REPRESENTATIVE DATA

KS-1A WELL
sty
STEAM ;
CONDENSATE BRINE STEF™M Be/n/E
0.19 10000
0.1 2500
£0.1 860 )
<0.1 1.7
0.04 8.6
8.1
. £0.5 7.0
' 80
<20
0.91
<0.01 8.6
_ <2 18500
0.16 0.13
7.1% 20 -
<0.001
<0.01 0.6
3 .
Conductivity/umho/cm) 110 65000
pH 3.6 4.6
Density 1.03
Total Alkalinity <10 <10
HCO3 0 12
C03 0 0
C/a
Tss (Total Suspended Solids) , 1100
Tds (Total Disolved Solids) <410 " 32000
S102 1.3 1500

Results reported in mg/l1 unless otherwise noted.
* Suspected to be incorrect and responsible for- low pH reading.

<Indicates below the detection limit indicated.
Brine 17% by Weight '

\\LwQ dss T4+ P s_?

ﬁ/&u C & e/




Table 2

s

Preliminary noncondensible gas composition of KS-1A

produced fluids by weight.

Concentration (ppm)
: : ' Total NCG
Sample H20 C02 HZS | NH3 Ar N2 CH4 He Hz w/o HZO
10-Day | 9.98x10° | 4.27x10% | 1.01x10%{ <1.31] 3.14 2.12x10% | <1.32x107 | <5.03x10°3 | 1.0x10! | 1662
16-Day | 9.98x10° | 3.52x10% | 1.49x10%| <1.31| 4.11x10°2} 7.54 <9.48x10"% | <3.62x1073 | 5.34 | 1885
. Har-A

< (symbol) indicates below the détectab1e‘11mit
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