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The HGP-A Geotnermal Wellhead Generator
Facility, located on the Lower East Rift
Zone of Kilauea volcano, was installed as a
pilot project to demonstrate the technical
feasibility of producing electrical power
from the gecthermal reservoir discovered by
the HGP-A research well in 1976. The elec-
trical generation facility was installed in
June, 1981 and, after a number of initial
startup problems, began commercial opera-
tion in March 1982; it has now been in
operation for nearly 40 months.

During this period a numper of changes have
occurred in the well fluid chemistry that
have yielded insight into the character of
the geothermal reservoir associated with
the East Rift Zone and have identified a
number of potential operating problems, for
future geothermal facilities that may be
installed on this reservoir.

WELL PRODUCTION AND CHEMISTRY DATE

During initial testing, the HGP-A well was
found to be capable of producing approxi-
mately 50 tonnes per hour of a mixed phase
fluid consisting of approximately 22 tonnes
per hour of steam and 28 tonnes per houT of
liguid at a pressure of approximately 1200
kPaa. Subseouent to the installation and
startup of the generator facility, the well
production rate, as indicated oy the net
output of the generator, deciined by
approximately 3% per year during the first
thirty-six wmonths of operation. This
production decline occurred even with the
reduction of the wellhesd pressure from
1200 kPaaz to approximately 960 kPaa. How-
ever, ouring the thirty-sixth month of
operation the well production, and power
plant output, recovered to a level slightly
above the maximum production rate encoun-
tered during the first months of opera-
tion. This level of production has under-
gone a slight decline since this increase,
but at & rate not substantially different
from that occurring prior to the production
increase.

The fluid chemistry encountered during the
initial production tests of HGP-A showed a
low to moderate dissolved solids content of
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approximately 2,000-3,000 mg/kg consisting
predominantly of sodium chlorice and dis-
solved silica accompanied by lesser amounts
of potassium and calcium. The major dis-
solved gases consisted of cerbon dioxide,
hydrogen sulfide, nitrogen and hydrogen.
Subsequent testing found an increasing
trend in the major dissolved ion concen-
trations but a relatively stable silica
concentration. These trends have continued
during the operational history of the power
plant and, currently, the dissolved solids
concentrations are approaching 20,000 mg/kg;
silica concentrations have, however,
continued to maintain a relatively stabie
concentration in the production fluid.

In contrast to the dissolved solids, the
gas concentrations in the separate steam
have remained relatively constant exper-
iencing a decline of approximately 10% dur-
ing the production history of the well.

INTERPRETATION

The changes in the fluid production rate,
although not incrdinantly large, were cause
for concern with regard to the long-term
productivity of the reserveir. However,
the increase in the production rate sug-
gests that the three-year decline was not
the result of reservoir depletion. Invest-
igation of the production increase found
that 1) the wellhead pressure changes
associated with power increase occurred
over a very short time period (on the order
of minutes), 2) no geclogic events (e.g.
nearby earthguakes) accompanied the change
in production rate, and 3} there were no
detectable changes in fluid chemistry coin-
cident with the increase. On the basis of
these findings, we have concluded that the
decline in production rate may have been
the result of scale depesition in the well
bore that, due ta the high reservoir pres-
sures, broke free ang allowed flow rates to
increase from the deep production aguifers
in the well. This conclusion also suggests
that production from the HGP-A well is cas-
ing limited and that a larger diameter well
bore would permit & higher production rate
from this reservoir.




The chemical data obtained for the HGP-A
fluids suggest a numper of important inter-
pretations about the reservoir. The low
salinities originally encountered demon-
strate that the primary mode of recharge to
this system is from the circulation of
meteoric recharge from shallow aguifers to
depth in the reservoir. The proximity of
the well to the ocean (approximately 10 k)
and the normally high permiability of
Hawaiisn basalts also indicate that struc-
tural features associated with the intru-
sive bodies in the Tift zone control hydro-
therma)l circulation amd flow within the
Teservoir,

The substantial increase iIn salinity
clearly shows, however, that seawater is
now intruding into the portion of the
reservoir tapped by HGP-A (Figure L.
Temperature calculations using the Na-K-Ca
geothermometer (Fournier, 1981} indicate
that the initial equilibrium temperatures
of the brine phase approached 305°C but
that the intruding seawater is reflecting a
gradually declining eguilibrium temperature
that is currenmtly approaching 250°C. The
silica concentration in the brine phases,
which can also be used to calculate reser-
voir temperatures, does not, however, show
a decrease corresponding to the Na-K-Ca
temperature decline. The apparent conflict
between the two geothermometers is inter-
preted to be the result of differing rates
of equilibration of the respective dis-
solved species: whereas silica eguili-
prates very rapidly the Na-K-Ca thermometer
approaches equilibrium with reservoir tem-
peratures much more slowly. Hence, the
temperatures calculated from silica concen-
trations may more accurately reflect reser-
voir temperatures in the immediate vicinity
of the well bore.

1t is also of note that the changing con-
centrations of the alkalal ions present in
the brine indicate that the seawater basalt
reactions in the reservoir are occurring at
a gradually increasing water rock ratio.
This trend is apparent from the much more
rapid relative increase in czlcium and mag-
nesium ion concentration over that for
p?tassium in the geothermal fluids (Figure
2

The changes occurring in  the gissolved
solids content of the brine phase, when
compared with the stability of the gas con-
centrations in the steam phase, also sug-
gest a wvery important conclusion: the
marked contrast in the trends indicate that
at least two Iindependent production zones
are supplying predominantly a steam phase
and a brine phase to the well bore. Hence,
the HGP-A weil is deriving its production

from a (presumably shallow) brine aguifer
and a deeper higher temperature dry steam
zone. This model is supported by geother-
mometer calculations, wusing the non-con-
densible gas chemistry data, that show a
temperature of at least 350°C and possibly
as high as 380°C in the portion of the
reservoir supplying the steam phase. In
addition, production tests of privately-
owned wells adjacent to HGP-A have also
reportedly produced dry steam. Hence, &
dry steam reservoir is indicated to exist
within the area around the HGP-A well and
may extend over a broad area within the
East Rift Zone Complex.

IMPLICATIONS

The chemical changes observed at the HGP-A
facility and their interpretations have a
number of important implications both for
the continued operation and maintenance of
the generator facility and for the future
commercial utilization of this reservoir.
The intrusion of seawater into the reser-
voir tapped by HGP-A is of major concern
for the future operation of the HGP-A fac-
ility. The increased salinity of the geo-
thermal orines has led to a substantial
acceleration in the deposition rate of
silica scale in the brine handling system.
Even though the concentration of silica has
remained relatively stable, the Iincreased
concentration of dissolved ions has led tp
a change in the polymerization kinetics of
silica and hence the deposition rate has
increased by a factor of at least five
since the beginning of operations at the
HGP-A facility. This increased rate of
silica deposition has generated by far the
most frequent and most troublesome main-
tenance problems occurring at the generator
facility. These problems include the fol-
lowing (refer to Figure 3}:

1. Freeze-up of the wellhead wing values;

2. Silica deposition in the flash separ-
ator vessel and plugging of the brine
gischarge line at the vortex breaker;

3. Plugging of sampling ports;

4. Freeze-up of separator level control
values;

5. Plugging of the atmospheric brine flash
tank and percolation ponds. The proce-
dures currently undertaken to address
these problems imclude:

a. Freguent exercising of all values
in contact with the brine phase;

b. Freguent maintenance and clean out



of the pbrine flash separator;

c. Installation of a redundant brine
disposal line from the exit port of
the flash separator through the
separator level control;

d. Monthly to bimonthly maintenance of
the brine disposal lines;

e. Expansion of the brire percolation
ponds _from 100 mZ to more than
1000 m2 '

f. Treatment of the brine phase with a
precipitating agent and semi-annual
to annual cleanout of the sludge
settling ponds.

Although the costs of implementing these
procedures have been relatively high,
whether they will be required for future
geothermal facilities will depend upon the
type of production zone (discussed below)
encountered by future geothermal wells in
the East Rift Reservoir.

Of less immediate concern to the continued
operation of the facility is the apparent
gecline in the calculated Na-K-Ca geother-
mometer temperature. Although this decline
implies that tne intruding fluids were
equilibrated with the reservoir at a lower
temperature as discussed above, the rela-
tively slow rate at which these ions
achieve equilibrium with the reservoir sug-
gests that the calculated temperatures are
not necessarily representative of the water
temperatures in the immediate vicinity of
the well bore. An apparent decline in the
silica comcentrations in the brine would,
however, herald an imminent decline in pro-
duction temperatures and hence careful mon-
itoring of this dissolved species is con-
tinuing.

Another aspect of the water chemistry rele-
vant to the continued operation of the gen-
erator facility is the apparent increase in
water:rock ratios. Experimental studies
have shown that (Mottle, 1983 and refer-
ences therein), at very low water:rock
ratios, the fluid chemistry is relatively
bemign but at ratios approaching 50, the pH
of the fiuid phase can decline to levels as
low as pH 2. Although the water:rock
ratios represented by the fluid chemistry
are currently well pelow 50, a significant
decline in pH has occurred during the oper-
ating history of the power plant; initiel
pH's during the startup of the well were
approximately 7.4, the most recent pH
measurements made currently indicate a pH
of 6.55. This change represents an
increase in hydrogen ion concentration by a

factor of nearly ten since the beginning of
operations. Although no substantial prob-
lems have yet been encountered as a result
of tnis pH decline, continuing acidifi-
cation of the brine phase could lead to
unavoidable and unacceptable corrosion of
the brime handling system. The rate of pH
decline is, however, currently wvery low
and, at present, there is no evidence to
suggest that corrosiom rates are increas-~
ing. However, the many unknowns about the
evolution of seawater basalt systems in
general and the hydrothermal system on the
East Rift Zonme in particular suggests that
careful monitoring of the fluid pH and
chemistry is advisable.

The chemical composition of the non-conden-
sible gasses present in the steam phase
have also led to technical operations pro-
blems. Although some corrosion and iron
sulfide scale oeposition has occurred in
the steam piping and turbine internals, the
absence of ammonia or boron and effective
steam/brine separation have led to rela-
tively low scele deposition rates in the
turbine. The major focus of deposition has
been on the turbine inlet nozzels and, even
here, mainterance is apparently required
only on a biannual basis. Another signifi-
cant maintenance problem encountered has
been fouling of the steam metering system
and hence well flow data is not generally
reliable. The most iroublesome problems,
arising from the high hydrogen sulfide con-
centration im the steam phase have been
associated with maintaining a clean air
environment for plant eguipment. Hydrogren
sulfide promoted corrosion has generated
maintenance problems for plant air compres-
sors, electronic sensers and relays and
general corrosion of steel framing and
equipment that is routinely exposed to the
elements. Alleviation of these problems
will require the installation of & new and
nigher capacity air filtration system.

Although the presence of high sulfige con-
centrations in the steam phase have
resulted in high operating costs for the
hygrogen sulfide abatement system required
to meet environmental and community stan-
dards, the costs are more the result of the
sconomics of the plant size than of any
imherently difficult technical problems
associated with the abatement process. It
is of note here as well, that the absence
of ammonia or boron in the steam have
proven to be a substantial advantage with
regard to apatement of HpS in the conden-
sate steam; partitioning of the gasses in
the condenser strongly favor the gas phase
and less than 1% of the Hy remains with
the condensate stream that is used for
recharge to the cooling tower. Hence,



there appear to be few technical barriers
to cost effective removal of Hp from the
non-condensible gas stream for larger
facilities that may be installed on this
resource in the future.

The most favorable, and possibly most
important, finding of the research under-
taken at the HGP-A facility is the conclu-
sion that a dry steam production zone may
be present in the geothermal Teservoir
associated with the Kilaues East Rift
Zone. 1f this production zone proves to
extend to the reservoir as a whole, as has
been suggested by the production of dry
steam from other wells on the East Rift
Zone, it may be possible to circumvent a
number of the technical problems associated
with the production of the brine phase at
HGP-A. Exclusion of brine aquifers in
future wells would entirely eliminate the
silica deposition that has created both
faciiity maintenance anc brine disposal
problems. The continued, near constant
rate of production from the HGP-A well sug-
gests that sustained steam production from
the reservoir can occur without msjor depo-
sition or reservoir plugging problems.

DNGOING RESEARCH

A number of research programs are presently
underway at the HGP-A facility that are
attempting to improve our state of know-
ledge about the reservoir and in an effort
to address some of the technical problems
that have occurred at the generator
facility.

Monitoring of the reservoir fluid chemistry
has been underway since the initial startup
of the well and will be continued for the
foreseeaple future. Much of the current
interpretation of the reservoir has relied
upon the chemical cata obtainec to the pre-
sent; future efforts will attempt to expand
the interpretations to anticipated fiuid
recharge rates and chemical varigbilities
within the different horizons in the
reservoir.

Efforts are also underway investigating the
detailed chemical effects associated with
siiica polymerization and deposition, and
alternative methods of removal OT Tecovery
of silica from the brine phase. Recent
patch tests using metal ion addition and
froth flotation on a bench scale have shown
that Temoval of up to 83% of the dissolved
cilica is easily achievable. future tests
of this method on a flow-through system are
planned.

Other studies are investigating the pro-
duction of steam from this gesthermal

reservoir. Analysis of cuttings from sev-
eral wells in the rift zone are underway in
an effort to determine whether detectable
chemical or physical characteristics can be
found in the identified steam zones that
will allow drilling engineers to design
well completion and casing programs for
future wells that will optimize steam pro-
duction and minimize brine production.

PROSPECTS FOR THE FUTURE

The production characteristics of the HGP-A
geothermal well suggest that an extensive
and robust geothermal reservoir is associa-
ted with the Kilauea East Rift Zone. The
first forty months of operation have been
characterized by a number of startup or
"learning" problems but, to date, no insur-
mountable technical barriers to the devel-
opment of electrical power generation on
this reservoir have been encountered. The
operation of the HGP-A Generator Facility
has most clearly demonstrated this con-
clusion by being able to maintain an avail-
ability factor approacthing 95% in spite of
the fact that it was the first geothermal
generator constructed in Hawaii and one of
the first in the world to be built in an
active volcanic environment.
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This figure demonstrates the five-fold increase of chloride concentration
and inferred seawater intrusion into the reservoir with duration of pro-

duction from HGP-A,



K-Co-Mg Relative Concenirations

in Seawater-Basalt Systems

Figure 2
Changes in relative concentration of X, Ca, and Mg ions in the reservoir fluid.

*Corresponds to HGP-A fluid chemistry: K rich points represent early fluid

compositions, later compositions trend toward higher Ca concentrations.

Label points are as follows: 21 = hydrothermal vent fluids at East Pacific Rise;
R = Reykjanes Peminsula (a seawater dominated geothermal system in Iceland);

g = submarine hydrothermal vent fluids at Galatagos Islands; SW = unaltered
seawater compositions.

Fi1led numbered points (except 21) represent equilibrium ion compositions found
in high temperature seawater: basalt experiments.

The number at each point correspond to the seawater: basalt ratio.
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