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A Geochemical Case His to ry o f the HGP-A Well 1976-1982

Donald M. Thomas

Hawaii I n s t i t u t e o f Geophysics, Honolulu, Hawaii 96822

ABSTRACT

The Hawaii Geothermal Project Well-A, l oca t -
ed on the Is land of Hawaii, was completed i n 1976
t o a depth o f 1966 meters. The bottomhole tem-
perature, under shut- in condit ions, i s and
a t f u l l discharge i s capable o f producing about
45,500 o f a mixed f l u i d composed o f 48%
steam and 52% l i q u i d . The major element chemis-
t ry o f the f l u i ds suggests t h a t recharge t@the
reservo i r i s l a rge l y f resh meteoric water w i t h
no more than 10% t o 15%o f the recharge being 
from sea water. Extensive water-rock equ i l ib ra-
t i o n has occured; however ne i ther nor
s i l i c a geothermometry ca lcu la t ions have been

e t o y i e l d reasonable reservoi r temperatures.
Iso top ic data suggest t h a t the c i r c u l a t i o n ra te
and residence times o f f l u i d s i n the reservo i r
are on the order o f a few thousand years.
i so top ic data also ind ica te tha t the heat source
f o r  t h i s  reservo i r i s very young o r very large.

Helium

INTRODUCTION

The Hawaii Geothermal Project 1-A (HGP-A)
i s located on the lower East R i f t Zone o f Kilauea
Volcano on the Is land o f Hawaii and was completed
i n Ap r i l o f 1976. The wel l penetrates t o a depth
o f 1966 m and has a bottomhole temperature under
shut- in condit ions o f approximately 360°C.

The f i r s t f low t e s t of HGP-A occured on Ju ly
2, 1976 and, a f t e r i t was determined tha t the wel l
could maintain spontaneous f low f o r more than a
few hours, an extensive wel l t es t i ng program was
i n i t i a t e d  t o  determine the sustainable f low rate,
wellbore permeabi l i ty and f l u i d chemistry. Flow
tes t i ng of the wel l  ind icated t ha t i t was able t o
produce a t o t a l f low o f approximately 40,000
o f which about 48% was steam, and thus was
o f producing commercial quanti t i e s o f steam. On
t h i s basis, a wellhead e l e c t r i c a l generator
f a c i l i t y ( j o i n t l y sponsored by the U . S . Department
o f Energy, the State of Hawaii, the County o f Ha-
wa i i and Hawaiian E l e c t r i c Company) was i n s t a l l ed
on the wel l t o demonstrate the technical f eas ib i l -
i t y o f power production from t h i s resource and
thus t o st imulate the development o f a
geothermal industry i n Hawaii. I n i t i a l s ta r t - up
operations f o r t h i s f a c i l i t y June

and the power p lan t began producing e l e c t r i c a l
power on a continuous basis i n March 1982. 
present generating capacity o f the f a c i l i t y i s
approximately 2.8

The

WELL TESTING

Testing o f HGP-A can be div ided i n t o two
phases: pre l iminary tes t i ng conducted p r ima r i l y
t o determine the basic engineering and

parameters of the wel l  and developmental t es t -
i ng t o def ine the production and process chemistry
requirements f o r the design and construct ion o f a
generator f a c i l i t y .

RESERVOIR ENGINEERING ANALYSIS

Reservoir t es t i ng o f the wel l i n i t i a l l y con-
s is ted o f t es t s and short  durat ion f low 
tes ts fol lowed by pressure and temperature recov-
ery analyses. Results o f t h i s work suggested tha t
the wellbore had suf fered some sk in damagefrom mud
caking dur ing d r i l l i n g and completion operations
and t h a t the reservo i r permeabi l i ty was low (about 
1 m i l l i d a r c y ) (Yuen, e t .  a l . ,  1978). The sustain-
able production r a t e from the wel l tended t o in-
crease w i t h each f low t e s t and s tab i l i zed a t about
41,000 a t a wellhead pressure o f 1100 kpa
a f t e r an extended (40 day) f low t e s t i n 1977. Down
hole temperature and pressure p r o f i l e s obtained
dur ing and a f t e r production tes ts indicated that ,  
during production, a mixed phase was present
througout the wellbore (steam f lash ing was occurr-
i ng i n the formation) and t h a t a t l eas t three
aqui fers were provid ing f l u i d t o the we l l .
t i o n zones were located a t depths o f 1800 t o
1160 t o 1250 m, and 670 t o 700 (Yuen e t .  a l . ,  
1978).

RESERVOIR CHEMISTRY

ed on an in te rm i t t en t basis throughout t es t i ng and
production from HGP-A.
was intended t o def ine the basic parameters o f the
reservo i r penetrated by the w a l l whereas more re-
cent analysis has monitored changes i n f l u i d chem-
i s t r y a r i s i ng from long term production.

F lu i d sampling and analysis have been conduct-

The ea r l y t es t i ng phase

CHLORIDE DATA 

The ch lo r ide  ion  concentrat ion the HGP-A
brines has been monitored very c lose ly since the 
completion o f the wel l as a means o f determining
the source f l u i d s f o r the reservo i r as we l l as f o r
i den t i f y i ng changes i n reservo i r recharge (eg. co ld
water breakthrough i n t o the production aqui fers) .
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Table 1, Chemical Analysis of HGP-A Brines

Na K Ca

11-8 -76 1200 212 5 81.9

11-17-76 2520 1320 223 0.5 78.8

1-29-77 2590 1260 225 0.5 78.2

4-11-77 3050 1460 266 0.1 77.3 710

6-15-78 2420 1500 250 0.08 56.6

1-14-80 2450 1440 216 0.1 33.2

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 58.3 1100

3-22-82 5050 2655 431 121.

5293 2792 472 123. 799

5-17-82 5489 3066 508 0.060 124 802

6-14-82 5677 3200 513 0.070 149 818 

7-12-82 6044 3300 536 0.073 157.

During ini t ia l well testing the chloride concen-
tration (Table 1 ) i n the brines produced was
found t o be substantially lower than t h a t i n sea
water (Kroopnick, e t . a l . , 1978).
was unexpected since the well penetrates t o a
depth substantially below that expected for the
bottom of the Ghyben-Herzberg lens in this area.
The ini t ia l interpretation of the low chloride
concentrations was t h a t dril l ing water was being
cleared from the producing aquifers. However,
more recent production from the well has indica-
ted only a very gradual increase i n the chloride
concentrations in the geothermal fluids. Thus i t
i s presently believed that the total dissolved
solids content in the reservoir fluids under equi-
librium conditions i s on the order of 6000

This result

The low salinity of the reservoir fluids
may be the result of isolation of the interior of
the r i f t zone from ocean water intrusion by the
impermiable dike system within the r i f t zone.
High rates of meteoric recharge from the surface
coupled with rapid mixing within the dike com-
partments could thus maintain a uniformly low
salinity within the individual compartments.

Comparison of observed chloride concentra-
tions in the brine versus time (Fig. 1 ) (a l l v a l -
ues have been corrected t o 1200 flash pres-
sure) f o r three separate production periods sug-
gests t h a t the changes in chloride concentration
with time follow a reproducible trend. Although
i t i s possible t h a t the gradual chloride increase 
i s the result of increasing sea water influx into
the reservoir, i t i s more likely t h a t the change
i n chloride ion reflects migration of the flash
front o u t into the formation thereby allowing 
the liquid phase t o mine progressively more heat,
and thus form more steam from the rock matrix be-
tween the flash front and the wellbore. This
interpretation i s substantiated t o some degree by
the change in steam q u a l i t y observed during pro-
duction; during the f i r s t 300 t o 400 hours of

well flow, the steam quality increases substantial-
ly b u t the rate of increase gradually declines with
time, I t i.s suggested t h a t the sudden breaks i n
the slope of the chloride concentration curve re-
f lect the migration of the flash front into areas
of the formation t h a t have not been produced from
before and therefore have a higher temperature. 

General Brine Chemistry

The remainder of the dissolved solids i n the
HGP-A brines have been analyzed i n an effort  to 
furthur define the characteristics of the reser-
voir recharge fluids as well as attempt t o calcu-
late reservoir temperatures, The da ta acquired
indicate t h a t i f sea water does make u p a portion
of the reservoir recharge i t has, in most cases,
been substantially tered by interaction with the
reservoir rock, The ratios of the sodium and
tassium ion concentrations t o chloride ion are
about 5%and 450% above the corresponding sea wa-
t e r ion ratios whereas the calcium ion ratio i s
depleted by about 65% and both magnesium and sul-
fate ion ratios are reduced by more t h a n 99% rela-
tive to sea water. The mechanism for the modifi-
cation of the ion ratios i s largely through the

teration of potassium minerals (pr i-
marily plagioclase o r inters t i t ia l glass) and the
formation of chlorite and anhydrite for the removal
of magnesium ion and calcium and sulfate ions re-
spectively (Bischoff and 1975).
chlorite and anhydrite have been identified i n the
deeper cores from HGP-A; the former as an altera-
tion product and the la t te r as a vein f i l l ing

(Stone, 1977). Even though the cation con-
centrations have been substantially tered by
interactions with the reservoir rocks, attempts t o
calculate reservoir temperatures using the cation 
geothermometers have been uniformly unsuccessful,
Depending on the assumptions made, calculated
servoi r temperatures have ranged from t o 120°C
below the s ta t ic (nonproducing) bottom-hole temper-
ature in HGP-A. Calculations of the reservoir

Both
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P lo t o f Chloride Concentration versus time i n HGP-A brinesFig. 1

temperatures using geothermometry have simi-
1arly been unsuccessful. though the s i 1 con-
centrat ions are high i n the HGP-A brines, the ca l -
culated temperatures using the s i l i c a concentrations
are wel l below the s t a t i c bottom-hole temperature. 
Evaluation o f concentrations during we l l
s tar t- up operations indicates t h a t the concentra-
t ions peak a short time a f t e r production begins and
then rap id l y decl ine as the wellbore i s cleared o f
f l u i ds , This suggests tha t the dissolved s i l i c a i n
the br ine phase i s r ap id l y re- equ i l ib ra t ing t o the
much lower bottom-hole temperatures brought about
by production o f steam from the wel l ,

formation o r the wellbore during production i s of
major concern t o the poten t ia l f o r long term pro-
duction from t h i s reservoi r . I f the above mechan-
ism f o r s i l i c a concentrat ion contro l i s va l id , i t
fo l lows t h a t s i l i c a must be deposit ing i n the form-
a t i on around the wellbore, Although s i l i c a scal ing
i n the surface p ip ing o f the power p lan t has
ceeded a t a r e l a t i v e l y slow ra te , during the l a s t
twelve months i t i s h igh l y probable tha t deposi t ion
i s considerably more rap id i n the reservoi r ,
parison o f the r a t i o s o f the ind iv idua l cat ion con-
centrat ions t o ch lo r ide ion can also ind ica te

The deposit ion o f hydrothermal minerals i n the

Com-

whether deposi t ion o f other minerals i s occuring.
If,for example, calcium carbonate were being de-
posi ted ¶ one woul d expect a gradual l y increasing

r a t i o i n the br ines produced. The chemical
data obtained t o the present time ind ica te t h a t
a l l o f the ca t ion t o ch lo r ide r a t i o s i n the br ines 
have been r e l a t i v e l y constant and do not e x h i b i t
any d i s t i n c t trends, The absence of a trend o f
t h i s s o r t f o r the ca t ion concentrations suggests
tha t s i l i c a i s the only mineral t ha t i s present ly
being deposited a t an appreciable r a t e as a r e s u l t
o f the f lash ing process.

elements i n the geothermal brines has been moni-
tored on an in te rm i t t en t basis i n order t o evalu-
a te the poten t ia l environmental of the
geothermal f l u i d s being produced, The present ly
ava i lab le data (Table 2 ) ind ica te tha t the concen-
t ra t i ons o f many o f these elements are we l l below
those found i n f l u i d s from most other geothermal
environments. The low t r a n s i t i o n element concen-
t ra t i ons i n the HGP-A f l u i d s almost ce r t a i n l y ar ise
from the low concentrations o f these elements
found i n Hawaiian basalts.

The concentrations o f the t race t r a n s i t i o n
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Table 2 . Trace element concentrations the HGP-A brines

Date Hg Pb AS B

6/16/77 0.41 “35

6/13/01 50

1/27 82 2

Date

Table 3 . Down-hole water chemistry for HGP-A

Depth
(meters) Na K Ca

690 910 500 77.5 1.9 21

1310 920 480 85 17.3

1770 980 500 223 0.6 22.6

2/14/77 690 4800 2160 248 14.7 465

2 1070 1030 600 82.5 0.4 39.3

14/77 1770 2330 160 2.0 161

87.5 1.9 95.72/14/77 620
1920

DOWNHOLE WATER CHEMISTRY

During early test ing of the well a number of
profi le water samples were obtained as

a means of identifying and defining the produc-
tion chemistry of the different aquifers i n the
well (Kroopnick, e t .  a l . ,  The chemical
data from these samples (Table 3) i n i t i a l l y i n -
dicated a relatively uniform composition i n the

1bore , suggesting that only one production
zone was providing f lu ids t o the well o r that

t i p l e zones were producing f lu ids of
chemical composition. B u t , subsequent sampling
prof i1es identif ied three different production
zones ( F i g . 2 , Fig. 3) having dis t inc t ively
different compositions, The upper production
zone, a t about a 670 m depth, had substantial ly
higher chloride, magnesium, and calcium concentra-
tions than the deeper aquifers. The ra t ios of
magnesium and calcium ion concentrations to the
chloride ion suggest that  f lu ids  from this aqui-
f e r had not been thermally altered to the same
degree as the f lu ids entering the well a t deeper
levels.
this aquifer was injecting low enthalpy f lu ids
into the well d u r i n g production; a pro-
gram necessitated by a leak i n the surface casing
subsequently sealed off this aquifer. The second
production zone a t a depth of 1158 m is also i n -
dicated to have a significantly higher sa l in i ty
t h a n the bottom hole. The loss of calcium and
magnesium from the fluids i n this aquifer suggests
that higher enthalpy f lu ids are being produced a t
this depth.
production zone a t bottom hole has a lower salin-
i t y and total dissolved solids than those above i t .
The gradual development of these aquifers w i t h
time tends to substantiate the engineering analy-
s i s t h a t the wellbore had suffered substantial

On this basis i t was hypothesized that

The data indicate that the t h i r d

skin damage d u r i n g d r i l l i ng and completion opera-
tions; several flow tes t s were apparently neces-
sary to clear the dr i l l i ng mud and debris from
the major production zones i n the well.

CONDENSIBLE GAS COMPOSITIONS

The concentration and composition of
densible gases i n the HGP-A steam phase have been
determined on a frequent basis since the comple-
tion of the well.
aquired d u r i n g short term flow t e s t s , indicated
quite variable compositions having total concen-
tra t ions ranging from 750 to 5900 i n
the steam phase. Although some of the observed
var iabi l i ty is undoubtedly the resul t of sampling
and analytical er rors , more recent analysis of
the gas compositions during longer term flow tes t s
indicates that the non-condensible gas concentra-
tions and compositions change radically d u r i n g
the f i r s t few hundred hours of production and then
gradual s tabi l ize . The observed changes are
probably due, i n part , t o the development and m i -
gration of the flash front into the reservoir
however, other chemical processes are undoubtedly
involved as well. Analysis o f the non-condensible
gases from the most recent production period indi-
cates that the gas compositions have stabi l ized
and are l ikely to remain a t a concentration of
about 2400 for the immediate furture.

The ea r l i e r data (Table

Analysis o f the steam phase fo r other
t i l e s have not found a t detectable levels
whereas boron and arsenic are present
only a t trace levels.

ISOTOPIC ANALYSES

Stable and radio-isotopic analyses have been 
on the geothermal f lu ids from HGP-A on
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F i g . 2 Plot of Chloride Concentration versus
depth fo r downhole prof i l e samples .

an in te rmi t ten t basis  s ince flow te s t i ng of the
well began both as a means of determining the
reservoir recharge cha rac t e r i s t i c s a s well as t o
monitor environmental impacts of the well d i s-
charge. Radioisotopic analyses were done f o r
t r i t i um, carbon - 14, and radon isotopes in the 
geothermal f l u id s during the  ear ly  t e s t i ng phase
as well as recently. Tritium concentrations
in brine under extended flow .e . uncontam-
inated condit ions) a r e a t background leve ls
(0.1 TU) indicat ing tha t the bulk of the recharge
f o r the well i s a t l e a s t 30 years  old.  Brine
samples analyzed from an e a r l i e r t e s t , (Thomas,
1980) conducted approximately f i ve months a f t e r a
substant ial  quanti ty of surface water had been
pumped in to  the  well indicated t h a t a l l the
water pumped in to the reservoir  x 10 kg) was
discharged over a period o f 12 to 14 days. This 
would suggest t h a t the f l u id c i rcu la t ion and r e s i -
dence times within the inmediate v i c in i t y of the
wellbore a r e on the ordei of years .

Analysis o f carbon-14 in carbon dioxide pro-
duced by the well during ear ly  tes t ing  yielded an
apparent age o f about 12,000 years and
Kroopnick, 1978). This value was considered t o
be a age since carbon dioxide
(having zero carbon-14 a c t i v i t y ) i s expected t o

a s ign i f i c an t ( i f not substant ial ) contribu-
t ion t o the carbon present in the well f l u id s .
Thus i t hypothesized t h a t carbon-
aceous used in the d r i l l i n g process
(bagasse, cotton seed hu l l s , e t c . ) was a

HGP-A
MAGNESIUM

25, Jan, 77
14,

Fig. 3 Plo t o f Magnesium Ion Concentration versus
depth f o r downhole prof 1 e samples.

Table 4. Non-Condensible Gas Compositions in HGP-A.
(expressed in o f steam)

Date

9/77 4431 1435 131 4 6 . 3

8/77 2378 878 375 1 5 . 1

7 7 445 112. 116. 2 . 3

1/19/80 1000 750 1G8 1 1 . 0

5/31/82 1238 886 129 1 1 . 0

subs tan t ia l i n the carbon dioxide in
the 1 discharge. More recent analyses, however,
have confirmed the e a r l i e r data suggesting tha t
the hydrologic c i rcu la t ion ra t e within t h i s reser-
voir i s subs tan t ia l ly rapid than t h a t within
la rger continental reservoi rs .
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The concentrations o f radon i n the geothermal
f l u i d s have ranged from 1.16 nano cu r i e per k i l o -
gram o f steam condensate dur ing ea r l y flow
tes t i ng t o approximately 3.7 dur ing more
recent longer-term production (Kruger, personal
comnunication). The concentrat ion o f radon i n the
t o t a l we l l  f low f o r the l a t e r samples i s ca lcu la t-
ed t o be about 1.65 This compares w i t h
values averaging approximately 20 i n the
Geysers geothermal f i e l d . The 1 ower radon concen-
t ra t i ons found i n Hawaii are considered t o be
la rge l y due t o the lower uranium concentrat ions
present i n Hawaiian basal ts r e l a t i v e t o the more
s i l i c i c volcanic and sedimentary rocks found i n
cont inenta l environments.

A very l i m i t e d number o f stable i so top i c anal-
yses have been performed f o r carbon, oxygen, hydro-
gen, and helium i n the HGP-A f l u i ds ,
i so top ic values ranged from -1 t o ver-
sus PDB. These values are somewhat heavier than
expected since primary sources f o r the carbon
present i n these f l u i d s would be biogenic carbon
and magmatic carbon which are presumed t o have
r a t i o s o f approximately and respective-
ly, Although iso top ic f r ac t i ona t i on processes are
almost c e r t a i n l y contro l 1i ng the r a t i o s ob-
served i n the wel l discharge, the data are present-
l y inadequate t o attempt even a prel iminary eval-
uat ion of the react ions governing the carbon iso-
top i c  r a t i os .  

Carbon-13

A l i m i t e d number o f hydrogen and oxygen iso-
top i c analyses were conducted on f l u i d s obtained
dur ing the ea r l y  t es t i ng  o f HGP-A. The iso top ic
r a t i o s determined f o r these samples ranged from

t o and from t o re la-
t i v e t o standard mean ocean water f o r deu-
ter ium and isotopes respect ive ly , These
values suggest t h a t the f l u i d s analyzed were o f
loca l meteoric o r i g i n and t h a t oxygen iso top ic ex-
change with the reservo i r rock had not occurred t o
an appreciable degree,
dered h igh l y probable t h a t these f l u i d s were com-
pr ised la rge l y o f water pumped i n t o the reservo i r
dur ing the d r i l l i n g and completion operations. 
Unfortunately no more recent analyses have been
conducted f o r the hydrogen and oxygen isotopes
from HGP-A.

On t h i s basis, i t i s consi-

Helium iso top i c analyses f o r the f l u i d s from
HGP-A have y ie lded r a t i o s o f a proximately
1.7 X 10-5 (Thomas and Kroopnick, 19787, near ly a
fac to r o f ten above atmospheric helium isotope ra-
t i o s , These values are s i m i l a r t o those observed
i n fumarol ic gases a t the Kilauea suggest-
i ng t h a t there i s a substant ia l component o f mag-
matic helium present i n the geothermal f l u i ds ,
This, i n turn, impl ies t h a t the magma bodies from 
which the reservo i r derives i t s helium (and i t s
heat) are r e l a t i v e l y young o r are very large. 

SUMMARY

The t o t a l dissolved so l ids content o f the f l u -
ids produced by HGP-A i s we l l below t h a t o f sea-
water i nd i ca t i ng t h a t par ts o f the reservo i r have
minimal d i r e c t communication w i t h the normal

lens adjacent t o the rift sone. This,
impl ies t h a t there i s strong compartmentalization
w i t h i n the reservoi r .  
2. The t o t a l dissolved so l ids content o f the f l u -
i ds produced by the wel l i s l i k e l y  t o  increase as
the f l ash f r o n t migrates out i n t o the formation.
The ra te o f increase i n the dissolved so l ids con-
t e n t o f the f l u i d s over the production l i f e o f the
we l l i s expected t o be r e l a t i v e l y constant u n t i l
such time as the f l ash f r o n t stabal izes.
3. Steam production occuring i n the formation i s
inducing s i l i c a deposi t ion w i t h i n the production 
aqui fers.
4. The t o x i c  t r a n s i t i o n  element concentrations i n
the f l u i d s from HGP-A o r other geothermal we l l s i n
the reservo i r are l i k e l y t o remain r e l a t i v e l y low
compared t o cont inenta l geothermal systems.
5.
we l l f l u i d s w i l l probably remain a t a near ly con-
s tan t  l eve l  f o r the imnediate future.
6. The c i r c u l a t i o n  r a t e  and residence time of
f l u i d s w i t h i n the reservo i r produced by HGP-A are
greater than 30 years but almost ce r t a i n l y less
than a few thousand years.
7. Helium iso top ic data suggest t h a t the heat
source f o r the we l l i s a r e l a t i v e l y young and/or
la rge magma body s t i l l out-gassing i t s pr imordia l
r a re gases.

The non-condensible gas concentrat ion i n the
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