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Introduction

This report on GeOthermal Research at the Puna Facilit consists of two
research papers: 1 Isotopic and Mineralogical Analyses of samples from
the HGP-A well, by Donald M. Thomas and, (2) Report on Kapoho GeOthermal
Reservoir Study at the Puna Facility, by Bill Chen, Deane Kihara, and
carolyn Ishirnoto. '!hese papers contain results of recent research and
outline future activities.

A current budget status report is also included.
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This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.
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Isotopic and Mineralogical Analyses of Samples from the HGP-A Well
Donald M. Thomas

J
The current focus of geothermal research under the present

contract is the isotopic analysis of archived samples of

geothermal fluids from the HGP-A well. The samples that have

been archived for analysis during the last five years of

operations of the generator facility include brine and stearn

samples, for oxygen-16/oxygen-18 analysis and hydrogen/

deuterium analysis, and samples of stearn condensate containing

carbonate and dissolved sulfide for carbon-13 and sulfur-34

analysis. Because the analysis of carbon and sulfur isotopes

will require sUbstantially more sample preparation effort, this

work has been delayed until additional staff can be hired for

this specific task. However, the oxygen and hydrogen isotopic

analyses are being conducted in collaboration with researchers

at the u.S. Geological Survey at Menlo Park and hence the

analytical facilities and the majority of the sample

preparation and analysis effort is being provided at minimal

cost to the project. Because of the number of samples

available and the complexity of the analysis of the data, it is

anticipated that this work will not be complete for several

more months. The results obtained to date, however, suggest

that continQed investigations will provide valuable information

regarding the geothermal reservoir.

The objectives of the oxygen and hydrogen isotope analyses have

been to: determine the source of fluids generated by the well;

determine whether production of fluids has had an impact on



their isotopic character that is consistent with the major

element chemical changes that have occurred; and to determine

whether the observed changes can be of value in projecting the

size or longevity of the geothermal aquifer being drawn upon by

HGP-A.

The analyses that have been completed to the present time have

generally spanned (at very broad intervals) the full production

life of the well up to approximately August, 1986. The

isotopic data that have been obtained indicate that the

geothermal fluids produced during the last five years have

quite distinctive isotopic compositions: the isotopic ratio of

oxygen in the brine phase has been relatively constant at

around 0 to -1 per mill relative to SMOW (Standard Mean Ocean

water) and the hydrogen isotope ratios have varied between a

high of +13 per mill (vs SMOW) to a low of -11 per mill (Figure

1). The total fluid produced by the well, when brine and steam

both are considered, has somewhat lower isotopic ratios as

shown by analysis of a few paired steam/brine samples shown in

Figure 2. Comparison of these ratios with rainfall samples

taken from Kilauea or with a generalized meteoric water

isotopic ratios indicates that these waters are enriched in

oxygen-IS and depleted in deuterium isotopes relative to

rainwater (Figure 1). The enrichment of the oxygen-IS isotope

is probably due to the isotopic exchange of oxygen between the

reservoir fluids and silicates in the reservoir rocks. The

near constancy of the oxygen isotope ratio of the brines



suggests that the exchange has been rapid and hence neither the

available silicate minerals nor the available heat in the rock

has been sUbstantially depleted in the vicinity of the

wellbore.

The behavior of the hydrogen isotopic composition has been

sUbstantially different from that of oxygen, however. The

ratios have been somewhat more erratic but have shown an

apparent decline with time. This reasons behind this behavior

are not presently well understood: the most obvious mechanism

to explain the decline in deuterium is the incursion of high

altitude meteoric recharge to the geothermal reservoir. This

mechanism appears to conflict with the obviously increasing

seawater influx into the reservoir that is indicated by the

increasing chloride concentrations present in the brine phase

that have occurred during the last five years. An alternative

mechanism is that the decline in deuterium isotope

concentration is the result of clay mineral formation that is

driven by the intrusion of seawater into the reservoir.

Although either of these mechanisms would have the effect of

lowering the deuterium concentration in the intruding

geothermal brines, further isotopic analyses will have to be

conducted in order to determine whether one or the other can be

confirmed.

Thus the tentative conclusions that can be drawn from the

isotopic data acquired to the present time are that the fluids



produced by the well indicate extensive exchange between the

silicates and water, suggesting continued availability of heat

in the reservoir, and possibly extensive clay mineral formation

in the aquifers through which seawater is entering the

reservoir tapped by HGP-A. The latter finding suggests that

the deposition of secondary clays could choke off seawater

entry into the reservoir; recent declines in chloride

concentrations in the brine phase suggest that this phenomenon

is already occurring.

A second investigation that has only recently begun has been a

study of the mineralogy of the cuttings from the HGP-A well.

The objective of this effort is to determine whether iron

present in the deeper reservoir rocks has been SUbstantially

oxidized by reaction with sulfate ions brought into the

reservoir by intruding seawater. The presence of high

concentration of sulfate in seawater entering basaltic

geothermal systems at mid-ocean ridges and its virtual absence

in the geothermal fluids being discharged from hydrothermal

systems there (and in Hawaii) have raised questions regarding

the fate of sulfate and its relationship to sulfides present in

the geothermal fluid. Analysis of cuttings and cores from the

hydrothermal system in Hawaii for changes in the oxidation

state of iron in the minerals should enable us to determine

whether iron plays a significant role in the loss of sulfate

and the increase in sulfides that have been observed.



This phase of research has progressed only to the initial

testing stage at present. However, samples of rock chips have

been analyzed using mossbauer spectroscopy and have generally

shown that peak heights for ferric and ferrous iron in the

cuttings are resolvable and that there are significant

differences between samples taken from different depths in the

well (Figures 3 and 4). Results of this research will be

reported as they become available.
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Report on Kapoho Geothermal Reservoir study
Geothermal Research at the Puna Facility

by
Bill Olen, Deane Kihara, and carolyn Ishimoto

A two phase flow model for predicting pressure drops in the HGP-A is

being developed. The model is patterned after ~kiszewski (1967) and

Olierici et al (1974). Basically, the model divides the flow into four

basic regimes, namely, bubble flow, slug flow, transition, and annular-mist.

In the bubble flow regime, small bubbles of vapor are dispersed in the

liquid phase, slip velocity (difference between vapor velocity and liquid

velocity) is small, and frictional pressure drop is due primarily to liquid

phase.

In the slug flow regime, vapor bubbles coagulate in the middle of well

bore, forming vapor slugs, with liquid phase continuous throughout.

Frictional Pressure drop is due largely to the viscosity of liquid phase.

The transition regime is the change from a continuous liquid phase to a

continuous gas phase. Normally this is a very rapid change. In our first

attempt, we will ignore this particular flow regime.

In the annular-mist regime, the vapor phase is continuous and a thin

film of liquid adheres to the pipe wall and effects of liquid are small.

The vapor phase is the predominant factor and controls the frictional

pressure drop.

currently, we have finished the formulation of the problem. '!his

includes the formulation of the conservation of mass, momentum and energy



equations, determination of flow regimes, and the prediction of pressure

drops. A computer program is being developed. 'Ihe program will be written

in FORTRAN and initially will be run on IBM PC. If the calculations take

too much time then migration to a mini or mainframe computer will be

considered.

current schedule indicates that the preliminary programming, which can

predict pressure drops only in anyone of the three regimes without changing

regimes, will be completed by JUne 19. Testing of that portion of the

program will follow and be completed by JUly 10. Programs to adjust

automatically to regime changes and provisions to accept fluids input at

different elevations will be incorporated next.

REFERENCES

Chierici et aI, ·TWo-Phase vertical Flow in Oil Wells - Prediction of
Pressure Drop·, Journal of Petroleum Technology, August 1974.

Orkiszewski, ·predicting Two-Phase Pressure Drops in Vertical Pipe·, Journal
of Petroleum Technology, June 1967.

rn_~/~
~------------
Principal Investigator
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