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Noi'i '0 Puna - The P.ma Research Center
(PRC), located on the grounds of the HGP-A
p:r,,'er plant site in Puna, Hawaii, was dedi­
cated on August 24, 1985. Research projects,
siJP?Orted by the U. S. Department of Energy
(USDOE), State, County, utility, and the pri­
vate sector have been initiated in the areas
of geothermal reservoi r engineer ing, silica
utilization, and corrosion of materials.

~n international geothermal applications
""orkshop was held in Hi 10, Hawai i the day
~fore the deClication to Cliscuss corrmon pro­
::,1 ems and methods of sol ut i on by cooperat i ve
research. The three main categori.es aCl­
dressed were process chemistry design, reser­
voi r engi neeri ng, and agr i culture/aquaculture
applications. The workshop identified how
PRe might be used for these research purposes.

T."le advantages prOVided by PRe include the
availabili ry of non-propr i etary information,
an operati.onal po·...·er plant with adjacent
latloratory, proximity of private wells, the
FellO'...·s in Renewable Energy Engineering pro­
gram, and strong support from the State,
Co~ty, and utility. A second workshop is in
the planning stages to follow through on the
recommendations and ~ill be held in the
Orient next year.

The COllVllunity Geothermal Technology Program,
featuring projects conducted by individuals
and companies in the local community, has
been funded and ",-ill act i vely ini tiate pro­
jects this lOClnth. T.1is program received
IT~tching funds from the USDOE, County of
Ha~aii and the private sector.

The research test fad 1i ty, Noi' i 0 Puna ­
the P..Jna Research center (PRe), was dedicateCl
in l,ugust 1985. The facility is located on
the grounds of the HGP-A power plant on the
Sig Island of Ha...·aii (see Figures 1, 2, 3,
and 4). PRe will provide heat and high pres­
sure brine (186C C, 11.25 kg/cm2 ) for
research on di rect use appli cations and
by-product recovery. A number of research
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projects and a special community program of
direct heat use hav'e been initiated through
sup.x>rt from the U. S. Department of Energy
(DOE), State and County governments, utility,
and industry.

RESEARCH EFFORTS

Research projects being conducted at PRC
largely relate to reservoir engineering,
silica reco'''ery, and corrosi on. An inter­
national series of geothermal applications
...·orkshops, and the COllVlluni ty ~othermal

Technology Progra;71 are also affiliated wi th
PRe.

Reservoir Enoineerina
Tile reservoir engineering project is re-exam­
ining all engineering data collected in light
of recent findings from the HGP-A well. The
origi.nal results were calculated utilizing
the theory developed for oil and gas fields.
However, caution is needed in using these
methods for several reasons, inclUding the
fact that the theory is basically for single­
phase flow, and HSP-A produces two-phase flow.

These early pressure drawdown and buildUp
tests revealed the following"results [1, 2]:

1. The HGP-A reservoir is tight (10.->
permeability of perhaps less than 1
milli darc)'), and the well suffers
fro.~ significant skin damage, re­
suI ting in a discharge rate of only
38-60 percent of the full potentialf

2. There appears to be at least two
proouction layers with permeability­
thickness (kh) values. While the
theory does not permi t a calculation
of the two kh values, there is indi­
cation that the effective kh ranges
betlo:een 1000-1500 milli darcy-feet.
Evidence of the two-production-zone
theory is also reflected in the
te-nperature/pressure profiles mea­
sured dQlo.11.~ole in HGP-A well (see
Figures 5 and 6), where three dis­
ti net slopes are seen in the pres­
sure plots.

Recent geochemistry data have provided nore
evi dence to the theory that two production
layers do exist - one layer producing JIOstly
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stearr. and the other mostly water. Thus, with
this new information calculations will be
ccrnpleted to verify this t't-'o-production-zone
rrodel [3, 4 1.

Silica Recovery [3, 51
'I71e object i ves of thi s research progr alll are
to determine ..·hether: a marketable form of
sj lica can be recovered from the geothermal
fluids at HGP-A; the silica precipitation
process can be controlled using chemical
adcitives; and markers or tracers exist in
the cuttings from the geothemal wells
already drilled that will differentiate
betweE~steam and water production aq~ifers.

~e first of these entail an analysis of the
charctedstics of silica precipi tated under a
variety of pH, temperature, and chemical
conditions. Recovery rate and particle size
oeterminati ons wi 11 be rr.ade for each condi­
tion in order to check whether marketable
particle sizes (> 100 rn2!gm) can be ob­
tained. Currently, a method has been identi­
fied on a laboratory scale that removes
Eil i ca quite effect i vely and at a parti cle
size having market potential. If optimal
particle sizes can be obtained on a batch
scale, a continuous recovery pilot process
,,.ill be developed to determine whether pro­
d~ct quality can be rr.aintained.

The recovered material ".ill be analyzed for
p~rity, inclUding trace metal concentra­
tio~s. specialty product$ of high purity
such as special doped silica products might
be fabricated from this material.

By using a variety of additives to the geo­
thermal brine, chemical reactions which could
inhibit or polymerize the silica will be
exami.ned. An accelerated reaction in a
settli ng charrber before i.t reaches the valves
and heat exchangers is desired. Initial
experiment$ will be conducted at. boiling and
a tm:>spheri c pressure and, if a control agent
is found, a pressurized reaction vessel will
~ used.

An additional study will search for chemical
or physical rr.arkers in the cuttings a~d

ari 11ing logs to help differentiate between
liquid producing aquifers "'ith silica and dry
ste~~ producing aquifers without silica. The
ide~tification of sueh markers would permit a
drilling engineer to exclude the silica pr~

cueing aguifers and thereby reduce the
scaling problems associated with water pro­
c5Jctio~, or conversely, tap only the shal­
10'.,>er si li ca saturated fluid for conmercial
purposes.

Corrosion of Materials
Investigations on the corrosive properties of
the geothermal fluid on various materialS
have been on-going at the HGP-A site. 'lhe
goal is to develop criteria for selection of
rr~terials to be used in equipment (pipes,
valves, heat exchangers, etc) that will
tra")sport and extract heat from the fluid.

E>:posure test.s of the relevant met.allic and
polymeric materials are being performed to
classify the corrosiveness of the fluid on a'
global reference scale, which would allow
co:npar i son ...·i th det.a developed else"'here (6).

1'he tests at HGP-A have sho·...'Tl that relative
to geotherrr~l si tes ..·orld-..'ide, the Hawaiian
geot.hermal fluid is rroderately aggressi.ve.
Of the three environments tested, the aerated
flashed steam caused the rrost corrosion,
follo.....ed by the liqUid after flashing. Tne
non-aerated flashed steam was the least
agsressi ve. Alumi num alloys suffered severe
pi tt ing in all three environments, ..'hile the
high alloy stainless steels were fully resis­
tant. carbon steel and copper alloys SUffer­
ed severe general corrosion in the aerated
steam, moderate darnage in the non-aerated
steam, and considerable general or crevice
corrosion da~.age in the liquid. Nickel,
zinc, and Monel 400 were severely pitted,
especially in the aerated steam and in the
liquid [71.

Preliminary tests in the silica settling pond
on se\'eral types of plasti cs indi cated that
most plastics ..·hich survived the temperature
were relatively resistant to chemical at­
tack. At the present time testing in the hot
end of the silica settling pond is being
carried out to select plastics for engi­
neering applications. v.'hile the evaluation
is not complete, results indicate that a
nunt>er of conro:>n plasti.cs were erTbrittled in
the fluid during the tw~rnonth exposure
period 161.

International Workshop [8, 9)
An inVitational "'orkshop on geothermal tech­
no109)' for the Pacific Basin was held in
August 1985 at the University of Hawaii Hilo
CaJi?Us to br i.ng together r.esearchers, scien­
tists, and technologists from Pacific coun­
tries to discuss common problems and means of
resolution. The three specific areas of
interest were process chemistry desi.gn,
reservoir engineering, and aquaculture!
agriCUlture ap?lications.

The most cr i ti cal problem identified by the
process chemistry group was scaling. '1\>10
separate ap?roaches were discussed: a field­
ori ented research program to investigate the
var ious methods of inhibi Hng or accelerating
scale formation; and a theoretical modeling
of the geothermal fluid chemistry t.o deter­
mine the criti cal parameters associated with
scale formation and solid species saturation
in the fluid. The chief recollTTtendation for
future research was to p..lrsue both avenues
interactively using the laboratory and field
results to gUide the theoretical models of
fluid saturation and to use the theoretical
results to suggest potentially fruitful
laboratory or field methods. Another problem
discussed that required research was mineral
recovery.

The reservoi r testing session considered an
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i n'''entory of: benef its offered by t.he Puna
!'\es€arch Center for cooperat i ve research.
'ITIe advant.ages included: an existing steam
fi eld cont.aining a si ngle ,",'ell feeding a 3 M(i
po....·er plant; two-phase reservoi.r fluid of
extre~ly high te~rature (186 C C at the
~ellhead, and 358°C at b~ttom~ole); direct
cO;T.',J.ni cati on ...;ith the Uni ver si ty of Hawai i;
an interest ed and s~F'iX'rtive utility in
Ea~aiian Electric Co~~~y; adjacent commer­
ci al geothermal develop.nent; a geographic
lo::ation in relatively close proximity to the
octan; and possible recharge by seawater.
E>.-p=riments can be conducted involving either
the po~er plant or the HGP-A well. An adja­
ce~,t ...·ell drilled by Thermal Power may offer
possibi.lities for inter-well experiments. As
the re?ervoir is in an existing fractured
rift zone typical of other circ~Pacifi.c
syste.iIS, this si tust i on appears especially
aP9~opriat.e for cooperative research.

The fo11o"'ing reco:rrnendations were made by
the group: drill a second ""ell in the P..ma
a~othermal field: conduct multi-""ell inter­
ference testing; develop and test new do·..'11­
hole instruments: and identify the source and
nature of t.he fluids <;t HGP-A. In order to
per~jt m~lti-well testin9, and to prOVide
bac~:up steam productio:i capability, the group
labeled drilling and co~letion of a new well
as the highest priority. MuHi-""e11 testing
bet"'een the Thermal Polo.'er, HGP-A, and the
experimental ""ell ""ould then more accurately
enable estirnat j on of t.he size of the reser­
voir. Interference testing between the
Thermal Power and HGP-A ""ells was also sug­
gested.

The agri-aquaculture group felt that non­
electrical use of geothermal energy is
already state-of-the-art, and therefore,
~all scale demonstrations should be ini­
tiated to prove commercial feasibility in
Halo.'aii. RecolTtTlenoed ""ere the fo110101ing
a?p!j cations ""hich shoe-.' promise in the Puna
district: food processing (human food, animal
feed); food technology; refrigeration (ice­
making and cold storage); greenhouse opera­
tio:is; dehydration; aguaculture; and balne­
ology.

~e second international workshop will be
held late in 1986 or early 1987 in the
Orient. A steering cCT.m\i.ttee has been formed
and is tentatively planning to hold the
~ting in Japan ~ith re-convened sessions in
Tai~an, Philippines, China, and/or Indonesia.

Co:rrruni ty Geotherrral Technology Program (C'G'n')
'De CGTI' is similar to an earlier U.S.
Depdrtment of Energy appropriat.e technology
p:ograrn and provides the opportunity for
srrall businesses and individuals to use the
discarded geothermal fluids for non-electric
p..:rp:lses. The topi cs that show promise for
funding include soi 1 heaU ng and greenhouse
use; green papa:l'a drying; refrigeration;
olass making; lumber drying; and cloth dyeingr6}.

OTHER DE\7ELOPHENTS

The College of Engineeri ng and the Hawaii­
Natural Energy lnsti tute at the University of
Hawai j are completing a search for a geo­
thermal researcher for the Fello,",'s i.n Renew­
able Energy Engineering (FREE) program. This
program involves corporate and foundation
endolo.ment of teaching and research positions
to advance the development of renewable
energy technologies. The Hawaiian Electric
Industries has prOVided $250,000 specifically
to support a FREE researcher in geothermal
energy. A selection ~ill be announced soon.

The entire geothermal facili ty, which
includes the visitor center, Puna Research
Genter, and HGP-A power plant, has been
transferred to State ownership and placed
under the authority of the Natural Energy
Laborat.ory of Halo.'aii Board. '!his board is
composed of officials from the state, County,
and University of Ha""aii and currently over­
sees the work at the Seacoast Test Facility
located at the ""estern tip of the Big Island,
wnere ocean energy and related aquaculture
research have been on-going since 1981 (10).

Private developers hove dri.lled several geo­
thermal ""ells in the vicinity of the HGP-A
si te. Recently, the consortiurn of Thermal
Po""er, AMFAC, and Hawaiian Dredging completed
its third ""ell, Kap:>ho State lA (see Figure
1). Preliminary flow tests have indicated
good steam production. A proposal has been
submi tted to the State to prOVide stearn and
brine for the HGP-A p:>wer plant and PRC [11l.

a:>N::WSION

Since 1976 six wells have been completed and
tested in Hawaii. A 3 Ml'I powerplant has pro­
vided reliable electricity for four years.
The activities at PRe should further increase
interest and stimulate geotherrral development
in Halo.'aii.

Funding from the Federal, State, and COunty
governments, utiliti', and private industry
have supported geothermal research and devel­
op.~nt at HGP-A and PRC. '!he U.S. Department
of Energy provided grants through ho'o con­
tracts: DE-FG03-65-SF-15798 and DE-FG03-85­
5:"-15799.
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Figure 3. HGP-A Site
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