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[. ABSTRACT

The Awibengkok geothermal field, West Java, Indonesia, began
generation of 110 MWe in early 1994 and s currently being
expanded to 330 MWe  The initial sedes of five exploration
wells delineated a geothermal resource with high temperatures,
substantia} volume, and relatively benign fluids.  Inlerference
testing utilizing the exploiation wells was successfully used 10
measure ficld permeability.  Bused on high measured feld
permeabifity, large diameter wells were drilled to demonstrate
commercial  deliverability. A numerie modelmg approach
Tecognizing the uncertainty ininterference tests and other factors
was implemented to determine the production capacity of the
FLSCTVONT The owneric moddd, continuousty relaed and
calibrated to field perfoonance, demonstrates that the ficld can
sustain 330 MWe over the conuaet Wit and provides a boss for
OptIMIZIBE TeSEMy M MARELLTeNt Srategies.

2, INTRODUCTION

‘The Awibengkok geothermal field is located on the western flank
of Mount Salak 60 Nilometers seath of JTakarta, West Jawva,
Indonesia (Figure 1) Unocal Geothersal  of  [ndonesia
{UNOCAL) has explored and operated the field sinee February
of 1982 under a joint operating contract with the Indonesian
National Ol Company (PERTAMINAY - Steam i3 sold to the
Indonesian Electric Thiliey (PLN} Units &2, comprised of two
55 MWe Ansaldo turbine gencrators, have operated since ealy
1994, Plans are to expand the capacity uf the field to 3530 MWwe
by early 1998

3. FIELD LIISTORY
3.1 Evaluation

The discovery well was dolled and tested by March, TO83, Well
1-1 encountered an underpressured, saturated Houid geothermal
resource and had a productinn capaciy of tive MWe through a
standard (220 mm) perforated diner Prodoced fluids showed the
reservelr to be brine with approsimately 12000 ppm TDS. Four
additional exploration wells were drilled 1o defincate aboutr 10
km® of resource, with reservoir temperatures ranging fiom 225°C
to 265°C.  Reservoin fluid characienisiics were Homouenenus
across the field and average production oo chese first Gve wells
wias 4 MWe  All wells produca? rom saterated houd sones.

Pressure measurcments tiken ar the fied paints moahe wells
indicated the wells to ke connceted 10 a common reservolr.

Single well transicnt testing, shuvead well proneatilites a3 1o

A0 d-m.

The first interference test was conedeted in 1954 fllowing the
completion of the explovsiion wells Vins test utilized all of the
exploraticn wells, 1-1 wnd 5-1 as sroduction swells, 2-1 as an

injection weil, and 3-1 and -1 ax observation wells equipped
with helium filled capillary wibing huna opposite the permeable
zones. The test showed eood comectivity belw een the wells
with rapid pressure response of similar magnitude at both
observation wells. Test aralvsis showed Beld permeability o be
on the order of 130 d-m. No muass rate declines o enthalpy
changes were detected an (ke production wells

Wellbore simulation {(Stobel, 19847 showed that the bigh
permeability could sepply much Bighor vares i Jareer diametor
wellbores were used (o nurinuze feed poimnt to welthead pressure
loss, The fust "l hole” -1 dritied o confinm the
caleulanons in 195 Wl &= tested at a prodection capacioy of
20 MWe and demonstrated the cormercialiy of e moject.
Two additional g heles were diilled for consimanon and
additional rescurce detineation. Weils 7-5 and 8- were drilled e
the west of the exploration welds and enceunlered  ig
production temperatares of up o Z8VC Wells 7-1 and 841 are
currently utilized as producton svells and tegether centribute
about 40 MWe.

[

lser

Addiiomal intefegice teting s vanious conligumanons of

production, mection and ehaeration wells showed il the welly
except 3-1, and later 9-2 10 be wor sl comnectest wath Righ
permeability. Tl wrcrlorence tear dlestrated in Friewre 2005
typical of Awibeoohows mterterence tests. The dfliuence
response betweent observation wlla 5-5 sad 5- 1 is attributed w g
sent sealing permealclity barricr between 31 and the mam ares
of the reservorr, This intecpretation i based i e resalts of
intererence Lesls o vinious conlivnrat
a production well  Single swel tranviont s ald indicated the
reservoir permeabitty mothe near saniny ol well 31 was
camparable 1o the rest of the resemcs

oms ncheding using 5-1 as
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4.2 Conceptusl Reservoir Model

Although alternate numencal madels have been constructed tu
deal with uncertainty in the pre-production stage, these models
all share certain attrilnites based on one conceptual model  Since
all production has been satirated ligutd, the bulk of 1he reservoir
is liquid dominated This does n preciude the possibility of
stcam existing above the shallowest entry in the field T'e date
the shallowest entry was encountcred in well 1-1 at 520 m above
sea level. This entry has pressurc and temperature very close to
the boiling point curve Figure 3 shows a cross section of the
field and an indication of where a nauve stem cap could exist.
The formation (or expansion) uta stcam cap upon exploitation is
a charactenistic common tu all models  Several feed zonegs have
been encountered deeper than 1240 m below sea level,
establishingthe thickness used iii each ofthe alemate models

The high measured permeabilits and unitbrm pressure drawdown
observed duriiig inteiference testing arc indications of a well
fractured system, and the high productivity of wells confirms this.
Measured pressure at the feed points define a single pressure
gradient and geochemisiny shows hoinewensity across the field.
both indications of high permeability

The two system heterageneities, modeled as seni sealing faults,
are also incorporated into all models and are expected 10 heavily
impact ficld management strateey Currently, oier 50% of the
brine from Trats 1&2 is iniccted across the fault near 9-2 wito
wells 9-2 and ¥-3

Overall the conceptual maded for Awibengkok is similar to the
niodel described for Watakel (Grant et !, 1982} Awibenghok
is a high permeatuliy wystent which will initially produce from
saturated liquid zones but wall  eventualy depend  upon
production from steam or two phase zones in the shallow regions
of the rescrvoir o sustain long term per formance.

4,3 Confined Numerical Model

The model defined by the volume of reservoir delineated by the
wells drilled to datc ts designated the "confined" model.  The
porosity for this model is based on field measurements, which
show decreasing porosity with depth. Thus, the confined model
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represents best cstumates of mass in place for parameters
measured rather than inferred by iritciference testing  'the mass
in place for this modcl is 1 7 trillien kg

4.4 Expanded Numerical Models

The numerical niodel resulting from rigorous ingorporation of
field limits delineated by dritling, results contains insufficient mass
1o reproduce the transient response of tlie interference tests,
Based on the pressure response observed during interference
tests, alternate "expanded” models were censtructed as larger but
closed systems (Figure 4] Recognizing  that  system
compressibility could be influenced by the presence of a stcam
cap in mine undrilled pontion of the reservor, the expanded
model was constructed fo Jook at upper imits for mass in place
The calibration process (o the interfitence data also provides an
indication of where additional mass must be added. poientially
useful data for field expansion

UNOCAL uiilizes automated history matching coupled to
numerical simulation to detcrmine miggnitude of vanables which
cannot be directly measured By altowing the porosity to vary in
the areas of the reservoir across the seos sealing permeability
banders, the matching process can place inass as needed to match
the interference data  The best matches were consistently
obtained when significant amouvnts of mass were placed in the
area of the reservoir to the norhwest across the permeability
barrier associaled with 9-2 These data together with the
increasing temperaturc to the west ar depth and geophysical
anomaly (Figure 5) provide substantial evidence tor extension of
the Awibengkok reservolr tu the northwest (Noor, et al, 1992)

Since the expanded models require mass  of unknown
temperature outside of the volume defined by drilling. alternate
expanded maodels were constructed  The difference between the
two expanded models iz the temperature of the fluid outside the
drilled area. These two expanded models cach match the
interference test results and predict similar pressure responses of
he reservoir to commercial exploration  Defining which model
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Figure 6: Field Response to 118 MWe Production Load

is more appropriate will be difficult until additional delineatior
wells are drifled or long term field performance is avasiable. Both
of the expanded mexdels contain substantially mars mass in place
than the confinedmodel, approximately 3 trillion kg

4.5 ModelPerformance

To assess performance over ttie life of the project, a load of 330
MWe was applicd to the confined and both of the expanded
modcls. Make up wells were added until the steam production
capacity of new wells was less than 30 tonnes/lr, a critenia based
on economics, The area for drilling make up wells was lImited to
the "confined" rescrvoir. probably a conservative assumption

Numerical simulation showed that the confined modcl required
the fewest number otrnake up wells 1o sustain 330 MWe  This
model forms the largest steam cap, sltowing hiuh enthalpy
production and mininvzing declining production duc to injection
breakthrough.

The expanded model featuring warm fluids around the defined
reservoir also sustains 330 MWe for the life of the project, but
requires more make up wells since there is less steam cap to
exploit. The expanded mode! fuluring cooler fluids sustains 330
MWe fur 20 years, but does suffer some decline late in the field
Lit ifthe make up well criteria are adhered to

5. FLELD PERFORMANCE

Figure 6 shows the pressure response at well 3-1 predicted by the
confined and expanded models and tlic actual response of the
system induced by Uinits 182 start tip The predicted responses
were based on 110 MWe starting up and running at constant
rate. The early time portien of the abserved start up response is
affected by several well openings and shut tns associated with
start up activities. The later time, post transient observed data is
between the two predicted responses with a drawdown rate of
360 kPa/yr versus 34U klafyr for the expanded model and 560
kPafyr for the confined model  Recent numercal model
calibration has rcquircd some reduction in total mass in ttic
cxpanded maodels te match pressure Tesponse to production
comnercial rates, bur very mmo changes in most of the model
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6. DEVELOPMENT STRATEGY

Regardless which of the alternate models is used 1o predict field
performance, one feature common to all models is the formation
ofa stcam cap in the shallow region ofthe reservoir as illusrr-ated
in the cross section in Figure 3 The rate of steam cap formation
is proportional tu rhe reservoir pressure drop? with the confined
model providing the larger steam cap, Fost start up response has
provided more confidence in the ability to project pressure
trends, and exploitable steam cap formation k expected to be
relatively slow. It is expected that the steam-bnne interface will
be discreet because of the high rescrvoir permeability. Most
expansion production wells are planncd in the area of expected
steam cap formation  Since predicting where feed points will be
enwuntered i undnlled wells ts difficult. expansion plans are
bascd on initially saturated ligquid production

Reservoir simulation also indicates that the brine injection -
10,000tons’hour at expansion to 330 M¥e - must be deep and
towards the edge of the reservoir to minimize injection
breakthrough  Placing injection deeper than production is
consistent with experience in other fields (Home, 1986) as well
as with numerical studies on this topic (Fruess and Bodvarsson,
1984). This strategy was reinforced by the results of the first
post commercial production tracer test The tracer injection well
was 10-1 which currentlv accepts about (00 tonglr of brine
from 11-1 and It-2 production wells  The perineability was
cncountered relatively shallow in well 10-1 at 400 m bejow sea
level while some of the production feed zones in wells [1-] and
11-2 are as decp as 800 in below sea level.

The tracer retusns illustrated in Figurc 7 demonsirate the
undesired results when injection &t points are located above
production feed zones even though the lateral sepal-ation is on the
order of 1000 m  Well 10-1. which has exceptionally high
permeability and s capable of producing 30 MWe, will be
convcrted to a production well as part of the field expansion to
330 MWe Figure 8 shows the general areas fur injection arid
production for rhe expansion of the field to 330 Mwe

Calculations show that 22 new production wells and 11 new
injection wells will be needed at planned start up by early 1975
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7. SUMMARY

The reservoir evaluation effort at Awibengkok established the
feasibility of tlic project n termis of resource quantity and
contributed to the commerciality of the project through
optimization of wrll design The reservouw management effort
utilizes a continuously evolving niodcl based on reservoir
performance 10 optimize additional development These
processes and strategies as applied at Awibengkok have greatly
benefitted from industry expernence world wide, especially from
the development of liquid dorninated geothermal reservoirs
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