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PREFACE

In response to a request from the Government of the Republic of
Indonesia, the Japanese Government decided to conduct a survey on Kerinci
Geothermal Development Project and entrusted the survey to the Japan

Internaticnal Cooperétion Agency {JICA),

JICA sent to Indonesia a survey team headed by Mr. Tadahiko Shimoike,
West Japan Engineering Consultants, Inc., from Décembér, 1988 to February,

1989,

The team exchanged views with the officials concerned of the Govern-
ment of Indonegia and conducted a field survey in West Sumatra area. After
the team returned to Japan, further studies were made and the present

report was prepared.

I hope that this xeport will contribute to the development of the
Project and to the promotion of friendly relations between our two

countries.

I wish to express my sincerest appreciation to the officials concerned
of the Government of the Republic of Indonesia for their close cooperation

extended to the team.

February, 1989

Kehsuke Yanagia
President _
Japan International Cooperation Agency
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Chapter 1. Conclusion and Recommendation

Conclusion

The resource feasibility study confirmed. that the Duabelas
gebthérmal system has a peotential for power generation'of.more
than 5 MW, The following feasibility study for geothermal.power
plant,.howevér, concluded that of 5 MW in the total potential, the

~development of 2.35 MW is appropriate for the time being to meet

the power demand in the projept area. Although the study revealed
that the.project is financially_feasible and effective to allevi-
ate the PLN's financial burden, the economic'viability is not so
sufficiént. But in consideration that the projéct area is located
in rural area remote from the PLN's transmissiop~lines, £he najo-
rity of the power demanders is reéidential customer, and the ex-
isting power sources are ﬁostiy diesel power units with a hiQher
fuel cost due to long transportation from Padang, the study con-
cludes that the_ﬁroject be continued for realization of qeoﬁherhal
power plant which will effectivel&'utilizes the indigénoqs enérgy
resources and contribute to economic and social developﬁent'in the
rural areas. The reasons for the conclusions and necessity of the

project are summarized in the following.
1. Use of Available Geothermal Steam

The existing LP-2 well drilled as an exploratory well undexr
.thé.survey is producing the éteam with an électricity énergy
of. about 350 kW. it is advisable to formulate effective uti-
lization of.important geothermal eheréy as soon as possible.
And -the geotherﬁal steam production by the production well is
highly promised by a variety. of the geothermal "resource

survey.



Power Demand

According to the demand forecast by PLN, the Kerinci area will
need a new power source in addition to planned - 2.5 MW x
2 units of new diesel power units before 1994 since PLN has no

specific plan for interconnection of its Sumatra trunk line

with the area. Introduction of the geothermal power plant to

the area is significant for effective utilization of non-oil
enefgy'resource, or fuel séving amounting to 32;700 tbn, or
US$545,000 annﬁally (at US$16/bbl.) and for diversification of
power sources in the area. And the geothermal units formu-

lated under the project can be properly operated as base load

power units as a result of study on the estimated load curve.

Stable Power supply

 The power supply in the Kerinci area relies mostly on diesel

power sources with tha fuel transported on the long, ragged
road from Padang. In.rainy seasons, the transportatidnfrduta
is occaSioﬁally élcsed by the land slide and that endange:ed
the stable and reliable power supply in the area. And_the
hi_.'g'hér fuel cost and low efficiency of these diesel powver
engines make the power rate in the area (about 103.38 R@/kWh
in 1988) higher than the average rate in the whole Indonesia
{about 92.50 Rp/kWh). Since the geothermal power plant gene-
rates the power with the geothermal steam available in the
area, the fuel supplf is not effected by the natural weather
cohditions.' Because the geothermal power unit is usuaiiy
operated with carrying the baée ioad in the area owing to the =
geothermal well characteristics, the higher the 'capaciéy
factor, the cheaper the generating cost. That will advance
the 24-hour operation of power'éupply in the whélg Kerinci
area while'only Sungai Penuh power system attained 24-hour

operation some years ago.



promotion of Rural Electrification

The electrification rate in the Kerinei area in 1997 stands
only 19% which is one of the lowest figure in the whole
Indonesia. OF 54,000 households, only about 10;300 households
could receive the electricity. Since this.project wili imm
prove the financial conditions of power business in the area
by 1oweiin§.the generatiﬁg cost and attain the stable power
supply, the project will contribute to substantial increase of
electrification'rate Tfollowed by well being of.people's live-
lihood. 1In the economic theory, the willingness to pay Ffor
the - electricity increases and so the electrification rate

rises as the price of electricity becomes lower.
Development from Rural: Area

The goveinment'emphasizéd the economic development not only in
the urban areas in Java Islands but also rural areas in the
islands other than Java. It is said there scattered many
geothermal resources mostly in the remote area from thé maﬁor
powér transmission lines in Indonesia. The successful devel—-
opﬁent of thé geothermal power'source in the Kerinci area will
become a model case for electrification and moderﬁization in

the rural area by geothermal power development.
Economic and Financial Feasibility
The project financial evaluation registered its FTRR at 4.32%

and the With/Without financial evaluation (a éomparison be-

tween the case of Project implementation and the case without

_the project) at 6.37%, Bbth the FIRRs exceed the financial

opportunity cost of capital at 3.61%. That means the project

is'financially viable. ‘Eépecially, the With/Without evalua-
tion reveals that the project implementation is well effective
to lessen the [inancial burden in PLN's Sungai Penuh power

sysﬁem and to realize the cheaper power rate.



1.2.1

Meanwhile, the economic internal rate of return by comparison
with the close alternative of diesel power unit did not pro-
vide a favorable figure at .3.78%'.mostly because of high
project initial investment and low oil pfice. Regarding the
. 0il price, the unfavorable affection to the project will be
alleviated by increase of o0il price sgince ‘it is hard to be-

lieve that the current low oil prices will continue.

The sensitivity analysis of EIRR to the cost for power unit
revealed that if the cost should be reduced, the EIRR becomes
more favorable, The_project'will become economically feasible
if ihe project cost estimate would be madé more in detail
toward the reduction of the project cost when the project

implementation program will be prepared.

Though the project implementatioﬁ will bring about somewhat
hardship for PLN in view of financial conditions, PLN could
solve this_problém by‘séeking for:the.loans with the softest
term and condifions} In order to attain further eleétrifica«
tion at the samé power rate as the average power rate in the
whole Indonesia it is desired to advance the project as soon

as possible.

. SBummary of the Study

Results of Resource Evaluation Stage

The Kerinci geothermal field is situated in the depression zone of

which western margin is limited by the Great Sumatran Fault. This

depression zone, which is an active Quaternary volcanism field,
was resulted from subsidence of Pre-Neogene basement rocks, origi-
nated with the eruption of Neogene volcanic rocks. Geothermal

manifestations such as fumarole and hot spring are recognized

mainly along, the Duabelas fault and along the Sikai faﬁlt.' It is
" considered that géothermal_aétiﬁity'in this field is mainly con-

© trolled by these faults. The geothermal features in this field

are summarized as follows,



There_are o géothermal systems, with a common heat source,
of hydrothermal convection type, the Duabelas geotharmal sys-
tem along the Duabelas fault and the Sikai geothermal.system
along the Sikai fault. There ére deep hot water reservoirs of
neutral chioride tYpef with overlaying vapor-domiﬁated zZone,

alohg the faults in both the systems.

The last eruption of Mt. Kunjit is considered to happen 0.06

million yeats ago, from the rock dating data. Thefefore, it

'is considered that thé heat source is the magma from which

Kunjit volcanic rocks were resulted. Judging from the volume
of Kunjit volcanic rocks, temperature of the magma is still as

high as about 500°C,

The origin of déep hot water in the Duabelas geothermal system
is meteoric water recharging from the southeastward afea of
thé Duabelas area and a ‘circulation time is hore__than 30
yvears. The origin of deep hot water in the Sikai geothermal
sttem is alsd'metedric oné,_but its recharge'area is not
idéntified because there 1is no water sample froﬁ: the deep

reservoir.

‘Femperature of the deep reservoir in the Duabelas system is

200°C to 300°C and that in the Sikai systém is mofg than
261°C. The deep reservoirs in both the systems are gonsidered
to be at nearly same horizon each others, their bottom and top
are considéred to be at the boundary between Pre»Nebgene.base—
ment rocks and Neogene system.and ét about 800 m in elevétién,

respectively.
Although temperature of the vapor-dominated zone. in the

Duabelas system is relatively low (135°C to 160°C), that in
the Sikai system is considerably high (about 224°C). '

1-5



The resuwlts of the evaluation of geothermal resource in the

Duabelas area are summarized as follows.

1.

The extent of the geothermal reservoir is delimited as about
2 km? including Grao Duabelas, Grao Bujang and Grao Rasau,
from the distribution of hydrothermal altération zone, of

mercury anomaly in soil and soil-gas, and of low resistivity.

" BExploratory well LP-2 was drilled to 1;026.50 m in depth, and

total lost circulation zones below 974.05 m in depth was con—

sidered as production zone. Well completion was succeeded to

‘discharge geothermal fluid by swabbing method.

The characteristics of ﬂP—Z is about 6 ton/hour of steam flow
rate and 35 ton/hour of hot water flow rate at wellhead pres-—
sure of 5.2 ata. If the casing program of LP-2 were the pro-
duction well gize, the flow rates of steam and hot water are

supposed to be about 4 or 5 times of measured flow rates.

Maximum generating output by the steam of LP-2 is estimated as
370 kW for back pressure steam turbine and 830 kW for condens-

ing steam turbine, respectively.

Reservoir potential of Duabelas area is estimated by Volume

Method and by Lumped Parameter Model Method, and both estima-

tion show that exploitable potential is about 5 MW for 40

year's operation by back pressure steam turbine and about 5 MW

for 90 year's operation by condensing steam turbine.

_Duabelas area, which was selected as the most promising area

in Kerinci geothermal field and was investigated in detail by
exploratory wells, was evaluated as feasible to develop for
the purpose of power generation from a viewpoint of resource

development.

~On the basis of the results of Resource Fvaluation Stage, it

is recommended to proceed the Study to Feasibility Study

g8tage.



1.2.2 Summary of Development Plan

1,

Capacity of geothermal power plant

The demand forecast for_this Project was prepared by catego-
ries of residential, commercial, public & others, and industry
by the Planning Department'of PLN, based on the past records

of demand in PLN Sungail Penuh Sub~branch.

This demand fbrecast is a long-range forecast covering 1988
through 2000, and shows thét the energy cohsumptionlat fhe
consumer end wili incréése_about four times from 6;043.7 MwWh
in 1987 to 24,385.2 MWh in 2000, and the required generation.
from 10,430.5 Mwh to 31,669.0 MWh, or about 3 times, and the
peak _ioad is estimated to increase from 2,550 kW to

8,407.4 kW, or about 2.85 times,

As described in Chapter 3, approximately $,000 kW of geother-
mal resources are confirmed in the Project-site{_and it would'
be appropriate to build the geothermal power plant which uti-
lizes the.indigenous geothermal energy effectively to save the

petroleum.

From the geothermal potential of the Project Site, én output
of 5,000 kW can be expected, but in view of the advisability
of operating the geothermal power plant as the bage load sup-
plying plant, it is planned to develop half of the assumed
potential, or a total of 2,350 kW, of geothermal power plant

will be built, in consideration of the load conditions in

Keringi Area.
Unit capacity
The system load and influence to the system by the unit shut-

down at ftroubles or periodical overhaul are the major items

for determination of the unit capacity.



a.

System- load

The peak load in 1994 when some new power sources will be
neaded is forecasted to be about 6 MW. From the view
point that the unit capacity will be about 10 to 20 pexr-
cent of the peak load, the unit capacity of the additional
power source lies in é'raﬁge from 600 kW to 1,200 kW. And
the geothermal power unit is usually operated as a. base
load'power plant for maximum use of qeothermal enerqgy.
Finalli, it is Jjudged f£rom the mninimum load of Sungai
Penuh system as refereed to the daily load curve abpeared
in.Chapter 5 that the unit capacity of 1,000 to 1,200 kW

is appropriate.
First unit

Ih order to use éteam produced from the exploratory well
of LP-2 as early as possible, first; a power unit with the.
backpreésure turbine of 350 kW, which is cheaper in the
jnitial investment than the condensed type, will be

installed.
Second and third units

The generating cost of each unit capacity of geothermal
power plant when the plant is operated with a capacity
factor of BO% és.a base load piant is calculated with the
result of .48;30 Mills/kWh, 31.26 Millis/kWh, and 34.30
Mills/kWh for 350 kW, 1,000 kW and 2,000 kW units. The
350 kW unit becomes highest becéuse of high equipment cost
fo: its small unit capacity. The cost of 350 kW unit is
cﬁeaper by only 10% than that of 1,000 kW unit. Whileithé
cost of 2,000 kW condensed unit ié nearly double of that
of 1;000'kw back pressure unit. It is judged that the

1,000 kW unit is the most eccnomic one.



outline of the Project

This Project includes production well drilling, civil works,

construction of power generating facilities and high voltage

distribution line. oOutline of the Project is as follows.
1) Production well drilling

a. LP-3 drilling and : 1,200 m of drilling depth
wellhead eguipment ’

b. LP-4 drilling and 1,200 m of drilling depth

wellhead equipment
2) Civil works

a. Access road Width 4 m % 7,000 il

b. Land reclamation ¢ 1,189 m#, 1,800 m?, 1,800 m2

c¢. Foundations

1 lot for turbine generator,

etc.
d. Powerhouse 1 1bt
e. Intake and : Lehgth.GOO m
water pipe line
3 Power_generating facilities

a. Silencer : 3 sets
b. Steam/water pipe line: - 1 lot

¢. Separator 3 sets

d. Turbine generator : 350 kW x 1 _
.{Backpressure turbine)

1,000 kW x 2
(Backpressure turbine)

e. Electrical equipment : 1 set
~and control panel

f. Transformer ; 437.5 kvA x 1
1,250 kvA'x 2



4) High voltage distribution line

[

Wiring systém : 20 kv x 1 cct, 50 Hz, 3-phase
3 wiring system

Conductor :+  AAARC 240.mm2

Length : 40 km

Interconnected : Sungai Peruh switching statién

switching station

The project dJevelopment schedule is formulated taking into

- account the earliest possible use of LP-2 which has already

been producing geothermal steam, matching the power - demand

increase in Kerinci area, and the shorter construction period,

The project development schedule in which the commissioning of

No. 1 Unit using the existing LP-2 is set in June 1993, and

commissioning of No. 2 and No. 3 Units using the new produc-

tion wells of LP-~3 and LP-4 is set in September 1993 and

December 1993 respectively.

- Cost estimate

(Unit: 1,000 USS$)

Items - ) FC LC Total

1. Well Drilling and Wellhead Eqt. 1,846 462 2,398

2. Power Plant

" Power génerating eqt. 4,946 - 4,946
Installation - 438 - 438
Civil/Arcﬁ. works - 423 423

Spbtétal . 5,384 423 5,807
{Unit cost per kW) _ . {2,471 USS$/KW)
3. HV Distribution | - 615 615
4, Engineering Fee _. - 769 - igg
5. Tptal_ ' o | 7,999 1,500 9,499
6. Contingency | o 1,192 231 1,423
7. Grand Total : 9,191 1,731 10,922



1.2.3 Summary of Financial and Economic Evaluation

1.

Financial evaluation

FIRRs

The project is financially feasible since the obtained
FIRR at 4.32% exceeds the opportunity cost of capital at
3.61%. However, ﬁhe financial conditions will be deficit
for about'B to.10 years after commissibning. “Though the
Project will become profitable finally, this project will
be a hard project. Though the Project FIRR does not show

an  implicit financial feasibility of the Project, the

With/Without FIRR registered 6.56% over the case without
project implemeﬁtation;_ The value well clearé_the WMCC- at
3.61% and this shows that the implemeﬁtation-of thé pro-
ject is highly effective and feasible to minimize the

financial deficit of PLN's Ranting Sungai Penuh.
Sensitivity of FIRR to project cost

Because the project initial investment is greater than
that of other type of thermal and internal combustion
power plant,.the sensitivity of FIRR to the project cost
is tested in a range of plus and minus 15%. If the cost
should increase by about 8 tb'g percent, the FIRR value
can not exceed the hurdle rate of 3.61%. This study also
reveals that one pércent variation of the cost affécts

approximately 0.1 percent FIRR value.

Financial statements

The pidject income and cashflow statements show that the

net pfofit-of the'prdjeét at £he'fina1 year after repay-
ment of loans will stand at US$1,243 thousand, or over

Rp.2 billion. If the net profit at the final year is

: ' 1-11



compared with that of Without case, the profit of PILN, or
decrease of PLN's financial deficit will approximately

anount to US$12,961 thousand or Rp.22 billion,

Economic evaluation

The eéonomic feasibility of the Project was eﬁaluated by

Economic Internal Rate or Return (EIRR) Method between the

project and its clbse alternative, diesel power units.

A

EIRR and gensitivity analysis

‘The obtained EIRR registered as low as 3.68% which is not

sufficient is compared with the economic opportunity cost
of capital at 9%, This insufficient EIRR is derived from
a substantially higher construqtion cost of the project
than that 6f the alternative since the project cost in-

cludes cdst for access road and special design for small

scale geothermal power units to meet the Kerinci geother-

mal_field{_ The sensitivity of EIRR to-project cost re-

veals that variation of the project cost greatly affects

EIRR and if the project cost is reduced, the EIRR becomes

" more favorable., Therefore, if the project should be con-

tinued and the subéequent units constructed, the total
project EIRR will become very favorable over the alterna-

tive,
Fuel save
As the Project will provide the electricity'generatéd:by

geothermal-eheigy, if it is implemented, it'will save the

consumption of fuel amounting to 'about 32.7 thousand

- barrel per vyear, or aboutVUS$545 thousand per year, or

increase export value of about US$545 thousand per year at

“an unit oil cost of 16 $/bbl.

'_1'— 12



1.2.4

c. Rural development

Since Sungai Penuh area is located at high elevation of
about 800 m a.s.i. and surrounded by the mountain ranges,
the transportation route of the fuel oil is sometimes
closed due to the land slide especiaiiy in the rainy sea-
son. These conditions make the power su?ply unsfable at
present, The Projéct, on ‘the contrary, using the local
energy, could provide the stable and reliable electricity
to the sdciety. In addition, the stable and reliable
power suppiy Qill.lead to the industrization of the'agfi—
culture - and forest_ry. and develop . the rural areas. ‘I‘ﬁis
will'accérd to the government policy of equalized develop-

ment of the country.
d., Summary

Though the EIRR obtained is not sufiicient, since. the
Project will pfovide said merits with the rural society
and country, and the development and use of non-exportable
and indigenous energy resource is a national objective,
the jimplementation of this project should be determined in

the stand point of national economy.
Pechnical Transfer

The JICA team carried out the Study in close cooperation with

indonesian counterparts. Through the Study, the JICA Team trans-

ferred geothermal exploration technologies to their Indonesian

countexrparts, such as purpose, analyzing method and intérpreting
method of each Suivey, in addition to opéréting system and-main—-
tenance method of equipments donated by JICA., The _Indonésian
counterparts' now understand fully the methods and technologies

needed to carry out geothermal development by themselves in other

areas in Indonesia,

The Study contributed” to the'imprOVeﬁent geothermal exploration

techniques in Ihdohesia; and will then effectively promoté geo~

thermal development in Indonesia.
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1.3.1

Recommendation

Recommendations from Resource Evaluation Stage and Feasibility

Study Stage

As resulis of Resource Evaluation Stage, the Duabelas gedthermal
system, which is the most promising area in Kerinci geothermal
field and is_explorated'ih detail by surface survey and explerato-
ry weils, is evaluated to have enough potential to: develop a Qeo-

thermal power plant of 5 MW.

As results of Feasibility Study'stage, it is concluded that the
optimum capacity of powér'plant at the Duabelas geothermal system
is about half of 5 MW, which is the initial objedtive of the
Project; by considering that tﬁe’Project area is located at moun-
tain area, its power supply system is isolated from the PLN's

trunk lines, its power demand is limited and is almost for house

‘lighting, and there are no factories. However the capacity is

supposed to increase to 5 MW responding to the increase of power

demand in the future.
Recommendation prior to the power plant development

The project is recommended to continue to install a poftable pack-
aged unit (back pressure type) of 350 kW by utilizing the steam of
1P~2, to drill production wells LP-3 and LP-4, and then to install
a poriable packaged unit {back pressure type) of 1,000 kW at each

site of production well.

The fbllowing items should be implemented prior to execute the

Project.

. 1. Preparation of the Prcoiject budget

It is recommended to procure foreign currency of low interest
‘such as OECF soft loan, in considexing that FIRR of the

Project is as low as 4,32%.
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Projection well drilling

It is recommended to arrange the organization among PLN, VSI

and PERTAMINA, prior to allocate the budget.

Meteorological Survey

_Meteorological' survey of rainfall, atmosphere " temperature,

.humidity,'wind direction, wind velocity at the Project site is

recommended to design the detailed layout of the power plants,

especially for considering the st gas diffusion,
Monitoring of well characteristics of LP-2
It is recommended to continue the monitoring of well charac-—

teristics of LP-2, because well characteristics are basic data

for power plant designing and are usually changing with time.
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2.1

Chapter 2. General

Project Background

The Republic of Indonesia (hereinafter referred to as
"Indéneéia“) is developing the country in according to the Five
Year National Developing Plan (PELITA) to improve the living
standards. Main purposes of theé plan are to prevent thenincreas-
ing popuiation of big ecity and then to transmigrate the popula-

tion from the ovérpoPulated areas to the unpopulated areas,

For these purposes, the Government is improving the infrastruc-
tures such as road, irrigation facilities; water resource, poﬁer
soufce, school, hospital and comnunication system (including
radio and television network) and is promoting the local indust-
ries such as tea, coffee, coconut, tobécco, rubber, etc, at the

unpdpulated area,

Energy policy of Indonesia is also based on the PELITA and its

main objects are as follows,
1, 0il and gas are main products to gain foreign currency

2. Energy resources for domestic demand depend on hydro,

coal and geothermal.

Indoneéia is one of the world-famous volcanic ¢ountries, in which
most of veolcanos and assocliated geothermal fields are distribufed
on Sumatra, Java, Nusantara islands and Sulawééi, and the'boted~
tial of geothermal resource is estimated as 8,000 - 10,000 MW in

total.

with'this background, the Government of Indonesia requested the

' Government of Japan to implement the Pre-Feasibility Study: on

geothermai project at Kerinci area, West Sumatra.



In response to the request of the Government of Indonesia,.Japan
International Cooperation Agency (JTCA) dispatched the Survey
Team composed of West Jépan Engineering Consultants, Inc,.,
Nittetsu Mining Consultants Co. and Nikko Tankai Co. to implemént
the surface surveys and to drill an exploratory well (LP-1) at

Lempur, Kerincl, West Sumatra from 1981 to 1933.

This well was located at the boundary of prospective gecthermal
reservoir because of restrainfs.of access road, and fhe charac-
teristic of producing €fluid (steam flow rate 3.5 t/h at wellhead .
pressure 0,58 atg) was not suitable for the_purpose.of power

generation.

"The Survey Report recommended that the potential of Duabelas area
is estimated as more than 30 MW and it is preferable to carxy out
further field surveys and feasibility study to develop mini geo-

thermal po.wer plant of 5 MW,

In accordance to this'técommendétion, the Government of Indonesia
'reéuested the Government of Japan to continue the project to the
ne#t stage, and simuiténeouSly conducted adaitionalr-surveys,
mbnitoring the well characteristics of LP~1 and preparation of

access road.

In response to the additional request from the Governmeht'of
Indohesia, JICA carried out the preparétory study to continue the
project in October 1986, then decided to implement the project
with cooperation of Volcaneological Survey of Indonesia (VSI) and

State Electricity Corporation (PLN).



2.2

Project Objective

The'objective of the study is to prepare an optimum developing
program of geothermal resource at Kerinci area, West Sumatra, and
to implement a feasibllity study to deveiop a mini geothermal
power plant such as 5 MW, and then to contribute to én'electrifih

cation program at isolated villages.

The Study consists of two stages; namely the Resource Evaluation

Stage and Feasibility Study Stage.

Resource Evaluation Stage and Feasibiiity Study Stage consist of

the following items respectively}

Resource Evaluation Stage

1. Collection and compilation of well characteristics records of
P-1

2. Electrical survey (Mise-a-la-masse and CSAMT methods)

3. Suppiementary survey for:geology and geochemistry

4. Drilling of the exploratory well Lp-2
5. Well Logging and core analysis
6. Well test

7. Well chemical characteristic test

Feasibility Study Stage

1. Power situvation in Prbject area
2. Socio-economic survey '
3. Power development plan

4, Project development plan

5, Economic and Financial evaluation



2.3 Survey Team and Schedule

In accordance with the Scope of Work, the following organization

were in chaxrge of the Study.

Japan Indonesia
Japan International Ministry of Mines and
Cooperation Agency - Energy
(JICA)
West Japan Engineering anCanolbgical survey
Consultants, Inc, ' of Indonésia
{JICA Team) (VSI)_

.Perpsahaan Umue Listrik
‘Negara
{PL)

JICA Team, VSI and PLN were organized into the following staff to
carry out the Study. '

JICA Team
Project manager Tadahiko SHIMOIKE
* (Tamotsu IWAKI)
Geologist Hideo AKASAKC
Geochemist Kanichi - . SHIMADA
Reservoir engineer Tetsuya YAHARA
Geophysicist .. Shigeo MATASAKA
: Yusuke MATSUDA
Mitsuru HONPA
Drilling engineer Yoshikazu . SUEYOSHI
Toyomatsu " SUGAWARA
Kyuya FUJII
Generating equipment Masakazu NAKAMOTO
Generating and _ _ o
"Transmission Equipment Ginjiro MATSUO
Economic and Financial Kenji - ‘FUJII

* From December 1986 to Jahuary 1988



st

Coordinator ' W. Subroto  MODJO
Geologist Hikmatul AKBAR
Dang ASWIN
Geochemist Dioko HADISUDEWO
Abdul S0MaD
Geophysicist Firdausj DJAZULI
Yanes SIMANJUNTAK
Drilling engineer Kartijoso SOEMODIPOERO
A, BARRIDJI
Komaxr DJAYAPERMANA BSc
Reservoir engineer Susilo BACHRI
Reighman SIHONBING
PLN
Coordinator Vincent T. RADJA
Geologist Sigit WITONO
: Dermawan Chairul HASRI
Electrical engineer WiboDo
Poerba HUTAPEA
Mechanical engineer PURWANTO
Sapto TRIONO
Civil engineer SIHABUDIN _ _
' : Budi SUKMANA
‘Padang office Andy SUNARYO
Syahril MULUK

The Study was implemented in iwo steps in accordance with the

Scope of Work.



Table 2-1

Progress

of

the - survey

1986

19 87

F.Y. 1986

F. Y.

1987

1988 ©

1989

Y

1988

WOYIEMTRAS 2D MOSIY

38919

Data collection and compilation
of well characteristics records

uf LP--1

15Dec. - 1Feb.
-~ 0
ZSDECO BFeb.

Electrical = survey

7 Jan,
28Max. |

1 Jun. :

S_uppl_ementary survey ‘for
geology and geochemistry

26 Feb.
. o
28Mar.)

Preparation of progress

1 Jun. I%Tlul._-‘
1Jul. 24 Jul,

“18Jul. - 27Jul.
. A=E U
24Jul. 5Aug.

" report

Drilling of LP—2

6 Mar .

Well logging and core

analysis .
logging

" 5Mar.,
5Jan. 3Feb.

J1Mar o

OMay.
S 30May.

core analysis

N 5
243%3%' -28Feb.
22Dec. eb.,
Tae  wewew :
14 Jan. . _28Feh,

Well test

26 Feb.
26Mar

Y 2
____'_'_Mal

o 9May;

30 Jun.

Well chemical characteristic
test

26 Feb.

9May.
30May,

Integrated analysis and
prepatation of interim report

|
Z6Nar,

TJun. 4jul.
I
30Jun.  13Jul.

Ayr{qrsesy

Lpnys

afess

Electric power survey

1Aug.,
31Aug. 30 Sepi.

Socioc ~ economic  survey

lAug. : .

31Aug. 30Sept.

Formulation of optimum
power output

ISeBt 7

305¢épt .

Selection of optimum
site

1Au g.

Feasibility design

31Aug. 30 Sept.
1 Qe
I

|
28 Dec.

Cost estimation

1Dec.
c——

28 Dec,

Formulation of lmplementationd
schedule

" 1Deec.
| ——

28Dec.

Fconomic and Financial
analysis of the project

1Dec. -
. 1]
31 Jan.

o

mpzrehensive evaluation

4 Jan.

jaodsyy

Inception report

16Dec.

12 s 2

31Jan. 15Feb

Field report

- 25Mar.
v .

~ .- Jan. Jan. Feb.Mar. 21

Mar.

30 Au g
A 2 .

Progress report

28Jul.
A

Yy Yy v

Interim  report

2 Teb.

Drafi  final  report

v .
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2.4

Procedure of the Project

he Project was planned in accordance with the result of Lumpur
Gepthermél'Project (1981 - 1983, by Japan International Coopera-
tion Agency and VOléanolbgical Survey of Indonesia), and proceed-
ed step by step in accordance with the Flow Chart of the Study
(Fig. 2~1) which was formulated to evaluate the éxpiéitable
potential of the Duabelas geothermal system in Kerinci geothermal
field by supplementary surveys and drilling eXploratory weli, and
then to implement a'Feésibility‘étudy to construct a portable
packaged generating unit of 5 MW. Outlines of_each stage are as

follows;



Fig. 2-1 Flow Chart of the Study

Survey Flow for the Feasibility Study on
Kerinci Geothermal Development Project

Lumpur Geothermal Project

N

r . i |
1 Monitoring 1
:Well Characteristics:
' " LP=1 !
. _— ————

Examination and Evaluation of
Existing Data and Reports

Preparation of
Inception Report

Evaluation of Electrical survey Supplementary

Characteristics Mise-a-la-masse " | Burvey for

Records of LP-1 CSAMT Geology and
Gegchemistry

r B B

‘ . Preparation of
Preparation of Geothermal System
Progress Report | . Plan of Exploratory

Well

Drilling of Exploratory Well

{Lp-2)
L _ -
{ 1 T | i
| Logging _Core.Analysis Wwell ' Chemical Analysis
: Characteristics of Geothermal
Measurement . Fluid

T— T |

)



Y

Integrated Analysis

Preparation of
Interim Report

. Implement

. Detailed Evaluation
Geothermal Potential

L

N

NO
Feasibility Stud
Preparation of
Basic Idea
l I
Socioc-Economic Electric Power Reconnaissance
survey Survey
{ . Well 1 . So0il condition
characteristics _ . . Access road
Optimum Power | . Comparison of Optimum Site | . Water source
Output generating Selection . Meteorological
method data
. Electric supply . Gathering
and demand system
- Site
. Power demanding
area
. Environmental
condition
L L [ l
- A
:Material.li' Environmental || Gathering | | Generating | | Transmission
! Check Test Impact Study System Facilities || Facilities
g E— S

if necessary -




Preparation of Implementation Schedule

Estimation of Project Cost

Economic and Financial Analysis

| Preparation of Final Report

Final Report
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1, Resource Evaluation Stage

Prior to the S8tudy, the Inception Report was prepared in
accordance with Scope of Work and by reviewing of ekisting
data and reports, and then Evaluation of Charactefistics
Recqrds of LP-l, Blectrical survey, Supplementary survey for
Geology and Geochemistry, and drilling of exploratory well
LP-2 were conducted. As a result of Resource Evaluation
Stage, it is concluded that Duabelas geothermal system has

enough potential to proceed to FPeasibility Study Stage.
2. Feasibility Study Stage

Prio; to Feasibility Study Sfage, Bagic Tdea of Feasibility
Study was prepared, and then reconnaissance for Socio-
Fconomic Survey, Electric Power Suxvey was conducted. Pevel-
oping program and Fconomic/Financial evaluation of the Pro-

ject were implemented.

It is concluded that the Project is not.suitable to develop a
conventional geothermal powér plant such as 30 MW or 50 MW
from points oi electrical power demand of the Project aﬁea,_
and then the Project has difficulties from points of economic
and financial view, however the development of portable pack-
age type power units is recommended in consideration of geo-

graphical and social conditions of the Project area.
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3.1

Chapter 3. Geothermal Resource

Geothermal Development in Indonesia

Indonesia is one of the world-famous volcanic countries, and

almost half of these volcanoes bear evidence of geothermal activi-

ties, such as fumaroles and surface activities, Up to now, devel-

opment of geothermal resource in Indonesia is divided into four

Stagesa

1, First stage (Before World War II}

In 1926, scientific research on geothermal resource started at

Kamojang field in West Java, and then at Dieng field in
Central Java, Several exploratory wells were drilled at both
areas, and one of these wells in Kamocjang field is still pro-

ducing dry steam,

Second stage (Between 1964 and 1974)

In 1964, Volcanological Mission of UNESCO visited Indonesia to

reconnoiter the geothermal fields,

In 1968, French team sponsored by French government conducted
preliminary survey and made recommendations of further inves-

tigation.

In 1970 ~ 1972, the United States Agency for International
Development, Witﬁ Geological Survey of Indonesia and Power
Research Institute of PLN conducted preliminary survey in
Sumatra, Java, Bali, Sulawesi, ete., and'reported the high

potenfial of Dieng field.



3. Third stage (Between 1974 and 1984)

In 1974, based on Presidential Decree, PERTAMINA was appointed
to undertake exploration and development of steam fields, and
PLN was appoihted to generate power. Six fields, namely
Kamojang, Banten, Cisolok, Dieng, Salak, in Java and Bali,

were given the priority of exploration.

In 1975, _the Kamojang Geothermal Project was started with New
Zealand * government fund and 41 wells were drilled and its
ingtalled capécity is 140 MW (30 MW 'x 1 unit, - 55 MW x
2 units).. PERTAMINA has drilled 11_producti6n size explorato-

ry wells at Dieng field.

In 1982, PLE!_ started the survey for the site selection of

power plant at Dieng field.
Fourth stage (up to 2000)

Preliminaiy inventories have been carried out by the Volcano-
logiéal survey of Indonesia (vSI) and Pertamina for:
Nusateﬁggara, 9 areas; Mollucos, 4 areas; Bali, 1 area:;
Sumatera, 18 aréas; Java, 29 areas; and Sul&wééi, iG'areas.
Geothermal reéburces that could be devéloped for electrical
power generatioﬁ_between 1995 and the year'2000 are astiﬁéféd
to be 550 MW, espeéially from Dieng, Ijen (Java), Kétamobagu
(Sulawesi), Bali, Flores (Nusatenggara), Kerinci and Souh
{Sumatera). In line with the governmeht energy diversifica-

tion policy, the electric energy géneréted from geothermal

‘resources would reach nearly 1,500 MW in the year 2000.

However, . due to a _shbrtage' of funds, the development of

several fields in Java will be. carried out mainiy through a

- Joint Operation and Energy Sales Contract with foreign con-
" tractors. Jbint Operation and Energy Sales Contracts were

made with Union Geothermal df-Indonesia for Salak field in

1982, and Amoseas for Darajat field in 1984.



3.2 Resource Evaluation of Kerinci Geothermal Field

3.2.1 Geological Model

1.

Tectonics around the Sumatra Island

Indbnesia is a world-famous volcanic cbuntry. The islands,
froh Sumatra to Sumba, constitute the island-arc system on thé
margin of the Southeast Asia plate, where the Indian Ocean
plate is subducting. Around‘the Sumatré Island, a typical
double island-arc system is observed as shown in Fig. 3-1.
There i$ the Sunda trench, deep sea exceeding 6,000 and
extending from the northwest to the southeast, in the south-
westward from the island. The'oﬁter arc is composed of the
islands between the Sumatra Island andrthe Sundé trench, from

Simeulue to Enggano, and any Quaternary volcanism cannot be

‘obsexved. There is large-scale strike-slip fault, Great

Sumatran fault, in the western part of the Sumatra Island.

Quaternary volcanism is recognized on the eastern side. (inner

arc) of this fauit'and_is not recognized on the western side

where Pre-Quaternary basement rocks (mainly Tertiary) crop out
extensively; Therefore, the wolcanic front is considered tb
correspond nearly with this fault. In the western'pafﬁ of the
inner arc, a depression zone was resulted along the Great
Sﬁmatran fault by tectonic_movemenﬁ'which begaﬁ iﬁ Miocéne and

there became active Quaternary volcanism field. Eleven

- Quaternary volcanos are recognized in the depression zZone and

arranged along some rows trending nearly in the direction of

E-W. This trend intersects obliq&ely with the wvolcanic front

“(and also with the Gfeat Ssumatran fault), forming a so-called

clock-wise volcanic row. This is characteristic features of
volcanic row in the tectonic field where the plate is sub-

ducted obliquely to the extending direction of trench. Judg-

'ing from the above condition, there is a high geothermal

potential in the depression zone, because it is considered

that there is very active magmatism resulted from subduction

6f the Indian Ocean plate under the Southeast Asia plate in a



deep part in the depression zone. The study area, Kerinci

. geothermal field, is just situated in this depressidn zZone.,

In the eastern part of the inner arc, there is a world-famous
0il field.

Geology avound Kerinci geothermal field

As shown in Fig. 3-2, the study field is covered widely by
Quaternary volcanic rocks (Tua volcanic rocks, Raja vblcanic
rocks, and Kunjit volecanic rocks). Fan deposits and alluvium
are also distributed widely in the northeastern part of the
study field, with a relaﬁively flat place. Neogeﬁe acidic
volecanic rocks (mainly composed of rhyolite, dacite, anﬁ ande-
site) and Pre—Neogehe sedimentary rocks fmainly Mesoéoic) crop
out in the surrdundinq arca., Therefore, these rocks are con-
sidered to be distributed widely under the Quaternary volcanic

rocks in this field.

Tua volcanic rocks are regognized at the loweét horizoné émong
the Quaternary volcanic rocks observed in the study field, and
composed mainly of hornblende—pyrokene andesite lava, pyroxene
andesite lava and tuff breccia. These volcanic rocks are
abundant in joints; Tua volcanic rocks around Grab Duabelas
are strongly altered. According to the data from LP-1 and

LP-2, thickness of these volcanic yocks is more than 1,000 m.

Raja volecanic rocks are distributed widely, covering u?on'Tua
volcanic rocks. These volcanic rocks are_mainly composed of
two pyroxene andesite lava and tuff breccia. Raja lava is
very hard compact rock, as a whole. 'The lava cropping out
along R. Ldlo is relatively dominant in joints. ' The lava
cropping out along R. Rasau shows relatively young ége (C.17 %

106 Year) .



Kanjit volcanie rocks are composed of Kunjit lava dome, Kering
lava, Lempur pyroclastic flow, and Rawang-Sipedjani pumice
gravel hed. Kﬁnjit lava dome 1is observed at tﬁe top of Mt.
Kunjit, Mt. Setangis,_westward hill from Lolo—kétjil, norﬁh—
ward from Lolo-hilir, and southwafd_hill from Lempur in the
distance of about 3 km, _This lava dome is mainly composed of
p?roxene»hornblende' dacite lava dome. In the lava at Mt,
Setangis, certain amount of xenolith are obsexved.. The age of
this lava was deduced to be 0.06 x 10° Year to 0.25 x 10° Year
from rock dating by £issibn'track method in the supplemenfary
survey of this study. Especially, the lavas cropping out at
the top of Mt. Kunjit (0.06 x 10° Year) and at Mt. Setangis
{0.07 x 106 Year) ara very young.

Kering lava is distributed on the eastern slope of Mt. Kunjit
in a tongue-~like shape., Although petrological characteristics
of this lava are néa;ly same as those of Kunjit lava dome,
Kering lava is different from the latter in the point that it

is composed of lava flows,

Lempur pyroclastic flow is mainly distributed in the southward
area from Mt., Kunjit and on the northward platéau from . Mt.
Kunjit. This pyroclastic flow is mainly composed of pyroxene-—

hornblende dacitic volcanic breccia and ash bed.

Rawéng-sipedjani_pumice gravel bed is distributed around the
basis of R. Rasau, R. Lolo, and R. Suman, of which elevation
is lower than 1,200 m. This bed is mainly composed of dacitic
pumice and silt, and considered to be resulted from sedimenta-

tion in water.

As shown in Fig. 3-3, NW-SE trending faults and BNE-SSW trend-
ing- faults are significantly reéogniéed.in this field. The
fault'of'fl-estimated fromICSAMT survey:is considered ﬁé cor-
respond with:the_Daubelas fault. The trend of the former is
neéfly*éamé_as that of the vdlcaﬂic row composed of Mt. Raja,
Mt. Kunjit, Mt; Sumbing and Mt. Masurai. However, geothermal

manifésfétion; is not recognizéa -along the faults of this



ttend, though alteration zone 1is recognized along the Aur
fault. .The trend of the latter is nearly same as that of the
Great Sumatran fault. Active geothermal manifestation and
alteration zone are recognized along the Duabelas fault and
the Sikai fault, of this trend, Moreover, high concentration

areas of Hg and CO. in soil air are recognized along the Sikai

2
fault, the Duabelas fault and the fault of £2. Therefore, it
is considered that these three faults control geothermal acti-

vity in this field.

Geothermal manifestation and alteration =zone .in Kerinci geo-

thermal field

As shown in Fig. 3-4, geothermal manifestation is recognized

at Grao Kunjit and Grac Sikai in the Sikai area and at Grdo

-Duabelas, Grao Bujang, Grao Rasau,_Grao'Bulan and Abang hot

gpring in the Duabelas area. Grao Kunjit and Grao Sikai, in
the Sikai are, are situated on the Sikai fault and thefe are
aétive fumaroles which discharge'considerable'amount of steam
and gas. -Hydrotherﬁal alteration zone is recognized in con-
siderably wide extent ét Grao Kunjit, surrounding the fuma-
roles. HYdrothermal alteration zone is aléo_'recognized at
Grao Sikai but its extent is relatively nafxow, comparing the

geothermal activity.

In the Duabelas area, geothermal manifestation is recognized
mainly along the Duabelas fault, though Grao Bulan is not
situaﬁed on the Duabelas fault, as shown in Fig. 3-4. Hot
water with temperature of  about 60°é is flowing out ét'Abang
hot spring but hydrothermal alteration zone is_ndt recognized
thére.._At Grao Bulén, there is fﬁmaroles and - the altération
zone, but the gxtent of the alteraﬁidn-zone is narrow. At

Gréo'buabélés, Grao Bujang énd Grac Rasau, there are active

~ fumaroles and boiling'mud pools, accompanied with the altera-

tion zone of relatively wide extent, Especially, -at Grao

Duabelas, many fumaroles and mud pools axre scattered in a

“relatively wide area.



In the Duabelas area and its southward, there are three
alteration zones without geothermal manifestation such as
fumarole and hot spring. One of them is in the southward of
the Duabelas area, Kering alteration zone along the Aur fault.
The others are in the Duabelas area, Abang alteration zone
along R. Abang and Rasau alteration zone along the wvalley
between Grao Buijang and Grao Rasau. As.a whole, alteration
zone in the Duabelas are is. mainly distributed along the

Duabelas fault,
Geological model of Kerinci geothermal field

From the above geological conditions, geological model of this
field was estimated as shown ih the cross sections of Figs,
3-5 and 3-6. Fig. 3-5 is the geological cross section in the
direction of ENE to WSW, passing'LP-2_and Grao Kunjit. Fig.
3-6 is the geological cross section in the direction of NNE to
SSW, passing LP-1 and LP-2., The Duabelas fault is représented
as a neatly horizontal line in Fig. 3e6; because this section

is nearly parallel to the strike of the Duabelas fault,

Kerinci geothermal field is situated in the depression zone of
which western edge is limited by the Great Sumatrén'fauit.
This depressién zone is considered to be resulted from sub-
sidence of Pre-Neogene basement rocks, which began with the
eruption of acidic-voicanic rocks fNeogene system, cropping
out in. the surrcunding area). This VOicanic rocks accumulated

thickly on the basement rocks.

Bazic to neutral magma of high fluidity was extruded in the

Quaternary. Tua volcanic rocks were resulted from this magma

" and covered widely Neogene éystenl in the early to middle

Pleiétocene.” Judging from the data of LP~1 and LP-2, thick-~
ness of Tua volcanig rocks in the Duabelas area is considered

to Be more than 1,000 m. In the middle to late Pleistocene,

‘Raja volcanic rocks covered them.
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Thereafter, composition of the magma became acidic one.
Kunjit veolcanic rocks were resulted from this acidié magma in
the late Pleistocene. Mt. Kunjit, Mt. Sétangis and oiher
dome~shaped volcanos had been resulted from this volcanism.
The remained magma after this volcanism is regarded to be the

heat source of the geothermal system in this field.

For the geothermal system in this field, it is considered that
NNE-SSW treading faults in the Duabelas area (Duabelaé fault
and. the fault of £2 estimated from CSAMT survey) and the Sikai
area (Sikai fault) are the most important geological struc-
ture; they are considered to control geothermal actiQity. and
the Quaternary volcanic rocks in this field are relatively
rich in joints and hydrothermal alteration is sometimes recog-
nized along them. Therefore, it is considered that the joints
are additional factor to control the geothermal activity in
this field.



3.2.2 Model of Geothermal System
1. Detected exploratory data on the ground surface

In_the'Kérihci géothermal field, geothermal manifestations,
such as fumarole and hot spring, are recaqniéed mainly along
the gikai fault and the Duabelas fault and geothermal activity
'is controlled by these faults, the fault of £2 and joints, as
;enﬁioned befofé.’ Some characteristic features, indicating
that there is active geothermal system, are detected along
these_faults_by some explorations; hiqh_concentfation of Hg
and COz-in soil air by I m depth survey, Iow.resistivity Zone
{less than 3 ohm-m) by CSAMT survey, alteration zone resulted
from acidic.hot water (occurrence of kaolinite and/or alunite}
by supplementary survey for geology and so on, as shown . in
Fig. 3-7. |

From the difference in noncondensable gas concentration in the
‘steam frbm the fumaroles and LP-1, it is identified that there
are two geothermal systéms in this field, the buabélas geo-
thermal system along the Duabelas fault and the Sikai geo-
thermal system along the Sikai fauwlt, though the concentra-
tions suggest that there are deep reservoirs of water-
domiﬁated type in the both systems., And LP~1 was drilled to

this deep reservoir in the Duabelas geothermal system.

Chemical composition of hot water from LP-]1 indicates that the
deep reservolr in the Duabelas gebthermél system is composed
of hot water ofnneutral chloride type which is available for
geotﬁermal dévélopment. Hydrogen isotope ratio of geothermal -
fluid from LP-1 and of cold water in and around this field
indicates that the origin of ‘the hot water.in this deép reser-
voir is metéoric water recharging from the southeastward area
of the Duabelas area.(see'Fig, 3-7). And the témperatUre of
£he hot water in this reservéir {s estimated to.be éOO°C to
300°C from chemical compoéitioﬁ and isotope ratio of geo-
thermal fluid from LP~l and of gas from the fﬁmarbles-in the

Duabelas area., Judging from minor gas ratios and carbon



igsotope ratio in carbon dioxide of gas discharging from the
fumaroles, it is consideréd that geothermal gases (such as
carbon dioxide), which are mixtures of magmatic.origin gas and
organic gas generating from the Pre-Neogene basement yrocks
(sedimentary rocks), come up through the basement rocks and
come into this deep reservoir. And gas isotope'thérmometers
indicate that the temperature of the basement rocks or around
the heat source is 332°C to 480°C. From the rock dating data,
the heat source is considered to be remained magma aftef.the
volecanism resulting Kunjit volcanic rocks and its'temperature

is estimated to be about 500°C,

Isotope ratios of hydrogen and oxigen of the steam from the
fumaroles in the Duabelas area indicate that these steam are
derived from the deep water reservoir, It is consideféd'that
there is vapor dominated zone above the deep resérvdif and
temperature in this zone is estimated to be 135°C to 160°C
from isotope ratio of hydrogen and Ongen in steam. . In the
Duabélas area, alteration zone resulted fromracid hqt water is
recognized with considerably wide extent, from Grac Duabelas
to Grac Rasau, along the buabelas fault and it is surrounded
-by montmorillonite 2zone (resulted from neutral to alkaline
water at a low temperature). The mechanism of hydrothermal
alteration near the surface in the Duabelas area is explained
as the followings. Secondary acidic hot water is resulted
near the surface from upflowing steam and geothermal - gas
through the fault and jbints from the deep reservoir, heating
of ground water near the surface by the steam and oxi&atioﬁ of
the gas (mainly hydrogen sulphide). Hydrothermal alteration
along the Duabelas . fault, between Grac Duabelas and Grao
Rasau, is derived ffom this secondary hot water. The tempera-
ture of this hot water deéreases during latéral fidwing'and
its pH condition changes to neutral or alkaline one by inter-
action with surrounding rocks. According to this physical and
chemical change of.secondary hot water during 1ateral.flqwing,
montmorillonite zone is resulted in the marginai part of the

alteration zone.
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In the Duabelas area, neutrél bicarbonate type hot water is
flowing out at Abang hot spring. From chemical ‘composition of
ﬁhis hot water, it is considered that there is water reservoir
of ﬁeutral bicarbonate_ type at a shallow level and it is
resulted from percolation of the upflowing steam into ground
water aQuifers. And the temperature of this reservoir is

estimated to be 145°C to 168°C,

Judging from the distribution of low resistivity zone detected
by CSAMT'survey, alteration zone and estimated reservoir tem-
peratﬁre, the cénter of geothermalractiVity in the Duabelas
geothermal system is in the'part along the buabelas fault and
between Grao Duabelas ahd_Grao Raéau.— And it is also ﬁeduced
that LP-1 and Abang hot spring are situated in the marginal
part of the geoﬁhermal-activity. This is supported by chemi-~
cal COmphsition of hot water.diséhérgihg from LP-1 in earlier
stage, which indicates that mixing of hot water of relatively
low témperature with deep hot watér was occurred around LP-1.
Thefefbre, the drilling site of LP-~2 was located.betweén Grao
Duabelas and Grao Bujang, southward from LP-1 with distance of

about 1.5 km.

For the Sikai geothermal system, détailed chemical character-
istics of dee§ hot water are uncertain, because there is no
water derived directly from the deep water reservoir. How-
ever, similarity in chemical composition.between fumarolic gas
in the Sikal area ad the Duabelas area indicates that the Geep
water reservoir in the Sikai area is also neutral'ghloride

.type. Moreover, as same as in the case of the Duabelas geo='
thermal systém, it is conéideréd'fhat geothermal gases upflow-
.ing from a déeper part'come_into the deep reservoir, and that
they are.originated'from the'dommqn source with the Duabelas
sysﬁem._ The tempéra;ﬁre of the deep water reservoir is esti-
mated to be not lower than 261°C, by gas isotope ﬁhsrmometer.
And the elevétion of.this deep reservoir_is'considered to be
nearly same as that “of the reservoir in the Duabelas geo-
ﬁhermal system, from the eleqtriéal survey' in the previous-

works.
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It is considered that there is vapor-dominated zone, above the
deep reservolr, resulted from upflowing steawm from the reser-
voir, as same as the Duabelas ¢geothermal system. Howévér, the

temperature of this zone is considerably higher than that in

_the Duabelag'system, it is estimated to be about 2245C, from

isotope ratio of hydrogen and oxigen in steam from Grao Sikai.
At Grao Sikai, it is considered that there is.no large-scale
secondary hot water aguifer above the vapor-dominated =zZone,:
even if there are some local secondary hot water équifers.
This is suppoited by relatively narrow alteration zone around
Grao Sikai. ‘On the other hénd,_secondary hot water of acid-
sulfate type (steam heated type) is recognized at Grao Kunjit.
Alteration zone with considerably wide extent, observed around
Grao Kunjit, is.consideréd to be resulted from inte;éétion of
this secondary acidic hot water with surrbunding ro&ks. Bsti~
mated evaporation temperature by isotope ratid of hydfogén and
oxygen in steam and hot water from Grao Kunjit is 92°C-and'i£
is approximately same as the boiliﬁg tempetature-on the ground
surface. Therefore, it is deduced that most of stem discharg-
ing from Grac Kunjit are originated from the reservoir of

secondary acidic hot water near the surface.
Data from the exploratory well

The exploratory well, LP-2, was dtilléd at the site between
Grao Duabelas and Grao Bujang;:-The site was located near the
center of geothexrmal activity in the Duabelas area, estimated
from the slectrical survey and supplementary survey for geo-
logy and geochemistry. However, the location is not juéf at
the center.of gecthermal activity; because the problem con-
cerning with actess road to the site is also considered at the
site selection and it is located beside the access road which

had been.prepafed.

As shown in Fig, 3-8, LP-2 was drilled to 1,026.5 m in depfh.

Identified seéondary minerals in core samples form LP-2 indi-

. cate that hydrothermal alteration by neutral to alkaline hot

water is dominant around LP~2, except near the surface.
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Although hydrothermal alteration by acidic water is recognized
near the surface,. it is limited in the part éhallower than
50 m. Hydrothermal alteration in the part shallower than
670 m is more intensive than that in the deeper part'bUt the
high concentration of mercury in the rocks (indicatiﬁg high
géothermal activity) is recognized in ﬁhe'part_deeper than
620 m. Judging from the occurrehce of hydrothermal veins and
fracturés, it is considered that fractures in the shallower
parf around LP-2 was already'filled by secondary minerals and
geothermal acti#ity became weak. On the other hand, fractures
"in the deeper par£ are not yet'filled'by secdndary minetals
and it is considered that geothermal activity is high and
still_young. Estiﬁated_alteration'température from the occur-
rence of secondary minerals in the part deéper than 620 m is
lower than the estimated one from f£luid ihclusion measarement;
the former is 100°C to 200°C and the latter is more than
200°C. This phenomenon can be expléinéd by young geothermal
activity; mineral assemblage in the deeper part around LP-2 is
hot yét reached to the equilibrium under the present tempera-

ture condition.

The estimated vertical temperature'profilé at ILp-2 site, from
the fluid inclusion measurement, is as the folloﬁings:_it is
about 100°C at about 230 m, 150°C at about 420 m, 200°C at
about 600 m and about 224°C from 970 m to 990 m.

The density of upper Tua volcanic rocks is relatively sﬁaller
than those of middle Tua volcanic rocks and lower Tua volcanic
rocks. On the contrary, the porosity-of the former is larger
.than those of latter. However, there is not significant dif-
ference in density;and borosity hetween ﬁiddle'Tua vélcanic
rocks and lower Tua volcanic roéks. Averaged values of den-
sitﬁ, poroéity and thermal cdnductivity of'upper Tua volcanic
rocks are é.ﬂ_g/cma, 12%.and 4.8x10—§ cal/cm sec °C, respec-—
tiVeiy (containing the data from'LP—li. And those of middle
:Tua_volcanic rocks and lower Tua volcanic rocks are 2.5 g/cm?,

10% and 5.5::1()“-3 cal/cm sec °C,
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As shown Fig. 3-8, lost circulation happened frequently‘during
the drilling. However, the most iﬁportant lost circulation as
a production zone of geotherxmal fluid is the one'which began
from 974.05 ﬁ, judging from the amount of the lost and tenmper-

ature condifion. Relatively many open fractures with nearly
vertical dips are recognized from 975.60 m to 985.00 m and
core recovery is very bad in this range. and it is considered
that LP-2 crosses the Duabelas fault in this range. ‘From the
logging data, the main lost circulation in this range.. From
the logging data, the main lost circulation in this lost cir=~
cuiation zone is considered to happen at 983 m and it is
deduced that the permeability of this lost circulation zone is
considerably large. From pressﬁre logging, the reéervéir

pressure is estimated to be about 48 ata.

Chemical composition of geothermal fluid ffom the above pro-
duction zone indicates that hot water in the reservoir is
meteoric origin and chloride'type, and that'gebthermal fluid
discharging from LP-2 is derived from the deep water reservoir
of the Duabelas geothermal system, as saﬁe as the case of
LP-1. However, concentrations of chemical components dis-'
solved in the water frbm LP-2 and estimated temperature from
them (silica and Na—K—Ca—Mg'thefmoﬁéters) are relativeiy high,
comparing with the data of LP-1. This means that LpP-2 is
situated near fhe center of geothermal activity, compared with
LP-1, and confirme that model estimated at the site selection
of LP-2. The estimated temperature of the reservoip around
LP~2 is about 220°C. This value is concordant with the tem~-
perature estimated from fluid inclusion meaéurement {224°C) .
Therefore, it is deduced that reservoir temperature around
LP-2 is about .224°C. However, isotope geothermometer indi-
cates a little higher_temperature,.238°C to 271°C, than the
above temperature. This temperature condition may be that in
the deeper part of £he reservoir than the depth of LP-2. Of
-course, this does not mean the temperature condition under the
'_bore hole bottom of LP-2 buf means that of deeper part along
“the Duabelas fault, considering the geolpgicai structure as

mentioned before.
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Judging from tritium concentration in the hot water (1.0 T.R.
to' 1.8 T.R.), circulatioh time of hydrothermai_ convection
system in the Duabelas area is estimated to be more than 30
years.' And the recharge area is deduced to be the southeast-
ward area of the Duabelas area from the isotope ratio of
hydrogen in the hot water; this yesult is same as that of

supplementary survey for geochemistry.

Concentration of noncondensable gas in the steanm disdhaiging
from LP-2 is considerably lqﬁ, such as 0.b78 vol,%. This is
very suitable for condensation type power geheration with
condenser at tﬁé outlet of the furbine, ‘Moreovey, chemical
composition of'hbt water from LP-2 indicates that scale”pro-
blem is not serious for the geothermal development, concerning
the deep water ressrvolr in the_Duébelas'area; Therefore, it
is deduced that the deep water reservoir in the Duabelas area

is very suitable for geothermal power generation,
Model of geothermal system‘

From the above data, the model of geothermal system in the
Kerinci geothexrmal system is estimated and it is shown in
Figs. 3~9 and 3-10, as a cross section. &nd the model is also

given in Fig. 3-11, as a three-dimensional model.

There are two geothermal syétems in the Kerinci geothermal
field; the Duabelas geothermal'system along the Duabelas fault
and the S5ikai geothermal system along the Sikai fault. The
both systems are considered to be hydrothermal convection
system resulted from water of metgoric 6rigin.and uﬁfloﬁing
heat and gases from the remained acidic magma after the vol—_
canism, from which Kunjit volcanic rocks were resulted. And

the temperature of the magma is estimated to be about 500°C.

For the Duabelas geothermal system, recharge area of meteoric

watef "4s in the southeastward area of the Duabelas area.



Recharged meteoric water is considered to flow toward the west
or the northwest upon the Pre-Neogene basement rocks. The
flowing meteoric water will be heated by conductive heat from
the.magma and change to neutral chloride type hot water by
interaction with surrounding rocks. This hot water will
contain upflowing gases frdm basement rocks and flow up aldng
the Duabelas fault and the fault of f£2. And this hot water is
considered to be reserved ma%nly in a fradﬁure zone along the
faults. The data from LP-2 indicate that circulation time of
water from the recharge area to the reservoir is more than 30
years. Temperature of this reservoir is estimated to be 200°C
to 300°C. On the other hand, temperature of the basement
focks or around the heat source is estimated to be 3305C to
480°C in the Duabeias area. Solubility of silica increases
with increasing temperature of solution until 320°C, but it
decreases inversely with the increasing temperature in the
condition of higher temperature than 320°C. Therefore, it is
considered that silica deposition {silica sealing} occurs at
the bottom of this reservoir, presumably neaf the boundary
between the Neogene system and the Pre-Neogene basemeht rocks,
and the deepest part of the reservoir is limjted by this seal-

ing zone because liquid phase cannot flow across this zone,

It is also considered that sealing.zone is'resulted from depo-~
sition of secondary minerals around the resexvoir, near the
top of the reservoir, due to the change of physical and chemi-
¢al conditions by the effect of ground water. This sealing
zone is regarded to be upper limit of the reséfvoir. _Judging
from the data of LP-2, the level of this upper limit is con-
sidered to be about 600 m in depth., According to . chemical
data of hot water from LP-l, it is considered that this seal-
ing zéne around LP-1 is not complete and hot water of rela-
.tively low temperature come into the reéervoir from a shal-
lower part. Moreover, it is considefed that the northern
limit and the southern limit in the lateral extent of the
reservoir are iesﬁectively'around_LP;l and around Graa Rasau,

_ judging from the distribution of temperature esﬁimated by
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geochemical thermometers, from distribution of alteration
zones on thé surface and from distribution of low resistivity

zone detected by CSAMT survey.

The vapor-dominated'zones reaching the fumaroles such as Grao
Duabelas, Grao Buijang, and Grao Rasau are resulted by steam
flowing up through sealing zone, Temperature of steam in the
vapor-dominated zone is estimated .to be 135°C to 160°C, A
secbndary acidie hot wéter is resulted near Ehe_ground surface
from grouhd water heated by upflowing steam and “oxidation 6f
gases such as hydrogen sulphide upflowing together with steam.
Especially, acid-sulfate water is induced around. the fuma-
roles. Alteration near the surface is brought about by inter-
action of these_secdndary acidic hot water with surrounding
rocks and by deposition of secondary minerals from the  hot
water. Alunite zone is pﬁoduced around the fumérolés by the
acid-sulfate water and kaolinite zone is produced around the
alunite zone by acidic water. According to the data from .
LP-2, this acidic water around LP-2 is considered to exist in
the part shallower than 50 m; Température of acidic water
decreases in lateral flowiﬁg_and halloYsite zone is produced
around kaclinite zone. Moreover, acidic waﬁer changes to
neutral one in lateral flowing by interaction with sutrouﬁding
rocks and montmorillonite.zone is produced around hallbysite

zZone,

There is reservoir of ﬁeutral bicarbonate type water at a
shallow level in the Duabelas area. This reservoif.is cohsi-
dered to be the secondary one resulted from percolation of the
upflowing steam from the deep reservoir intb ground water.
aquifers, The hot water from this secondary reservoir fiows
out at Abang hot Spring. Temperatufe'of'this secondary reser-
volr is estimated fé be 145°C to 168°C, from silica content in

the hot water from Abang hot spriﬁg.
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For the Sikal geothermal system, although its detaiied
characteristics are not clear (for example, recharge 'area,
circulation time of water and so on), because there is no well
in the sikai area.and water sample from the deep water reser-
voir cannot be collecﬁed, nearly same conditidn of the geo-
‘thermal system as that of the Duabelas geothermal system is
congidered from chemical composition of fumarolic gas. Meteo-
ric water flowing upon the basement rocks is heated by conduc-
tive heat from the same heat source as that of the Duabelas
geothermal sy$tem and changes to hot water of neutral chloride
_type by interaction with surrounding rocks. This hot water
flows up aloﬁg the sikai fault and the deép water reservoir is
resulted in a fracture zone along the fault,  Geothermal éases
upflowing from the basement rocks is considereéd to come into
this reservoir. .Gas isoctope _thermometer. indicates higher -
temperature condition {more than 261°C)} of the deep reservoir
than that of the Duabelas geothermal system. It is'considered
that éeéling zoﬁg is resulted around the top of the reservoir
by deposition of secondary minerals. The top of the reservoir
is considered to Ee at nearly same elevation as the top of the
reservoir in the Duabelas area_from the electrical'surveyrdata
in the previous works. Judging from the distribution of
.alteration zone, it is considered that overlaying rocks above
the reservoir are relatively poox in fractures and upflowing
of steam along the fault occurs only at limited ?arts, at Grao
Sikai and around Grao Kunjit. And there are vapor-dominated
zones above the reservoir at Grao Sikai and around Grao
Kunjit. Temperature of this zone is estimatéd to be about
224°C, Around Gféo Kunjit, there is a secondary resexvoir of
acid-sulfate type near the surface. This seéondary reservoir
is resulted from ground water heated by upflowing_éteam from é.
deepef part and from oxidation of hydrogen sulphide upflowing
together with steam.-.Temperature of this reservoir is about
100°C. Large-scale alteration around Grao Kunjit is consi-

- dered to be resnlted from this acidic hot water.
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Promising prospect in the Kerinci geothermal field

There .are two geothermal systems in this field, with nearly
Samé characteristics. 'One is the Duabelas geothermal_system
along the Duabelas fault. The other is the Sikai geothermal

system along the Sikai fault. In the both systems, there are

deep water reservoirs of neutral chloride type and overlaying

vapor—dominated'zones. Judging from estimated reservoir tem-
perature, it is deduced_that'thé deep reseerirs in the both
systems have enough potential for geothermal development.
Moreover, identified quality of the geothermal fluid from LP-1
and LP-2 is available for power generation;'considerably low
concentration of noncondensable gas and .not “serious scale
probleﬁ. Therefdre; the main target for the geothermal devel-
opment in this field is the deep water.reservoirs.of neutral
chloride type in the:buabelas area and the Sikai area. Al-
though.the vapor-dominated zone in the Duabelas area is not
available for geothermal development because of low potential
(temperaturé is considered to be 135°C to 160°C), the vapor-
dominated zone in the Sikai area has relativeiy high potential

(estimated temperature is about 224°C}, Thereforé, the vapor-

'dominated zone can be regarded as an addiﬁional target for

geothermal development in the Sikai area.

From some expleoratory data, it is considered that the deep

water reservoir exists along the Duabelas fault between around

Grao Duabelas and Grao Rasau. and along the fault of f2 from
around Grao Duabelés to the'valley:bétwéen Grao Bujang and
Grao Rasau, in'the Duabeias'area. And in the Sikai area,; the
reservoir is considered to exist.along the Sikai fault, at
least from Grao Sikai to Grao Kunjit. The existence of the
reservolr along-therDuabélas_fault is already‘confirmed by
LP—i and LP-2, though those along the'fault'of £f2 and along
the Sikai fault are not yet conflrmed by the drilling of ex-
ploratory well:. Theérefore, promlslng areas in this fleld are
sumﬁarized as shown in F;g. 3-12, The most prom151ng area is

in the Duabelas_area'and along the Duabelas fault, because it
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is already confirmed by the exploratory wells, Its northern
limit is around Grao Duabelaé and the southern limit is around
Grao Rasau. And it is considered that the £op.of the reser-
voir is at the elevation of about 800 m and its bottom is at
the level of boundary between the'Pre-Neogene'basementIrocks
and the Nedgene system., In the Duabelas area, there is also
promising area on the eastern side of the above promising
area. This axea is along the fault of f£2, but it is not yet
confirmed, Although the bottom of the reservoir is also con-
sidered to be at the level of the boundary between the base-
ment rocks and the Neogene gystem, its top is considered to be
at a lower level than that along the Duabelas fault. In the
sikai -area, although it is not'yet confirmed, the area from
Grao Sikal to Grao Kunjit, along the Sikail fault, is consi-
dered to be promising. The top of the reservoir ié considered
to be at about 800 m in elevation and its bottom is around the
boundary between the basement rocks and the Neogené system.
In this promising area, it can be expected that there is pro-
duction zone (vapor-dominated 2zone, mentioned before) above

the deep water reservoir,
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3.2,3

Evaluation of Geothermal Resource

The objective of geothermal resource evaluvation is to estimate the
possible resource from the quantity of heat and fluid stored in
geothermal reservoir., The data obtained from LP-1 and LP-2,dfil—'
ied in fhe Duabelas geothermal éystem are not enough to evaluate
the étructure and physical characteristics of geothermal reser-
voir. Consequently, the Volume méthod and the Simulation method
using Lumped Parameter Model were applied for the evaluation of
this field.

1. Resource evaluation by Volume method

The Volume method is convenient and is usually adopted at the
beginning sta@e of geothermal developmént. The possible re~
source from . the hydrothermal convection system reservoir
defined by Nathenson. M is calculéted from the following equa-

tion.

) R ' S &

afcv (t-—tref £

where,
QRz Possible resource (heat energy) , (KJ) _
fbs Volumetrlc heat capacity of rock and water
{RJ/m?.°C)
V: Geothermal reservoir velume (m3)
t: Geothermal reservoir temperature {°C)
t : Reference teﬁperature {15°C)

R_: Recovery factor

The promising reservoir for ‘geothermal development in the
Duabelas geothermal system was'synthetiéally discuésed_from
the results'of'gedlogical survey, geochemical survey and elec~
trlcal survey. Consequently the area and the thlckness of
promxsing geothermal reservoir was inferred to be 2 km? (1 km
X 2 Km) and 800 meters (tha center of reserv01:_15 1,000
meters above sea level), respectively as'showﬁ'in_fig. 3-11

and Fig. 3-12,
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The temperature, vrock density and porosity of geothermal
reservoir were inferred as shown in the following by the mea-
surement of homogenization temperature of fluid inclusion,

geochemical thermometer, core analysis and well logging.

. Geothermal reservoir temperature: 224°C

Rock denéity _ + 2,500 kg/m3
Hot water density _ : 850 kg/m?
Porosity ' : 10 %

The heat capacity of rock and water including in the eq. (1)
became about 2,400 kJ/kg°C assuming the volumetric heat.capa-
city of rock and water to be 900 J/kg°C and 4,600 J/kg°C,

respectiveiy;

The heat energy recoverable by geothermal development is not
all but a portion of the heat energy stored in geothermal
reservoir. Nathenson, M. suggested the recoVery:factor_baSed

on the sweep process without the supply of héat, which is the
| model that the reinjection water and meteéric water filts in
the pbrous zone in the reservoir and is recovered with the
heat energy of rock. .However, as a matter of fact, the hot
water stored in the reservoir does not behave ideally. Conse-
quently the reascnable recovery factor is geperally considerxed
to be 25 percents. As the results of aboVe—menﬁionéd discus-
gion, the.recoverable resource (heat energy) is 2,0 x 1014
kd).

In case of utilize the steam for generation the recovery effiw
ciency of energy recovered from production_steam;'which means
the rate between the ﬁrdduéed Steam-enefgy and the prdduéed
fluid energy,. and the conversion efficiency.of recovered heat

enerdy to electric power must be considered.
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In case of separating the hol water of 1 ton with the enthalpy
of 230 Kcal/kg (224°C) at the wellhead pressure of'5,2 ata,
which was inferred as the optimum turbine inlet préSsufe, only
the steam of 0.15 ton with the enthalpy of 656 kcal/kg contri-
bute to the generation of electric power.becaUSe the guality
of steam at the wellhead is 0.15. Accordingly the recovery

efficiency hecomes 0.43.

The convérsion efficiendy depends on the system of electric
power generation. "In case of usiﬁg the non—cohdensing'turbine
with the inlet pressure of 5.2 ata, the outlet pressure of 1.1
ata and total generation efficieﬁcy of 0.8, the rate bétween
the heat energy contributing to the generatidn of electric
power and that of the steam of 1 ton {(conversion efficiency}
ig 0.077. Further the conversion efficiency in case of using
the condensing turbine with the inlet pressure of 5.2 ata, the
outlet.pressure of 0.1 ata and total generation efficiency of

0.8 is 0.172.

Consequehtly the recoverable heat energy to contribute to the
generation of power supply in non-condensing turbine system is
as follows.

6,62 x 1012 (kad)

1.58 x 1012 {kcal}

2.0 x 1014 (kJ) x 0.43 = 0.077

it

Further, the recoverable heat energy in condehsing turbine

system is 3.54 x 1012 (kcal) .

Accordingly the possible bperatibn period for 5 MW in non-
condensing turbine system and condensing turbine system

bacomes 42 years and 94 years, respectively.

_The heat suppliéd from reinjection water, the outer 'side and
the bottom. of promisihg reservoir for development are out of
consideration in this method. Therefore, the inferred opera-

tion period may be prolonged.

3 - 23



2. Resource evaluation by Simulation with Lumped Parameter Model

i. Equations

The change of pressure and temperature in geothermal

reservoir can be calculated using the following equations.

Mass Balahée'
Mt = Mo~MptMw+Mr ' crvererane (2)
Energy Balance _
Mt Ue+v(1-g) §r.cr- vt
= Mo Uo+V(1-¢)j}-Cr-To-Mp-hp+Mw~hw+ Mr-hr
eriessenss (3}

where,
Mt: Fluid mass stored in the reservoir
at a certain time _
‘Mo: Initial fluid mass stored in the reservoir
Mp: Production mass flow
Mw: Reinjection mass flow
Mr: Recharge mass flow
Ut: Internal energy cf reservoir fluid
at a certain time |
Uo: 1Initial inteinal énergy of reservoir fluid
hp: Enthalpy of production fluid
hw: Enthalpy of reinﬁéction fluid
hr: Enthalpy of recharge fluid
Tr: Reservoir temperature at a certain time
Po: Initial reservoir temperature
V: Reservoir volume:
g: Porosity
fr: Rock density

Cr: Specific heat'capacity
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Once the geothermal fluid produces, the reservoir pressure
decreases 'gradually. On. that occasion the hot water
stored outside the reservoir houndary is recharged into
the reservoir in accordance with the pressure gradient.
This recharged mass flow can be calculated from. the

following equation.

P
Mr:z“mhf,ﬁ"’r‘rqé cereeeeees (4)
where,
Mr: Recharge mass flow
ré: Reservoir ;édius
h: Reservoir thickness
. §: Fluid density
k: _Permeability
M Viscosity-
Q_g\ .: Pressure gradient
o r=r

The above equation is based on the cylindrical reservoir
model. Though the area-and height of the promiéing reser—
voir in the Duabelas geothermal system waé inferred to be
2 km®* (1 km x 2 km) .and 800 meters, respectiveiyn the
cylindrical reservoir model with the same volume with the

real reservoir is applied to this simulation.

The pressure gradient at the reservoir boundary as shown
in Fig. 3-13 is calculated from the following equation in
consideration with the fluid flow in the outer area of

reservoir.

9% 19P _ gpc e
9r2 " r 8r k 8t

cessanaeas (5)

P: Reservolr pressure
r: Distance from resexvoir boundary
t: Time

C: Compressibility of fluid
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ii. Model and condition. for simulation

The reservoir model and condition necessary for simulation

waere assumed as mentioned below.

Reservoir modal

1) Reservoir radius :+ 800 meters
2) Reservoir thickness : 800 meters
3) Reservoir temperature 1 224°C

-

4} Reservoir pressure 48.5 ata

(at 400 meters above sea

lavel)
5) Reservoir permeability : 5md -~ 10 md
Condition for calculation
1} Power output i 5 MW

2) Turbine type 'non—condensing turbine

“

Steam flow 85 toﬁ/hour
Water. flow 475 ton/hour

3) Initial production flow
4) Initial reinjection flow : 47% ton/hour

The  reservoir  permeability  calculated from  the
permeability~thickness product of 16 darcy m measured ih
well ILP-2 is 20 wmd assuming the reservoir thickheés of 800
meters. This value is largely effected@ by the sectional
1ost circulation ione with large permeability.énd is not
'average permeébility. of reservoir. Consequently, the
average permeability of reservoir was aésumed to be 5 md
to 10 md.

ThOugh the turbine type for generation will be discussed
in _detail at the step of the engineering feééibility
study, the'non-condensiug turbine type was:adoptéd as thié
simulation_condiﬁion for severe'evaluation. Because the.
steam flow rate necessary to keep the this power output in
nOn-condéﬁsinq turbine is larger than that  in. condensing

. turbine.
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iii.

The steam and hot water flow rate necessary for the power
output of 5 MW in non-condensing turbine system were esti-

mated from the actual production flow rate from LP=2,

Calculation results

‘The results calculated by above .conditions are shown in

Fig. 3-14 and Fig. 3-15. These fiqures shows the results
with and without'the'reinjection condition, respectively.
Further the calculation results in case of thé permeabil-

ity of 1 md in addition to 5 md and 10 md is also shown.

In case of reinjection condition, the drop of - reservoir
pressure becomes bigger accordihg as the reserver permea-
bility is smaller. Though the hasty pressure drop in the
reservoir with the pefmeability of 5 md and 10 md occurs
in the initial five years, the reservoir ﬁfessure on qnd
after ten years is almost stable. The réservoir tempera-
ture changes in unrelation to the reservoir'pérmeability
and decreases in accordance with the elapsed time. This
drop of reservolr temperature is cased by much more re-

injection water flow than the recharging water flow,

In case of no reinjection the c¢hange of reservoir pressufe
shows that the fluid in the reservoir with the permeabili-
ty of 1 md and 5 md pecomes to be two phase state of steam

and hot water and .the fluid in the reservoir with the

. permeability of 10 md maintain the hot water state. 'The

change of the fluid pressure in the reServdir with the
permeability of 10 md is large even after 30 years
elapsed. This indicates that the recharging flow rate is

smaller than the production flow rate. The reservoir

' temperature is almost stable because of no reinjectién. n

little drop of the fluid temperature'in the reservoir with

‘the permeability of 1 md as revealed in Fig. 3-13 is

cauged by the change'of saturation pressure'in'thé two

" phase state.
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The evaluation of possible power output needs to judge
whether the produdtion from the well is possible or impos-
sible in accordance with the cha.nge of réservéir pressure
and temperature. The productioﬁ_ flow rate from well
depe'nds on not only the reservoir temperature and pressure
but also the 'permeabi;lity of lost circulation zone, the
diameter of casing and the well depth and so on, .' Conse=-
quently it is difficult to determine the minimum reservoir
temperature. and pressure necessary to produce the geo-
thermal fluid from well génerally. Therefore, the only
Iﬁinimum reservoir temperature necessary for pxdduct_ion was
‘assumed to be 200°C based on the experience. (In fact

this temperature depends on the pressure.)

Though the reservoir temperature in case of no reinjectibn
hardly 'éhanges, the pressure drawdown even in the reser-
voir with the permeability of 10 md is 17 at and is large,
Therefore; it is predicted that the number of production
well necessary to keep the constant power output becomes.
large even if the production is possible. Because the
production flow rate per one well becomes small. Accord-
“ingly the execution of reinjection is desirable for the

long utilization and the cultivation of resexvoir.

The reservoir temperai;ure in case of reinjection becomes
200°C at 38 years later. At this time .the"préduction is
_considéred to be possible because of the__ low pressure
drawdown;' for example pr.essure drop in the res_er'voir with
the permeability of 5 md and 10 md is 6 kg/cm? and
4 kg/cm?, respectively. Accordingly the possible opera-
tion period with reiﬁjécfion and non-condensing turbine

system for 5 MW is inferred to be about 40 years.
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The steam and hbt_water flow rate necessary for generating
5 'MW in the condensing turbine system is about 45 percenté
of that in the non-condensing turbine systeﬁ. In addi-
tion, the dfop speed of reservoir temperatufé in_the con-
densing turbine system is considered to change in.accor—
dance with the rate of reinjection flow rate. Therefore,
ﬁhe possible operation period with- reinjection and con-
densing turbine systeﬁ for 5 MW is inferred to be about

90 years.
Inference of possible operation period

As the results of analysis by the Volume method and the simu-~
lation method with the Luhped Parameter Model, the possible
operation peribd in case of non-condensing turbine system for
the power output of 5 MW was estimated to be 42 years by the
Volume method and about 40 yeaxs by the simulation method..
Further the possible operation period in case of condensing
turbine system was estimated to be 94 years by the VQluﬁe
methdd and about 90.year§ by the simulation method. As abbva
mentioned the possible operation period estimated by'two kinds

of analysis method is almost same to each turbine 3System.

‘Bccordingly the possible operation period in case "of non-

condensing turbine system and condensing turbine system with
reinjection was inferred to be about 40 years and 90 years,

respectively.

These analysis methods include many unknown factors; for exam-
ple the development area and depth, porosity, reservoir tem=

perature and the possibility of fluid production and so on.

The Volume method takes no account of the’héat'éhpply of rein-

jection water and recharging hot water, and that from the side
boundafy and the bottom of reserveoir. Therefore, the inferred

power output or operation period is inferred to be prolonged.
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The simulation method with the Lumped Parameter Model also
takes no account of the heat supply from the bottom of re.ser—
voix. Consequenﬁly the possible operétion period 4in this
nethod is inferred to be also prolonged. Accordingiy the
estimated 6peration period by these method is considered to be

minimom,
Therefore, this estimated operatioh time should be reconsi-

dered as the reservoir model and reservoir characteristics

becomes more clear by new survey.
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