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Geothermics in Indonesia* 

Djajadi HADII'CUSUMO** and L. PARDY/\NTO** 

The demand for electric power in Indo
nesia is increasing and consumption is ex
pected to reach 5,100 M W by 1990". Some 
new hydro-electric power stations have re
cently been completed, such as Jaliluhur, 
Karangkares, Riam Kanan, etc., and others 
are now under construction. Some oil-fired 
( thermal) power stations are operating at 
present (Jakarta, Surabaya, Semarang). 

Research on invested capital in the 
U.S.A., New Zealand, Italy, and Japan 
proved that the application of geothermal 
energy for generating electric poAver is 
much less costly if compared to conven-
lionai methods. According to Facca and 
Ten Dam (in Kappelmeyer^') the cost for 
prc.cjotion of electricity in niills/kWh using 
natural sieam is 2-3, water 5.0-11.36, and 
thermal 5.47-7.75. On that account the 
Indonesian Government begins to inA'Cstigate 
the use of natural steam for electricity. 
The First Five-Year Development Plan, 
R E P E L I T A I, offers an opportunity in a 
broader sense to carry out research in the 
field of geothermal resources. Preliminary 
explorations have been made by the Geo
logical Survey of Indonesia (G.S.I .) for 
the purpose of collecting basic data, viz. 
making an inventory of geothermal indica
tions or phenomena visible at the surface, 
such as hot springs, hot water- and hot 
mud pools, solfataras and fumaroles. In
cluded in the activities will be plotting of 
geothermal indications on topographic map, 
temperature measurements, pH readings, 
calculation or estimation of discharge, sam-

* Lemhxign I!mu Pcn^etahunn Indonesia nnd N.'itioniil 
Academy of Sciences, U.S.A. WORI-CSHOP ON NA
TURAL RESOUftCES Jukartii. ll-lfi Seplember 11IT2, 
Uiickyrounil p.-ijjer. 

'*"* Geological Survey, Uundung. 
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pling of water for chemical analyses, and 
based on them computation of their energy 
potentials. The local geological setting 
will be studied in order ;o be able to inter
pret the probable e.xistence of geothermal 
phenomena. 

Part of the data have been collected from 
existing literature and where possible sub-
stantialecl Avith new -findings and records. 
Those inventory Avill be carried out over 
the whole of Indonesia, giving priority to 
areas where electric power will be developed 
by State Electrical Company. 

During 1959-1970 G.S.I, started to collect 
data on 45 localities in West- and Central 
Jawa having geothermal indications. At 
about the same time the Power Research 
Institute, Ministry of Public Works and 
Power undertook geothermal investigations 
on Flores Island and in the areas of Pin-
rang, Sidenreng, Pangkajene, etc. in South 
Sulawesi". 

During the second year, of REPELITA 
I, 1970-1971, a number of •GS localities in 
Central- and West Java and Bali with geo
thermal indications A\'ere made inventory. 
In the same year an evaluation Avas made 
of the geothermal resources of the Dieng 
highlands. This work, Avhich was per
formed by Muffler or the United States 
Geological Sur\'ey under a US grant to In
donesia Avas based on recommendations as 
put forward in earlier reports^' ' ' ' • ' ' ' '" . He 
had also to make suggestions concerning 
follow-up activities for their development. 
Investigations were concentrated on the 
Dieng plateau, not only for the fact that it 
is recommended in earlier reports, but also 
because of it is located between two ijower 
distribution systems in Central Java. As a 
result of his investigation and recominenda-
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tion, a Project Agreement was .signed on 
A'lay 1970 between the Government of In
donesia and USAID outlining that geophy
sical survey, water geochemistry and inter
pretation of aerial photographs should be 
done. The Indonesian Government then 
organized a counterpart team, which Avas 
composed of G.S.I, and P.R.T. officials. A 
geophysical survey, consisting of resistivity 
measurements, Avas conducted by Group 
Seven, Inc. from USA. Also G.S.I, per
formed geophysical surveys consisting of 
gravity measurements. The results shown 
that two lovv resistivity anomalies (5 ohm-
nieter) exist along a strip between Siglagah 
and Sikidang. Within that strip a lower 
resistivity anomaly of less than 5 ohm-meter 
exist which includes the areas of Pager-
kandang, Sikidang and Dieng Kulon"'. 
Geochemical investigations Avere carried out 
by USGS, G.S.I, and p.R.I . at .55 localities 
in the Dieng highlands and surrounding 
areas (Pekalongan and Karangkobar). From 
samples of hot waler and gas the ions of 
Ci, SO.i, SiOz, Na and K have been calcu
lated. The conclusion of this survey are, 
among cr.hers, as follows"'': ihe geothermal 
sysiem of the Dieng plateau will probably 
produce a mixture of hot Avater and steam 
rather than steam only; the subsurface 
temperatures indicated by critical chemical 
constituents are 203°C (critical) and ap
proximately 200°C (alkali ratios). Inter
pretation of aerial photographs was done 
by the G.S.I, as.sisted by USGS specialists 
attached to the G.S.I. Geologic features 
of perticular significance are shown on a 
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. map, among other, the numerous young 
floAvs that r.idiate from the volcanoes around 
G. Pakuwaja, a zone of volcanic lineaments 
extending NW from G. Butak to Pager-
kandang crater, N. 10 W. structural linea
ments in the vicinity of the Dieng-Batur 
road between Batur and G. Nagasari"". 
Evaluation of "those initial invesdgations 
resulted in the recommendation of e.xplo-
ratory drillings in the Dieng geothermal 
fields'". If successful this Avill be first 
geothermal poAver plant in Indonesia. 

In the third year of REPELITA I, 1971-
• 1972, inventory of geothermal phenomena 

were carried out in West Java, Central 
SulaAvesi, West Sumatra and Lampung to 
a number of 106 localities. For the benefit 
of the geothermal exploration in the Dieng 
highlands, geologic mapping Avas perform
ed in the surrounding areas. 

Ill September to December 1971, K.E. 
Seal and J. Healy made a pre-feasibility 
study on geothermal resources in Indonesia 
under New Zealand technical assistance 
pro.gram. G.S.I, and P.R.I, functionaries 
acted as the covinterpart. Hot springs and 
solfaUira-furaarole fields in Java and Lum-
pung Avere visited. Healy'"' has come to 
conclusion, among others, that Kawah 
Kamojang is recommended for further in
vestigation and development. As second, 
and third alternatives Kawah Cibeureum 
and Cisolok are recommended, both subject 
to additional preliminary investigation to 
be carried out by local personnel; the ther
mal springs of Bali have relatively IOAV 
temperatures, and although the existence 
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of g e b t h e r m a l 're.sources in Cen Eral Bali 

carifi'ot be, ru led out , it is considered, un

likely, so t'hey shou ld no t he r ega rded as 

a ,poss ib le sou rce of power by 1975. T h o s e 

•J3re-feasibility s tudy AA-IU be' followed by' a 

p re l iminary . survey- in KaAvah .K'ambjang in 

par t i cu la r -which is ' scheduled f rom-Septem

ber 1972 o n o r sonaeAs-hal la ter tliis yea r . 

Inve i i tg ry of g e o t h e r m a l iridiGatipns in 

t h e four th yea r of R i i P E L I T A I, .1972-1973, 

is p l a n n e d for"the Avhple island df S u m a t r a , 

N o r t h - and .Central .Sulawesi . T h e investi-

.gat ion is -now imder Avay. T l ie G.S . I , l ias 

• a l s o ' o r g a n i z e ' a ' c o u n t e r p a r t team to w o r k 

wi th t h e Ne'w Z e a l a n d ' s "specialists in the 

K a w a h K a m s j a h g a n d o t h e r areas.-

Basic, geo the r rha l da ta collection in t he 

-^future wi l l be 'car i ied out over the- Avhole 

of Indones ia . T h e detailed p r o g r a m can 

be seen on t h e a t tached m a p . A l o n g w i t h 

the" su rvey , .geologic m a p p i n g of volcanic 

r eg ions will also be donej i.e. i n M i n a h a s a i 

t h e I Jen M t s . G. E e l u t , etc. P r e l i m i n a r y 

geo the r rna l . i nA^est-iga-t ion'- in, .par cic.ular a reas , 

'.vill be-held in- co i jgruent with' the - 'na t iona l 

prog.rai'-i uf s lectr ic i ty clevelopn-icnt'of the,-

Min i s t ry of Pub l i c W o r k s .and P o w e r . 

A t t he beg.ilining: -of R E P E L I T A I t he 

Cj.S.i . h a d only otfe assi.staot geologist in

volved in making:- t he iii'^'entdry df ged the r -

inaj inciicatiohs. O n e ' geologist ' and . o n e 

sur-veyer were added in t he second yea r 

a n d fj.veraore assis tant geologist^ join unti l 

t he f'OAirth -year. I : is-plaiinecl to-add. about 

•four more; geologists "and l a b o u t ' e i g h t assis

tant geologists , for. t h e n e x t R E P E L I T A . 
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74. Terrestrial Heat Floxv in Lake Biwa, 
Central J a p a n 

Preliminary Report 

By Seiya TJ-iTDDA,*) Teruhiko WATANABE,*> Nobuyo MIZUSHIMA,*> 

Masashi YASUI,**' and Shoji HORIE***) 

(Comm. by Chuji T.StJBOi, M. J. A., May 22 ,1973) 

During the past decade, the number of terrestrial heat flow 
measurements in and around the Japanese Island Arc has increased 
up to 500 (Uyeda and Vacquier, 1968; Watanabe et a l , 1971; Ya.sui 
et a l , 1971). As a result, the Japanese region has become one of the 
areas in the world that are most densely surveyed geothermally. The 
measurements have revealed that heat flow is low in the trench zone 
and uniformly subnormal in the Pacific Ocean basin in front of the 
trench zone, while it is high in the continent-ward zone of the arc and 
the marginal seas, such as Japan Sea, Okhotsk Sea and Okinawa 
Trough. Such a distribution of low and high heat flows is probably 
characteristic t.o certain active island arcs and provides a clue to 
understanding the tectonics associated with plate subduction (Hasebe 
et a l , 1971; Matsuda and Uyeda, 1971). In order to investigate the 
thermal processes under island arcs more thoroughly, it is desirable 
to make more detailed heat flow surveys in the transitional zone be
tween high heat flow and low heat flow zones, which lies along the 
axis of an island arc. Most heat flow measurements on the land area 
have been made utilizing suitable deep mines or boreholes which are 
not available easily. One possibility for obtaining more additional 
data for land heat flow is to utilize lakes of which the bottom has a 
relatively stable temperature. In fact, such an attempt has been made 
in some lakes recently, utilizing the techniques of oceanic measure
ments (Diment and Werre, 1965; Hart and Steinhart, 1965; Lubimova 
and Shelyagin, 1966; Sclater et a-l, 1970; Hiinel, 1970, Herzen et a/., 
1972). When the lake or the sea is shallow, however, the bottom 
temperature varies with time considerably, so that the temperature in 
the bottom sediments is suspected to change with time also. In 
such a case conventional Bullard-type oceanic heat flow probes are 
not suitable for measuring the true geothermal gradient. We, like 

*' E a r t h q u a k e Research Ins t i tu t e , Un ive r s i ty of Tokyo. 
**' Meteorological CollcKC. 

***' Otsu Hydrobiological S ta t ion , Kyoto Univers i ty . 

UNIVERSITY OF UTAH 
RESEARCH INSTITUTE 
EARTH SCIENCE LAB. 
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stime of the above authors, have also been trying to develop a technique 
of heat flow measurement at shallow waters by utilizing longer probes 
so that the effects of time variations of bottom temperature may be 
eliminated. So far in the Japanese area, however, we have had no 
reliable heat flow value in shallow waters against which our modified 
"oceanic" measurement could be checked. 

Recently a group headed by one of the authors (SH) drilled a 
borehole in the central part of Lake Biwa, Central Japan, to sample a 
long core of bottom sediments. This borehole reached a depth of 
197.2 m below the lake bottom or of 262.4 m below the lake surface, 
and provided a good opportunity for determining the reliable heat 
flow value in the lake. Present paper reports the heat flow measured 
in this hole by the conventional land heat flow technique. 

The temperature gradient was measured by a thermistor thermo
meter with a 500 m insulated cable and the thermal conductivity of 
the sediment cores by von Herzen-Maxwell type needle probe method. 
The temperature measurement in the borehole was conducted six times 
during the drilling period from November 1 through December 19, 
1971 as shown in Table I, the results being summarized in Fig. 1, 
together with the results of thermal conductivity measurements of the 
cores. Thg" water temperature at the bottom varied within a range of 
about 0.4°C during this period. This range of temperature variation 
was much smaller than that at the surface. The temperature varia
tion in the upper 50 meter layer of the sediment, however, was greater 
than that at the lake bottom. During drilling, the lake water at a 
depth of about 10 m was circulated inside the casing of the borehole. 
Apparently the variation in the temperature of this circulating water 
afl'ected the temperature in the upper-most part of the borehole. The 
temperature gradient in the upper 20 meter layer of the sediment is 
larger than that in the deeper part (Fig. 1). This is partly due to the 
thei-mal disturbance by the water circulated during drilling, and partly 
to the smaller thermal conductivity of the upper layer. It is also pos
sible that the temperature of the lake bottom at the time of measure
ment was lower than its annual mean. However, the temperature 
gradient in the sediment layer deeper than 150 meter from the lake 
surface was fairly stable. The mean value of the gradient in the layer 
between 150 meters and 250 meters from the lake surface is 5.5 
xlO- 'X/cm. 

Thermal conductivity measurement was made on Dec. 31, 1971 
on the cores which had been stored in a freezer. The cores were 
thawed before the measurements. Since the efTect of freezing and 
thawing of sediments on their thermal conductivity is not known, this 
way of measurement was probably not satisfying. The thermal con-

j^jfr.'\.j.!~-ai.ii"..H/ ly•..--i'.;'?ywA,!.-"'̂ "g'-?'- '̂W'y.ff'~' wt^.'-;*y»w.,iqitj«i'^"^uiti-r^'.'»' .i.-'j.-i>ry*-''»'<;"w fji^.y*fj.'^fn^^^«^^f>y^9i--f.-f 
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Fig. 1. Vertical profile of teniperature and thermal conductivity in Lake Biwa. 

ductivity of the sediments thus measured, however, appeared to have 
a systematic increase with depth (Fig. 1) ; especially in the uppermost 
layer, which may be less consolidated than the deeper layer. The 
mean thermal conductivity in the layer where the temperature gradi
ent was established, i.e. the layer from 150 meter to 250 meter depths 
from the lake surface, is 2.20±0.09x 10"='cal/cm sec°C. From these 
values, it was concluded that the magnitude of the heat flow value in 
Lake Biwa is 1.2x10-" cal/cm- sec. 
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Table J. Temperature measurcinents in the borehole of Lake Biwa 

I 

Date 

November 11 
12 
14 

December 5 
13 
19 

Depth of the 

From the lake 
bottom 

30 meters 
83 
83 

143 
174 
197.2 

borehole bottom 

From the lake 
surface 

95 meters 
148 
148 
208 
239 
262.4 

Time of measurements 
after cessation of drilling 

operation 

less than 1 hours 
i > 

2 days 
1 day 

. 20 hour 

TheriTial conductivity measurement on the more cores was made 
on Dec. 13, 1972, i.e. about a year after the first measurement. The 
results of the later measurement are plotted in Fig. 1 by encircled 
crosses. For heat flow assessment, we used only the values obtained 
by the first measurement and included the later values only for refer
ence, since the core specimens stored in a freezer for a year, during 
which an unwanted thawing and re-freezing took place, appeared to 
have changed their properties considerably: loss of water, for exam
ple, was apparent. 

The value of heat flow might be afl'ected by the existence of 
the lake itself (Lachenbruch, 1957, Johnson and Likens, 1967; 
Hanel, 1970). In the case of a circular lake, the following for
mula was derived for the steady-state anomaly (dt/dz) at the center 
(Lachenbruch, 1957). 

d t • 1 

R 
dtfdz= — 

[l-i-iz/Ryf' 
where R is the radius of the lake, z is the depth below the lake bottom 
and dt is the temperature difference between the lake and its sur
roundings at z=0. Though Lake Biwa can scarcely be considered to 
be circular in shape, the order of magnitude of the effect of tempera
ture contrast between the lake bottorn and its surroundings may be 
estimated by this formula as a first approximation. Putting A'=10" 
cm, ^t=10' 'C and 2:=10^ cm, we obtain a magnitude of lO-''°C/cm for 
the anomalous teniperature gradient which is negligibly small com
pared with the measured temperature gradient. 

The observed thermal gradient might be disturbed by the effect 
of drilling also. This problem is to be studied by comparing the 
gradient measured so far with what will be measured after the steady 
state is attained in future. For this purpose, a thennistor chain was 
put inside the borehole at the termination of the boring project. 

Despite the possible disturbances caused by drilling and the un
certainty about the thermal conductivity' as mentioned above, the 
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magnitude of 1.2x10-" cal/cm- sec is consistent with the heat flow 
distribution of the Japanese region obtained so far. Fig. 2 is the most 
up-date heat flow distribution taken from the Japanese UMP-Mono-
graph (1972). Although final conclusion must await the steady-state 
data from the hurried thermistor chain, it seems that the heat flow 
contour needs only a slight modification as indicated by the dotted 
curve in Fig. 2. 

Fig. 2. Smoothed heat flow distribution in and around Japan derived from values 
averaged in one degree grid in the latitude and longitude. 
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