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1. Geomorpholbgy
1.1 . General
1.1.1 Objesctive of study

The study area has experienced some types of volcanic disaster through
the historic era. Generally, disaster caused by volcanic activity is divided
into two types in Indonesia. The first type is called “Nuée Ardente’ which is
caused directly by volcanic eruption, the second one is "Lahar" or “Banjir"
which is caused by secondary movement of volcanic materials. Especially since
the 1982 - 1983 eruption, the study area has been suffered from a large volume

of sediment discharge due to the frequent occurrence of lahars.

The objective of this study is to understand the geomcrphological
landform conditions of the southeastern slope of Mt. Galunggung with reference

to the hazard area concerning the possible volcanic disaster.
1.,1.2 Methodology

Aerial-photo interpretation technigue is very effective for the
understanding of the geomorphelogical characteristics and the relationship
between the landforms and the disaster area. In this study, the aerial
photographs (scale: 1/12,000) taken in August, 1982 during the eruption were
used., At the same time, a field survey was carried out mainly along the river
for the observation of outcrops and riverbed materials. After that, a

geomorphological landform classification map was prepared.

Considering the above mentioned objective and methodology, this chapter

deals with the followings;

1) Topography of the study area
- 2) - Volcanic activities of Mt. Galunggung

3) ‘Landfprm“classification

4} Landform development
:51:'Geomorphologicg1‘characteristics of the study area

6) Preparation of Possible Disaster Area Map -



1.2 Topography

Mt. Galunggung is located in about 100 km southeast'dffﬁanﬂunq“cﬁty'ih
the West Java_Provinca,. Mt. Galunggung is one of the many active volcances
which dot the 6,000 km=long Indonesian arc extending along the &onvergent '
boundary between the Indo—Austxallan and Eurasian plate, from northern

Sumatera to Halmachera in the Malacca Sea.

- The geomorphological study area covers approx;mately 200 km2 on the °

south-eastern slope of Mt. Galunggung..

Galunggung volcano is’ the young active one and- fcrmed in the horse
shoe-shaped caldera whzch ‘opens to ‘the :southeast on the 0ld Guntur. volcan;c
cone. A new active crater named Wallranclnder_has about a 300 m relative
height from the crater floor.  The voichnid cindér“cdne”(maxihﬁmiéltitude '
1,035 m) came into existence in 1982 - 1983" eruption. At present, the 'inner
Grater is filled with water (making a crater 1ake), therefore only the summit

of the cone can be seen. (As of August, 1987)

Two main rivers, the S. Cihanjéran and S.'Cikunir flow down from the
outer crater of Waliraug to éouthéaSt'and"fbrm‘én an alluvial 'fan, - To the
north, the S. Ciloseh'aﬂd'its:main’tribufary;”ihé S.“Cimamfahg flow down to
the southeast reaching Tasikhalaya”city."The‘Southerh*ﬁéft'has én'éxtéﬁéive_
volcanlc piedmont where many rxvers, such - as the 'S. Cimerah, S. Clkupang. S.;
Cisaruni flowing down to the S, Cikunten. ‘These rlver dlssect the' 016

Guntur's body.

The study area can- be largely divided into the. followlnq three parts

“according to their topographlcal characterxstzca.
(1) The 0ld Guntur Volcanic Cone

This area has not been affected difectly'byéthe.ﬁolgaﬂié activity in
recent time. While the upper pért'(highér'thauil}loﬁ"mf;bf‘ﬁhis area is
mainly composed of lava, the middle and lower'péxt’(bﬁtﬁéeﬁ71;1B0fh and 400 m
in height) is composed of pyroclastic flow materials. Many erosional valleys

have dissected this slopé radically.
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{(2) The Galunggung Volcanic Area

This area occupies tha horse shoe-shaped caldera. A new crater and its
volcanic slope to about 2.5 km southeast-ward have been developed. This area
formed directly by thé ash £all present volcanic activity is mainly composed
of pyroclastic flow and ash fall deposits, Almost all parts of this area are

not covered with vegetation as a result of 1982 - 1983 eruption.

(3) The Volcanic Fan Area

The volcanic fan having been developed at the southeastern slope of Mt.

Galunggung can be classified into two types of fan according to their

geomorphological features and inclimnation,

The upper-stream part is between 600 m and 475 m in height where the
filuvial action is dominant and the obvious alluvial fan of the §. Cidanjaran
and S. Cikunir have been formed. These alluvial fans, about 2° in slope'

gradient mainly consist of lahar deposits.

The lowerstream part is between 475 m and 350 m in height where
Tasikmalaya is located. This area is characterizéd by a iarge number of

hillrocks which dot on the surface shoﬁing the inclination ¢f less tham 1°.



1.1 Volcanie activities of Mt. Galunggung

The recordsd historic activities of Mt. Galunggung occurred three times
prior to the 1882 eruption., The first eruption occurred in October 1822, the
pext in October 1984 and the last one before 1982 was occurred in July 1918.
Each document of volcanic activities is summarized in Table - 1.1, mainly
pased on description given by J.A, Katili and Adjat Sudradjat (1984)., This
gummary indicates that the volcanic activity of Mt. Galunggung is
characterized by quiescent intervals of several decades, jinterrupted by brief

eruptions lasting only hours or days.

After almost 63 years of quiescence, Galunggung volcano suddenly
erupted on April 5, 1982, This volcanic activity lasted over more 9 months
antil January of the following year. In this period, violent eruptions
happened about 60 times and the small ones happened more than 300 times.
Thus, compared with the previous activities, the eruption in 1982 - 1983 is

considered to be an exceptional one.

It is convenient to describe the chronology of the 1982 - 1983 eruption

in terms of three phases as follows:
1) Phase 1 (April 5 - mid-May)

The first ash eruption began before dawn on April 5. Nuées
ardentes travelled several kilometers down the §. Cibajaran. These
explosive eruptions were characteristically accompanied by thunder
and.lighthing. During this phase, much of the 1918 lava dome

-(GunungAJadi) was destroyed.
2) Phase 2 (mid-May - November)

Some of the most energetic eruptions of crystal-rich, juvenile

‘materials took place during this period.

-Through auqust, Nuées ardentes were few and relatively small,
'travelling only short distances down the §. Cibanjaran and S.
Cikunir, By September this activity ceased altogether, and the
vigor or the eruﬁtions began to decline. During or following

substantial rainfall, lahars occurred in the stream channels.

-5 -
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3)

 Phasa.3 (December 1982 - Januwary 8, 1083)

The erupt;on and. ejecta wers almost entirely confined to the crater

- and its immediate vicinity and ash £alls, if any, were very iight

. gven.at villages close by.

By the end of December, the immer part of the crater had been

filled by ejecta, a cinder cone had risen to about 60 m above the

crater fleor. The last significant eruptive_aetivity at Galunggung

" ‘began on New Year's Eve and continued intermittently until January

B, 1983. Dur;ng this £inal actlvzty, a small basaltic lava flow

Lssued Erom the rad1a1 fissure near the base of the c;nder cone.,



1.4 Geomorphological Landform Classification

The geomorphological landform classification was carxied out to
identify the homogeneous topography results from the interaction of physical
process (e.g. fluvial action, weathering and crustal movement.) It has acted

as an important tool in many cases for rural land resource planning.

The geomorphological landform classification map of the study area was
prepared on a base map of 1/25,000 scale as shown on Fig. - 1.2. Aerial-photo

interpretation and field surveys were carried out for- this Study.

The geomorphological landform units and their explanation used in this

map are described as follows:
(1) items of geomorphological landform classification

1) Dissected old Guntur volcanic cone
a) Upper slope, composed of lava flow materials
b) Middle slope, composed of pyroclastic flow materials

¢} Lower slope, composed of pyroclastic flow materials

2) Landforms by large scale collapse of old Guntur peak
a) Horse shoe-shaped caldera
b) Debris avalanche fan

¢} Flow-mounds

3) Landform formed by the volcanic activity (pfior to 1982) of
Galunggqung

a) Pyroclastic flow Plateaun

4) Landforms formed by the volcanic activity '
{1982 - 1983) of Galunggung
a) Crater wall
b) <Cinder cone

¢) HNuée ardente {ladu) surface

-8 -
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5) Landforms formed by epigenetic (erosional) process
a) U-shaped valley
b} V-shaped valley
¢) Collapse on the valley head

d) Escarpment

6) Landforms formed by epigenetic (depositional) ﬁroceés
a) Alluvial fan
b) Upper surface
¢) Lower surface
d) Units of fan
e) Abandoned former river course

f) Channel shifting point
(2) Explanation of landform units
1} Dissected old Guntur volcanic cone

This unit extends the southern and northern parts of the study
area., As had already described in the paragraph of 1,2, the
landform of this unit had not been affected direcﬁly by the
voleanic activity and was forﬁed before the-occurrence of the horse

shoe-shaped caldera.

The wvolcanie surface has been dissected by many valleys, 8.
Cimerah, S, Cikupaﬁq and S. Gisaruani in the southern partAahd 5.

Ciluseh, 8. Cimampang and S. Cimala in the northern pért;

The vplcanic cone can be divided into three slopes according ththe
difference of the geology and inclination.‘ The upper slope
consists of lava that has been deeply‘diésected and nox
topographical characteristics such as frontal sca:ps'of iava_flqw'
or lava levee remains. The middle and lower'siopeS‘consistfof;
pyroclastic flow and have extensive flat surface where the'ﬁ4sﬁéped

valleys have been developed along the main river.

Each slope is bounded on the existence of scarps which are easily
interpreted by aerial-photos. The inclination is about 8° 6n the

middle slope and 2° on the lower sloée.

- 10 -



2)

‘Landfprms'farmed by_large_scale collapse of old Guntur peak

“Thé old'Guhtuf-was & magnificent symmetric stratovolcano with a

_summlt crater probably measurlng up to more than 3,000 m in

height. Tens of thousands of years ago, a large scale collapse

- elated to the direct blast’ produced a horseShoe shaped caldera and

a. widespread volcanic fan covering “over 150 kmz, The volcanic

- fan 'is, mainly composed of peor—sorted gravel and lava fragments. A
. large nmumber of characteristic hummocky hills con31st1ng of
7volcan1c breccla aré distributed on the southeastern margin of the

fan.

+Taking into account the slight slope gradient showing about 1° of

",:fan'and'the léhg'tréveiling distance of gigantic breccia blocks, it

a,istﬁerY'diffiCult-to reconcile this physical procéss-with_water
'saturated transformatxon mechanism as lahar. Judging from the
,simxlar;ty in size and topography to that formed in 1980 Mount St.
;Helens,"USA'by,dlrect-blast. the @ebrxs avalanche is more the
_raasonab1é~way:to ekplain the formation of the extensive volcanic

" fan in the study area. .

.}However,_Galunggung{s'prehiStoric'eruptiﬁe record before and after

L theiéiganticﬂdébris avalanche is unknown.

- 3)
i;Galunggung

In this repoft, the landform extending onto the southeastern
”piedmbnt1of Galunggung volcanc is called debris avalanche fan and

~the hummdckythills“aotted on the fan are called flow-mounds.
‘Landforms formed by the volﬁan;c actlvity (przor to 1982) of
'The Ga1uﬁg§ung volcano was formed by the lateral direct blast on

t:the southeastern flank of the 0ld Guntur. Almost all parts of the

'volcano in the horseshoe shaped caldera con51st of pyroclastic flow

'«}‘and-fall.gep051tsrrelated to Galungguang's grupt;op.

‘A 1ava dome called Gunung Jadi, about 250 m in’ dxameter and 50 m in

helght s;tuated in the crater was destroyed by the 1982 eruption

and at present_nq landform directly formed by lava flow can be seen.

“ 1L -
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5)

The alternation of the catchment area and the river systen has
occurred in the upper streams of the S, Cikunir and 5. Cibanjaran
due to the changes of configuration of the crater caused by

eruption and some misfit valleys can be observe@‘in this unit.
Landform formed by volcanic activity (1982 - 1983) of Galunggung

The crater wall called Walirang can be easily identified in
aerial-photos., The crater wall is covered by the course scoria
which were newly ejected materials in 1982 and- at present .(as of

August, 1987) has no vegetation,

Three cindar cone consists of pyroclastic fall materials ‘have been
formed on the outer wall of Walirang but the central cindexr cone

was not yet formed at the time when the aexial~photos are taken.

The Nuée ardente which is generally called "ladu" in Indonesia is
observed along the §. Cibanjaram, a travelling distance of about 5
xm from the crater and sbout 3 km flowing Qown the S. Cikunir,
From the outcrop observation at Sinsagar of the S. Cibanjaran., the
ladu is composed of fine to medium size materlals with some
fragments as large as pebble size. Locally, sulphur was deposited
within the sediments. At present, ladu deposits £illing up the 8.
Cibanjaran have been cut by the lateral erosion and form a river

terrace,
Landform formed by epigenetic (erosional} process

Many erosional valleys have been radically cut mainly on the old
Guntur volcanic cone. Generally, each valley has steeply inclined
valley walls with a relative height of more thau 20 m from the

valley floor.

Through aerial-photo interpretation, the erosional valley can be
divided into V-shaped valleys where the lower erosion is superior,
and U-shaped valleys dominated by the lateral erosion, From the
field survey, little riverbed material could be observed on the

floor of V-shaped valleys. o ' R
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The escarpment caused by the river's lateral erosion which is more

than 10 m in relative height is drawn on this map.
Landform formed by epigenetic {depositial) process

An alluvial fan has been developed from the outlet of pyroclastic
plateau where Sinagar and Kokoncong villages are located to the

southeast along the S. Cibanjaran and 8. Cikunir.

The alluvial fan can be divided into two surfaces, the upper and
lower according to the existence of small scarp between them. The
uprer surface distributes at the elevation hetween 600 m and 500
with the inclination of about 2°. This landform area has already
bagun to be dissected by the present river. The lower surface is
formed at the lowarstream part to 475 m in height and its

inclination is about 1,5°.

Geomorphologically, it is considered that the lower surface of
alluvial fan is formed by the dissection of the upper surface at

the younger stage.

The 8. Ciloseh has developed a small alluvial fan where the
longitudinal length from the fan head to the margin is less than
800 m. Its inclination is about 3° steeper than that of 8.
Cibanjaran and §, Cikunir., This is because the catchment area of
8. Cibanjaran and §. Cikunir occupies the slope of active
Galunggung volcano where the ejected materials are freguently
supplied, On the contrary, the catchment area of S. Ciloseh is
situated on the old Guntur's body where the supply of materials is

restricted to the lower or lateral erosion in gullies,

On the alluvial fan, abandoned former river courses were shown on
the aerial-photos. These former channels are considered to be
formed by rivers fregquently shifting their courses through the fan

formation.
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1.5 ‘The summary of landform development ‘ Y

Fig. - 1.3 shows the schematic map of Geomorphological landform

development in the study area.

The Galunggung volcance has been developed by the direct biast on the

southeastern flank of the o0ld Guatur volcano.

- 14 -
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Fig - 1.3  Schematic Map of Geomorphological Landform Development
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This direct blast which had made a horsashoe-shaped caldera provoked
the gigantic debris avalanche to the southeast and fofmed an extensive debris
avalanche fan {shown in Fig. -~ 1.3, stage 2). According to the geclogical map
prepared by the volcanological survey of Indonesia (1984), the age of this

catastrophic accident is dated 26,500 years B.C. by the carbém fourteen dating

method.

The next phase up to 1822 eruption is unkndﬁn exactly. However,
judging from the geonorphological condition showing that the volcanic slope of

Galunggung is not much dissected, it is considered that its activity is

continuous.

The distribution of the materials from the Galunggung volcano is
1imited to the southeastern slope in the horseshoe-shaped caldera and is

gquickly growing and developing geomorphologically.

Along the S, Cibanjaran and S. Cikunir, at first the upper alluvial fan

was formed, and then it was dissected and the new lower fan advanced on the

old debris avalanche fan.
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1.6 Geomorphological Characteristics of the Alluvial Fan

and the Disaster Area in August, 1982

It is of primary importance to understand the geomorphological
.éhéfécteriétics of the alluvial fan before the discussion of disaster area.
from the view peint of Geomorphological landform development, it can be stated
that the ailuvi31 fan was formed by the accumulation of the repeated lahar
& dépcsitso To put it in different terms, there is a close relationship between
the geomorphologlcal characterxstzcs of the alluvial fan and the lahar

dlsaster area.

o In this éeétibn, the characteristies of the disaster area attacked by
the lahaffduringithe 1982 eruption are discussed with reference to the units

‘of alluvial fan.

: -As'hés élready-heen deseribed, almost all of the alluvial fan area has
rbeen formed 8. C;banjaran basin and 8, Cikunir basin. The alluvial fan along
the S Clbanjaran spreads out from the fan head (alt;tude : 600 m) where the
k.Slnagar vallage-:s located on its left bank and the alluvial fan along the §.
-Cikunir:spregds 6ut £rom the fan head {altitude : 625 m) where the Kokoncong

- village is located on its right bank.

_ As for the inclination, the fan head area along the S. Cikunir is
steaper than that along the S. Cibanjaran. However, it becomes difficult to
'1dent1fy the fan unlt of the 8., Cikunir on the middle and lower parts. On the
-contrary, the fan unlt of the S. Czbanjaran is continuously more evident from
“the fan head to its margln. This is due to the S, Cikunir fan being covered
: by‘thefmaterials from the §. Cibanjaran which has transported probably larger
.-qﬁantities Qf'égdiment IOad;‘-Eecause of this point of view, it is thought
tﬁaﬁ'the's.'cibaﬁjaran is superior in terms of_the ability to form an alluvial

‘fan during fhe recent fan evolution,

.Fiq. ~ 1.4 shows the longitudinal riverbéd_profiles which are based on
;the results of the'topographical survey carried out from June to August,
_'1985._ Accordingly, ‘the shape of these profiles are reflected by some disaster

'preventlon facllltxes and do ot 1ndicate the natural condltlon of river.
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In regard to the characteristics of the disaster area, the covered area
by lahar in August, 1982 is shown in Fig, - 1.5. The lahar covered area and
the flood water courses are clearly recognizable from the aerial photographs.
The thickness of lahar deposits dotted on Fig. - 1.5 are based on field

observations and a questionaire for the inhabitants of the area.

Once the lahar or banjir occurs, the rivers generally overflow at the
place where their channels bend sharply or where the riverbed gradients change
and become more gentle (see Fig. - 1.6). These topographical changes

correspond to the micro landform condition on the alluvial fan.
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On the whole, the same tendency with the aforementioned can be seen in
the lahar covered area in this study area. Its characteristics with reference

to the rivers and landforms condition are summarized as follows:

(1) Channel shifting points

Fig. - 1.5 shows that many channel shiftiﬁgs of floéd'have occurred at
the fan head of the §. Cibanjaran. Especially. the overflow at the right bank
took its flood course to the §. Cimmampang and caused a lok of demage in
Sinagar village and its surroundings. Therefore, the main channel shifting
points exist here. For this reason, as the Nuée ardente was deposited with
about 10 m in thickness in the S. Cibanjaran valley, its riverbed rapidly rose
up and the longitudinal breaking point was formed. Because of this, it is
thought that it becomes easy for lahar to overflow at the outlet of S,

Cibanjaran at Sinagar.

The channel shifting of floods flow is rarely aistributed aloung the S.

Cikunir.
(2) The extent of flood area

Except for the overflow area to the 8. Cimampang, the wide.ﬁiobd area
is restricted at the lower surface of alluvial fan. It seems that the
existence of small scarps between the upﬁer surface of aliuvial:fan and the
lower one or between the lower one and the debris aﬁaianchelfan, éfevent the
wide spreading of flood flows., This fact well coincides with the
geomorphological condition showing that the lower surface of the alluvial fan

is under construction.

Along the lowerstream area of the §. Cibanjaran and S. Cikunir, the
main lahars flow down in the shallew valley which dissect the surface of
debris avalanche fan. Even though the overlows happened, the flood materials

are limited to the narrow area along the preseat river,

From the field observation of outcrop along the S. Cibanjaran and 5. .
Cikunir, there is no distribution of the lahar materials covering the debris

avalanche deposits.

Ed
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The total arvea covered by lahar in August, 1982 amounts to 5 kmz

based on the measurement from the aerial-photos.
(3) The thickness of lahar deposits

The distribution of the thickness of lahar deposits indicates the
enerqy direction of main lahar flows. The maximwn thickness is estimated at 8
m on the fan head of the S. Cibanjaran based on the results of interviews with
the inhabitants and geomorphological amalysis. Its thickness decreases
gradually to the lowerstream along the main flood courses, though a few meters
of thickness varies acdording to the micro landform relief. At the overflow
flood course from Sin;gar to the S. Cimampang, lahar was deposited only
betwaen 2_and.3_ﬁ in tﬁickness. Considering these facts, the mainllahar
course is judged to have originated from the S. Cibanjaran and flows down

along the present S. Cibanjaran and S, Cikunir.

Conségﬁentiy the total volume of 22.3 million rn3 was estimated. Its

statement of accounts is shown on table - 1.2.

Near the confluence of §, Cibanjaran and S. Cikunir, lahar deposits
could be seen with a thickness of less than 2 m in the valley bottom where the

overlow had not occcurred,

Table - 1.2 Statement of Accounts of Lahar Volume
in August 1982

based on photo-interpretation

Depositional

Flood area ' Thickness -Area Volume
. {m) (3103m2) (x103m3)
7 300 2,100
6 1,270 7,620
lowerstream of 5 1,100 5.500
8. Cibanjaran 4 790 3,160
and 8. Cikunir 3 410 1,230
2 460 920
total - 4,330 20,5630
overflow area 3 440 1,320
at Sinagar 2 210 420
total 650 1,740
amounts 4,980 22,270
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1.7 Preparation of Possible Disaster Area Map
1.7.1 Disaster Classification

The types of disaster related to thes forms of sediment load, which vary

according to the forces and wmaterials, can be classified as follows:

Table - 1.3 Classification of Disaster

Types of Forms of sediment Couses of disaster
disaster movement ‘ Lo e
Nuée Ardente Pyroclaétic flow Disaster caused
{ladu} : ' " directly by volcanie
Avalanche eruptions
Lahar Massive transport Disaster caused

by secondary movement
Tractive mass transport of volvanic materials

Bed load.
Banjir Individual transport  Disaster caused by
{Bed load) sediment deposits

in river course
"(Suspended load) ‘

Forms of sediment movement correspond to the classification of disaster

types or area which is Dased on geomorphological analysis.

The way of calculating the amount of sediment discharge varies
according to the form of sediment movement. In this respect, basic
information given by geomorphological analysis is very useful for the éecond
step to the guantitative analysis. We have to keep in mind that the form at a.
single location dlso varies, however, accord;ng to the amount of dxscharge,

water depth, partlcle diameter and s0 on.
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1.7.2 Possible Disaster Area Map Preparvation

The results of geomorphological and disaster studies have given a rough

jdea of the relationship between disaster types and landform conditions. A

possible disaster area map has therefore been prepared which shows the

possible disaster of Nuée ardente, lahar and banjir in different places on the

basis of landforms conditions and the relative height of banks.

1)

2)

Nuée ardente zone
The available data concerning to the past disasters indicate that
Nuée ardente has been limited to the valleys of the 5. Cibanjaran

and 8. Cikunir.
The Nuée ardente zone is outlined as follows:

On the southeastern slope of Galunggung volcano it is probable that
the nuée ardente reaches approximately 600 m elevation level in the
vicinity of Sinagar and Coconcong villages. It extends to wbout 5

km of horizontal distance from the new crater.
Lahar zone

Since the flood area of lahar in August, 1982 well corresponds to
the alluvial fan area, it is considered that the lahar zone extends
to approximately 475 m elevation level of the frontal edge of
alluvial fan. As for the river gradients at the lahar zone, the
largest is 5.2% (3 deg.) for the top of 8. Cikunir fan and the
smallest is 2.1% (1.2 deg.) for the fan edge area:; 3.7% {2.1 deg.}

is the rough averaée.

On the whole, the alluvial fan is exposed to possible danger of

lahar overflow.

The spreading of lahars depends largely on the overflow point
related to the channel shifting or longitudinal breaking zone. On
Fig. - 1.8, the channel shifting points that are particularly

hazardous are marked.
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3)

Banjir zone

Tha zone downstream from the lahar zone is desigunated as thes banjir
zone, As the occurrence of overflows would be closely related to
the aggradation caused by the local materials deposition, the
Jongitudinal profiles showing the relative height of banks (cliffs)
from the riverbed was prepared for the determination of overflow

points (see Fig. - 1.7).

The existing data concerning the flood area also was referred, as

wall as field observation.

After that, the overflow points of banjir were determined for two
places along the §. Clioseh and one place along the S. Cikunir.
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2. Geology
2,1 Introduction
Zglnl 'Genefhl'

' Tﬁis'fepdrt describes the results of geological surveys, carried out
for the Feasibility Study on the Disaster Prevention Project in the
Southeaéterh'81ope_of Mt. Galunggung West Java, Republic of Indonesia by the
JICK Study Tesm in 1987. -

2.1.2 Work Schedule

The:above—méntibned'survey has been executed, basically divided into
'jfour {4) stages as descrzbed below, from the beg1nn1ng of July until the

mxddle of December, 1987.
‘ (1).' The'FirstEStége:

JiCA‘dispatched an'éxpert‘Onfgeblogy and seil mechanics as a member of
- JICA Study Team from 1st Of July until 31lst of August, 1987 and the expert

performed thE'foiloéinq:

1) Field reconnaissance in the Study Area
':_ 2) Collecting geologlcal and soil mechanical 1nformat10n and reviewing
' --pr9V1ous reports.
3y Making the technlcal spec1f1cat10ns for the topographical: and
'geologlcal survey, as attached in the appendix, and contracting

‘with Tricon Jaya.P.T., an Indonesian consulting firm in Bandung.

{2y Thgtsecondistégeé.

_ ‘ "Tricon Jaya P T., received the order of a topograph1ca1 and geolog1ca1
survey from ‘the- JICA Study Peam on 27th of Jualy, 1987, commenced to carry out
‘the above survey;from ‘the beginning of August and completed it by the end of
-Gctober; 1987, ‘Final reports for eaéh survey were submitted to the JICA Study
| Team at the beginning of November, 1987.
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' (3) The Third Stages

_ In order to complete a geotechnical, detailed study with due
consideration to the results of the geological survey, JICA dispatched again
"the expert on geological and soil mechénics from 16 th of October until 15th
of November, 1987. ' ' '

(4) The fourth stage:
Geological analys;s of all data, obtalned through the geologlcal

survey, and completlon,of the final report were carried out in Japan from 16th

‘0f November until 15th of December, 1987
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2.2 Information Collected and Reviewed

2.2.1 Information Collected

‘All of the informatxon, collected durlng the study in Indonesia, is

descrlbed in - the llst of reference and data, as shown in Appendix-1.

2.2.2 Review of Previous Reports and Data

S 1),
of 1/50 000. Volcanoleglcal Survey of Indonesia.

2)

- 3)

Geological Map of GalunggungiVolcéno,_West Java, 'in 1986 on a scale

'Geologlcal Map of the Crater Lake, Mt. Galunggung in 1986 on a

spale of 1!5,000 : Volcanolog;cal Survey of Indonesia.

“The formér:(llso,OOO) covers almost the whole study area and adds

brief description of Galunggung volcanic deposits and

stratigbaphy."The:later@(1/5,b00)3¢OVEps the crater lake of

‘Mt. Galunggung, and adds the geclogical prdfiie. ‘These two
'geologidal*maps-cértéin effective information to grasp the

- geological coriditions of the study area.

Aerial Photographs in 1982 on a scale of 1/12,000

These photographs have been taken during eruptions and clarifies,

'nét-onlyithe.diétribgtibn of pyroclastic and lahar deposits in 1982

'~ 1983, but also the previous:-one in the study area.

In addition to the sbove-mentioned geological maps and aerial

”éﬁotdgraphs, the previbps reports executed by DPU are as follows;

4) |

Final report

.Péreﬁéanéah'Menyeluruh (Ovérall.Plah) Daerah Bencana Gunung

5Ga1unggung Prepxnsx Jawa Barat, Laﬁbran Utama ; Pebruari 1984 P.T.

Yaramaya.
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5) (1/2) Laporan Hasil

Perielitian Geologi dan Mekanika Tanah pada Sungai Cibanjaran Jawa =

Barat ; July 1983, P.T.'Inti Cipta Utama.

C 6} (2/2) Lapcran Ha511
Penelltzan Geologi dan Mekanika Tanah pada Sungai Cikunir JaWﬁ

" Barat. ,-Saptember 1033, P,T. Intl Cipta Utama.

‘Report (4) is the final report of the "Overall Plan" of the Galunggung
'd1saster area.. As for geological items, the generai geology and volcanmc.
aet1v1t1es of Mt. Galunggung are summarlzed in the chapter 2 and 3,_w1th
reference to the prevxous blbllography and data. No' original survey has been

carrled out for this report.

Reports (5} and - (6) reveal the soil mechan1c31 characteristics of the
lahar deposits in Cibanjaran river and Cikunir river. - These two reports are
‘also effecti?e-to.underStaﬂd'the basic characteristics of the riverbed

materials;
7) Galunggung the 1982 -.1983 eruption ; 1985, J.A.Katili et al., V.S8.I

8) Letusan Galunggung 1982 — 1983 Kumpulan Makalah Hasil
Penyelidikan ; 1986, J.A. Katili et al, V.S.I

Books (7) &nd (8) describe in detail the volcanic phenomena related to-

1982_*'1983'érupﬁion and also contain many'prévious papers. These two bboks

are very important and useful for theé understanding of Mt. Galunggung.
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2.3 Geomorphology and Geology
.{1). Genegral Geology

The Indonesian archipelago, stretching 5,000 km from North Sumatra to
the eastern Banda Sea, is composed of many slender islands facing the Indian

Qcean,

The Java subduction zone, which is the Indian-Australian plate dipping
into and under the Eurasian plate at an angle of about 60°, lies parallel to

those islands outside.

Indonesian volecanoes are all related to convergent plate margins and
occur as chains or arcs overlying the down going plates as shown in Fig. - 2.1
Mt. Galunggung volcano is one of over 100 volcances which have been active

since 1,600 AD (1985 I. Suryo & Clark).

T ZONES OF A ACTNE l_
VOLCANOES

v . ACTIVE VOLCANOES (C|
IN JAVA B BALI
U= . T

! S\
ACTIVE VOLCANOES KE !
O 750m CONTOUR SEMERY AGING

Fig. - 2.1 Distribution of Volcanoes in Indonesia

{Source: 1985 I. Suryo & Clark)
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Mt. Galunggﬁng'is situated in the southeastera West Java: in .a tectonic
© This bloek is in
“the block

block containing several active vblcanees.(éee Fig. - 2.2).
fault contact with the nofthwast and the northeast, In thé*sdﬁfh. .
consists of old andesite volcanic rocks of the’ Southeastern Ranqer correlated
to Moicence of ‘the Tertiary Era ‘and tilted southward, generating the’ east -

west’ trend:.ng normal - fault that forms the southern 1imits of the :['as;kmalaya

and Garut plains (1985 J.A. Kat111 & Adjat 8). .
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106"E 107°s 108° bl
'Fig. - 2.2 Schematic Geological Map in Southeastern West Java

(Source: 1984 J.A. Katili & Adjat .)

The front line of act:.ve vclcanoes in Java 1sland is generally

stretching in the dlrectzon of approx;mately east - west.'

Howave L, t:he

Galunggung - Talagobodas volcanxc complex range, whlch Mt. Galunqgunq

belong:.ngs to, lz.es stralght from south to north.
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(2)

Geomorphology and Geology of Study Area

1) 'Geomoréhology

2)

The study'area includes the Galunggung - Talagobodas range, the
Tasikmalaya plain, the Ciwulan river, the Ciloseh river and their

many tributaries.

Geomorphorogy in the study area is broadly divided into three
wones, except the southeastern slépe of Mt. Galunggung, namely i)
the steep mountaip area ranging from 2,200 m to approximately 700 m
in elevation mostly covered by natural forest, ii) low undulating

foothills axtending between elevations of about 700 m and 500 m

s

' 1ii) the wide and nearly flat plain, lower thau about 500 m in

elevation dotting a few thousands of rockhill avalances. The

southeastern slope of Mt. Galunggung is horseshoe - shaped and is

like a table in the lower part.

Major rivers dissecting this study area come from the steep
mountain area and flow down generally in the direction of southeast
to south, to the Indian Ocean, with meanders remarkably in the

lowerstream area.

The low hilly area and nearly flat area, possessing good sources of

water and have natural drainage from the small streams. They are

_mdstly utilized for small paddy fields. There are many small

communities (Kampung) in these area.

Geology

- Volcanic roék'predominates in this area (see Fig. - 2.3 and Table -

2.1)., Basement rocks exposed in the study area are the oldest
volcanic rocks composed mainly of andesite lava flow and
pyroclastic rocks, derived from Talagobodas, Karacak and Sawal

volcances before the formation of Guntur volcano in Quaternary Era.

Volcanic deposits of the older Guntur volcano are distributed

covering the ahove-mentioned volcanic rocks.
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The upper part of Mt, Galunggung consists of well congolidated lava
flow, interbedded pyroclastic air fall deposits, ash to scoreous

lapilli and Guntur lahar deposits.

After the formation of Guantur volcano, a phreatic explosion and a
major sector collapse occurred in the southeastern slopa 23,1000
years ago (1986, H. Juwarna et al 1/50,000 Geological Map). The
horseshoe - shaped erater was formed as a result of the explosion.
At the same time, it produced a great deal of lahar deposits
(Galunggung lahar deposit 1), widespread in the southeastern slope

of Mt. Galunggung.

Lava of Walirang, pyroxine andesite lava flow, lies around the

crater which was created by the above-mentioned explosion.

Galunggung pyroclastic flow 2 deposits, composed of ash;.lapilli
and bomb, and Galungguag lahar 2 depesits overlie along the
Cibanjaran and Cikunir rivers in the southeastern slope from 1,000

m to 500 m in elevation.

These deposits are derived from the 1822 eruption.

As the youngest deposits, Galunggung pyroclastic flow 3 deposits,
Galunggung pyroclastic air fall 2 deposits and Galunggung lahar 3
deposits are along the Ciloseh, Cibanjaran and Cikunir rivers.

These deposits are derived from the 1982 - 1983 eruption.

The lava of Mt, Jadi, a lava dome formed in the 1896 crater in
1981, was destroyed by the 1982 - 1983 eruption.

Stratigraphy of the pyroclastic rocks, flows and lahar deposits are

as shown in Table - 2.2.
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2.4 Mt. Galunggung Volcano

2.4.1 Volcanie Activity

Previous eruption reports mention that historically, major activity of

Galunggung volcanc is recorded only three times: 1822, 1894, 191f before the

1982 -~ 1983 eruption.,

Geological characteristics of each eruption are surmarized as follows

(source: 1924 Van Es, -1986 J. Katili and Adjat 8., 1986 VS5I 1/50,000

Geological Map).

1)

2)

The activity in 1822

The first eruption occurred on 8th of October, 1822, and lasted for
five (5) days. The conduit of explosion was presumably situated at

the same place where phreatic explosion had occurred.

Nuée ardantes predominated and swept down along the S.'Cibanjaran
and 8, Citanduy up to a distance of 10 km. Pyroclasﬁic Flow
materials (now named as Galunggung pyroclastic flow 2 deposits )
consist of some layers, 35 m in total thickness, ash, lapilli and

bombs. A lava dome was formed later in the same year.
The activity in 1804

This eruption occurred on the night of 17 - 18th of October, 1894,
from three eruption veats within the crater and lasted until 19th
of October, 1894 (two (2) days).

Ash was at first erupted with a thickness of 0.5 meter to 1 meter
on Galunggung's slope and the lava dome of 1822 was deStroyed on 18-
- 19th of October in 1894,

No Nuée ardantes occurred. The eruption produced a new crater,
about 300 to 400 meters. The Cibanjaran river was diverted and
entered the crater region, which then filled with water forming a

crater lake,
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3)

4)

The activity in 1918

On 17th of July at 10.00 PM, a minor earthguake was felt in

- Tasikmalaya. Ash fall was very limited on the southern slope, only

18 mumn thick.

‘The new lava dome, Mt. Jadi, appeared on 19th of July in 1918,

finally 200 - 250 m wide in diameter with a height of approxzimately

50 m above the water leveal,

Temperatures ranged from 50°C to 95°C in the fumaroles and 34° -

75°C in the hot springs.
The activity in 1982 - 1983

The first eruption occurred on 5th of April in 1982 and lasted

until January in 1983 {about 10 months).

The sruption is divided into 3 phases as follows, (see Table - 2.3,
1986 J. Katili and Adjat §8.)

Phase I

(April 5 - May 17-19)
Characterized by destruction of the lava dome, Nuée
ardantes up to 5 km, and relatively high silica content

(55%).

Phase II : Ash and bomb ejection, divided into two subphases.

A, (May 19 - Auqust)
Characterized by the eruption of Vulcanian type,
less Nude ardantes (up to 2 km) and relatively high
silica content {53%}.

B, {August - November)
Characterized by the eruption of Vulcanian and
Strombolian (mixed), less Nuée ardantes and

relatively low silica content (50 - 53%).
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Phase III: Ash and effusive ejection, divided into two subphases.
A, {(November - December)
Charaéterized by the eruption of Strombolian to
Effusive type, less Nuée ardantes (1 km) and low
silica content (49%),
B, (January)
Characterized by the eruption of effusive type, no

Nuée ardantes and low silica content.

2.4.2 Geological Structure

The so-called Mt., Galunggung consists mainly of Mt. Guuntur (EL. 2,160},
Mt. Siang (EL. 2,168), Mt, Walirang (EL. 1,182.9), crater lake and so on.

Schematic geological structure is indicated in Fig. - 2.4.

Mt. Guntur, the oldest and highest mountain, is of the central strato
type and possesses the old crater on the summit. Alternation of lava flows
and pyro¢lastic deposits are clearly identified in the horseshoe - shaped

crater wall.

The conduit of 1822 eruption was presumably situated in the

above-mentioned crater, different from the new one in 1082 - 1983,

Mt. Jadi, a lava dome in the 1894 crater, was created in 1918 and
deétroyed in 1982 - 1983. Some parts of the lava dome still remain at the new
crater wall formed in 1982 - 1983,

A small cinder cone, which is 1087.45 m high in elevation and blasted
out andesite lava from its summit, was formed in the new crater from the

volcanic activity in 1982 -~ 1983,

Mt. Walirang is the crater rim, formed in the 1918 and 1982 - 1983

eruptions and is composed of pyroclastic deposites.
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2.4.3 Geology

The prasent'crataf'lake is situated at the top of the horseshoe-shaped
valley in the southeastern slope of ML. Galunggung. The water surface is
'approxlmately 1 080 meters hlgh in elevat;on and the lake is about 600 meters

in dlameter.

The 51ope'o£ the_ihner_ﬁall is very steep, with an angle of 50 to 70

degrees and the one'afféuter-véry gentle, with an angle of 20 to 30 deqgrees.

: A small clnder cone, the summit 1,086 meters high in elevatlon, is

'1ocated 1n the lake.

The geology around the crater lake is composed of Quarternary

_.pyroclastlc rocks and d99051Ls. (Flg - 2.5)

' The stratlgraphy is d1v1ded 1nto flve (5) unlts, namely i) clder

volcanlc breccxa (0b) ii) Ande31te dome - (Ad), 4i1) Younger voleanie brec01a

(Yb). iv) Pyroclastlc flow deposits (PY) and Tephra {Tp) in acending order.

Every unlt except ande31te ‘dome is roughly parallel to. each other,

dlpplng ‘at- an angle of 20 to 30 degrees.

‘ The ahdesiterddmeﬁis.a:portion of Mt. Jadi, which was formed in 1916

and was destroyed in 1982 - 1983,

::Table - 2}4 'Sti&tigraphy-around the Crater Lake

- Bed S :; “Rock or.SQGimQﬁts Faces ~ Year of Eruption

. fep@ra?(TQ)n Scoria, pumice and ash,

“accompanied volcanic bomb 1?82 - 1983
"EPYroclastlc flow" o g ) ' o
' s n avel : -
deposits (Py) Coarse sand and grave . i982 1983
Younger volcanlc ~Makrix softaloose,rhot consoli -~ 1894
'=‘brec¢1a_(Yb) dated; breccia small - big.
.. it Hard, eracky, every joint
n t : s . . i8
A_¢951re ﬁome.(Ad) opened, partially auto - breccia 19
Older volcanic ~ Matrix soft - a little consoli- 1822

breccia (Ob) ‘dated; breccia small - big
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2.4.4 Fumarole and Solfatara

_ The steam spout that blows up volcanic gas as post volcanism is-divided
into three kinds, ‘namely, 1)1fumarole 2)_so1fatara and-3) moffete according to
the'chemical'chPOSitionﬁof each. .The first one blows up'mainly.Héo, the
séCOnd-st'and sulphide, the third coz. The former two gases are hot ones

and the last one is'approximately-normal-temperature.

J-Atﬂﬁhé~pre59;t_time (a5 of Nbvemberg 1987), many fumarole and a small
amount of solfatara still remain around the inner wall of crater.. No

fumarole, however, occurs in the outer slope of Mt. Walirang.

The chemical comﬁbsition_and temperature of gases, collected from Bl

and B-2 drilling hole and crack on the inner wall of crater, are shown in

'Taﬁie-.—' 2.5,

_ .In:each'éasé,'coz is more than the threshold estimate value, 0.05%:
and 802 is more thaﬁ the threéhbld,estimated value,ko.001%.

.. Table - 2.5 - Chemical Analysis of Volcanic Gas

. Location. .- . Height (msl) Temperature = Gas Composition
By o 1,161.70m 92°C €0y 1.32%
o A e L Ha0 : 50.1%
Hy -
- 509 '3 0.09%
Ny ¢ 42.5%
"By 1,155.90 m - 94.6°C €Oy ¢ 1,97%
TR TR . S Hy0 1 41.20%
Hyp 2 -
S0y ¢ 0.09%
Ny ot 46.73%
Fumarole 1,100 m B6°C €Oy &t 1.32%
" at the : ' H;0 : 38.96%
crater rim - : e Hy t  7.2%
e ' ' 80, : 0.088%
TNy 1 46.32%

‘(Analized by VSI Chemical
Laboratory, Yogyakarta)

. 'This means ihat poison gases endanger surroundings area, especially

- ¢losed area (i.e. tunnel).
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2.4.5 Landslide and Collapse of Crater Wall

The bulletion of the: valeanologlcal Survey of - indone51a No. 106" (p. 23)
describes that a’ big landsllde occurred in 1968 cau51nq the sources of .
-Clbanjaran and Clkunlr to-join each other as the. 1nformat10n £iom local -
admlnxstratlcn. No more detailed 1nformatlon was reperted concerning the.

scale, 1ocatlon, type of occurrence and so on.

" The report of P.T. YARAMAYA {1984) mentlons that the flood end ‘a major

damage also occurred just around the hoxseshde - shaped crater in 1950.

Slnce the 1982 -~ 1983 erupt;on, it is not- recorded that any major

landslide: occurred in the vicinity of the crater.--

However, small collapses of the crater wall st111 occur, espec1ally at’

"~ eracky andesite regions and the very soft air- fall deposits.
 2.4.5 Leakage of Water from the Crater Lake.

‘Casadevall- (1986) descr1bes that 'three areas of thermal spr;ngs sceur
between 870 m and 1,000 m in elevation on the southeastern -slope of Wallrang' .

-r;dge. These occur along the Clkun:r, Clpanas and Cibanjaran draxnages.

‘Comparing the location and temperatures of theseISPrings.eith eerlier
" measurements (1924 Van Es' and Taverne), there 1s no ev:dence that the’ lake ‘is
losing water by 1ncreased outflow in the springs. : '
At only one place, near Pr. Senﬁeng upstream of Cibukur 900 m in.

elevation in- the south slope of Walirang, a very small hot sprlng was
_ 1dent1f1ed at the begann;ng of July. 1987, and it d1sappeared on the mxddle of

'August, 1987. '
At the present, August to neptemher, ‘1987, there are no 1eakage pO1nts

or hot sprlngs on the southeastern slope of Mt Wal;rang.
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2.5 Engineerihg Problems for Planning of Drainage System from the Crater Lake

Geoiogiéal survey around the crater lake have revealed some serious
-prdbléms_EOr;thaufoundaﬁion-rocks,_ The following is a description of the
geological ¢haraCteristics and points to note concerning the execution phase

of the crater lake wall.

() Weakness'ﬁf the foundations ;

~Evéryffouhdation-éxcept.andesite is very'soft,.loose, not consolidated
and'heterdgenedus; because of Quarternary volcanic deposits. Judging from the
drllllng core and seismlc veloc1ty (max, - V, = 2,30 km/sec), the strength

4
_of the’ four (4) foundatlons is thought to be very weak.

(b)  High pérmeability ;

The foundat:on are highly permeable, Wlth the permeability coefficient

(k) belng on the order of k _3.

(¢)  High temperature fumarocle ;

Fumarole of 80°C to 90°C was observed 80° to 90° was blown up from B-1
and B ~ 2 drilling hole during drilling works, including small amount of

solfatara.

ngh temperature was judged to be caused by post volcanic activity

Zaround the crater.
' (d)_' ﬁbiaanic'gas ;o

- Tﬁe main'Chemicéi'cbmﬁosition of fumaroles, collected from B-1, B-2 and
'.cfatér'iim;'is"SHoﬁn in-Table ~ 2.5 |
Poxsonous gases, SO , and CO are contained more than the
threshold estimated value (SO 0. 001% and CO t 0.05%).
- It ‘is necessary for’ the plann1nq of countermeasures to treat pozsonous

qgases safely, espeq1a11y in closed area (i,e. tunnel)}. =
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(e) Instability of excavated slopes ;

Andesite near the proposed shaft is very cracky and every joint is

opened, therefora, creep occurs on the steepslopes excavated.

Near the outlet of proposed drainage tunnel, the foundation consists of

pyroclastic flow deposits and it is very soft, looss and not consolidated.
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2.6 Required Survey in the Next Stage

This geological survey pointed out several problems for the plamning of

a drainage system from the crater lake as mentioned before.

It is necessary to confirm the geological condition of the foundation

along the tunnel before the design is completed in detail.

Considéring the results of the geclogical survey and the planning of a

drainage system, it is required to carried out the following geological survey

described in Table - 2.6 and Fig., - 2.6,

Table - 2.6 Required Survey in the Next Stage
Elevation
I
tem Name (meters) Quantity Remarks
(Meters) $¢66 m/m, including
B-4 35.0 Water Test and measure-
ment of gas temperature
B-5 90.0 v
B-6 80.0 "
B-7 35.0 "
Total 240.,0
In-situ- 2 points £ lasts X
Permeqbility Test - - poinks or pyroclastic rocks
Chemical Analysis Collected from drilling
- - 10 samples holes and craks of

of Volcaniec Gas

ground surface.

Geqlogical
Analysis
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Annex-1}

List of Reference and Data

(1) Topographic Map and aerial Photographs

G.1-1)

Go 1"'2)

G.1-3)

G.1-4)

G.1-5)

Topographic Map in 1932 on a scale of 1/50,000;
Topographic Map in 19 on a scale of 1/25,000;

Peta Situasi Kawah G. Galunggung dan sekitaraya in 1978 on a scale

of 1/10,000 ; Bag. Proy. Penelitian dan Pemetaan Gunungapi.

Peta Situasi Kawah G. Galunggung, Tasikmalaya, Jawa Barat in 1986

on a scale of 1/5,000 ; Direktorat Vulkanolegi.

Aerial Photograph in August 1983 on scale of 1/12,000

{2) Geological Map

G.2-1) -

. 602“2)

G.2-3)

Geological Map of Java and Madura in 1977 on a scale of

1/2,000,000 ; Geclogical Survey of Indonesia

Geological Map of Galunggung Volcano, West Java in 1986 on a scale

of 1/50,000 : Volcanological Survey of Indonesia.

- Geological Map of the Crater Lake, Mt, Galunggung in 1986 on a

scale of 1/5,000 ; Volcanological Survey of Indonesia,

(3) Reports for the Project of Mt. Galunggung DPU

G.3-1)

Go 3""2)

Final  Report
Perencansan Menyeluruh {Overall Plan) Daerah Bencana Gunung
Galunggung Propinsi Jawa Barat Laporan Utams ; Februari 1984 P.T.

Yaramaya.

(172) Laporan Hasil Penelitian Geologi dan Mekanika Tanah pada
Sungai Cibanjaran, Jawa Barat ; Juli 1983, P,T. Intil Cipta Utama.
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G.3-3)

{2/2) Laporan Hasil Penelitian Geologi dan Mekanika Tanah pada
Sungai Cikunir, Jawa Barat ; September 1983, P.T. Inti Cipta Utama.

{(4) Bibliography for general Geology and Volcano

6.4-1)

G.4-2)

G.4-3)

G.4-4)

G.4-5)}

G.4-6)

G.4-7)

G.4-8)

De Galeenggoeng en Telaga Bodas ; 1924
L.K.C, Van Es en N.J.M. Teverae

Geology of Indonesia

Bulletin of the Volcanological Survey of Indonesia fof the year
1959 No., 102 ; 1950, Departemen Perindustrian Dasar/Pertambangan

Djawatan Geologi - Bandung.

Bulletin of the Volcanological Survey of Indonesia for the years
1961, 1962, 1963 No. 4 ; 1981, Departemen Pertambangan Umum

Directorat Bulkanclogi - Bandung

Bulletin of the Volcanological Survey of Indonesia No. 106.

Report on the Volcanic Activity in Indeonesia during the periocd

‘1964 - 1970 ; Departemen Pertambangan dan Energi Directorat

Jerderal Pertambangan Umum Directorat Vulkanolegi - Bandung.

Data Dasar Gunungapi Indonesia ; 1975 Departemen Pertambangan dan

Energi Directorat Jemderal Pertambangan Umum Direktorat Vulkanologi,

Galunggung the 1982 - 1683 eruption ; 1985 J.A. Katili and Adjat
Sudradjat, Volcanclogical Survey of Indonesia Directorate General
of Geology and Mineral Resources Department of Mines and Energy

Republic of Indonesia.

The Occurrence and Mitigation of Volcanic Hazards in Indonesia as
Exemplified at the Mount Merapi, Mount Kelud and Mount Galunggung
Volcanos ; 1985, I. Suryo & M.C.G. Clarke, Q.J. Eng. -Geol. London
vol. 18,
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G.4-9) Volcanic Hazards and the Crater Lake of Galunggung Volcano, Wast
Java, Indonasia (Draft) ; 1986, T.J. Casadevall, Volcanological

survey of Indonesia.

8.4-10) Lahar as Major Geological Hazards ; 1976, Neall V,.E. Bulletin of

the Intermational Association of Engineering Geology No. 14,

G.4-11) Terowongan Guaung Kelud dan Saran-Saran tentang Rehabilitasinya ;
1972, I, Suryo, Proyek Gunung Berapi Direktorat Jenderal Pengairan

Departemen Pek., Umum dan Tenaga Listrik.

G.4-12) Letusan Galunggung 1982 -~ 1983 Kumpulan Makalah Hasil
Penyelidixan ; 1986, J.A. Katili et al Directorat Vulkanologi.
Bandung

{5} Reports of JICA

G.5-1) Final report of seismic survey for feasibility study on the
disaster prevention project in the southeastern of Mt. Galunggung ;

1987, JICA

G.5-2) Final report of drilling survey for feasibility study on the
disaster prevention project in the southeastern of Mt. Galunggung ;
1987, JICA

G.5-3) Fianal report of riverbed material survey for feasibility study on
the disaster prevention project in the southeastern of

Mt. Galunggung 1987.
G.5-4) Final report of topographic survey for feasibility study on the

diaster prevention project in the southeastern of Mt. Galunggung ;

1987, JICA
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VOLCANIC GAS CHEMICAL, ANALYSIS OF THE WELIRANG
RIDGE OF THE GALUNCGGUNG CRATER

Time (work) schedule

- October 30, 1987 Yogyakarta - Bandwrxy by bus

- October 31, 1987 Bandung - Tasikmalaya (G. Galunggung) by Toyota Jeep
- November 1 - 3, 1987 Field work (arcund the crater) '

- Novenber 3, 1987 (afternoon) G. Galunggung - Yogyskarta

- November 5 - 7, 1987 chemical analysis (laboratory work)

Sampling date : Novener 2 - 3 ,. 1987

Location : Gas (fumarole) from By, B, and crater rim (1100 m)
Method of sampling : Autcmatic Vacum Tube method

Analysis by : Yustinus Sulistiyo

Laboratory : VSI Chemical Laboratory, Yogyakarta

Method of analysis : (as Chramatograph method

Gas Caomposition as follow :

Location Heightt Temperature Gas Coposition
(msl) : : : : L
1161,70 m : "92

jas
OMS.

(0]

C t 1.32 %

50.1 %

By

g

0.09 % -
42,5 %

=
o

1155,90 m 94,6° ¢ " Co.: 1.97 %
B0 : 41,20 %

0.09 ¥
N, : 46,73 %

B

1.32 %
38.96 %
: 7.2 %

: 0.088 %
46.32 %

Fumarole 1100 m 86
at the
crater rim

.

e

12
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Poison gases : CO, {threshold estimate value 0.05 %)
S0, (threshold estimate valuve 0,001 %)

Unpoison gases : HZO’ H2 and N2

Poison gases endanger swrroundings area, espe_cially closed area (i.e
tunnel) if the precentage reach more than threshold estimate value.
We have to aware of the real situation around Galungoung Crater avea,
possibly not yet fully quést that's why this problem should be stu-
died and prepare very carefully.

The Crater IaXemaximum water content in late December 1986 c. 7.5
millions rn3 (during heavy rainy season) and in late September 1987
(dry season) c. 2 millions w. _

It could ke the g?ater- content- of the crater fluctuated between c.
2 millions m® (minimuit) up to c. 7.5 millions mo (maximum) .

We appreciate if you couldappmach the VSI office for next feasibility

studies in the area (i.e. gas, heat flow etc.).

Bandung, November 10, 1987.

- 57 .-



3. Accumulated Sediment Volume Analysis
3.1 General

The yield sediment after the eruption in 1982 and the accumulated
gediment volume in the sandpockets in August, 1987, examined on the basis of
the existing survey data sad thie result of the first work in Yndonesia by the

JICA study team in 1987.

The ejected materials by the eruption of Mt. Galungqung in 1982
accumulated on the hillside and in the river channels as the ash deposits and
the ladu deposits. Then it ran off and was accumulated in the lower sections
of rivers when it rained. The runoff sediment from §. Cibanjaran; 8. Cikunir
basin was especially large and its part overflowed into S§. Cimampang basin at
Sinagar of S. Cibanjaran basin, and accumulated at the Sandpocket Negla and
the Cimampang Area. 'That is, the deposit materials in the Sandpocket Hegla

and Cimampang was runoff from S, Cibanjaran.

There were the ejected materials thickly covering the southeastern
slope of Mt. Galunggung caused by its eruptions at intervals of 50 years on an
average. After the eruption in 1982, both the sediment from the 1982 eruption
and the sediment before efﬁption have been likely teo flow out to the lower

sections of the sandpocket area in 8, Cikunir, §. Cibanjaran and so on.

In this chapter, for the purpose of obtaining fundamental data for the
sediment control plan, the ejacted materials volume, accumulated sediment
volume and unstable materials volume, are estimated on the basis of the

existing data and result of sediment aunalysis by JICA.

After these estimates, the sediment balance after the eruption of 1982

is rearranged and spare capacity of sandpocket is calculated.
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The study items in this chapter are shown as follows:

1} _Ejected materials volume (ash deposit, ladu deposit)
2) Accumulated Sedimént Volume in Sandpocket

1) ‘Uastable materials volume

4) Sediment Balance _

5) Spare capacity of sandpocket

Study flow for the estimate of sediment balance and for the caleulation

of spare capacity of sandpocket are shown in Fig. - 3.1 and 3.2,
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Existing Data & Aerial Photo | . | Field Investigation
from 1982 until 1986 in Aug., 1987

L
!

Volume of Ejected Materials
(Ash Deposits, Ladu Deposits

Aug. 1982, Apr., 1984
Aug. 1987 L

Erosion Volume
from Sep. 1982 until Aug, 1987

Accumulated Sediment Velume
in Sandpockets Area

Aug. 1982, Apr. 1984
Jul. 1985, Aug, 1987

Unstable Materials Volume
in Aug. 1987

Ash Deposits, Ladu Deposits
Riverbed Materials

Sediment Balance after
the Eruption in 1982

Fig. - 3,1 Study Flow of Sediment Balance
in Study Area after the Eruption in 1982
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in Sandpockets

Longitudinal and

Cross Sectional Survey

of Sandpockets

Longitudinal Profile

Sediment

Supposed Allowable
‘Gradient of Accumulated

Lateral Profile

of Sandpockets

)

Supposed Original Ground
Height Line

4

Estimation of Accumulated

Sediment Volume

—

Supposed Allowable

Sedimentation Line

7
Present Spare Capacity

for Accumulated Sediment

et e

Present Free Capacity

of Sandpockets

—_——
:
t

Present Excess Sediment

Volume

]

~Present Condition of

Sandpocket Capacity

Fig. - 3.2 Study Flow of Sandpocket Capacity
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3.2 Ejected Materials Volume

A review of the survey report of the ejected materials {(the ash deposit
and the ladu deposit) by the eruption in 1982 is arranged below according to
the survey data by the Volcanclogical Survey of Indonesia (VSI} and by the
JICA Study Team, '

3.2,1 Volume of Ash Deposit

As Mt. Galunggung erupted ia 1952, the investigation of the volume of
the ejected materials accumulated in §. Cimampang basin, S. Ciloseh basin, 8.
Cibanjaran basin, S. Cikuair basin and on the southeastern slope basin has
been carried out three times by the Volcanological Survey of Indonesia. The

dates of investigation are as follows: The results are shown in Table - 3.1,

a. The 1st time; Aug. 1982
b. The 2nd time; Feb., 1983
c. The 3rd time; Dec. 1983

The volume was estimated multiblying the average thickness by the
surveyed area after the field survey of the sediment thickness at the sampling
point. The volume of ejected materials shown in Table -.3.1 is little if that

volume includes the ladu.deposit.

Therefore, the JICA Study Team judged that ejected materials surveyed
by VSI is only ash deposit volume not including the ladu deposit in the river

and the hillsides.

According to Table -~ 3.1, 54% - 75% of the ash accumulated on the hill
side in August, 1982 ran off to the lower section of sandpocket area on rivers

during 16 months till December, 1983.

In the meantime naked land is observed around the upper reaches of S.
Cikunir and S, Cibanjaran while the vegetation covers the lower reaches. The
ash deposit is inferred not to remain on the hillside slopes as they have

runoff downstream or turned into soil.
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Table ~ 3.1 Voluma of Ejected Materials
on the Slope of Mt. Galunggung

. Volume of Eiected Materials (103 m3)
River

Basin

Volume *1 Volume %2 Volume *3
in Auwg. 1982 in Aug. 1983 in Aug, 1983

8, Ciloseh-

. 7.200 2,200 1,800
$. Cilmampang
8. Cibanjaran- 4, 44 8,300 6,600
8. Cikunir
Rivers onAthe '
N T Fd 10;500 6; 800
Southern Slops 18,500
Total . 39,900 21,000 15,200

Hoté: It has beén estimated by the Directorate of Volcanology

1 “J.A. FATILI & ADJAT SUDRADJAT (1981): GALUNGGUNG THE 1982 - 1983
EhU?inﬂ,.Vqlcanological Survef of Indonesia" Page 52.

*2 ﬂDisaSter Preparedness and Rehabilitation in Indonesia ~ Part (I)
«es Aug,., 1984 ... UNDP/11.0" Page B

w3 "FIH#L REPORT PEREHCAHAAH MERYELURUII (OVERALL.PLAN) DAERALL BANCANA
GUNUNG GALUNGGUNG ... Feb,, 1981 ... Directorate of Rivers" Page V-5

1
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At the southern slope basin, the deposit materials of the sediment
cunoff of 1082's debris (the ash deposit) are found on the riverbank, the ash
deposit is not found on the hillside slope. Besides, the basin is not
devastatéd as the other rivers. Therefore, the hillside ash deposit by the

gruption in 1982 on the southera slope is presumed to runoff entirely.
3.2.2 Volume of Ladu Deposit

The ladu occurred at the §. Cikunir and §. Cibanjaran basin in addition
to the ash deposit in Table -~ 3.1, and it accumulated thickly oan the hillside
slope and the channels of both rivers. The ladu deposit in the river channels

reached about 3 km from the crater for §. Cikunir and 5 km for S. Cibanjaran.
{1) Ladu Deposit Volume in River Channel

As for the first work by JICA in Indonesia (Aug. 1987), the volume of
ladu deposit was estimated on the basis of the results of the cross sectional
surveying data,‘iﬁe-sita investigation and the aerial photographs. The

location of cross sectional survey is shown in Fig. - 3.4.

The method for estimating the ladu deposit volume in the river channels
is described in Fig. - 3.5, The ladu deposits volume at the 1982 eruption and
that which had runoff till August, 1987, among them were estimated, assuming
the cross section shape of the channels just hefore and after the 1982

eruption by the field survey.

original suriace

1adu deposited NN - %fﬁ:?m L

in 1982 - 1982,8-1987,8 eroded volume
Laresent river

Fig. - 3.5 Estimate Method of Ladu Deposit
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Table - 3.2 shows the results of the deposit volume estimate. It -is
presumed that the ladu deposit in both river channels of §. Cikunir and S.
3, 78% (8,870 x 10°
m3) of them ranoff by erosion to the downstream of sandpocket Ciponyo I till
August 1987.

Cibanjaran at the 1982 eruption was 11,3 x 103 m

Table - 3.2 Volume of Ladu Deposits in the River Channel

Ladu Deposits in the River

River ; T e
Area Sediment Sediment Erosion Volume
Volume Volume ‘between :
in Aug. '82 in Aug. '87 ‘82 & '87
(10° %) (10° %) . (10° m°)
S. Cibanjaran 6,500 1,800 4,700
S. Cikunir 4,800 630 4,170
Total 11,300 2,430 . 8,870
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(2) Ladu Deposit on the Hillside

The ladu deposit is considered to be accumulated on the gentle hillside
sibpe from‘Outgerrdter at Walirang to 8. Cikunir and §. Cibanjaran upper
reaches at the eruption 1982. Since the marks of deposition were not
confirmed at the survey in August, 1987, it was estimated that the greater
part of them had already runoff and it had bsen the considerably large volume

as the soﬁrce of the lahar supply.

The area of the iadu flowed out the hillside slope accounts for about
2.1 million m2 judging froh the deposit conditions of the ladu deposit in
both channels of §. Cibanjgran and 8. Cikunir and its present accumulating
condition on the crater hill slope (See to Fig. - 3,6). The average
accumulated thickness of the ladu deposits is 5-8 m by the geological survey

of JICA at Mt. Walirang.

“The voldme:of ladu deposit in August 1982 and in Auqust 1984 is shown
in Table ~ 3.3, According to Table - 3.3, the volume of Ladu deposit in 1982
is about 15,000 x 103 m3, and 9,800 x 103 m3 of it is eroded until

August 1988,

Table -~ 3.3 Volume of Ladu Deposits
on the Slope of Mt. Galunggung

Ladu Deposits in Aug. '82 Ladu Deposits in Aug. '87
River — -
Basin Sediment Sediment Sediment Sediment Sediment Sediment
Area Thicknass Volume Area Thick- Volume
ness ness
2 T 3
(km”) (m)  (10° w) (k) m)  (10° n%)
5. Cibanjaran 1.02 ‘ 7 ‘ 7.140 0.37 7 2,590
8., Cikunir 1.10 7 7.700 0.37 7 1,590
Total 2.12 _ 14,940 0.74 5,180

Hote: Eroded Volume between Aug. 1982 and Aug. 1987
= 14,940,000 - 5,180,000 = 9,750,000 m3
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3.3 Accumulated Sediment Volume in Sandpocket Area

The ash deposit as well as the ladu deposit by the 1982 eruption flowed
as the lahar and was accumuléted at the fan area of Kokoncong and Sinagar
lower reaches until August, 1982 in §&. Cikunir and 8. Cibanjaran basin. A
part of the lahar overflowed to the §. Cimampang (S. Ciloseh) basin on the
left bank at the Sinagar spet of 8. Cibanjaran anﬁ was accumulated around the

Sandpocket Negla & Cimampahg arga of 8. Ciloseh.

The'ddta ¢oncerning, the accwnulated sediment volume in the sandpocketfs
surveyed by Mt, Galunggung Project Office and by JICA Study Team respectively

is shown below.

The accumulated sediment volume at the time shown above summarized as

follows:

1) Aerial photograph (August, 1982)
2) Topographi¢ survey {April, 1984)
3) Topographic survey (July, 1985)

4) Topographic survey (August, 1987)

3.3.1 Accumulated Sediment Volume in Sandpockets Area in August, 1982

The area and thickness of sediment by lahar at the time of August 1982
are desc¢ribed in Fig. - 3.7 based on the interpretation of aerial photographs

taken in August, 1982 as well as the information from people on site.

Table ~ 3.4 shows the lahar volume accumulated on the S, Cikunir and S.

Cibanjaran fan at the time of August, 1982 through Fig. - 3.7.

A part of the sediment runoff volume of §. Cibanjaran flowed to S.

Cimampang at the Sinagar séot is estimated 1,740 x'103 m3. Total volume

of lahar deposit in the sandpocket reaches 22,270 x 103 m3.
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‘fable - 3.4 Lahar Deposit Volume in the Sandpocket Area
- in Aug. 1982 Baséd on Photo Interpretation

Flood Area Thicknass of

. Area Volume

Lahar Deposits 3 3 3 3

{m) (10" m™) (x10° m")
7 300 2,100
Lowerstream of 6 1,270 1,620
§, Cibanjaran 5 1,100 5,500
and 8. Cikunir 4 ‘790 3,160
3 410 1,230
2 460 920
Sub Total - 4,330 20,530
Overflowed Area 3 440 1,320
from Sinagar 2 210 420
" Sub Total - 650 1,740
Total - 4,980 22,270

s
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The sandpockets construction of Ciponyo I . Ciponyo II,_Cimampang as

well as Negla were started from September, 1982, This means that these

sandpockets were constructed on the sediment accumulated sediment till August

1982,

3.3.2

Estimates of Accumulated Sediment Volume in the sandpockets was made

twice in the past by the Mt. Galunggung Project Office.

The surveying period of the cross section in the sandpockets is shown

as follows.

volume

1) The 1lst survey; April 1984
2} The 2nd survey; July 1885

Table - 3.5 shows the design storage capacity and accumulated sediment

of sandpocket at the time of survey.

The calculating method is given below,

VzVmax - V8 seeernsrees (3.1)

Where,

v Sediment Volume (m3)

Vmax; Possible Maximum Accumulated Volume of Sediment (m3)

Vs; Spare Capacity in Sandpocket (m3)
Vs =ax hxaA

h; Average Allowance Height (m)
A; Sandpocket Area (mz)
a; Calibration Coefficient of Conservation Storage
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Table - 3.5

Accumulated Sediment Volume in Sandpockel
batween April 1984 and July 1985
*1 Accumulated Accumulated Accumulated
E , Capacity Volume Volwne Volume
River April '84 £ill '84 tili
: . July *85 July '85
(103 m3) (203 m3) (103 md) (10% md)
{1) (2) {3) (4)=(3)~(2)
CIMAMPANG S. Cimampang - 1,760 1,000 1,650 650
WEGLA 8. Ciloseh 3,370 1,400 2,200 800
Sub Total 5,130 2,400 3,850 1,450
CIPONYO I S. Cikunir 6,700 4,000 6,000 2,000
DALAM -~ 8. Cibanjaran
CIPONYO 1 8. Cikunir 2,500 1,000 2,250 1,250
LUAR -~ S. Cibanjaran
CIPONYO II S. Cikunir 4,700 2,000 3,100 200
- 5. Cibanjaran
Sub Total 13,900 7,900 11,350 3,450
Total 19,030 10,300 15,200 4,900
Notes:

%1 Source:

%2 Source:

"Disaster Preparedness And Rehabilitation In Indonesia

Part {I)

... UNDP/11.0, Aug. 1984" Page 20

“"URALAN SINGEKAT PENGAMBILAN PASIR DARI SUNGAI DAN KANTONG

PASIR DI WILAYAH KERJA PROYEK GALUNGGUNG ... Dec,

19856"

The total storage capacity of sediment for 5 sandpockets is estimated

as 19,030 x 103 ma.

sandpocket is 16,300 x 10 m3
July, 1985, 4,900 x 10° m

Accumulated volume of sediment in the 5 {five)

3
3

in April, 1984 and 15,200 xlo3 m3
is accumulated from May, 1984 to July 1985.

The accumulated sediment volume (3,85 million m3) of sandpocket

Cimampang and Negla is the one which was overflowed from 8. Cibanjaran based

on the information from people on site.
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3.3.3 Accumulated Sediment Volume in Sandpocket Ciponyo I from August, 1985
to August, 1987. ‘ ' '

The accumulated sediment volume from August 1985 to August 1987 in the
sandpocket is calculated as 2,576 x 10 m3 by using both topographic map (1 m
contour, scale = 1/5,000) surVeydd-by Mt. Galunggqung Office in August 1985 and
the cross section (100 m pitch, scale = 1/31,900 ; 1/260) surveyed by JICA team
in August 1987.

Accumulated sediment volume per month (year} during 25 month (2.08

years) is 103 x 103 m3 (1,235.1:'103 maf.

Table - 3.6 Accumulated Sediment Volume in Ciponyo I from August, '
1985 to August, 1987

Accumulated Sediment Volume 2,576,000

malmonth 25 month
Period

Year 2.08 years
Intensity of msfmonth 103,000
Accumulated 3
Sediment m /year 1,236,000
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3.4 TUnstable Materials Volume

The unstable materials volume except the ladu deposits accumulated in
the river channel around the §. Cileseh - S. Cimampang basin and the S.
Cikunir - S. Cibéﬂﬁaran basin was estimated as shown in Table - 3.7 from the

results of the field inveStigations and topographical surveys by JICA team,

The volume of unstable materials is estimated as 290 x 103 m3 for
§. Ciloseh, 210 x 103 m3 for S. Cimampang, 770 x 103 m3 for §.

Cibanjaran and 1,100 x 133 m3 for 8§, Cikunir respectively.

If the ladu deposits in August, 1987 of Table - 3.2 as well as Table -
3.4 and the unstable materials in river channel of Table - 3.7 make the

present unstable materials, it becomes like Table - 3.8.

" Table - 3.7 Unstable Materials in River Channel

River Name Travel River Sediment Sediment
Distance  Width Thickness  Volume
(m) (m) {(m) (103m3)
Main River 3,600 20 2 147
S. Ciloseh Tributary 20,100 7 1 144
' Sub Total 291
Main River 2,500 30 2 150
5. Cimampang Tributary 11,700 5 i 59
Sub Total 209
8., Cimala Main River 6,800 7 1 48
Total 548
Main River 2,000 70 3 420
S. Cibanjaran Tributary 3,500 50 2 350
~ Sub Total 770
Main River 4,500 70 3 945
8. Cikunir Tributary 4,900 20 1.5 147
Sub Total 1.092
Total 1,862
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Table ~ 3.8 Unstable Material Volume as of August, 1987

Ladu Deposit Volume Unstable
N £ k
ame o Breakdown of (103 13) Materials  Total .
Ri Basi Ri Basi i Volume
iver Basin iver Basin In River on the  Sub ..V?lumenzg Q” ne
Channel  Slope Total River Be 1.3
(103 m3) . (103m3)
8. Ciloseh - - - 291 201
Ciloseh §. Cimampang - - - 200 209
¢limampang S. Cimala - - - 48 48
Sub Total - - - 548 548
8. Cibanjaran 1,800 2,500 4,300 7170 5,160
Cikunir 8. Cikunir 630 2,590 3,220 1,002 4,312
O ibans Vo . :
thanjaran Sub Total 2,430 5,180 7,610 1,862 9,472
Total 2,430 5,180 7,610 2,410 10,020

The unstable materials

approximately 550 x 103 m3

X 103 m3 in 8§, Cikunir basin.

volume including ladu deposit volume is

- 76 -

in 8. Ciloseh basin and is approximately 10,000
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