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INTRODUCTION

The large-scale landdide occurred on March 26,
2004 a Mt. Bawakaraeng Cdderais conddered as
one of the worgt events in Indonesia The volume
of the landdide was about 232 million m®. The
landdide was caused by the collapse of the walls of
the cadera leading to a flow of alarge amount of
debris. Two collapsed areas were found at the
source section of the landdide: one occurred near
Mt. Bawekaraeng which was collgpsed with a
width of 500 m; the other one was a large collapse
at the ridge of Mt. Sarongan, which occurred in a
horseshoe shaped with horizonta length of about
1300 m. Collgpsed cdderawdl brought
tremendous damage to the area, accounting for
desth of 32 loca people, loss of 635 livestock and
dedtruction of many houses and an edementary
school. After the collapse, severa ponds and gullies
developed on the debris. The river discharge
containing a high dengty of sediment has been
flowing into the Bili-Bili reservoir and it is
anticipated that its service duration has been
shortened and the water quality of municipa water
supply has been deteriorated (Hasnawir et d.,
2006).

The huge mass of debris yieded from the
large-scde landdide a Mt Bawakaraeng traveled
about 7 km down from the upper reach of the
Jeneberang River with 500 m to 800 m in width.
On the other hand, the debris deposit has a tota
volume of 272 million m® on the upper reech of the
Jeneberang River and 160 million m® deposited
within the cadera. In the rainy season, there could
be a great posshility of srong eroson and huge
sediment transportation with debris flows (Tsuchiya

et a., 2004). Therefore this paper is developed to
estimate the velocity of landdide and debris-flow as
well as sediment produced dueto intenserainfal.

Fig.1 Location map of the sudy aea in
Jeneberang Watershed, South Sulawes, Indonesia.

GENERAL FEATURESOF THE STE

Mt. Bawakaraeng is located 90 km away from
Makassar, South Sulaves and the eevation is
2,830 m above sea leve. The vegetation of the
mountainous areais composed of natura forest and
forest plantation dominated by Pinus merkusii. The
morphology of Mt. Bawakaraeng is characterized
by high relief, extreme dope, high degree of
wesethering as well as erosion activities such as soil
movement and landdide. Mt. Bawakaraeng was
developed as a result of volcanic activities during
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the Pleistocene period. It is composed of andesite
rocks such as breccia, pyroclasts, tuff and
intergtratified lavas (Sukamto and Supriatna, 1982).
As mogt of these rocks especialy pyroclastic ones
have not been compacted, they can be easly
decomposed, eroded and did. Moreover, the rocks
consds of lava layers, overlan by ash-build up
forming dopes The contact between layers is
condgdered as the vulnerable pat to be eroded.
L ocation map of the tudy areaisshowninFig. 1.
Generdly, the high intengty rainfal occurs
from December to March in the Sudy area. The
monthly averagerainfdl isshowninFg. 2.
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Fig. 2 The monthly average rainfdl at the study

area (source: monthly rainfal data from 1975 to

2005 in Mdino dation, 10 km away from Mt.

Bawakaraeng Cadera).

VELOCITY AND AMOUNT OF SEDIMENT
PRODUCE

The dope gradient is 40° and 17° a the head
and toe parts respectively. The longitudina profile
aong the course of mass flow is shown in Fig. 3.
The trangportation of sediment lies within the range
of 8000 m from the source. In order the flow
veocity to estimate, the energy line sarting from
the head of the landdide to the end of sediment
where the trangportation had been stopped, the
velocity was conddered to be zero. The following
equation was used to compute the flow veocity of
landdide.
V =,/2gAh )

where, V is estimated mean velocity (m/sc), g is
acceleration due to gravity (mV/sec?) and Ahis
height of diding massfrom energy line (m).

The maximum edimated veocity was 75
m/sec. The mean velocity was 59 m/sec. This
veocity has caused desth of 32 people and
degtruction 14 houses. Therefore, the landdide a

Mt. Bawakaraeng Caldera can be categorized under
landdide velocity class 7, as shown by Tables 1 and
2 (Cruden and Vernes, 1996).

According to the people living around Mt.
Bawakaraeng, aloud noise was heard before amass
movement had arrived & the settlement arealocated
7 km away from the caldera.

Simiancw frem B lardeide saures (m

Fig. 3 Longitudind profile and estimated vel ocity

Similarly, the debris deposited had been formed
large-scdle debris which was discharged into the
Jeneberang River a a burst on February 16, 2007.
The mean veocity of the debrisflow is 32 m/sec.
The volume of the debris-flow was estimated about
7.8 million m®. The velocity of debris-flow became
10 m/sec below 1 km downstream of the Sabo Dam
No.7-1. There are three dams named Sabo dam
No.7-1 to Sabo dam No. 7-3 for mitigation of
sediment dissster.  Photographs of Sabo Dam
No.7-1 before and during debris-flow are shown in
Fig. 4 and Fig. 5 represents the orographic clouds
inducing intense rain in South Sulawes which
caused debris-flow on February 16, 2007.

Besde the huge debris-flow after landdide in
March 2004, other minor scde debrisflows
occurred 10 times in Mt. Bawakaraeng Caderatill
December 2007.

IMPACTSAFTER THE LANDSLIDE

After the landdide at Bawakaraeng Caderain
March 2004, the headwaters of the Jeneberang
River were covered by sediment. There were
tremendous suspended sediments in the river. The
sediment had the width of about 1 - 3 km. The
length was not less than 30 km and the depth was
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40 - 200 m. During the dry season, the sediment
does not disurb the river flow. However, when
there is heavy rain, water erodes the sediment into
the Jeneberang River until the entrance of the
Bili-Bili Dam and the water trestment company
Somba Opu. This company belongs to the loca
government (PDAM), supplies water from the
Jeneberang River to two digricts (municipdities),
Gowaand Makassar. Thisis the wordt disaster ever
happened in the higory of the drinking water
company in Makassar. Fig. 6 showsthe reaionship
between turbidity and rainfdl pattern from January
2003 to July 2004. Before the landdide occurred,
the turbidity of Jeneberang River that entered

Sombu Opu reeched only O - 50 NTU
(Nephedometric Turbidity Units) with a maximum
vaue of 100 NTU at times. But after landdide the
vaue sometimes exceeds 6000 NTU. However,
with an NTU vaue of 6,000, 1 out of 2 liters of a
sample is mud. This result is obtained after adding
double chemica additives, Poly duminum chlorite
(PAC), in order to dean the water from the mud.
Hence, the fish habitat of the Jeneberang River was
dfected; in gened, the river ecosysem was
destroyed. The landdide dso caused intense
sedimentation of the Bili-Bili dam, reducing the
lifetime and function of the dam.

Table 1 Definition of class probable destruction significance of landdides of different velocity classes

(Cruden and Vernes 1996).

Landdide
) Probeble destructive significance
veocity class

7 Catastrophe of mgjor violence; buildings destroyed by
Impact of diplaced materid; many desths, escgpe unlikely

wh oo

aparticular acoderation phease
Some permanent structures undameaged by movement

N

Someliveslogt; velocity too great to permit dl personsto escape

Escape evacuation possible; structures, possessions, and equipment destroyed

Sometemporary possible and insengtive structures can be temporarily maintained

Remediad condruction can be undertaken during movement; insensitive sructures can be maintenance work if total movement is not large during

| mperceptible without instrument; construction possiblewith precautions

Table2 Comparison of landdide velocity (Cruden and Vernes, 1996).

Landdide Landdide Estimated
veocity dass nameor location Reference Lﬁ;ﬁmﬁ) Death Remark
7 Elm Heim,1932 70 15
7 Goldau Heim, 1932 70 457
7 Mt. Bawakaraeng Hasnawir et d.,2006 59 32  Housedesroyed
7 Jupille Bishop, 1973 31 11 Housedestroyed
7 Frank Mc Connd and Brock, 1904 28 70
7 Vaont Mudler, 1964 25 1,900
7 Ikuta Engineering News Record, 1971 18 15  Equipment destroyed
7 S. Jean Vianney Tavenasetd., 1971 7 14 Buildingsdamaged
6 Aberfan Bishop, 1973 45 144 Buildings damaged
5 Panama Cand Cross, 1924 0017 Equipment trapped, people escaped
4 Handlova Zarubaand Mend, 1969 69x10° 150 houses destroyed, complete evacuation
3 Schuders Huder, 1976 317x107 Road maintained with difficulty
3 Wind Mountain Pamer, 1977 317x107 Read and railway require frequent maintenance,
building adjusted periodicaly
2 Lugnes Huder, 1976 117 x10° Six village on dope unditurbed
2 Little Smoky Thomson and Hayley, 1975 793 x10° Bridge protected by dipjoint
2 Klogters Haefeli, 1965 634x10™% Tunnel maintained, bridge protected by dipjoint
2 FtPeck Spillway ~ Wilson, 1970 6.34x10% Movements unacceptable dopeflatened
MITIGATIVE MEASURE ADOPTED ON SITE
The high magnitude and resulting  measures depend upon the rate of recurrence of

consequences of damage from debrisflows by
landdide and debris-flow in March 2004, indicates
that the mitigation is necessary to minimize the
future losses of lives and property damages from
events of gmilar or grester magnitude. The
sdection and design of appropriate mitigation

events, their magnitudes, economics, feasibility and
acceptability of preventing damage and casudties.
Approaches to debrisflow hazard mitigation
can be generdly separated into two categories, one
involves the congtruction of some type of physicd
dructures and next involves measures for



debris-flow hazard mitigation include removing or
converting exising development, discouraging
development and regulating development (Erley
and Kockeman, 1981).

To reduce the subsequent sediment-related
dissster in dudy area, a pilot project under the
cooperation of Jgpanese and  Indonesian

governments have been conducted for hazard
mitigation. For debris basins surrounded by
resdential development, the capability to remove
materia may be necessary on a 24-hr basis during
storms and three Sabo Dams out of seven planned
are condructed so far in Mt. Bawakareang Caldera
aea(Fig.7,8and 9).

Before debris-flow(upper), During debris-flow(lower)
Fig. 4 Sdbo Dam No.7-1 before and during
debris-flow (event with this debris-flow is only one,
since series of Sabo Dams have been congtructed).
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Fig. 5 The orographic clouds inducing intense rain
in Southern Sulawes on February 16, 2007 (with
upper air eestward advection).

Monitoring, warning and evacuation can aso
be consdered as hazard mitigation. A cooperative
effort of Japanese and Indonesian government is
functioned to monitor the debrisflow and rainfal
pattern to provide warning mechanism. However,
accurate identification of the rainfal conditions of
sediment-related disasters is needed to provide
forecasts and warnings.

7,000

E 5,000 100 é\
= 150 E
— 4,000 E
P 200 S,
=5 3,000 —
2 250 ®
< 2,000 =
|E 300 '@

nd

R ¥ . ol 400
rainfall ety bidity

Fig. 6 Turbidity of Bili-Bili Dam Reservoir and
daly rainfdl condition in January 2003 to July
2004 (Ministry of Public Works, 2005)

APPLYING THRESHOLDSTO WARNING

One of the fird warning sysems was
developed by the USGS in the San Francisco Bay
area. The landdip warning system is based on
short-term rainfal forecast and it is composed of 86
ran gauges. Conventiondly, critical precipitation
indicates the amount of rainfal from the time (zero
point) in which asharp increase in rainfall intengty
is observed and the triggering of the (first) landdide
(Aleatti, 2004); or maximum cumuletive rainfal, or
combination of cumulative rain and antecedent rain
(Hirano, 1995; Kubota, 1995). Duration of the
critical rainfal event, as expressed in hours, is the
time that dapses from the beginning of critica
precipitation to activate landdides.

In this study, hourly rainfall data was used to
messure critica precipitation for the previous days.
Based on the formula determined by Hirano (1992),
the formulas are obtained for the critical line as
following.

Pdc=Cd/Pa, and Pic=Ci/Pa. 2
where, Cd correspondsto “C” for daly rain Pd, Ci
is“C” for rain intengty Pi. For atorrent, Cd takesa
vaue of 12000 and Ci is9000 at the study area. The
obtainable results using this equation are shown on
Fig. 10 and Fig. 11 respectively.

The maximum rainfdl intensity of 70 mmvhr
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in March 2004 led to landdide after three days. Fig.
10 illugtrates when rainfal condition exceeds the
criticd line, disastrous sediment may be induced.

Fig. 7 Downdream view of concrete Sabo Dam
No 7-1 in Jeneberang River, 7 km far from Mt.
Bawakaraeng (photograph by Hazama, 2007).

Fig. 8 Downstream view of concrete Sabo Dam
No 7-2 in Jeneberang River (photograph by
Hazama, 2007).

Fig. 9 Upstream view of concrete Sabo Dam No
7-3 in Jeneberang River (photograph by Hazama,
2007).

However, when rainfall condition below the critical
line, @ minor sediment flow may be occurred as
illustrated clearly by Fig. 11.

180

160 ® minor sediment flow
140

120 — critical line (Ric=9000/R)
100

80 0 [ ] B disastrous sediment

60 [
40
20

0

[}

.é
0 200 400 600 800 1000
Totd rainfal (mm)

M aximun rainfall intensity
(mm/hr)

Fig. 10 Reationship between the maximum rainfall
intengity and the totd rainfal (rain-gauge in Mdino
gation , 10 km from Mt. Bawakaraeng Cddera,
ranfdl data from 1999 to 2004, large-scde
landdide in March 26, 2004 with maximum
intengity 70 mm/hr with volume about 232 million
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Fig. 11 Relationship between the maximum rainfal
intendty and the tota ranfdl (rain-gauge in
Lengkese Village, entrance to Mt. Bawakaraeng
Cddera, rainfal datafrom 2005 to 2007, large scde
debrisflow on February 16, 2007 with maximum
intsc)ansity 40 mm/hr with volume about 7.8 million
n).

In this case there was an intense debris-flow
due to rainfdl and a huge amount of sediment
deposted during the March 2004 landdide.
Debris-flow islikely to occur in many cases even if
therainfdl intengty isbelow the criticd line.

CONCLUSIONS

1. The veocity of the landdide and debris-flow in
Mt. Bawakaraeng Cadera is caegorized as
rapid velocity (Cruden and Vernes 1996). The
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volumes of large-scale landdide and debris-flow
produced are respectively 232 million m® and
78 millionm®.

2. The maximum intengity on March 2004 was 70

mm/hr while on February 2007, it was 40 mmv/hr.

The landdide and debrisflow were mainly
triggered by intense rainfdl. The rainfdl data
show tha higher rainfdl intensty is prone to
yield disastrous sediments.

3. Under ajoint Japanese - Indonesan government
cooperdion project, three Sabo dams out of
seven planned ae congructed to reduce
sdiment related dissster. Theefore, the
remaining four dams should be congructed as
soon as possble to reduce further effects of
sediment-related disaster. In addition, continuous
monitoring, warning and evacuation system
should be implemented for hazard mitigation.
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