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Construction Suitability MapThis map shows four construction suitability classes:

Class I: suitable for development and would have few geotechnical constraints and low
engineering costs for development.

Class II: moderate suitability for development and would incur moderate geotechnical
constraints and engineering cost

Class I11: areas would have high geotechnical constraint and engineering costs, Class 111 areas
would also require intensive site investigation.

Class IV: extreme geotechnical constraints with very high engineering costs, therefore
generally not suitable for development.

The Construction Suitability Map of the Ranau area (Fig. 3) shows that 13% of the mapped
area is in Class I, 19% in Class Il, 30% in Class Il and 38% in Class IV.

Fig. 3. Construction Suitability Map of the Ranau area.

Sixty eight percent of the mapped area is under Class Il and IV. These areas are found in the
western, northern, north eastern and central parts of the study area. Most of the Class | areas
fall within the low-lying area in the southeastern part of the mapped area such as Kag.
Marakau, Kg. Rapak and Kg. Kilimu. Class Il areas are found scattered throughout the study
area.

8. Recommendations

The study area is a geologically sensitive area due to the topography and its complex geology.
There are various geohazard phenomena such as landslides, rock falls and earthquakes which
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have occurred in the area. It is recommended that any future development plans in the Ranau
area should take into account these geohazards. For any site which is earmarked for
development, it is recommended that a detailed geological assessment should be made
mandatory as part of the local authorities land-use regulation. For preventive measures it is
recommended that the local authorities use the Construction Suitability Map in reviewing the
request for future development in these areas and as well as being used other relevant
authorities involved in town and country planning.

9. Conclusion

The discussion on some of the geological problems of the Ranau area are intended to
highlight various important geological factors that the planners/engineer need to know for an
efficient and safe development of a particular area. Aspects that should be considered include
the details of any engineering geological assessment of a particular site and where possible
highlight areas which are potentially prone to earthquake tremors.
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well as contemporary weathering (e.g., Julian and Anthony, 1996; El Khattabi and Carlier,
2004). Especially, Neotectonics contribute to slope instability by fracturing, faulting,
jointing and deformation of foliation structures (Ibetsgerger, 1996; Pachauri et al., 1998).
For this study, faults systems were derived from the revised geological map (1:50,000
scage) of Khien et al. (2012), and fault density was calculated as total length of faults per
km~.

= Vegetation augments slope stability in primarily two ways: (1) by removing soil moisture
through evapotranspiration, and (2) by providing root cohesion to the soil mantle
(Greenway, 1987). A vegetation map was derived from a Landsat TM5 image captured in
2012. The vegetation cover map was processed with the NDVI method with field check
samples (Hien, 2011), resulting in eleven vegetation classes (Fig. 6): (1) rich forest, (2)
mixed forest, (3) poor forest, (4) sapling forest having no reservation, (5) sapling forest
having reservation, (6) bamboo forest, (7) medium forest, (8) plantation forest, (9) bare
soil, (10) agriculture, soil and others, and (11) outcrop.
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Fig. 6. Vegetation map of Pac Nam district.

= A drainage system with intensive gully erosion is an important factor controlling the
occurrence of landslides. In this study, the river density map was established based on the
digital elevation model and the river/stream system extracted from topographic maps at
the scale of 1:10,000 through the available module, "Hydro tool”, in the ArcGIS™
software. River density is then classified three groups: (1) density < 500 m/km?, (@)
500 - 2000 m/km?, (3) >2000 m/km? (Fig. 7).

= Spatial patterns of rainfall are closely associated with landslide initiation (So, 1971,
Starkel, 1976) by means of their influence on the generation of pore water pressure in
unstable hill slopes (Tsukamoto and Ohta, 1988). Hence, rainfall is commonly considered
as the triggering factor for landsliding. The study area is strongly affected by a tropical
monsoon climate with rainy seasons. For this study, the average maximum daily rainfall
over a 45-year observation period from 1964 to 2009 (Fig. 8) is selected as the rainfall
factor for landslide analysis. Seven rainfall stations inside and surrounding the study
area: Bic M@, Na Hang, Cho Ri, Ngan Son, Bao Lac, Ha Quang, and Nguyén Binh,
were selected and provide rainfall data for this study. Table 1 indicates the maximum
daily rainfall measured by each rainfall station during the 1964 - 2009 period. The
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average maximum daily rainfall in the study area varies from 95 mm/day to 105 mm/day.
Therefore, the maximum daily rainfall map was only divided into two classes: <100
mm/day, and >100 mm/day.
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Fig. 8. Maximum daily rainfall map with 45 years of observations in Pac Nam district.

= Landslides may result directly or indirectly from the activities of people. But any attempt
to address all the human activities that induce landslide occurrences will be incomplete
(Long, 2008). The influence of cutting slopes along highways and railroads that increase
the average slope gradients, and increase the chance of slope failure, can be seen in most
of mountainous areas in Vietnam. Hence, in order to model the influence of the influence
of cutting slopes along highways and railroads on landsliding, the distance from roads
was taken into account in this study. The road system of the study area was taken from
topographic maps (scale 1:10,000). The distances from a road were classified into three
groups: <10 m, 10 — 50 m, and >50 m.
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Table 1. Average maximum daily rainfall during the 1964 - 2009 period measured at 7 rainfall
stations inside and surrounding the study area.

Rainfall station Longitude Latitude (°) Average maximum daily rainfall

name @) with 45 year observation from 1964 to
2009
(mm)

Bac Me 105,37 22,73 95

Na Hang 105,37 22,33 126

Cho Ra 105,72 22,45 94

Ngan Son 105,98 22,43 110

Bao Lac 105,67 22,95 86

Ha Quang 106,00 22,92 105

Nguyen Binh 105,95 22,65 116

3. Weight of evidence modeling for landslide susceptibility mapping

The weight of evidence (WOE) modeling method is a quantitative ‘data-driven” method used
to combine datasets. The method was first applied in medicine (Spiegelhater and Kill-Jones,
1984). Afterwards, Bonham-Carter and Reddy (1990) used this approach to identify gold
mineralization in the Meguma Terrane, eastern mainland Nova Scotia, Canada. The
applications in geology using a Bayesian probability model to estimate the relative
importance of evidence by statistical means, was developed by Bonham-Carter (1994). Since
then, the WOE modeling method for landslide susceptibility mapping was applied in many
case studies (Van Westen, 1993; Sentz and Ferson, 2002; Lee et al., 2002; Van Westen et al.,
2003; Slzen and Doruyan, 2004; Thiery et al., 2004; Neuhduser and Terhorst, 2007; Mathew
et al., 2007; Thiery et al., 2007).

Prior probabilities and posterior probabilities are the most important concepts in the Bayesian
approach. The probability P is usually determined with knowledge about the occurrence of an
event E in the past under equal conditions, and as the prior probability P{E}. This probability
can be modified with data B that influenced the probability, which is gained from surveys,
experiments, or analyses (Malczewski, 1999). When this evidence is integrated into the
calculation of the probability, a conditional or posterior probability P{E|B} is obtained. Bayes
theorem gives the relationship between prior and posterior probabilities:

P{E}xP{B |E}
P{B}

By overlaying landslide locations with each possible causative factor map, the statistical
relationship can be measured and assessed as to whether and how significant the particular
causative factor is responsible for the occurrence of past landslides (Neuhduser and Terhorst,
2007). Hence, starting from a prior probability Py, which is the density of the observed
landslides in the study area.

PEIB}= @)

R
P, =f="" 2
o=f=" @

where:
f - The landslide density within the entire map.
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A* - Total area of landslides in the entire map.

A - Total area of the entire map.
Evidence maps j=1,..., n are added one after the other yielding posterior probabilities P; given
by

f Aj A
P, = ijj-l = {A_‘J‘X?]Pj-l @)
ij

where fij is the landslide density within the class i of parameter j. index i refers to the
different classes of map j. AIJ is area of landslides in a certain class i of parameter j, and Aij

Is area of a certain class i of parameter j. When above equation is subsequently applied for all
parameter maps, it is inherently assumed that all maps are conditionally independent from
each other.

In practice, in WOE positive and negative weights (W* and W) are calculated, the magnitude
of which depends on the measured association between the response variable (the landslides)
and the predictor variables (causative factors). The details of the methods are given by many
authors (Bonham-Carter, 1994; Porwal et al., 2003; Gary, 2006; Neuh&duser and Terhorst,

2007). The modified Bonham-Carter’s definition of positive and negative weights (Wij+ and

W) of evidence respectively of the i™ class of j"™ causal factor is as follows:

W, ~inPBIE [y @
PBIE |7,

w, —inPBIE 1o (5)
P{B | E} 1-f5

where:

fi;" - The frequency of observed landslides in class i of parameter j.

fij - The frequency of non-observed landslides in class i of parameter j.

In the above expressions, the bar above the symbols means the opposite, i.e., E means not E.

In case there are no observed landslides inside of the i class of the j™ causal factor, the
positive weight is put equal to the minimum positive weight of that causal factor (Lee et al.,
2002).

Finally, the contrast Cj;, measures and reflects the spatial association between the evidence
feature and the landslide occurrence, and is given by

Cij = Wij+ - Wi; (6)
The contrast is positive for a positive spatial association, and negative for a negative spatial

association. Hence, the contrast (Cjj) is the rating of each class of each factor that influences
landslide occurrence.

The standard deviation of the contrast can be calculated as:

S(C) = S2(W*) + S (W) (7)
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where:
S(C) - standard deviation of the contrast
S(W") — standard deviation of the positive weight
S(W") — standard deviation of the negative weight

The variances of the weights can be calculated by the following expressions (Bishop et al.,
1975):

1 1
2w+: _ 8
SWO=SETE NE I ®

SPW )= ©)
N{B |E} N{B|E}
where N{X|Y} indicates the number of occurrences (pixels) of the simultaneous events X and
Y.

The ratio of the contrast divided by its standard deviation provides a measure of confidence
(Neuhduser and Terhorst, 2007). In the case of a normal distribution the contrast is
significantly different from zero with a confidence of 95% if |C/S(C)| is larger than 1.96.
Moreover the higher the value of |C/S(C)| the higher the confidence that the associated
parameter class is correlated with landslides, either positively if the value is positive or
negatively if the value is negative.

The factor maps combined with the landslide occurrence map enables calculation of the
positive and negative weights and the contrasts, as shown in Table 2.

Table 2. The data employed in the WOE modeling analyses for Pac Nam district.

* *

fi fi W W  C S(C) CIS(C)

Slope

<15° 11.87 21.05 -0.57 0.11 -0.68 0.08 -8.39
15-25° 847 2939 -1.24 0.26 -150 0.09 -15.90
25-35° 9.72 2969 -1.12 0.25 -1.37 0.09 -15.37
35-45° 2616 1491 056 -0.14 070 006 1174
> 450 43.79 4.95 2.18 -053 270 0.05 50.93
Fault density

< 1000 m/km? 67.18 82.28 -0.20 0.62 -0.82 0.06 -14.61
1000-2000 m/km? 22.48 14.66 0.43 -0.10 052 0.06 8.31
2000-3000 m/km? 10.34 2.85 1.29 -0.08 137 0.09 15.81
> 3000 m/km? 000 021 -020 000 -0.20 - -
River density

< 500 m/km? 24.01 17.28 0.33 -0.08 041 0.06 6.71
500 — 2000 m/km? 62.25 73.34 -0.16 0.35 -051 0.05 -9.41
> 2000 m/km? 13.74  9.39 0.38 -0.05 043 0.08 5.62
Vegetation cover

Sapling forest having reservation 0.00 150 -291 0.02 -2.92 - -
Poor forest 0.00 7.08 -291 0.07 -2.98 - -
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fi i W W C S(C) CIS(C)

Sapling forest having no reservation 0.76 1396 -2.91 0.14 -3.05 0.30 -10.07

Agricultural land and others 2929 465 184 -030 214 0.06 36.96
Afforest land 0.00 0.33 -291 0.00 -2.91 - -
Bare soil 69.81 68.41 0.02 -0.05 0.07 0.06 1.15
Medium Forest 0.00 1.02 -291 0.01 -2.92 - -
Mixed forest 000 105 -291 0.01 -2.92 - -
Rich forest 0.00 0.00 -291 0.00 -2.91 - -
Outcrop 0.14 2.00 -2.67 0.02 -269 0.71 -3.80
Weathering cover

Bedrock and weathering crust 20.33 27.15 -0.29 0.09 -0.38 0.07 -5.78
Sialfelite 9.02 28.97 -1.17 0.25 -1.41 0.09 -15.38
Ferosialite 597 5.69 0.05 0.00 005 011 0.46
Mixture of Ferosialite - Sialfelite 264 6.31 -0.87 0.04 -091 0.16 -5.54
Mixture of Sialfelite - Sialite 000 135 -1.17 0.01 -1.18 - -
Mixture of Sialfelite - Silixite 17.97 16.49 0.09 -0.02 0.10 0.07 1.51
Mixture of Ferosialite - Silixite 4178 6.26 190 -048 237 0.05 44.43
Limestone rock 229 7.06 -1.13 0.05 -1.18 0.18 -6.68
Quaternary deposit 0.00 0.72 -1.17 0.01 -1.17 - -
Maximum daily rainfall

<100 mm/daily 35.18 4756 -0.30 0.21 -0.51 0.06 -9.30
>100 mm/daily 64.82 5244 021 -030 051 0.06 9.30
Distance from the road

<10m 1228 112 240 -0.12 252 0.08 31.35
10-50 m 4039 444 221 047 268 0.05 49.90
>50 m 4733 9444 -0.69 225 -2.94 0.05 -55.71
Vertical dissection

<150 402 172 08 -0.02 0.87 013 6.50
150-250 40.04 1469 100 -035 136 0.05 25.20
250-350 21.03 36.37 -0.55 0.22 -0.76 0.06 -11.82
350-450 3491 3796 -0.08 0.05 -0.13 0.06 -2.38
>450 0.00 9.25 -0.55 0.10 -0.65 - -

Table 2 indicates that:

= Slopes lager than 35° have positive contrast and value C/S(C) larger than 11.74, hence,
they are very highly significant for landsliding. While slopes lower than 35° have
inverse situation with negative contrast and negative C/S(C) value, so they have no
significance for landslide occurrences.

= For the vegetation factor, bare soil and agricultural land & others are significant for
landslide occurrence.

= For the weathering factor, only the mixture of ferosialite - silixite crust is significant
for landsliding.

= Fault densities higher than 1000 m/km? are very significant for landsliding.
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= Maximum daily rainfall higher than 100 mm/day is very significant for landsliding.
= Distances from the road <50m are highly significant for landsliding.

The landslide susceptibility index in the study area is calculated by summing up the contrast
of the factors (Lee et al., 2002; Mathew et al., 2007):

LSI=3C, (10)

The resulting LSI map is shown in Fig. 9. The classification steps in order to create a LSZ map
are as follows: the observed landslide map was overlaid on the landslide susceptibility index
map, the accumulation percent values of observed landslide respectively with landslide
susceptibility index values are determined. In this study, classification method is used to divide
landslide susceptibility index into four different susceptibility classes based on the LSI
classification method which was proposed by Galang (2004).
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Fig. 9. Landslide susceptibility index map of Pac Nam district.

The accumulation graph of observed landslide percentage against LSI value of the study area
is shown in Fig. 10. Three thresholds of observed landslide accumulation value to classify LSI
range value into 4 groups were defined. Those are 6.7% as the dividing value between low
and medium classes of landslide susceptibility, 20% between medium and high classes, and
46.7% between high and very high classes.

Base on the classification mentioned above, LSZ map (Fig. 11) were created from LSI map.
The LSZ map, indicates that areas of low, moderate, high and very high landslide
susceptibility zones occupy respectively 199.4 km? (41.9%), 185.9 km? (39.1%), 77.5 km?
(16.3%) and 16.3 km? (2.7%) of the entire area.

The result of overlaying of the observed landslide inventory on the LSZ map shows 4
landslides (7.02%) in the low landslide susceptibility class, 7 landslides (12.28%) in moderate
landslide susceptibility class, 16 landslides (28.07%) in high landslide susceptibility class,
and 30 landslides (52.63%) in very high landslide susceptibility class. Hence, if it can be said
that the observed landslides in high and very high susceptibility classes represent valid
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prediction as more than 80% of observed landslide areas and 80.7% of observed landslides
are predicted correctly in the LSZ map.
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Fig. 10. Cumulative percentage of observed landslide occurrence against with LSI values
using the probability method for Pac Nam district.
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Fig. 11. Landslide susceptibility zonation map of Pac Nam district.

4. Conclusions

In this research, the assessment and the identification of the current observed landslide have
been implemented mainly through the field survey. Besides, the landslide inventory is also
supplemented through data collection from previous recorded work. As the result, the
landslide inventory map in the study area with 57 observed landslides was established. This is
the important scientific basis to evaluate the distribution and the susceptibility of landslide
hazard in Pac Nam district, Bac Kan province.
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The landslide susceptibility zonation was established from eight landslide causative factors i.e.
slope angle, weathering, vegetation, maximum daily rainfall, fault density, river density,
vertical dissection, and distance to roads. The LSZ map had high accuracy with reality >80%.
The LSZ map indicated that 19% of study area has high and very high landslide susceptibility.
Hence, the measurements for prevention, protection and preparedness for these areas need to
be improved in order to mitigate damage that can potentially be caused by landslides.
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Engineering geological investigation and landslides hazard zonation of Mount Batur
Geopark, Bali, Indonesia

Muhammad Wafid Agung

Geological Agency of Indonesia

Abstract

Following the landslide on the 13" of March 2012, an engineering geological investigation was
conducted along the Caldera of Mount Batur, a part of the Mount Batur Geopark. Several types of
landslides triggered by rainfall were identified during the investigation, e.g., earth slides, rock flows,
rock falls and debris flows. In general, the factors influencing landslide events are: a) natural factors,
including lithology, loose and uncompacted volcanic materials, heavy rainfall, steep slopes, and b)
anthropogenic factors, including land use and building construction.

Especially debris flow events indicated that the human involvement had caused mass movement in the
upper part of the outer Caldera where the debris materials were sourced, i.e., the failure of a retaining
wall of the slope foundation of a school building. The detached material (debris) was carried away by
rain water through the path (channel) existing within the inner Caldera to be deposited in the lower
valley.

Another factor identified in the field was the existence of an ideal path for debris flows along the
stream of Balingkang River in which the river wall was composed of massive ignimbrite and a natural
levee (dam) was formed by debris material during the event. This natural dam was finally destroyed
by headflow accumulation when mixed material consisting of debris-mud-water was ejected and
severely damaged houses downstream.

For the future protection of Mount Batur Geopark, a landslide hazard zonation map has been made.
Landslide Hazard Zones were differentiated into three types: a) Type | is dominated by earth, rock and
debris slides and some places show surficial exfoliation sliding and fall phenomena, b) Type Il is
dominated by debris flows and river bank slides and debris material could form natural dams during
flow especially along the Balingkang River and its tributary, and c) Type 11l is dominated by rock fall
and flow of rock materials.

Based on the collected data and engineering geological information together with the newly
established landslide hazard zones, some recommendations for spatial planning purposes are proposed
for protecting the vicinity of the geopark.

Keywords: engineering geology, landslides, caldera wall, landslides hazard zonation, spatial planning

1. Background

Mount Batur is the first geopark in Indonesia which is part of the UNESCO Global Geopark
Network since 2013. Consequently it should be conserved to protect important geological
sites and phenomena. Potential hazards that threaten the Batur Geopark sites must be
identified and future risk reduced. One of the vulnerabilities that threaten this site is landslides
around the caldera, as occurred on 13-14 of March 2012. This paper deals with an engineering
geological investigation of that incident.

A landslide susceptibility map that explains the tendency for landslides to occur in Bangli
Regency has already made by the Geological Agency of Indonesia. Unfortunately, the map
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does not describe landslide types that could potentially occur. Therefore, to enhance the utility
of the existing map, a landslide hazard map is proposed with the aim of identifying preventive
efforts that could mitigate the effects of the future incidence of various types of landslides.

Furthermore, since human activities can increase the hazard, land use regulation is an
essential issue in dealing with potential landslide hazards within the Batur Geopark.

2. Landslide occurrences in March 2012

Several types of landslides were triggered by intense and heavy rainfall that occurred between
13 and 14 March 2012 and resulted in fatalities and damage to properties in Pingan,
Blandingan, Songan, and Yeh Mampeh villages, Kintamani District, Bali Province. Amongst
others, the most damaging types were debris flows along the Balingkang River and in the
North Batur village area.

Data from field surveys revealed that the driving factors for the debris flows were:
morphology of steep slopes, lithology of unconsolidated volcanic material and embankment
failure at the top of the caldera slopes (in the village of Pura Dalem) caused by inappropriate
engineering work. The main triggering factor was the high intensity rainfall. Meteorological
data shows that on 11 - 14 of March 2012, Bangli and Badung regencies and the vicinity in
Bali province suffered severe storms (heavy rain and very strong wind). This situation made
the water volume increase in almost all rivers and increased flow downstream. Erosion and
landslides on the upper slopes and the fall of large trees in the strong winds contributed to
erosion and the increasingly muddy flow in the rivers.

2.1 Landslide in the Pura Dalem village

One of the landslides on the upper slope in Pura Dalem village was a major source of material
for the subsequent flow-type landslide event (debris flow) on the lower slope in Yeh Mampeh
on January 13 and March 14, 2012. Landfill materials mixed with rain water were mobilized
downstream from the top of the outer caldera to the inner caldera through the existing channel,
eventually reached and deposited in North Batur village.

AW =

= Brata

e —Mampeh....

Fig. 1. Morphology showing streams lead to caldera  Fig. 2. Condition of school building in Pura
wall Il and discharge into the North Batur and Dalem which is still threatened by landslide.
Bratan Yeh Mampeh villages.
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2.2 Mechanism

An illustration of the debris flow event in North Batur village in March 2012, which can be
separated into three stages, is given in Fig. 3. The main factor in the incidence of the debris
flow is the collapse of the soil foundation of the school building in Pura Dalem village at the
top of the caldera wall I. This collapse happened due to disproportionate technical
construction, i.e., compaction and gabions set up. Triggered by heavy rainfall the soil
foundation collapsed and, in the water-saturated conditions, mixed materials flowed down
along an existing intermittent channel. Due to the fairly steep slope coupled with the saturated
conditions, mixed materials slid rapidly to the bottom of the slope through the inner caldera
wall and finally hit villages in low-lying areas. During the flow, the mobilized materials could
reach the distant depositional area because pore water pressure increased at the interface. As
shown in the circle sketch in Fig. 3 the pore water pressure at the failure plane was only
generated within the mobile soil mass with no dissipation and with excess pore water pressure
in the bedrock.

CALDERA WALL |

T Sehool J

Failug

Fill Materials

CALDERA WALL Il DEbrT Flow

Debri? Flow 0 /

Debris accumulation

Fig. 3. Mechanism of debris flow deposits derived from materials that were not managed well
technically in saturated conditions (image without scaling).

3. Engineering geology of caldera walls

The Mount Batur Caldera can be separated into two parts (Fig. 4), i.e., an outer part (caldera
1) and inner part (caldera 2) which formed in separate episodes during its eruption history.

The outer part (caldera 1) was more resistant to landslide occurrence than was the inner part.
The outer part has a quite gentle morphology with the thickness of its weathering products
more than 5 m (around Kintamani and Sukawana villages). On the other hand, the inner part
has a very steep morphology (steepness >70%), unconsolidated younger volcanic materials
and weathering products with the thinnest soil cover. These geological and geomorphological
settings make the inner part of caldera more vulnerable to landslide whilst the outer part is
more stable unless human activities are a factor involved within this region (Fig. 5).
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Fig. 4. Bird-eye view of Mount Batur’s Fig. 5. Hllustration of some flow types of March 2012
calderas (source: Google Map, landslides between the inner and outer parts of
2013). caldera.

There are at least two zones of depression around North Batur village especially around a
Bratan Yeh Mampeh. These depressions are the lowest morphological terrain and form
accumulating places or recharge areas of the intermittent river flows from both inner and
outer parts of caldera.

4. Landslide hazard zonation

From the initial survey supported by other data, three landslide hazard zones were defined,
based on the predominant landslide types.

4.1 Type | landslides hazard zone

This zone is dominated by flow type landslides which can be initiated by slide and fall.
Materials involved in this hazard zone consists of fine to coarse grained materials (soil and
debris) up to boulder sizes (Varnes, 1978). This zone contains some villages, i.e., Culali,
Bratan Bugbugan-Kintamani to Bratan Kuta Dalem-Sukawana within caldera 1; and Bratan
Yeh Mampeh-North Batur in the vicinity of caldera 2. Weathering products around caldera 1
at the above locations are relatively thicker (> 4 m), but relatively thin (< 2 m) for caldera 2.

Within North Batur village, the track of the March 2012 debris flow could be clearly seen.
Lithological composition at caldera 2 consists of lahar, volcanic breccia, pumice, and welded
tuff with a fairly thin weathering zone. The area still has the potential for rock-fall and debris
flow occurrences. Laboratory analysis of the “disturbed” pumice shows that soils are easily
crushed during friction and their aggregation tends to display adhesive phenomena. These
properties make it easier for the material to travel long distances.

In Bratan Yeh Mampeh village there is an ideal channel for the flow path of a debris flow.
Soils around this location seem to be unstable and easily dredged by mobile flows (Figs. 6, 7
and 8).

4.2 Type 11 landslides hazard zone
This hazard zone is dominated by debris flows especially along the Balingkang River and its
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tributary, including several seasonal streams on the slopes of the inner caldera wall in
Sukawana village.

Broken road between
Pingantand Tabu villages

Fig. 6. Intermittent Fig. 7. One of the locations Fig. 8. Material debris of
channel as an ideal path of the debris flow in various sizes in the village
for debris flow in Bratan March 2012 in North of Tabu village.

Yeh Mampeh village. Batur village.

The results of field surveys revealed that there were ideal conditions favouring the occurrence
of debris flows along the Balingkang River. Narrow branched tributaries of orders either 2 or
3 with the river banks in some places are formed by hard and strong ignimbrite (Fig. 9), while
at the certain parts of the channel there is quite thick soil in which several landslides have
occurred (Fig. 10). This condition suggests that natural dams may be formed during a debris
flow. In the field the remains of plants such as grass and tree roots are still attached to rock
debris on the riverbed. This zone includes Sukawana, Pinggan, Belandingan, and Songan
villages.

o | -.'r\\ ¥,

Fig. 9. Wall of Balingkang tributary formed by Fig. 10. Landslide that has occurred on the open

ignimbrite on the right and left sides. Logs walls of tributaries of Belingkang River which
are stuck to the wall that illustrates the supposedly contributed to the formation of
process of forming natural dams by debris. natural levees.
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The conditions above clearly record a debris flow event along Balingkang River and its
tributaries on March 13-14, 2012 where a natural levee was formed by debris material mixed
with plants and bushes from the river bank.

This mixed materials then stemmed the flow, as is supported by the presence of rocks on the
riverbed and solid river walls. Furthermore, because the natural dam eventually could not
restrain the upstream debris flow, the dam was ruptured and a huge mass of mobile material
flowed down stream.

If all the tributaries that flow into the Balingkang River experienced such events then the
subsequent volume of water flowing in the Balingkang River must have become very large
and invaded villages around the river mouth. In addition, the flow of debris into Kintamani
Lake would have raised its level such that it overflowed and inundated Songan village.

4.3 Type 111 landslides hazard zone

This type of landslide hazard zone is dominated by the falls and flows of rock types which
occur in the eastern part of the caldera wall up to the southern ridge of the relatively stable
area of Mount Abang. It is observed that there is still the potential for rock falls in some
locations, whilst along the Sapujagad River there is also the potential for rock flows.

e i (v L AR N 5 s

Fig. 12. Rock falls from the wall or cliffs of
gravels. Hulundanu Pura Batur.

5. Recommendations

Land use planning within caldera 1 should be managed proportionally, either for residents,
construction as well as for agriculture and cultivation.

Establishment of new buildings should only be allowed on the upper slopes of Caldera 1
within very strict engineering regulations. Further, all existing buildings should be obliged to
undertake foundation stability monitoring and evaluation of slope stability around the
building, and be required to take immediate technical action if cracks or damage to buildings
is found. Especially in the case of schools in Pura Dalem, reinforcement by retaining walls on
the upper and lower slopes with detailed engineering design should be constructed according
to carful calculation and high quality design.

Spatial planning and land use management within the upstream areas of the Balingkang River
and Belingkang Sub-Basin should include retrofitting the river walls in some places. The river
walls at the mouth of the Balingkang River (Inlet of Kintamani Lake) need to be strengthened
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and drainage to be modified in order to protect the residential area during a debris flow or
increased volume of water flow and height of water level during floods.

LANDSLIDE HAZARD ZONE WITHIN MOUNT BATUR CALDERA

DOMINATED BY EARTH,
TYPEL  ROCKS, AND DEBRIS
D SLIDES AND SOME

PLACES SHOWS
SURFICIAL EXFOLIATION
SLIDE AND FALL
PHENOMENA WITHIN
CALDERAIIAS WELLAS
AROUND THE M. BATUR
SUMMIT

DOMINATED BY DEBRIS
TYPE Il FLOWS, RIVER BANKS

SLIDES. DEBRIS COULD

. BE FORMED AS A

NATURAL DAM DURING
FLOWS ESPECIALLY
ALONG BALINGKANG
RIVER AND ITS
TRIBUTARY

TYPE IlI DOMINATED BY ROCK
FALL AND ROCK FLOWS
D AROUND MOUNT ABANG

- SETTLEMENT

WAFID, 2013

Fig. 13. Map Hazard Zones based on dominant types of landslides within the Mt. Batur calderas.

The caldera 2 (inner Caldera) was, actually, an inappropriate area for settlement and the
construction of permanent buildings not only because it is a high risk area for landslides but
also because this is part of a high risk zone for volcanic hazards (direct impact) due to the
volcanic activity of Mt. Batur.

Especially for Pura Tirta Mas, there needs to be protection against the possibility of landslides
through retrofitting walls by shotcrete and lightweight wiremesh. For this purpose, exfoliating
and cleansing the weathered soil layers that are still hanging should be undertaken. At the
bottom edge of the slope a trench or ditch should be emplaced in order to accommodate and
direct any rock material and mud arriving by landslide.
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Landslide in Indonesia, case study: Malausma landslide in Majalengka region, West
Java

Wawan Irawan

Geological Agency of Indonesia

Abstract

Indonesia is often hit by violent geological events such as volcanic eruptions, earthquakes, tsunamis,
and landslides. Landslides happen every year in Indonesia and data recorded in the Geological Agency
of Indonesia suggested that landslide increases during the rainy season. In the period from 2009 to
2012 more than 100 landslides occurred each year and in 2013, up to August, there have been already
112 landslides occurred.

Geological conditions, climate, and human activities may cause landslides, however in Indonesia
landslides are most commonly triggered by heavy rainfall. Geological conditions that control landslide
in Indonesia include the presence of porous rocks, lithological contacts such as slip surfaces, steep
morphology, and tectonic activity.

An interesting landslide, which took place in the Malausma district, Majalengka region, West Java
province on 15 April 2013, causing extensive damage, is the subject of this study. The type of the
movement was slide and creep and this mechanism was influenced by heavy rainfall as well as the
geological conditions of the area. The main recommendation for this disaster area is that it is not
habitable and residents who lived around the area need to be relocated to a safer area.

1. Introduction

The Republic of Indonesia is located at the confluence of three active tectonic plates, causing
the Indonesian region to be the site of frequent geological disasters (Fig. 1).
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Fig.1. Indonesia: location among three active plates in the world.
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Geological disasters that strike Indonesia include volcanic eruptions, earthquakes, tsunamis,
and landslides. Landslides occur every year in Indonesia and may cause fatalities.

Data recorded in the Geological Agency of Indonesia suggests that landslides increased
during the rainy season (Fig. 2). In the 2009 to 2012 period, there were more than 100
landslides each year, except in 2011. In 2010, a year of particularly high rainfall, 199
landslides were recorded, higher than in 2009 (161), 2008 (139) and 2007 (101) as well as in
2011 (82) and 2012 (124). In 2013, 112 landslides had already been recorded by August
(Table 1). One such landslide that caused extensive damage occurred on 15 April 2013 in
Malausma, Majalengka Region, West Java.
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Fig. 2. Monthly statistics of landslides in Indonesia (2009-2012 period).

Table 1. Landslide events in Indonesia (up to 20 August 2013).

PROVINCE EVENTS 'T('fELPELDE INJURED D:g'lfs(fg’ DiSC')FSé)gSED THREGTSEE';EDHO
West Java 65 47 16 868 55 269
Central Java 12 13 12 55 46
East Java 6 13
D.l. Yogyakarta 1 1
Banten 2 1 13 4
Bali 2
NTB 1 14
NTT 1
West Sumatera 1 20 4 12
North Sumatera 3 1 2
South Sumatera 4 3 3 2
North Sulawesi 2 14 4500 12
South East Sulawesi 1
West Sulawesi
Jambi 1 5 4
Aceh
Papua 3 32 12 10
Lampung
Maluku 2 13 10 30 9
TOTAL 112 155 67 5493 92 330
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2. Landslide controlling factors in Indonesia

Geological conditions, climate, and human activities may cause landslides, however the
common landslides in Indonesia are triggered by heavy rainfall. Geological conditions that
control landslide in Indonesia are generally the presence porous rock, lithological contacts
that act as slip surfaces, steep morphology, and tectonic activity (Figs. 3 and 4).

The high rainfall in Indonesia can cause the soil mass and pore water pressure to increase and
also reduces cohesion so that soil or rock strength decreases. When such soil is on a slope it is
easily mobilized when affected by a triggering mechanism such as an earthquake.

Fig. 3. Landslides triggered by 30 September 2009 earthquake in West Sumatera (left). Rockfall

P “" -- —
Fig. 4. Landslides triggered by earthquake in Aceh Province on 2 July 2013.

Human activities such as the development of residential and other facilities may also affect
the slope stability. Slopes excavated whilst ignoring the basic rules of slope stability can
trigger a landslide.

3. Case Study: Malausma landslide in Majalengka Region, West Java

A landslide took place in the Malausma district, Majalengka region, West Java province on 17
April 2013. The type of movement was slide and creep under influence by heavy rainfall.

Impacts of the landslide were 6 hectares of paddy fields buried, 110 houses damaged, more
thanlkm road damage and dropped by 3-5 meters depth and 1842 people were evacuated to a
refuge. Two weeks after the landslide, the damage was still wide spread. More than 100
hectares of residential area, paddy fields, gardens, and roads have been damaged (Fig. 5.).
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Fig. 5. Houses and road damaged.
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Fig. 6. Landslide situation map.

3.1 General condition

The morphology around the Cimuncang village is hilly with 5 - 45° slopes. The altitude is
between 750 - 1100 m above sea level. The Cijurei River and other small rivers occupy the

valleys.

Based on the Geologic Map of Tasikmalaya, Java (Budhitrisna, 1986), the geology around the
movement area is seen to comprise: an upper part composed of breccia, tuff and lava (old
volcanic deposits of Sawal, Qtvs) and an underlying part composed of Kaliwangu Formation
claystone (Tpkw). On the upper slopes, groundwater was found at 1-5 meters depth but in the
lower part, composed of claystone, groundwater is hard to be found. Land on the upper slopes
has a cover of scrub and pine forest. Paddy fields, gardens, settlements and fish ponds occupy

the lower slopes in the valley.
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3.2 Mechanism

The Malausma landslide was caused by the interaction of high rainfall and geological
conditions. According to the information of residents, the landslide occurred after a period of
prolonged and high intensity rainfall. Geological conditions that controlled the slide were
porous soil lying on claystone with the slip-surface located at the soil/claystone contact.
Sliding happened on upper slopes over an area 200m long and 100 m wide, materials moving
down slope towards the paddy fields.

Creep occurred at the bottom of the slope, followed by slumping and cracking. Slumping took
place in several locations over 5-50 meters length and a drop from 30 centimeters up to 6
meters. Cracks and slumps had the same movement direction and struck the settlements in
Cigintung. Creep type motion was controlled by light blue claystone which is suspected of
having expanding properties. This claystone has a wide distribution around the location of the
movement, thus led to such a wide spread impact.

3.3 Post-disaster mitigation

The main recommendation was that the disaster area is not habitable. Residents who live
around the disaster area should be relocated to a safe area. The problem then to be addressed
is to determine the area for relocation. Local governments proposed two sites as relocation
areas: Block Cibeber in Cimuncang Village and Block Cipicung in Werasari village.

After observation and field studies, it was concluded that the area in Block Cipicung in
Werasari village was safe as a relocation area with its relatively gentle slopes and stable land,
clean water availability, and electricity line all within a low to medium landslide susceptibility
zone.

When building on the relocation area the following matters must be considered:
»  Settlements to be built on the ramp area,

* Terracing system for structuring the slopes,

e Surface water should be laid out well through watertight channels,

*  Preservation of the vegetation on the upper slopes,

* No pools to be established at the bottom and top of the slope.

4. Conclusion

Landslides happen every year in Indonesia, and may cause fatalities. Geological conditions,
climate, and human activities may cause landslide. Commonly landslides in Indonesia are
triggered by heavy rainfall.

The mechanism of the Malausma landslides was influenced by heavy rainfall and geological
conditions of the surrounding areas. Creep type motion was controlled by light blue claystone
that has a wide distribution around the location of the movement. A field survey concluded
that the disaster area was no longer habitable. Residents who live around the area should be
relocated to a safe area.
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Photo on the back cover:
A group photo at the Arahama coast, Sendai City, during the field excursion on 24 October 2013. The Arahama
area was hit by the tsunami of the 2011 off the Pacific coast of Tohoku Earthquake on 11 March 2011.








