Journal of Nepal Geological Society, 2002, Vol. 27(Special Issue), pp. 131-143

Landslide hazard evaluation in and around the Ilam Hydropower
Project, Eastern Nepal Himalaya

*Deepak Chamlagain and Vishnu Dangol
Department of Geology, Tri-Chandra Campus, Tribhuvan University, Ghantaghar, Kathmandu, Nepal
(*Corresponding author, e-mail: deepak@hotmail.com)

ABSTRACT

The paper describes the results of the engineering geological and landslide hazard evaluation studies carried out in and
around the Ilam Hydropower Project, eastern Nepal. Various types of mass wasting phenomena such as gully erosion, bank
undercutting, and landslides are observed along the Mai Khola, Puwa Khola and road corridors. Gully erosion and bank
undercutting are common on the slopes adjacent to streams and gullies. Most of the landslides are located on the slopes of
25°to0 40° whereas large rock falls are found on the slopes, which are steeper than 40°. South-facing dip slopes contain large
landslides while north-facing slopes seem to be relatively stable. The population of translational slide is dominant in the
study area and is found mostly on soil having a depth of 3-6 m. Most of the rock falls are confined in schistose gneiss and
highly fractured quartzite. Generally, three sets of joints govern the failure pattern of rockslides. The main triggering factors
for mass movement of the area are high intensity of rainfail, rock discontinuities, steep topography, poor vegetation and
river scouring. Land use pattern of the area has also equally contributed to initiate the mass movements in the area. The high
hazard zones for rock slopes were confined to the steep dip slopes with highly fractured rocks whereas soi. slope hazard
is confined to fault zones and south facing slope. The soil slope was found to be more hazardous than the rock slope. The
main causative factors for the landslide hazard in the study area are steep slope, rock discontinuity, land use pattern, soil

depth and rainfall.

INTRODUCTION

The study area lies in the central part of the [lam District
of Mechi Zone (Fig. 1). It is bounded by latitudes 26°51' 30"
N and 26°57' 00" N and longitudes 87°52' 30" E and 87°57'
30" E. It covers an area of about 40 sq. km. The elevation of
the study area varies from 390 m to 1602 m. The study area
lies in subtropical climate zone and the total annual
precipitation is about 1900 mm (DHM 1995/96).

This paper describes the effects of geology,
geomorphology, soil type and depth, discontinuities, land
use, hydrogeology to the slope instability and to prepare the
landslide hazard map of the area. In this regard, various
methods of landslide hazard mapping are reviewed and
superimposition method was applied which is based on Deoja
etal. (1991). For this method, different thematic maps were
prepared. Then, base map was divided into several facets,
which are restricted by ridges and rivers. The relative soil
and rock slope hazard map was prepared by adding various
rating values for soil and rock hazard components separately.
The validity of the method was then checked by comparing
the landslide hazard map with the actual distribution of
landslides in the area. The method was found to be applicable
in such geological and geomorphological setting.

GEOLOGICAL SETTING

The study area covers the southern part of the Higher
Himalaya where the Higher Himalayan crystallines have been

thrust over the Lesser Himalayan metasediments along the
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MCT (Schelling 1992). Geology of the study area is
dominated by the Precambrian to Cambrian kyanite and
sillimanite bearing gneiss, biotite schist, metaquartzite,
amphibolite, calcsilicate gneiss, orthogneiss and augen
gneiss. The Mahabharat crystallines of the eastern Nepal
are apparently continuous with the Darjeeling gneisses of
the Sikkim Himalaya (Auden 1935, Gansser 1964).

The study area is a part of the basal and middle portion
of the Mahabharat Crystallines, which is divisible into two
subunits (Kayastha 1969 and Chamlagain 2000). Unit I
consists of garnet-kyanite-sillimanite gneiss and grey
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Fig. 1: Location map of the study area.
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Fig. 2: Generalised geological map of the Ilam hydropower project and adjacent area.

quartzite, whereas Unit Il is characterised by the presence
of garnet-kyanite-sillimanite gneiss, orthogneiss and white
coloured, coarse-grained, fractured quartzite (Fig. 2). Based
on lithology and mineral paragenesis, the study area is
comparable with Formation I of Le Fort (1975). The
transformation of kyanite to sillimanite is conspicuous in
thin section, which proves that the study area lies in
transitional zone of kyanite and sillimanite isograd. Schelling
and Arita (1991) also reported that the kyanite-sillimanite
isograd lies between 5 km and 7 km above the MCT, which
has proved by similar location of the study area. Synclinal
structure is formed by the repetition of Unit I, garnet-
kyanite-sillimanite gnesiss and grey quartzite in the northern
part. A local fault near the powerhouse site is observed
which intersects the axis of syncline.
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GEOMORPHOLOGY

The area is characterised by the varied topography. The
slope angles of the area are divided into the following four
categories: 0°-15°, 16°-25°, 26°-40° and >40° (Fig. 3). The
landform is controlled mainly by tectonic processes and
subordinately by mass wasting. The erosional landforms
predominate over depositional ones. Rugged hills, numerous
deep gorges along the Puwa Khola, steep slopes, quartzite
cliffs and active gullies, e.g. the Narayanthan Kholsa and
Chiyabari Kholsa, represent the erosional landforms. River
terraces, alluvial fans along the Puwa Khola and Mai Khola,
talus cones of various landslides are the main depositional
landforms. The Mai Khola is the trunk river and its major
tributaries are the Puwa Khola and Ghatte Khola. The Mai
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Fig. 3: Slope map of the Ilam hydropower project and adjacent area.

Khola and the Puwa Khola run due North-South and are
more or less parallel to each other and join at Bhantar.
Springs are frequently observed in fractured white quartzite.
Subdendritic pattern is the common drainage pattern of the
study area.

ROCKS

Medium- to coarse-grained white and grey quartzite,
schistose gneiss and banded gneiss of the area have different
strength characteristics. The effect of weathering is different
in different rock types of the area. The degree of weathering
is generally governed by frequency of discontinuity and
mineralogical composition of rock. Schistose gneiss and
banded gneiss are moderate to highly weathered (Grade I11-
IV) but quartzite is slightly weathered (Grade- II) which is
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evident by slight discoloration of the surface. The schistose
gneiss and banded gneiss are characterised by hlgher degree
of weathering because feldspar content is high in it.

In analysing the stability of a rock slope, the most
important factor to be considered is the geometry of rock
mass behind the slope face. Geological structures such as
bedding, joints, foliation, cleavage, schistosity and fault,
are potentially weak planes. It is imperative to know their
orientation in relation to slope angle, direction and strength
along such potential weak planes. Keeping in mind the
importance and influence of geological discontinuities on
stability, rock mass was assessed on a larger scale (rock
mass strength, with all its flaws) in order to evaluate its
effect on slope stability. Table 1 shows the characteristics of
rock mass of various locations. Schistose gneiss is
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characterised by two to three sets of well-developed joints.
Joint persistency varies from <1 m to 3 m, which are graded
to very low persistence to low persistence. Whereas spacing
varies from 6 cm to 2 m which grade rock mass as crush and
scattered to massive. Joint surface is rough to stepped.
Quartzites of the study area show quite different rock mass
characteristics. Three sets of joints are prominently
developed. On the basis of persistency, rock mass is
classified as very low persistence and as fractured to massive
rock mass on the basis of spacing. Joint surface roughness

of quartzite varies from rough to stepped in small and large
scale respectively. On the basis of above parameters, rock
mass of the study area was classified as high, medium and
low rock mass strength (Fig. 4).

Geometry of rock mass and natural hill slope govern the
stability of rock slope. Statistical analysis of fourteen rock
slopes carried out by using lower hemispherical projection
(Fig. 4). In the intake site and south of Chiyabari Kholsa,
central and lateral wedges are prominently developed but

87°52'30" 87°55'00" 87°57'30"
L
My 1\ 4
: Nt
Luitelgaun! i E
Chureghati )\
ez o —
+ + +
+ 4+ 4+
Balangaun
g5 7 7 ‘.: §u
8 "==Thulo Sanrumba £
€ ; g ¢ 8
N = g & 2
» ~ 4508000,
) - \ hiyaban Kholsa
] M=\
| - 9 llam
N no Sanrumb:
1359/54 5
L, ;
B\ \ % '°—§} W\
2\ o BN\ + ! )
2\ & AN Bistagaun B,
Jr - . R
“Khalte : : >
T =/ A olakharka
e .
5 ' 3
o | o
o N 3 3
t‘e A G <
¥ > )
g«‘ \\qﬂ‘b ‘] A\ A
5 -
L e
2\
"':\ ”320141
(? 1 2 km
| |
Scale
87°52'30" 87°55'00" 87°57'30"
Legend
[ Residual soil <P Activelandside &£ River
E Colluvial soil Old landslide — Road
F¥d strong rock ~  Smalllandslide & Spring
Moderately strong =5 Gully erosion L, Landslide number
rock
E=3 Weak rock 4~ Stream

Fig. 4: Engineering geological map of the Ilam hydropower project and adjacent area.
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are not daylighted indicating stable rock slopes. Slmllarly,
the discontinuities at L, form central wedge, which is not
daylighted. Typical plane failure was observed at the location
L,. Toppling failure observed in location L, where foliation
plane (224°/36°) dips at gentler than natural hill slopes
(044°/42°) in opposite direction. The type and mode of failure
are important to assess rock slope hazard. Thus the modes
of failures were rated individually during the preparation of
rock slope hazard map.

The Uniaxial Compressive Strength [UCS] and Uniaxial
Tensile Strength [UTS] of intact rock samples (lump) from
various locations were measured by point load test. The
point load index corrected to a diameter of 50 mm L, s0))s
strength anisotropy index (1 (;0) The UCS and UTS values
are presented in Table 2. There is considerable variation in
strength parameter due to weathering and micro fracture
present in rock samples. Coarse-grained white quartzite
shows the highest uniaxial compressive strength, i.e. 144.48
Mpa perpendicular to anisotropy and 125.52 Mpa parallel to
anisotropy. But considerable reduction has been found in
UCS values of banded gneiss (48-118 Mpa) and schistose
gneiss (80-95 Mpa) due to effects of weathering as well as
presence of micro-fracture in rock specimen. The obtained
values of strength are very low for tested specimens, which
might contribute for the instability of the area. Based on the
strength parameter, rocks of the area were classified as strong,
moderately strong and weak rock (Hoek and Bray 1977).

SOILS

Soil of the study area is classified according to their
origin i.e. alluvial, colluvial and residual. Soil depth of the
area is categorised as shallow (1-3 m), medium (3-6 m)
and thick (>6 m).

Residual soil

Residual soils are extensively distributed on moderate
to gentle slopes, along ridge and spurs i.e. Keurini,
Golakharka Bhanjyang, Bistagaon, [lam Bazar, Godithumka,
Chureghati, South-East of the Thulo Sanrumba (Fig. 4). The
shallow (1-3 m) residual soils are distributed on moderate
steep slopes below ridges and spurs. The residual soils
having medium depth (3-6 m) are extensively distributed
around north of Sano Sanrumba, [lam Bazar, around Keurini
and south of the Golakharka Bhanjyan. The thick (>6 m)
soils are sparsely distributed around Sano Sanrumba, South-
West of Golakharka Bhanjyan and Ilam Bazar. The soil ranges
in size from clayey silt to sandy clayey silt with some coarse
particles.

Colluvial Soils

Colluvial soils are predominantly distributed in the study
area. They are observed around Luitelgaon North-East of
Thulo Sanrumba, Sano Sanrumba, Golakharka, Keurini etc.
and are basically tallus deposits (Fig. 4) which are shallow in

Table 2: Result of point load test of rock samples.

Sample . Mean UCS UTS
I

No. Location Rock Type Test L (Mpa) a(s0) (Mpa)
R Km 01+534 Coarse-grained, il 2.95 70.80 1.20 3.68
' (Intake Access Road) White quartzite I 245 58.80 3.06
R Km 02+024 Banded - i 6.03 144.72 1.32 7.53
2 (Intake Access Road) i I 4.58 109.90 5.72
R Km 02+084 Quartzite L 4.04 96.96 1.31 5.05
> (Intake Access Road) (Weathered) I 3.08 73.92 3.85
R Km 02+110 Oaitalie - 5.89 141.36 1.51 7.36
< (Intake Access Road) . I 3.90 93.60 4.87
R Km 02+998 Schist . 1 3.33 79.92 2.66 4.16
> (Intake Access Road) SSREEIChD I 1.25 30.00 1.56
R Km 03+018 Banded gneiss e 3.38 81.12 1.07 4.22
: (Intake Access Road) (Weathered) [| 3.16 75.84 3.95
Km 03+080 ) ) e 3.39 94.32 4.79 4.91
Ry (Powerhouse Access Road) Schistose gneiss I 0.82 19.68 1.02
L Mail Khola Coarse-grained A 6.02 144.48 1.15 7.52
8 Rock slide White quartzite I 5.23 125.52 6.53
Mai Khola . 1 4.92 118.08 3.54 6.15
Ly Rock slide Bandsd gneiss I 139 | 3336 1.74
Mai Khola ; g L 3.95 94.80 1.37 4.94
Ls Rock Slide Sl e T 2.88 69.12 3.60
L Mai Khola Banded gneiss 2l 2.01 48.24 1.08 2:51
: Rock Slide (Weathered) I 1.86 44.64 2:32

L =Perpendicular to anisotropy || = Parallel to anisotropy
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depth at the upper slopes and thick in the foothills. Colluvial
soils are composed of angular to subangular clasts of schist,
gneiss and quartzite.

LAND USE

Owing to the varied land structure, the land use pattern
of the area is diverse. The land use pattern of the area is
classified as forest, barren land, dry cultivated land, wet
cultivated land, tea estate, shrub land, and settlement area
(Table 3). In the study area, conversion of the forest land to
cultivable land is being accelerated due to population growth.
About 62% land is cultivated. Dry cultivated land is
extensively distributed in the eastern and western slopes
whereas wet cultivated land is distributed in the central part
of the study area. Other parts of the area and rocky terrain
are covered by forest and shrub land.

LANDSLIDE

Landslides were studied on the basis of aerial photographs
and topographic map combined with field investigations,
which revealed that about 6% of the total area, has been
affected by landslide activities. The rainstorm of 1997
triggered off most of the slope failures. Mass wasting
phenomena such as rock fall, rock topple, rotational slide,
translational slide and gully erosion are observed in the study
area. Translational slides are more common in the area
(Fig. 5). In the study area, the population of wedge failure
is the highest as compared to toppling and plane failure.
Large landslides are especially common on south facing
dip-slope but north-facing slope is more stable. Table 4
summarizes types, features and triggering factors of major
landslides in the study area.

Table 5 shows the location of various types of landslides
found in different slope categories. The distribution of
landslides with respect to slope (Fig. 6) reveals that the
maximum landslide is found in areas having slope angle
between 26° and 40°. This appears due to the proximity of
this hill face, in general, to the middle and upper part of
slopes, which are characterised by shrub land and barren
land. The slope failure activities are also conspicuous in

areas characterised by moderate slope angle between 16°
and 25°. The slope failures associated with this slope classes
have also relation with the land use pattern. The distribution
of landslides in relation to the land use pattern (Fig. 7)
indicates that the most of slope movements occurred in
shrub land (34.29%) and barren land (22.85%), and least in
dry cultivated land (11.43%).

Most of the rockslides, rock falls and topples are common
on the southeast facing slopes. Shallow slides, gully erosion
and small soil slides are observed on counter dip slopes.
The large deep-seated soil slides occurred in deeply
weathered soil whose depth ranges from 1 to 6 m. Many
tension cracks were observed at the vicinity of crown of
the slides especially in landslides along the Mechi Highway
(L,), intake access road (L,) etc. In the study area, most of
landslides occur in soil and the least in rock (Fig. 8).

The major structural features present in the area are a
syncline and a fault. The axis of the syncline passes through
Thulo Sanrumba, Sano Sanrumba, Khalte and Golakharka.
A local fault passes near by powerhouse, intersects syncline,
disrupting its axis in the eastern part of the study area
(Chamlagain 2000). The area around these structures is
characterised by large rockslide and deep soil slides. Besides
this area, landslides are found wherever the discontinuity
surfaces like joints and bedding planes are day lighted on
the slopes.
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Fig. 5: Distribution of different types of landslides in the
area.

Table 3: Summary of land use pattern.

Land use pattern Area (Sq. km.) Percentage Remarks

Baiest 9.65 24.23 Minor gully erosion but densely forested
area are relatively safe
Many small and medium landslides (rock

B A bt i fall) and severely developed gully erosion

Dry cultivated land 19.5 4897 Many rills and gully erosion and
landslides

Wet cultivated land 4.66 11.70 Gully erosion and medium landslide

Tea estate 0.47 1.18 Small rill and gully erosion

Shrub land 3.02 7.58 Several gully and rill erosion

Settlement 1.01 2.54 Mostly safe area

Total 39.82 100.00
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Table 4: Features and triggering factors for major landslides.

Volume of Landslide ; 3 3 ; :
landslide (m®) No. Type Failure pattern Slide material Triggering factors
Planar (mainl ; ;
. (minly) . . . Rainfall, pore water pressure, river
toppling and rock fall in | Schistose gneiss . . : .
39375 L, Rock topple : : : scouring, fracturing of schistose gneiss
schistose gneiss and and quartzite :
. and quartzite
quartzite
Planar (Mainly wedge
37500 L Rock slide failure in white Schistose gneiss Fracturing of quartzite and schistose
. 2 (Plane failure) | quartzite and schistose | and quartzite gneiss, river scouring, rainfall
gneiss
20312 Ly Rptatlonal Circilir Colluvial soil and E)fcavauon, pore water pressure,
slide broken rock rainfall
14500 B Rock fall Wedlgs: fuilire Schistose gneiss Steep.slope, discontinuities, river
and quartzite scouring pore water pressure
34500 Ls Rock fall Wedge failure toppling | Schistose gneiss | StccP slope, discontinuities, pore water
pressure
Erssmeiits of Steep slope, discontinuities, pore water
16500 Le Rock fall Wedge failure toppling a a%tzi te pressure, poor vegetation, river
9 scouring
Pt Rock discontinuities pore water
3400 L, Rock topple Toppling, wedge failure € F pressure river scouring rainfall, poor
schistose gneiss, ;
vegetation
Table 5: Distribution of landslides in different slope categories.
c i ¢ Location Remark
ategories

Ilam Bazar, Gadithumka, east of Chureghati,
0>-15° Khalte, S-E of Sano Sanrumba and West of
Gewadanda

Many small landslides and severely developed gully
erosion

Around Gewadanda, Puwajun, Golakharka,

16°:25° Tilkenimod, Dhobidhara, Chureghati, Luitelgon and Small landslides and moderately developed gullies in

sparsely vegetated area

Gairigaon
26°-40° Along the Puwa Khola, Right bank of the Mai Large soilslides and small rock falls. It is highly
: Khola, Ghatte Khola, Keurini, Balangaon hazardous zone
>40° Bast of Tilkeniind, northeast of Maliabhir Rock falls and medium landslide, very hazardous slope
and many large rock falls
5.71 571 w0
: ; |z 1 34.29

| 5]
[ é 25 22.85
| 2 20 17.14
' g 151 11 43 e :

m0-15 | B 101

m16-25 3 54

1 o .
7143 ”330401 Forest  Shrubland Dry ;:I:valed Wwet :,:w Barren land
Landuse

Fig. 6: Occurrence of landslides in various slopes  Fig. 7: Distribution of the landslides in relation to land
(degree). use pattern.
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Fig. 8: Types of material involved in the landslides.

LANDSLIDE HAZARD ZONATION
MAPPING

Landslide hazard mapping invokes a multidisciplinary
approach, integrating all the influencing factors on slope
instability in the study area (Uromeihy 2000). Various
methods for hazard mapping have been developed in recent
years. In this study, superposition method developed by
Deoja et al. (1991) was used. During the investigation,
various hazard attributes like structural component,

geomechanical component, hydrogeological component,
seismotectonic component, soil type versus slope
component, soil depth component, hydrodynamic
component, land use component and landslide and gully
erosion component were identified and their contribution to
the landslide hazard was assessed. Different thematic maps
(soil type and depth, slope, land use, morphostructural,
hydrogeological, engineering geological and landslide
distribution map) based on hazard components were
prepared. Then, base map was divided into several slope
facets, which are restricted by ridges and rivers. The relative
hazard map at 1:25,000 scales was prepared by adding ratings
for various hazard components. The area covered by soil
and rocks were rated separately using superimposition
method. The main influencing factors for soil and rock slope
hazards and their ratings are summarized in Table 6 and 7.

Classification of hazard level

The rock and soil hazard levels were classified into low,
medium and high depending upon the total rating values of
different hazard components (Table 8).

Among the various level of hazards, the areas of low
hazard are considered to be more or less safe zones where

Table 6: Soil slope hazard rating (modified from Deoja et al. 1991).

Component Characteristics Rating
Types of soil Slope
8
; <25 degrees

Al 25-40 (igegrees 10

>4( degrees 12

) <25 degrees Ed

Colluvium 25-40 degrees 11

>4( degrees 13

Soil type / slope <25 degrees 11

Residual 25-40 degrees 13

>4( degrees 15

Thick (>6 m) 10

Depth Medium (3-6 m) 12

Shallow (1-3 m) 15

Dry and rain induces 5

No springs, rare seeps 7

Hydro-geological No springs, seeps 10

Rare springs, seeps 12

Springs and seeps 15

Low gradient 5

Hydro-dynamical Medium gradient 10

High gradient 15

Forest 0

Land use Dry cultivated land 5

i Dry barren land 8

Wet cultivated land 10

T Mir?or fault or ttold axis 8

Major fault or fold axis 15

Landalids and PGresence of erosional gullies ;(5)
erosionsl gully ently'developed gorges

Landslides 30
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normally no natural disaster occurs. The medium hazard
region can be made safe and stable with mitigating measures.

But high hazard zones are difficult to stabilise and sometimes
impossible too. It is better to avoid for the construction of

large infrastructure, settlement and cultivation.

Description of main hazardous areas

Various levels of hazard and their location are shown in
Fig. 9. The most hazardous zones in the study area lie along

are confined near Sanrumba, Luitelgaun, Keurini, Golakharka,
Powerhouse site and Mahabhir north of Dhobidhara etc.
Medium hazard zones are confined around Luitelgaun,
Tilkenimod, Bistagaon. The remaining parts of the study
area lie in low rock and soil hazard.

Table 8: Hazard level classification.

the Puwa Khola, Mai Khola and in the active gullies. The LowHazard e <4(;r°ta| rating
main causative factors fqr land_slide hazard in the study area ediom 1065
are steep slope, rock discontinuity, land use pattern, soil Hich >65
depth and hydro-geological condition. High hazard zones £
Table 7: Rock slope hazard rating (modified from Deoja et al. 1991).
Characteristics Rating
Component Expected mode of failure
Gc?iﬁ;\g::;g w Lat(a;rlzjilln\;::i)ges Plane failure Topple slope>60 degree
0 0 0 1
0 1 0 0/1
0 > 0 0/1 14
0 0 1 0/1 10
0 1 1 0/1 17
0 >1 1 0/1 23
1 0 0 0/1 15
| 0 0 0/1 21
| >] 0 0/1 27
Structural I 0 ! 0 25
| 1 1 0/1 28
1 >1 1 0/1 34
>1 0 0 0/1 21
>1 1 0 0/1 27
>1 >] 0 0/1 33
>1 0 1 0/1 29
>1 1 1 0/1 34
>1 >1 1 0/1 40
Possible circular failure (for very random orientation in soft or very weathered rock) 30
High rock mass strength 5
SIED PEC En ol Medium rock mass strength 7
(Lithological)
Weak rock mass strength 10
Dry and rain induced 5
Hydro-geological No springs, seeps 8
Permanent springs and streams 10
o= ) Minor fault fold axis 10
RUlsmE-TEcohic Major fault or fold axis 20
Forest 0
Land use Cultivated land 5
Dry barren land 8
Rock slide 15
Rock slide Tension Crack 20
Landslide, highly developed gullies 30
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Fig. 9: Hazard map of the llam hydropower project and adjacent area.
CONCLUSIONS of the area are graded from crush and scattered to massive.

T'he study area is the southern continuation of the Higher
Himalayan Crystalline thrust sheet, which comprises mainly
of garnet-kyanite-sillimanite gneisses, schistose gneisses,
orthogneiss and coarse-grained white quartzite. Schistose
gneiss and banded gneiss are moderate to highly weathered
whereas quartzite is slightly weathered. The UCS value for
quartzite is 144.48 Mpa but this values for schistose gneiss
and banded gneiss are up to 95 Mpa and | 18 Mpa
respectively. On the basis of joint spacing, the rock masses

142

The soils found in the area are alluvial, colluvial and residual,
among which the colluvial soil is extensively distributed in
the area. Soil depth of the area is controlled by the
topography. Deep soil cover was found around ridges and
on gentle slope. Among the various soil depth, most of the
landslides occurred in 3-6 m depth.

The slope stability of the area has been influenced by
land use pattern. It is found that effect of landslide is more in
shrub and barren land. The conversion of forest land to
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arable land and shrub land has accelerated hazard and also
played important role in the development of slop instability
and surface erosion in the study area. Slope angle between
26"and 40° found to be more susceptible for landslides.
Though several types of mass movements are observed in
the area, the translational soil slides are the most common.
Large plane rockslides are found on dip slopes whereas
wedge failures and topples are common scarp slopes.
Therefore, the distribution of landslide is related with
topography, soil depth, slope, land use pattern, rock type,
geological structure and climatic condition.

The landslide hazard mapping is found to be a useful
tool for delimiting the areas susceptible to sliding. The main
attributing factors for landslide hazards in the study area are
slope, land use pattern, rock types and associated
discontinuity, soil type, soil depth, etc. The high hazard zones
for rock slopes are confined to the steep dip slopes with
fractured rocks whereas soil slope hazard is confined to fault
zones and south facing slope. The soil slope hazard is more
severe than the rock slope. The areas falling low hazard
zones are safe zones where normally no natural disaster occur
whereas medium hazard region can be made safe and stable
with mitigative measures. High hazard zones should better
be avoided for development activities.
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