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ABSTRACT

A series of three landslides occurred in Sasanwad Village, Karwar Taluk in June 2010.
The landslides have occurred at about 3 km NW of Karwar. A preliminary post disaster study
was carried out by GSI in July 2010 and detailed site specific study was subsequently taken up
during the 2010-12 to get insight of the slide characteristics, causative factors of landslide
and to suggest remedial measures. The landslides had occurred at the westerly slope of an N-
S trending mound which is 69m above MSL and having a slope around 20°. Granitic gneiss
intruded by a dolerite dyke is exposed at the site. An area of about 0.10 km? was mapped on
1:1000 scale and three cross sections as well as three longitudinal sections were drawn to
evaluate the geometry of the slides. Of the three slides, one pertains to a ‘Rock slide’, the
second a ‘Debris slide’ and the third a ‘Composite slide’. Four UDS(Un Disturbed Sample)
and six disturbed samples were collected during the investigation and analyzed for various
geotechnical properties viz., density, moisture content, specific gravity, void ratio and porosity;
Atterbergs limits including liquid limit, plastic limit, plasticity index and shrinkage limit;
Shear parameters including cohesion index and angle of internal friction and size analysis.
The study reveals that the samples are high in sand-silt content and the material represents
mostly a weathered product of granite/gneiss. Slope failure is essentially a ‘Planar’ type
confined to prominent pre-existing discontinuity/ joint planes. Accordingly, the main causes
for the slide at Sasanwad are inferred to be unfavorable orientation of joints in the rock.
Other contributing factors include modification of slope at ‘Toe’ part of the slope mostly due
to human interference (cut slope failures) coupled with a high incidence of rainfall. After
geotechnical evaluation, analysis of geological condition at the site and factors responsible
for the slides, some of the remedial measures were suggested for each slide, which include
rock bolting, slope gradation, plantation and effective drainage system.
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I. INTRODUCTION

Landslides, around the world are known to take a heavy toll on life and property.
Landslides also disrupt communication modes. In Karnataka, Western Ghats commonly
experiences landslides every year during monsoon. With increase in population as well as
anthropogenic activity, slopes are modified unscientifically leading to periodical slope failures.
Anthropogenic activity includes plantation followed by settlements and constructing roads for
communication. Landslides during every monsoon in Western Ghats are of great concern for
general public as well as local administration.

In October 2009, Karwar Taluk witnessed large number of landslides including the most
destructive and disastrous landslide which took place in Kadwad village, killing 19 people and
destroying nine houses. The slide at Sasanwada occurred during the same time. GSI in their
preliminary report suggested many remedial measures for Sasanwad landslide which have been
subsequently implemented by the district authorities. The effective measures taken by the
district authorities include grading of the slope by benches and providing proper drainage at the
toe part of the slope. In 2010, in the nearby area, a rock slide took place on 17" June 2010 and
the district authorities acted fast and shifted the local residents to a safe shelter and started
‘Ganji Kendra’. There were also reports of falling boulders on 21% June 2010 and by 23" June,
the road was blocked by district administration, the electric lines removed and slides were
monitored. Preliminary post disaster study was carried out on 31% July 2010 by Geological
survey of India and detailed site specific study was suggested to know the slide characteristics in
detail and for proposing long term remedial measures (Maruthi et.al 2010). Accordingly,
detailed site specific study was taken up as a service item during the FS 2010-12 (Code No.:
EG/SR/KG/2010/059).

L.1. LOCATION: The Sasanwad landslide site (latitude 14° 49" 19.63"” N and longitude 74° 10’
17.83"E) confined to Survey of India Toposheet No. 48J/1 is nearly 3 km NW of Karwar town.
(Plate- 1, Photo 1,2,3,4 & 14)

L2.PREVIOUS WORK: Preliminary post-disaster investigation of the Kadwad landslide was
carried out during 2010 (Maruthi et.al.2010) wherein the causative factors, triggering
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1.3. SCOPE AND OBJECTIVE: The objective of the site-specific study was to evaluate the
slide dimensions and morphometry, crack propagation if any, mechanism of failure, triggering
mechanism, stability of the slope, risk associated with the slides in the area and to suggest
appropriate long-term remedial measures or precautionary measure to stabilize the slope. For the
three landslides observed at Sasanwad, the causative factors for each slide have been discussed
and suggested suitable remedial measures.

I.4. NATURE AND QUANTUM OF WORK

NATURE OF WORK Work  proposed | Total work Completed
for FS2010-12 in Current FS2010-12
Detailed study of the landslide and slope | 0.1sq.km 0.1sg.km.

stability analysis for identifying the Causative
factors and suggesting remedial measures.
Detailed mapping of 0.1 sq.km of slide area

Geological section

a)Longitudinal section on 1:1000 3 Profiles 3 Profiles

b)Cross section on 1:1000 3 Profiles 3 Profiles

SMPL As necessary

a)Undisturbed 4 samples collected
b) Disturbed 6 Samples collected

I.5. ACKNOWLEDGEMENTS: The authors extend their sincere thanks to Dr.S.S.Nayak, the
then Director EG Division, SU: Karnataka & Goa, GSI, Bangalore for his guidance during
investigation, and to Dr. B.R.Venkatesh Director EG Division, SU: Karnataka & Goa, GSI,
Bangalore for scrutiny of the report. They also extend their thanks to Director —in-Charge, SU:
Karnataka. & Goa, GSI, Bangalore for his encouragements and support. Thanks are due to,
Deputy Commissioner, Uttar Kannada district, village accountant and asst. village accountant
Sasanwad village and other district administrative staffs for providing necessary help during the
field work. Thanks are also due to residents of Sasanwad village for rendering co-operation
during investigation.

II. PHYSIOGRPHY AND CLIMATE

II.1. TOPOGRAPHY AND GEOMORPHOLOGY: Sasanwad village is situated 1 km NE of
Shejwad village and south of the Kali river estuary; the landslide site is confined to easterly
(S55°E) slope of an N-S trending mound. The mound has an elevation of 81 m above MSL with
a slope angle around 20°. The foot-hill is sparsely populated. The spur of the mound runs into
marshy land near the bank of Kali River on its three sides (Photo 17). The original hill profile
shows the presence of minor streams draining in to Kali River from a NE direction. Drainage in
is Sub-dendritic to Trellis in pattern (Plate- 1 & 2).
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DVER: Towards north, north-east and eastern sides of
rfove swamps, prawn farms, rice fields, marshes and small
covered with dense scrubby vegetation, thorny bushes, herbs,

grasses and climbers along with cashew plantations (Photo 16). The zone between lowlands and the
hills is densely populated. The houses are generally abutting the lower slopes of hills. The hill
slopes are modified for the purpose of habitation, plantation and for laying roads over a long
time. The moderately vegetated slope with shrubs and cashew plants has a low root and shoot

ratio.

I1.3. CLIMATE AND RAINFALL: The area forms part of the coastal tract, limited by
Western Ghats to the east. The area in general has a tropical humid climate with hot and humid
summers between March and May. The winter months between November and February are
moderately cold. The monsoon period between June and October is quite severe. Annual rainfall
is mostly in excess of 3000 mm (Table-1, Fig-1 and Annexure-1)

Table-1: Rainfall data of Karwar rainguage station over last decade.

Year wise Monthly rain fall at Karwar rain gauge station
Jan | Feb | Mar | Apr May Jun Jul Aug Sep Oct Nov | Dec | Total

2000 | 0.0 0.0 0.0 0.6 | 4715 991.8 | 1216.6 | 566.0 | 217.8 | 132.7 0.0| 54| 36024
2001 | 10.4 | 0.0 0.0 | 39.7| 281.7 744.7 838.9 | 4344 | 1383 | 1475 0.0| 0.0| 2635.6
2002 | 0.0 0.0 0.0 8.3 | 183.4| 1030.3 3940 | 581.0| 149.2| 4324 0.0| 0.0| 2778.6
2003 | 0.0 0.0 0.6 0.0 0.2 | 1268.1 | 1174.8 | 555.6 | 2724 66.8 0.0 0.0| 33385
2004 | 0.0 0.0 0.0 0.0 | 271.0 732.4 678.4 | 664.8 | 273.6 | 123.7| 69.8 | 0.0 | 2813.7
2005 | 0.0 0.0 0.0| 916 56.1 956.3 | 1146.2 | 351.8 | 3743 | 157.6 0.0| 0.2 | 31341
2006 | 0.0 | 0.0 4.3 0.0 | 569.3 973.5 637.9| 670.6 | 543.7| 293.0| 38.2| 0.0 | 3730.5
2007 | 0.0 0.0 0.0 2.0 | 111.4| 1336.9 730.6 | 914.4| 653.3 66.9 4.1 | 4.4| 38240
2008 | 0.0| 3.3| 86.3 2.7 62.7 943.3 556.2 | 666.8 | 469.8 13.4 1.5]26.1| 2832.1
2009 | 0.0| 0.0| 15.0 0.0 86.6 780.9 | 1318.1 | 441.2 | 5189 | 688.4 | 157.5| 3.9 | 4010.5
2010 | 1.3 | 0.0 0.0 | 11.0| 1235 920.3 | 1381.8| 617.0 | 575.2 | 306.4 | 403.4| 3.2 | 4343.1
Total | 11.7 | 3.3 | 106.2 | 155.9 | 2217.4 | 10678.5 | 10073.5 | 6463.6 | 4186.5 | 2428.8 | 674.5 | 43.2 | 37043.1

Data Source: Dy. Commissioner's office, Uttar Kannada Dist., Karwar
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Fig 1: Rainfall data of Karwar rain gauge station over the years

I1.4. GROUND WATER: The seasonal fluctuation of the water table is not high in the area.
Water table is very shallow in the village, even during summer. The water table at the site was
deciphered from the study of dug wells situated at the toe part of the slide (Table-2, Plate-3, and
Photo-15). During the time of investigation (March 2011) depth to water table was at 1.63 to
2.40 m.

Table-2: depth to water table in the dug wells at the time of investigation

Well Location Depth to water table at the
number time of investigation

W-1 | 15 m east of survey station 6 (Refer Plate-3) 2.33 m

W-2 | 30 m northeast of survey station 1 (Refer Plate-3) 1.63 m

W-3 | 25 m southwest of survey station 12 (Refer Plate-3) 240 m
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Unlimited Page: he regional geology of Uttar Kannada district comprises

~

neissic Complex, older granitoids, Chitradurga Group of
Dharwar super group of Archaean age and dolerites of Palaeoproterozoic age intruding these
rocks. Older metamorphics of Sargur Group are represented by amphibolite. They occur as
enclaves within granite. They occur as irregular sporadic lenses. The amphibolites are dark
grey, fine to medium grained and schistose, rich in hornblende and plagioclase. The Peninsular
Gneissic Complex is represented by granitic gneiss and granodiorite gneiss. The granite gneiss is
coarse grained, comprises quartz, orthoclase & plagioclase feldspars, mica and hornblende show
gneissic texture and at places with migmatitic structures. The Dharwar Supergroup of rocks and
PGC-I are intruded by older granitoids locally referred as ‘Karwar Granite’. The granite is
massive, it is generally coarse grained, porphyritic, grey with pink variants, consists of quartz,
potash feldspars, plagioclase and biotite mica. The Goa belt (represented by Chitradurga Group)
are exposed in the area are Barcem Formation consisting of metabasalt, schistose metabasalt,
BMQ and acid volcanics. The area is intruded by numerous swarms of dolerite dykes
(Ramakrishna, 1967; Shafeeq ahmed, 1990; Subramanian, 1968; Subramanian, 1969).

II1.2. LITHOLOGY AT SITE: Granite gneiss intruded by dolerite dyke is the main litho unit
exposed at the site (Plate-3). Rock exposures are mostly seen on the distressed slope where the
overburden has been removed. The landslide area is occupied by debris as well as soil material.

II1.2.1.GNEISS: Gneiss is well exposed at the ‘Crown scarp’ (Plate-3). The rock is coarse
grained, light grey and foliated with gneissosity trending N24°W to N20°E. The rock is seen to
have varying dips from ~ 42°easterly to near vertical. Three major sets of joints are observed
(Photo 13) and the characteristics are given in Table-3.

Table- 3: The characteristics of the joints in gneisses of slide areas

Place of Joint set Attitude Spacing Opening / Characteristics
Observation Filling
Headscarp J1 N70°W/20°NE - - -
pc_)rtlon of J2 N50°W/Vertical | 20-30 cm Nil Uneven, stained
slide no-1
J3 N40°E/78°NE 10-15cm 2mm/ soil Smooth, uneven,
stained,
Foliation N24°W/71°NE - - Foliation plane
joint
Headscarp J1 N65°W/42°NE - - -
portion of
slide no-2 J2 N55°W/Vertical | 20-30 cm Nil Uneven, stained
J3 N45°E/78°NE 10-15cm 2mm/ soil Smooth, uneven,
stained,
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Headscarp J1 N50°W/45°NE - - -
portion of
slide no-3 J2 N50°W/Vertical | 20-30 cm Nil Uneven, stained
J3 N40°E/78°NE 10-15cm 2mm/ soil Smooth, uneven,
stained,

II1.2.2.GRANITE: Minor exposures of granite are seen at the head portion above the Crown in
respect of Slide No.-1 (Photo 12). The granite is massive, is generally coarse grained,
porphyritic, grey in colour consisting of quartz, potash feldspars, plagioclase and biotite. An
abandoned quarry is seen in the northeastern corner of the study area (Photo 18). Three sets of
joints noticed in the granite and the characteristics are given in Table-5.

Table-5: The characteristics of the 3 set joints in Granite

Place of Joint Attitude Spacing | Opening | Characteristics
Observation set / Filling
Granite quarry J1 N30°W/ 84°NE | 30-60cm | Tight Smooth,
(abandoned) in the uneven,
northeastern corner J2 N80°W/78°NE | 20-50cm | Tight | Smooth, uneven
of the st_udy area & J3 N70°E/82°NW | 20-50 cm Tight Smooth, uneven
at Slide no-1

I11.2.3. DOLERITE DYKE: A dolerite dyke trending N34°W-S34°E is exposed below the
crown of the slide No. 3 at the central part. The rock is fine to medium grained, dark green to
bottle green in colour and highly weathered (Photo 5 &7). Two sets of joints are noticed in the
dyke rock and the characteristics are given in Table-4.

Table- 4: The characteristics of the 2 sets of joints in dyke

Place of Joint set Attitude Spacing | Opening | Characteristics
Observation / Filling
Near the J1 N45°W/ 62°NE | 20-30 cm Tight Smooth, uneven,
crown in slide stained,
no.-3 J2 EW/Vertical 30-60 cm Tight Smooth, uneven

I11.2.4. DEBRIS AND BOULDER UNIT: This unit consists of unconsolidated rock fragments
of dyke and gneisses (gravel, cobble and boulder size) and sand, silt & clay. The size of Blocks
dispersed all over the slide no-1 and slide no-3(Photo 6) and sporadically in slides no-2 ranges
from 1.0 to 4.0 cu.m. It is seen that the clay percentage increases in the toe portion because of
the gully erosion which is continuing. At the crown portion the percentage of boulders and

pebbles increases considerably indicating the removal of blocks from the highly weathered
gneisses.
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is mainly seen on the head portion of the three landslides

I11.3. WEATHERING: The depth of the weathering was estimated up to depth of 20-30 m. The
role of weathering at Sasanwad landslide area has an important role in weakening of rock
formations and consequent opening up of joints (Photo 7 & 9). The litho units and nature and the
weathering characteristics determine: a) the amount of pore space available and the permeability
of the material present in the slope b) the clay content of the material in the slope and c) the
retentivity/runoff of water at the slope.

IV. LANDSLIDE CHARACTERISTICS

IV.1. SLIDE MORPHOMETRY: The slide morphometry was calculated from the plan and
sections prepared in the field using Total station on 1:1000 scale. The morphometric parameters
calculated for three slides are appended in Table-6.

Table-6: The morphometric parameters of three slides

Slide 1 Slide 2 Slide 3
Maximum length of the flow from crown to 38.0 m 23.0m 36.0 m
frontal lobe (Lm)
Maximum width of the slide zone from the left 68.0 m 29.0 m 88.0m
flank to the right flank boundary (Wm)
Area of the debris flow in plan ~5200 m2 ~1400 m2 ~6400 m2
Depth of slide (A) ~3.0m ~3.0m ~4.0m
Debris flow Volume (V) ~3900.0 m® | ~1000.0 m® | ~6400.0 m3
Slope angle after failure took place () 20°-25° 20°-25° 20°-25°
Slope angle before failure took place 25°-30° 25°-30° 25°-30°
Base Length 20m 25m 32m
Scarp radius 25m 17m 31m
Scarp height 6m 18m 20m
Scarp angle vertical g5 87"
Run out distance ~15.0m ~45.0m ~45.0m
Cut slope angle near the toe 35° 40° 45°
Slide direction N70°W N70°W N80°W

IV.2. TYPE AND SIZE OF SLIDE MATERIAL: The slide material in the slide no-1 and 2 in
the zones of accumulation and depletion comprises different fractions of granite/weathered
gneiss. The size of different fractions varies from huge granitic/gneissic boulders to small
cobbles and pebbles and soil/clay material. The slide material in the slide no-3 in zone of
accumulation and depletion comprises different fractions of weathered gneiss and weathered
dyke and the size of different fractions vary from huge boulders to small cobbles and pebbles
and soil/clay material (Photos 6 & 9). The slope material predominantly consists of coarse
material hence it may be classified as debris following Varnes, 1978 and Cruden and Varnes,
1996.
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fors used to classify landslides mainly are type of material
the slope, landslide geometry, type of movement, water
content of the slid material, speed of movement of the slide, triggering mechanism etc.
Landslides can either be rapid or slow or occur in a wide variety of geologic environments.

As per observation, the Slide No-1 is a ‘Rock fall” wherein both planar and wedge failures
are noticed. The planar failure appears to have occurred along the daylighted joint trending
N70°W with 20°NE dip. The overburden material might have slipped along the same daylighted
plane. The wedge failure appears to have occurred along intersect of joints N50°W/ dipping
vertical and N40°E/ dipping 78°NW.

The Slide No-2 is a “Composite slide’ wherein both ‘Rock fall’ and ‘Debris slide’ are
seen. The planar failure might have occurred along the daylighted joint trending N50°W/
dipping 45°NE. The high rainfall might have enabled removal of the weathered material along
these planes by infiltration and the fluid might have acted as a lubricant causing reduction in the
resisting force, resulting in slope failure.

The Slide No-3 classified as a ‘Debris slide’ and the planar failure appears to have
occurred along the daylighted joint trending N55°W/ dipping 42°NE.

V.SAMPLE ANALYSIS

Four Undisturbed (UDS), six disturbed samples and one rock sample were collected
during investigation and analyzed for various geotechnical properties at the Geotechnical
Laboratory of Geological Survey of India, SR, Hyderabad. The UDS and disturbed samples
were collected mainly from the Slide No. 1 (Photo 11) since the debris material was not
considerable in the adjoining slides. One representative rock sample also was collected from
Slide No.-1 (Plate-3).

The undisturbed samples were analyzed for the geotechnical parameters such as density,
moisture content, specific gravity, void ratio and porosity. Size analysis was carried out to know
the particle size distribution. “Atterbergs limits” that includes Liquid Limit, Plastic Limit,
Plasticity Index and Shrinkage Limit were determined. Shear parameters including Cohesion
and angle of internal friction were also determined.

The disturbed samples were subjected to particle-size analysis and determination of
Atterbergs limits.

The rock sample was analysed for density, moisture content, specific gravity, void ratio
and porosity. Based on the analytical results the samples were classified. The analytical results
are appended in Tables-7, 8 and 9.
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al results of four undisturbed samples
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SUDS-1 |141 (331 |261(092|048 |4 |67 (19|10 |36 |- - - 0.29 | 28
SUDS-2 | 132|747 |262|113|053 |2 |49 27|22 |42 |28 |14 |22 0.32 | 28 SM | Silty
sand
SUDS-3 |148 {120 |272 086|046 |6 |68 |17 |9 38 |- - - 0.22 | 31
SUDS-4 |132 |28 |132 105|051 |3 |66 |24 |7 37 |- - - 0.29 | 27
Table-8: Analytical results of six disturbed samples
Sample Grain size analysis Atterbergs Limits —
No. 2 £
= o > (5] ; <
> 2 S S o 2R Ex| B | F | Z
) e > S| el 2ol X2 o S
3 2 = & SE|SE| Q2| EE |3 S
15 & » O i B - - I O
SDS-1 | 39 - - - 1 79 14 |6
SDS-2 | 40 29 11 21 1 45 32 |22 ML | Sandy silt
SDS-3 | 45 36 9 34 1 64 |28 |7 SM | Silty sand
SDS-4 | 37 27 10 21 3 51 28 18 SM | Silty sand
SDS-5 | 38 - - - 2 70 21 |7
SDS-6 | 38 32 6 29 1 60 27 12 SM | Silty sand
Table-9: Analytical results the rock sample
Sample Density gm/cm® Moisture Specific Void ratio Porosity
No. content % gravity
SRS-1 2.94 3.02 0.10 0.30 0.003
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Fig-2: Plasticity chart with plasticity index for Sasanwad landslide.

V.1.DISCUSSION: As detailed before, the slides fall in the category of rock fall as well as
composite slide with very little debris flow component. A sample of Gneissic rock was tested for
various geotechnical parameters. The analysis has revealed that the gneissic rock at the site has a
high void ratio and is non porous in nature (Table-9).

The Grain size and geotechnical parameters analysed for the four UDS samples have
indicated only very little variation in their characteristics, indicating a near-homogeneity of
composition of the loose and unconsolidated materials involved in the landslide. As the
materials are loose & unconsolidated water infiltration during heavy rains might have acted as
lubricant to dislodge masses by reducing the resisting force. One of the sample was studied for
determining the Atterbergs limits and it is seen that the sample falls in ‘SM’ category of
Unified Soil Classification System -USCS (Bajra.M.Das 2009) (Appendix-1) characterizing
only a moderate liquid limit.

The grain size parameters studied for the disturbed samples show similarity with the UDS
as also the parameters determined under the Atterbergs limit. The disturbed samples also like the
UDS fall in the SM category Unified Soil Classification System (USCS) (Appendix-1).
However, one of the sample falls in the ‘ML’ category of Unified Soil Classification System
(USCS) reflecting the presence of an inorganic silt content with <50% liquid limit. The plasticity
index of the samples indicates that the material flow strength was relatively low. All the above
confirms that the material involved at Sasanwad landslide is mostly a weathered product. As a
convenience for comparing a variety of soils, Dr. A. Casagrande (Casagrande 1953) devised a
plasticity chart (Figure 2), in which an empirical boundary known as the "A" line separates
inorganic clays from silty and organic soils. Soils of the same geological origin usually plot on
the plasticity chart as straight lines parallel to the A line. The larger the plasticity index the
greater will be the volume change characteristics. "Fat" or plastic clays plot above the line.
Organic soils, silts and clays containing a large portion of "rock flour" (finely ground non-clay

10
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VI. PROBABLE CAUSES AND TRIGERRING MECHANISM

linstability of any slope increases over a period of time due to various factors like slope
modification, quality and nature of slope forming material, weathering depth and conditions,
ground water table variation etc. affecting independently or simultaneously. These factors are
difficult to quantify but there are a number of factors which may be operating either to increase
the shear stress or to decrease the shearing resistance of the material (e.g. by decreasing the
normal shearing resistance because of pore pressure increase) causing the slope failure.

VI.1.CAUSES: The probable causes of the landslides in Sasanwad are discussed below.

Slide no-1

» Human interference in the form of road construction wherein the slope was modified and
the joints have daylighted on the slope face.

» Both type of transitional failures, planar & wedge are seen. Planar transitional failure is
noticed along joint plane trending N70°W/ dipping 20°NE. It was also noticed that the
dip of failure plane is less than that of slope (25-30°%). The ‘Wedge transitional failure’ is
noticed along two joint planes N50°W/vertical and N40°E/78°NW wherein two
discontinuities intersected and wedge is formed daylighting into the slope.

» Water infiltration during heavy rains might have acted as lubricant to dislodge masses by
reducing the resisting force.

Slide no-2

» Human interference in the form of road construction wherein the slope was modified.

> Planar failure occurred along the daylighted joint trending N5°°W/ dipping 45°NE. The
overburden material with gneissic boulders, soil and clay slipped along this daylighted
major joint plane. Water infiltration during heavy rains might have acted as lubricant to
dislodge masses by reducing the resisting force.

> Even though the crown was moderately vegetated with shrubs and cashew plants, the
vegetation is not having deep penetrating root system to hold the slope material intact.
The crown portion on the left flank appears still unstable due to the presence of large
crack (Photo 10).

> A Nala flowing at the centre of the slide could have contributed towards to the gradual
weakening of the rock mass by erosion.

Slide no-3
» Human interference in the form of road construction wherein the slope was modified in
the form of toe cutting (Cut slope failure).

11
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ilure occurred along the daylighted joint trending N55°w/
dipping 42°NE, the overburden material with gneissic/ dyke boulders, soil inclusive of
clay component might have slipped along the daylighted major joint. Heavy rainfall
might have removed the material along the joint plane by infiltrating and acted as
lubricant thereby reducing the resisting force.

» Even though the crown was moderately vegetated with shrubs and cashew plants (Photo
16), vegetation is not having deep penetrating root system to hold the slope material
intact. The crown portion on the right flank appears still unstable in view of presence of a
large crack (Photo 10).

VI.2.TRIGERRING MECHANISM: As stated before, rainfall must have been the immediate
triggering factor, as is common for almost all the landslides in the Western Ghats (Mishra &
Pradhan 2010, Mishra & Dharuman 2010). Annual rainfall in Uttar Kannada district (annexure-1)
is mostly in excess of 3000 mm. Most of the rainfall is received during the peak monsoon period
of June to October. The Slide No-3 had occurred in October 2009 when whole of Karwar region
witnessed number of landslides, including the disastrous Kadwad landslide. The District
administration has taken care of the slide and Modification slope with benches were done. The
Slide No. 1 & 2 was activated during 17" June 2010 after heavy rainfall for 5 days (Annexure-1).

VII. SUMMARY

Consequent upon the series of landslides in Sasanwad Village, Karwar Taluk in June 2010,
a site-specific study was taken up to get insight into slide characteristics, causative factors and to
suggest remedial measures. Detailed mapping on 1:1000 scale over an area of 0.10 sg.km was
carried out and 3 cross sections and longitudinal section were drawn. Four UDS and six
disturbed samples were collected for geotechnical analysis. After a detailed mapping, the field
data and analytical results were synthesized.
1. Of the three slides recorded, Slide-1 is classified as a ‘Rock slide’, slide-2 — *Debris
slide’ and the slide-3 — ‘Composite slide’.
2. The lithounits exposed at the site includes Granite gneiss, Granite intruded by dolerite
dyke. Debris and soil cover are seen on the slope.
3. The water table is shallow with depth to water at 1.63 to 2.4 m. Weathering was
estimated up to depth of 20-30 m.
4. Analysis of geotechnical parameters reveals that all the all undisturbed samples show a
high sand and silt contents, derived possibly by the weathering of gneissic rock.
5. The apparent causes for the failure are
i.  Unfavorable orientation of joints in the rock
ii. Modification of slope at the toe due to human interference.
6. The triggering mechanism might have been the heavy antecedent rain fall.

12
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RECOMMENDATIONS

and evaluation of the factors responsible for the individual

slide (both the causes and triggering mechanism) the following remedial measures are

proposed.

i.  Rock bolting for the exposed rocks with wire mesh.

ii. Gradation of crown part.

iii. Construction of retaining structure at toe.

iv. Improving drainage connectivity and erecting of proper drain system including
diversion of water from the crown with contour drains.

v. Plantation/ aforestation have to be carried out with the native species of flora

It is suggested for the Slide no-1

> Removal of all the loose boulders and hanging boulders and the slid debris from the slope.

» While providing with rock bolts, three rows of staggered rock bolting at an angle of 45°
from horizontal to a depth of 3.5 meters with 1.0 meter spacing is suggested.

> For arresting infiltration at the top, the slope should be provided with proper drainage
with concrete lining at the base.

Similarly for the Slide no-2

» Removal of all loose boulders, hanging boulders and the slided debris from the slope,

» Grading of the hanging crown part is suggested as the crown part appears unstable due to
the presence of crown cracks (Photo 8 & 10). Also since major part of the intact slope
exposed is either weathered Gneiss or soil the near vertical, 8 m high crown scarp should
be graded to 35°-45°,

» A nala is flowing right at the centre of the slide proper drainage is required for this nala.
> In order to arrest infiltration at the top, the slope should be provided with proper concrete
lined drainage at the base.

For Slide no-3
» Removal of all the loose boulders and hanging boulders and the slided debris from the
slope is suggested as above

» The benches/berns as well as the drainage facilities provided by the District
administration although has reduced the magnitude of the slide, the benches may be
extended further into the hillock for at least a meter. Proper yearly maintenance
including the removal of washed out debris and maintaining the bench width is
recommended.

> A retaining wall to be constructed at the toe part with weep holes and suitable graded

filters with following specifications: Height- 2.0 m, length-100.0 m, width-1.0m.
» Plantation in the slide zone with deep rooted plants in staggered manner is essential to

stop future landslides of local nature in the slide debris. Afforestation with the native
species of flora is to be prioritised. In order to restrict gully erosion on the slope with
scattered debris, plantation of vetriver grass all along mid section may be done. The

13
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ion and will also help people in the vicinity an economical

and make a proper drainage at the base (concrete lined).

(K.V.MARUTHI) (K.V.CHANDRAN)
Senior Geologist Senior Geologist
SCRUTINISED BY

(Dr. B.R.VENKATESH)
Director
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Unlimited Pa
TTIrc-oT e TopoTT DETAILED SITE SPECIFIC STUDY OF THE
SASANWAD LANDSLIDE, KARWAR TALUK,
UTTAR KANNADA DISTRICT, KARNATAKA
2 Item No. Code No.: EG/SR/KG/2010/059
3 Field Season 2010-12
4 Date of commencement 19.03.2011
5 Date of completion 29.03.2011
6 Officers Associated with K.V.Maruthi, Senior Geologist
investigation and No. of days K.V.Chandran Senior Geologist
spent in the field (10 days)
7 Quantum of work done
NATURE OF WORK Work Total work Completed
proposed for
FS2010-12
Detailed study of the landslide and slope | 0.1sg.km 0.1sg.km.
stability analysis for identifying the Causative
factors and suggesting remedial measures.
Detailed mapping of 0.1 sq.km of slide area
Geological section
a)Longitudinal section on 1:1000 3 Profiles 1 Profiles
b)Cross section on 1:1000 3 Profiles 3 Profiles
SMPL As necessary
a)Undisturbed 4 samples collected
b) Disturbed 6 Samples collected
8 Analysis carried out
) AAS-MIBK for Au NA
?) ICP-AES
9 Elements analysed NA
Expenditure
(1) POL - (* Vehicle was outsourced)
(2) Wages Rs. 6217=56
(3) Misc./Other charges Rs. 12998=00
10 Other information if any
(K.V.MARUTHI) (K.V.CHANDRAN)
Senior Geologist Senior Geologist
(Dr. B.R.VENKATESH)
Director
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: =—-uge station over the years.
Year- 2000
Month Jan Fe | Mar | Apr | May | Jun Jul Aug | Sep Oct Nov | Dec
Date ’
1 00| 00| 00 0.0 0.0 4.8 50.7 0.0 50.6 00| 00 0.0
2 00| 00| 00 0.0 00| 972 34 0.0 37.7 27.0| 0.0 0.0
3 00| 00| 00 0.0 00| 430 45.2 0.0 63.6 96| 0.0 0.0
4 00| 00| 00 0.0 00| 245 12.6 0.0 0.0 11.8 | 0. 0.0
5 00| 00| 00 0.0 00| 36.8| 109.1 0.0 0.0 16| 0.0 5.4
6 00| 00| 00 0.0 44| 1854 | 158.6 0.0 0.2 06| 00 0.0
7 00| 00| 00 0.0 00| 36.2| 2018 34 0.0 53| 0.0 0.0
8 00| 00| 00 00| 143 | 67.8| 1489 | 272 0.0 12| 00 0.0
9 00| 00| 00 0.0 00| 1938 95.0 | 28.6 1.8 3.0| 00 0.0
10 00| 00| 00 0.0 00| 1538 434 | 254 12.6 00| 00 0.0
11 00| 00| 00 0.0 00| 514 649 | 737 1.8 08| 00 0.0
12 00| 00| 00 0.0 00| 981 38.2| 486 0.0 00| 00 0.0
13 00| 00| 00 0.0 00| 175 609 | 12.6 0.0 00| 00 0.0
14 00| 00| 00 0.0 00| 114 26.8 4.2 0.0 00| 00 0.0
15 00| 00| 00 0.0 0.1 2.8 111 0.0 0.0 10| 0.0 0.0
16 00| 00| 00 00| 60.4 0.0 12.0 1.8 0.0 00| 00 0.0
17 00| 00| 00 00| 138 5.2 02| 345 0.0 00| 00 0.0
18 00| 00| 00 00| 64.6 2.7 13.2| 1938 5.2 00| 00 0.0
19 00| 00| 00 00| 976 | 519 204 | 122 0.0 00| 00 0.0
20 00| 00| 00 00| 16.8| 136 29.4 7.9 0.0 191 0.0 0.0
21 00| 00| 00 00| 314 | 265 1.2 4.4 3.9 00| 00 0.0
22 00| 00| 00 0.0 0.5 0.0 39| 19.2 2.8 52| 0.0 0.0
23 00| 00| 00 0.0 2.8 8.0 04| 291 15 46.5| 0.0 0.0
24 00| 00| 00 0.6 0.2 11 00| 30.6 3.2 00| 00 0.0
25 00| 00| 00 0.0 0.0 5.6 13.7| 515 4.0 00| 00 0.0
26 00| 00| 00 0.0 4.1 2.2 03| 753 7.0 00| 00 0.0
27 00| 00| 00 00| 751 | 118 2.4 4.9 17.8 00| 00 0.0
28 00| 00| 00 00| 287 7.8 376 | 107 0.7 00| 00 0.0
29 00| 00| 00 00| 157 | 616 11.3 9.4 34 00| 00 0.0
30 00| 00| 00 00| 108 | 813 00| 279 0.0 00| 00 0.0
31 00| 00| 00 00| 302 0.0 0.0 31 0.0 00| 00 0.0
Total 0.0 0.0 | 0.0 0.6 | 471.5 | 991.8 | 1216.6 | 566.0 | 217.8 | 132.7 | 0.0 5.4
Annual rainfall in mm 3602.4
Year- 2001
Month Jan Feb | Mar | Apr | May | Jun Jul Aug Sep Oct Nov | Dec
Date
1 80| 00, 00| 0.0 0.0 0.0 57.0 3.2 1.0 64.4 00| 0.0
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R — 0 0.0 0.5 83.1 21.2 0.0 0.0 00| 0.0

22;"',; ';:2’: ;:g 0] 00| 00| 28| 1223| 03| 00| 00] 00

4 0.0 0.4 3.7 6.8 0.0 0.0 00| 0.0

5 00| 0.0 0.0 0.0 0.0 0.0 42.6 27.8 0.0 0.0 00| 0.0

6 00| 0.0 0.0 0.0 0.0 14.6 4.0 0.0 0.7 20.8 00| 0.0

7 00| 0.0 0.0 0.0 0.0 82.9 16.2 10.2 6.6 1.0 00| 0.0

8 00| 0.0 0.0 0.0 0.0 23.4 11.0 4.1 0.0 13.6 00| 0.0

9 00| 0.0 0.0 0.2 0.0 20.2 67.6 11.6 0.0 14.5 00| 0.0

10 00| 0.0 0.0 0.0 0.0 16.2 11.0 8.2 0.0 0.9 00| 0.0

11 00| 0.0 0.0 6.2 0.0 16.0 15.4 1.7 0.0 0.9 00| 0.0

12 00| 0.0 00| 214 0.0 64.2 4.0 7.4 0.0 3.2 00| 0.0

13 00| 0.0 0.0 115 0.0 12.5 13.4 3.9 0.0 1.9 00| 0.0

14 00| 0.0 0.0 0.0 0.0 21.8 29.0 18.2 0.0 20.6 00| 0.0

15 00| 0.0 0.0 0.0 0.0 17.0 10.5 5.6 0.0 0.0 00| 0.0

16 00| 0.0 0.0 0.0 0.0 7.9 14.0 6.0 0.0 0.2 00| 0.0

17 00| 0.0 0.0 0.0 0.0 3.4 8.2 20.6 2.5 1.3 00| 0.0

18 00| 0.0 0.0 0.0 0.0 1.2 155 30.5 0.0 3.2 00| 0.0

19 00| 0.0 0.0 0.0 1.3 8.1 18.8 29.1 0.0 0.0 00| 0.0

20 00| 0.0 0.0 0.0 0.9 19.7 2.4 5.3 0.0 0.0 00| 0.0

21 00| 0.0 0.0 0.0 10.8 34.9 3.1 20.8 0.5 1.0 00| 0.0

22 00| 0.0 0.0 0.0 20.2 | 140.0 7.1 16.2 0.0 0.0 00| 0.0

23 00| 0.0 0.0 0.0 75.0 6.6 30.0 1.9 7.6 0.0 00| 0.0

24 00| 0.0 0.0 0.0 50.5 0.0 14.7 18.4 30.4 0.0 00| 0.0

25 00| 0.0 0.0 0.0 32.8 20.4 60.5 11.1 0.0 0.0 00| 0.0

26 00| 0.0 0.0 0.0 46.4 4.6 61.6 6.5 0.0 0.0 00| 0.0

27 00| 0.0 0.0 0.0 2.2 4.6 61.1 2.1 3.8 0.0 00| 0.0

28 00| 0.0 0.0 0.0 8.0 36.0 9.8 8.9 17.7 0.0 00| 0.0

29 00| 0.0 0.0 0.0 29.2 | 109.0 75.6 0.2 1.0 0.0 00| 0.0

30 00| 0.0 0.0 0.0 1.3 58.6 65.6 2.4 66.2 0.0 00| 0.0

31 00| 0.0 0.0 0.0 3.1 0.0 19.6 2.2 0.0 0.0 00| 0.0

Total 10.4 | 0.0 0.0 | 39.7 | 281.7 | 744.7 838.9 434.4 138.3 147.5 00| 0.0

Annual rainfall in mm 2635.6
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rroTromr o Tco——vroT = May | Jun Jul Aug Sep Oct Nov | Dec
Date
1 00| 00| 00| 00| 00| 486]| 128 8.4 56| 202| 00| 00
2 00| 00| 00| 00| 00| 125| 101| 127| 250 00| 00| 00
3 00| 00| 00| 00| 00| 608| 99| 129| 224 00| 00/ 00
4 00| 00| 00| 67| 00 28| 16| 455 7.8 00| 00| 00
5 00| 00| 00| 00| 00 00| 04| 147| 163 03| 00| 00
6 00| 00| 00| 00| 03 00| 32| 107| 425 00| 00/ 00
7 00| 00| 00| 00| 15 00| 00 00| 112 00| 00/ 00
8 00| 00| 00| 00| 40 00| 74| 117 1.0 98| 00/ 00
9 00| 00| 00| 00| 20 04| 21.4| 1196 90| 101| 00/ 00
10 00| 00| 00| 00 1.3 77| 14.8| 133.2 0.0 97| 00/ 00
11 00| 00| 00| 00| 00| 437]|1410| 198 46| 196| 00| 00
12 00| 00| 00| 00| 00 47| 26| 423 00| 529| 00/ 00
13 00| 00| 00| 00| 00 82| 14| 129 12| 1902| 00| 0.0
14 00| 00| 00| 00| 02| 297.2| 37 0.6 0.0 16| 00/ 0.0
15 00| 00| 00| 00| 00| 779| 17| 180 0.0 10| 00/ 00
16 00| 00| 00| 00| 00 98.0 | 12.2| 11.9 00| 407| 00/ 00
17 00/ 00| 00| 00| 00| 486]| 130| 39.0 00| 364| 00/ 00
18 00| 00| 00| 00| 00 37.8| 25 6.7 0.0 60| 00| 00
19 00| 00| 00| 00| 1050| 1250| 15 2.8 0.0 00| 00/ 00
20 00| 00| 00| 00| 180 394 | 07 5.2 0.0 00| 00| 00
21 00| 00| 00| 00| 42| 331| 384 8.9 0.0 25| 00| 00
22 00| 00| 00| 16| 00 114 | 16.8 1.2 0.0 00| 00| 00
23 00 00| 00| 00| 00| 269 178 1.9 0.0 00| 00| 00
24 00| 00| 00| 00| 00 67| 39 2.6 0.0 00| 00| 00
25 00| 00| 00| 00| 00 11| 11.4| 293 0.0 00| 00/ 00
26 00| 00| 00| 00| 00 04| 156 8.3 0.0 00| 00/ 00
27 00| 00| 00| 00| 23| 350]| 123 0.2 0.0 00| 00| 00
28 00| 00| 00| 00| 282 16| 7.9 0.0 0.0 00| 00/ 00
29 00| 00| 00| 00| 00 04| 67 0.0 0.0 00| 00/ 00
30 00| 00| 00| 00| 16.4 04| 05 0.0 00| 100| 00/ 00
31 00/ 00| 00| 00| 0.0 00| 0.8 0.0 26| 214| 00| 00
Total 00| 00 0.0| 83| 183.4| 1030.3 | 394.0 | 581.0 | 149.2| 4324 | 0.0 | 0.0
Annual rainfall in mm 2778.6
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Year- 2003
rroTromr o Tco——vroT = May | Jun Jul Aug | Sep Oct Nov | De
Date ¢
1 00| 00| 00| 00| 00 00| 858| 129| 355 00| 00| 00
2 00| 00| 00| 00| 00 00| 360]| 210 4.0 00| 00| 00
3 00| 00| 00| 00| 00 00| 389| 109| 169 32| 00| 00
4 00| 00| 00| 00| 00 00| 69.2]| 21.4 36| 114| 00| 00
5 00| 00| 00| 00| 00 00| 972 105.8 1.1 25| 00| 00
6 00| 00| 00| 00| 00 00| 499| 43| 430 00| 00| 00
7 00| 00| 00| 00| 00 30| 1595| 36.6 95 00| 00| 00
8 00| 00| 00| 00| 00 00| 262| 209| 100 00| 00| 00
9 00| 00| 00| 00| 00| 196| 253| 129 141 00| 00| 00
10 00| 00| 00| 00| 00 37| 529| 00 2.7 26| 00| 00
11 00| 00| 00| 00| 00| 374| 349| 14 0.6 00| 00| 00
12 00| 00| 00| 00| 00| 304| 112 156 102 00| 00| 00
13 00| 00| 00| 00| 00 52.6 73| 28 35 00| 00| 00
14 00| 00| 00| 00| 00 122 | 1532 | 08| 134 00| 00| 00
15 00| 00| 00| 00| 00| 69.4| 668| 137 0.0 00| 00| 00
16 00| 00| 00| 00| 00| 1334| 748| 242| 253 00| 00| 00
17 00| 00/ 00| 00| 00| 950| 129| 56| 250 00| 00| 00
18 00| 00| 00| 00| 00 83.1 10| 15.4 2.4 00| 00| 00
19 00| 00| 00| 00| 02| 394 68| 69.1 0.0 00| 00| 00
20 00| 00| 00| 00| 00| 2046 72| 215 1.6 08| 00| 00
21 00| 00| 00| 00| 00| 1072 12| 305 00| 326| 00/ 00
22 00| 00| 00| 00| 00| 1958 18| 35 0.0 52| 00| 00
23 00/ 00| 00| 00| 00| 148| 417| 50 05 85| 00| 00
24 00| 00| 00| 00| 00| 336| 162| 7.2 0.6 00| 00| 00
25 00| 00/ 00| 00| 00| 118| 160| 84| 187 00| 00| 00
26 00| 00| 00| 00| 00 60| 204| 14.0 0.0 00| 00| 00
27 00| 00| 06| 00| 00| 87.8| 239| 20 0.3 00| 00| 00
28 00| 00| 00| 00| 00 44| 134| 00| 299 00| 00| 00
29 00| 00| 00| 00| 00 46| 124| 3.1 0.0 00| 00| 00
30 00| 00| 00| 00| 00 18.3 78| 29.9 0.0 00| 00| 00
31 00/ 00| 00| 00| 0.0 0.0 30| 352 0.0 00| 00/ 00
Total 0.0 00| 06| 00| 02| 1268.1 | 11748 | 555.6 | 2724| 66.8| 0.0/ 0.0
Annual rainfall in mm 3338.5
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Year- 2004
rroTromr o Tco——vroT = May | Jun Jul Aug | Sep Oct Nov | De
Date ¢
1 00| 00| 00| 00| 00| 476 00| 47.8 16 00| 00| 00
2 00| 00| 00| 00| 00| 86| 102| 246 0.0 18| 14.4| 00
3 00| 00| 00| 00| 10 00| 115]| 90.8 0.0 87| 534 | 00
4 00| 00| 00| 00| 00 1.4 62| 453 00| 622| 00/ 00
5 00| 00| 00| 00| 24| 210 12| 6.4 00| 50| 00/ 00
6 00| 00| 00| 00| 130| 352| 318| 6.8 0.0 00| 00| 00
7 00| 00| 00| 00| 02 3.2 00| 13.2 4.8 00| 00| 00
8 00| 00| 00| 00| 120| 79.8 00| 27.0| 29.0 00| 00| 00
9 00| 00| 00| 00| 24| 101.7| 302| 81| 143 00| 20| 00
10 00| 00| 00| 00| 23 72.4 95| 242| 436 00| 00| 00
11 00| 00| 00| 00| 30 175 | 392 | 100| 24.8 00| 00| 00
12 00| 00| 00| 00| 08 87| 462| 204| 241 00| 00| 00
13 00| 00| 00| 00| 08 130 | 451 | 142.5 2.7 00| 00| 00
14 00| 00| 00| 00| 196 225 | 121| 34.0 0.2 00| 00| 00
15 00| 00| 00| 00| 145| 133 67| 41 6.0 00| 00| 00
16 00| 00| 00| 00| 462 195| 302 169 17 00| 00| 00
17 00/ 00| 00| 00| 69| 153| 220]| 29.0 0.4 00| 00| 00
18 00| 00| 00| 00| 716 2.2 20| 284 0.0 00| 00| 00
19 00| 00| 00| 00| 262 29| 156| 8.0 0.0 00| 00| 00
20 00| 00| 00| 00| 19.2 00| 468]| 22 0.0 00| 00| 00
21 00| 00| 00| 00| 22 00| 483| 142 0.0 00| 00| 00
22 00| 00| 00| 00| 24 00| 122| 18| 610 00| 00| 00
23 00, 00| 00| 00| 29 00| 202]| 134 2.4 00| 00/ 00
24 00| 00| 00| 00| 5.0 00| 354| 148 0.0 00| 00| 00
25 00| 00| 00| 00| 14 7.2 72| 158 0.5 00| 00| 00
26 00| 00| 00| 00| 00| 1015| 424| 06 0.5 00| 00| 00
27 00| 00| 00| 00| 04| 381| 190| 40| 422 00| 00| 00
28 00| 00| 00| 00| 27 11.4 55| 1.3 0.0 00| 00| 00
29 00| 00| 00| 00| 00 16| 156| 02| 116 00| 00| 00
30 00| 00| 00| 00| 098 128 | 456 | 0.0 2.2 00| 00| 00
31 00/ 00| 00| 00| 21 00| 605 0.0 0.0 00| 00/ 00
Total 0.0 00| 00| 00| 271.0| 7324| 6784 | 664.8| 273.6| 123.7| 69.8| 0.0
Annual rainfall in mm 2813.7
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Year- 2005
rroTromr o Tco——vroT = May | Jun Jul Aug | Sep Oct Nov | De
Date ¢
1 00| 00| 00| 00| 00| 132 88| 35 0.4 00| 00| 00
2 00| 00| 00| 00| 00| 199| 282| 203 0.0 00| 00| 02
3 00| 00| 00| 00| 00 00| 148| 5.1 16 00| 00| 00
4 00| 00| 00| 00| 00 0.0 86| 64| 125 00| 00| 00
5 00| 00| 00| 00| 00 00| 121.7| 6.5 25 00| 00| 00
6 00| 00| 00| 00| 00 12| 288| 51| 421 00| 00| 00
7 00| 00| 00| 32| 00| 363 50| 6.4 25 00| 00| 00
8 00| 00| 00| 58| 00| 120 26| 350 1.3 00| 00| 00
9 00| 00| 00| 00| 00 0.0 24| 946 6.8 00| 00| 00
10 00| 00| 00| 00| 00 2.1 30| 181| 103 00| 00| 00
11 00| 00| 00| 00| 00 184 | 103| 43 7.7 00| 00| 00
12 00| 00| 00| 00| 00 178 | 1245| 08| 334| 386| 00/ 00
13 00| 00| 00| 00| 00 00| 687| 00| 202| 369| 00| 00
14 00| 00| 00| 00| 00 54| 391| 43| 238| 329| 00| 00
15 00| 00| 00| 00| 00 25 00| 6.1 4.8 16| 00/ 00
16 00| 00| 00| 582 00 24.2 08| 04 6.5 64| 00| 00
17 00| 00/ 00| 00| 00| 192 19| 299 21| 106| 00| 00
18 00| 00| 00| 00| 00 81.0| 204| 57.4 0.0 00| 00| 00
19 00| 00| 00| 00| 00 26.3 09| 34| 180| 302| 00/ 00
20 00| 00| 00| 00| 00 904 | 586| 04| 529 03| 00| 00
21 00| 00| 00| 236| 00| 1228| 131| 55 8.9 00| 00| 00
22 00| 00| 00| 00| 00| 2349| 540| 85| 435 00| 00| 00
23 00 00| 00| 00| 00| 1042| 723| 05| 596 00| 00/ 00
24 00| 00| 00| 08| 00 234 | 1458 | 0.7 9.9 00| 00| 00
25 00| 00| 00| 00| 00 45| 159.0 | 14.6 1.8 00| 00| 00
26 00| 00| 00| 00| 11.2 30| 143]| 140 1.2 00| 00| 00
27 00| 00| 00| 00| 00 41| 126| 0.0 0.0 00| 00| 00
28 00| 00| 00| 00| 00 152 | 371| 00 0.0 01| 00| 00
29 00| 00| 00| 00| 285| 488| 394| 0.0 0.0 00| 00| 00
30 00| 00| 00| 00| 16.4 255 | 477] 0.0 0.0 00| 00| 00
31 00/ 00| 00| 00| 0.0 0.0 18| 0.0 0.0 00| 00/ 00
Total 00| 00 0.0| 91.6| 56.1| 9563 | 1146.2 | 351.8 | 3743 | 157.6| 0.0 | 0.2
Annual rainfall in mm 3134.1
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Year- 2006
rroTromr o Tco——vroT = May | Jun Jul Aug | Sep Oct Nov | De
Date ¢
1 00| 00| 00| 00| 00| 687 20| 339| 148 12| 00/ 00
2 00| 00| 00| 00| 00| 704| 265| 80 11| 274| 317| 00
3 00| 00| 00| 00| 16 58| 21.8| 256 00| 83| 00/ 00
4 00| 00/ 00| 00| 00| 353 55| 56 00| 486| 51| 00
5 00| 00| 00| 00| 00 3.8 95| 6.2 00| 240| 00| 00
6 00| 00| 00| 00| 00| 218| 202| 338 00| 37.0| 04/ 00
7 00| 00| 00| 00| 00 52| 113| 16.4 0.0 93| 10| 00
8 00| 00| 00| 00| 00| 153| 1582 112.8 00| 279| 00/ 00
9 00| 00| 00| 00| 02 50| 102| 22.0 00| 363| 00/ 00
10 00| 00| 33| 00| 00 9.0 81| 249| 104 00| 00| 00
11 00| 00| 00| 00| 00 153 | 163 | 2638 0.0 00| 00| 00
12 00| 00| 00| 00| 00 5.1 74| 80 0.0 00| 00| 00
13 00| 00| 00| 00| 00 52| 135| 129| 521 00| 00| 00
14 00| 00| 00| 00| 00 00| 163| 156]| 1023 00| 00| 00
15 00| 00| 00| 00| 00 0.0 79| 318| 837 00| 00| 00
16 00| 00| 00| 00| 00 0.0 32| 505| 73.9 00| 00| 00
17 00/ 00| 00| 00| 00 3.2 62| 122 346 00| 00| 00
18 00| 00| 00| 00| 00 00| 49.0]| 136.4| 186 00| 00| 00
19 00| 00| 00| 00| 00 00| 279| 319| 235 00| 00| 00
20 00| 00| 00| 00| 00 00| 140]| 3.9 3.6 00| 00| 00
21 00| 00| 1.0| 00| 00 3.6 86| 37 25 00| 00| 00
22 00| 00| 00| 00| 00 00| 202| 159| 288 00| 00| 00
23 00 00| 00| 00| 04 0.1 83| 16| 364 00| 00/ 00
24 00| 00| 00| 00| 07| 3358| 434| 0.1 0.8 00| 00| 00
25 00| 00| 00| 00| 00| 534 68| 00 0.8 00| 00| 00
26 00| 00| 00| 00| 06| 1430 87| 00| 514 00| 00| 00
27 00| 00| 00| 00| 33| 656| 426| 0.0 3.6 00| 00| 00
28 00| 00| 00| 00| 237 187 | 267 | 244 0.0 00| 00| 00
29 00| 00| 00| 00| 7.8 69.0 17| 05 0.8 00| 00| 00
30 00| 00| 00| 00| 439.8 152 | 209| 45 0.0 00| 00| 00
31 00/ 00| 00| 00| 91.2 00| 150 0.7 0.0 00| 00/ 00
Total 0.0 00| 43| 00| 569.3| 973.5| 637.9| 670.6 | 543.7| 293.0 | 382 0.0
Annual rainfall in mm 3730.5
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Year- 2007
rroTromr o Tco——vroT = May | Jun Jul Aug | Sep Oct Nov | De
Date ¢
1 00| 00| 00| 00| 00 11| 130| 20| 1181| 16.0| 0.0 0.0
2 00| 00| 00| 00| 00| 218| 280| 9.4 840 00| 00| 00
3 00| 00| 00| 00| 00| 468| 264| 9.1| 802 28| 00| 00
4 00| 00| 00| 00| 00 27| 553| 472| 631| 218| 00| 00
5 00| 00| 00| 00| 00 02| 224 1036| 108 00| 25| 00
6 00| 00| 00| 00| 00 0.0 12| 898 100 00| 00| 00
7 00| 00| 00| 00| 00 4.8 42| 736| 329 00| 16| 00
8 00| 00| 00| 00| 00 00| 248]| 283 9.6 07| 00| 00
9 00| 00| 00| 00| 00 05| 182| 9.0 0.0 00| 00| 00
10 00| 00| 00| 00| 00 346| 339| 48 0.0 00| 00| 00
11 00| 00| 00| 00| 00 113 | 217 106 0.0 00| 00| 00
12 00| 00/ 00| 00| 00| 382 06| 0.8 0.0 00| 00| 00
13 00| 00| 00| 00| 00 758 | 174| 7.6 0.0 00| 00| 00
14 00| 00| 00| 00| 00 214 | 102| 6.2 3.3 00| 00| 00
15 00| 00| 00| 00| 00| 376 03| 200| 186 00| 00| 00
16 00| 00/ 00| 00| 00| 1033 98| 00| 220 00| 00| 00
17 00/ 00| 00| 20| 00| 542| 238| 0.0 0.6 00| 00| 00
18 00| 00| 00| 00| 00 71.8 04| 00| 250 00| 00| 00
19 00| 00| 00| 00| 00 29.6 34| 57 5.7 00| 00| 00
20 00| 00| 00| 00| 00 89.4 43| 210 78| 121| 00| 00
21 00| 00| 00| 00| 00| 308 90| 321 26| 11.0| 00| 44
22 00| 00| 00| 00| 00| 1432| 668| 9.4 2.1 00| 00| 00
23 00 00| 00| 00| 28| 2058| 625| 582| 105 14| 00| 00
24 00| 00| 00| 00| 00 83.6 69| 72| 438 04| 00| 00
25 00| 00| 00| 00| 00| 448| 176| 32| 265 07| 00| 00
26 00| 00| 00| 00| 00| 372 97| 422 45 00| 00| 00
27 00| 00| 00| 00| 00| 235| 600| 163 0.0 00| 00| 00
28 00| 00| 00| 00| 6.4 130| 538 148 3.8 00| 00| 00
29 00| 00| 00| 00| 850 718 | 384| 183| 349 00| 00| 00
30 00| 00| 00| 00| 08 381 | 424 302| 329 00| 00| 00
31 00, 00| 00| 00| 164 00| 442| 508 0.0 00| 00/ 00
Total 0.0 00| 0.0 20| 111.4| 13369 | 730.6 | 9144 | 6533 | 669| 4.1| 44
Annual rainfall in mm 3824.0
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rroTromr o Tco——vroT = May | Jun Jul Aug | Sep Oct Nov | Dec
Date
1 00| 00| 00| 00| 00| 557| 287| 17.3 07| 00| 00| 00
2 00| 00| 00| 00| 00 02| 139| 06 38| 00| 00| 00
3 00| 00| 00| 00| 00 0.2 11| 95 00| 00| 00| 261
4 00| 00| 00| 00| 00 1.0 58 | 221 00| 00| 00| 00
5 00| 00| 00| 00| 00| 220| 129| 06 0.0 14| 00| 00
6 00| 00| 00| 00| 00| 39| 139| 4.2 00| 00| 00| 00
7 00| 00| 00| 00| 00| 85| 136 264 00| 00| 00| 00
8 00| 00/ 00| 00| 00| 1037 87| 412| 1220| 00| 00| 00
9 00| 00| 00| 00| 00| 1136 82| 417| 286| 00| 00| 00
10 00| 00| 00| 00| 00 61.8 40| 904| 954 63| 00| 00
11 00| 00| 00| 00| 00| 1039 22| 1190| 667 00| 00| 00
12 00| 00| 00| 00| 00| 487 00| 859| 37.6 00| 10| 00
13 00| 00| 00| 00| 00| 159.3 44| 699 377 00| 00| 00
14 00| 00| 00| 00| 00 29.9 14| 562 95 00| 00| 00
15 00| 11| 00| 00| 00 8.7 03| 407| 101| 00| 00| 00
16 00| 22| 00| 00| 00 188 | 378| 127| 26.8 00| 00| 00
17 00| 00/ 05| 00| 00| 178 16| 117 26| 00| 00| 00
18 00| 00| 00| 00| 08 25| 490| 04| 105 00| 00| 00
19 00| 00| 00| 00| 00 26| 213| 117 8.2 00| 00| 00
20 00| 00| 00| 00| 00 40| 258| 07 2.8 00| 00| 00
21 00| 00| 00| 00| 22 1.0 22| 03 5.6 00| 00| 00
22 00| 00| 168| 00| 5.0 2.4 08| 07 1.2 02| 00| 00
23 00, 00| 53| 27| 52 2.8 58| 1.0 0.0 17| 00| 00
24 00| 00| 04| 00| 08 0.0 56| 16 0.0 38| 00| 00
25 00| 00| 71| 00| 07 12| 773| 00 00| 00| 00| 00
26 00| 00| 502| 00| 02 138 | 513| 00 0.0 00| 00| 00
27 00| 00| 60| 00| 327 65| 293| 0.3 00| 00| 00| 00
28 00| 00| 00| 00| 02 174 610| 00 0.0 00| 00| 00
29 00| 00| 00| 00| o1 182 | 190| 0.0 0.0 00| 00| 00
30 00| 00| 00| 00| 109 92| 312| 0.0 0.0 00| 00| 00
31 00, 00| 00| 00| 39 00| 181 0.0 00| 00| 05| 00
Total 00| 33| 8.3| 27| 627| 9433 | 556.2| 666.8| 469.8| 134 | 15| 26.1
Annual rainfall in mm 2832.1
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Year- 2009
rroTromr o Tco——vroT = May | Jun Jul Aug | Sep Oct Nov Dec
Date
1 00| 00| 00| 00| 00 00| 322| 40| 199| 385| 00| 00
2 00| 00| 00| 00| 00 12| 1410| 02| 579| 1796| 00| 0.0
3 00| 00| 00| 00| 00| 128| 1422| 45| 300 4236| 00| 00
4 00| 00| 00| 00| 00 00| 665| 41| 384| 349| 00| 00
5 00| 00| 00| 00| 00| 205| 832| 21.6| 640 10| 00| 00
6 00| 00| 00| 00| 00| 1086| 980| 396| 496| 104| 00| 00
7 00| 00| 00| 00| 00| 1653| 718| 28| 264| 00| 00| 00
8 00| 00| 00| 00| 00| 204]| 1026| 16 88| 00| 00| 00
9 00| 00| 00| 00| 00| 108| 1081| 0.4 10| 00| 26| 00
10 00| 00| 00| 00| 00 206| 321| 05| 17.3 00| 82| 00
11 00| 00| 00| 00| 00 192 | 409| 168 24| 00| 593| 00
12 00| 00| 00| 00| 00 0.2 50| 104 418 00| 329 00
13 00| 00| 150| 00| 0.0 0.6 80| 11.6 0.0 00| 00| 00
14 00| 00| 00| 00| 00 00| 280| 55 0.0 00| 00| 00
15 00| 00| 00| 00| 00| 119| 412| 15| 107| 04| 03] 00
16 00| 00| 00| 00| 00 100 | 299 40 4.7 00| 518 0.0
17 00| 00/ 00| 00| 00| 480 32| 20 00| 00| 04/ 00
18 00| 00| 00| 00| 24 00| 403]| 239 0.0 00| 20/ 00
19 00| 00| 00| 00| 00 79| 205| 0.9 8.2 00| 00| 00
20 00| 00| 00| 00| 00 195| 180| 0.0 0.0 00| 00/ 00
21 00| 00| 00| 00| 02| 444 77| 00 44| 00| 00/ 00
22 00| 00| 00| 00| 650 184 | 105| 0.5 0.0 00| 00| 00
23 00/ 00| 00| 00| 00| 214 05| 236 00| 00| 00| 00
24 00| 00| 00| 00| 120| 400 26| 706 3.5 00| 00| 00
25 00| 00| 00| 00| 57| 284| 198| 496 07| 00| 00/ 00
26 00| 00| 00| 00| 00| 315 00| 127 44| 00| 00/ 00
27 00| 00/ 00| 00| 10| 301 91| 130 06| 00| 00/ 00
28 00| 00| 00| 00| 00 275 | 79.4| 283 0.0 00| 00| 24
29 00| 00| 00| 00| 03 213 | 47.2| 334 6.0 00| 00| 00
30 00| 00| 00| 00| 00 404 | 24.8| 106| 1182 00| 00| 15
31 00/ 00| 00| 00| 0.0 0.0 38| 430 00| 00| 00| 00
Total 00| 00 150| 00| 86.6| 780.9 | 1318.1 | 441.2| 518.9 | 688.4 | 1575 | 3.9
Annual rainfall in mm 4010.5
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rroTromr o Tco——vroT = May | Jun Jul Aug | Sep Oct Nov Dec
Date
1 00| 00| 00| 00| 20 60| 602| 254| 132| 154| 00| 0.0
2 00| 00| 00| 00| 00 00| 1502| 80| 108| 00| 00| 00
3 00| 00| 00| 00| 1.2 00| 515| 22| 375| 00| 227| 00
4 00| 00| 00| 00| 00 00| 254| 523| 456| 332 7.8 00
5 00| 00| 00| 00| 00 00| 762| 27 54| 00| 60| 00
6 00| 00| 00| 00| 00 08| 263| 54| 326| 00| 250/ 0.0
7 00| 00| 00| 00| 00| 158| 544 122| 236| 32| 06| 00
8 00| 00| 00| 00| 00| 709| 144| 186| 172| 00| 72| 00
9 00| 00| 00| 00| 00 00| 142| 00| 364| 00| 207.4]| 0.0
10 00| 00| 00| 00| 00 0.0 98| 74| 282 00| 12.8| 0.0
11 00| 00| 00| 00| 00 0.0 04| 242| 135 00| 12| 32
12 00| 00| 00| 00| 00 1.0 06| 10.6 2.2 00| 314 00
13 05| 00| 00| 00| 00 137 | 176 11.8 6.4 10| 00/ 00
14 00| 00| 00| 00| 00| 497 92| 17 5.7 06| 00| 00
15 08| 00|/ 00| 00| 00| 641 42| 13.9 66| 184| 208 0.0
16 00| 00| 00| 00| 00 63.0| 57.2| 12.8| 285 16| 72| 00
17 00| 00| 00| 00| 00| 560| 229| 700| 390| 79| 00| 00
18 00| 00| 00| 00| 00 572 | 71.2| 49.8 06| 126| 00/ 00
19 00| 00| 00| 00| 78| 308| 684| 325| 200 722| 55| 00
20 00| 00| 00| 00| 00 10.7 | 1408 | 20.0 04| 348| 00/ 00
21 00| 00| 00| 00| 00 116| 744 00 0.0 00| 00| 00
22 00| 00| 00| 00| 00 141| 648| 196| =202| 180| 08| 0.0
23 00/ 00| 00| 53| 00| 314| 202 00 00| 663| 414 0.0
24 00| 00| 00| 00| 00| 448 92| 173| 700| 176| 46| 00
25 00| 00| 00| 00| 00| 8.6]| 360| 47.3 00| 06| 1.0/ 00
26 00| 00| 00| 00| 00| 1124| 362| 528| 118 00| 00| 00
27 00| 00| 00| 00| 27| 580 87| 339 32| 00| 00/ 00
28 00| 00| 00| 00| 00 156 | 343| 206| 512 00| 00| 00
29 00| 00| 00| 52| 00 50| 306| 10.2| 36.8 00| 00| 00
30 00| 00| 00| 05| 00| 1002| 1193| 6.0 8.6 30| 00/ 00
31 00, 00| 00| 00] 109.8 00| 730 27.8 00| 00| 00| 00
Total 13 00| 0.0 11.0| 123.5| 9203 | 1381.8 | 617.0 | 575.2 | 306.4 | 403.4 | 3.2
Annual rainfall in mm 4343.1
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' . Appendix-1

hified Soil Classification System (USCS) is a soil classification system

T engimeering and g ] Tescrioe the texture and grain size of a soil. The classification system can be
applied to most unconsolldated materials, and is represented by a two-letter symbol. Each letter is described below
(with the exception of Pt):

First and/or second letters
. Second letter
Symbol  Definition

G ravel Letter Definition
S sand P poorly graded (uniform particle sizes)
M silt W well graded (diversified particle sizes)
A H high plasticit
; L low plasticity
o organic

If the soil has 5-12% by weight of fines passing a #200 sieve (5% < Py < 12%), both grain size distribution and
plasticity have a significant effect on the engineering properties of the soil, and dual notation may be used for the
group symbol. For example, GW-GM corresponds to "well graded gravel with silt."If the soil has more than 15% by
weight retained on a #4 sieve (Ry > 15%), there is a significant amount of gravel, and the suffix "with gravel" may
be added to the group name, but the group symbol does not change. For example, SP-SM with gravel may refer to
"poorly graded sand with silt and gravel."”

Major divisions s();';?l;ltl:l Group name
clean gravel <5% GW well graded gravel, fine to
gravel . smaller than #200 coarse gravel
> SQ% of coarse fraction Sieve |GP ||poor|y graded gravel
retained on No. 4 (4.75 mm) GM Tt I
Coarse grained soils Sieve gravel with >12% fines | [silty grave
more than 50% retained |GC ||c|ayey gravel
on No. 200 (0.075 mm i
sieve ( ) SW well gradeg sand, fine to
== sand clean sand coarse san
> 50% of coarse fraction |SP ||p00r|y-graded sand
passes No.4 sieve ] ] |SM ||si|ty sand
sand with >12% fines |SC ” I 5
clayey san
. . ML [silt
silt and clay inorganic |
=1 dIIL L CL |[clay
liquid limit <50
) ) ) lorganic |loL |[organic silt, organic clay
Fine grained soils - - —
more than 50% passes MH silt of high plasticity,
i . . elastic silt
s s silt and clay norgante clay of high plasticity, fat
liquid limit = 50 CH Claz gnp Y
organic ||OH ||organic clay, organic silt
Highly organic soils ||Pt ||pe_at

Source: From Wikipedia encyclopedia
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This is to certify that the foLIowwng Officer(s) have carned out the above

mentioned FSP and are responsible for collection of field data, camying out reguired
laboratory analysis, compilation and synthesis of field data, collation of the data and
writing of the report as per the approved guidelines. The duration of field stay of each
Officer is as against his/ her name.

Name and designation of the | Total field stay during the Signature with date
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| 1AV Marondhs gr. Aesfo g3t 10 eyt (e s Shody) TN KV,
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This is to certify that the chemical analysis of the geological samples has been carried
out as per the table given below

Nameofthe | Date of receipt of Date of providing Signature with dafe
Director in samples from the complete analytical
charge of the | Field Officer/ party resultsto the Field
Laboratory Officer/ party
Part -E

This is to certify that the Supervisory Officer(s)] mentioned below have supervised the
above item and have provided guidance to the Field Officer(s). The number of
inspection visits and total duration of field visits is as per the table below. It is also
certified that the work carried out under the project is of high standards, the norms of
field work, lab work etc. have been followed. It is also cerfified that thorough scrutiny of

the report for maintaining the scientific contents and its quality has been overseen .
Name(s) and No, of Total No. of days Remarks Signature
designation of the | inspection spent on with date
Supervisory Officers | visits inspection visit
Shri R.Panduranga, | 1 (624 From 1.10.2010 to | Retired
Director 31.12.2010
Dr.5.5.Nayak, 1 02* From 01.01.2011
Director to
15.05.2011
Dr. HS.M. Prakash, | Nil Nil 15.05.2011 to
Director 30.08.2011
Shri.  Muhammad | 1 1 01.09.2011 to Transferred
Ahamed, Director 20.10.2011
Shrri. Subir | 1 2 21.10.2011 to
Dasgupta, Supt. 30.01.2012
Geologist
Dr.B.R.Venkatesh, | Nil Nil 01.02.2012 o fil
Director date

*Supervisory officers visited Sasanwada landslide site during their inspection visit.
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! Name and designation of the Regional Mission Head

Signgtyre with date

Dr KRR PB8SHO, OiRELTOR (§)

o~

Part-G

This is to certify that the report has been scrutinized at various levels and has also been
peer reviewed. On being satisfied regarding the scienfific content and quality of the
report, the undersigned has accorded approval for its circulation.

Narme and designation of the Regional HOD

Signature with date
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Photo 1: A view of Sasanwad slide no-1.

Photo 2: A view of
Sasanwad slide no-2.

Photo 3: A view of Sasanwad slide no-3.

Photo 4: A iw of top
portion of Sasanwad
slide no-2.

) “Slide Debris
Photo 5: view of dyke exposure in
Sasanwad slide no-3.

Photo 6 view f teSasanwa slid n- from
the toe of the slide.
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Photo 7 nghly wetahered dyke in Sasanwad Photo 8: Crown cracs observed in between

slide no-3. . 3 _ Sasanwad Slide no-2 & slide no-3.

Photo 9 The weathered gneiss in the sllde
debris in the mid slope of Sasanwad slide
no-3. - %
Photo10:Crown cracks observed in between
Sasanwad Slide no-2 & slide no-3.

Photo 11: Collection of undisturbed
sample just below the crown of Sasanwad
slide no-3.

Photo 12 raite expsur near Sasanwad Slide no-1.
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Photo 14: View of road from the crown

Photo 13: Prominent set of joint in Gneiss
outcrop on the right flank of the Sasanwad part of Sasanwad slide no-3.
slide no-2.

Photo 16: Survey work in progress at the top of
Sasanwad slide no-3 with lush vegetation of
cashew plantation all around.

Photo 15: Ground water level in thopen
dug well at the toe part of the Sasanwad
slide.

~Photo 17: View of Mrhy land (rawn
farm) below the toe of the Sasanwad slide
no-1.

Photo 18: Granite quarry (abandoned) in
the north eastern corner of the Sasanwad
slide study area.
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PLATE-1

LOCATION MAP OF SASANWAD LANDSLIDE AREA
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oEDLOBICAL SURVEY O TNDIA
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GEOLOGICAL SURVEY DF INDIA

LLONG AB,BC & CD AT SASANWAD LANDSLIDE
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