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A Report on Preparation of Landslide Hazard Zonation Map of Dharamsala

;"

TOWNSHIP & ADJOINING AREA, DIST. KANGRA, H.P.

BT AMBLE

The Deputy commissioner, Kangra at Dharamsala, vide his letter no. Endst. No. 281/ MA i

A3

¢ z=coare the landslide hazard zonation map of the Dharamsala town and adjoining area'and advise

_ ot the remedial measures to mitigate landslide problem in the' area. The investigators were

———
=

==2:2tzd by the Director, WIHG to carry:out the field investigations and to prepare the landslide

e aten

z=zard zonation map of the Dharamsala town and adjoining area.

i

The Dharamsala town and adjoining area was inspected by the investigators four times

Zoring the tenure of the project. The area was, investigated for the preparation of landslide

i il

‘. =ventory, geology, landuse, landcover, slope, drainage and population maps. In addition to the

: =ork assigned, the elements at risk-due to these landslide hazards were also taken into
consideration for-the preparation of landslide Risk Assessment.map of the town and the adjoining
q zrzas. Besides this, some of the active slide zones have also been monitored to have a rough idea
* o cate of movement of these slides. During the course of these investigations, the
! r-_-\’ustigators had-close interaction with the Deputy Commissioner, Dharamsala and other officers
-:-ft' state departments i.e. PWD,IForest deptt. and Town & Country Planning. These interactions
wete very useful and provided important inputs for the preparation of this report.
t

INTRODUCTION

Although, a lot of literature that provides an overview of the landslides in the Himalaya,
2specially in Himachal and U.P. Himalaya is available. yet none of these studies give detailed
information on the landslide problems which individual ‘hill towns are experiencing. The
iandslide problems of individual town have not been completely understood, compared and
* analyzed by researchers to help the planners, engineers, decision makers. and insurance agencies
at the state, district or panchayat level in estimating thg potential landslide hazards and risk in the

towns and to take appropriate mitigation measures. Moreover, there are no regulations to

=ffectively reduce landslide hazards and losses. Himachal Pradesh is one of the states. which
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:hvaw*\'!!}nmh'sw.ﬁﬁ.m&gﬁmi@f"iﬂudslldcs,. mostly during rainy seasons. Thusél"la‘n&hlﬂaﬁiﬁ‘ﬁw"’imr“'“

d.amagcd or destroyed roads, railway lines, pipe lines, electrical and telephone transmission lines,:
houscs and commercial buildings, irrigation canals, sewers, bridges, helipads, forests, fisheries, <

Earks recreation spots and farms etc. A great extent of landslide damage>goes undocumented -~

i‘.“cause it is considered along with its triggering events and thus, included in the reports of

.
: gi‘:
R

B ﬁ
:._1-3_Jroblﬂm.. s, as indicated by landslide. damages to roads, pipe-lines, transmission lines, forests,

 #Dharamsala road. The landslide ‘problems in the inhabited areas of Dharamsala town and

:_-t«.d_]ommg area have increased during the last two decades, following unplanned development and
Erubamzatmn This activity has led to -increase in uncontrolled discharge of sewerage and
E:hnuschold effluents, which has further added to deterioration. The rapid urbanization has also
disturbed the natural drainage system, having created temporary or stagnant water pools due to.

“ hokmg of channels by garbage. This has augmented seepage of water in the unconsolidated - |
' debus along steep slopes.

i iiie Dharamsala town and adjoining area has also been prepared. In addition to this the report has -

c;'onsidered the elements-at risk for the preparation bf landslide risk assessment-map of the study * -

£ ) ) ) _ ? . .
: area. Besides this, some selected slide zones havesalso. been monitored for relative movements

\\;}ith the help of measuring tape using trigonometric method to have a first hand idea of the extent
, of polcritial movement in the area. SRt

., LANDSLIDES IN DHARAMSALA TOWN & ADJOINING AREA

' The town of Dharamsala and its suburbs in the Kanora valley provide a type example’
;:_ w;here unplanned development and urbanization have added to hazards from landslides. The town

is situated on the southern slopes of Dhauladhar Ranges and-has expanded manifold during the

E 1ast two decades. It has experienced many damaging landslides, which have destroyed the roads,

o
B
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;- rlzcmtrol them. A landslide hazard zonation map depicting different zones of relative instabilities in ..
| : "J o ¥ : '

3 costs.. So, there is-aineed. to collect information and data on the potential landslide damages °

& iagricultural fields‘and buildings of Tikka defu, Mcléodganj, Totarani and-on the Mcleddganj — =

‘-_‘ floods, earthquakes, cloudbursts etc., even though damage from landsliding may exceed all other -

&pardtely and use it forlandslide hazard mitigation effectively. . E: I g

Dharamsala townand; adjoining area has teen fourid to be under ‘severe landslide = *

“This report provides the details of active slide zones and suggests mitigation measures to o

.
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A Report on Prepm'mfon’of Landslide Hazard Zonation Map of Dharamsala

WL . r\). h'l ;}n -:.‘.‘_
q 'Tlo'tlSes ‘;ﬂld m’b:’tﬂ'ﬁumcmon ‘Wetwotk. The Dharamsala area has a hlstory cf mstabllﬂis'éﬁo&ated

. with heavy rainfall and glaciated overstepped valley sides which ate incised into sandstone and

[ i
[ claystones of Dharamsala Group (=Dagshai-Kasauli). This report describes the various active

: .tt landslides studied in the area. Some of these landslides were reactivated in 1997, 1998 and 1999.

; Thcs;c landslide zones currently occupy an area of about 1.6°sq.km. of the town' (including

| responsible for ground movements which may be useful in mitigating landslide hazards in this
Y-l g " . . . .

T tF‘ area. ' : !
]

last throc decades 1épeated1y, and thus, have influenced tho shcar strength of rocks and smls The
slopels are steep and the area has one of the highest relief (> 4000m) in the Himalaya. The Main

Bouﬁ_ldary Thrust and the Main Central Thrust (= Chail Thrust) lie very close to each other and

-"I'_ run aillong the noﬂhcm fringes of the Kangra valley (Fig.2). The slopes north of Dharamsala have

T ——

unde%gone rapid urbanization, particularly, during the last two decades or so. Extensive
deforéstation to accommodate residential, tourist and commercial establishments has' laid ba}c
:'j sensmve hill slopes-which often fail during the monsoon and winter rains. A number of- roads
If have suffered damage due to heavy traffic load, bad alignment and improper management of
dlalnage Choking of natural drainage by plastlo oir polythene bags has created water pools

wluchﬁ leads to seepage and slow creep of unconsolidated debris along stccp slopes. Uncontrolled

dlacharcc of sewarage and household effldents on the surface has further added to detenoratlon
Many houses’ have been damaged or afe likely to experience damage in the neéar future The

problém is deterivrating everyday and many'.areas.like Tikka Gamru, Totarani, Eastern: sIopes of

¢ Mcleodganj, and Dharamsala-Mcleodgan] road'at a number of points starting from Municipal

" area has become vulnerable and disaster: prone: ‘Some of the residential areas have become

inhabitable due to frequent & sudden movements in the groundmass.

NSRS TR

GIIOLOGY AND GEOMORPHOLOGY.

; Gcoloolmlly, the Dharamsala town is 51umtecl op the rocks of Dharamsala Group

i (:Dng_Shm -Kasauli Group) which consist of sandstone with altemating bands of clays, shale and

isillsto:ics. The rock fonmations are highly jointed with an average fracture density of 0.07

' a . + :

~cm/em?. The southern part of the Dhauladhar ranges are covered by Tertiary sediments and thick
t

, .
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inhabited areas.and roads) and have beeti studied in order to understand the Basic' factors

The' area s’ seismo- tectonically very active being in the"epicentra. zone of lQUS"K&i*éfa' '

(M> S) earthquake (F}g 1). A number of damagmg eanhquakes also rocked the area dLIllIlU ithe -

[T s
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i "" '_e--:-.;--_mj\_s.

glacial and debris deposits and consists of clay with small rock fragments of silt stone. The
Ological .map prepared on 1:15000 scale revealed that Dharamsala Town is sandwiched

8 Itwecn‘_' two major NW-SE trending tectonic thrusts i.e. Drini Thrust to the south of Dharamsala

rth of Naddi (Fig.2). These two tectonic plane are very active and the 1986 Dharamsala
_'rthq_uake was triggered due to tectonic activity along the Drini Thrust (Kumar and Mahajan,
'091).'which caused much damage to Naddi, Mcleodgan;, Narcoté Chilgari, Tiklka Gamru, Ram
aoar and Shyam Nagar localities. So duc to the presence of these ’cwo thrusts dipping northeast,
.'I lOCl(" formation remain under stress, which got. relcased,l,ln the form of movement along

f,'lr actures and faults.

.. Geomorphologically, the Dharamsala town is situated on the NE-SW trending spur
Iabtl.llttmo -against the southern slopes of the rising Dhauladhar ranges and exhibits Ia rugged
lupography, steep slopes dissected by numerous drainage channels. The relief in the area varies
hom 800 m a.m.s.l. in the south to >4000 m a.m.s.L. in the north. Tlie mean elevation varies from
m at Kotwali Bazar to 1700m at Totarani. The:highest elevations in inhabited areas are
around Mcleodganj(l900m) The hill slopes consist of sandstones and clay covered with slldcd
debrls and glaclal deposits of Quaternary period which was dlsplaced from the northemn slopes in

the terr am The area is drained by N-S and NE-SW trending streams which flow in the south and

southwcstcm FII‘CGUOH The xmportant perennial channels:are Cimran Khad in the east and Banoi

Dhauladhal mountains. The. dramaoe density in the area under mvestluatlon ranges from 1.0 in

4

the southcastem part to 7.9 in the noithemn pait, with an-aver’age of 4, which indicates greater
i

degrcc of dissection by natural drains.
| It has been observed that out of the study area about 25% of the area is covered with

deﬁéc forcsts in this region whereas 25% is covered by agricultural land and population inhabits

25% of the total area. The rest of the area is barren in. nature. .- . "

The field observation in the study area revealed 1116 presence of numerous scars, cracks,

sluﬁ]ps, tilting of trees and structures, distressed buildings and. retaining walls which depict past

and present landslide activity in this region.
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._ollthaof qual'c.mhxy anodr Co[nsxstmg of angular boulders set in rocky debri3: or'soil «aiml the--'~
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Khad in theiwest Both- these, chaxmels are fed by w"tter ﬂom Snow covered high ranges of

&

own (passes.from Garoh Khas-Sukoh to. the east) and Main Boundary Thrust (MBT) passes just .
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.',15 of topographlcal map using grid method. A grid size of 150%1550 sq. mt. was used to ﬁﬂd
_0pcs with* uniform -iriclination within which; the contaur lines have the same standard.and .:
k¥irection. The slope miorphometry map indicates that in. general the slopes in the upper part of the"
haramsala ‘region are moderate to steep, Wtht'aS the slopes in the northern part Rave steeper,

‘;‘5'. adient. The stecpness.of slopcs makes the terrain susceptible to erosion.

‘ yd g
REZ e
L

HYDROLOGICAL EFFECTS e 52Tt e

nWatcr is the main factor in destabIth{lg h111 slor,nes 4 Ident:ﬁcatmn of water source, water

¥

fmatfn 1'11 congutu[ma the slopes. In an area wutlL highly jointed rocks and the presence’of thlck .

}nver bunden the surface and ground water play a crucial role in the evolution of landslides. The

4 rmnfall has been found as the main triggering: factor-for causing major slide in Dharamsala Town

B ~;—‘a'

5§

". qnd adjommg areas. .

'E' The Dharamsala town receives maximum 'mnual rainfall (260cm/yr) in the state. Most of
~ whlch is confined between period from July to Scptcmbc1 The fig. S shows the histogr am of
; '{venoe monthly rainfall of the Dharamsala township: DLu ing 1997, a number of slide zones have
.I bu:n 1e’1ctwatecl due to heavy rain fall, althouah in evely rainy season the roads in Dh'uams'mla-
!' /i Mcleodganj tract have been subjected to subsidence and slide movement. These landslides have

:‘: d_anmged or destroyed roads, water pipe lines, electrical and telephone transmission lines. liouses
a

: g
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';The relief map on 1:15000 scale (Fig. 4) of the region indicates that lowest relief is 1100 :

movemcnt amount‘of* water and water pl_cssurc are, as: important as thc identification. of the
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ad commercial buildings, irrigation canals, bridges, forests\parks, recreation spots and farms
LA grcat extent of landslide damage gocs undocumented bécause it is considered along with
i tnggcrmg events i.e. rain fall, allhough these landslides may exceed all other costs. However

= present study has focussed the attcntlon to all other causative factors WhJCh are leading to the
3

,' A

dsllde movcment m thc area. No doubt heavy rainfall during monsoon season helps in
X _germg the evcnl

‘ v % '
!' - N
f-..\-l. ' :::
Ve T 1200 )
- L)
L.s om0l
8
: 3
b ‘e 400
. =
. (-4
4 0

J) F M A M J 1 A 5 0

1 Month of the Year l

- Fig. 5: Normal Monthly Rainfall in Dharamsala Region

]

,oemdes rainfall, the injection of septic wastewater and other household disposal directly
=0 the subsurface can also lead to:slope failure. The Dharamsala area as mentioned-is made up

sandstone with inter bedded clay. and clay stones. The clay stones form the slip surface and

Py B ELE s

ost of. r.hc slope failures occur along the dip’diréction or in the direction of joints.-So whatever

=ater c:}mcs -from septic discharge - op:the;oyer burden material, 1t starts flowing. along' the slip
ﬂ?rface in the slope direction and this !cads*(o sliding.

!

‘

? The septic wastewater, leaky: water pipes and i improper drainage devices add to ground

w{ater 1cchargc The subsurface d1sposal of septic and houschold effluents is generally the most

aily wastewater

}aﬂf bath and kitchens also adds to the: system. .Leaky pipes and cracked drainage devices are
gznerally the aftereffects of landslide movement, and serve to aggravate an existing problem. The

creased ulb'lmzallon with the introduction of impermeable co%er in the form of roofs and paved

dways covers the permeable hill sldpes. So the runoff volume j increases. The increased runoff
ntnbntcs to mud flows, flooding and the further saturation of existing and potential Iangsndcs

2

Scanned with CamScanner

S e e e L 2

B =



—a TR ——————— i

_g:_hx .x. _ aoy (0

NOI93Y VIVSWVHVYHO 40 dVW 43113y ¥

< _/.\\\. m .\\

... .’(\
d ﬁ A ab, ]
. Py %
R _.H‘L_/\_..\/\ ___h_n_.___u_p u_._qunwou i
- ’ ' s 4 .

- ejabioy

S04y paqoyl] 9w

-

# . —-q 5
7). s
..H..\. i g N 3 9 3 .._.

ooo'slil sims

7 .:/’ )
7

]
]

Kf ;

iy

[1/;]_/ P
i/

i
E'_,--w /
]\E/
o
"
5\

J

-

¥
S "=
’/

f

-

2

L , ) / _..__.t__.. _, _,m i

] A
v axjje 1vog

i A
L

T

/
!
@ ) S
surstoyg .
gtl

;o

[12iaug
)
&

A

A

.

L)

R
\ ﬁ

5

i

Scanned with CamScanner




A Report on Preparation of Landslide Hazard Zonation Map of Dharamsala

]
1

asseb. The landslide area of Tikka Gamru, Gujiara,li Ioéiwara, and StatioH"HQ ionc are the main
: es affected due to scptic water and waste water dispdsal' apart from pre¢ipitation.

: “A simple calculation of infiltration from rainfallsand from septic tank has been done to
B ting:uish the contributing agents. Although it is well known that the Dharamsala town is
Etuated ‘at a high gradient from 1300m to 2000m.in which the infiltration will be very less, and
-. e run:off will be higher. If we compare the sewerage discharge from a typical Indian house hold
"Y. pérsons) with the water that fall as rainfall on a bare 0.25 hectare plot of land and

: ccéséfully migrates into the ground water supply, we get the following results:

" eptic discharge = (6 persans) x (150.0liters /person/day) x 365.25 days/yr.) P

E - . =328752 liters/yr. |

-@infiltration from rain fall &

‘ = 2.6m/yr x 4047m%/acre x 0.25 acre X (1000/ms) x 0.05
2 131527 litres/yr.

=131527 litres/yr. in 0.25 acre plot (bare land) = *

So if we consider the rainfali as 260: cm/yr. then the septic discharge

'*nhtcr hut if we take- the Iull slopes of Dlmmmsah Town into cousulcrahon'i'

f we also count the floating population of the area, the population in the Tibetan establishment

_population (main agents for station HQ landslide zone and Kajlot landslide zone and some other
slide"zones). then one can:imagine. tht amount of water being infiltéred'into the subsoil of -
:[Bhannsala town and its surrounding. This is a verysconscrvative estimate, because all of the
-s::plic water goes directly into the subsurface, whereas about 2/3 of the rainwater leaves the
s?rstem via evapo-transpiration and runoff. The presence of septic tank system in Dharamsala

S ‘e

W
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.contribution from scphc systcm to ground exceeds far that of the rainfall.. .-

TAccordmg to the 1991 census tl_lq population within Dharamsala municipal limit is only 17493, If .. ,

(main agent for Jogiwara -landslide and Tikka Gamru landslide) and Army Cantonment . *

-

'wherc surface runoff lS very lugh because of slope and utquzqtmn then thc'-

Fad

2



PR U S *gﬁ,‘thuwb'-"- :

A Report on Preparation of Landslide Hazard Zonation Map of Dharamsala

.

9 Mclé.odganj and Army |Cantt. area cf_ah' be disabtitii’se, it is essential. to have a proper !
v 3 ‘ -
ewerage system to mitigate landslide hazards in the town and surrounding areas.
y ‘DRA‘.[NAGE ANALYSIS

P

8 A drainage map (Fig. 6) of the Dharamsala town and adjoining area has been prepared on

115000 dcale with'the help of toposheet and field observations. Three major sfreams namely
Churan Khad (CK) Banoi Khad(BK) and Gaj Khad flow through this area. The drainage analysis
i cf dﬂ:&nent basms of Churan Khad (CK’) Banm Khad (BK) and Gaj Khad has also been carried

[ L

ﬂm the dramacc dcn51ty and its effect on the mass- movement of Dharamsala townshjp and

R
; adjomma area. Further -a pliysiographic anaiy51s of the drainage basins in the study area (Table-

. 1) md1cates that although the terrain is highly dissected by numerous drains (with drainage
) -L densn‘y of upto ~8) yet the basin slopes of these drainages are not very steep. In fact, they have
Eene.rally gentle to moderate ‘slopes. Hencc the effect of water flow in these drains is higher
| seepace of water in the ground rather than greater erosion of the surface stratas. This results in
deep—seated failures of these slopes which is aggravated further by seepage from the waste water
', and. .septic tanks discharges, as discussed above. Thus, there is_an urgent need to check such

¢ inflows of water into the slopes to prevent or control any failure and mitigate hazards in the area.
U

=

LANDUSE AND SOIL f COVER(OVERBURDEN MATERIAL) L AT
) The 1mtme of Janduse and overburden material is an indirect indication of the stab111ty of

hill: slopes. The fmest cove1 in general reduces the action. of climatic agents on the slope and
protect them ﬁom the effect of weathering and erosion. On the other hand, young loosc malcnal

(Debns) soil covel have 1ow shearing resistance and erosion iesistance. The barren land shaws

faster erosion’ and gtcater instability, whereas, the populated land adds to high seepage, zu*.d'

human interference, thus, leads to greater instability to slopes. The agriculture is generally

pract1ced at Tow anole and gentle slope as such considered to be stable. Demographically, the,

}f Dhalamsala townshlp has th111een municipal wards and holding a population of 17493 as per

'1"| At

1991 censtis. It is oné of thc fastest growing towns especmliy , the development is at a .Jug_l:l rate - - #

'} alonn the Khara Danda road between Mcleodganj and<Dharamsala and in the Cantt. area. The

5 m:i_;or landuse p'xttﬁms of the area as shown in Fig. 7 reveals that a cultw'tted area accounts: for

only 25% of the land. 25% area is under forest cover and 25% area comes under p0puhted area

E 25% 0 .. :
b 5 (®)
P r
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A Report on Preparation of Landslide Hazard Zonation Map of Dharamsala
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A Report on Preparation of Landslide Hazard Zonation Map of Dharamsala

& per 1968 survey of Illdlﬂ‘ TOPOShECt Howewer the forest area and cultivated land has been

; :(ded and about 20%~ Of‘lhé fdleét' Tand<andd {abotit 33% of the cultivated land has been x:~-*
T : -

1 verted into a uﬂlabued-land since 1968. The increasing urbanization and deforestation on the
ill slopes has brought in manifold problems to the Dharamsala Township one of which is
fandslide activity besides increase in earthquake risk and environmental degradation. o
:f Similarly, a soil cover (overburden material) map of the area under investigations has
teen prepared from field studies on 1:15000.scale (Fig. 8). The map indicates that most of the
i thern hill slopes in this area are covered W]'.lt-]_l. débrié(ypylng Iqose material ) consisting mainly
cf c_léi_‘/ with ﬁ'agment;‘of sandstone. A part of the southern portion is covered with older well-
'cb—l:'p'élcted;ﬁlluvial ﬁlll'élon'o a ridge running from Ko’t»‘vali'- Bazar to Dharamsala college, whichis
'_Pla‘ELVely safe from lafidslide problem. Rest of the:southern slopes are covered with clayey soil

mstmg on mostly a gentle and very gentle slopes underlain by weathered granitic rocks.

- ¢
SITE INVESTIGATIONS

; . Although the general appearance of the terrain And vegetation cover allows us to interpret

o Ihat Dharams'lla town has long a history of slide movements, but the load of urbanization on the

- hill slopes and specially in localities like Mcleodganj, Forsythganj, Cantt area, Khara Danda
34 rmd, Kajlot, Gamru, Gujiara etc and seepage along Dal Lake has induced major problems to the
stabll\ty of the area. Detailed investigations of each and every slide, indicate that most of the
‘ .' nchv'e: lqurjshdes today developed due to sewer'lge disposal in the area. Althouch the area
- rccel‘iu;s high rain fall IJut the infiltration rwte of sewerage disposal e e‘tcec&s 7- -8 times higher
= lh-m the rain fall mfiltratwn in most of the, shde zones where. corpmunlt'y plays a big role. .
r- Besu:lcs the inhabited arcas, the sewerage dlsposal is also caum‘ng grcat prohlcm to the .
Dhanmsala -Mcleodganj road which is: facmd number of slides like D.C’ RESldenCE road slide,
- p'\rapet 164/3 slide zone, Fmsythgan_;, Post office slide zone and Stat10n hq:ad quarter Cantt. area

slide zone etc.
'l'he. most common slide movements in thc Dharamsala mountainous area are.

transnahonai and rotational. Each individual landslide is dlstmomslled by snmullaneous creep and

:shdu\z—ﬂw resulting in specific failure and hjgh rate of dlSpl'lchlcnl IA 1c slopcs of tllc
' Mcleoduan_] -Dharamsala roadsides are affected by<landslidg. Most of the fallures are concentlated

“along the natural and artificial drainages. where relatively steep banks are eroded [atemll_y. :

@
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~ 3 . A Report on Preparation of Landslide Hazard Zonation Map of Dharamsala,

Jommg alcas,lgu mndg mventm&rﬁnﬁ(ﬂg 29).hag, been prepared on 1: 15000 scallziomthbf o *J“f-‘“‘

iasis of field chstlgatlon The defails of each slide zone have been given in ‘Table-2.. Some.
lected slide zones, considered 1mp0rtant from socio-ecological and techno-economical pomt of

5_1‘ w, have been discussed herewith in greater detail. " |

Bk,

‘T{

1148
i

L'Aﬁer a careful study of all the failed slopes in the area, it was also decided to monitor and '

-

b lmate the -extent of movement- at some-selected sites so that-appropriate remedial measures
2
iy bea suggested at proper: locations to ~m1txgate landslide hazards. Monitoring :of landslide

‘r-

i cwenent has .also. been ‘undertaken. usmg tugonometrlc method, although this gives a rough

"'.« lmate but it gives a relatlve rate of movement among vanoL\s bench.marks in dlffcrent slide -

_ Bones, A number of bench.marks were-fixed on. 510pes covermg different parts of the :slide zone *

" ﬂowmg a systematic plar. These ‘markers -were monitored periodically with the help of a

easurmg tape and the relative d1splacemcnt were determined. It has been observed that

L_. wn]ull movement varying from few mm/cm has occurred over a period of six months. Further .

@ork is in progress.
;
I a

IDESCRIPTION OF LANDSLIDE ZONES

' ‘l 1](](:1 G'lmru Site

he. site. 1s located in the Tikka Gamru'locality of Dharamsala Town: The Sllde affected area lies -

l

l the southem lnll slope of Central Adm1n15trat1ve leetan complex (CATC) and cast of

3. IcleodoanJ Khard-Danda road. ﬂla area is bounded by 32’J 1.3' 32“14 5' N and 76° 19" 76” 20'E.

is sltde was triggered in the year 1995 It is an active 1otat|0nal shde and covers an area of -

bout 0. 1755 sq. km. The length of the affected area is approX. 500 mctms i.e. from crown to the |

1oe and W1dt11 of more than 50 meters at the toe, The failure plane is - along the SSE direction
(Nl'?{) ) The slopes have moderate to steep gradient (30°-40° ) and cons:st of clay, sandstones
and sllded debris. The slopes are generally wet due to percolation of water from higher part. The .
(‘lebns has been derived from thc weathering of old landslide rocks Thc ale'l has relative relief of -
_200 mts. flom 1300 meters on the f)hanmsala Khanyara road.to’ 1500 metels in the north. The

|JI

fil‘PPET "1“5|0P€ are 30°-35° in slope and formed. by the we'tthcrmg of Tertiary rocks of

“Dh'uams'lla Group. The lower slopes are mainly form part of pledmom fan with slope varies

90'“ ~0% to 4°. The fan section consists of large boulders derived from Tertiary and Pre Tertiary
£ . |
eet ra.
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layei' of soil. The slopes*have residential building over them. It has been obsqrved in the.
that there is very h1gh seepage of wastewater from the Central Administrative Tibetan
le‘{(CATC) thus creation of swamp in the crown of the slide. Seepage from leaky water
and natural drains; chockmg of natural drains, hummocky topography and presence of
mmerous minor scars, cracks, slumps and convex slopes segment in the upper fan section and -
3 alOpe scree indicates that the area was also affected by landslide activity in the past(Fig. 10).

- bzmsverse E-W trending cracks are also evident from the surface observations at the slide
: rig.11). A displacement in the boundary wall constructed in the area (Fig.12) indicates that
£ == an active slide zone. Bulsmg of breast wall and shift of 5-7 cin has also been noticed in the
i Of the house of Mrs. Bina Dew Although Prof. Tandon's house in this locality does not
v any sign of failure at present yet the houses * Jocated adjacent to his house are found
_essed due to slope movement in this zone (Fig.13). The reason for Prof. Tandon'’s house not
wi.hg any failure signs could be the position of swamp area which is located at a relatively
- er elevanon Thus, there is no problem of seepage. '

'I‘hc process of mass movement in this section is still continuing as indicated by numerous

aces formed by the creep movement, creation of space between embedded boulders and land.

Eich -'rate of seepage along the

upper slopes and high porosity of surface scree further facilitates

creep movement in the area.
.’- " The monitoring of slope movements has been done using. 13 benchmarks fixed in the’
| tody of the slide zone with the help of a measuring tape.’ “Thé telative rates- of movement in

e weré assessed using trigonometric survey method. It was found that the

hlﬁ'e:cnt pms of the slid

1 E*{’lent of movement varied 'frdm ‘Smm to 30 mm? A’n.'attempt was also made to monitor the

pIop

zone.
ctors for the slide are seepagde, septic tank and wastewater disposal

lex as well as.inhabitants of Gamru area and uphill

The main causative fa

from | Central Tibetan Administrative Comp
slope residential areas. Although this is a very old slide but has been reactivated after a long time

due to heavy seepage from the residences uphill in the. clay.vso,L‘l,‘ most of the residential buildings
s leads

with some boulders of sandstone embedded in it. The clay normally absorbs water and thu
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aoﬂthl‘l of cracks developed in the ground and irf the vésidential buildings within the slide -

on the upslope or dOWnSIOPC are constructed on debris mju:cri.'al-which consist of dominantly clay
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A Report on Preparation of Landslide Hazard Zonation Map of Dharamsala
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: na Iy buried )| 1 ]I!
S a cliera urled under hill slope scree. The scree "
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B L‘s and. geuamlly buried under hill slope scree. The scree.at the- lOpflS covered. by a_1-1.5 m
_ -- l:rﬂ'cfﬁﬂ: soil."Tlc slopes have residential building over: thenull has been‘ olféerved-in the

eeld that there is very high seepage of wastewater from the Central Administrative Tibetan
: plex{(CATC), thus creation of sWamp in the crown of the slide. Seepage from leaky water
.!' and natural drains; chocking of natural drains, llum'moc:ky topograpliy' and presence of
— gmmerous minor scars, cracks, slumps and convex slopes seomcnt in the upper fan section and
; 2 slope scree! indicates that the area was also affected by Iandsllde activity inthe? p'lst(Flg 10).
S Some ‘transverse-E-W trending cracks are also evident flom the surface observatians at the slide
*{"—* e (Fig.11). A displacement in the boundary wall constructed in the area (Fig.12) indicates that
= 'i: an active slide zone. Bulging of breast walt and shift of 5-7 cm has also been noticed in the
"s of the house of Mrs. Bina Devi. - Although Prof. Tandon's house in this locallty does not
0wy any- sngn of failure at present yet the houses located adjacent to- his house are found
-"- essed due to slope.movement in this zone (Fig.13). The reason for Prof. Tandon's house not
"F- me any failure signs could be the position of swamp area which is located at a relatively
Wewer Elevation. Thus, there is no problem of seepage.

- The process of mass movement in this section is still continuing as indicated by numerous

aces formed by the creep movement, creation of space between embedded boulders and land.

--'f Hro rate of seepage along the upper slopes and high porosity of surface scree further fat:lhtates

J i creep movement in the area.

'; The monitoring of slope movements. :has been done.using 13 benchmarks fixed in the
of the: slide zone with the help -of.-'gr:measurmg tape. The relative rates of movement in
- fﬂ‘lwnt part_, of the slide were assessed Using trigonometric survey method. It was _found that the

extent of ‘movement varied from Smm to 30-mm. An attempt was also made to monitor the

Empagatlcﬂ of cracks developed ii thergwund and in the residential buildings w1thm the sllde

E-Zone. - 2

The main causative factors for the slide are secpage, septic tank and wastewater
b d:5posal from Central Tibetan Administrative Complex as well as inhabitants of Gamru area and
§ cphill slope residential areas. Although this-i is a very old slide but has been reactivated after a

ol

kmg time. due to heavy seepage from- the resmlences uphill in the clay soil, most of the remdentlal

\""‘r\- ~ i ‘\.-9

bulldmgs on the upslope or downslopc are- constructed on debris maternl which consist of

dommantly clay with some boulders of sandstone embedd&d in it. The clay normally absoxbs

': ' 17 20 @
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Development of transverse cracks on slopes in Tikka Gamru
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Fig. 13: Building damaged by landsliding in Tikka Gamru
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A Report on Preparation of Landslide Hazard Zonation Map of Dharamsala

=zter and thus leads fa:solifluction and creep movement in the arca. Some of the recent and 6lg *

ciastructions shows clear evidences of movements. There is an urgent need to clean up all

=zmural drains; control septic tank disposal and channelise waste water disposal from the Tibetan

:zmiplex and resident of Gamru, not only to save Tikka Gamru area but also Ram Nagar agd

= o

Szvam Nagar

D.C. Residence (DCR) Landslide Zone ,

The affected hill slope lies just 300 m away from Kotwali Bazar adjacent to Municipal

-z:k and is covered wnh overburden material coneicti

-~
Admh e blhd Sy W

£ debris adinixed wiih clayey and silty

22il. The debris has been tranzpeortad Som the hill slopes in the

adjoining areas. The length of the
:zcted hill slope from the crown to the to= is approx. 150 méters with maximum width at the
22w is from 70-80 meters. Hence the slide appears to be of small magnitude and confined
Zztween two natural drains. Although the whole zone of almost 150 m froni Municipal Park is a
szactivated zone which slided during 1960 and remedial measures were implemented in 1968
:Zzr a careful study by geologists. However, presently a zone of about 70m from natural spring
->:ated on the northern side of road has bean reactivated during 1997. The crown of the slide is
ontinuously heading northwards since then. The slide is of rotational type but translational slips
z=d bouncing movements have also been noticed. The main direction of slope movement is SSW.
—aring the field investigations, a number of deep transverse and longitudinal cracks have been
~zticed in the body of the landslide. The road in the slide zone has subsided due to‘undercutting
-a nwiural drain and ovetloading of the crown. The features of submdence and erosion can be
ig. 14. Since the hili slopes am*mclny satulated the satufahon of unconsolidated
.:- i uduces the frictional resistance amongst'the partlcles by decwasuw the force of cohesion
vihiehy .Lujd,s_ the soil particles together under optimum moisture -‘con—len.tT-:Int.,-‘movement of
r:in\_\.r_"_lter and seepage from natural drain upslope, which percolates into.the ‘overburden soil

sbstructed by clayey matrix present in the soil. This results in the dev‘élopn{e"nt of pore water
zressure in the body of soil mass and thus decreasing the shearing resistance of the material

zonstituting the slope. The choked drains below the D.C. residence garrage also hinder the

smooth flow of water. Furthcl

th flow ¢ obscwauons durmg field investigation, levea!edgthat within one
mmh period. there was a land subsidence of about 3;4 mt.(Fig 14)

~ehicles plying on this road. The tilting of trees and bulging of the retaining walls as depicted in
the photographs (Fig.15) . The sequence of photographs (Fig.14-21) taken from July. 1998 to

which-caused a problem to
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2. 147 Road subsidence (3-4 m) in
DCR slide zone
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Fig.,15: Tilting , uprooting of trees & bulging
of walls in DCR slide zone
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~ig. 16: Impact of Overloading at crown level - Failure of old retaining wall in DCR slide
zone
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7ig. 17: Subsidence in support walls of a road bridge due to sliding activity in DCR slide
zone
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Fig. 21: Development of transverse cracks and damage to lifelines in DCR Slide zcne
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lgebl}t has'- been reactivated during 1997 and“heﬁvy rainfall. clurﬁg’the
) .. + < 1_ "
pmansoon season "cjﬁ as’'the main triggering agent. From the field Ubﬁewatlons it lias also ‘been
anciced that the dram to the west of the affected site has been lmeql w:th cement but has been

2gad at numbm of points which also helps in seepage. The sllde zone was. Ic:tamed by

o siructing 1etau1u1g wall i in Six. stcps ﬁom toe to the crown, whosc ;emnants are st1[1 enstmcr at,

tEr site. Ex en the area a&ové me mummpal park and just below the open lawn of D. C 1851dence B

- 4.
" Irve s 10\\1-1 310115 oﬁ;ubmdencc and the area of Mummpal Park has al1eady shows cleal 51crns of
fsr=sidance. ThlS Pﬂlk has also been aFFec ed due t0 side curting by natural drain in rainy season.’

B The'; major causat;w‘ factors are SCcPaoe from the drainage ﬁom upslopes, toe cuttmf? by

T

dral dlams at: the base and steepness of slopes The 1epeated loadmg of the crown and 1ecrular

page followmo ramfa[l also acceIcIates the movement of the slide zone.

The first and foremost remedial measure is to channelise the natural drain through the use

.nume pipes of appropriate diameter in order to check complete seepage. The hume pipes have
b Qe szt up from the top (near D.C. Residence, Garrage) to the bottom of the slide zone and then
i &\ ert flow of water m a stepped channel in order to reduce the pressure of outflow. This will

- avoid furthcr toe and side cutting in the body and at lhe base of the sl:de zone, Construcflon _

: '4’ CC retaining wall.with weep holes in-five t6'six. steps from the toe to the crown will also help

T

sf.amhzc ﬂllS zone, The present measures taken by the PWD needs necessarv modlﬁ"‘ﬂhﬁﬁ, 1)

83 <hift the Iowe_ "ost retaining wall funher down to the toe level 2) to plug the sr.epage of
S from the topUust bealdes D.C. remdence garages) to the toe of the slide zone in order to

3) .The water from tl;gp cham has to be charmehsed and dropped a't

""-‘-‘,' a‘!\-

oo Yo

] p, Residence (MPR) slide zone W e
The ML.P. Residence slide zone started from the Tm" Shed at the residence of Smt
uresh Kumari and extends down to the Dharamsala Mcleodgam road in the slope direction

305°). The total width of the slide ‘one is 28 m and cove1s an area of 0.0187 sq. km. Itisa

=iy onal slide. 'I"hlS s!:de zone comprises clay W1th sn1aLI rock. fragments, pebbles and cobbles of

one. Clay is dominant litho-unit of this sl:de zone havmg a moderate

slope covered by
hulrural and residential land. The upslopes of this zone are occupied by large inhabitation of

tan Complex and the waste water disposal and septic tank discharge from the uphill slopes

25
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leads to greater seepage in the ground. The seepage can be seen from the house of Mr. Goverdhan

In.l

Lal (Fig.22). A very d\fp] g'lboLgl M}ﬁ%qgk tre.admg N275° with width of 16 cm and :’*"
length 34 m has been#noticed and \hthmmn'e ‘year, the area has subsnded from 30cm to :
2mt.(Fig.23). The transverse and longltudmal Elacks (Fig. 24) in the body of the slide zone have .
been noticed which have lead to subsidence effect, evident from the field observations at the
crown and at the foot level of the slide zone ‘This is also an old slide zone showing a high degree
of movement mchcatad by the subsidence" of 10ad below M: P. residence and damage to the house
Of Mr. Goverdhan Lal since 1984. Still’ the actlwty is going on and recently leveling of the road
has been done by overloadmg the crown ‘with’ additional soil brought from other areas (Fiz. 25) |
'ﬂuc will net enly acgelerate the rate of movement but also result in"mudflows durinz rairly
:,eason thus "JDalng heavy mks to economy as- weil as life of the residents down.hlll of this slide
Zone. o : : S )

The'field observations at the toe of the slide zone also reveal that it is a rotational slide
with highly Wet conditions (Fig.22) and the slope becornes very steep”below the house of Mr.
Goverdhan La_l. The surface cracks of width upto 181' cm. have been noticed on the upslope .
direction of M. Goverdhan Lal’s residence.

Therefore, in order to restrict the slope instability in this zone, it is necessary to channelise
the wastewater disposal and also ‘the. rainwater along the slope of the mule path 51tuated just
above the M.P. Residence. S1multaneously, the scptlc tank disposal also needs great attention for

its proper channeling throuah pipes. Apart from the above, the seepage ﬁom the namlal Springs

ne
15

situated on the upslopes of MLP. Residence: need to be checked.

Ny,

Sun‘wn Head Quarters, L

- Tlus shde zone is located on Dharanisala —-Mcleoduanj road at” about 7 Km n'om
Dhqramsah Town In the vicinity of the ‘slide zone Bngade Head Qumtcrs of Arm y Cantt. is
located and some of the army residences are situated within this slide Zone. It xs a rotatlonal ;llde
uv"olvmU debris, with moderate slopes at the top and steeper slopes at the toe level Clay ancl
small ancu]ar fragments of sandstones are the main constituents of the overburden material,
wluch is almost 5-7 meters in the area. It is a very active slide zone and has aﬁ"cctéd an area of
‘about 0 1(}8 sq. km. Near parapet 166/8, , the_sinking of road, severe:damage_of“the artificial

S L I A )
concr_etc drain is very much evident(Fig. 26). The infilling on the road and coristruction of several

" retaining walls using boulder wire crates S SNy Lt
1et’|1:1lzl 1g '-‘. g r wire crates shows that w;thm_ a year, this road has subsided upto

®
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Fig. 23: Development of deep transverse cracks In the slide zone in MPR slide zone
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Fig. 25: Road subsidence and overloading of crowp zone with soil which may result in
mudflows during rains in MPR slide zone ‘
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3m. This slide zone can be divided into three major zones, i.e. Crown zone with road , Middle

y ol e
%-wnth temdqnhal colony where a boundanj wgl} c&ga&g@gwh éﬁg@. 'l%adl‘} dan}aged and

A Ll e -

‘ oil¢ can seé-a shlﬁ in the alignment of the bofﬂndary wall c&nstm ed ‘below the “constructed

-L;

3 ” _fz-,.'hquses (Fig. 27) and a lower zone partially undef® IBSIdEI‘ltlal quarters{ﬁ'md ‘partially under forests.
E .I.n the lower portion of the slide zone an artificial dram has been found dlsplaced by from 3-5 m
(F_lg 28), thus;' showing a very high rate of movement The sl1p Surface also paSSeS through
2 :_ c]aystqneswvhmh is very well exposed at the toe of the sl1de zone }Nherfe: Qfltf ‘:‘:an find huge
- fwatcr gushmcr from the slip surface althou:,h the upper slopés.‘a.xﬁl ﬂaﬁlp to' wet ‘in”
g natulc Smce there is; already seepage at the slip surface. w}uch"has gene:‘aLed nhmber of
,anmfl.dmal 2s well as t nsveise, <racks on the suiface (Fig. 29). A he;avy ramfallF ‘n the are&

— al\%'ayb Luggc;s land TjOVB"‘le'lIS Side cu“tmcr and toe cutting durmcr‘ramy seas:m also’ promotes-
falfure _ g, % s ' Sl i s

':. f.-af' . . 2

. #1,:&.,—.

'I'he major causative factor of this slide zone is very high rate of seepace from ‘the septic*

_tanks,-,wa.ste water disposal -ﬁom.upsllde residential colony of the "A"rmy. So-there is a need to-

P

channelise this water and also to redesign the existing concrete channel from ‘Army Garrage to

the slide zone in order to reduce the runoff pressure that the damage occurring dunng monsoon

season in: the area is reduced. e

'['13_11_5, if proper remedial measures are not taken, the’time is.not very fai--away when-the -
. residential colony and the important Dharamsala ~-Mcleodgénj Highway 'will give way and thé'ré
- Will be a severe problem of lranap@natlon and usk to life and pcononiy Gf the region. The u uoent "

_ns-.

'%i _ _‘__:=__ meed of the hour is tochamehse the sep‘uc tank sewengc and waste water disposal from Ihe .

"‘Amly Cantt. area , se‘pt‘lc tank dlsp{:sal of the remdentnl colony Wlth unthe landslide body aaci«to w v

- ;,&‘}av «down 2 nerwork,o ’c‘oncrete;channels along tht: -upper side’of’ toaci dnd slopes and dtsm‘bt&& oK

h.-......._,_,

the svater in numbm o drams tg dgwuslopcs in order to 1educe thc mnuéffxpressure duri

Ing rm;gxy fi |
=y ’ v i F R
aseaéon A completc plan of{lrﬁlgﬁgq network canbe worked out w1th ﬂ'ac hclp of local enwmeel% &1: 1
i -at 51te in future beforc tl‘guléﬂ “fainy season begins. TR ?.
FheT R B %h :
" Totﬂra“i .“‘{: :f' wof .‘ . . \ - .
Lpeiyge Rt 7 - . “ i

E . “ 4;’ rt. X - N

This slide zongis. located south of Dal lake alongrthe Dal Lake Nala. It has rotational § l1p
v, on moderate slopes .T]ISA sjope; comprise clay-with angular fragments. of sdndstones. A nﬁlz’LA ;,' i 3
COl'['lll]U from Dal lake 1s p‘lSSll'lU at the toe OthlS slide Zone and causes toe erosion. ,_hus =

accelerates the sliding movement, The slips on the cemented road are a clear cut evidence or the™

29 5 @
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Fig. 27: Displacement in boundary walls of Station Headquarter residential buildings
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Fig. .28 Development of transverseand longitudinal cracks due to creap movemeni in
" Station Headquarter slide zone '
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Fig..29;. Displacement (5 - 7m) in artificial drains at Station Headquarter slide zone
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mass movement (Fig. éO) besides damage to house of Pandit residing in the area (Fig. 31) and

movement was “‘i“i“fiff'm ﬁm‘%ﬁ; dl‘ﬁ S, Nepah The main building of the Major? ?%p ,ﬂ?‘@

has moved south —s,ﬂuthwtﬂ;t whe batll;ooms afso‘ indicates shift in their position, whith "!9
very well evident from the p051t10n of: pucca drains in this house and narrowing down of ‘the
footpath from 4 feet to 2 feet, located between house of Mrs. Chandrawati and Major Nepah on
the west of a natural dram Even the other parts of the" building like pillars attached to roof

wytee

shades and roof a‘,ils on, the top.. of the house have shown gaps due to° ‘downward movemem of the-

slope mass in tlns area. Dn the northeast mde éf t};le natural dram and west of Dal lake nala, the
q

I1\,'*' :

area i1s moving downwarcls i in the slop.e dlrectlon L. PFC Tm
igh.

‘body ‘of the slide’zone (Fig. 37) from Dal La;{e;--.f&_hhough, the local sccpage;’-bf the residents: of

.~ the arga and septic tank dLSposa'l'- allow_s the ii‘_ri'as'é_tc; mme*slowljr:-igt_l‘t‘_"[:he seepage from Dal lake

" and:toe cutting by Dal lake nala éggravate‘s the problem. The area is undér high risk in the present

situation as it is occupied by several house hold units. |

The remedial measures like proper sewerage disposal and appropriate drainage controls

for uphill slope water along the road following slope, proper disposal of daily waste water to be

1+ The mawf causative fElCtOl of the? slide is the h‘c‘* sespage which is gushing out within tde”

organized by the Jocal residents and plugging of seepage from Dal lake requires due attention. -

The .landslide. hazard map and risk map shows very hloh hazard and very high risk-to; the

« " residents of this area.- ; s b1 ' L
$ Fa " 5% T l-; : -~
A S TN b ; e
-Joom)gra slide zone ' : aaiis i Y
! _* 1 This slide zone is located on Khma‘Danda road cormectmgDhammsaia-Mcleodcanj The
iz, 0\6& Udldcrl material af this slide zone coniprises clay with roclk fragments of sandstone havmg
s, modcrate to steep slope from the- crown, t& the toe. Along: fhe mldqle ﬁof the slide zéne
| o
} < 'La:n,gltudmal and transyerse cracks’ have deuelo‘ped The presence- EY bEnches “cracks, minor sears

3 and small water dltches just below the hill slope confirms an earliéx- dh‘.l Tandsllde (Fig. 33). ’1'}13

S —

ilit usubsmence of the road can be witnessed from Fig 34, thus, shmvﬁ"fg_ an active slide zone. The
P

_,footpath leading to the village Gamru has also been disrupted due to the movement in this slide
~zone. This shows a high rate of movement.(Fig.35). The titling and upr'cjoting of trees also indict

_ a high.degree of movement. The bedrock.is also exposed in this slide zone but the dip of the

rocks is north 65° whereas the slope movement direction is porth 110° With a slope angle of 36°.

The effect of joints in the activation of landslide can not be ruled. out_as, the rocks are highly

P
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Fig. 31: Floor subsidence and building damage due slope failure in Totarani village
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Fig. 33: Water accumulation due to seepage from slopes in Jogiwara slide zone
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Fig. 35: Tilting of trees and disruption of road alignment in Gamru village in Jogiwara
slide zone
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Uxévs thq thractlon of movement. The oveil ﬁi‘qu_ .1' e s ot

a;mcultural or f‘orest Egtvcver the crown zone of the slide has l'E:SldCIltIEll: buildings wlulch ag;,.. o
ﬁ:edlqg the major seep‘lge in the slide zone. At the same time the runoff dunnur rainy season and
: 1t:> flow due to hlgh hlll slope at the crowni also helps in accelerating the:mass movement

the JomWara sllde zong, thf: seepage from wastewater dlsposal and septlc ‘tank dlsposal
: * is the mam causaglve fact01 and rgmfall oinly tngoers or accelamtc the- movcmem It has also'been.
-' ‘L‘Jotlc ed in the ﬁclﬂ thaﬁthc Humc«pxpe fitted below the road to drain out upslope water hzs bean
', : tieft open m the bod}' of’the shde Zone w‘uc also .‘a...s., h“a‘,"'j soil e osx‘on and seepaﬂﬂ apd leals.
E': © 10 shdmﬂ In order to reduce thie movement in, tﬁ;; q,:i;de zone it is nncossary to pluv the seeﬂa %

.. -and divert the natural dram;m the hurie pipe so tlmt‘”t}ure should not be any ssepaoe m the bouy =

of the slide zone Secondly the septic tank dlsposal and wastewater disposal of the Dala1 Lama

¢+ Temple Complex has to be channelised with proper sewerage system in the Dharamsala

township.

Other Slide Areas R

‘ Besrdes the abbve mcntloned major actwe shds zones other. sl.ldf: areas w]',g,ch_ have also

"‘beén affectéd‘ dite to seepaoe problems are Kaﬂfan landsh‘de Gujiara sl1de zone 'Barakbtl Slides?
zorle Tira Lme slide: zong, Parapet 163/3 shde zone,_and in-the Cantt. area of Twra mes 0pp0$1te
"to "Botaram As descrlbed earlier, these sl1dc zones htwf:e also been affEcted due to seepauc

) problems SBWCI"IUE anr:‘JI' wastewater disposal, énd}.tae ClOSlDl‘l The Kajlot and Gu_;lara slide’ zonb9'
wn«h their toe tapenng fiito Dal lake nala are b'ﬁll:}i affgcted by toe cutting by these natural dra;ms,
(Ff‘v 36). However;'the Gu_.]1a1a village is vcr);ﬁmdly affected because of saepaoe from the uph;ll .
slopes and toe cutting iof Dal lake nala. It, the1§for¢, 16{1_1]1165 immediate &teps to either relocate
the villagers of Gujiara or plug the seepage frdnittiphill ;slapes. At the ‘same time, the sewerage
disposal from Cantt. arca opposite Tdta_rani':ancﬁ-‘th%fi{‘a"ﬁ]dt occupants themselves result.in'mass
movements in the Kajlot village. In the Kajlot -,:_.fillage,;-' a number of longitudinal and transverse

cracks have also been noticed in the northeastern. side of Kajlot village affECI'L;‘lﬂ' the inhabitants

and the structures present in the area. These.s|ide zones have also rotational compenent and

require immediate steps to plug the seepage from | spwerage disposal.

36 @
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Fig. 36: Presence of benches and cracks indicating slope failure in Kajlot village

Fig. 37: Subsidence of floor-and bulgin9 of walls in Barakot; slide zone
)
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The Barakoti slide zone and the pamp 163 3 zone have affected the road and the village
1 &

=3 ‘ﬁ'ﬁkdh &Frg 37 shows a clear cut dlsplace bﬂﬁﬁbﬁ&@hcﬁ@ﬁ*a%ﬁt-}l 2.9 feet in the
h"boundary walls of this village, as indicated by tl e dlslresscs hére. At.the same time, the upper

1Ak

- portion of the village Barakoti above which the main Dharamsala — Mcleodganj highway is
located shows prominent scars and benches of fandmass in the-slide:zone (Fig. 38), thus, making
the road more vulnerable to the mass movements ; posing high risk to the traffic. On the other
¥ & hand {-he rainfall irunoff from the Cantt. area:to the'froad passmc at parapet- 163/3 cayses much ,

: =k dénmage tlue to toe eroSmn (Fig. 39). In this slide zone, the ma}or 1mportant aépect is to control -

™ the out‘low of runoff in such a manner so thatlt should nbt be released just at the toe. It has been

- a‘pwper treatment for-flow of mnnoff water. ﬁnd all the outflow has- bee'r“left on.the slope thus,

T-".m—.

Mcleodganj highway.

e an B ond

CAUSES OF FAILURE

The Dharamsala area represent an old landslide zone and there are a number of factors

mae Tl

contnbutmc to -the-movement .of -hill slope of Dha1amsala townshxp The mam factors:are. 1) .

b S

RW, cgeology 'J) topography,. 3) high: slope gradient :4): tthk louse soil: depo.;tts made up of clayey

‘material mixed with nonumfmm cobbles and blocks and 5) hydrolocncal conditions. The

Rl

. Thrust in the southy whu:h passes: below village Garoh and Sikoh in the NW SE directions These

—

-3 two tectonic thrusts® ‘ax,e the i'mbrlt:atlons of Mam Boundaly Thrust and a‘number of splays: ha‘ve

T

-y

tectonic movement, the ,tocks of ‘Dharamsala Group have been. highly deformed, folded apd

i fractured. The ﬁ-actul-lnur.-t)f .rocks. and presence of young loose material coupled w1th~.h.1gh.-;.

seepage due to sewerage and wastewater disposal leads to very high landslide hazard. The actwe
; nature of the thrusts and faults‘is also reflected by the repeated occurrence of moderate (M=5- 6)

earthquakes in the Dharamsala area e.g. Dharamsala earthquake of 1968, 1978 and 1986 apart

5 obsetved that alinost all natu; al clragnage char&lels passing below the rmad "nu-om, has heen given ¢

- 184ds to toe cutting. Thitis} it is causing muchdamage during rainy season to ‘the Dharamsala <~ -

‘Dharamsala town isilocated between two majorathrusts i.e. MBT in the north passing through :,

# Bhagsu Nath, DharmKot/and Bal v:llage north of Nadd1 in the NWSSE direction and the Drini ;

'.1!

RE e developed in betwee'ﬁ,th;af. thlusts thus, causing lot of tectomc mo,vemént in the area. DuE tq B

'“ “from one great earthquike in 1905 of magnitude 3.0. Besides tliese thrusts, the presence’ ofm- Lo

: ’ . ‘ ’
number of transverse faults and development of joints in the rocks of Dharamsla Group made up

of Sandstones and shal¥s also decreases the shear resistance, thus, allow the mass to move along

RN ' @
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Fig. 39: Erosion at parapet 163/3 slide zone
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risk factor has been thus, cvaluated as a product of the degree of potcnual hazerd and

vulnera‘ti‘ihl’y"t'yf‘-thﬁ_dﬂt‘nemmmhcfom The fpllowing risk matrix (Table-3) has- beenrused fos- I

classifying the terrain into différent risk categories.

Table 3: Landslide Risk Assessment Matrix

Hazard'=/ - Very " High | High Moderate | Low Very Low
Vulnerability ¥ hazard | Hazard Hazard Hazard | Hazard

Very High VHR VHR, HR MR IR

High - |'VHR " .. | VHR. HR . MR LR

Moderate HR . . |HR MR MR LR s
Low > MR MR LR LR VLR

Very Low . LR LR ~|LR VLR VLR

ok e e s ————

Map annlysis

are relatively more unstablc as comparcd to lhosc in the southem part. It has been found that out
of the total land area of 35.91% sq. km., about 32% falls under very high hazard zone. 31%
under high hazard zone, 7% moderate hazard zone, 85 % low hazard zone and rest of the
area(i.e. 21%) has very low hazard.

Similarly, an analysis of the landslide risk assessment map (Fig.43) indicates that 17%
area has very high risk whereas 32% area has high risk. About 23% area is-covered under
moderate risk , 5% under low risk and 23% very low risk. |

On the basis of abovc rcsults it is suggested that areas falling under the catecory of very
high and high risk or hazard should be avoided or if unavoidable, should be used with necessary
precautionary measures in 'ldvance. The moderate. hazard or ‘tisk zones can be used with
apptopr;ate remedial measures at the time of construction. However, low and very low hazard or
risk zones are recommetided for any landuse activity. in'the area but prior local investigations may

be done at these sites, if’ requlred. dapt g .

MITIGATION MEASURES I O L A

Landslide hazard mitigation consists of those- activities that reduce the likelihood of
occurrence of damaging landslides and minimize the effects of landslides that do occur. Since
most of the landslides in Dharamsala township are triggered by ,hum'm activities and are directly
related to construction activities, appropriate grading codes can' significantly decrease landslide
losses in Dharamsala area. The best Oppo;tunity for.reducing landslide hazards are found in

landuse planning and the administration and enforcement of building codes. @
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£ P-"‘?"KBE:I:IIMiﬂeLQQHﬂSL@f people. to landslide hazard or anyother namfhb.w&ft'ﬁt‘ﬁbﬁéﬂﬂin‘é&lﬁil‘“‘
the extreme events, the proximity of people to those occurrences, and ‘the degree to which the
:people are prepared-to cope with these extremes of nature. Effectiveness.of landslide mitigation

%' in Dharamsala township or any other area is generally tied to the ability and determination of

¢ - local officials to apply the mitigation techniques in hazardous area. To cope up with the existing

¢y

prof.)_l‘r;:m some important remedial measures have.been listed below, although for each slide zone,

. separate remedial méasures hive been discussed in detail. The inventory of the slide zone i-s.'-:;'.-.

i given in Table 2 and"all poésifsle measures to control / prevent slope Failures are also listed. _}_kny
mitigation measure rﬁequires_cobperation from local inhabitants, otherwise it may not be possible
for the government -body to mitigate any hazard: So community participation is an important.

component in any mitigation measures. SRR

o TFirst and foremost action which needs special attention is laying down of
proper sewerage disposal system in Mcleodganj area, Army Canft area,
Tibetan Library complex area, Dharamsala Township inciuding Mani
Panchayat without which it is not possible to achieve anything by taking
any other measures.

e Adequate and well-planned drainage is the basic requirement as a long-
term measure. If should consist of hill side catch water drains and culverts
both along and across the contour lines.

e Local residéents need to thannelize their daily water disposal in a proper way so that'it
should not seep into the body of the slidp_;onc or bare slopes. ;

e; Special care is meeded to stop construction.on NE face of Mcleodganj and in 'the
Librarian complex area B g S

e There is an urgent need to channelize the wastewater disposal in the Library complex
area, Dalai Lama Temple Complex and its surroundings facing the Jogiwara landslide.

e Avoid construction on very high hazard zones and very high risk zones. See [ig. .

e All natural drains need to be cleared before every monsoon season because choking of
drains creates pools/ponds thus increases infiltration into the subsurface.

e Aforestation of the area using site specific species and fast growing plants in the crown
portion of Tikka Gamru slide zone. Station HQ slide zone, Jogiwara slide zone, Mcleodgal}j
NE hill slopes etc. to mitigate the unstability’ ofthe slope. This will also improve themesthetic
beauty and environment of the area,  ~ @
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e The water.standing on ditch on the uphill direction should be drained out.
- Avoid constructions over steep and distressed hill slopes
ss - Avoid-further construction in the Mcleodganj hill and:in Mcleodganj town'area: "
i - S e
~e Fhere:should be restrictions on new construction around active landslide zones. :
» Allrthe natural drains in the-area should be made of concrete to.avoid any infiltration of
surface water to the sub soil. :
>. Lonstruction should be tal(.,n up-ofly after detailed studles on the Iocal stability of .the
terraces and the evaluation of geotechnical parameters
g . :r . /-‘ ) -
Lo
" :JI'_..r _-o }'!
. - (Dr. N.S. Virdi)
Date : 3, $ fog N ORI
s A
Place: s fv™ Lo
*
4

A Report on Preparation of Landslide Hazard Zonation Map of Dharamsala

Lt t1

g N . i ¥ cper N draiitae
!; s' “Aldng the Il}ghﬂscepagc zones water should be drained ‘6ut thrhugh [tfscrtmc pcrfor'ltcd

pipes. This will increase the stability of hill slope.
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- A Report on Preparation of Landslide Ha:
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