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Chaplt er

|l ntroducti on

1.Blackground

Landslides are among the most significant ne
underl ain byaweakitltist amldogiharacterized by s

especially frequent i n mount ai nous environt
geological conditions and geomorphic process
Nepakbht edoecn the central Himalayan region, 1is
fragile geological setting and rugged topogr

noisochut h physiographic extent odbitlhiet y,0 urnd sruwl

frequent | andslides and intemns0iPpf9 ed er osi on

The primary causes of slope failure in the N

highly deformed geol ogi calajfoorr nsattriuocntsu r alf tfeen

thrusts, faults, and folds (Upreti, 2001). N
of geol ogi cal and geomor phol ogi cal factors
(Del monaco et al ., 0 05Na k@miog ierta aand Yall6;

Sigdel and Adhikari, 2020a) . I n addi tdion to
including deforessatproact iiongs ,opaend | aln@dpe mod
devel @dpmertisciagnntilfy i ncreased | andslide susce|]
triggering factors such as intense rainfall

frequently | eading to catastrophic efgaiwlayr es
20D 8

Sl ope stability in the Himalayan region 1is
including elevation, slope gradient, |litholo
of weathering, soil tmdw&ktnersscomrsdiotpieormas peBha
2018) . Hi storical events, such as tZzh@13985
Gor kha e,arhti biluiagkhe t he high vulnerability

and theiarc hfiang al ATt s (G
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hilly and mountainous regions of Nepal
I ficant chall enges for the development
ainable communities.i heuseheritpygtemsifn
n expansion, poorly engineered infrastr
equate drainage management. Coupled with

mic activitydsltihkeese dmcdlomoss tmarkec drame nt
he country. W téoiuentihfei ¢ anlpll y memft @t mec P
reduction strategies, both the frequenc
ease.

|l nspense to the glhiBWRDy il mpmldes&® ARA MEGIdthdjee c t

i Gur
syst
i nit
i den
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Solu
unde
out
geol

i nfo
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The
i den
and
haza

i npu

Focu
sett
asse

reco

bhakot ,Muwiitch paahetgpbj) ect i-hvaez aorfd setarre nyg twha
ems and promoting anticipatory é&dtsion
lative, the present sthadprfdoassessomendt o
tified | angcsdneaesiatneas,| andshidderidnaganido thh i

ced triggering mechani sms.

esponse tomailBlf ®Bmmb| agguonekar f CeSaieaince R
tiongdrRwi ngLbd. jt-Bazaperassess mermgteoand
rtaken a comprehensive evaluation of t he
i n emcwbrhkdandhe Terms of Reference (ToR)
ogi cal anal ysi s, and hazard evalwuation t

r me dmadkeicni gs.i o n

udy Ar ea

study area conrmdesktt & exeGiubrsb nehkeohtmoMd niadi p
tified by municipal aut horities. Ni ne si
14, representing |locations highly- prone
rds. wlehrees eprsiiotreist i zed based on historica

ts, and preliminary assessments conduct e

sing on these areas enables a targeted
| ementrsucdamnd ei nfTrhastst udy 4dspedikiaggrmaga@dot o
ssments, -rdeki neoanes, higmdbagreadpomeasaviede

nstruction, mitigation, and potenti al r e
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resourcaéeiahnl while enhancing saf@tmnoatndv ulersarl

regions. The st uliyglarea is il lustrated in
Location Map of Study Area
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Figuredocation Map of the Study area
130bj eesi

The main objective of the study is to-conduc
identifi@dohandstiedeacross Murdifeirpdahi tayx eiae oif
t he anmjienct it hesspecific obhgpedbilvVvessof the stu

V Conduct aharzaapidd agsesomesirgdeeratt idfi eld | andsl i de
prone areas.

V Carry out geol ogical, engi neertiumdg ege wlfo gt
identified | andslides.

V Prepare maps of e b e e h b-@ c osnbocnii eicnsgka, n @ iem d o rg

aspect s.
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V Provide recommendations on t htyme geihcfyumnoff
studies needed, and optionsr fot herar mi ai g

measur es.

14Scope of Wor k

The stoplke opredazmrmdaras gevs ment wi | | Il ncl ude:
V Analyze available free satellite i magery
surface cracks from relevant | magery sour
V Conduct consultations with | bbel aonhhbhern
stakehol ders to gather social and other n
V Col |l ect available records and reports re€

institutions or sources.

Undertake f i eliddevnitsiiftise dt ol annidnsel ipdrees af f ec |
commities and sitedazardarmasyecsstmeatr apid
Assess the need for resettlement of affec
|l denti fy and map affected infrastructure

Recommend whetbdrsfudtasesradetnanebuired.

< < < K < <

Provide recomme ntdeart m/oinmme tl 0o rttees manli t | gag |

measur es.

15Li mi tations of t he assessment

This study pr-eaenatd assaglseometigtf acefd pdraends | i de

Munici pal inoyt ainmdc lduodees det ai l ed | andslide map
investigations, or slope stabilization desi
comprehensive geological and geotechnical an
Thdrog e, the recommendations are based sol el

and should not be consi der edbaas erde pilnavceesniei ngta tfi
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Ch a pit2er

Met hodol ogy

The study mainly targetdhazoneds eaattremo sreditn g mi
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mmunity infrastructure. It involves a foc
ndsl i des, along with | ocations that are p
count bothatherpbysiccsalbfcbBaope instability
erall met hodol ogy is organized into four
gBr.e

.Dlesk Study

0
h

g
[

-

® oo 99 D

comprehenseswvéodeskt hevif oundhaa z aornd oa s sseyssst neel

mpiling and analyzing existing informatior
i's process begins with the <collection an:i
encideesmi cacsat udi es, project reports, and i
storical and environmental context of the
e carefully examined to identifylrtaegmm@aagien
tterns, |l and use, and surface changes over
nd-ptode zonesi ngomadedumani fications to the
ol ogical and geomor phol ogincdalr o cnkf otrynpaetsi,o ns
atures, soil conditions, weathering proces

pe stability. Reviewing previous disaste

ation, and | mpacetl ad fe dp ehsatz alradrsd s IRlad ensf ad 1 d

essment s tbpapscerdt sp | eawnind enngc ebiys ki deernga S,y i @i d

0
c

alyzed to determine triggering t hterbeassheadl ds
s

vestimdatiimfnesr,miang reconstruction and reloc
u

ndati on.
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> Collection, review and compilation of secondary data
Desk Study 3 and information
I Ql / » Visual interpretation of satellite imageries and
'l__ : ‘ available aerial photos
Q
PHASE B » Landslide Inventory: Type, cause, history, and damage details
Field Stud » Consultations with local Government officials
y and local community
Phase . , R
» Hydrological, and geological, engineering
@ geological assessment
//@\ » Proposed mitigation measures
— > Field prioritization of risk landslides
Q
PHASE C » Study, analysis and prepare General Geological Map,
Data An alysis Engineering Geological Map, Landslide Inventory Map,
Phase and Landslide Susceptibility Map
P Analyses mitigating measures (structural and non-structural)
@ I||| > Prioritization of landslides for further studies
) - P Draft report preparation and submission
-
Q
m > Meeting with Libird Officials
Finalization » Incorporation of comments and suggestions
Phase
31 » Final report preparation and submission
=9)
-
J
Figaar eGener al Met hodol ogical chart
2.01. Stakeholder Consultation

A participawas yaapptreachhrough

wor kshops, and

stakehol der s.

community dfefagdetr sd

di scussions

adopted it

and Dat

the organiza

consultative meet i

Participants compr i
resi dentksi,g@a&nedi grdglee Vhat

centered on the histor

ngs within

sed repres

i cal progr

local experiences with past disaster event s.

introduced,

observations

enabling st akredimd daread oarbetten

on

affected | ocatfieocntsi.v eT hpel saet f soe
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identifying kedephhokmawt e€@gepimnbmichandoenoir

i mpacts of Il andslides in the region.

FigB8BFreteracti on pp-tkb gc apsrgeesoeanntdat i on at p&urtbhna
of fice, Surkhet

n
/i

Fi gsar eDi scussion with different wards member

2.2Focused Group Discussion (FGD)

Building on the information obtainedupthrou
Discussions (FGDs) were organized at the con
explore-etchmenomoci ali mensions of l andslides in

facilitated by trained fi el d uerniunnge rtah aotr sd iassc

7|P a g e



remained systematic and inclusive. The FGDs
promote open interaction and active engagen
members of wvulner adh!| &@s o aiskethjgo amsp s ywolimtecnal e n
and ot her affecteHli ccohroremTd het di membBersngé addr e
economic | osses induced by | andslides, acce

presefmmclei veli hood recovery initiatives and |

8|P age



Figbhreocal group di sadd ecotmemu mitt ¥ hleevalnds | i de
2.2 GeGeohtotgical and Engineering Geol oc

The geloliogvesati gation commenced with an ext

maps, reports, and other relevant published
area. These sources offered a prel maiwoarky un
which was | ater validated and refined throt
focused on geological and engineering geol o
and -sspietce f i c vulnerabilities. dbks t ypes ud es
characteristics, and structur al el ements t h
delineated zones susceptible to slope instal
erosion processes, alclr emafs ewdhildtk eda rhtoroidb wtfe | te

the area.

2. 2L.alnnds | i de nldn vSeurstceerppt i bi | ity Map
A comprehensive |l andslide inventory was dev.
both historical records andprecess lmawndbkVvede

9|P a g e



of remote sensing dat a, detailed field inve
aut horities and community sources. Each iden
including key ageogrbaipheisc sluocchataisoni,t sdi mensi o
occurrence, underlying causes and triggering
damagds s waabhl ect eBdi rfdr opor elvii ous study and s
adopt ed yans tshhiBsivgsétrued

/ / / 81°51 (@E { / e 31054’}3‘00"5 \) ‘21“57?.00"5 82°0'0.00"E
s S8 | N
- & s b
.-—.\~\~ E: 5

| Landslide_Susceptible Map of Goche Watershed
K2 N,

T 7'

-~ 5 ik
&
&

28°27D.00"N

o
{=er m g™ "\'

28°24'D.00"N

B I3 Gurbhakot_Wards
— River_Gurbhakot
Susceptibility_Class
Landslide_Vulnerability
B Low Susceptible
T Medium Susceptible
I High Susceptible

@keshav/LIBIRD

FigatreLandslide I nventory and suscepthibrid ity
unpublished dat a)

2. Bata I nterpretation and Analysis

The dattaedcdlulrecng the desk and field studie

contributing factors to |l andslides. The anal

2. Lebspatial Analysis and GI'S Mapping

Photographic documentation is carwoinsed datzas y
features, and vulnerable structubasedolroaatill
mapping is used to accurately record the co«¢

1QP a g e



ensuring preci seGlsSpamoidaelh i mmege streaondcriengappl i ed

boundaries of risk zone by incorporating geo
2. Pr2z2l i minary Assessment of Landsl i de:¢
A thorough preliminary evaluation of tl amdsl| i

identify and categorize the varioubafbsmsand
both rotational asdcltaanisi e dbamdi \gab)lrneelsh € (

assessment examined the key contributing fa
the role of surface and subsurface water, an

study recorded t hnea gsec aa ses oacnida tneadt uwiet ho fb odtah p

event s, with particular attention to their
areas. The investigation furthesaffevtededohn
di stinbeiwbengactive, i nactive (dormant), an

11P a g e



FignAeclassification

MATERIAL
MECHANISM VELOCITY
Fine-grained rained
Rook soll soll
Earth Debris
Stump slump slump
Stair-stepped slices with surfaces that Slow
slope downward in an uphill direction. (days to
Trees and shrubs within a slice have a weeks)
similar ortentation.
Slide
L g >
Chaotic jumble of soil and debris. |
Mixed orientations of trees and shrubs.
Mudflow, Debrisflow,
avalanche avalanche Very
rapid
(minutes)
Behaves as a viscous fiuld. Follows valleys.
|
Flow 40 | Y|
Creep Creep
Extremely
Marked by thin, weak layers of rock dra slow
downward by surface flow. Trees as the resutt | (months)
of tilting downslope followed by upward growth.
Rockfall Earthfall Debrisfall
Extremely
Fall
Undercut rock and debris fall (seconds)
vertically for lack of support.
of | and®I7i8de s, i n

accor

12P ag e



Lateral spread
= 0 , — D
Rockfall Rotational landstide Tramational lndslide
TYPE OF MATERIAL
ENGINEERING SOILS
TYPE OF MOVEMENT — !
Predominantly coarse ] Predominantly fine
FALLS Rock fall Debris fall Earth fall
TOPPLES Rock topple Debris topple  © Earth topple
ROTATIONAL :
: k slide cbrisslide ~ Earth slide
SLIDES| 1R ANSLATIONAL Reckalide Dcorizslide e
LATERAL SPREADS Rock spread Debris spread  ©  Earth spread
FLOWS Rock flow Debris flowv © Earth flow
(deep creep) (sl creep)
COMPLEX Combination of two or more principal types of movement
(‘p

FigB8BrA@dbreviated version of Vamennetss (cMaarsnseisf i
along with major types of | andslides (USGS,

2. Rexommendation of Mitigation Pl ans

A wide range of recommendations was formul at

associated ri skesncolpese e dne s uruecs 9t aluctiwmrelr

approaches, as wel |l alsa sbeido etnggd mreieq u engg. alnrd a
relocation options were identiskedr daos, cwimml
considerabibheggeehogical stability and habi
strategies were designed in accordance with

ensure sust dierarblseo launtd olnsng or areas vulner al

2. RMport Writing

Il n the final stage, the results obtained fro
and interpretation were systematically 1inte
provides a detailed oeemoirewodbdbgi bal geohdgt ¢
ar ea, along with a preliminary assessment o}
factors. I't further presents the prioritizat

and signifgbanaog, shtebl that require more det

13P ag e



Il n addition, the-braspdar tr eicoanonrepra@rad ti @ sf iae Ime d

hazar ds, Il ncludi ng-elngtimeemg inmge evreiarsgi r &rsd Mh re
identiévealsuathels potenti al relocation sites f
risk, ensuring that these altertneartm veet talreeme
Overall, the report serves as a pmakcitnigc adnd r
sustainable manpagementrefslandslide
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Chaptler

Gener al Setting and Attribut e

3.l location and Accessibility

Gur bhakot Munici palwetsyt eirsn srietguiaotne do fi nN et phael, nw i
whi ch l i es I n Kar nal i Province. The muni ci
characterized by -layi @m@mbvian ateiyosn aonfdT haedw roii snk n
settlements are distributed acrosgediffcen ey

spatial coverage of the study area. These se
1; Khol a Dhab andWaed&dhbBoMalar 8nt hirikédyplan H
War d No. 3; Pokharpata in Wand Wand Mgo. S6n
Beteni/ Belgairla iln eWartdo Nohe ledast of Birendr
and is well connected by thewbMatdahi hwagatr a
the I nner Ter ai regigomrm ofoatdlweayc @u mtvr yl.e sT leiss e

ot her parts of the district and neighboring
and services. The accessibility of the munic
roads |pWwkre JXKejhaarlk ot Road section |linking oth
although road conditions may vary selalseonal |
geographical coordinate of Njhe oaNR88d#\6IBigée $ udiet
81 ARS8t o NB.LA59

3.PPhysiography

Gurbhakot Municipality IliDes) wphwshoghaphnnoet

representialg ahandsanspe i bat ween the Siwali k |
Mountain region to the north. This setting
comprising river valleys, gently undul ating
The el etvlad imwnniodi pal ity generally ranges fr ol
mean sea | evel, reflecting significant vert
di stance. The | ower el evations ar ef odrormeidn abtye d
alluvi al deposit s, which are suitable for a

elevations consist of moderately steep to st

seasonal streams and gullies.
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TopographichbWwyg, sthengreal sef variation, wit

the northern and southern hildl mar gi ns. The:
and fractured materials, making them prone
dur i nmgsei nmensoon rainfall. The drainage net
connected to the Bheri River system, plays a

erosion and sedi ment transport.

3.1 mate

Gur bhakot Muni ci platlridpyi ceaxlpetrda ewmarem tae mper at e
its location in the Inner Ter ai region and i
by distinct seasonal variations in temperatu

Asi anoaono nsy st em.

The climatic data indicate moderate ther mal

rainfall across Surkhet District (Bhandar i,
approximately 21.47AC in Suirtkihens rtelidecgh angt
I n terms of precipitation, Sur khet receives
indicating a relatively wetter climatic regi
that the majorityrofmgprtéaei pnotmdtaismrmo acnng@Epros tdd
November ), with averages of 1109 mm iin Surk
Mar ch) , rainfaldl significantly -mbencro®as epserti @
( MatrJcuhne) contri bultle,s wrotdrer3a8® mmiind aSur khet

variation further highlights c¢| tmopantsioom nd ipfefrd ro
( JUNoyvember ), the mean temperature is Taround
Mar ch) , tempdsa®@BiAe s Sudr bmensodhe spidaumre ) ( Mar ¢
relatively warmer, Wi4t.6 % MmeSag&heémper atures

3.8%eol ogi cal Setting

3. Relgi onal Geol ogy

Based on geological ma p ( DMG, 1987),s the
characterized by a diverse stratCiagnbap minc toe q
Pl ei stocene. The upper most -Mieoqgcueennec et oi sPltehies t.
fluvi al succession divided intobbohéeddmppenn
congl omer at es; the Middle Siwalik, consi st

1P a g e



pl ant and ani

interbedded

with-cpluopkd

ma | fossil s;

a h dhl

andgrhenéedwsesan&s n

elfioecst htdiee n8at k h

S w:

(Cretaceous to Eocene), which-girregl wdhed stt loen e
fossiliferous carbonaceous shales of the
|l i mestones of the Melpani For mati on.
81'520'5 8|’53l'20'E 8“55l’40“E
Geological map of Gurbhkot
£ £
& &
GURBHAKOT
& | &
g Khola Dhab g
Tekhmalarani
g Z
£ B
& &
Legend
A, Landslide 7771 viddle Siwalik '
C S : GCS WGS 198
E gurbhakot boundary - Ranimatta Formation Dgxﬂ?sthsy%%T 8
Basic Rocks - Sangram Formation Units: Degree,
Kushma Formation - Suntar Formation 1 =1055
|| Lakharpata Formation [/ ] Syangja Formation -:-:(m_,é_M
I Lower Siwalik Upper Siwalik 0 8501,700 3,400 5,100 6,800
B|'5!)0'E BI’S;ZU'E 81‘55"40“5

Figar eGener al

Getohisat giidgya lar Map

of
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The older basement and met ased-Lmedt &r gupo ¢ kKp
Pr-@ambrian to Late Paleozoic). Tdrnoupg,y ofugateunn
t he kblsdhal es of the Takure For matgirom,p, amnmdifcth

includes various | imestone and shale for mat.i
Gal yang. Notabl vy, t he Lakharpat a Formati on
stromatolites. Figmalulpy ,f otrhmes D é&iel edkehe pRwlt str
|l egend, consisting of the Ranimatta Formatio

t he amiapilee quartzites of t he AKiwselmag nFeo rsnsaetsi
feldspathic schists of the UlIler:i For mati on.

Tabll eRegi onal Geol ogical d1933ion of t

Group -gr oSwyg|] For mat i Lithological Descring
Coar seertsquladongl omer at es wi t h
Upper S . ]
sandstones and thin intercal
(Us)
cl ays.
. Fine tgraiobaedear kosi c, pebbl
Mi ddI e
Si wali k Gro cl ays/ shal eser psesdandomgdsimng
(M3& M3_ . :
ani mal fossil s.
Figeained hard grey sands-tan
Lower S
(Ls) chocaoclodbe ed shal es, nodul ar
S
congl omer at es.
Suntar Fi he megriaimed reeni sh re
Sur khet Gro . i ¢ . 9 g y.
For matiofi ntercalations of green splin
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Group -gr oSwy|] For mat i Lithological Descrig

Grey to dark grey carbonaceo
Swat Fornl . . .
| i mesNomme!l i(tes $p,anAls dielarmaz

(Sw)
t he base.
Mel pani |Whit e, gr ey, -bfeerdrewdg imaosussi vwee |q
For matiowi th carbonaceous shal es, con
Mi 4 and GiiTakur e

. |Bl acks,shmdaemmi tic schists, an
( Gondwamrao B|For mati o

LakharpalFigeained grey and dol omitic

For matiofcontains al gal structures and

Syangja White to milky white, pal e or

For matioffdol omitic | imestones with gr ¢

Midand G
(Lakhar-gaba

Sangram |[Bl ack, dark grey to -gteaentahe

Formatioft hin whiteclhilmestonise dthmtd enq wa g

Gal yang |[Dark grey shales finely inte
For matiofsandstones; frequent dark gr ¢
Rani mat t|{Gr ey, greenish grey gritty ¢

Dai | e kghr oSuupb . .
For mati ojmet asandstones with frequent
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Group -gr oSwy|] For mat i Lithological Descrig

Kus hma White to gr ey, afiinread tmemsagdldeal m

For matioffi ntercal ated withegreen chl or

Ul | er i F
(uUl)

AMAugen gneisses and feldspathi

3. L5edl ogy of the Study area

The geology of Fheg@Gephblkraslkont sameastructur all
bet ween-Ht heay&@8uwb (z=imwead itkhe Lesser Himalaya. 1

by sedimentary rocks of the Siwalik Group,
sandstone in the -ltoowecrg adisweeldi ks,a nmdesd ionme wi t F
occasi onian tphed bMiedsd!|l e Siwali k, and congl omer ¢
are generally weakly consolidated and highl
them prone to slope instability.

The Lesser Hi mal ayan sequheentc eGriosu pr eapnrde stemd e
For mati on. The Surkhet Group, including uni
interbedded sandstone and shale with occasic
deposition in shall ow omameinntes .t of hter drakihtairprad |
mo st extensively exposed wunit-graemmyd Iciomegdtsd rse
dolomite interbedded with shale and calcar e

relatively compengntwithhehahtermhnayd he prese

reduce overall rock mass strength.
These |l ithological iweé $ s farendramacdgadei Bt a0
compressional tectonics, i ncludimeg atmbr p&i cnag

of the Midland Group, suldlhl asi,t®eclRasi mat aeF

part and consist of phyllite, schist, qguart z

2QP a g e



the central part ©oorahkeyaweak Zohésoswiagdsha s

Il ithologies, f-promnegstsbpep, erosion

3. &£n3Yi neering Geological Conditions
The engineering geological conditiaods hofhht #c¢
variabl eldgecab Antdhetructural complexity. T
consolidated mudstone, sandstone, and congl
erosion, and saturation, | eading to frequen
during the monsoon.

Il n the Lesser Himalayan units, the Surkhet C
weak shale, creating differential strength c
bedding planes. The lagkhaaomsiastRaonrgmadafi onel &
|l i mestone and dolomite, is highly fractured
stability and increasing the risk of rockfal
Met amorphic rocks of the Mihiand &beovuepli onpsende |h
foliation pweaamkeise $ hamalkichg asl opes prone to p
foliation dips toward the slope. Structurall
rock mass andwhaerlinditeétgaobunn.
Additionally, deep river incision by the Bhe
undercutting the toe of hillsides. Overall
discontinuities, andeachighbhl|l geressoapimakkes 1t
instability
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Chap4 er

Preliminary Stoafbillnidtiyv iAdsusaels slLmaen

4 . llandsSleileégeti on

Anine previously iwkearet isfeiled tleadn d lr.i dEaes hsttsdt i
was examined in the field and systematicall
precise geographic coordinates along with Kk
activity, si ze, probable causes,emtnsd dxiisgtgie
mitigation practices and evaluates the exten
|l osses to property. I n addition, i nformati ol
ot her assets was gathex@odstuoeundél ssandepgedde
spatially del ibnaesaetde do busseirnvgatd romrse Each site
standardized database and supported with fie

reference

Tab2llLa st of the studied sites

Name of the settlement Municipality/Ward
Kalche Gurbhakotl
Khola Dhab Gurbhakot2

Lekh Malarani Gurbhakot2

Hile Gurbhakot3
Timure/Bhitri Khola Gurbhakot3

Lekh Kurile Gurbhakot3
Pokahari Pata Gurbhakots
Tilkeni/Sindure Khola Gurbhakot6
Betine/Belgaura/Hileni Gurbhakot14

23P age



4. 2 K@Gwidhieandsl i de

The Kalche I andslide is situated in Ward No
28A20'50.602" N latitude andv BtlLIAGH' &8 . HF A 0 *
132" above sea |level. The |l andslide is | oce
specifically WwWlualhsinpurher dad exd@tuiron.

4. 2.1 lAxcndsvliitdye and Hi story

The I andsl i de walB.fSi.r sstihdawnaisveact uerdr e mt Ra0&tei v i f
times on 2p76mak20BY &andggered by intense mon
factor s, ant hropogenic activities have al so

cutting dxuprainmnsgi orno ahdase di st urbed the natur al

further reactivation of t he | andsl i de. Over
reacti vat edndauncde d aliannfdaslili d e, with botihomsat ur ¢
playing important roles in its ongoing insta

422.Geol ogy of the assessment site

The study area is wunderlain by highly weath
exposed along the wupslope. The dwalf acs®ili s o
approxi-Bhatmeltyni t kness, l ocally mixed with <co
mat erials are relatively | oose and suscept.
average inclination of abeut THBA| amdkindei e

near the road cut and continues5 oawnds | wipdet, h w

5 0n. 't is characterized as a shallow slide.
Field observations indicate the presthee of
main body of the | andslide, suggesting past
no active movement is currently observed, th

The primary triggering factor appeearnso ntsoo obre

season. Significant soi l |l oss occurs due t
emergence of small springs, particularly du
wat er pressur e, further redueiang sslespecstaal
instability due to continuous erosion. Near k
school, l ies within the potential i mpact zZo0
rainfal]l
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At present, smewmsusktabhliveatbieem

the road cut and downsl ope sect

593000

592800

I mpl ement ed,

i ons, whi

map of Kalche landslide

Coordinate,SystemjWGs M 984'UTM ‘Zone 44N
Projectiun:ﬁ‘ransverse Mercator, R0 H

Datum: WGS 1984 T
False Easting: 500,000-0000 fggts
False Northing: 0.0000
Central Meridian: 81.0000
Scale Factor: 0.9996
Latitude Of Origin: 0.0000
Units: Meter

CC——
0510 20 30 40

In this images

1- Crack seen in school
2- Subside of land

3- Seperation of wall
4- Cracks up to 25¢cm

3136000

©  GPS Points
Risk zone

Landslide Boundary

N B Rec: Band_1
- Green: Band_2
- Blue: Band_3

593000

592800

Mosai c view with

| ands!| iklaelsc hleo
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B1°56'48"E
L

Engineering Geological
o Map of Kalche
G 3 landslide Gurbhakot-1

hera Suiit

28°20'56"N
f

Legend

W Settlements
e GUlly
s Traiil
Culvert
Gabion wall

R Retaning wall
Road
f_*_*_ Colluvial Deposits

Scale 1:1,912
0 12525 50 75 100,
e —— —

[Project

282048"N
i
r
2872048"N

T
81°56"48"L

Figure 11: Engineering Geolog-ical map of Kal
42 Af f ected Houses and I nfrastructure

The settl ement cons?id3tlbowseDOammuiseasnt ioffi evd i

ri sk fprroent emhitesolniddda i @ n. Key infrastructure pc

roacd a nearby school . Cracks have already
deformation and possible future I mpacts on
agai n.

4. Mi4igation and Contr ol Measur es
Effective mitigation of the landslide requi
control, bioengineering, and regular monitor

constructing cat cahl odnrga itnhse aunpds |soipdee nderaaribnys r o
away f adbMmeatrheead These drainage channels shou
and prevent further erosion, while gully dev
of checkrdamopnstaddct uoe@as. subsurface dr ai nac
drains or perforated pipes are essential to

cut sl ope. Spring water emerginbywcohliact ée
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channelized to prevent saturation of slope m
applied by establ i s htrnogo tveedg egtraatsisoens ,c osvherru bwsi,t
soil binding and redutédeerosadowhicht he ©pswo
Regul ar monitoring and maintenance are equa
during and after the monsoon season, along

damaged protsectto veentsaurrmu ctloommpme st abil it y.

4. Risk Level

Based on field observati on, t he probability
l andsl i de arMeadiiusm c(oCadliledgdoroeydy 2 )t he current c.
indicatel amgeadieatai |l ur e, continued erosion d
enl arge the affected area. Therefore, timely
control measures i s r€ eo mmen dede tsd atradblynt i m
houses Mandan Bhandari Highway.
Tab3t@&@ener al characteristics of Kal che

| D Kal ché&O)l GW

District Sur khet

Municipality Gurbhakot Municipality

War d No. 1

Settl ement Kal che

Latitude 2 8 A5200. "6 012

Longitude 81 A58.'57H

El evati on 13 2n5

Tot al Houses 90

Houses at I mmg 2i 3

Type Shall ow Landsl i de

Mat er i al Resi dual soi l with col

2P a g e



Geol ogy Highly wegtulrerled srhead e
(fractured)

Il nitiation 2076 rBe.asx.ti(vated mul 20§
B.S.)

Length 15M@

Wi dt h 5 0n

Dept h 2i3m

Slope Angl e 55 A

Aspect Sout heast

Current Conditill nacti ve

Activity TrendReactivates during mon

Maj or Causes Pore water pr essurmwe,ak

road cutting

Triggering FacdMonsoon rainfall, poor
Damage Ri sk to houses, road,
Ri sk Level Medi(uGmt egory 2)

Mitigation Drainage, gabion wall s
Urgent Needs Drai nage cstnatlriolli,z astlioq
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< . \
Galaxy A32 B et % Galaxy A22

Figu&xtéi mpse of instability scenarios over th
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4. 3rET T A(GHMALands! i de

4. 3.1 bodaGeoer al |l nformation of Khol a

The Khola Dhab | andslide i sSdrokhhate.d T me Waa rdd
|l ies at approximately 28A22'47.24" N latitud

of about 1772 m above sea |l evel. The affect
(GW21). The area ixaalacwuexadi bloadtshcowgleclted t
agricultural l and.

4. 3. 2 LlAxcndsvliitdye and Hi story

The | andslide area became noticeably active
instability is mai nilnyd uasklbycg eart cesdi owi tahn dnounnscooo
runoff. I n addition to natural causes, human

have contributed to slope weakening and er o:
runoff have eptogavwasy iwveilly mavsss materials and
increasing slope vulnerability during the 1

categorizednascadraiosadhal slope failure wi

4. Ledlaomgd engineeri ng oGe dlheoeg iacsasle scsonmedi!

The affected area is mainly covered by resid
mat erials. The slope is generally mild in gr
t hlagargely depend on monsoon rainfall. Geolog
phyllite is present throughout area. The dip
no observed rock failure at the present cond
The mainogegmecaphproblem observed in the sit
nearchytivated | and. During the mommsioginn asteeads

t hroughoutSutrifeacwi Irluangoef.f dur i ng heawy |Ir aindf a
transports debris downslopewhbhdesugihNe mmaljseis |
tension cracks or | arge scarps were identif

current instability is -pedmaltitdiyngrosional r
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3139750

3139360

593500 593600

593700 593800

Risk zonation map of Khola Dhap Area. -

Coordinate System: WGS 1984
Projection: Transverse Mercator
Datum: WGS 1984

False Easting: 500,000.0000
False Northing: 0.0000

Central Meridian: 81.0000
Scale Factor: 0.9996

Latitude Of Origin: 0.0000

Units: Meter

Legend
 Settlement
W Water storage tank
w— Gulley
-------- Road cut slope
== Bed rock
|77 x| Fracture and weathered phyliite and dolomite
Residual soil
[JRiver

[ }In this images

* 1- Phyllite is highly weathered

d 3~ Steep slope uphill from road
3- Gullies are in formataion stage
4- No drainage on road side

5- Highly crushed and fragile Geology

3139750

3139360

1:2,000
- —
0 15 30 60 90 120

593500 593600

593700 593800

viewewi tfholmamd oinietd & nalge s n
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1

Engineering Geological
o Map of Khola Dhap
SRS P
,&:{,‘.‘?,‘st,‘» landslide Gurbhakot-2
RS IINK KIS
P I
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B
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g  pige R z
& Josssis ‘.gs"}' % [Legend
B S 0 2
20K 0XXX B Settlement
SRR
KRR Gully
SR i
e = Trai
RIS 25 Road
s 557 ;
R oo 19 Riveer
% ame
S ot Highly Weathered Phyllite and Dolomite|
> Colluvial Deposit
KX Highly weathered Phyllite
Road cut slope
Scale 1:1,908
0 12525 S0 75 100
O —— —
Project
Rapid Geohazard Assessment of
Area of & iali
of Surkhet.Nepal
Local Initiatives for Biodiversity,
7 - Rescarch and Development (LI-BIRD)
z Y Tlead Office
F g i
A &
& o
& %
X &
Hinialuyan Far(h Sc
Center and Solut
Sirtipur-2,
Data Source
Field Survey and [ovestigation, 2026
Coardinate Sys
GCS W
Datum: WS 1954
Units; Degree

T
81°57'24"E

Figure 14: Engineering Geologic#®#. Map of Kho
4. Af4ected Houses and I nfrastructure:

Thetdg |l ement consists of approximately 55 hou
Among them, about 6 houses are considered to
and assopciagegdicultural | and suwr rvaud mceirmg | teh e
|l oss during helalweg majinrf aildf reawvsetntsct ur e poten

access roads, agricultural terraces, and nea

4. 3.5 Mand g@dntomo | Measur es

Appropriate mitriegateiqun rmaa suwr ecsona r ol gul |y
degradatl amdSoufr ftalcee dr ai nage management shou
properly designed catch drains and side dr ali

ar.éare tshpring water, some channels are constr
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4. Ridk Level

Based on field observation, the probability
area is Ilcomisfidareganyg 1 he npmuensieenyt rciosk | eve
categorized as low. The instability is mainl

| oss rat heaaltéhalnarddaglgiede movement

Al t hough the <current conditisccral doebsatha@tw e dnd
erosion during intense rainfal.l may gradual
i mpl ement ation of drainage i mprovement and

mai nt at @ar mossilgope stabylhoysasdaphoaderindmlear b

Tabdt e General <characteristics of the Kh
Parameter Description
ID Khola Dhab (GWZ201)
District Surkhet
Municipality Gurbhakot Municipality
Ward No. 2
Settlement Khola Dhab
Latitude 28°22'4724" N
Longitude 81°57'21.329" E
Elevation 1772 m
Total Houses 55
Houses at Immediate Risk 6
Type Gully erosion
Material Phyllite and Residual soil
Geology Shale and phyllite with Residual soil deposits rock
dipping toward north; no failure @bserved
Initiation Reactivated after intense rainfall event of 2081 B.S.
Length
Width
Depth
Slope Angle Mild slope
Aspect South east slope
Current Condition Less active
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Activity Trend Seasonal gully erosion increases during intense rainfal
springs originated

Major Causes Monsoon rainfall, surface runoff, gully erosion,
Triggering Factors Heavy rainfall, poor drainage condition, uncontrolled run
Damage Risk to nearby houses, agricultural land, and local access

and seepage in thmuse during rainfall

Risk Level Low (category 1)

Mitigation Drainage improvement, diversion of water of springs

Urgent Needs Gully management, surface drainage control, ero
protection

Figufie Phot ogrhaiplhist wfarnemataf Khol a Dhab | ands
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4. 4AEE | AGMEQAT E

The Lekh Mal arani |l andslide is located i n W
area |lies at approximately 28A22'16.07" N |
el ewratof about 1398 m above sea | ewadlar anhe
(GW22). The area is accessible through | ocal

l and and settlements.

441Landsl ide Activity and History

The | andsslti daec twavsatfeidr in 2076 B.S. foll owing
i's mainly asssciaadetedowitlis|l sehalnlg and gully e
prolonged rainfaldl and surface runoffed Fi el
damage to houses and rur al infrastructure d

were reportedly swept away approximately eig

The |l andslide activity is @enlRurailng tl e arhad rzsec
runof f concentration within gul l i es i ncr eas
Alt hough the present activity | evel i's rel at
may reactivate the slope in the future.

4. %5eol ogy and Engineering Geological

The study area is undewpuaiphebghalighl gl avealt
dol omite belonging to the Surkhet Group. Th
soipodiets distributed throughout the cultiva

vulnerable to erosion during periods of heav

Topographically, the area consi stshapkedmisipdr
features. giwdiese thee@resent within the sett
erosion and instability. The obsecald 434 ainldsd

associated with weathered residualeastohdr i Md e

of rocks, formation of weak residual soil, s
runof f . Rill and gully erosion are actively
intense rainfall eventp.o®lethd epdg morve meaaijt o rwaas
during the field investigation, the slope re
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zonation:

map of Lekhmalrani landslide 4“'

o - -

Coordinate System: WGS 1984 UTM Zone 44N
Projection: Transverse Mercator

Datum: WGS 1984

False Easting: 500,000.0000

False Northing: 0.0000
Central Meridian: 8

Scale Factor: 0.9996
Latitude Of Origin: 0.0000
Units: Meter

Legend
GPS points
Gullies
- Risk zone
g Lekhmalarani 5000
| |reB e
I Red: Band_1
- Green: Band_2
- Blue: Band_3 In this lmage
1- No any active Landslide present
2- Gullies erosion maximum seen
3- Due to fragile geology gullies carries debris to downslope
4- Highly Fracture
5- Land conveerted to Gullies
593200 593600
L6 ePhot o Mosaic view with | ands|l
ds| GdedOlRakot
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Map of Lekhmalarani
landslide Gurbhakot-2

28°22'16"N

28°22'16"N

Hegal. Surkle.
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4. Af3ected Houses and I nfrastructure

The settlement consists of approximately 25
being wunder i mmedirat el olciagh zeds ke;r osowaeveand
gradually threaten agricultural l and and ne
infrastructure potentially affected includes
areas. Paxtdiicrmdieddrhtas road construction act.i
may have contributed t o sl ope weakening. :

productivity and local accessibility during

44 Mi tigation amud eGontr ol Me a

Appropriate mitigation measures are necessar
stability in the area. Surface drainage man:
drains and diversion channelsl|lnerahbfel gl dps
gullies. Proper drainage maintenance during

concentration and soi |l saturation.
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44 BB sk Level
Based on field observations, t he L eskchal Mal
raiMmalulced sdiolw $riCistke gwhghidhstability is
with surface erosion, weathered residual
TabSt eGeneral character i sstliicdse oafr etah e

Parameter Description

ID Lekh Malarani (GW202)

District Surkhet

Municipality Gurbhakot Municipality

Ward No. 2

Settlement Lekh Malarani

Latitude 28°22'16.07" N

Longitude 81°57'06.27" E

Elevation 1398 m

Total Houses 25

Houses at Immedie Risk

Not identified

Type Very smaltscale soil slide

Material Residual soil

Geology Highly weathered regurple shale, slate, sandstone &
dolomite (Surkhet Group)

Initiation 2076 B.S. after intense rainfall

Slope Angle Mild to gentle slope

Aspect Saddle spur terrain

Current Condition

Localized erosion and inactive shallow slide

Activity Trend

Reactivates during monsoon season

Major Causes

Weathering of rocks, residual soil formation, mons

rainfall

Triggering Factors

Heavy rainfall, poor dhinage, gully erosion

Damage Risk to rural roads, cultivated land and nearby settlemg
Risk Level Low (Category 1)
Mitigation Drainage management, surface and subsurface

management,

Urgent Needs

Proper surface and subsurface drainage managemen
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4.5 Hile LaBO4)ide (GW

The Hile I andslide is |located in Ward No. 3
Province. The assesdmewti | Didt)ye i SW3ddatad e data
of approximately 1501 m above sea | evel. Th
settl ement are recorded at |l atitude 28A24"' 4
settlement ¢tohkowsssodi attobated across the

45 Lllandsl ide Activity and History

The Ihgaezoard history of this site dates back t
affected by intense rainfall. €Ehewiahdsal cde |
mass subsiding toward to the ddvervsello peer oosfi otnh
movement suggests a structur al weakness wit
indicate abawmardtedngdebinoanrsr osvdi g, asvhr ohd hai

accessibility and suggests ongoing slow move

4. $5edl ogy and Engineering Geol ogical (

Geologically, the study area i s adkhlarwvahcitcelr i iz

intercalated with grey dolomite and some que

Hile settlement are characterized by moder at
risk of gravitational biali il uy epr dhleemoios icaea
geol ogy. The engineering geological assessn
colluvi al mass colluvial debris making it hi

39P a g e
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Risk zonation map ofHile landslide A

Coordinate System: WGS 1984 UTM Zone 44N
Projection: Transverse Mercator il B
Datum: WGS 1984 g
False Easting: 500,000.0000
False Northing: 0.0000
Central Meridian: 81.0000
Scale Factor: 0.9996
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Units: Meter
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In this Image
1- No drainage management
2- Highly crushed and weathered phyllite
3- Steep slope facing to landslide
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Figure 20: Engineering Geol ogB8cal Map of Hil
4. 5.3 Hotuseesednd I nfrastructure

Out of the 30 houses in the settl| emdnti,vald eld
|l and | ocated in the downslope area are ident
are particularly vulnerable when intense r&

investigations reveal eddivng, biediceatcikisg itnhat

movement is already impacting critical C O mmi
constructed to protect school building. The
i mpact of therhasgelritdéei om. | ocal t

4. 5.4 Mand g@dntomo | Measur es

To address the stability issues at-badsdcck, a
mitigation is required. The primary recommen
better umadedeptamdot failure. | mmedi ate cont
management to prevent water infiltration anc

side of the road to provide toe suppast and
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