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SunkosiSunkosi land slide dam, Nepalland slide dam, Nepal
OnOn thethe 0202..0808..20142014 atat 22::3535 AMAM aa majormajor landslidelandslide tooktook
placeplace inin thethe upperupper reachesreaches ofof SunSun KosiKosi riverriver inin
SindhupalchowkSindhupalchowk districtdistrict inin NepalNepal atat aa locationlocation havinghavingSindhupalchowkSindhupalchowk districtdistrict inin NepalNepal atat aa locationlocation havinghaving
latitudelatitude:: 2727004545’’4040”” N,N, longitudelongitude:: 8585005252’’0808”” EE

ThTh l d lidl d lid l il i ii dd kk // ff i ii iTheThe landslidelandslide locationlocation isis aroundaround 11..22 kmkm u/su/s ofof existingexisting
SunSun KosiKosi HydroHydro PowerPower DamDam andand aroundaround 1111..33 kmkm u/su/s ofof
confluenceconfluence ofof SunSun KosiKosi andand BhuteBhute KosiKosi

AsAs perper thethe initialinitial informationinformation thethe depthdepth ofof waterwater columncolumn
waswas approximatelyapproximately 5050 mm toto 6060 mm.. TheThe reservoirreservoir thusthuswaswas approximatelyapproximately 5050 mm toto 6060 mm.. TheThe reservoirreservoir thusthus
formedformed submergedsubmerged thethe areaarea uptoupto aroundaround 44 toto 55 kmkm u/su/s ofof
thethe landslidelandslide locationlocation.. TheThe volumevolume ofof thethe lakelake waswas aboutabout
22..22 MCMMCM..22..22 MCMMCM..



Photograph of Land Slide DamPhotograph of Land Slide DamPhotograph of Land Slide DamPhotograph of Land Slide Dam



Data constraintsData constraints
DataData availableavailable

LatitudeLatitude andand LongitudeLongitude ofof landland slideslide damdam (LSD)location(LSD)location andand
photographphotograph ofof LSDLSDphotographphotograph ofof LSDLSD

ApproximateApproximate heightheight ofof LSDLSD andand veryvery roughrough estimateestimate ofof reservoirreservoir
llvolumevolume

PrevailingPrevailing dischargedischarge atat KosiKosi barragebarrage locatedlocated aboutabout 280280 kmkm
dd ff l dl d l dl d dd ll h hh h bbdownstreamdownstream ofof landland slideslide damdam location,location, whichwhich waswas aboutabout 35403540
cumeccumec

DataData requiredrequired
ProperProper estimateestimate ofof storagestorage volumevolume behindbehind LSDLSD
CrossCross sectionsection ofof riverriver fromfrom LSDLSD locationlocation upup toto KosiKosi barragebarrage
CatchmentCatchment areaarea ofof thethe riverriver atat LSDLSD andand KosiKosi barragebarragegg



Major ChallengeMajor ChallengeMajor ChallengeMajor Challenge
ToTo estimateestimate thethe possiblepossible riserise inin KosiKosi aterater le elle el ininToTo estimateestimate thethe possiblepossible riserise inin KosiKosi waterwater levellevel inin
thethe eventevent ofof LSDLSD breachbreach

ToTo achieveachieve thethe target,target, betterbetter estimateestimate ofof storagestorage
volumevolume behindbehind LSD,LSD, catchmentcatchment detailsdetails andand riverriver
crosscross sectionssections fromfrom LSDLSD uptoupto KosiKosi barragebarrage werewere
essentialessential



Drainage area of Drainage area of KosiKosi river at river at KosiKosi barragebarrage

LSD



Drainage area of Sun Drainage area of Sun KosiKosi river at LSDriver at LSD

Possible peak discharge for 60   Possible peak discharge for 60   
mm rainfall in 24 hrsmm rainfall in 24 hrs‐‐ 620 620 cumeccumec

Possible peak discharge for 80 Possible peak discharge for 80 
mm rainfall in 24 hrs mm rainfall in 24 hrs –– 925 925 cumeccumec



ASTER DEM of ASTER DEM of KosiKosi Drainage areaDrainage area



Cross sections of Sun Cross sections of Sun KosiKosi and and KosiKosi riversrivers



Estimate of storage volume behind LSDEstimate of storage volume behind LSD

8.6 MCM for 49 m depth
31 MCM for 80 m depth31 MCM for 80 m depth
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3D View of valley upstream of landslide dam on Sun 3D View of valley upstream of landslide dam on Sun KosiKosi
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Estimated volume for 80 m depth of waterEstimated volume for 80 m depth of water

R hR h Ri  Ri  StSt P filP fil Mi  Ch ElMi  Ch ElW S  WS  ElEl Fl  AFl  A
Top Top 
WidthWidth V lV lReachReach River River StaSta ProfileProfile Min Ch ElMin Ch ElW.S. W.S. ElevElev Flow AreaFlow AreaWidthWidth VolumeVolume

(m)(m) (m)(m) (m2)(m2) (m)(m) (1000 m3)(1000 m3)
LSDUSLSDUS 80008000 PF 1PF 1 862.11862.11 862.74862.74 11.8311.83 37.637.6 31248.4331248.43
LSDUSLSDUS PF PF  88 88 88LSDUSLSDUS 70007000 PF 1PF 1 840.59840.59 841.52841.52 9.259.25 19.7919.79 31237.8931237.89
LSDUSLSDUS 60006000 PF 1PF 1 836.36836.36 840840 75.4975.49 43.2743.27 31195.5231195.52
LSDUSLSDUS 50005000 PF 1PF 1 825.37825.37 840840 1600.461600.46 157.22157.22 30357.5530357.55
LSDUSLSDUS 40004000 PF 1PF 1 813 73813 73 840840 3294 373294 37 195 52195 52 27910 1327910 13LSDUSLSDUS 40004000 PF 1PF 1 813.73813.73 840840 3294.373294.37 195.52195.52 27910.1327910.13
LSDUSLSDUS 30003000 PF 1PF 1 785.49785.49 840840 16380.1316380.13 474.23474.23 18072.8818072.88
LSDUS 2000 PF 1 760.48 840 19765.64 354.11Volume       Plan: Plan 01
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MIKE11 model set up for dam break simulationMIKE11 model set up for dam break simulation



Bed profile of river from land slide dam up to Bed profile of river from land slide dam up to kosikosi barragebarrage
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Distribution of Initial condition flowDistribution of Initial condition flow

Breach width Breach width –– 80 m80 m
Breach depth Breach depth –– 40 m40 m
Breach development time Breach development time –– 2 hours2 hours
I i i l di i flI i i l di i fl 35403540Initial condition flow Initial condition flow –– 3540 3540 cumeccumec at at 
KosiKosi barrage, distributed in catchment barrage, distributed in catchment 
area proportion and impinged at area proportion and impinged at 
confluence points of tributariesconfluence points of tributariesconfluence points of tributariesconfluence points of tributaries



Flood peak and its travel timeFlood peak and its travel time
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Flood peak and additional rise in water levelFlood peak and additional rise in water level
LocatiomLocatiom (m) (m) 
downstream of downstream of 
land slide damland slide dam

Initial flood Initial flood 
in river in river 
((cumeccumec))

Initial flood + Initial flood + 
land slide dam land slide dam 
breach flood breach flood 
((cumeccumec))

Flood peak due Flood peak due 
to land slide to land slide 
dam (dam (cumeccumec))

Possible Possible 
additional rise additional rise 
in water level in water level 
due to land due to land 

Flood peak Flood peak 
occurrence time occurrence time 
(date(date-- hr:minhr:min

slide dam slide dam 
breach (m)breach (m)

Land slide damLand slide dam 00 58855885 58855885 8.508.50 3/8/2014 2:153/8/2014 2:15

KOSI 1500 00KOSI 1500 00 152152 59775977 58255825 8 898 89 3/8/2014 2 193/8/2014 2 19KOSI  1500.00KOSI  1500.00 152152 59775977 58255825 8.898.89 3/8/2014 2:193/8/2014 2:19

KOSI  4500.00KOSI  4500.00 152152 58955895 57435743 6.726.72 3/8/2014 2:303/8/2014 2:30

KOSI  7500.00KOSI  7500.00 152152 58585858 57065706 7.367.36 3/8/2014 2:343/8/2014 2:34

KOSI  22500.00KOSI  22500.00 182182 57645764 55825582 9.969.96 3/8/2014 2:553/8/2014 2:55

KOSI  31500.00KOSI  31500.00 182182 54135413 52315231 10.0310.03 3/8/2014 3:193/8/2014 3:19

KOSI 124500 00KOSI 124500 00 620620 34703470 28502850 4 314 31 3/8/2014 7:243/8/2014 7:24KOSI  124500.00KOSI  124500.00 620620 34703470 28502850 4.314.31 3/8/2014 7:243/8/2014 7:24

KOSI  175500.00KOSI  175500.00 997997 31973197 22002200 2.892.89 3/8/2014 10:043/8/2014 10:04

KOSI  237714.28KOSI  237714.28 997997 26182618 16211621 1.881.88 3/8/2014 13:343/8/2014 13:34

KOSI  279000.00KOSI  279000.00
(Near (Near KosiKosi
barrage)barrage)

35403540 44824482 942942 0.440.44 3/8/2014 22:203/8/2014 22:20



Findings
Due to breaching of landslide dam expected rise in Due to breaching of landslide dam expected rise in 

t  l l   t  l l   water level : water level : 

88 10 m up to first 40 km in Nepal10 m up to first 40 km in Nepal88‐‐10 m up to first 40 km in Nepal10 m up to first 40 km in Nepal

About 0 5 m in Indian Territory About 0 5 m in Indian Territory About 0.5 m in Indian Territory About 0.5 m in Indian Territory 



Uttarakhand Flood of June 2013
AA 11 dd 22 ddAreaArea

((sq.km) sq.km) 
11--dayday

(17(17thth June 2013)June 2013)
22--dayday

(16(16--1717thth June 2013)June 2013)
DepthDepth (cm)(cm) Depth Depth 

(cm)(cm)
PointPoint
(25 sq (25 sq 
km) km) 

40.5 40.5 59.0 59.0 

500500 39 539 5 57 357 3500 500 39.5 39.5 57.3 57.3 

1000 1000 38.5 38.5 55.5 55.5 

2000 2000 36.7 36.7 52.4 52.4 

5000 5000 32.4 32.4 45.2 45.2 

10000 10000 26.9 26.9 38.3 38.3 

20000 20000 21.4 21.4 31.0 31.0 

WIHG ObservatoryWIHG Observatory at  at  ChorabariChorabari Camp (EL Camp (EL 
3820 )3820 ) 210 f 15210 f 15thth J 5PM 16J 5PM 16thth JJ3820m) 3820m) –– 210 mm from 15210 mm from 15thth June 5PM 16June 5PM 16thth June June 
5AM, 115 mm in next 12 hours.  325 mm in 24 hr 5AM, 115 mm in next 12 hours.  325 mm in 24 hr 
at EL 3820 m very rare eventat EL 3820 m very rare event



FLOOD hydrograph of JuneFLOOD hydrograph of June‐‐2013 Flood2013 Flood
Location FloodLocation Flood 

Peak
(cumec)

MandakiniMandakini
RudraprayagRudraprayag

35903590

AlaknandaAlaknanda
RudraprayagRudraprayag

87408740

BhagirathiBhagirathi
TehriTehri

75357535

GangaGanga
DevprayagDevprayag

1064710647

GangaGanga
HardwarHardwar

1445714457



Effect of Effect of TehriTehri Reservoir on FloodReservoir on Flood
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Flooding at KedarnathFlooding at Kedarnath
OnOn 1616 JuneJune 20132013 atat 55::1515PM,PM, thethe torrentialtorrential rainsrains floodedflooded thetheJJ 33 55 55 ,,
SaraswatiSaraswati RiverRiver andand DudhDudh GangaGanga catchmentcatchment area,area, resultingresulting
inin excessiveexcessive flowflow acrossacross allall thethe channelschannels..

TheThe secondsecond eventevent occurredoccurred onon 1717 JuneJune20132013 atat 66::4545aa..mm..,, afterafter
overflowoverflow andand collapsecollapse ofof thethe morainemoraine dammeddammed ChorabariChorabaripp
LakeLake whichwhich releasedreleased largelarge volumevolume ofof waterwater thatthat causedcaused
anotheranother flashflash floodflood inin thethe KedarnathKedarnath towntown leadingleading toto heavyheavy
devastationdevastation downstreamdownstream vizviz GaurikundGaurikund SonprayagSonprayag PhataPhatadevastationdevastation downstreamdownstream vizviz GaurikundGaurikund,, SonprayagSonprayag,, PhataPhata,,
etcetc..



Comparison of JuneComparison of June‐‐2013 flood 2013 flood 
with Historical Floodwith Historical Floodwith Historical Floodwith Historical Flood
Name of siteName of site RiverRiver Historical Flood Historical Flood 

PeakPeak
Date of Date of 
establishestablish--

Flood Peak during Flood Peak during 
JuneJune--20132013

mentment of of 
SiteSite / / 
starting of starting of 
observationobservation

Discharge Discharge 
((cumeccumec) ) 

Date of Date of 
occurrenceoccurrence

Discharge Discharge 
((cumeccumec) ) 

Date of Date of 
occurrenceoccurrence(( )) (( ))

RudraprayagRudraprayag MandakaniMandakani 25002500 05.09.199505.09.1995 09.02.197109.02.1971 35903590 17.06.201317.06.2013

RudraprayagRudraprayag AlaknandaAlaknanda 65006500 05.09.199505.09.1995 09.02.197109.02.1971 87408740 17.06.201317.06.2013p y gp y g

DevprayagDevprayag GangaGanga 89008900 05.09.199505.09.1995 06.03.197206.03.1972 1064710647 17.06.201317.06.2013

RishikeshRishikesh GangaGanga 1060010600 05.09.199505.09.1995 01.12.197001.12.1970 14457 14457 
(Hardwar)(Hardwar)

17.06.201317.06.2013

The September 1995 flood peak was due to storm of 05.09.1995 The September 1995 flood peak was due to storm of 05.09.1995 ocurredocurredp pp p
in the district in the district TehriTehri--GarhwalGarhwal in which 1 day recorded point rainfall was in which 1 day recorded point rainfall was 
about 450 mm at about 450 mm at MukhimMukhim..



Flooding at Flooding at KedarnathKedarnathood g atood g at eda ateda at

OnOn 1616 JuneJune 20132013 atat 55::1515PM,PM, thethe torrentialtorrential rainsrains floodedflooded thethe
SaraswatiSaraswati RiverRiver andand DudhDudh GangaGanga catchmentcatchment area,area, resultingresulting
inin excessiveexcessive flowflow acrossacross allall thethe channelschannelsinin excessiveexcessive flowflow acrossacross allall thethe channelschannels..

TheThe secondsecond eventevent occurredoccurred onon 1717 JuneJune20132013 atat 66::4545aa..mm..,, afterafter77 JJ 33 4545 ,,
overflowoverflow andand collapsecollapse ofof thethe morainemoraine dammeddammed ChorabariChorabari
LakeLake whichwhich releasedreleased largelarge volumevolume ofof waterwater thatthat causedcaused
anotheranother flashflash floodflood inin thethe KedarnathKedarnath towntown leadingleading toto heavyheavyanotheranother flashflash floodflood inin thethe KedarnathKedarnath towntown leadingleading toto heavyheavy
devastationdevastation downstreamdownstream vizviz GaurikundGaurikund,, SonprayagSonprayag,, PhataPhata,,
etcetc..



Flood computations
RainfedRainfed CA at RambaraCA at Rambara--50 sq.km, SF50 sq.km, SF--
14 sq km14 sq km14 sq.km14 sq.km



Flood hydrograph, water depth and velocityFlood hydrograph, water depth and velocity
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ChorabariChorabari glacial lake burstglacial lake burst

Chorabari Glacier

Emptied
Chorabari
Lake

Breach Location



Lake outburst flood

[m^3/s] Ti S i Di h Discharge

[m/s] Time Series Flow velocity Flow velocity
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Findings
TheThe continuouscontinuous heavyheavy rainfallrainfall coupledcoupled withwith thethe ChorabariChorabari lakelake
outburstoutburst generatedgenerated thethe floodflood wavewave withwith veryvery highhigh magnitudemagnitude andand
velocity,velocity, causingcausing heavyheavy devastationdevastation inin HimalayanHimalayan GangaGanga..

ThereThere areare aa numbernumber ofof suchsuch floodflood occurrencesoccurrences inin thethe pastpast alsoalso butbut
thethe magnitudemagnitude ofof floodflood inin riverriver GangaGanga duringduring 1616--1818thth JuneJune 20132013 waswas
unprecedentedunprecedented.. ThisThis isis becausebecause thethe prolongedprolonged heavyheavy rainrain inin thethe
entireentire drainagedrainage areaarea ofof GangaGanga riverriver inin UttarakhandUttarakhand,, resultingresulting
simultaneoussimultaneous veryvery highhigh dischargedischarge inin AlaknandaAlaknanda,, MandakiniMandakini,,
Bh i thiBh i thi dd thth i t ti t t t ib t it ib t i ff thth iiBhagirathiBhagirathi andand otherother importantimportant tributariestributaries ofof thethe riverriver..

TheThe TehriTehri damdam playedplayed aa veryvery importantimportant rolerole inin floodflood mitigationmitigation inin thethe
downstreamdownstream areaarea.. ItIt attenuatedattenuated thethe floodflood peakpeak atat HardwarHardwar byby aboutabout
70007000 cumeccumec,, resultingresulting aa floodflood peakpeak ofof aboutabout 1450014500 cumeccumec,, whichwhich
wouldwould otherwiseotherwise hadhad beenbeen aboutabout 2150021500 cumeccumec



J&K Flood of SeptemberJ&K Flood of September‐‐20142014



Bed profile of river



Rainfall Departure from Normal during the J&K Floods in Jhelum Basin Rainfall Departure from Normal during the J&K Floods in Jhelum Basin 
 S b   S b  33‐‐7 September 20147 September 2014

DistrictDistrict Actual Actual 
rainfall rainfall 

(mm) from (mm) from 

District Level Monthly District Level Monthly 
Normal Normal Rainfall Rainfall (mm)(mm)

District Level District Level 
daily normal daily normal 
rainfall (mm) rainfall (mm) 

% % DepDep

(mm) from (mm) from 
33‐‐7 7 

September September 

rainfall (mm) rainfall (mm) 
between 3between 3‐‐7 7 

SeptSept
% %  % %  % % 

JulJul DepDep AugAug DepDep SepSep DepDep

PhulwamaPhulwama 311311 4242 640640 4747 562562 3636 764764 4.94.9 62476247

PahalgamPahalgam 248248 8888 182182 8282 202202 5050 396396 88 30003000

KulgamKulgam 394394 8080 393393 7979 399399 6767 488488 14.214.2 26752675

ShopianShopian 389389 8585 358358 9292 323323 4646 746746 6.56.5 58855885

SrinagarSrinagar 175175 5656 213213 6161 187187 3030 483483 4.94.9 34713471

AvAv 303.4303.4 70.270.2 332332 72.272.2 32032045.845.8 562562 7.77.7 38403840



Flood contribution of Sangam Sub basin



Flood Flood contributiioncontributiion of Srinagarof Srinagar‐‐SBSBgg



Estimated flood at Srinagar



Overtopping of river banksOvertopping of river banks
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Findings
ThTh tt i f lli f ll thth ii ff thth fl difl di ii J&KJ&K ThThTheThe extremeextreme rainfallrainfall waswas thethe mainmain causecause ofof thethe floodingflooding inin J&KJ&K.. TheThe
districtdistrict levellevel normalnormal monthlymonthly rainfallrainfall inin thethe drainagedrainage areaarea ofof JhelumJhelum riverriver
isis aboutabout 7070 mm,mm, whilewhile thethe rainfallrainfall duringduring 33--77thth SepSep 20142014 waswas aboutabout 303303
mmmm resultingresulting aboutabout 332332%% moremore rainfallrainfall thanthan normalnormalmmmm resultingresulting aboutabout 332332%% moremore rainfallrainfall thanthan normalnormal..

TheThe estimatedestimated floodflood atat SrinagarSrinagar isis aboutabout 32003200 cumeccumec againstagainst thethe
Jh lJh l ii itit ff 900900 ThiThi lt dlt d t it i ffJhelumJhelum carryingcarrying capacitycapacity ofof 900900 cumeccumec.. ThisThis resultedresulted overtoppingovertopping ofof
embankmentsembankments

DueDue toto bowlbowl shapeshape ofof terrainterrain aroundaround SrinagarSrinagar thethe effectiveeffective warningwarning timetime
availableavailable betweenbetween SangamSangam andand SrinagarSrinagar willwill bebe hardlyhardly 33 hourshours

TheThe mildmild slopeslope ((11//1000010000)) ofof riverriver JhelumJhelum betweenbetween SangamSangam andand WularWular
lakelake makesmakes thethe areaarea susceptiblesusceptible toto floodingflooding inin casecase ofof extremeextreme rainfallrainfall
events,events, asas thethe floodflood waterwater willwill bebe draineddrained outout withwith aa veryvery smallsmall velocityvelocity
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