
4．GLOFinthe NepalHimalaya   

4．1AppearanceofGLOFDisasterin Nepal  

Thoughthere were many GLOFsin Nepalinthe past as mentioned hereunder，the detailed  

featuresofaGLOFitselfwerenotwellinvestigatedbecauseofitsoccurrenceintheremoteareas．  

AmongtheGLOFswhichhaveoccurredinNepal，Onlytwowereinvestigatedindetail．Onewasthe  

floodof1981generatedfromtheglacierlakeontheZhangzangboglacierlocatedattheheadofa  

tributaryof Boquriver（SunKosiin Nepal）inTibet．TheotherwasDigTshoGLOFoccurredin  

1985．ThelakewasformedontheLangmocheglacierinKhumburegion，EastNepal．Thepositions  

are respectively pointed by an arrowin Fig．3．Both are typicalmorainedammedlakes．To  

understand a GLOFimpact，1et usreviewthe DigTsho GLOFas anillustration．  

Earlyafternoonon4thAugust，1985，Onafinedayofthemonsoonseason，thenearlycompleted  

Namchehydropowerplantwasfullydestroyedbyafloodwhichoccurredunexpectedly．Noheavy  

rainhadfallenonpreviousdays．Investigationsintheupstreamreachestoidentifythecauseofthe  

floodrevealedthatoutburstoftheDigTshoglacierlakedammedbythemorainewasresponsible  

for the flooding．According to Vuichard and Zimmermann（1987），the Dig Tsholake had been  

Separatedfromthemotherglacier，Langmoche，bytheglacierretreatandmayhavebeenformed  

Withinthelast25years．One－third ofthelake was coveredby floatingicelikeiceShelf on the  

upstreamendofthelake，Whichisformedbythedebrisofavalanchefallingalongthesteepglacier．  

Thelakewasdammedbytheendmoraineof60mheightfromthevalleybed．Thevolumeofwater  

StOreinthelakewasestimatedtobeabout6．75×106m3．Thelakesizewasapproximatelyl．5km  

inlength，an aVerage Of300min width and18min maximum depth．The morainedam was  

assumed to be broken by an overtopping of46m－highwave，Which was generated by theice  

avalanchefromLangmocheglacierwithanestimatedvolumeofト2×105m3fallingdownintothe  

lake・Finallylakewateramountingto5×106m3involumewasreleasedthroughthebreachduring  

5hours and8．8 ×105m30f the moraine materials was eroded at the breach．The maximum  

dischargewasestimatedtobel，600m3／satapoint2kmdownstreamfromthelake．Releasedwater  

rusheddownwithanaveragevelocityof4to5m／salongtheriverinthereachbetween25kmand  

40kmindistancefromthefloodsource，WheretheaveragegradientoftheriverbedisO．06．The  

traceofthefloodisstillclearlyseeninthesatelliteimagery．Aclose－upViewoftheendmoraine  

breachisshowninPhoto3．ThepositionisshownbyNo．3withanarrowinFig．4．  

ThesurgeincludingheavydebrisinflictedseriousdamagesalongtheriversoftheLangmoche  

Khola，BhoteKosiandDudhKosiwithina distanceof40kmfromthefloodsource．TheNamche  

hydropowerplant at12km downstream，30houses，14bridges，trails and cultivationlands were  

WaShedawayaswellasthreehumanlivesandseverallivestockwerelost．Inaddition，theGLOF  

also destroyed the fragi1e Himalayan naturebyboth erosion and sedimentation alongthe river  

COurSe．ThedirectactionofrushingwaterexcavatedriverbanksbylateralerosionandundercutT  

ting，Whichdestabilizedsteepslopesonbothsidesoftherivers．Slopeco11apsesandmanylandslides  

Weregenerated，Whichdamagedalsotheforestadjoiningtheriverbanks．  

AftersufferingthedestructiveGLOFimpact，manyreSearChershadinvestigatedtheDigTsho  
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Photo3：BreachoftheendmoraineexcavatedbytheDigTsho  

GLOF．  

GLOF（Galay，1985；Ives，1986；Vuichard and Zimmermann，1986；Vuichard and Zimmermann，  

1987）．NepalGovernment also directed to study generalfeatures of a glacierlake and GLOF  

phenomenainNepalaswellasintheupstreamareaoftheinternationalrivers，BhoteKosicoming  

fromTibet．（WECSInterimReport，1987；LIGG，WECSandNEA，1988）．  

No one had paid any attention to the existence of the GLOF phenomenon in the Nepal 

HimalayabeforetheDigTshoGLOFbecause theZhangzangbo GLOF which had occurredfour  

yearsagoin1981wasconsideredtobeanormalfloodandnotyetrecognizedasaGLOFthen．The  

DigTshoGLOFwasaneye－Openingeventforhighrankofficials，engineers，plannersandtechni－  

Cians of His Majesty’s Government of Nepaland concerned agencies of the water resource  

developmentsector・SincetheArun3hydropowerprojecthadadvancedtoafeasibilitystudylevel  

atthattime，GLOFrelatedanxietycreptintotheProject．  
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4．2Causes of a Moraine－dammed LakeIhrst  

Moraine－dammaterialsaresolelythedebrisconsistingoflargeboulders，graVel，Sand，Siltand  

Claywhicharenotyetconsolidated．Somemorainecontainsdeadglacierice．Iceisthesoftestrock  

OnearthandisusuallyveryclosetoorequaltothemeltingpointintheHimalayanregions．Thus，  

aglacierlakedammedbyamoraineessentiallyexistsinquiteanunstablecondition．  

A moraine－dammed glacierlake could burstin two ways：（i）a dam break due to some  

triggeringeffectand（ii）self－destructionduetotheagingofthemoraine－dam．  

4．2．1ExternalTriggersfora Lake Burst  

Lakewaterovertoppingamorainecarriessufficientenergyto easilybreak a moraine－dam．  

Once abreachiscreatedonthemoraine－dam，itleadsto a positivefeedback to thelake－burst．  

Running water excavates and erodes the breach deeper and wider，Which brings aboutfurther  

increaseinthereleaseofrunningwater．Theovertoppingoflakewateriscausedbyabigwave，  

Whichisgeneratedbythehugemassfallingdownintothelake，SuChasasnoworglacieravalanche  

fromthesteepslopebesidethelakeandalsoadvancing，Slidingandcalvingofthemotherglacier  

intothelake．Earthquakeshouldalsobeconsideredasanexternaltriggercontributingtoalake  

－burst．  

4．2．2Self－destruction of a Moraine．dam  

Selfdestruction of a moraine－damiscausedbythe spontaneousfailure of a we11weathered  

damslope andleakagefromthenetworks ofdrainageconduitsdevelopedinthe dam．The dam  

breakiscloselycorrelatedwiththewaterlevelofalake，i．e．theamountofhydrostaticpressure  

exertedonthedamwall．Thesizeandshapeoftheconduitsmaychangefromseasontoseasonand  

year after yearbybeing frozen／disappearing during the winter andbeing re－Opened／newly  

Created during the summer．AIso，a Smallconduit occasionally grows to alarge conduit due to  

erosionbywater．Thesedrainageconduitstendtoweakenthedamasawholewherebythedam  

COllapsesspontaneouslyduetowaterpressurewithoutanyparticulartriggeringaction．  

4．3GeneralCharacteristics of GLOF  

GLOFcouldberegardedasasortofdebrisflowwithgreatdevastatingpowerbecauseofthe  

inclusionofheavierdebrisinfloodwaterthanwouldbethecaseinanormalflood．Thefloodcarries  

themorainematerialsfromthebreach．Rushingwatererodesremarkablybothbanksoftheriver  

andcauseslandslidesfromthesteepslopesalongtheriverchannel．Asaresult，floodwaterincludes  

agreatamountofdebris：inthecaseof1964GelhaipucoGLOF，thebulkdensitywasestimatedto  

beaboutl．47t／m3derivedonthebasisofthefloodtracemarksandsedimentdepositsontheriver  

bed（LIGG，WECSandNEA，1988）．AccordingtoXu（1988），thetotalamountofdebrisinvoIvedin  

the floodwasestimatedtobe aboutfour millionm3inthe Zhangzangho GLOF whichhappened  

alongtheBoquriver（SunKosiinNepal）．Adebrisof3millionm3isestimatedinthecaseofDig  

Tsho GLOF（Vuichard and Zimmermann，1987）．Theimpact pressure of a debris flow was，for  

instance，derivedtobe171t／m2and32．4t／m2byestimatedbreakingstressesofthePhulpinbridge  
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piers and the sluice gate at Sun Kosihydropower plant，reSpeCtively，in connectionwith the  

ZhangzangboGLOF．  

Accordingtotheinhabitants，theirimpressionsoftheZhangzangboGLOFweredescribedas  

rumblingofthunderaccompaniedbyandvibrationakintothatgeneratedbyanearthquake，SmOg  

andfoulAearthsmellinthevalleyprobablyemanatingfromtherichorganicdebrisincludedinitand  

a flow head of20－30m heightlookinglike a rapidly moving wall．The same testimonies were  

boughtinthecaseofDigTshoGLOFalso（Ives，1986）．  

Amorainerdamburstresultsinagreaterrateofwaterreleaseascomparedtothatduetoan  

icedamburst，Sincethereleaseofwaterfromanice－dammedlakecontinuesoverseveraldaysor  

possibly weeksbut the bursting of a moraine－dammedlakeisimmediate．The peak discharge  

OCCurSWithinseverallOminutesatthebreach．Theinitialdischargerateisextremelyhigh：the  

hydrographofamoraine－dammedGLOFissharperthanthatofanice－dammedGLOF．  

TheflowvelocityofwatercausedbyGLOFisdependent onthemagnitudeoffloodandthe  

gradientoftheriverbed．Meanvelocityisreportedtobe9．8m／sinthe1981ZhangzangboGLOF  

WithanaveragegradientofO．03（Ⅹu，1988）and4－5m／sinthe1987DigTshoGLOFwithanaverage  

gradientofO．06（VuichardandZimmermann，1987）．  

ThemagnitudeofaGLOFandthedamageinflictedbyitdependonthefollowingparameters  

l）surface area ofthelake  

2）volumeofstoredwaterinthelake，  

3）releasingrateofwatermass，  

4）naturalfeaturesofariverchannel，and  

5）statusofinfrastructureandhabitationinthedownstreamarea．  

The area ofthelake，S，is an essentialparameterinfluencing the rate of release of water  

throughthebreach．IfthebreachisexcavatedtoadepthH，thevolumeoflakewater，SH，COuld  

bepotentiallyreleasedthroughthebreach．Thispotentialvolumemaybecloselyrelatedtotherate  

Ofwaterrelease．Therateinitiallydeterminesthefloodhydrograph．Thetotalvolumeofreleased  

WatermaydependonthevolumeofstoredwaterinthelakeanddeterminestheGLOFsize．The  

attenuation of a flood waveis alsoimportant for assessment of the extent of GLOF disaster  

downstream．Theattenuationisstronglyinfluencedbynaturalfeaturesofariverchannelsuchas  

thegradientoftheriverbedandwidthoftheriver．Fig．2showsanexampleofGLOFattenuation，  

Which wasinvestigatedin the Zhangzangbo GLOF（Ⅹu，1988）．In general，the extent of GLOF  

disastermaybelimitedtoareachoflOkmandevenuptoamaximumoflOOkmdownstreamfrom  

thefloodsource．Thescaleofdamagefullydependsonthestatusofinfrastructureandhabitation  

alongaGLOFpath．Ifnoorfew，nOSeriousdamagehappens．GLOFisonlynaturalphenomenon  

likeanavalancheinadeepandremotemountain．  
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Fig．2：AttenuationofGLOFhydrographinthecaseofZhangzangboGLOFintheSun  

Kosion1981（afterXu，1985；mOdified）．  

4．4RecordofGLOFsin Nepal  

Since GLOFis quite a naturalphenomenon corresponding to the retreating processes of a  

glacier，theeventmighthavefrequentlytakenplaceinthepastinthecountry．AftertheDigTsho  

GLOF，the glacierlakes and the past GLOF events wereintensivelyinvestigated by a Sino－  

NepaleseJointExpeditionintheglacierizedareasnotonlyinNepalbutalsoinTibet．Theupper  

WaterSheds of the Arun，Tama Kosiand Sun Kosirivers arelocatedin Tibet，China．These  

internationalriversarecalledBhoteKosiinNepal．ThepastGLOFswereidentifiedbymeansof  

Satelliteimageries，fieldvisitstoglacierlakesandcollectionsofGLOFinformationfrominhabit－  

antslivingintheHimalayanhigh1andalongtherivers．Table2showsalistofGLOFeventswhich  

happenedinNepal．Thelisthasbeenmain1ycompiledfromtheresultsoftheSino－NepaleseJoint  

Expeditioncarriedoutin1987（LIGG，WECSandNEA，1988）．Inaddition，therecentreportofGLOF  

OCCurrenCein the RoIwaling Valley（Damen，1992）andin the upper reach of the Must Chu，a  

tributaryoftheKaliGandaki（personalcommunicationwithC．Hottelet）areaddedtothelist．The  

latterlakeislocated onanamelessdebriscoveredglacier；Mr．Kondovisitingthelakein1995  

foundthetraceoftheoutburst（personalcommunicationwithT．Kondo）．Unfortunatelyhedidnot  

take anyphotos．  

TheliststatesthedateoftheGLOFevent，thenameofthelakewhichhasburst，thecauseof  

the outburstifidentified，and a brief description of the damagein each GLOF occurrence．  

Distributionoftheidentifiablelakesthathaveburstinthepastareshownbysolidcirclesonthe  

mapinFig．3．SomeoftheGLOFsoccurredtwoorthreetimesfromthesameglacierlake．Among  

thetwelvelakesburstinthepast，SixglacierlakesarelocatedinTibet．Thatisbecausetherivers  

Arun，TamaKosi，SunKosiandTrisulioriginatefromTibet．Itisnotablethatapproximately95  
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％ofthecatchmentareaoftheArun3ProjectsiteliesinTibet．Therecordsareonlycollectedin  

easternandcentralNepalHimalayaandalsointheTibetansideofthedrainagebasinsoftherivers  

Arun，TamaKosi，SunKosiandTrisuli．Nosystematicinspectionhasbeencarriedoutyetforthe  

entirearearelatedtoGLOF・Morerecordsmaybeaddedtothislistifinspectionwillprogressin  

the future．  

ThecountryhasencounteredGLOFdisastersatleast13timessincethemid－1960sasshownin  

Table2．Exceptfortherecordsland2intheTable，GLOFshaveoccurredafterthe1960s．The  

frequencyappearstobemorethanonceeverythreeyears，Whichseemstobeaveryfrequentrate  

COmparedwithothernaturaldisasters．Thus，GLOFhasbeenregardedasoneofthemostsevere  

naturaldisastersnowarisinginNepal．ThemostcarefulattentionshouldbepaidtocontroIGLOF  

inthedevelopmentofwaterresourcesinthevicinityofglacierizedareasintheNepalHimalaya．  
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