
8．PossibleCountermeasuresagainstGLOFDisaster  

ItisstronglyrecommendedthatplannersandengineersinvoIvedinwaterresourcesdevelop・  

ment andthe constructionofinfrastructureinthevicinity ofglacier areas have to pay careful  

attentiontoGLOFnotonlyinNepalbutalsootherHinduKush－Himalayancountries．Toavoid  

unexpectedGLOFdisasterisoneoftheirconcerns．Theyhavetofirstcarryoutcarefulobservation  

Ofpotentiallydangerousglacierlakesintheupperwatershedsofthe operationsitebymeans of  

Satelliteimageriesandflightobservations．Next，theyhavetovisitthelakestoestimatethevolume  

ofstoredwaterinthelakesandtoobtaintheoverallinformationofthemoraine－damconditionand  

physicalconditionofthelakesuchasmeteorologlCal，hydrologlCalconditionetc．Computersimula－  

tionshouldbemadebypotentialfloodwaveanalysisi．e．themaximumdischargeandthepeaklevel  

Offloodwateralongtheriverchannelinpossiblecasesofinitialamountsofdischargereleasedfrom  

thelake．Then，thehazardmap shouldbeprepared．Finallythebest countermeasures shouldbe  

selected．  

CountermeasuresagainstGLOFdisasteraredividedintotwocategories（i）preventionofalake  

burstand（ii）mitigationofafloodimpactdownstream．  

8．1Prevention of LakeIhrst   

Inordertoeffectcivilengineeringinterventionattheglacierlakedirectedatpreventingthe  

lake－burst，thefollowlngpOSSiblecountermeasuresarepresented：  

1）torenderthemoraine－damstrongenoughtoresistfailureduetoovertoppingofthelake  

Water：for example，Cementing by concrete milk，gabion walland／or other proper  

methods，and  

2）todecreasethevolumeofstoredwaterinthelaketoasafelevel；firstbyloweringthe  

lakelevelandthenbyexcavatingatunnelordeepeningthebreachofthemoraine－dam  

to retain theloweredlevel．  

3）thelakelevelcanbeloweredby：  

a．siphonsystem，  

b．electricalpumpingoperatedbyelectricitygeneratedin situfromthewater mass  

flowingdownfromtheglacierlake，and  

C．COntrOlledblastingofthemoraine－dambymeansofexplosives．  

Sinceaglacierlakeusuallystoresahugeamountofwater，ifthetechnologytostrengthena  

moraine－damcouldoncebedeveloped，aglacierlakewouldbecomeagoodandeconomicnatural  

reservoir．Thecontrolledlakewatercouldbeutilized forhydro－electricitygeneration andother  

usesasasustainablewaterresource．Tostrengthenthemoraine－damwouldbetechnicallydifficult  

becauseofinstabilityofamoraineconsistingofloosematerials．  

Lake water reduction by draining outis the most drastic，eSSentialand the only possible  

COuntermeaSureforthepreventionofalake－burstforeliminatingthecauseofflood．Afterhaving  

achievedloweringofthelakelevel，aprOperSpillwayshouldbeconstructedon／inthemoraine  
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－damto obviatethe recovery or rebound ofthewaterlevel．Spillwayconstruction on／inthe  

moraineislikelyto demand more orlesslaborious work because ofthe difficultyin employing  

heavydutyconstructionmachinesbutit maybe worthwhile to examine the option．Theglacier  

lakesarelocatedinremoteareasofextremealtitudewithsubpOlarclimateinthedeepHimalaya．  

Therearenoroadsandairportfacilitiestotransportheavyequipment，maChineryandconstruction  

materials，andalsonocommercialelectricity．Airborneoperationmaybedonetoalimitedextent  

throughtheuseofhelicopters；airtransportationofheavyloadswouldbeconstrainedowingtothe  

highaltitudes．The”low▼teChnology”approach adaptable to the harshsite conditions shouldbe  

developedbeforethecommencementofanyconstructionwork．   

Itisnotedthatbeforemakingaspillwayonthemoraine－dam，theexistenceofthedeadice  

bodyburiedinthemoraineshouldbeconfirmedbymeansofphysicalexplorationssuchaselectrical  

resistivitysurvey，electromagneticsurvey，Seismicsurveyand／orotherpropermethods．Ifdead  

iceisonceexposed，SeVeremelting，maybemoreorless5moficemelting，Willimmediatelyoccur  

duringasummerseason．Itwillquicklyweakenthemoraine－damtherebydestroyingitspontane－  

OuSlyintheprocess．  

Amongthe methods forloweringthe waterlevelmentioned above，the method A would be  

believed to be the most practically acceptable technique offsetting the need for electric power  

Supply，heavydutymachinesandconstructionmaterials．Adoptinganelectricpumpingsystem（the  

method B）appears to be an attractive proposition worthy of carefulexamination although  

acceptabilitywoulddependonitscosteffectiveness．InthecaseofTshoRolpa，theheightoftheend  

moraineis150mandtheannualvolumedischargedfromthelakeisestimatedaslO9m3，Where  

morethanlm3／s ofdischargeis expectedduringthe5months from mid－May to mid－October  

（Yamada，1996）．Waterenergyoflm3／swithaheadof150misestimatedtobeabletogenerate  

about750kWhofelectricityatanassumedefficiencyof50％．ThemethodCistooriskybecause  

COntrOllingthehighenergyoftherushingwaterdrainedoutfromthelakeseemstobetechnically  

difficult；themoraine－dammaybespontaneouslydestroyedandGLOFmayoccurartificially．  

8．2Mitigation ofGLOFImpact  

OnceGLOFhappens，nObodycanstopitshugeenergy．Thisisacaseofimplementingcounter－  

measuresagainstGLOFdownstreamofaglacierlakewithoutdirectengineeringinterventiontothe  

lakeitself．Thismodeaimsnotto preventthelakeburstbuttomitigatetheGLOFhazard．The  

possiblecountermeasuresare：  

1）preparationofahazardmapandtheestimationofthepossiblehydrographalongthe  

riverchanneldownstreamusingpropersimulationmodelstopredictandtounderstand  

thekindofprobabledamagetobeexpectedwhenGLOFhappens，  

2）installationofamonitoringandwarningsystemtodetectthesignalofthelakeburstand  

to propagate thisinformationimmediately to the placelikely to be affected，Which  

Shouldworkona24houroperationalbasis，  

3）constructionofseveraltrappingdamswithenoughcapacitytocapturethedebrisandto  

dissipatetheGLOFimpact，  
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4）replacingtheinfrastructurestotheplacesofsafety，  

5）strengtheningtheinfrastructurestoberobustenoughtoresistGLOFdestruction，and  

6）relocatingtheinhabitantstotheplacesofsafety．  

Needless to say thatitemlis the most essentialandimportant prerequisite for planning  

mitigationofaGLOFhazarddownstream．TheGLOFdamageatagivenpointcanbeevaluatedif  

WeCaneStimatethewaterlevel，Velocity，densityanddischargethroughthesection．Ifwegetthe  

information of glacierlake outburst eventimmediately（item2），engineersinvoIved with the  

infrastructure（say，ahydropowerstation）andinhabitantsdownstreammayhaveenoughtimetobe  

able to make appropriate preparations against the on－COming GLOF and to escape with their  

movableproperties．Inthisconnectiontheinstal1ationofapropermonitoringsystemat／nearthe  

lakeandtheestablishmentofanetworkofwarningsystemarethemostdesirableprerequisitesas  

GLOFmitigationcountermeasures．Theitems3and4maynotbecost－effectiveoptions．Benefit／  

COStandriskanalysis，however，COuldbedonetoexaminetheeffectiveness．Theitem5shouldbe  

COnSideredintheplannlngphaseofinfrastructuredevelopment．Thisoptionmayalsobeapplicable  

inthecaseofexistinginfrastructures．Relocationofpeople（item6）maysoundaneasyoptionbut，  

inreality，itisbesetwithpracticalproblemsasitinvoIvesthelossofinter－relationshipsandsocial  

networkamongtheinhabitants，andothersocio－Culturalissues．Thecultivatedlandswhicharethe  

livingbaseforpeople’ssubsistencecannotberemoved．Itmaybeaneffectivemeasuretorestrict  

COnStruCtionofnewhousesinplaceslikelytobeaffectedbyGLOF．  

ThemeasuresstatedaboveallowoftheoccurrenceofGLOFandonlyaimatmitigatingits  

damagetoinhabitantsandinfrastructure．ItshouldbenotedthattheGLOFeventresultsindamage  

Ofnot onlytoinhabitants andinfrastructurebut alsototheecologicalsystem andenvironment  

alongtheriver．GLOFimpactleadstoextensiveaggradationandheavyerosionoftheriverbed，  

bankundercuttingandmanylandslidesfrombothslopesalongtheriverchannel．Itisstrongly  

recommendedthatpreventionactivitiesasmentionedinSection8．1shouldbeundertakentoabort  

potentialdamagebyGLOFs．  
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