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Abstract  

Tbe許OWtb oぎa giaci孜王cbamei洩atis filまed witb water botb completely and partia顆主s  
COnSidered・Theintensityofdeepeningofchanneispartiallyfilledwithwaterandtheexpansionofthe  
COmpletelyfilledchanneisarecalculatedbysimilarformulas．Theinfluenceofchannelmeandering  
alldtheircr・OSS SeCti川1nOnrOundnessare aTs（1tilkeniIltO之ICC（）uI止．Theresultsofcalculationsturned  
OuttObe主nagreementwithknoⅥ7n蔦elddata．Becausewedonotconsidercoldglaciersandplastic  
deformationofice，thisworkcanbethoughta＄aneStimationofthemaximumvaluesofchannei  
gr那花brates．Takingintoaccountonlytわepotenぬienergyofwater，WeObta払edratberto王erabまe  
resuits．Therefore，thissimpleapproachcanbeconsideredasarudeestimationoficemeltingrateon  
ti－e ChannelwaikIn addition，a Simpiified mo血lof a g王acialice－damme（ilake was proposed、  
Accordi昭tOthismodel，mOStOfthelakeⅥrateruSlは最ydrai王1Stbro噸ht壬1edamduringonlysevera蚤  
days，＼＼・henthe（1utburst orctlrS．  

1．lntroduction  

Duri喝intensiveice melting，many Smaila王Id  
largestreams fiowont壬1e Slユだace ofglacier＄．S11Cぬ  
SyStemS、Ofsupragiacialstreamsareusualiyart）OreS－  
Cent（S噸denandわhn，197軌Englacialdrain喝eSyS－  
tems are also reckonedtobe arborescenも（Fountain  
andl野a呈der，1998），Obviously，intぬeg王acia呈drainage  
S）▼StemtllereShouldbethepartswithouttributariesor  
Withnegligibleinflue11CeOfthem．whicheatlbeconsid－  
eredas asingまe cbannel．Thiswork baspli叩OSetO  
describetbegrowt壬10fsuchsi喝iecba‡1nelsbothirlSide  
andonthesurねceoftemperateglaciers．   
Incoldglaciers，apartOfenergywo㍊1dbe＄pent  

毎ricevarminga‡1dconseq㍊entlytilerateOfchanne壬  
growtbwou王dbe王e岱than也atoftemperate京王aciers．  
ThesamesituationisiIlenglacialchanIlelsduetothtさ  
ice deformation．Because bere we do not takeinto  
COnSiderationice creep andice warmin払tbまswork  
Cant）ealsoco王ISideredasana洗empttoes七重matetbe  
maximumvaluesofcbanneigrowtbrates．   
Inspiteoftakingintoaccountonlytbepotential  

energy ofⅥrater（inciuding tbe poterltialenergy of  
WaterpreSSure）andnegiectingplasticdeformationoぞ  
ice，SOlarradiation，beatexcbangewi払aire転，We  
insistontbeappiicabi王ityof血isapproacbねrmany  
naturaまcasesasarudeesti王nadonofcbannelき汀0V托h  
（deepeni王唱）ratesin主ce．Tbere are many‡1atura壬  
COnditions，underⅥ血icbol王rapprOaC王lVOt沌dberatber  
tolerabi已ぎor example，tbe許0Vtboftbee喝王ac至急l   

COn血itsdeep主nt壬ユeicedependsontbeiceme沈i喝  
rこ1te and the rとIte Of the conduit cIost11一ビund（、r the  
Weigbtofoverbt汀denice（Rotblisbe曙er，1972）－How炸  
ever，intbecaseof王argewaterdiscbarge払eene曙y  
dissipationinsidetぬewater幻owissob短b洩attbe  
res111ti堀野0Ⅵ咄rateof払ecぬ眠1becomessi酢Ii鉦  
Cantlybまgber払antbatofplasticdeねrmationof主ce▲  
We willdescribe this and at10thet・Situationsindetail  
intbenexもc壬ユapter，  
Unfortunately，t壬IereareVeryfewworksdescrib－  

ing tbe bebavior of glacialcbannels（especially tbe  
ChaI唱ingoftbeirgeometricalparameters）arldattbe  
Same time prese‡lti喝SOme field measuremerltS Of  
theirparametersandenヽ▼ironmentconditions．There－  
ねre，WeenCOnnteredsomedi抒ictlltksincomparison  
tbeobtainedre乱鹿sⅥritb洩efielddatatoも粥tifythe  
modelbecauseofscarcityofthedata，andareiooking  
forwardtobavemoremeasuremeIltSOfgiacまalcban－  
nelsin variotlS CO11ditiotlS．  

2．Physica＝】aCkground  

Asflowingdownaglacier，Water酢adtは糎cre・  
atessomedrain喝eSyStem．Åtthei‡ユiぬまst喝eOfits  
ねrmation，ねrexampleattbebeginningofanaもia最on  
period，払equantityofwaterisenougbねrfilli喝up  
the mいSt Of theiIlner CしlIldLlits．It means tllat the  
COnduitsoftheerlglacialdrainagesystemare11凱1a糎  
COmpktelyfii主edwithⅥratば（underpressure）attbi＄  
time．Åstbecon血itsbecomeb主gger，仏e鮎wcapac－   
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butonlyuptosomeequilibriumvalue．Herewecon－  
Sideronlysuchchannelswithequilibriumtemperature  
COnditions，Wben tbeⅥrater temperatureis constant  
alongtbecbannel．  
Strictly speaking，the temperature of theice  

melting point depends on pressure．The pressure  
ChangeinvoIves a temperature change as well，tO  
bring the water to the pressure melting point．Of  
course，ithappensonlyinpressure（completelyfilled）  
channeis．ÅccordingtoRothlisberger（1972），aboutl／ 
30ftheenergyissperまtforsucbwatertemperature  
adjustinglnahorizontalpressureconduit．Fordowns－  
lopingchannels，thispartofenergywouldbelessand  
wedonotcoriSidertbispbenomenonllere．  
Fina11y，Vedonottakeintoaccounticewarmi喝  

becauseonlytemperateglaciersareunderconsidera－  
tion．  
On the basis of the abovementioned argumenta- 

tionwecanconcludethatthechangeinthepotential  
energyAEpisimmediatelyspentforicemeltiI唱AEi：   

」／、、・」卜  t！■  

S11Chapproachisnotoriginalandwasconsideredby  
other researchers too（Rotblisberger，1972；Cutler，  
1998），butwe sbouidemp壬IaSize払atitis applicable  
oniyforacbannelasawho王eorsignificaIltpartOfit  
ratherthanforsma11partsofachannel，becatlSe，aS  
wementionedabove，WeCannOtneglectthechanging  
ofthekineticenergyinshortconduits．  
Ofcourse，SuChapproach，Whenonlythepotential  

energy of wateris takeninto account，CannOt be  
universa11yapp王icable．Weneedtosaythatitisnot  
correcttoappiythismodelforcasesofhighinfltlenCe  
ofwarm weather conditions（warm air，SOlar radia－  
tion or precipitatio11），relatively bigh rates ofice  
defor王Ⅵa如n（sma11streamsdeepintbeice），preSenCe  
of depositsin cba王1nels etc．Tberefore，We do not  
considerthesesituationsinthiswork．  
Suchsimplifiedconditionsarenotrareinnature．  

Ifasurfacechannelisevenslightlydeepenedintothe  
ice，theinfluenceofsolarradiationandairtempera－  
turemaybecomenegligible．Ifachannelisdeepinthe  
icebutthewater flowdischargeis sufficientlyhigh  
くespecia11y duri‡唱a glaciallake outburst），theice  
Creepmaybenegligibleandsoon．   

3．lce meltingratein open channels  

Openchannelscanexistbothonthesurfaceand  
inside a glacier．In thelatter case，We arein the  
situation that the solar radiation is absent and the 
influenceof airtemperatureisnegligible．Let’scon－  
siderastraightchannelwiththesamecTOSS－SeCtion  
aiongit（Fig．1）andlet’stakesomewatervolume V  
with thickness∠抜and theice－COntaCt Surface area  
Swall．Weespeciallyconsiderachannelwithanarbi－  
trarycross仙SeCtionandwaterleveltoshol好universaま   

ity of the drainage systemincreases・Åt some  
moment，the waterinflowinto the drainage system  
wou王dnotbesli汗icierlttOぎilltbecon血itscompleteiy－  
T壬IuS，atfirst，tbebiggestcoriduitsandtbens王naiier  
onesⅥrOuldbecome opencban王1els and waterⅥFOuid  
flow only through the lowest parts of their cross 
－SeCtions．Highwaterdischargesusuallyaccompany  
with high rates ofice melting．Consequently，the  
drainage conduits can become open again．Thatis  
whytheenglacialconduitsareusuallyopenwhenthe  
channelslopeorthewaterdischargeisratherlarge  
（Hooke，1984）．In any case，We Can Stlbdivide the  
growingprocessofenglacialconduitsintotwoparts：  
completelyandpartiallyfilledby water，Or preSSure  
andopencba‡1nelreglmeS．  

Let，s consider noⅥ7What physicalねctors cause  
glacialchannelsgrowthandwhatistheenergysupply  
foricemeltingonthechannelwalls．  
Waterlosesitspotentialenergyasflowingalong  

achannel．Strictlyspeaking，WeCOnSiderthepotential  
energy as the sum of the gravitationaI potential 
energya‡1dtbatoftb、eWaterpreSSure．Obviously，in  
openchanneis，thewaterpressuretermisabsent・The  
lostpotentialenergyisspentforanincrease of the  
kinetic energy o首班e water flow and tbe energy  
dissipationinsidetbeflov．T壬1ebe紙Wbicbdissipates  
inthewaterflow，isspentinturnforwaterwarming，  
icemeltingandicewarmingonthechannelwalls・Itis  
clear，that some other naturalfactors，for example  
river deposits，Caninfluence to the heat balance  
betweeniceandwater，butwedonottaketheminto  
accounモinthiswork．  

At f汀st，1et’s consider for simplicity a single  
Straight channelwith thesamef10WCrOSS¶SeCtional  
area alongit．It means that tbe kinetic energy of  
wateris co‡lStant along tbe conduiモーNevertbeless，  
evenin realcba‡1nels with complicated forms，in  
whichwaterflowvelocitycanchangealongthecon－  
duit，theinfluenceofthekineticenergylnCOnStanCyis  
negligibleifthechannelissufficiently10ng，Itcanbe  
clearer from the following example．If we suppose  
that the entire potentialenergy changesinto the  
kinetic energy（thatis obvious exaggeration），then  
onlyafterlOmoflowering，thewater封owvelocity  
wouldbe14msJlthatisratherlargevalueevenfor  
hlユgeStreamS一Inthenature，thewatervelocitymore  
t壬IanSeVeral王neterSperSeCOndisrare．Tbus，iftIle  
height difference between the opposite points of a  
channelismuchmorethanseveralmeters，Changein  
the kinetic energy of wateris negligible companng  
Withchangeinitspotentialenergy．  

Let’s suppose that some part of the energyis  
SPentforwaterwarm主ng．BecausetheheatfitlXfrom  
watertoiceisproportionaltothetemperatured潜er－  
ence betweenice andⅥFater，tbis heat flux wotlld  
increaseaswatertemperaturebecamehigher．Thus，  
払etemperatureofwatercannotincreaseinfinitely，  
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Whereiishydraulicslope，Whichequalstosinαfor  
OpenChanneis；COefficient CisdefinedbyManning  
equatiorl：  

（・Ⅰ′、い・ 
、    邦  （7）  

Thefrictioncoefficientnforcleariceisregardedto  
be approximateiy O．02（Rotblisberger，1972）．Butfor  
most of the realchannels the vaiue C＝40can be  
COnSidered as constant，because for the hydraulic  
radiusinthelimitsO．025冊2．5m（thatcorrespondstoa  
roundtubewiththediameterO．ト10m）theconstantc  
Variesinmuchlessrange：27L58，Thus，aneWequation  
foricemeltingratewot11dbeasfol王0VS：   

認譜C領inα）3′2・   
（8）   

IfwecomparetheiceLmeltingratecalculatedby  
tbeequation（8）witbsomefielddata，WeWillfindotlt  
that the equation（8）givestoo high values．Itisnot  
Surprising，becausetherealchannelsarenotstraight  
usually．Meanderingofachannelmeansthatforthe  
Samehcightdifferencethechannelislongerby，Say，k  
times，andweneedtowrite（11k）sinαinsteadofsinα．  
For someglaciaichanneis（in partictliar for surface  
OneS），the meandering coefficient k can be defined  
directly．We can only suppose that channelsinside  
glaciershavesimilarmeanderingcoefficient．  
According to Marston（1983），the meandering  

COefficie‡1t（sinuosity），meaSt汀edonsomeglaciersof  
Å1aska，WaSturnedouttobeequaltoaboutl．051．25．  
InGarver etal．（1994）thesupraglacialchannelwith  
SinuositylA3wascalledasgentlysinuous．Ourown  
Observations of surface streams on Fisht Glacier，  
WestCaucasus，gaVethevalueaboutl．5andeven2in  
SOmepartSOfthestreams．Sowewiliconsiderbelow  
that the channelhassinuosityl．5，but haveinmind  
that as applying the equations to some real glacial 
COnduits，OneShoulduseitsownvalueofmeandering  
coefficient．  
Another reason of disagreement bettveen the 

measured and calculated values is the complicated 
form ofchannelcross一－SeCtions．Itis obviousthatthe  
heatfluxbetweeniceandwaterdependsontheratio  
betweenthewatervolumeandtheareaofthechannei  
Wa王1stbroughwbicbtbebeatexcbangeoccurs．From  
a two”山dimensionalpoint of view，the heat fiux  
dependsontheratiobetweenthearea ofwaterflow  
CrOSS－SeCtion and the wetted perimeter，i．e．the  
hydraulic radius．A round conduitis known to have  
tbe maximlユmVal11e Of tbe hydrauiic radius．Tbere－  
fore，ifthecrossSeCtio‡ユOfachannelwasnotround，  
thehydraulicradiuswouldbesmal1erand，aCCOrding  
to the equation（8），theicermelting rate would  
decrease．   
In summer of1998，We Observed sma11surface  

StreamSOnFishtGlacier，う野estCaucasus．T壬1eVidtb   

Fig．1．Thesketchofastraigbtinclinedchannelforunder・  
Standingofthetermsofthebasicequations（2－4）．  

applicabilityoftheargumentations．Thewaterflow  
COuldbeunderpress11retOO，btltSuChcaseweconsider  
inthenextchapter．Theenergyneededformeltingof  
theicewithmassAmequals  

A軌＝々』研＝卯かSぴα∠』γ，  （2）  

Wbereぎistheicemeitingiatentbe紙piistbeice  
densityand∠ぎris払ethicknessofmeltediceonthe  
Channelwalls．If this volume of water had moved  
downthroughthedistanceLL4t，，Wherevisthewater  
flowvelocity，itspotentialenergywouldbechanged  
bytIleValue  

A‰＝釣y・g・〝・β～・Sinぽ，  （3）  

Where pvisthewaterdensity，gistheacceleration  
duetogravity，αis the channelslope，From simple  
geometricalconsiderations，the next relations are  
obviotlS：  

∫′ハ招＝君刷・」．l・，  りa）  

Ⅴ＝ふg。紗・∠比，  （4b）  

Wheref㌔efisthewettedperimeter（theboldiineon  
thefacecrossSeCtioninFig．1），＄fi。Wistheareaof  
Waterflowcross－SeCtion（thehatchingonthevertical  
Surface）．Combiningtheequations（ト4）andconsider・  
ing that the relation between the water flow cross  
－SeCtionarea Sfl。u，andthewettedperimeter n。etis  
tile壬IydraulicraditユSガ恥ydefinition），Wefi王1doutt壬1e  
nexteqlユationfortbeicemeltingrate：  

J虹＝也一成・〃・Sin仇  
（／／／）．、（J  （5）  

Forroundorhaifroundcondtlits，tbebydraul主cradius  
equaまsto1740fitsdiameter．T王IeWater幻owvelocity  
forsteady－StateCOnditionscanbecalculatedbythe  
Welトknown Sheziequation（Brebbia and Ferrante，  
1983；Kiselev，1972）：  

が＝CJ育て，  （6）  
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of such channels was found to be about four times  
largerthanitsdepth：  

か／ゐ守4．   

Probably，forotherschannelsorsomespecificcondi－  
tionsthisrelationcanbedifferent．Ifweapproximaト  
edsuchformoftheconduitcross－SeCtionasanellipse，  
thehydraulicradiuswouldbeasbelow：  

・ 
・ 

Theobservationsalsoshowthatevenundersufficient  
diurnaloscillationsofwaterdischarge，thestreamson  
thesurfaceoftheglaciertendtolowerwithoutchang－  
i‡1gits form rat壬Ier tIlan Viden（Marsto11，1983），i息  
b（〕th the width D atl（ldepthJ）renlains eonstaIlt．It  
meansthatforopenchannelstherateoficemeltingis  
nothingelsebuttherateofthechannellowering．  
Nowwecanwrite downthe finalequationsfor  

払eice肋melting rate both for round and eliiptical  
COndlユitsⅥrithmeandering：  

WidthO．5m，theslope5仙100．   
In1998，atFishtGlacier，WestCaucasus，WetOOk  

SOme meaSurementS Of deepening rate of surface  
StreamS（tbeicemeltingrateattbebottomoftbem）．  
TheslopeoftheglacierwasaboutlO－15O．Thechannel  
WidthswerefromlOcmforthesma11eststreamsand  
uptoO．5mforthebigge＄tOneS．Thisratewasfound  
to be approximately equalto4r7cm day‾1at the  
daytime，butthewaterflowdischargeandconsequent，  
lytbeicemelti三唱Werem11Cbsmalleratnigbt．There  
WereSeVeralmeasurementpointsintwochannels of  
40and20cmwidth．Thesechannelsweredeepsuffi－  
Ciently to exclude theinfluence of solar radiation．  
Fourdaysaveragingresultsintheicerneltingrate3．5，  
4．3（widecbannel）and2．2（narr（〉WCba11nei）cmday▼1  
respectively．Because ofthewaterleveloscillations，  
thehydraulicradiusvaricdfromapproximatelyzero  
to D／6（see equationlOb）．Therefore，the averaged  
ValueofthehydraulicradiuswasthoughttobeR売  
却12．Tbecurveoftheequation（10も）fort壬Ieabove－  
mentionedconditio王1SVit壬Itbebydrauiicradiuscorrec－  
tionandthemeasuredvaluesofthechannelsdeepen・  
ingareshowninFig．3．Althoughtherearenomany  
fielddata，WeCanSeethatourapproachgivesrather  
tolerable results．  

（灘inα）含′2，  

く畜inだ）3ノz・  

虞＝血且c  
〔J／ √）．一‘ノ   

十JLし  
（〟 ′ナ∫（J  

（10a）  

（1（lb）  

Thecurvesoftheequation（10b）fordifferentvaluesof  
the channelslopeαand the channelwidth D are  
ShowninFig．2．Wecanseethattheice鵬meltingrate  
inglacialstreamsisinthelimits oflO－20cmdaypl  
exceptverylargeorsteepconduits．  
Let’scomparesomefielddatawithonespresent－  

edinFig．2．AccordingtoMarston（1983），thechannel  
deepeningrateforsomeglaciersinAlaskawasinthe  
range4鵬8cmday‾1thatcorrespondstoratherrealis－  
tic channelparameters：for example，the cbannel  
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Fig．3．Theicemeltingrateson the channelwallsofthe  
Surface streams at Fisht Glacierin comparison with  
Calculatedvalues．Theslope：12D，thechannelwidth：40  
and20cm，theicemeltingrate：3．5，4．3（whitemarks）  
a王1d2．2（biackmark）cmday▲lrespectivelyくfourdays  
averaging）．  
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4．SjmpIifiedmodeJforgJacia］lakeoutburst  

Lakesi王1glacialr喝io王1SCanCOmIⅥ0Illybeformed  
near a glacier，On the surface of a glacier，Or eVen  
insideofit，andmaybedammedbymorainesorice．  
Whether aglaciallakeis a stable system or not，  
depends on thelakewater storage，the slope ofthe   

0  1  2  3  4  

ChannelwidthD，m  
Fig．2．Dependenceofdeepeningratefor＄OmeOpenChan・  

rleiuponthechannelwidthDfordifferentvalueofa．  
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glacier，tbetypeofthedamandsoon（Raymondarld  
Nolan，2000）．Ifbysomereasonagiacialユakesystem  
bccこIme unStable，thelake outburst eould oecur．Thビ  
Way，byⅦもicb也eⅥraterdrainstbrou≦かthedam，is  
obviously different for ice and other materiai 
（moraine，earthdam，etC）．Here weconsideronlyice  
仙dammedlakes，Vbereoutburstsoccurduetotbeice  
meまtir噂．In a血重it主on t（〉払at，Ve COnSider onまy tbe  
Situation，When tbe drainage conduitis compietely  
insidetbeglacier（ぎig．姐Suc壬ISiもuation，ねrexample，  
takes place for the welトknown huge Mertzbacher  
Lake onInyltc壬Iek Glacier，TienwSban（Mavlylユdov，  
1996）．  
At first．we should notice th；ltin case ofice  

｝ぬmmedlake嶽aini三唱，itsbolまはbeonetrtlnkcぬan－  
nelinstead of an arborescent system．Secondly，We  
proposethatthechannelisunderpressurealongallits  
length，i．e．probably！ikeinthe drainage channelof  
MertzbacherLake．Becausepressureconduitste†1dto  
be roundinits cross－SeCtion粍senko，200軌ve can  
applyeqⅥationlOatoot汀mOdel，butofcoursesucban  
approachturnsouttobeonlyarudeapproximation．  
OrieSbouldremembertbatthepotentialenergyof  

Waterin presstire COnduitsis not on王y tbe gravita－  
tionalpotentiaienergy，aSWeCOnSideredbefore，but  
the sum ofit and the eller紆Of the＼＼・atビr preSSLlrP．  
That is why we have to write down the hydrauIic 
SlopeiinsteadofthegeometricalsinαSlope（seefor  
exampleS重ireVe（1972），Kiselevくま972））：  

approximatelyzerotosomevalueも，，Itmeanst壬Iat仏e  
Water PreSSure drops sharpiy near the conduit  
entrance．TbereforeチWaterpreSSl汀ealo喝tbedasbed  
linein Fig．iat firstincreases proportiona11y to the  
depthofthelake，thendropssharplyneartheconduit  
entrance，andfurther，insidethecondu転waterpres－  
SurCdecreaseslinearlyto zero（strictlyspeaking，tO  
air pressure）．Tbe pressure jump near洩e condlユit  
e11tranCeCanbedefinedby Ber11Ou11iequation：   

＋＝CO乃gg・  （12）  

As was menti（1ned abore．alol頂the streamlille neaI●  
the con血it entra‡1Cち洩e water velocityincreases  
approximaもelyfromzerotoが．T王1eref（汀e，aCCOrding  
to（12），thewaterpressuredecreasesbythevalue4i＞  
＝Pu，V2／2 and the water presstlre at the upper  
（entra頂Ce）pointofthecoIl血itbecomesasbelow：  

、  －■ ■  －  

IntermsofthemodelinFig．4，equation（11）wouldbe  
asfoliows：  

∴  ・ 
・  こ二   

Combiningthisequationwith Sheziformula（6）and  
extractingtbebydratllicslope gfromit，Wefind：  

－－  

∴  一丁  

Fina11y，COmbiningequation（15）with（10a），WeOb王ain  
anewequationforice叫meltingrateinTOundpressure  
COnduitsinterms（一ftheglat：ia11こIkedrainagemodel：  

1 」♪  
れg」．l■－  （11）  ／＝SiIlα十  

Where劫ん此isthepressu†egradientinsidethecon・  
duit．  

Sし）let’s eonsider a wこIter reSerVOir and a conduit  
StartedfromthewanofthereservoiTatSOmedepthho  
たom払ewatersurface．Åspassl喝fromぬelaketo  
the conduit，the waterincreasesits velocity from  

か∴牒p g  
（16）   J∴■ ／・車、－  

Fig，4．Schemati（：diagram of a water reservoirwith a drainage channel、ho：the  
deptbofthereservoir，放theheigbtdifferencebetweenendsoftbecbannel，g，か  
andα：琉ele喝沈，払e diameter and汰e slope of the cbanne王，reSpeCtivelyトÅ   
po∬iblevaterstream－1ine呈s＄hownbytbedashedline．  



Jボ  B111ietinofGlaciologicalResearcb  

Thecurvesofequation（16）areshowninFig．5for  
differentparameters．Wecansee（curves2and4）that  
tbecbarlnelgrowtbbehaviorisalmostthesameastぬe  
deepeningofopenchannels（Fig．2）．Itisbecausefor  
mostofg王acialcbannelsthevallユe   

爵≫1，  （17）  

andthegrowtbrateisproportionaltotbe3／2power  
Ofthediameter，1ikeforopenchannels．Onlywhenthe  
ratio between the channellength andits diameter  
became sufficiently small（′＜～50か），tben anotber  
typeofbehaviorisappeared．Thecurve3inFig．5is  
especially draⅦn for sucb conditions to sbov tbis  
effect．Thelinelisforsometransientconditions（i㌶  
50ぶ）．Thecurve4correspondstotbegrowtbrateねr  
t壬Ie COnd11it，Vhicb drainsice血dammed Mertzbaciler  
Lake．Weshouldsaythatfrommathematicalpointof  
View，ifweenlargetherangeofthechartarea，then  
eacbcurveinFig．5wotlldsbowstlChbehaviorastbe  
CurVe3．Forexample，thecurvelwouidbeiikethe  
CurVe3 when the channeldiameter reachedlOq15  
meters，btまtSuC壬1VallユeSareSeemedtobenonrealistic．  

（18）  

Wbere」払is theirlitialconduit diameter（at tbe  
momentオ＝0）and戊isaconstantas：   

αニー賢号C〔旦許〕8わ・   （19）  

Fi卯re6sboⅥ唱也ecbanneigroⅥr血rateねrthe  
parametersofMertzbacberLakeaccordingtoeqtia－  
tion（18）．Wecanseethatthechanneldiametergrows  
Very Slowly at theinitiaistage，but thenits size  
becomes grow veryねst andit reaches sufficient  
Values during only severaldays檜Of course，it wi11  
COntinue only untilthelakeis depleted．This ca  
expiain the fkod regime of a giac呈aトdammediake  
Outburstwhenthelongperiodoflowwaterdischarge  
isfollowedby relativelyshortperiod ofiake drain．  
MertzbacherIJake，forexample，drains c？mpletely  
OnCe a year during approximateiy8days after the  
beginningofoutburst．  
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Fig．6．Theincrease of the channeldiameterwith time，   
Caictliatedbyoftheequatioil（18）、Theparametersare  
thesameasofthechannel，Whichdrainsoutice山dam・  
mediakeMertzl）aCbero王1InyltcわekGiacier．   

8  1  2  3  4  5  

Cbanneldiam或¢ーか，m   

ぎig．5．Depende王1Ce Of the channelgrowth rate uponits  
diameter for theice－dammedlake modelwith some  
Valuesoftbecilannellengtb g and tbe altitude differ－  
ence h ＋ h。between thelake stlrface and the water  
Outiet．1：ゑ十克¢ニ10m，7ニ500m；2：ゐ＋払＝30m，  
g＝500m；3：ゐ＋払ニ5m，g＝50m；4：ゐ＋ゐ。ニ400  
m，g＝14000mSeeexpla王1atioIISinthetext．  

1野esbouldsayt‡lattbismo（leicorrectlydescribes  
Onlythefinalstageofaglaciallakedrain，afterthe  
Outburstbegins．Atthetimebeforeit，thewaterflow  
dischargeisnothighandconsequentlythesituations，  
Whentheicecreepisnotnegligible，theconduitcross  
”SeCtionisnotroljndortbeⅥraterfloⅥrisnotpresstlre  
alongtheconduit，prObablytaketheplace．Therefore，  
this modelcannot predict，for example，the time  
between outbursts or strict value of outflow bydro－  
graph during usualperiod of drain（unlike outburst  
regime）．On the contrary，the behavior（not strict  
Vall妃）oftbe flowhydrograpbisseemed to bewei王  
describedbytheaforementionedtechnique．Ifbysome  
reasonthechannelgrowthbecamehigheritsclosure  
rate due to theice creep（for example，because of   

Tofindouttbedynamicsoftbecbannel酢0Ⅵ7tb，  
Wehavetosolvetbedifferentialequation（16）fort‡le  
Value D・Here we should remember that mノ肋＝  
2め／麺aIld notice汰at unlike the cbannelwidtbぷ  
fromthepreviouschapter，WhereDisconstant，the  
ChanneldiameterDfoTthepressureconduitisvari－  
aもie．  
Becauseequation（16）hasnoanalyticalsolution，  

WeWi11soivethesimplifiedequationusingthecondi－  
tion（17）．Itgivesusthefoliowingfunction：  
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increasingofthewater flow discharge atthebeginT  
ningofanablationperiod），theconduitstartstogrow，  
maybe，VerySlowiyatfirst．Astheconduitisenlarg－  
ing，the water flow discharge becomes higher and  
moreandmorepartsofthecondukbecomecomplete－  
1y filled with water（pressure），Creating conditions  
appropriateforourmodel．   

5．Conclusions  

l．Consideration of onlythe cba！唱ein払e potential  
energyofawaterflowfordefiningice－meltingrate  
Onthechannelwallsgaveratherrealistic results．It  
meansthatforthemostcommonglacialchannelsthe  
potentialenergyis the most significant partin the  
energy balance inside a water flow and that such 
approachcanbeapplicabletomanyofnaturalglacial  
StreamS．  
2．Usually，theice山meltingrateinglacialstreamsisin  
theiimitsoflO－20cmdayMlexceptverylargeorsteep  
COnduits．  
3．Botht壬Ieintensityoftbedeepeningofthecbanneis  
partiallyfilledwithwater andthe expansion ofthe  
COmpletely fiiled channels are proved to be propor－  
tionaltothe3／2poweroftheconduitsize，i．e．calcu－  
Ⅰ離edbysimilarformulas．  
4．Weneedtotakeintoaccountconduitsmeandering  
and their cross－SeCtion nonroundness，Otherwiseit  
CauSeS tO OVereStimating of theice－meiting ratein  
SeVeraltimes．  
5．Onthebasisoftheabovementionedbackgrounds，a  
modelof a glacialice－dammedlake was presented，  
Tbemainresultoftbismodelingispeak－1ikehydro－  
graph ofthe outflow from thelake，When thelong  
periodoflowwaterdischargeisfollowedbyrelatively  
Shortperiod（severaldaysorweeks）oflakedrain．  


