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Abstract  

Thepermeabilitycoefficientofwaterinsnowandfirnwasmeasuredforthefirsttimeinsiiuby  
meansofordinaryfallingheadmethodusingfreshcoresamplesobtainedattheaccumuiationareain  
YalaGlacier（5304ma▲S．i．き，Nepa王Hima王ayaontbepostInOnSOOn父aSOnOfSeptembertoOctober  
1987．Thesampleconsistedofwetgranularsnowwithadensityof370－760kg／m3．Thesurfaceofthe  
glaciermeltsandmeltwaterpercolatesintotheglacier，thusthetemperatureofsampleisOQC．The  
measurementwascarriedoutinasnowcavewherethetemperaturewasOOC．Afterwetookoutthe  
COreSampie，ぬepermeabilitycoe鮪cientwasmeastlredpromptly．う河eal鉛madethin父Ctions，and  
grainsizeandspecificstlrfaceareaweremeasured．Alinearrelationisfoundbetweendensityandthe  
logarithmofthepermeabilitycoefficientwhileadiscontinuityisseenatadensityaround600kg／m3．  
Thevalue（）ftbepermeabilitycoe舘cierltisdiscussedfromtbeviewpointof許ainsizeof払esample．  

1．lntroduction  

Since1981，glaciologicaland meteorologicalin・  
VeStigationshavebeencontinuedinLangtangIlimal  
Witb tbe aim of coま1ecting basic data concerrllng  
glaciologicaま，meteOrOlogicaland bydr（）io感caiproc－  
essesrelatingtothe（：ryOSpheric environment ofthe  
NepalHimalayas．Thisworkwasmadeasapartof  
COOperative project with Nepalese researchers，SO  
Cailed”GlacioiogiCalexped壬tionofNepalHimalaya】  
La11がangProject”．  
Permeabilitycoef喜cientofwaterinsnowarldfir‡1  

isorleOfthemostimportanteiemerltSねrinvestigaモー  
1ngthebehaviorofmeltingwaterthroughaglacier  
body，eSpeCiallyintheenglacialaquifer．Air perme－  
abilityand kerosenepermeabiiity weremeasured of  
naturalfinegrant王1arsnowandartific主a王compacted  
SnOWOfbi感1densityin temperaturebelow freezl喝  
pointby previousinvestigators（Shimizu1970；Kuro－  
iwa1968；Bender1957）．Becauseofthedi洋icu圧yinthe  
measuremenとOfnatl汀alwetsnowbyusirlgWaterat8  

℃，itspermeabilitycoefficientstillremai11edunknoⅦn．  
The measurement of permeability coefficient were  
madeforthefirsttimeinsitu，atdrillingsiteat5304  
ma．s．1．，thelower part ofthe accumulation area of  
Yala Giacier（28℡15’N，85030’E），Where snow melting  
OCCurred througb the monsoon season arld al主洩e  
depthoftheglacierisconsideredtobeatthefreezing  
pointofOOC．Correspondingtothisenvironment，SnOW  
layers were completely metamorphosedinto coarse  
grainedgrarlularsr10Wl）yperCOlatingmeitwaterarld  
rainwaterdliringthesummerseason．YalaGlacierlies  
between51（）O and570（）m a．s．ま．and the firnlineis  
situatedabolユt5250m乱S．L   

In this paper，the permeability coefficient of  
Water Ofcoarsegrainedwetgr’anularsnow andfirn  
naturauydevelopedinthedensityrangeofabout370  
to760kg／m3三s discu岱ed with co王1Sideration toits  
textl王re．   
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Sampleandspillsovertothesaucerasthewaterlevel  
Ofthesauceriskeptconstant．Thepermeabilitycoef－  
ficientcanbecalculatedbymeasurlngthetimeelaps－  
edforthewaterhead，h（m），tOdropfromhl（m）toh2  
（m）．ThreetypesofcylinderareusedasshowninFig．  
1：20cm，5．6cmandlcmindiameterdependingon  
thedecreasingrateofwaterheadinthecylinder．  
VolumeflowrateofwaterthroughthesampleQ’  

（m3／s）isdirectlyproportionaltothedecreaserateof  
thewaterheadbyA’（m2），thecrosssectionalareaof  
Cylinder：   

0，＝A二  
（1）  

FromDarcy’slaw，VOlume flowrate ofwaterinthe  
Cylinder（）（m3／s）isexpressedas   

Q＝烏A，  （2）  

Where k（m／s）is the permeability coefficient of the  
Sample，L（m）isthelengthofthesampleandA（m）is  
the cross sectionalarea of the sample．From the  
COnditionofcontinuity Q’equalsto Q：   

一A′＝々A・  
（3）  

Whenthewaterheaddecreasesfrom hltO h2during  
thetime t（s），WeCanintegrateeq．（3）sothat  

2．Method andsamples  

The measurements were made in the snow cave 
dug out near the drilling site which made an ideal 
laboratoryforthemeasurements at afreezingpoint  
environment：bothinthe samples andin the water  
percolatingthemnomeltingandnofreezingoccurred．  
Coresof13mand18mindepthweredrilledattwo  
sitesseparatedeachotherbyonlylOm，Whichcanbe  
regarded as cores obtainedin the same point．The  
COreSCOntainedmanyicecrustsandicelayersformed  
by refreezlng Of percolated water．The samples for  
measurement were chosen from the homogeneous  
partsofthecores．Inthesnowcave，eaChsamplewas  
arrangedin a cylindricalshape of around6cmin  
diameterand4tolOcminlengthfromafreshcoreby  
anewlydesignedlatheconstitutedbyanelectricdrill  
and a simple holder．For analyzing the texture of  
Samples used for the measurement of permeabilitす，  
photosofthethinsectionwerealsotakeninsiiu．The  
distributionofgrainsizeandspecificsurfaceareaof  
eathsamplewereobtainedinthelaboratoryinJapan．  

The measurements of permeability coefficient  
were made by the ordinary”falling water head  
method”asshowninFig，1．The cylindricalshaped  
sampleis held by a rubber tube，Which can be ex－  
pandedbyapressurepumpandisintightcontactwith  
the sampleforpreventingleakage ofwaterthrough  
thesides．Thelowerendofthesampleisexactlysetat  
the same waterlevelof the surface of the saucer．  
WateratthetempetatureoffreezingpointofOOCis  
pouredtothecylinder．Waterflowsdownthroughthe  

リ●ナ イ十∴、  （4）  

then   

Fig・1・Ordinaryfallingheadapparatuswithcylinders．   
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盈＝1n  
（5）  

Here，thepermeabilitycoefficientk canbeobtained  
bymeasuringtlュetimegwhe11ゐdropsfromゐ1tO毎．   
Toshow汰ecilaねcteristicsofthesamplesu詑d，  

the density（or porosity）profileis shownin Fig．2．  
Densityincreaseslinearlywithincreasingdepth．Tbe  
relationbetweengrainsizeandspecificsurfaceareais  
iliustratedinFig．3．GraiTiSizerangesfromO．6to2  
mmanditdecreaseswithincreaslngSpeCificsurface  
area．InFig．4，SpeCificsurfaceareaisplottedagainst  
density．Specific surface areaislinearly decreasing  
WithillCreaSi一喝density．  
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Fig．2．Density（orporosity）profileofthesamplesemployedfor  
汰emeas11rer11e11tOfpermeabilitycoe雄cient．  
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3．Result  

The data obtained for each measurement of the  
Sampieareiisted主nTabiel．The permeabilitycoef－  
ficientdecreasesexponentially withincreasingdepth  
as showniTIFig．5becatlSe deIISityi†lCreaSeS Witb  
depth andconversely porosity decreaseswith depth  
Fig．6shows the relation between the permeability  
COefficientanddensity（orporosity）．Solidvaluesindi－  
CatetIledataobtainedi11tbisstlidy．Thepermeability  
COefficient decreases exponentially withincreaslng  
derlSity，Wbiie tileiogaritbm of decreasing rate dis－  
COntinuously shi氏s from smalltolarge values at a  
der‡Sityofarotlnd600kg／m3．  

300  400  500  6こ‡0  700  800  900  

DE11S汀Y（kg／m3）  
F盲g、4．RelatiombetweelュSpeCific suTface ar鴨arld dens董ty（or  

porosity）．   
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Tablel．Ⅰ．ist of data obtained by the measurements of each  
Sa汀】pk．  

Depぬ Density Permeabili毎  Specific  Åverage  
COefficient surface area grainsize  

（m） （kg／m3） （m／s）   （m2／kg）   （mm）  
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Fig．5．Relatiorlbetweendepthaildpemeabilitycoe用c言eIlt．   

SeneatOCCbymultiplyingthepermeabilityat－5OCby  
the ratio ofkeroseneviscosity at¶50C to OOC．The  
permeabilitycoefficientofwateratOOCcanbeobtain－  
edbymultiplicationofthekerosenepermeabilityby  
theratioofkerosenetowaterviscosityatODC．The  
COnVer短dvaltleSareShowninぎig．6；thedot－dasbed  
lineindicateshismeanvalues；brokenlinesshowits  
upperandlowerlimit．Asseeninthefigure，Kuroiwa，  
SValuesshowalmostoneorderlessthanthepresent  
Valuesobtained，Whilethekinkintherelationofthe  
permeability coefficientⅥ7itIldensityis払und at a  
densityofaround550kg／m3．   

Forclarifyingthedependencyongrainsizeofthe  
Sample on the pcrmeability coefficient，the relation  
amonggrainsize，dcnsity（orporosity）andpermeabili－  
ty coefficient are shownin Fig．7．The sma11solid  
eirciesindicateapermeabi王ityc（〉eだicientsmaiierthan  
O．01m／s，tbemiddieo‡1eSfro汀iO．01toO．02m／sandthe  
largeonesgreaterthanO．02m／s．Asseenaroundthe  
densityof520kg／m3inFig．7，thcpermeabilitycocf－  
ficienttendstoincreasewithincreasinggrainsize．It  
mea11Sthatsnow／firnwithlargergrainsizepossesses  
greater permeability coefficient at a given density．  
Grainsize ofthe sampleswhich Kuroiwa employed  
WaSarOundO．3mmindiameterbutthatofthepresent  
SamplesofwetgranularsnowwasfromO．6to21Tlmin  
diameter．Therefore，theoneorderdiscrepancyinthe  
Valueofpermeabilitycoefficientisattribtltedtothis  
differe11Ceingrainsize．  

Thekinkfoundonthepermeability＾densitycurve   
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＊ This valueis not plottedin any figure．  

4．Discus＄ion  

Althoughthereisnoprevious血taofpermeabili－  
tycoefficientofwaterinsnowandfirn，OnlyKuroiwa  
（1968）hasobtainedliquidpermeabilityusingkerosene  
innaturalfinegrainedcompactedsnow（densityisless  
than550kg／m3）andartificiallycompressedsnowfor  
h…ghくiensi抒rangeくdensityismoretban550kg／m3）at  
thetemperatureof－5◇C．Thetextureofhissamples  
WaS muCh different from the present samples．For  
assesslngtheeffectofthetextureonthepermeability  
COefficient，let’s compare our data with Kuroiwa’s．  
First of all，his datais cor主Verted to permeability  
COefficientofwaとerbycoriSiderationofkerose‡leand  
WaterViscosity．Wecangetthepermeabilityofkero一  
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Fig、7、Therelationamor互g許aiIIS主ze，densityくorporosity）and  
permeabi呈毎COeだicierit．  

proce盛OfsriOWC壬Ia喝eS虫・OmmeCbariicalpackingto  
plast主cflow（EbinumaandMaeno1985）．Accordi喝tO  
thischangeofdensificatiorl，SnOWteXturedrastically  
changed．Consequently，thephysicalpropertiessensi－  
tive to snow texture should chaIlge their density  
dependency，Inthedrillingsite ofthe accumulation  
area呈nYalaGlacier，SnOWteXtlま代WaSCOnCludedto  
charlgegradually如mapermeableonetoasemト  
permeable one at a density of aromd600kg／m3，  
COrreSpOndingtoadepthofaround3乱   
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