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Abstract  

TわecbaracteristicsofslユSpelldedsedimentsarld軌earまnuaisliSpendedsedimentyieldbavebeeninvestigated  
inLangtangKhola，NepalHimalayas－ Thefindingsareasfo1lows・ParticlesoverO・25mmarecontainedonly  
inthesummcrbutthemodalclassforpart主clesizera喝eSfromO．03toO．063mmduringtheobservedperiod．The  
particlesizeinlノangtangKム01aisfinertbanintbeTenji！－Riverwhichdoesnotbaveglaciers・Tbecbangesi－－  
concentratior10fsuspendedsedimentcorrespoぬtoⅥ㌻aterdiscbarge曽 Therぬtion血ipsbetⅥreenWaterdischa咽e  
andconcentrationofsuspendedsedimenthavehysteresisbutthedirectionoftheloopsintheserelationshipsisnot  
uniform．Theamountofsuspendedsedimentsismostlyproportionaltothesquareofwaterdischargeandthe  
coe班c主entintbisrelatiorlShipisnotsoh短bincomparisontothevaluesobtainedinJapaneser主vers・′rheannual  
suspendedsedimeれtyieまdandtberateofsuspendedsedimentyieldinthiswatershedareestimatedat30500m3and  
O．092mm／year，reSpeCtively．Itisalsoestimatedthaとalmostailofsuspendedsedime－－tSisdischargedfromJune  
toSeptember．  

ChargeinLangtangK‡101aareanalyzedand汰eaIlnu†  
alsuspendedsedimentyieidinthiswatershedisestiq  
mated．  

1．lntrodu亡tion  

Sedi王Ⅵent yieldis arlindication of the rate of  
erosionina drainagebasin．Ifthereisaglac壬er or  
are glaciers，their effects on erosion should not be  
ignored－  

Fortbeestimatior10f払ea‡lnualsuspe†ldedsedi－  
mentyie払ぬtaofwaterdischargeduringayearare  
necessary．Measurementsofwaterdischargein the  
GreatHimalayailaVebeenobtained（Nakawoぞ才d7リ  
1976；Yamadaggαgリ1984）duriTiglimitedperiodsbut  
haverarelybeendonecontinuounlyforoneyear．So，  
thecharacteristicsofsuspendedsedimentshavebeen  
unkr10WnlandtbealュnualstlSpendedsedimeTltyieldbas  
notbeenestimatedinNepalHimalayas．  

Nepalese and Japanese parties jointly investi- 
gated hydrologicalitemsin Langtang Valley from  
Jtliy1985toJll王妃1986arid the measl汀emerlとOfsus－  
pendedsed主me11tSⅥraSincludedint‡leSeitems．Intbis  
report，thecharacteristicsofsuspendedsedimentdis≠  

2．StudyingWatershed and MeasuringMethods   

之j＿劇画妙轡y晦勧劇ぬ  
LangtangValleyislocatedinthesouthernfront  

OぎtbeGreatHimalaya，SOmelOOkmnorthwardfrom  
Kathmarldtlalldistbebead areaoft‡leRiverTristユ王i．  
Therearethreehydrologicalobservationsitesinthis  
valiey．Onesiteisalargeglaciatedwatershed，Which  
islocatedonthemainriverofLanがangVa11ey，and  
tlle Other two are smali，Ⅰれthis report，StiSpended  
Sedimentsinthemainriverareanalyzed．Thismain  
riveris called Langtang Kholain this report．The  
hi裏IeStpOiTltOfthiswatershedisabout7200ma．s・！・  

Tbe hydrologlCalobservation site of Lal唱tang  
Kholaislocated at3840m a．s．l．Thisstationis a   



Bulletin ofG王acier Research  ごり  

Thedensityofsuspendedsedimentisassumed2．  
65g／cm3in払isrepo托．  

3．Res山ts and Discussions  

ユ／．JJ長信伽一／畠ノ川／‘Jわナナふ、ん－∫たi，  
T壬IeClimulativeかequencycurvesofparticlesize  

distrib11tionsofsuspendedsedimentsandtherelative  
f陀que‡lCyhistogra‡nSareSho耶iれFig．2a王－dyig，3，  
respectiveiy．Thesefiguresshowtheresultsonone  

F主g，1．T王Ie重ocationofLa一喝tallgHimalinNepalandtbemap  
ofLangtangKholawatershed（Yamada，etaユ・，198祖   

dista11CeOf15kmfromtheendofLangtangGlacier  
whichis amainglacierinthisvalley．The area of  
thiswatershedis333km2ofwhich127km2iscovered  
With glaciers．Figurelsbowstheiocation and tbe  
mapofthiswatershed．   

2．2．肋俗αγ廃油才ゐ0鹿  
Waterdischargewasrecordedatthestationfrom  

July1985toJune1986．Here，SuSpended sediments  
vere sampled witb waterin bottles near洩e water  
surfacefromJuly1985toApril1986．Thevolumeof  
sampiedwater wasbetween500mland2000mlin  
accordance with water discharge at the sampling  
times．During this measurlng period，therc were  
tllreemeaSl汀ementSinwhichsampli†lgSⅥrereCa汀ied  
OuteVerylto4hours血1ring24hours．  
Sampleswerefilteredbyfiiters，pOreSizebeing4．  

5×10槻4mm．Thenthesesampiesweredriedintbe  
sun．InJapan，thesefilterswithsedimentsweredried  
for3minutesina microwave oven and their weight  
WaS meaSured▲ Tbe weight of filters vitbotlt Sedi－  
mentsissame．  

Thea11aly紀SOftbeparticiesizeofsedilⅥentSare  
carried out by two met王10ds．Oneis tl鋸dねr the  
particles over O．25mm．These partic】es are sifted．  
Another methodis tlSed for the particle under O．25  
mm．Tbese particles are measured byぬe particle  
counter．Inthismethod，theparticlesareseparated  
every5，8×10▼3mm．  

00  川－1  1  

甘2  1ロー1   

P人RTImE SIZE tれれ）   
Fig．2．The（：umu王ativefreqtlenCyCurVeSOiparticles主zedまstri－  
blまtionofs11Spended父diment．   
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Fig．3．TherelativefrequencyhistogramsofparticlesizedistribtltionsofsuspendedsedimentT  

paredtothesizeoftheTenjinRiverinJapan．The  
Tenjin Riveris a mountainous watreshedin which  
there are no glacicrs．It hasbeenreported that all  
particles are undcr O．15mmindiameter when the  
Water dischargeis under（），25m3／sec，and that the  
ratioofparticlesunderO，15mmisdecreasedⅥrjtIltbe  
increase of water discharge and becolⅥeS COnStant，  
about75ヲ左，WherltbevaterdiscbargeisoverO．6m3／  
SeC（Ohta eiaL，1985）．The50th percentile median  
Sizeofs11SpendedsedimentsisdistributedbetweenO．07  
mm and O．4mmin the Tenjin River．On the other  
hand，theorderofwaterdischargeinLangtangKhola  
islOO tolOlm3／sec and higher thanin the Tenjin  
River．ButthepercentageofparticlesunderO．15mm  
exceeds80％eveninsummer andthisvalueisover  
95％inothermonths．Figure2showsthatthe50th  
percentilemediansizeofthedistributionisO．03mmto  
O．05mm＿Itisdecidedby払esetendenciestbatsus－  
pe‡ldedsedimentsinLangとaI唱Kbolaisfinertha†lin   

day．The hydrographin this watershcd does not  
change quickly and the change in water discharge 
duringonedayissimilarinaseason．So，thechanges  
intheparticlesizedistributionsduringthemeasureing  
periodarediscussedbythesefigures．Itisfoundin  
F短．2tbaモ也erearetwodiffereIlttypeSOftheparticle  
Size di＄triblユtions．NaIⅥeiy，tbe comparativeiarge  
particles，0Ver O．251Ⅵm，areCOntainedin suspended  
SedimentsinJtlly，AugustandSeptemberwhenwater  
dischargcishigh，buttheseparticlesarenotfoundin  
theothermonths，Ontheotherhand，Fig．3indicates  
thatthemodalclassoccursatthesameparticlesize，  
fromO．03toO．063mm，eXCeptinJulyandtheseclasses  
COntain30to45％．EveninJuly，themaximalvalues  
areshowninthesizeclassfromO＿063toO．125mmand  
thedifferencebetweenthesetwoclasscsissmall，SOit  
isdecidedtllattheparticleshavi一喝SizesbetweerlO．03  
andO－063mmarecorltaiTledmosti11La†lgtangKhola．  

TlleParticlesizeirlLanがallgKholacarlbecom－  
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tbe Tenjin River、T壬IeSe reSu王tsmay be catl紀d by  
dif短re11CeSOftわeprocessesproduciれg如epartic董es．  
Thef主nepartまciesⅥ7i】1beproducedbyveatberingin  
theTenjinRiver．Ontheotherhand，aSgiaciersexist  
主nLangtangKhola，finerparticleswi11beproducedby  
the鉦icもioribetⅥreenthebottom ofgまaciers and払e  
rocksurfaceinadditiontotheweathering．  

Ji．ユ 川J〃〃〟／川〟岬t・∫ナノJ（、tりJl・√〃／れ一正刷（リ‾∫J√坤r〃（／（・′J  
メ（、lイ／J〃ぐ〃／  
ぎigure4s壬10WS the cbangesi‡1Water di虻ba‡嘗e  

andin軌ecく）nCentrationofsuspendedsedimerltSdur〃  
ing紀Iectedperiodsof24bours，Tわeわydr〔喝raphsof  
AugustandJanuaryaretypicalshapesonfinedaysin  
eachseason．Tbebyくjrograpbofaprilistyp主calon  
Cloudydaysinwinterorearlysprlngandthechanges  
主nⅥ7aterdisc壬Iargeisveryiittle一 王tisind主catedthat  

払ewavychangesintbec（）nCentrationcorrespondto  
Vaterdiscbargeir13seasons．T壬IemaX主malconcenト  
ration occufed about the same time as the maxitnal 
discharge．This te11dencyis foundin the mifl呈mal  
Value，tOO．Theminimalconcentrationoccuredfrom  
6こ00to9：00，becau紀ぬeminimaidiscllargeOCCはred  
at this timein allthree measuremerltS－ Tbe same  
tendency 王IaS been reportedin H主dden Valiey  
（Nakawoぞ才αgり1976）．  
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Wa亡er dまschaでge（m3／sec）  
Fig．5．TherelationshipsbetweerlW・aterdischargeandconcen－  
trationofsuspendedsedimenモSduring24bol汀Sper呈ods．  

Figure5showsthe relationshipsbetwcen water  
discbar酢and the concentraもioI10f suspended sedト  
mentsdliring24bo11rS，‡ti＄knoⅥrntbattbereiation一  
法ip壬1aSabysteresisduringeacbstormrlユnOffinnon－  
g王aciatedbasin，TberelationshipsindicatethisteIl－  
dency bl漉tbe direction of tbeloopsis oppositein  
August1985andJanuary1986．Tbe relationsbip   

n
U
 
 12  

Ti．me  

ぎig，4、Thechangesinwaterdiscもargeandconcentration of  
SuSpe釣deく箋sedまmen短dlユring24boursperまods．  

0：Waterdiscわarge  
●：COnCentration（）f＄uSpendedsediments  
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betⅥ7eeIIWater disc王Iarge and co‡1Centration of stlS－  
pended sedimentsis empirically recognized as foト  
lows；  

C＝g・吼  （1）  

WhereCisconcentrationofsuspendedsediments，Ois  
Waterdiscbargeandgisa coefficieTlt．But Fig．5  
ShoマFSthattbevalueofapoⅥ㌢erintbisrelationdlipis  
morethanl．Oduringshortperiods．   

J7．．？．軋んJ／んりバ／ゆわtイJ…リノ11■′Jん・J－Ⅰ）ふt・、／MJy＝川′ナ〟れ・  
．・l仙り川J（モ／■ヾアイゆ√〃‘〟′／J（・′／／肋、J油  
Therelations‡1ipbetweenwaterdiscbargearldthe  

amount of slユSpended sed壬me‡1tSis a base for tbe  
estimationoftheannualsuspendedsedimentyield．‡t  
isknownthatthisrelationshipisdescribedby   

（お＝α×¢†  （2）  

where ＆is the amount of discharged suspended  
sediTれe‡ltS，Qiswaterdi監bargeandαandノ好aretbe  
parameterswhicharedecidedineachwatershcd・It  
hasbeenreportedinmanywatershedsthatthevalue  
OfMineq．（2）isabout2．0．  

Figure6showstherelationshipbetweenQandQs  
in Langtang Khola．This relationshipis expressed  

aS：  

Qsニ2．04×10‾6¢え05，  （3）  

The numbers of these data arel14measurements．  
Thevalueofpower，M，ineq＿（3）isverycloseto2．0．  
Theamountofsuspendedsedimentsisproportionalto  
tbesquareofwaterdischargethro喝bthemeasureing  
period，魚ougbtbevalueof彪villbemoretban2－8  
duringselectedshortperiods，aSdescribedin3．2．  
Thc obtained coefficient，a，is not so highin  

comparison with the values obtainedinJapanese  
rivers．Ithasbeenreportedthatthemaximalorderis  
18▼5andtbat払eaverageorderislO▼7（Muramotogf  
滋．，1975）．The water of tbis riveris very turbid，  
especiallyin summer，but the volume of suspended  
loadisnotlargeinquantity，becausetheparticlesize  
issmall，aSdescribedabove．   

．写．イ．ム血糊出潮 －そ／■．・l／川J…／ふ吋町〃山／ふl′〟〃Jr〃／  
1‾んイrノ   

In this section，the annualsuspended sediment  
yield and the rate of suspended sediment yieldin  
Langtang Khola are estimated by the relationship  
i11dicatediTleq．（3）．Thedataofvaterdischargevas  
hourlydataatthehydorologicalstationofLangtang  
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Wa仁er Discharge（m3／sec）  
Fig．6－ The relationships between water discharge and the  
amountofsuspendedsediments．  

Fig．7．Themonthlysuspendedsedimentyieldestimated  
byeq．（3）．   
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Kl10la．Therewereonlさ715daysduringtbeolleyear，  
Whenwaterdischargecouldr10tbemeasur’ed．Estir  
matedvaluesofwaterdischargeareusedforthese15  
days．  

Theannualsuspendedsedimcntyieldisestimated  
38500m3by e（】．（3）．Fi郡re7sbovs汰e estimated  
suspendedsedimentyieldineachmonth．Itisfound  
tbat suspended sediIneIlt yeildinJlユne，JⅥly alュd  
Augustisverylargeandthatitequals78．6％ofthe  
annualyield．Addirlgthesusperldedsedimentyieldin  
September to thesethreemonths，itis93．9％of the  
annualyield．Itisestimated that almost allofthe  
anTlual鎚Spended sedimentsisdischarged女汀these  
fourmonths，Ontheotherhand，thesuspendedsedi－  
merltyieidfromDecemberto Aprilisno moretbalュ  
1％anditisconsideredthatsuspendedsedimentsin  
tbesefivemontbscouldbeignoredincalcl誼atingtbe  
estimateoftheannualsedimentyield．  

Therateofsuspendedsedimentyieldisestimated  
O．092mm／yeariTILa‡1gtangKhol乱 Tbehydrological  
Stationisfarfromtheendofglaciers，SOtherateof  
erosionofglaciersinLan離angVal王eywillt〉einvestト  
gatedbythedatainthetwosma11watersheds，here－  
a氏er，A11d tile amOunt Of tractionload should be  
investigatedfortheestimateoftheerosionrate．  

TheannualstlSpendedsedimentyieldinLangtang  
Kholais estimated at 30500m3and almost aHis  
dischargedfromJunetoSepemberinLangtangKhola．  
Therateofsuspended sedimentyieldbecomesO．092  
mm／year．  
Fromnovon，班efoi】owingmustbeinvestigated．  

Thefirstistheeffectofthepercentageofglaciersin  
a watershedonthesuspendedsedimentyieldingla－  
Cieredwatershedsandthesecondistherateoferosion  
OfgユaciersinLangtangVal1ey．Thelastistheesti－  
mationoftractionloadinthisvalley．  
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In this r・eport，the characteristics of suspended  
父dimerltSareinvestigateda王tdtheannualsuspended  
sedimentyieldisestimatedinLangtangKhola．  

Particles over O．25mm are contained onlyin  
Summerandthemodeoftheparticlesizedistribution  
was from O．03to O，063mm through the observed  
period．TheparticlesizeisfinerinLangtangKhola  
thanintheTenjinRiver，Japan．  
Thecba‡唱eSinconcentrationofsuspendedse払  

mentscorrespondtowaterdischargeduring24hours，  
Therelationshipsbetweenwaterdischargeandeon－  
Centration of suspended sediments during selected  
Periodsof24hourshavehysteresisbutthedirectionof  
theloopsisnotuniform．  

The amo11nt Of suspended sedimentsis mostly  
proportio‡1altotileSqtほreOfwaterdiscilarge．Tbe  
COefficient，a，in this relationshipis rlOt SO highin  
COmparisontot壬IeVal11eSObtairledinJapaneserivers．  
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