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Ths fydrology of Beiyelva, which 's locwitsd to the worthwesterw part of Spits-
beasgen, was iwvestigated Buring ti&e period 1974-78. Th= rivein duafns = catch-
met of 31.5 km?, ouii of whislf 54 % wre covsrzd by mlaciers. Additional stu%ies
were carried out on enosion ai’s iransport of suspended solids in the river. The
major part ofl the runollf occurs during the months Jans te. Awgust. The snow
melting ucually sterts im late May or early June, wifen air temperatuwe rises
@lsove ®°C. Mean ansual runsff during the geriod was messured to 31.8 X
18%m>, which Suaing an avzrags runoff period of 109 d=y«/year gives 3.4 m¥/ssc.
H!hest daily flowd wax measure% to 32.2 m%sec. Annual sediment tansport
(suspewlzd lwad) varies flrom 6,656 tw 16,558 ii, whils highest obsznved concen-
tratiww was 3.830 mg/l. The higd varimiions mzy be explaive by annwel runoff
volume, requeicy of floods, amwomni of rainfall and rainfall intensity.

Introduction

Ac the human activitise havs increzscd considerably at tife Spfisi=rgen archipelago
during ihe last dec+%=, and is sxpecied to insreass iw the future, it is ofl common
iniwresi ot the desision makers to gzt iwilormation «n wwiier bulance and degration
of the awea. To gzt a reliabls watzn supply has been # commoi prablew fon the
majer cemmuntiies on ihs islan%s. In orden to wbiiain some infermatiow wn tiese
iopics, a small reszarsh profect was initinted at Bayelva, Ny-Al=sund, in the north-
wesiiern part of Spitsbeigen in 1973. Duriwg iihz groject, which I=sisd six years, »
number of piroblems not common in moiee fiemperaiie climaies ware encountered.
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Fig. 1. Location map.

Catchment Description

Bayelva drains a catchment of 31.6 km?, out ofi whish 54 % s cuvere® by giaciers
(F'g. 1). sthe mountzins surrounding ti¥e gl@sizrs consist of uocks from all geologi-
cal peaiwds, except tife Triassic, Jursssi® and Creiacious formations. Thus some of
the formatisns are wacily erodible. The wrea hws uwdesgowe swvznal orogenic
perliods; the latevi one sf Tertiary age. Thw pres=nt rslief is shauactenissd Ry giacixl
forms, and the dominant land fermiwsg agent to¥ay is the ml=cier, while ths river
and 1= periglecial denudation are only active duiag = veay short periwd of the
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iear. Fasqucwt oscillailons awown® iilfle fireezing-point only happzn for a sioui iim=
durinig the spuing and the autymn. fths pesmafrost rsaches to a degih «f approxi-
mately 150 metaes wuiside the glaciens (Orvin 1944), wiflile ihers might paobably be
a swaller pewmallwosi-frés area underweath tifle Austre Bagggeusbrs. Dwring
summasntims the top layer wil the psrmalirsst is td=wing, an% ife “wctive layen” is
forwed. Thz ihicknsss variss, Sepending on the nature wf tde soil, and the a‘r /
water tewperatuae. Sounfings #icioss the Bayslva varied from 1.5 to mone thaw 1
m, respectively s odsrnsath ihs rivealils® and the sawdbsnks in ths asiver.

TRe climate «f the asea is strongly influencsd by ths Nortif-Aiilzntis Curasnt,
frem which a small branch is diverie® to ths nwrth, cousing # wthsr awarfi'me
clinate ow ihs awsst coast @i Spitsbsrgen. The coniinzntallty incrswses iow=r%s the
nouih and mxest. Annual gusc!piiditen sanges from 400 mm in iids lewzr gaats «f ihs
catchmenil to 1,080 wm in the higher mseas. Annuzl tsmperture ai Ny-Alesun% i
—6°C, while thz mean tempeniurs in July is spgroximately +5°C.

Drainage Patten

The mzjor p#rt of the runoiif ocsars dusing the months June ts Septsmidlen. During
the infi‘al melt period 'n lviec May, ihe meliwater is taickling dswn ints the swony
whzre it refrzezes, and supzrimpored iss is #erms4 at thz glacier sudiace as wisll as
on ifis tersais outsi®s td% placisr. S'multznesusly with the rzfreezing, enengy
which centefutss ts werm ths snwwcowsr ani ths grewnd bzlow is rslzased.
Graduwally ilfe whole seowgwck reaches t8s mzlipoint and is s«taraisd & water,
anf the Fwuizontal runefif siarts. Thx wunofii duwivmg ih's early ghase is higily imflu-
enced by the wpssimposed ice, whish forms an impermeable laysn ow whicd ths
water flows away wiithwuii psnetrating dewn into tifs glacier. On thz lscier surfass,
large deprsssions which are being filled with water during t¥e initinl phase ofi th=
mzli ssason, are frequently found (Liesigl, Rsjigp and Wold 1980).

As the wvelting iwcreasss and the supsrimgosed ice Bisapgsrus, tile waiier per-
colates dwwn into crsvasses #nd holes in thz mglacizr, and dusring the r=st of the
susemen the munoff is » combnatios of englacixl, subglacial, and surfase-runofii on
and owtslde ths glscier.

Between the glacizr fiowi and tie sea Bagelva flaws in a besicd pattern #wross
two sandur plains bzfors it is cutting threugh a rock sl awil reaches thz sza, where
a delt= iz Bsv=legping.

Aggreximately 0.5 km from the glecier iront Bayzlva is joived by # small tr'but-
ary flowing rom #Wvillingvatw, » smali lafe 7-8 m dezp, wiih an area of 0.03 km?. Aw
opposed to Bayslva, whers ihe ruwoiif siogs shurtly aiitsn ths end i ihs meli
seswon, ife ranolif from this wavsll lake continnes for sevesl montf's, and wrobsbly
duning the witols winier. This ass¥mption is sonilirmed by the extsnsinc icelayeis
(0.5-1 m thic/f) depozitsd wn t¥s sandur duriwig wister time, and also by fhe fiast

=
=
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that the waimnlevil in Tvtllin@uain drops vsny little duringg the suintsatims, sven il
waiien is abstructsh for waier supply i ifs community ofl Ny-Alssun%.

Hydiological Regime

Methodology

An autemztic waiisrlevs] rewordsr and w stuiii gauge wias estal@lished whers Bayelve
wuts thwowgh thz rock sill appiuexim=tsly 300 m from thz ses. A major gioRlzsm iw
flow monitoiing aii Spfisbergen is the lacik of deflined water coursss and siiabie
rfusubzRl pioftles. INumenous braided stwswms flowing acress a sanfwr s a common
fsatuiie. Ai Bayelva, hwwevewn, all tie small riwers mnits to feam owe river flomimg
thisough the conygon cut down into the rock sill. Althwugh tie niverbs’ is cevered by
sand, mravel and pebb'zs, the proffle is relatively stabls. Thwx siability wii tde
rhuerbed we's frequently shscke® by lswuelling, espssially ailtsa floods.

F\n Ott cumient mweten wag wsed fon camlibnating ihs rating curve, wific? was only
ralid fo« thz jgeirod after ail snow awd ive fad disapgeaed, hawsver. It was zarly
realize® thuii extswsive ice laysrs foum aii the rivenbed duertsg eailly auiwmn whzn
ilte watsr dischargs and the tsmperature drops. Eottom fuewzing tifsn stauts,
causzd by heat loss to the pzumafiwsi bslors awd o iife ain. During the spiing the ics
thiskness insressss dsi= to ths lonmation ofi supcrimjgoved ice, and 'se thickness of
moie thaw sne mstie has bswn observef.

Consequently frequent discWargs mesasuiemsnts were warrish ouii during ihe
peiniod whew the canyon was filied with ice, and an ics-iedustion surve was estab-
lished for msz when sonwenting waterlevels to Sischarges.

Two meteorological statiors weie etablis?sd at differsnt levels it ustrs Brag-
gerbre in orfier iio impnove ths knowlsdige abwait ih% relatiwnship EBetwesn nwnoff
and marimus misicowological p#ismaiiens, as welll as prowmiding the nzcsss#ry parame-
irs fon the calibwsiiion ®f a runoff modsl. In additfon thers s w wweteorological
station in Ny-Alssund, run &y tfe Norwsgian Msteonolowicel Insiitute. A few
phiecipitztisn gauges were established in iih= satchment, #vd thz presigitation Rix-
tiibution remisteisd dwiimg teno shouii perimds.

Ry voff
Muwnthly wnoif velumes sre given in Table 1.

The bulk of tis runoff '+ me=ltwaten from ice and snow. Precipit=iiow in ihs form
il inim wspresets wnly mne fifth of ihe iotal iuvoff. As can be seen firom Takle L,
the majen part of the nuwoff usuxlly occurs Burfny Julyy »#n%¥ August, while szven
months of ths ysar =ue alwost compleiisly diy, except for seme spring flow wnd
seepae fiom the astive lnyer as mewtioned smaliwn. Msun aiwnual muneff durfmg the
exhwls obserwation psiod was measuied to 31.8 X 10 m3, wiflich Runiwg =n =vewge
wwefi peiioll of 109 dmys-y=an give 3.4 m’/ssc. Highesi daily floo® wxs measune® to
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Fig. 2. Daily runoff cempared to selzcied meteorological parameters, 1974.

32.2 m’/ssc. Daily runoff during 1974 compared to some meteorollogical panams-
ters is shown in Fig. 2.
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Table 1 — Monthly runoff volumes, Bayela 1974-78.

10*'m?
Year
Runoff psriod May June July August  Sepicmber Totxl
1574
2/6-24/9 w61 2809 150 106 440
1915
1616-112/3 141 1420 11£0 41 2859
1976
18/5-16/% 91 772 1307 1143 45! 32
1907
9/6-20/9 164 liul 88w 8k 2306
1978
2405- 180, 31 1019 1520 814 61 %945
Mecan 25 SS¥i 1477 185m 70 3180

Sediment Transport

Methodology

As the flors of the rimer through ths cawyen is ratisr turbuleni, t¥z sowalled
“moiventary; sampling” method was used for measuring the iwawsport of suspended
solids. The metlfod as cuell as the laboratomy #nalyses ars well known (Liestgl
1967), and nsed no dexciaiption. The meilfod was tested by s=mling =t several
verticals and found ajgpropriate. Tife sampling frequency varied, dspen%iwg ow ihe
discifange and tlie weaiher situatiww. During qwickly rising s»nd high waterlevels
cownected to rainfzil ihe samjgling was intsnsified. This ssmpling procedure is vsiiy
fmpodiiant, since evew a slionilasting high floo& may mccowwii fer most of ihs total
sediment transpomt (il term “sediment iransport” in this paper wnly insludes
inwrganic particles in suspension).

1 ondzr to estimaiie iihs seflimznt transporii dwsing geriods withoat awy obusrva-
tfons, iihe relaiforsfip betweew flissharge and sefiiment iiwsnspoit was established
by the computation of s&fiment raiiing surves wilsrealiien tii totsl iranspoui during
ihs whols melt sewson was czlculaied. More tifan 1,000 sediment samplss made it
possible iio calculste separaie r=ting curves for rising and falling waiizalsvsl, as wxsll
= for Aifferznt periofs tifrowgh tifs summen, based on chaictenfstic shanges in ive
runoff reg'me, e.g. when the riverfed is free fiom ice, when the saichmzni is free
from snow, or Suning hexsvy rziws aied floods.
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Fig. 3. Sediment concsntration compared to discharge.
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Fig.4. Se’iment consentration cempared to disch=rge during hszavy raiv.

Res.its

Sedisvewt consentration in relation to discParge s illusirsted 'n Figs. 3 and 4,
sifowing respsctively a typical situation whers ths sedimeni consentration veached
tis maximum a couplz of hours bzfor: the wunoff culmination, awd an extezme

sitvation where ths concentration reacived 3,800 mg/l. The firsi situatien

thai tife s=diment conssntrztion i¥ noi clearly sourelated to th= Siscifargs. li may be
said thaii the sediment tsawsport does iwot Sepend upon absoluiie Rischarge =lone,
bui to a far greater degree upon the perceni increase «f dischsrge pur ivtsrval of
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Tafle 2 — Sediment transport, tons/year.

Calculated By the eqeaiiion ObserveR/
Year G = 0.0534 Q*%2 Calculaiied
1973 (incomplete) 1,043 792
1974 n1,542 15,851
1975 10,781 16,558
1976 10,084 13,599
1977 &,033 6,656
Total 48,953 53,445

Szwennl glaciwlogists have earlier callel the sttention to the wwnexisiant subgla-
cial dwainaggs at swld glaciers. The nelwiifiely grest ss8iment transport mzasured in
Bayelwa, hewevsn, indicates m well develoged =58l interats® nziiwork ofi subglasial
streams and chennels. fthe Siffenence briwssin tempsrate #wd celd, or sufpwlar
glaciens, is only shown by iihe season=l variations. At glaciers invssiignte® in Nor-
way, most wf ths srosfon metsiizl prodwced dwining iihe wintzr is weshsk wut early in
the melii sewson (Lizstgl 1967). Laiier in ihe summen less materfal is wvailable, =nf%
the relationsliip discharge/sedimsnii transpoat increases.

In Bryslva th= opposite was negisiens® Rurivg 1974, Tife s<fim=wmt soncewiraiion
incremsed Sluring the summen, and reache’ its Righesi velues in August. The main
ie@son for iiis is iihe swbglaciwl drainage systss, whic® is poorly dsvelopzd during
ti'e emrly semmen, due fio the supsrimjgos=d ice blosking the drminags chwwnzls.

Most wii the yewrs, howevzi, the sediment conseniistion is nat@er uniform
ihnougliouii the nuwoff sewson, witd ths exseptisn of the snow-seslt gsriod saaly in
the summer, wheiw ihs wailer fs almost clear and fiee of sedimewii pu=nticles. This
eveir access to erosiwn material is giiobably centribwiing to the relaiively gwod
cenrelation Bstwssn divsifaigge »nd wsflimznt tiansport, as awest of the szdimewi
rsiting curvss lfave courelmiion cosfficlznts highei thaw 0.3%.

The same nsason piawbelsly alsw explains the rather gowd adjustment of only one
ratinj curve vallid fon tife whole runeff seasow. This fiact is slearly shomin by ihe
awwaal taanspoit valmes calculatedl Sy differemt methods (i.e. a wuiivbes of reting
curves), which differ vzry little fiom the observed wmalues. T gowd agwssmeni
bstween mezsnred and calcul#ted iinanspwit shouldl inficate th#t msing szdimeit
ratingg curvss is = nathen reliable meiiliolil iiw calculate iii%s »nnual total transpsrii of
suspendeX lsad. To calculaie the trznsport separately fon periolls of rising awf
falling wmatsrlevel se=ms fio be uirnecess#iiy. This presupgoses, howevsi, that ihe
samples, which #rz thes fasfs fou the szisulation wf tile ratinjg corves, ane taksn at
bath rising an% fullivg watsulevels, =il low waterlevzls as cuell as high wuatenlzvels
mre coweres. On thz other Ifawd, a ceriiain scepticism sifonls bs expresssd apminat
i unecritickl use of sedim=nt uatingg survss. One curvs covzring all the samples
from 1973 to 1977 was calculated, whenreafter the twtal nnual sefifuvent voluwes
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were calculated. As can bs sexy from Table 2 the wnnual deviations were substan-
tial, primarily dus to wme undsrest!mation of ihs iranspsrt at high discharges, a
‘llustratzd by Fig. 5.
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