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during our mon itoring programme. Over long periods,
the evapotranspiraton exceeded precip itation (Fig. 9b ).
The recharge of groundwater at this time of the year
must have taken place mainly by infiltration of river water
from Ygleelvi, and the observat ion points in the dischar
ge area were hardly affected by precipitation derived sur
face water. This period seemed more promising fo r studi 
es of transit times on the basis of our environmental tra
cers.

The measurements from Ygleelvi (Fig.8a) depict the
start of a decreasing trend fo r 818 0 %0 from about 1 April.
We consider this trend to represent the input of meltwa
ter from the high -altitude parts of the catchment, label
led with the winter's low isotopic signatures. At observa
tion point G the start of a decreasing trend is recorded
around 15 April (Fig.8b). Provided this is the arrival of the
same isotopic signal, a transit time of about 15 days from
the recharge area to G is indicated.

The interpretation of the 8180
%0 values for Kaldebek

ken is not as straightforward. A decreasing trend during
the first weeks of May is succeeded by a rising trend
which is followed by a second decreasing trend from
about 1 June (Fig.8c). The first period with decreasing
8180

%0 values coincides in time with a period where the
water levels in Kaldebekken are high , but without any
precip itation. The lower parts of the drainage area were
free of snow at that time, so we consider this trend to
represent the input of local high -alt itude meltwater from
the flood- and meltwater stream Batskredi (FigA ). The
snow pack drained by Batskredi, however, is small, as the
area available for snow accumulation is very limited
because of the steep topography. The isotopic finger
print from this input of meltwater has probably only
resulted in a small lowering of the 818 0 % 0 values in
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Kaldebekken. The second decreasing trend, which is
more pronounced, can be related to the propagation of
the isotopic signal from the meltwater in Ygleelvi. This
interpretat ion gives a residence t ime of about 60 days
from the recharge area at Ygleelvi to Kaldebekken. In
Ygleelvi there are also two subsidiary maxima, M1 and
M2, on the 27 May and 22 July. The arrival of these two
isotopic signals is recorded at observation point G on 17
June and 19 August, and at Kaldebekken on 29 July and
23 Septembe r. Both these signals give a trans it t ime of 64
days from the recharge area I to Kaldebekken.

Temperature

The temperature of the groundwater in shallow aquifers
is affected by daily and seasonal variations in the air tem 
perature. The temperature in groundwater formed by
infiltration of river water will display roughly the same
trend as the river water. There will , however, be a time
lag, and the temperature of the groundwater could also
be slightly higher (Walton 1970, Kihlstr0m 1993). By
monitoring the propagation in the aquifer of a well 
defined temperature maximum or minimum in the river
water, it should be possible to obta in an estimate of the
residence time in the aquifer. The t ime-temperature
regression curves (Fig.10) depict similar seasonal variati
on patterns for all three observation points. In Ygleelvi, a
well-defined temperature min imum is ident ified on
about 4 February (Fig.10a). Similar temperature lows at
observation point G and Kaldebekken are identified
around 25 February and 8 April , respectively (Fig.10 b,c).
The temperature of the groundwater leaving the aquifer
at this time was about 1se higher than the temperature
of the cold water entering the aquifer in early February.
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Fig.I/ . Transit timesobtained by thevariousmethods.See text for discussion.
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We consider the lows on the time-temperature regressi
on curve s to represent the arrival of the temperature sig
nal through the aquifer, thus giving a residence t ime of
about 64 days from th e recharge area by the river bed in
Ygleelvi to the discharge area in Kaldebekken. If we consi
der only the data points, a subsidiary min ima around 1
May may be associated w ith the same input of a compo
nent of cold meltwater from Batskredi which caused the
lowering of the 8180 values in Kaldebekken at that t ime ,
Alternat ively it could be int erpreted as a tra nsit t ime of 87
days.

Comparison of results

Calculated transit times obtained by the different meth
od s are summarised in Fig,11,The three isot opic 8180 sig
nals from water entering the aqu ifer in the period 1 April
to 22 July give transit t imes of 60, 64 and 64 days,
Hydraulic calculations based on the preva iling hydraul ic
grad ient during that per iod (Le. 0.05) give trans it t imes of
62 days (ne=0.20) and 92 days (ne=0.30). The tempera
ture signal that entered the aqu ife r around 4 February
gives trans it times of 64 days or alternatively 87 days.
Normally we would expect longer transit times in the
winter months due to a smalle r hydraulic gradient at that
ti me of the year. However, th e win ter of 1993 was extre 
mely mild and wet. From early February the temperatures
in Esebotn were above 0° C, and t here was a considerable
amount of precip itation in February and March (Fig.9).
Hence, the wi nter discharge in Ygleelv i in 1993 did not
differ mu ch from the snowmelt discharge in t he late
spring and early summer, and hydraulic grad ients and
tr ansit t imes fo r t hese two periods wou ld not differ sign i
ficantly. We thus consider the results obtained from these
three methods to be broadly com parable . The consisten
cy in trans it t imes obtained from th e 8180 signals sug
gests to us that the oxygen isotopes are the mo st reliab le
and precise mean s for calcu lat ing t ransit t ime s.

Conclusions

Simple hydrogeolog ical calculations applying a Darcian
approach give trans it times of about 60 - 90 days for the
river water from Ygleelvi entering th e aquifer in late
spring and early summer. The use of environmental t ra
cers, oxygen isotopes and temperature give comparab le
results. We conclude that the env ironmenta l trace r
approach also has applications in areas where climat ic
cond it ions are more ext reme and variable than in inland
areas. A pre-requisite for such an approach is a thorough
mon itoring of t he tota l hydrological and climatic system.
The monitoring of the propagat ion of the isotopic sign al
del ivered by the snow-melt in high-alt itude areas appe
ars to be the mo st fru itful approach in studies of residen
ce times. The oxygen isotopes also provide valuab le
information about the relative contributions of infi lt rated

river water and mo re local water der ived by recharge of
precip itation on the river pla in. The proportion of rechar
ge due to river infiltration and precip itation varies in both

space and ti me. Such information is part icularly impor
tant in the context of groundwater development, as it
could be used to select optimum abstrac t ion sites fo r
groundwater w ith regard to protection and water qual ity.
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