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A shallow alluvial aquifer in Esebotn, Sogn og Fjord ane, Norway, has been invest igated from a hydrological sta nd­
poi nt in order to obtain estimates of groundwater transit t ime s. Water levels, oxygen isotopes, water tem peratures
and precipi tation were monit ored over a one -year period . Groundwate r transit t imes were calculated apply ing a tr a­
di t ional Darcyan approach and by using oxygen isotopes and temperature as tracers. All methods give trans it times
of 60-90 days. The oxygen isotopes indicate that groundwater recharg e du e to infiltrat ion from th e river Yg leelvi
makes up about 80% of the totalgroundwater recharge in th e central part s of the aqu ifer during the summer season.
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Introduction Hypothesis

Only 13% of the population in Norway use groundwater
for drinking water purposes . However, there is an increa­
sing awareness of the ut ilisation of groundwater; mainly
because of better raw-water quality and source protec­
t ion, and a higher cost-effectiveness of the water supply
compared wi th surface water (Ellingsen & Banks 1993).
Moreover, a stronger emphas is has been placed on water
quality due to the ratification of the EU direct ive on drin­
king water quality. Particularly, the food and beverage
industry and all accommodation establishments will have
to document water quality accord ing to these regul at i­
ons. This has strengthened the efforts to locate new
groundwater resources. In coastal Norway, many aqui ­
fers in small river deposits and deltas have been conside­
red as marginal or second-class with respect to water
quality and capacity . The main arguments again st the
exploitation of these aquifers for drinking water have
been the supposed short transit times and the risk for sea
water int rusion. However, compared with surface wate r,
wh ich is often bacteriolog ically contaminated and may
also carry humic substances, the exploitat ion of these
marginal groun dwater resources may be more cost­
effective as it wi ll require less water treatment to obta in
high-quality drinking water.

The aquifer in Esebotn is a typ ical examp le of this sort
of marginal aquifer. The aqui fer has earlier been investi­
gated by geophysical and hydrogeological methods
(Bergersen et al. 1987, Enes et al. 1992, Soldal et al. 1994).
In th e follow ing accoun t we will show how th e use of sim­
ple hydrological methods can give valuable inform ati on
about the proportion of infilt rated river water in the aqui­
fer, groundwater flow and tran sit t imes; whi ch are all
important parameters pertaining to aquifer protect ion
andwaterquality.

Our hypothesis is that oxygen isotopes provide a useful
means of elucidating gro undwater trans it t imes in coastal
areas where climatic cond it ions are variable . Temperatu­
re measurements and hydraul ic calculations are also sim­
ple methods which can adequately be applied to calcula­
te groundwater trans it t imes, and the reliability of these
methods can be controlled by oxygen isotopes provid ing
that stat istical tools are used. We claim that small flu vial
depos its are adequate aquifers with respect to water
supplies and tha t they can be protected in a reasonable
manner.

The study area

With regard to topography/catchment, climate and geo­
logical architecture, the aquifer in Esebotn is typical for
many aquifers in coastal Norway. The Esebotn aquifer is
centered around the river Ygleelv i, and is an alluvial fan
deposit grading into a coastal fluvial delta. It covers an
area of about 0.195 krrr', and is located in a small valley
bottom surrounded by steep valley sides which reach alt ­
it udes of a thousand metre s or more (Figs.1&2). The val­
ley alluv ium consists mainly of coarse gravel and sands
wh ich have been derived from an older ice-marginal
depos it near the head of the valley (FigA). As a result of
the isostati c up lift of the land mass wh ich followed the
terminati on of the last ice age about 10,000 years
ago, this ice-marginal depos it was eroded and the sands
and gravels were redepos ited further downstream on the
river plain and in Esefjord (FigA).

The invest igated part of the aquifer on the eastern side
of the river Ygleelvi has an area of about 0.105 krrr' .
Hydrogeological and geophysical field investi gati ons



6 Helge Henriken, Noralf Rye og Oddmund Soldal GU-BULL 431.1 996

:.-

::;

::::
::;

;'00

'""'/.

."'1

Fiq.l . Location map of thestudy area showing theaquifer in Esebotn and itscatchment area.
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Fig.2. The aquifer in Esebotn with parts of its catchment area. Esefjord is
seen in the foreground, and the surrounding mountains reach altitudes of
about 1100 - 1200metresabo ve sea level.

Fig.3. Graph showing percentage of catchment area situated above a
specified altitud e.

Fig.4. Map show ing observation points and deduced grou ndwater flow directions based on penetra tion depth ofgeoradar signals from Soldal et al. (1994).



8 Helge Henriksen, Noraff Rye& Oddmund Solda l GU-BULL 431, 1996

(Soldal et al. 1994) show that the aquifer in this area is
built up of gently seaward-dipping layers of sand and
gravel with a total thickness of about 10 metres, underla­
in by at least 40 metres of silt and clay (Bergersen et al.
1987), At the lower boundary of the aquifer, organic
material is encountered in the fine -grained sediments.
Dating of roots and plant remains encountered during
installati on of piezometer B (Fig. 4) gave an 14C age of

1085±85 years B.P. (TUa-615, Trondheim). In such a
young depos it we consider it likely th at organ ic mater ial
was also originally present in th e overlying coarse-grain ­
ed sediments . However , a rapid throughflow caused by a
high permeability and hydraulic grad ient must have
enhanced the decomposit ion of the organic matte r lea­
ding to the present -day oxidising cond itions that prevent
the dissolut ion of iron and mangan ese oxides. In the fine-
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Fig.5. (a) Profile from Ygleelvi to Kaldebekken in late spring/early summer when the discharge in Ygl eelvi is high. (b) The sam e profile when the discharge in
Ygleelvi is Iow.



NGU-BULL 431 , 1996 Helge Henriksen, Norolf Rye&Oddmund Soldol 9

17.09.92 26.11.92 4.02.93 15.04 .93 24.06.93 2.09 .93

Ygleelvi

Fig.6. Dept hs to water level from arbritary
da tums at (a) Ygleelvi; (b) observa tion
points S, E, H, FI and Kaldebekken.
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grained sediments organic material still remains due to a
slower throughflow, and reducing conditions exist with
possibilities for mobilisation of Feand Mn.

The catchment has a tota l area of abou t 12 km'. The
lower part in the valley bottom comprises only about 5%
of this area, and most of the catchment is situated at
high-alti tu de elevati ons (Fig.3). The main drainage of sur­
face water is through Ygleelvi , supplemented by seaso­
nal drainage through some valley side meltwater and
floodwater streams. The average annual precip itation fo r
the nearest precipitation station at Skarestad in Fjoerland,
about 25 km further north, is 1905 mm (Norsk
Meteorolog isk Institutt 1987). In our observation period,
from October 1992 to October 1993, the precipitation in
Fjeerland was 2190 mm . There was a marked precipitati­
on maximum in the late autumn/early winter months
(November-January). In the low-lying parts of the catch­
ment much of the winter precipitation was rainfall, while
the area above approximately 800 metres made up a con­
siderab le snow-pack where in much of the wi nter precipi­
tation was temporarily stored.

Geophysical investigation s ( Soldal et al. 1994) ind icate
that groundwater recharge takes place mainly by infiltra­
ti on of river water th rough an eastward-facing bend in
the Ygleelvi (Fig.4, area I) about 200 metres upstream
from its outlet into the Esefjord . Precipitation and surface
water which infi ltr ates the aquifer from the valley sides in
the east is considered to form only a small contribution
to the groundwater recharge. Groundwater discharge

takes place in a marshy area on the western side of
Kaldebekken (FigA), attested by the water levels in a pie­
zometer-nest (F1-F2-F3) in thi s area. The discharge takes
place from natural spring s and from various dug ditches
and river-canals, in particular by the groundwater domi­
nated stream Kaldebekken (FigA). Surface runoff from
the stream Batskredi and the mountain sides in the east is
estimated to make up 0 - 15% of the tota l discharge of
Kaldebekken . In dry and cold periods, Batskredi has prac­
tically no discharge. In short periods of heavy rainfall ,
however, the discharge of Batskredi may make up a sign i­
ficant component ofthe discharge in Ka ldeb ekken.

The discharge of Ygleelvi controls the water tabl e in
the aquifer, which fluctuates with the water level in
Ygleelv i (Figs. 5&6). The hydrau lic gradient in the directi­
on from the recharge area to the discharge area at
Kaldebekken is roughly the same as the grad ient of the
fan-delta, i.e. about 0.06. If we take the water levels in
Ygleelvi and Kaldebekken to represent the hydraulic
heads in the recharge and discharge areas, respectivel y,
the hydraulic gradient is found to vary between 0.03 and
0.05. The hydrau lic grad ient reaches its highest value
during the main snow melting in late spring and early
summer.

The pressure of the groundwater flowing through the
deposit clearly overprints the tidal effect of the seawate r;
which influences the water levels in the aquifer in a noti­
ceable manner only in the observation wells D and P clo­
se to the shoreline (Enes et al. 1992). Geoelectric measu-
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rements (Soldal et al. 1994) clearly show th at sea-water
int rusion is least pronounced during the spring and early
summer when the aquifer is flushed wi th large volumes
of freshwater from the snowmelt.

Methods

Stud ies of residence t imes can be carried out by th e use
of hydraulic calculat ions or by environmental or artificial
tracers.

The hydrau lic approach isdependent on gathered fie ld
data such as grain size and piezometric heads in orde r to
estimate hydrau lic cond uct ivity, poro sity and hydraulic
gradient. From these data, average linear velocity and
hence residence t imes can be estimated. It has been clai­
med that the accuracy of this method is limi ted, mainly
due to the uncertainties in the estimates of the aquifer
properties. The use of tracing techniques has the refore
been recommended (e.g. Freeze&Cherry 1979, pA27).

Naturally occurring tracers such as oxyg en isoto pes or
physical parameters such as temperature have prov en to
be appli cable in studies of residence times in aquifers
wh ere the residence t ime is short « 1 year) (e.g. Walton
1970, Haldorsen et al. 1993), providing that the re exists a
seasonal variation for the measured parameter in precip i­
tat ion or infi lt rat ing surface water. By monitoring the
t ime of propagat ion of the seasonal maxima or minima
from recharge area to discharge area, information about
transit t imes can be obtained. The advan tages of using
oxygen isotopes and tempe rature are many: th ey are
inexpensive and simp le to measure and move as integral
parts of the normal gro und water flo w wi thout retardati­
on due to adsorption, etc. In Norway, the use of oxygen
isotopes in groundwater stud ies has yielded fru itfu l
results in small aquifers situated in inland areas wi th sta­
ble climat ic cond it ions and well defined catchments
(Haldorsen 1994).

Natural water initially formed by evaporation of ocean­
ic water conta ins the oxygen isotopes 160 and 180 . The
isotopic composit ion of oxygen in a water sample is nor­
mally characterised by the isotopic ratio 180 / 160 relative
to the same ratio in a known standard water sample.
Usually this is 'standard mean ocean water' or 'SMOW'
(Craig 1961). The relat ive diffe rence in the isotopic ratios
is defined as:

GU-BULL 43 1996

anic water. The 818 0 %0 values will thu s normally be
negat ive. For a given geograph ic area, the 818

0 % 0 valu­
es of precip itation will depe nd on air temperature, the
amount and intensity of precip itation, distance from the
ocean, alt itude and prevailing wind direct ion . One would
consequent ly expect both regional and seasonal variati­
ons in the 818 0 % 0 values.

Table 1. Observat ion point s in the study area and types of parameters
measured. Observation point F is a piezometer nest where three piezo­
meters Fl , F2 and F3 are installed at different dep ths.

Observat ion poin t Paramete r
Y Ygleelvi Water level. temperature, 0" 0 %0
G Spring Water level, temperature, o' 0 %0
K Kaldebekken Water level. temperature, 0" 0 %0
B Piezometer Groundwater level
F Piezometer nest (Fl, F2, F3) Groundwater level
H Piezometer Groundwate r level
A Precipitation station Air temperature, precipitation , O· 0 %0
E Piezometer Ground water level
C Piezometer Seawater level
D Piezometer Groundwater level
P Piezomete r Groundwater level

Data and sampling

In th is stu dy 11 ob servation po int s were estab lished
(FigA, Table 1 ). Once a week, water levels, water tempe­
ratures, air temperature and precip itation were measu­
red. At four of the obervation po ints, water samples were
collected for determ inat ion of 818 0 %0. The samples col­
lected at the precipitation stat ion were accumulated
samples from the preceding week. The observat ion peri­
od lasted one year, from Octo ber 1992 to October 1993.
In addit ion, precip itat ion and evaporat ion data from the
nearest meteorological observat ion station, Ska restad in
Fjcerland, were available ( Norsk Meteorolog isk lnsti tu tt
1992a, 1992b, 1993a, 1993b). At observat ion po int s Band
F and at several other locat ions, observat ion wells have
been drilled and aquifer samp les gathered at various
depths for estima tio n of hydraulic conductivity from
grain-size gradat ion curves (Enes et al. 1992). Water-level
data fo r estimation of hydraulic gradients were also
recorded .

Results and discussion

Darcian approach

As the relativ e difference between the isotopic ratios is
small, it is often given in per mille:

The water vapour in the atmos phere which later conden­
sesto form precipitation is depl eted in 180 relat ive to oce-

Based on the gro undwate r flow directions ded uced by
Soldal et al. (1994), th e gro undwate r residence time from
the recharg e area I to th e discharge area at Kaldebekken
can be calculated from the equat ion :

ne · L (m)

t (d) = - - - -
K(m/d ) · i
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Table 2. Calculated groundwater residence t imes from recharge area (I)

to discharge area at Kaldebekken for different hydraulic gradients and
effective porosities.

dence time is shortest (62- 92 days) in the spring and ear­
ly summer when the hydraulic gradient is high (about
0.05).

Fig.7. (a) Monthly precipitation data from the nearest metearological
observotion sta tion, Skarestad in Fj<erland, during the observation period;

(b)Monthly weighted meansof 8'0 %0atEsebotnagainsttheprecipitation
data from Skarestad.

where t is the residence t ime in days and L is the distance
in metres. The hydraulic condu ctivity K is an average
value of a number of K-values determined by Enes et al.
(1 992).The residence ti mes calculated (Table 2) are consi­
dered to represent the dominant water throughflow,
ignoring lesser inhomogenet ies in the aquifer. The resi-

-4

1992 .. E 1993

Oxygen isotopes b'8 0 %0

The precipitation has an annual mean bl 8 0 value of -8.58
%0, with maximum and minimum values of 1.17 and
-17.40. The winter 1992/93 had periods with unusually
high air temperatures, strong southwesterly winds and
large amounts of precipitation. Several high bl 8 0 %0
values indicate that the isot opic composition was influen­
ced by airborne sea-water aerosols during episodes of
extreme weat her conditions. Nevertheless, the monthly
weighted means show a distinct seasonal variati on, with
rising values from December to June, and decreasing
values from July to November (Fig.?). One important con­
dit ion for applying oxygen isotopes in studies of tran sit
t imes was thus present. Our assumpt ion is that recharge
of grou ndwater takes place mainly by infiltration of river
water from Ygleelvi. If seasonal variations in the river's
b IB 0 %0 values are present, this isotopic labelling of the
river water should be traceable in the aquifer and thus
provide a means of determining the residence t ime for
the water in the aquifer.

In drainage systems controlled by surface runoff one
would expect the highest b I B 0 %0 values in the summer
months and the lowest during the winter. In our area th is
could be different, because the temporarily stored winter
precipitation which melts during the spring and summer
months can reverse the isotopic fingerprints in the river
water. In Ygleelvi one must expect any seasonal variation
in b I B 0 %0to be a result not only of seasonalvariations in
the b I B 0 %0of the precipitat ion, but also of the supplies
of meltwater carrying wi th it the low b IB 0 %0isotopic sig­
natu res. The b I B 0 %0 values also decrease with alt itude.
This altitude effect will result in a lowering of th e b IB 0 %0
values of 0.15 - 0.50 %0per 100 m (Yurtsever & Gat 1981).
A commonly observed alti tu de gradient appears to be
near 0.2 %0 per 100 m (Eriksson 1983). As much of the
drainage area of the Ygleelvi is situated at elevati ons
above 800 - 1000 metres, the altitude effect will give rise
to lower b IB 0 %0 values than one would expect at this
distance from the coast. The water samples from Ygleelvi
show an amplitude in their b IB 0 %0 values of about 1.5
per. mille about an average value of -11.11 .

Compared with the observation points in the dischar­
ge area, Ygleelvi has the lowest b IB 0 %0 values (Fig.8).
Kaldebekken has the highest values (average -10.32),
while the values for observat ion point G (average -10.82)
fall between the values for Ygleelvi and Kaldebekken.
None of these cited averages are weighted for flows. The
difference between the three average values is stat istical­
ly sign ificant at the 95% confidence level. The pattern of
increasing b IB 0 %0 values with distance from the rechar­
ge area is most prom inent in the period from April to
September, and supports our view that recharge of
groundwater takes place by infiltration of river water
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Fig.B. Variations in 8"0 %0 during the observation period at (a) Ygleelvi; (b) Observation point G ; and (c) Kakiebekken. In Fig. Be, the water level in
Kaldebekkenisalso depieted. The vertical bars indicatestarts of decreasing trends for 8"0%0.
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Mean Mean Mean Mean
Annual Nov. 92- May 93- April 93-

March 93 Aug. 93 Sept . 93

8"0 Yg leelvi -11.11 -10.93 -11.38 -11.35

8"0 Precip itation -8.58 -10.56 -5.13 -7.13

8"0 Kaldbekken -10.32 -10.65 -10.04 -10.14
% river in fil tra ted groun dwa ter 68.55 24.30 78.50 72.50

Table 3. Mean 8 '0 values from Ygleelvi, pre­
cipita tion and Kaldebekken and thecalcula ­
ted contri butio ns of river-infi ltrated water
leaving the aquifer at Kaldebekken in selec­
ted periods from Octob er /992 to October
/993

from area I.The trend of increasing 8'80 %0 values is con­
sidered to reflect direct surface infiltration of local preci­
pitat ion on the river plain labelled with higher 818 0 %0
values. In April, any infi lt ration of melted snow on the
river plain would, due to the altitude effect , have highe r
818 0 %0 values than the meltwater dom inat ing the dis­
charge of Ygleelvi. In the summer months, the 818 0 %0
values in Ygleelvi were rising (Fig.8a), but were still much
lower than the 8'80 %0 values ( -5 to - 7)of the precipita ­
t ion on the river plain. In water which is a mixture of
water from different sources, the 8'8 0 %0 value is given
by:

where xj is the proportion of water with the isotopic com­
posit ion 8j

180 (Gonfiant ini 1981). By using the average
8180 %0 value for the period April to Septembe r ( -11.35)
fo r the river water and the average value of - 7.13 for the
precip itation, from Table 3, an estimate of the relat ive
contributions of river and surface water infi ltr at ion can
be obtained by simple iteration. The result indicates that
during th is period, the water leaving the aquifer at
Ka ldebekken was a mixture of 72.5 % river-infiltrated
water and 27.5 % water derived by recharge of precipita­
tion on the river plain. In the period May - August the
contribution of river-infiltrated water was 80 %. These
figures are comparable with figures from a much larger
river delta at Sunnda lsera (Soldal et al. 1994).
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Fig. 10. Tempera ture trends at (a) Yqleelvl,
(b) Observat ion po int Gand (c) Kaldebekken
depicted by 10 th. order regression curves.
The vertical bar indicates the posit ion of the
temperature min ima at each of the obser­
vation sites.
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In the per iod November - March the average 818 0 %0
values were -10.93 (Ygleelvi), - 10.65 (Kaldebekken) and
-10.56 (precipitati on). These figures indicate that the
water in the aqu ifer during th is period was a mixture of
24.3 % river-infiltrated water and 75.7 % water derived by
infil t ration of precipitation on the river plain. The clima t ic
condit ion s during this winter were, however, extreme
wi th large amounts of rainfall -prec ipitation on the river
plain. In the highe r alt itude part s of the catchment the
temperatures were lower and the precipitation was in the
form of snow. The winter discharge of Ygleelv i was nor­
mal, but the amount of precip itation infil t ratin g on the
river plain must have been greater than norm al.

In Ygleelvi, a minimum in late Novembe r 1992 (Fig.Ba)
is considered to represent the cont ribution of large
amounts of autumn precipitat ion with low 818 0 %0 valu­
es. It is, however, diffic ult to trace thi s isotopic signal to
the observat ion po ints in the discharge area. The water
samples in Kaldebekken have an autumn minimum
which occurs before the autu mn minimum in Ygleelvi.
Although th e ob servat ion po int s in the discharge area
are predom inant ly groundwater springs, th ey receive

precip itat ion as surface water from smaller flood streams
during short and intens ive period s of heavy rainfall. The
late autumn 1992 and the early win ter 1993 was charac­
terised by mild weath er wi th large amounts of precip ita­
tion (Fig.9a ), and several episodes with storms and floo ­
ding were recorded . In Kaldebekken, th is led to frequent
variati ons in discharge (Fig.Bc) and the 818 0 %0 values
must have been influenced by precip itat ion surface water
fro m the flood-stream Batskredi. This isotopic labelling
appear s to have been received earlier in Kaldebekken
than in Ygleelvi, probably because the latter has a larger
discharge and also receives a larger part of its discharge
by runoff in the up per soil layers. The autumn 1992
groundwater levels were genera lly high, and direct
ground infi lt rati on of precip itat ion could also have influ­
enced the isotopic composit ion at the observat ion
po int s. We conclude that the extreme climat ic cond it ions
th at existed at this t ime of the year were not favourab le
for studying residence t imes in the aquifer.

From March to Septemb er th e weather cond it ions
were more stable . In the valley bottom there was an early
snow melt. The amount of precipitation was small, and
represent ed only about 30% of the tota l precip itation
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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

Hydraulic calculations

Oxygen isotopes

Temperature

. 1
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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.

92 days

62 days

60 days

64 days

64 days

87 days

64 days

24.09.92 26.11.92 04.02.93 15.04.93 24.06 .93 02.09.93

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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