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The Skvaldra stream in Hedmark, Southern Norway is characterized by a stable baseflow. This
baseflow is controlled by a significant groundwater supply from Quaternary deposits. The area
was chosen for an attempt at quantification of the baseflow's three groundwater components; (i)
groundwater from numerous springs on a spring-horizon at the boundary between permeable
sediment-flow deposits in the upper valley side and compact basal till deposited along the lower part
of the valley sides and the valley bottom; (i) groundwater from aquifers in compact basal till,
topographically lower than the spring horizon; (iii) deep groundwater from till or underlying bed-
rock. Flood events in the Skvaldra are due to surface run-off, usually confined to the valley bot-
tom along the stream channel, or due to very. shallow subsurface interflow, with very little or no
groundwater component. Even when the baseflow is very low (¢ 0.05 m’s™), groundwater from the
springs makes up more than 70% of the total flow. Groundwater from the compact till constitutes
about 10% of the baseflow, while deep groundwater makes up less than 20%. During the summer
the spring component is higher. During a year the baseflow varies between 0.03 and 0.1 m's™'. Most
of this baseflow is due to groundwater, and the groundwater component is at least 1 x 10° m' per
year, corresponding to 10% of the annual precipitation.
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Introduction

Terrain covered by till or with a surface of
strongly frost-weathered bedrock characteri-
zes the mountainous regions of south central
Norway. In some mountain z:2as the ground-
water contribution to streams and rivers is
considerable. It gives a stable and significant
baseflow and has an important influence upon
the chemical composition of these waters. The
routing of water along surface and sub-surfa-
ce flow paths in such mountainous areas is
important because it influences the timing of
stream flow and the chemical composition of
water reaching the stream. In a catchment
consisting of fractured bedrock overlain by
glacial sediments, the rivers may receive wa-
ter from deep regional groundwater flow paths
as well as shallower water from the glacial
overburden. Two general approaches have
been used to better define the sources and
actual flow paths of water in catchments (e.g.
Horton 1933, Pinder & Jones 1969, Kirkby
1978, Germann 1986, Kennedy et al. 1986,
Sklash et al. 1986); (i) physical observations
from field studies, coupled with theoretical fiow
modelling, and (i) measurements of changes

in chemical and isotopic ratios of flow compo-
nents. Observations from limnigrammes give
some information about the hydrological pro-
perties of a catchment, but these cannot be
anything but qualified guesses without field
studies. Hewlett (1982) stated that «no graphi-
cal or mathematical operation performed on a
hydrograph will reveal the source or pathway
of stormflow». Different combinations of sour-
ces and pathways can lead to quite similar
hydrographs. This study, therefore, uses che-
mical data in addition to the volume, rate, and
timing of streamflow to clarify the sources of
groundwater and the specific pathways along
which groundwater moves through a catch-
ment.

The Skvaldra catchment in Hedmark was
selected for the study because the Skvaldra
stream receives groundwater from thick Qua-
ternary deposits along the valley sides and
because human influence is small. It is therefo-
re well suited for an attempt to quantify the
different groundwater components which con-
tribute to the Skvaldra’s streamflow. The inves-
tigation is mainly based on data from the peri-
od 1987 to 1991.



4  Sylvi Haldorsen, Jens-Olaf Englund, Per Jergensen, Lars A. Kirkhusmo & Dag Hongve

Study area

Topography, climate and land use

The study was carried out in the upper part
of the Skvaldra catchment, Godlidalen, which
covers 13.5 km’ (Fig. 1). Godlidalen is an asym-
metric valley with a rather flat valley floor,
bounded by mountainous areas to the north
and east, and lower hills between the Skvald-
ra catchment and the main Astdalen valley to
the west. The altitude varies from 875 m abo-
ve sea level (a.s.l.) in the valley bottom up to
1090 m at the highest mountain summit in the
east. The Skvaldra stream forms a dendritic
pattern, with most of the tributary streams
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Fig. 1. The Skvaldra catchment with position of the monito-
red part (Godlidalen). The profile a - a' is shown in Fig. 4.
The western tube well is number 15006, the middle one
15007 and the eastern one 15008. Inset: @.d.= @sterdalen,
G.d.= Gudbrandsdalen.
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coming from the east. In the western part of
the catchment there are two small lakes (Fig. 1).

The annual precipitation is about 1100 mm
(Fig. 2). Winters are normally cold with tempera-
tures well below 0°C, and the snow falls from
the beginning of November. The main snow
melt period is usually in the latter part of
May. Two of the study years, 1989 and 1990,
were exceptionally mild, with little or no snow
accumulation until late December and with the
main snow melt in late April.

Peatland constitutes about 40 percent of
Godlidalen, and dominates completely below
the timber line. The Skvaldra catchment is
used only for extensive grazing by sheep,
hunting and recreation. Other sources of pollu-
ion are insignificant.
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Fig. 2. Precipitation at Sjusjeen 1990 and discharge of the
Skvaldra in 1990.
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Bedrock geology

The Skvaldra catchment is situated in the
middle of a Late Precambrian sedimentary
rock basin. The bedrock belongs to the upper
part of the Brettum formation and consists
of alternating fine-grained conglomerates and
arkosic sandstones (Siedlecka et al. 1987).
Seismic studies (Hillestad 1990) showed that
the bedrock underlying the Quaternary sedi-
ments can be regarded as only moderately
fractured, i.e. with seismic velocities between
4500 and 5500 ms-".

Quaternary geology

The valley bottom and the lowest part of the
valley sides (about 6.5 km°) are covered by a
compact silty basal till of thickness c. 10 m
(Kehler 1985, Hillestad 1990) (Figs. 3 & 4). Its
petrographic and granulometric composition
is very homogeneous because it was formed
by comminution of the arkosic bedrock alone
(Haldorsen 1982, 1983). Glaciofluvial material
is found locally along the Skvaldra and this
is probably underlain by till. Bedrock exposu-
res are almost absent.

The upper part of the valley sides (about 7
km?) is covered by a 5 - 10 m thick layer of
more permeable and less compact material,
much of it unsorted. Debris flow deposits
dominate. The sediments as a whole are in-
homogeneous and form a hummocky surface.
Meltwater channels are frequent, and in many
of these only coarse boulder lags remain.
Some of the channels extend deep into the till.

The distinct boundary between compact till
and more permeable material can be followed
at an altitude of 950 m in the south up to
about 1000 m in the northern part of God-
lidalen, where it continues into a prominent
moraine ridge. The boundary marks the upper
limit of an active glacier during the Weichseli-
an period (Fig. 3). Compact till was then depo-
sited subglacially, while the material along the
ice-free valley sides was exposed to water
sorting, flow and frost activity.

Above an altitude of about 1050 m the co-
ver of Quaternary sediments becomes thinner
and the summits are characterized by boulder
fields, formed by intensive frost activity, pro-
bably during a period of periglacial climate.

General hydrology of the Skvaldra
The baseflow of the Skvaldra is defined as
the lowest discharge which is observed betwe-
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en clearly separated flood events, and it is
normally between 0.03 and 0.1 m's™' (Fig. 2).
The annual baseflow is 1 - 3 x 10° m* , corre-
sponding to 110 - 220 mm (i.e. 10 - 20%) of
the precipitation. During snowmelt floods, the
discharge in the Skvaldra can reach 20 m’s-.
During the summer, stormflows of more than
2 m’s™' have been measured.

Monitoring

The precipitation in summer was measured
with a Plumatic precipitation gauge (Fig. 1)
and the data was processed by the Norwegian
Meteorological Institute (DNMI Station 0676
Astdalen - Skvaldra). During the winter, precipi-
tation data from the meteorological station at
Sjusjeen, 30 km west of Godlidalen, were
used (DNMI Station 1296 Sjusjeen - Stora-
sen). The precipitation data from Sjusjeen are
almost the same as those from Godlidalen
during the summer and fall, and it is therefore
assumed that they are also representative for
the winter period.

The discharge of the Skvaldra was measu-
red with an Ott limnigraph (Fig. 1). Glaamen
og Laagen Brugseierforening was responsible
for the instrumentation, and the limnigrammes
were analysed by the Norwegian Water
Resources and Energy Administration (NVE
2673-0).

For spring A (Fig. 3) the discharge was
measured each time a water sample was col-
lected, while for spring B (Fig. 3) the dischar-
ge was monitored closely only during two
shorter summer periods. The discharges of
these springs were measured with a tipping
bucket or a bucket and a stop watch.

Three groundwater monitoring tubewells of
5/4" diameter and with a filter tip of one me-
tre length were placed in the till by the Geologi-
cal Survey of Norway (Fig. 1) (LGN Station
24/Astdalen 15006, 15007 and 15008). Ground-
water levels in these were measured with a
manual measuring tape.

Groundwater types and ground-
water chemistry

The main groundwater recharge areas are the
area of frost weathered bedrock at the top
of the mountains-and the permeable sedi-
ments along the valley sides (Fig. 4). Lower
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down, the peatlands form an effective barrier
against groundwater recharge. Three main
groundwater types dominate (Fig. 4a, 4b):

(i) Groundwater in the inhomogeneous per-
meable sediments along the upper part of the
valley sides. Data from Haldorsen et al. (1983)

suggest that the hydraulic conductivities of
these sediments may be up to one hundred
times higher than those of the compact basal
till lower down. The groundwater in these
upper sediments discharges via a marked
spring horizon (Figs. 1, 3 & 4) (Kehler 1985).
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The springs are classified as contact springs,
since they occur at the boundary between the
permable upper sediments and the compact
basal till. The spring water follows numerous
small streams from the spring horizon down
to the Skvaldra.

(ii) Shallow groundwater in the basal till along
the lowest part of the valley sides and in the
valley bottom. This water discharges along the
valley bottom. Some discharge may occur from
the till to the peatlands, but the main part
probably flows from the till directly to the
Skvaldra.

(iii) Deep groundwater in the lower parts of
the till or in the bedrock, with a long residen-
ce time, which discharges in the middle of the
valley (see Englund 1986).

From a conceptual standpoint, flow systems
in catchments can be considered to fall betwe-
en two end-member extremes; those that are
dominated by near-surface flow paths and
those that are dominated by deeper groundwa-
ter flow paths (e.g. Peters & Murdoch 1985,
Parsons et al. 1986, Winter 1986, Baron &
Bricker 1987).

The bedrock in Godlidalen is resistant to
chemical weathering and most of the ground-
water has a rather short residence time. The
area is dominated by near-surface flow paths.
As a result the groundwater which discharges
into the Asta (Fig. 1) has a low ionic strength
(Fig. 5) compared with other types of Nor-
wegian groundwater (Englund 1983).

Calcium, magnesium and sodium are the
major cations, with potassium as a minor cons-
tituent. Bicarbonate and sulphate are the domi-
nant anions. Calcium, magnesium, sodium and
bicarbonate constitute more than 90% of the
total ion content. The difference in chemistry
for the studied groundwater types is mainly
reflected in the different contents of cations
and bicarbonate.

Springs
The marked spring horizon along the eastern
valley side is found at an altitude of 930 m.a.
s.l. in the south, rising to about 1000 m in the
north (Figs. 1, 3 & 4). More than 80 distinct
springs can be mapped over a distance of
three kilometres, with more diffuse seepage
faces between them.

The seismic profile indicates that the perme-
able sediments are mainly unsaturated (Fig.
4b), with seismic velocities between 800 and

SURFACE SKETCH

TRANSVERSE SECTION

NGU - BULL. 422, 1992

SPRING A
SUMMER

N Maitwater s N

&

RO 3
‘
:

-
w
P

w

__________

Fig. 6. Model of spring A (shallow groundwater) and Its
relation to the meltwater channel. For position of spring A
see Fig. 3.

A. Hummocky area
S —
r \e\‘\“-}'\ AT
¥ S g \
B-0 - )
‘/:—)& N '}15-:-7 i BN
P ::‘s = _237
ST
B.

Basal till

Fig. 7. (a) Position of spring B in a hummocky area. (b)
Model of springs B and C. For geographical position of the
two springs. see Fig. 3

1000 ms™'. The saturated zone must be rather
thin with a flow parallel to the bedrock surface
down towards the spring horizon.

The most typical springs are found in the
following positions:

(i) Single springs downslope of meltwater
channels which act as confluence areas for
the groundwater (Spring A, Figs. 3 & 6).

(i) Groups of springs inside topographical
depressions downslope of greater accumulati-
ons of coarse sediments. The latter common-
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ly form a distinct hummocky topography
(Spring B, Figs. 3 & 7).

(iii) Single spring outlets in topographical
positions some metres below springs of types
(i) and (i) (Spring C, Figs. 3 & 7b).

Between the marked spring outlets, a seepa-
ge face extending along the whole valley side
feeds the downslope peatland areas with
water (Fig. 3). In dry summer periods no stre-
ams are found above the spring-horizon. The
streams leading from the springs have a signi-
ficant discharge even after long dry summer
periods and also during the whole winter.

The ion concentration varies among the
springs (Figs. 5 & 8), with the highest concen-
trations for the springs topographically lowest
down in the valley side. The highest concentra-
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tions in the springs are found at the end of
winter (March-April) (Fig. 8) before the meltwa-
ter reaches the water table. Variations in con-
centration reflect degree of dilution and variati-
ons in storage time for the groundwater.

The similarities in groundwater level fluctuati-
on and chemical composition indicate that all
the springs are fed by the same type of aqui-
fer, a shallow unconfined aquifer in coarse
Quaternary sediments. Since the sediments
are rather inhomogeneous they probably form
many local, limited aquifer units rather than
one single continuous aquifer along the valley
side.

Three springs, A, B, and C, have been stu-
died in more detail.

Spring A (Fig. 3) has a relatively low ion
content (Figs. 5 & 8). Its upper, main outlet
is active only when the groundwater level is
high, i.e. from May to the middle of October
(Figs. 6 & 9). The rest of the year only a diffu-
se seepage face is found some metres below
the main spring A outlet. The highest ground-
water level is established one to two months
after the snow melt. After the start of an inten-
sive rainy period during the summer it takes
at least two weeks before the discharge from
spring A starts to increase (Fig. 10).

Spring B has a medium ion concentration
(Figs. 5 & 8). Its discharge is more stable than
that of spring A, but spring B aiso has its
highest discharge in the middle of the summer.

Spring C has the highest ion content of all
the springs. The lowest values, found in the
middle of the summer, are higher than the
highest winter values for springs A and B
(Figs. 5 & 8). The discharge from spring C is
significant even in the late part of the winter.

Fig. 9. Discharge of spring A (I/s) in 1989 and 1990.
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The change in chemistry along the stream
flowing from spring A to the Skvaldra is insigni-
ficant during low discharge situations in sum-
mer, as well as during winter. The water samp-
led at the spring outlets is therefore representa-
tive of the groundwater that drains into the
Skvaldra via the small streams leading from
the springs.

The water supply to the Skvaldra from the
springs thus has an annual variation with one
main maximum in discharge during the sum-
mer. This is the same annual variation which
is observed for other aquifers in the inland
mountain areas of south Norway (Kirkhusmo
& Seonsterud 1988).

Groundwater in basal till

About 80% of the compact basal till, stretching
from the spring horizon down to the Skvaldra,
is covered by peat (Fig. 1). The till forms lo-
cal unconfined aquifers along the valley side
where it is not covered by peat. Along the
valley bottom the peat forms a confining lay-
er. Two groundwater tubewells are located in
an unconfined part of the compact till in the
lower part of the valley side (the two tube-
wells to the right in Fig. 1). The lower one
(NGU 15007) extends to a depth of 24 m
below the ground surface and the upper (NGU
15008) to a depth of 5.1 m. The distance betwe-
en them is about 100 m.

Falling head tests (method: Hvorslev 1951)
gave hydraulic conductivities of 2 x 10" ms™'
(tubewell 15007) and 5 x 10~* ms™' (tubewell
15008), which are typical values for a com-
pact basal till (Lind & Lundin 1990). The till
thus has a limited ability to transport water
down to the valley bottom. The annual ground-
water fluctuation in the two tubewells is about
1.5 m, with the highest values occurring during
the summer. This is a typical pattern for
groundwate in the mountainous regions of
southeastern inarway (Kirkhusmo & Sensterud
1988).

The contribution of water from the till to the
Skvaldra has been calculated in two different
ways:

(i) Lowering of the groundwater table. During
the winter months there is no recharge to the
till, except for some water which may flow
into the till from the permeable sediments of
the upper area (Fig. 4b). There is no loss of
water from the till by evapotranspiration. The
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lowering of the ground water level (Fig. 11)
roughly corresponds, therefore, to the amount
of water which has drained from the till to the
bottom of the valley and later contributed to the
discharge of the Skvaldra. From Dec.12th 1989
to Feb. 25th 1990 (75 days) the groundwater
level declined by 50 cm in both tubewells
15007 and 15008. Based on other studies of
basal tills (e.g. Haldorsen et al. 1983) specific
yield is estimated to about 10% and the length
of the till slope from the spring horizon down
to the Skvaldra is about 1 km. If the whole
till area was an unconfined aquifer, the obser-
ved lowering of the water table would corre-
spond to a release of water from the till to
the Skvaldra of 8 x 10~* m's™' per km’. Howe-
ver, much of the till forms a confined aquifer,
where the storativity is much less than the
specific yield. A general lowering of the piezo-
metric surface by half a metre in the confined
parts of the till aquifer would yield a much
smaller amount of water to the Skvaldra than
calculated for unconfined conditions. Based
on typical values of storativities for confined
aquifers, the real flux from the whole till area
to the Skvaldra is probably not more than a
tenth of the calculated value.

(i) Groundwater flow to Skvaldra. The
groundwater gradient between the two tube-
wells is 1:10 which is equal to the topographi-
cal gradient. This is representative for the
whole till slope from the tubewell 15007 up
to the spring horizon. The flow of groundwa-
ter is thought to be mainly one-dimensional
and directed down the valley slope. The hy-
draulic conductivity around tubewell 15007 at
2 m depth was found to be 107 ms~'. The
hydraulic conductivity nearer the till surface is
obviously much higher due to the occurrence
of fractures and root channels, while the valu-
es deeper down probably are lower (as for
tubewell 15008). If the hydraulic conductivity
value from tubewell 15007 is used, and the
average thickness of the till is estimated to
be 10 m, Darcy’'s law implies a water trans-
port of 10~ m’s™" down to the Skvaldra per
km width of the area.

The whole till slope area in Godlidalen is
about 7 km’. If the calculation above is repre-
sentative, it indicates that the Skvaldra recei-
ves a till water component of between 6 x
10~ and 7 x 10~ m’s™' during the middle of
winter.

Water samples from the two tubewells in
the till have ion concentrations which are simi-
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lar to many of the springs (Fig. 5). Water samp-
les taken from tubewell 15008 have a higher
ion concentration than those from tubewell
15007 because the former is placed deeper
down in the till. Samples from the bottom of
the peat between the Skvaldra and tubewell
15007 give values in the same range. It is
thus not possible to distinguish between water
from the till and water from the springs by
means of chemistry alone.

The till water has been sampled only in the
area between the Skvaldra and tubewell 15008
and only down to 5 metres depth. Till water
from other parts of the area has not been
studied. However, since the basal till is very
uniform, the obtained values are probably re-
presentative for other parts of the till down to
a depth of 5 metres.

Groundwater with a long residence
time

In the middle of the valley bottom, close to
the river Skvaldra a groundwater tubewell in
till extends to a depth of 3.5 m below ground
level (NGU 15006, the tubewell to the left in
Fig. 1). The conditions are artesian the whole
year, with a pressure surface above ground
level (Fig. 11). The ion concentration in water
from this tubewell is about ten times higher
than that of most of the other studied ground-
water types (Fig. 5). The ion concentration has
only a small variation throughout the year. The
artesian pressure could be caused by the
unconfined aquifer in the upper part of the
valley sides feeding a confined aquifer lower
down. However, the high and rather stable ion
concentration indicates that this is a deep
groundwater, or a groundwater with a signifi-
cantly long residence time, which discharges
in the centre of the valley, as has earlier been
proposed for the main Asta catchment (Fig.
1) (Englund & Haldorsen 1983, Englund 1986).
The small variations in pressure head and
chemical composition indicate a nearly cons-
tant annual flux of this groundwater type. It
is not clear if the water originates from the
deepest part of the till or from the bedrock
below it.

Tubewell 15006 is the only locality where
the deep groundwater has been sampled. Its
representativeness for the catchment as a
whole has not been verified. However, the
bedrock is very homogeneous, as is the overly-
ing till. The topographical gradient of the val-
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ley sides in the studied part of the catchment
does not vary very much, and the gradient
of the valley bottom is very small. There is,
therefore, no reason to suppose that the deep
groundwater component along the valley
should vary significantly. Streamwater samples
taken at several places along the Skvaldra in
August 1987 and 1988 showed very little varia-
tion in water chemistry (Bosch et al. 1988,
Anema et al. 1989) indicating a rather uniform
distribution of the different water components
along the Skvaldra.

The influence of the deep groundwater is
clearly seen in the chemistry of the Skvaldra.
In the winter the ion concentration in the
Skvaldra’s streamwater is normally higher than
in spring C (Fig. 5). There are no other sour-
ces for such water other than the deep ground-
water which discharges in the middle of the
valley.

Peatland hydrology

The 40% of the Skvaldra catchment which is
covered by peatlands (Figs. 1 & 3) plays an
important role in its hydrology. The hydraulic
conductivity of the peat was measured at three
localities between tubewells 15006 and 15007
by falling or increasing head methods (Hvors-
lev 1951). For the upper part of the peat the
value varies between 5 x 10 and 3 x 10~
ms~', while below 50 cm depth the value drops
to1-2x 10 ms™. In the deeper part of the
peat the hydraulic conductivity is much lower
than in the till. The peatlands clearly act, there-
fore, as a confining layer overlying the till. The
water transport through the deeper part of the
peat must be very slow, and therefore of little
importance for the hydrological budget of the
Skvaldra.

Hydrological budget
of the Skvaldra

Flood events

In 1989 and 1990 the snowmelt flood occurred
from April to May (Fig. 2). The conclusions
above indicate that the groundwater compo-
nent of the snowmelt flood is insignificant,
since the discharge from the springs and the
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groundwater level in the till are low during the
whole snowmelt period. The snowmelt flood
is therefore completely dominated by direct
supply of melt water, as surface run-off or
shallow channelled interflow, down to the
Skvaldra.

Marked precipitation events in moist periods
give a rapid increase in the discharge of the
Skvaldra. After a rainstorm the discharge dec-
reases very rapidly. The corresponding delay
in the increase in discharge from spring A,
which reacts quickly to rainstorms compared
with the other springs, was found to be about
two weeks. During this groundwater delay
period, the discharge in the Skvaldra has typi-
cally nearly returned to baseflow conditions.
This means, in the same way as argued for
the snowmelt flood, that the groundwater supp-
ly is of very little importance for the discharge
of the Skvaldra even during the latter parts
of flood events. During a rainstorm, water di-
scharges as surface run-off or follows shallow
channels in the peat or the soil down to the
Skvaldra (Fig. 4b). The peat is very important
since it constitutes most of the area along the
valley bottom. This is very apparent after hea-
vy rain; the Skvaldra then becomes brownish-
coloured due to a high humic content in the
water. The water soluble humic substances
stored in the peat are partly washed out from
it under such conditions.

It is therefore concluded that groundwater
flow does not significantly influence flood di-
scharge in the Skvaldra during any part of the
year.

Baseflow and groundwater budget
It is difficult to say how much of the baseflow
is real groundwater and how much is surface
water or shallow interflow water. In the Skvald-
ra catchment, water from peatlands, as well
as from the three small lakes, will certainly
contribute to baseflow during dry periods.
According to studies by Yasuhara & Storro
(1992) in Trendelag (mid-Norway) the flux from
peatlands is important for the baseflow of ri-
vers, even when the watersheds are rather
dry. However, from October/ November and
during the winter months, the surface water
influence decreases and the baseflow beco-
mes more and more dominated by groundwa-
ter. It is thus thought that the lowest dischar-
ge values recorded during winter approach the
true groundwater baseflow value.

The January baseflow in the Skvaldra during
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the winters of 1989 and 1990 was about 0.25
m's~'. By the latter part of February it had
decreased to about 0.05 m’'s™. In 1991 the
minimum discharge was even lower and Feb-
ruary discharge values of 0.03 m's™ were
measured. To make a groundwater budget for
these low baseflow situations, the following
assumptions, which are based on the discussi-
ons above, have been made:

(i) The total baseflow is due to the three
groundwater components described earlier in
the paper, while the contribution from surface
water is insignificant.

(ii) The deep groundwater sampled in tube-
well 15006 is representative for the whole
catchment.

(i) The average groundwater component
from the springs lies between the observed
values for spring A and spring C.

(iv) The shallow till groundwater in the enti-
re area has an average composition close to
that of tubewells 15007 and 15008. The di-
scharge from the till is not higher than 5 x
107 m's™'.

(v) There exists_no groundwater with a com-
position between that of spring-C and tube-
well 15006, i.e. there is a real difference betwe-
en the deep groundwater component and the
shallow groundwater, with no intermediate
groundwater types.

Based on these assumptions one can make
the following approximation of the groundwa-
ter budget for late February 1991. The cation
concentrations for spring C, tubewell 15006,
tubewell 15008 and the Skvaldra are applied
as input data. The relative water contribution
from the springs (X) and from deep groundwa-
ter (Y) are then calculated as follows:

* cation concentration spring C

cation concentration tubewell 15006
* cation concentration tubewell 15008
= cation concentration of the Skvaldra

+ +
N < X
"

Z is the relative water contribution from the
till. The total discharge in Skvaldra in late
February is 3.6 x 107 m's™'. Thus,
Z=5x%x10"/36 x 107 = 0.14 (i.e. 14%).
The second equation required to solve this
problem is,
X +Y + Z =1 (total discharge is 100%).
The calculation yields a spring water compo-
nent of 76%, a deep groundwater component
of about 10% and a till water component of
14% of the total baseflow (Table 1).
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Table 1. Calculated components (%) of different groundwa-
ter types contibuting to Skvaldra during winter baseflow
periods. Data from spring A gives minimum, and data from
spring C gives maximum, spring water components.

PERCENTAGES COF DIFFERENT GROUND-
WATER BASEFLOW COMPONENTS

CALCULATED COMPONENTS (%)

Based on data from Spring Deep Till
water groundwater water
Feb.1991 Spring A 66 20 14
Spring C 76 10 14
March 1990 Spring B 82 13 5
March 1989 Spring A 70 20 10
Spring B 72 18 10
Spring C 79 1 10

If the lower ion concentration found in spring
A is regarded as representative for the winter
spring flow, the same calculation gives a
spring water flux of 66%, a deep groundwater
flux of 20% and a till water component of 14%.

A similar calculation for early March 1990,
using data from spring B, yields a spring flow
component of about 82%, a deep groundwa-
ter flux of 13% and a till water component of
5% (Table 1). For early March 1989 (Fig. 5)
similar calculations give a spring component
of 70, 72 and 79% and a deep component of
20, 18 and 11%, using data from springs A,
B and C respectively. The till water compo-
nent is then calculated to be 10%.

It is concluded, therefoie, that the contributi-
on from springs is the most important compo-
nent of winter baseflow in the Skvaldra, com-
prising considerably more than 50%. The deep
groundwater constitutes less than 20% of the
total baseflow. The calculation of the flux from
the basal till is based on a series of assumpti-
ons which are not verified by field data. Howe-
ver, the till water chemistry is so close to the
spring water chemistry that an error in the
till water flux would mainly affect the calcula-
ted spring water component and would have
little effect on the calculated deep groundwa-
ter flux. The calculation of the maximum deep
groundwater flux is thus regarded as a rather
good estimate.

It was difficult to separate the baseflow
part of the limnigrammes during the summer
periods, because rain events were frequent
during most of the observed summers. In
addition the groundwater discharge responds
very slowly to rain events, with a delay of at
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least two weeks. Compared with the winter,
a calculation of the different groundwater com-
ponents is complicated to carry out. Howe-
ver, this study does support the following
deductions.

During the summer the total deep groundwa-
ter flux and till water component are probably
about the same as in the winter. The spring
discharges are at a maximum in {he middle
of the summer and early fall. The total ground-
water flux is therefore expected to be higher
in summer than in winter. The ion content of
the Skvaldra baseflow is lower during summer
than during winter because all the springs
have lower ion contents in summer than win-
ter (Fig. 5).

The mean annual groundwater flux to the
Skvaldra must be more than 0.03 m’s™', equiva-
lent to at least 10% of the annual precipitati-
on. Of this, most is recharged above the
spring horizon, while precipitation along the
lower part of the catchment mainly contributes
to the flood events.
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