Hydrology and Earth System Sciences, 4(2), 323-33/ (2000) © EGS

Hydrology & Earth
System Sciences

Effects of clear-cutting of forest on the chemistry of a
shallow groundwater aquifer in southern Norway

A. Henriksen! and L.A. Kirkhusmo®

"Norwegian Institute for Water Research, P.O. Box 173 Kjelsis, N-0411 Oslo, Norway
2Geological Survey of Norway, Oslo Office, P.O. Box 5348 Majorstua, N-0304 Oslo, Norway

e-mail for corresponding author: arne.henriksen@niva.no

Abstract

As part of the national monitoring programme for long-range transported air pollutants, four groundwater aquifers in southern
Norway were monitored for acidification trends during the period 1980-1995. For the monitoring station, Langvasslia in south
eastern Norway, sampling continued until the end of 1999. This groundwater aquifer is about 3 km north east of the calibrated
catchment Lake Langtjern. The catchment of the groundwater aquifer, covered completely by Norway spruce, was clear-cut in
September 1986 and was treated with glyphosate in the summer, 1991. The chemical effects on the chemistry of the groundwater are
generally similar to those observed in stream-water from clear-cut areas: increases in water runoff, water temperature, concentrations
of K, NOs, and organic carbon (TOC), and decrease in SO4 concentration. In the groundwater aquifer, inorganic Al and ANC
increased more than would have been expected without clear-cutting. By 1999 NO; concentrations were nearly the same as prior to

clear-cutting, whereas K still was elevated.
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Introduction

Clear-cutting of forests in lake catchments has pronounced
effects on stream and lake water chemistry. Likens et al.
(1970) reported that clear-cutting and herbicide treatment
in the hardwood forested Hubbard Brook catchment in New
Hampshire, U.S.A. caused large increases in stream-water
concentrations for most major ions, especially NO; and K|
and water yield increased substantially. Hornbeck ez al.
(1987) also reporting on clear-cutting practices on runoff
water in the Hubbard Brook catchment found the effect was
at maximum one year after block cut harvest, giving about
100% higher sum of measured ions than before harvest. By
year 5 after harvest, the sum of ions had returned to levels
found before harvest. The large increase in NO; was
balanced largely by increases in Ca, Mg and K. K was the
only ion that continued to increase 5 years after the harvest
period. Similar results were found from clear-cutting
hardwood forests in the White Mountains of New
Hampshire (Martin et al., 1985). Neal ez al (1992a,b)
studied the effects of harvesting on stream water chemistry
at an acidic and acid sensitive spruce forested area in mid-
Wales. The effects of a 3-year conifer harvesting pro-
gramme showed that concentrations of NO; and K initially
almost quadrupled and remained high for 4 years.
Concentrations of aluminum in soils and stream increased

and stream pH and alkalinity declined for the first two years,
after which the concentrations returned to conditions
similar to those prior to felling. Rosén ez al. (1996) studied
the runoff from 3 forested catchments in central Sweden
during a 12-year period. Fifty percent and 95% of the
surface of two of the areas were clear-cut, the third area was
kept as a control. Average runoff increased by 85% and
110%, respectively, in the clear-cut areas. Stream chemistry
changes included increased concentrations of K, NHy, NO;,
organic- and total N. At the end of the 8-year study period,
the run-off and stream water chemistry returned succes-
sively to pre-cut conditions.

As part of the national monitoring programme for long-
range transported air pollutants, administered by the
Norwegian Pollution Control Authority (SFT) (Johannes-
sen, 1995), four groundwater aquifers in southern Norway
were monitored for acidification trends from 1980 to 1995.
For economic reasons, groundwater monitoring was
officially terminated in 1996. For one of the monitored
stations, Langvasslia (station code LAGO1) in southeastern
Norway, sampling was continued by the Norwegian
Institute for Water Research (NIVA) as a research project
until the end of 1999. This groundwater aquifer is located .
about 3 km northeast of the calibrated catchment Lake
Langtjern (Henriksen and Wright, 1977; Skjelkvile and
Henriksen, 1995) (Fig. 1). The catchment of the ground-
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Fig. 1. Location of the Langvasslia groundwater aquifer (LAGOI)
relative to the calibrated catchment Lake Langtjern.

water aquifer was forested completely by Norway spruce,
but was totally clear-cut without warning by the landowner
in September 1986. The slash was not burned or removed.
The catchment was treated further with glyphosate in
summer 1991 to stop growth of deciduous trees. This
offered the opportunity to study the effects of clear-cut on a
shallow groundwater aquifer with a small catchment (Fig.
2). Trends and changes in water chemistry recorded for the
groundwater aquifer at Langvasslia are presented here, with
special emphasis on the effect of the clear-cutting on
groundwater chemistry.

Site description

The bedrock in the area consists of banded granodioritic
gneiss with layers of amphibolite of Precambrian age
(Smithson, 1963), overlain by till. The groundwater aquifer
is unconfined and located in till on a hill slope. The
monitoring screen well is placed in till in the discharge area
of the aquifer, near the bottom of the hill slope at an altitude
of 425 m.a.s. The thickness of the till is about 1-3 m, with
many large clods. The till is probably affected by frost and,
thus, has become more permeable than a typical basal till.

Sampling and analysis

The monitoring 1.25 inches (31.8 mm) screen well was
placed just above a spring outlet, with the groundwater
intake for chemical analysis from 0.75-1.75 m (1 m filter)
below the surface. Groundwater samples were collected

Fig. 2. A picture of the catchment of the groundwater aquifer in 1999. The new 1 3-year-old forest is seen in the foreground. The dense old forest in

the background is similar to the forest before clear-cutting.

324



S5 88888583

- -

et 4

Effects of clear-cutting of forest

Precipitation amounts

S5888¢8

P-4 - -

Ty
b4 - -

Fig. 3. Yearly weighted average concentrations in wet deposition and yearly precipitation amounts at monitoring station Gulsvik in Buskerud
county, Norway, located 7 km west of groundwater aquifer (Torseth et al., 1999).

after 15 minutes pumping. Groundwater samples were
collected monthly when possible. At the same time the water
yield was measured by counting the time to fill a 10 litre
bucket. Groundwater level and groundwater temperature
were measured weekly. Groundwater sampling was started
in May 1980. All samples were analysed at the Norwegian
Institute for Water Research using standardised methods
for the following variables: pH, conductivity, Ca, Mg,
Na, K, Cl, SO,, NO; alkalinity, reactive Al, non-labile Al
SiO,, turbidity and permanganate value. As part of the
national monitoring programme for long-range transported
air pollutants precipitation chemistry and precipitation

amounts were determined by bulk sampling on-a daily basis

for the period 1974 to 1992 and on a weekly basis thereafter
(Torseth et al., 1999) (Fig. 3). The precipitation station was
located at Sensteby farm at ‘Gulsvik 7km west of the
groundwater aquifer.

Results and discussion

PRECIPITATION CHEMISTRY AND AMOUNTS

The trends in deposition at Guisvik follow the general
patterns for southern Norway: a significant downward trend
in sulphur deposition occurs from the early 1980s with, in
consequence, a marked increase in pH, but there were no
significant changes in N-deposition until the last three years
(Terseth et al., 1999). In 1979, the concentrations of S, N
and H* were the highest ever measured at Gulsvik. The
precipitation amounts during the later 1980s were sig-
nificantly above the average for the measurement period,
thereafter precipitation amounts returned to near the
average for. the measurement period. During 1996-1999,
however, the amount of precipitation has increased.

Groundwater level, temperature and yield

The groundwater level generally varies with season (Fig. 4):
lower levels in late winter and late summer and higher levels

in spring after snowmelt and in late fall due to increased
rain. The groundwater aquifer is shallow and therefore
sensitive to variations in precipitation. The records include
several dry periods (Fig. 4). These all occur during dry
summers, such as in September 1981, July 1983, July 1986,
and in August-September 1991 and 1995. Water tempera-
ture varies between nearly 0°C during winter and up to
10°C during the summers of 1988 and 1997. 89% of the
temperature observations above 7°C were measured in
summer months affer clear-cutting. There is a tendency to
higher water levels for two years after clear-cutting (Figs. 4
and 6a), but this may be caused by higher precipitation
amounts for those two years (Fig. 3). The clear-cut also
resulted in higher summer temperatures in the groundwater
(Fig. 5).

The water yield measurements were stopped in Decem-
ber 1998. During the sampling period 126 water yield
measurements were taken compared with 895 water level
measurements. As is expected water level and water yield
are related (Fig. 6b), and yield increased abruptly after
clear-cutting, returning to pre-cut values after 2 years.

Water chemistry

Water samples for chemical analyses were collected once a
month whenever possible. Due to the well being frozen
occasionally or very low groundwater level, the measure-
ment frequency was less than once a month for most years.
These irregularities are reflected in the number of samples
collected per year (Table 1). The yearly average values for
the measured chemical variables of the groundwater aquifer
for the measurement period 1980-1999 (Table 1) show that
the groundwater is acidic, has high concentrations of labile

~ inorganic aluminum (L-Al) and has low concentrations of

base cations. The groundwater is highly influenced by soil .
water, as indicated by the high concentrations of organic
matter (TOC). Because of its location inland in Norway, the
groundwater is - little influenced by sea-salt spray, as
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Fig. 4. Water level below surface and water temperature in the groundwater aquifer measured weekly.
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Meteorological Institute.)
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reflected in the low concentrations of chloride and sodium.
The average ratio of Na/Cl is 1.44 as compared to the
seawater ratio of 0.85, indicating the presence of some
geological sources of sodium in the catchment of the aquifer.

Comparison with surface water

The monitoring of the groundwater aquifer was designed to
study the long-term effects of acid rain on groundwater
chemistry. Since the clear—cutting of the forest in the
catchment came as a surprise, no reference groundwater
aquifer was established. However, one of the inlets to Lake
Langtjern (station code LLAEO3, see Fig. 1) is located in a
similar geological setting as the groundwater aquifer and is
located only 3.5 km away. Here, weekly samples have been
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Fig. 6. Variations in water yield during the measurement period (a), and relationship between water level and water yield (b).
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