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ABSTRACT 

STUDY OF ANTICIPATED SALINE INTRUSION 
INTO A LIMESTONE AQUIFER IN SOUTHERN SWEDEN 

B LEANDER1 

The problems of salt water intrusion in Sweden are discussed gene
rally. One aquifer, the Alnarp Stream, is described. Exploitation 
of this confined aquifer has resulted in drawdown near the shore
line. The drop in the piezometric surface is so great that salt 
water intrusion is anticipated. An advance-warning system is to be 
developed. 

INTRODUCTION 

Sweden has an extensive coastline which stretches from the Norwe
gian border north of Gothenburg, around the south of Sweden and up 
to Haparanda near Finland. 

The possibility of salt water intrusion into Swedish aquifers exists 
in southern sweden. Intrusion is initially to be expected on the 
islands of Oland and Gotland off the east coast , in certain eskers 
on the south~east coast, in the sedimentary bedrock in Skane as well 
as in the fluvial sediment in south-west Sweden. Serious problemp 
due to saline intrusion and leading to closure of aquifers have not 
to my knowledge occured in Sweden. 

THE fiALTIC 

Fig. 1. The Alnarp Valley and the ground-water areas of south
western Skane. 

1 VBB Vattenbyggnadsbyran, Malrnoe, Sweden 
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This description discusses the anticipated problems in one- of the 
two large areas in Skane where water supply is based on ground 
water from aquifers in close contact with the sea. The aquifer is 
located in south-west Skane. The other aquifer is in the Kristian
stad area in north-east Skane. 

The south-west Skane area is normally divided into three different 
aquifers namely The Alnarp Stream, the Skivarp Stream and the 
Trelleborg area as shown in Fig . 1 . 

DESCRIPTION OF THE AREA 

The area consists of flat agricultural land with the most fertile 
soil in Sweden. The area, which at its centre is 80 m above sea 
level, slopes evenly down from a region of hills and lakes to the 
coast. 

At the end of the 19th century it was discovered that the bedrock 
contained large quantities of ground-water. It was found that 
extraction was most practicable in an area where the bedrock was 
encountered at a great depth. The Alnarp Valley, a fault which 
was formed by tectonic activity, was discovered" The Alnarp Valley 
extends over the area in a north-westerly direction , parallel to 
the Archaean horst Romeleasen, see Fig. 1. The valley is about 6 km 
wide and the bedrock surface lies about 40 m below the surrounding 
bedrock i.e. about 60 m below sea level. A cross section is shown 
in Fig. 2. There are a number of narrow transversal gullies which 
extend downwards for a further 30 m, but the location of these has 
not as yet been mapped " 

Th0 AlnarpValley l 
" 

Fig . 2 . The Alnarp Valley , cross section. 
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The thickness of the sedimentary bedrock is several thousand met
res. The upper layers of the bedrock, which are the only ones of 
interest from the point of view of water supply, consist of 
Danian limestone , dating from the latter part of the Chalk period. 
There are layers of clay and moraine above the bedrock. The 
Danian limestone is underlain by Senonian chalk. 

The limestone varies considerably in appearance and consistency 
and may be either hard, loosely packed or slimy. Large deposits 
of flint are sometimes to be found in more or less continuous 
layers up to several metres in thickness. 

Discovery of the aquifer, the Alnarp Stream, solved the problem of 
water supply for the large cities of Malmoe and Lund. Extraction 
from the Alnarp Stream was increased which resulted in a decrease 
in the ground-water pressure. The drop in pressure below sea 
level first occurred during the forties and has gradually accelera
ted . Today there is a cone of depression in an area of almost 
100 km2 with a maximum depth of about 6 m below sea level , see 
Fig. 3 . 

The Sound 

-20 - 60 

Fig. 3. Ground-water pressure conditions. 
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FRESH/SALT WATER 

When VBB was engaged to carry out an investigation of the Alnarp 
Stream in the sixties, one of the many questions which arose was 
whether there was a risk of salt water intrusion which would pre~· 
vent further use of the water supply system in the future. 

The theoretical calculations which were made and presented in 1969 
indicated that the problem of salt water in the wells could first 
be anticipated after the year 2000. 

The chloride content of the ground water varies but it is generally 
more than 300 ppm, i.e. relatively high, along the coast where the 
depression area exists. Deep drillings have sometimes shown in
stances of high salt content even further inland. Instances of 
chloride content above 5,000 ppm have been recorded. 

Trials were carried out to compare ion concentrations in different 
samples of water from the region in order to determine whether the 
chloride originated from fossil water or from sea water intrusion. 
In 1975 a change in the composition of ions was discovered in a 
production well near the coast. The chloride content increased, 
the iron content decreased etc. This might indicate the initial 
phase of intrusion. These analyses of water from about 30 diffe
rent wells are carried out annually. 

SALT WATER ADVANCE-WARNING SYSTEM 

Studies of other methods of following up saline intrusion were 
carried out in order to develop an advance-warning system. The 
methods studied were the use of a conductivity log in open deep 
wells, permanent resistivity meters or filter screens in refilled 
wells, geoelectrical prospecting as well as seismeological methods. 

Since it was known that the bedrock fissures vary, i.e. they indi
cate that the bedrock is not homogeneous, it was concluded that an 
open well method would give the best information. It was anticipa
ted that the results obtained from geoelectrical and seismeological 
methods would be difficult to analyse. 

In 1972 the first of three salt observation wells was drilled close 
to the shorelineo The salt profile was determined using a conduc
tivity log. The results showed, as can be seen in Fig. 4, a very 
distinct salt profile with a clearly marked .;i.nter£ace.. The total 
salt content increased from 1,000 ppm to 10,000 ppm at a depth of 
93.6 m below sea level. We considered that the well gave a reliable 
indication of the salt level and proposed that the two other ob
servation wells be built. 

These new wells showed, howeverr a completely different salt profile, 
Fig. 5r which was at variance with the the~retical assurnptiops. 
At present, further calculations, pumping and infiltration tests 
etc. are being evaluated" As a result of this work,it can be sta
ted that we have found that there are different pressures at diffe
rent depths, in other words, there are actually several different 
aquifers in the limestone. This is similar to the old granites. 

111 



Limestone 

Fig . 4. 

Fig . 5 . 
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Salt profile in Well no. 1, 1973. 
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Salt profiles in Well no. 2, 1977c 
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Vertical permeability is considerably less than horizontal. The 
fissure system is not as assumed or similar to the fissures in the 
Limhamn Lime Quarry for example. This means that within the wells 
there is a flow of salt water from a lower level to a higher level 
containing fresh water. The holes drilled have punctured conf~ned 
layers in the bedrock. 

The profile is based on the location of the different water bea
ring levels and the actual pressure etc. From the above it may be 
concluded that a salt profile similar to that which can be estab
lished for sand, for example, is not formed in the limestone of 
south-west Skane, at least not in the Alnarp Valley. It is expec-· 
ted however, that the wells and the detailed information on them 
will allow the forecasting of future changes . 
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