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PROBLEMS IN SWEDEN WITH INTRUDED AND FOSSIL GROUNDWATER OF MARINE ORIGIN 
by Lars Nordberg1 

INTRODUCTION 

It is a significant occasion today when the Geological Survey of Sweden is 
hosting an important, international meeting concerning saline groundwaters. 
The significance for the Survey lies in the fact that this arrangement marks 
the present responsibility in the field of hydrogeology for this institute. It 
is a responsibility that has been enlarged considerably during the last few 
years. Let me give you some figures for illustration. In 1967, about 2.6% of 
the total financial turnover of the Survey applied to hydrogeology. It amounted 
to a mere 0.4 million SEK. In 1978 the share had grown to 14 %, corresponding 
to 17 million SEK, and this year, 1981, preliminary figures point at 17 %, 
which is 31 million SEK. A major part of the growth is at present tied to com
prehensive undertakings for investigating possible sites for future storage of 
radioactive wastes which, by the way, has put the work of the Survey in the 
middle of environmental and political debate. Also that is a rather new ex
perience to us. 

Today we gather to discuss less controversial matters, I hope, but matters of 
great importance. I have not had the opportunity of attending any previous Salt 
Water Intrusion Meetings, but it has been reported to me that these meetings 
convey quite a lot of substantial information for exchange between the partici
pants and also quite a lot of pleasant and informal get-togetherness. I hope 
that our meeting here in Uppsala will not be an exception from that fine tra
dition. 

Now, let me turn to the subject for this communication: Problems in Sweden 
with intruded and fossil groundwater of marine origin. It has to be said from 
the very start that our problems in Sweden are of minor significance - at least 
in comparison with corresponding problems in many of your countries. 

I will give you a general overview of reasons for saline groundwater in Sweden, 
and I will dwell shortly on some specific cases as examples. 

REASONS FOR SALINE GROUNDWATERS 

Three main reasons for groundwaters with high salinity can be stated- and with 
high salinity I mean water with a salt content exceeding 1 g/l. 

1) Fossil waters or influence from fossil waters of marine origin. 

Sweden has very few large aquifers in sedimentary bedrock. In some of them, 
saline groundwater is occasionally encountered. The genesis of the salinity is 
not always quite clear. But in a few cases with water from very deep boreholes 
it is concluded that the salts derive from the marine environment in which the 
sediments were laid down.That is true, e.g., for southern Scania where Triassic 
rocks at a depth of 1200 - 1900 m yield groundwater with, in one case 98 and in 
another case 154 g/1 chloride. An enrichment of salt in the formations has 
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taken place since the time of sediment accumulation. Several similar occurrence.s 
are reported from the same area. These very deep-seated saline groundwaters 
have a high temperature and may be utilized for extraction of heat. The high 
salinity, though, introduces some special problems as installations are vulner
able to salt, i.e. clogging and corrosion problems may arise. As these deep 
waters never have been considered for water supply, no other problems are at 
present connected with their utilization. As a conclusion about fossil ground
waters in old sedimentary bedrock in Sweden, it is reasonable to say that they 
are reported from Cambro-Silurian and Mesozoic bedrock, that they often cannot 
be distinguished from later intruded water, and that they, as a matter of fact, 
pose rather small problems. 

A more recent type of fossil groundwater - or water influenced by fossil ground
water - is found in areas that were inundated by sea-water after the latest 
glaciation in Scandinavia. During the deglaciation, at one stage, the saline 
Yoldia sea covered the coastal parts of Baltic Sweden and with a wide strait 
across southern central Sweden connected the Atlantic with the Baltic, involving 
the lake Vaner basin. The duration of this stage, though,was rather short- a 
few hundred years occurring around 8000 BC- and the salinity is believed to 
have been much lower than in present ocean water. The next stage of saline water 
in the Baltic, starting with the Litorina transgressions around 5500 BC is still 
in existence. Due to the land upheaval large areas previously below the Yoldia 
and Litorina Seas are now land consisting of sediments that were deposited in 
saline water. Due to recharge of aquifers by atmospheric water, the groundwater 
circulation has removed the saline water and replaced it with fresh water. But 
in localized areas, mainly where circulation is slow because of low hydraulic 
conductivity or because of isolated positions in relation to groundwater flow, 
saline waters remain. This means that they are never found in well-drained esker 
systems or similar formations although in eskers in the Stockholm region they 
occur in some deep, rather isolated basins. They can frequently be encountered 
in fine-grained sediments, or below such sediments, and preferably in low-lying 
areas around large lakes. This type of fossil salt water more often occurs in 
the crystalline bedrock than in the overburden where it has been fully replaced 
by fresh water. It can also be stated that the salinity usually increases with 
depth, giving an indication of decreasing dilution and replacement with increa
sing depth. 

As a matter of fact, a map of Sweden depicting reported occurrences of boreholes 
yielding groundwater in which the chloride content exceeds 300 mg/1 coincides 
very well with a map of areas that were inundated by postglacial seas. Such 
saline groundwater can be found in localized areas in the crystalline basement 
and in Paleozoic sedimentary rocks, and also in the unconsolidated Quaternary 
deposits. Areas where this type of saline groundwater is known to occur more 
than sporadically include: 
a) the sedimentary bedrock, mainly chalk and sandstone, in western Scania, e.g. 

around ~ngelholm and between Malmo and Landskrona; and in loose deposits in 
the same area. 

b) the sandstone of northern tJl and 
c) the sandstone, limestone and marls on Gotland 
d) the sandstone in Ostergotland, Vastergotland and Narke 
e) the clay plains of Vastergotland south of lake Vanern 
f) the sandy Laholm flats on the west coast 
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A special investigation of the composition of the groundwaters in one of the 
mentioned areas, the clay plains of Vastergotland, published in 1974, reveals 
that areas with a chloride content exceeding 300 mg/1 coincide with areas having 
the greatest thickness of loose deposits (20-30 m), and particularly when loca
ted in closed basins. Of 870 wells in various geological environments, not a 
single one in glaciofluvial deposits yielded saline groundwater. Such water was 
restricted to the crystalline bedrock and frictional material beneath clay. 

Besides in the mentioned six areas, saline groundwaters are reported from highly 
s~attered locations from below the Holocene marine limit. It should be kept in 
mind, though, that only approx.800 wells in the whole of Sweden have been iden
tified as yielding saline groundwater- out of more than 0.5 million existing 
wells. For this reason the problems have limited implication. But needless to 
say, for the do~estic well-owner it can be of serious concern, yes it may even 
be the limiting factor for his livelihood. 

However small, it is quite clear that fossil groundwaters from the period of the 
latest deglaciation causes much more disturbance for the daily well-being of 
people than similar saline groundwaters from Paleozoic and Mesozoic aquifers. 

2) Intruded saline waters. 

Near the coastal areas of Sweden many wells yield saline groundwater. No 
thorough investigations have been performed so far to determine whether these 
waters are truly fossil or if they derive from recently intruded sea-water. 
For the private well-owner it makes no difference. But for the management of 
municipal and industrial water supply systems it may be of decisive importance. 
Fossil waters and intruded waters have to be attacked in different manners in 
order to mitigate the side-effects of continued extraction. 

Now, let us look at areas where salt water intrusion is known to exit. Sweden 
has a long coast line, including tens of thousands of islands in the archipe
lagos. The areas are populated by permanent inhabitants and, temporarily, by 
a great number of vacationists having summer homes along the coasts. Resorts 
and camping places are also abundant in the same areas. This concentration of 
people introduces a seasonally heavy demand for water. In most cases ground
water is utilized - both from dug and drilled wells - and this is where the 
problem comes in. Many wells draw water from small freshwater recharge areas, 
particularly when located on small islands. In the summer the period of 
heaviest demand coincides with the period of little or no replenishment from 
precipitation water. Therefore the zone of influence may increase to outside 
the coastline and saline water may intrude into the utilized aquifer. In many 
places, therefo~e, people have to restrict the~r water withdrawal considerably 
in order to avoid saline water for consumption. In areas with dense settlements 
many conflicts - some with judicial implications - arise from lack of know
ledge or lack of cooperation concerning water extraction. The insufficient 
knowledge of the nature and origin of saline groundwater in coastal areas also 
leaves the planning authorities with serious hesitation for granting new buil
ding permits. A better understanding of the behavior of groundwater in these 
coastal areas is therefore necessary. Areas where intruded sea-water cause 
problems for well-owners are particularly the Bohuslan archipelago on the west 
coast, the Stockholm archipelago on the east coast and the island of Gotland. 
These three areas all attract great numbers of summer residents, putting a 
heavy stress on the environment. The occurrence of, or the risk for, with
drawing saline groundwater is in some places a restraint for further expansion 
of habitations - both permanent and temporary. So the question of salt water 
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intrusion is truly an economic one.As too little is known about the relation 
between saline and fresh groundwater and about the mechanism of recharge and 
pumping in these areas, it is easy to recommend basic research geared at solving 
practical problems. The result of such research may also put tools in the hands 
of planners for planning the use of the questioned coastal areas in the most 
optimal way. 

Mention should also be made in this context of large aquifers that could be 
threatened by sea-water instrusion. The two major aquifers in close proximity 
to the sea are both situated in Scania: the poorly consolidated Cretaceous sands 
of the Kristianstad plain and the sands and gravels of the Alnarp valley. Let's 
have a quick look at the latter one. It consists of a deep trough in the lime
stone of SW Scania, trending in a NW-SE direction, approx.6-10 km wide and 60 km 
long and filled at the bottom with permeable sands and gravel overlain by till 
and clay till. For about 150 years the groundwater in the Alnarp valley has been 
tapped, first by artesian flow and later by pumping. At present it plays an im
portant role for the municipal water supply of several communities. The total 
withdrawal from the valley reached 18 million m3 per year in the late 1950's and 
in 1971. After that it has decreased to 13 million m3 in 1980. It has been repor
ted that theoretically more than 30 million m3 could be extracted annually. But 
a safe yijld considering the risk for salt water intrusion is estimated at 25 
million m , provided some coastal wells are abandoned. Mr Bo Leander has reported 
at a previous Salt Water Intrusion Meeting of the Alnarp valley groundwater sys
tem and I know that he now can give new information of the modeling and monito
ring of this aquifer in order to operate the extraction at a minimum risk level. 
With this one large-scale enterprise for combatting salt water intrusion, Sweden 
is reminded of problems that are quite common in many other countries. 
Now, finally, let's turn very shortly to the third reason for groundwaters with 
high salinity. 

3) Influence from pollution 

Increased salt content in groundwater can derive from local pollution from leaky 
storage of chemicals or improper handling of them and from leakage from manure 
or waste depositories. The effects on groundwater is generally of local nature 
but may in some cases be harmful for pumped wells. Another source of pollution, 
or, influence if you like, is atmospheric deposition of chlorides and other con
stituents from the sea or from chimneys. Such deposition is ultimately influen
cing the groundwater, resulting in increasing salt content. Monitoring stations 
in Sweden indicate an influence of this type, but not yet leading to saline 
qroundwaters. 

This very general overview of problems with intruded and fossil groundwater of 
marine origin in Sweden served as a mere introduction to more specific matters 
which will be dealt with later during this meeting. I hope, although very in
complete and sketchy, this communication has given you a framework for further 
discussions. 


