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SALINE GROUNDWATER IN SWEDEN 

by Helgi Lindewald1 

About ?80 wells in Sweden have to date been identified as salt-water wells~ 
with chloride (cl-; concentrations from 300 to ?000 mg per liter. Characte
ristic is their location to elevations below the Holocene marine limit. 
Many of them occur in a 200 km wide zone through the middle Swedish low
lands. From some of the wells~ near the coasts~ the high chloride content 
is supposed to be caused by intrusion of recent seawater. About 280 of the 
salt-water weUs are driUed in Paleo~:oic bedrock on the islands of tJland 
and Gotland. Most of the salt-water wells are located on the mainland~ 
particularly along lake shores or in clay-covered vaUeys. Common depths 
of weUs in crystaUine bed1'ock range between 50 and 110 m. Probably the 
saline groundwater derives from fossil seawater being trapped during and 
after the latest deglaciation. The future research will clarify the age 
and the areal occurrence of the saline groundwater. 

INTRODUCTION 

About 80 wells, being one per cent of the water wells drilled 
each year in Sweden, are reported to be salt-water wells. 
According to the well owners there is also an unknown number 
of v1ells where the water changes from fresh to salt-water dur
ing the with~rawal. 

A general need for a compilation and a key map of these wells 
has existed for long. During a selective collection about 780 
wells (sometimes test holes from groundwater investigations) 
have to date been identified as saltwater wells. The selection 
has been based either on analysis results ·showing chloride 
content >300 mg/1 or the remark "salt-water" in the records. 

The main part of the data originates from the drillers well 
records and from the groundwater investigation reports. These 
records andreports are collected and deposited at the National 
Well Record Section of the Geological Survey of Sweden (SGU) . 
Some of the oldest records are sometimes incomplete, lacking 
other information than the remarks "salt-water" and the place 
and the depth of the well. 

The main part of the salt-water wells can be found in four areas 
(see Fig 1) . These areas coincide with the densely populated 
areas in Sweden. The additional wells occur in certain places 
in the middle Swedish lowlands and in coastal areas. 

It must be mentioned that the collection of salt-water wells 
does not include drillholes with really high salinity which 
are drilled for oil prospecting. 

1
Geological Survey of Sweden, Uppala, Sweden 
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THE OCCURRENCE OF SALINE GROUNDWATER IN SvffiDEN 

Saline groundwater occurs in different 
can be found in sedimentary as well as 
and also in sand and gravel deposits. 
wells the chloride content ranges from 

aquifers in Sweden. It 
in crystalline bedrock 
In the 780 salt-water 
300 to 7000 mg/1. 

SALT-WATER WELLS IN THE SEDIMENT DEPOSITS 

In the sediments the salt-water wells occur mostly in flat pene
plain areas, where the salt-water bearing sand and gravel 
layers are covered with thick layers of clay as in Scania, Hal
land and the Skara plain (see Fig 2). Surprisingly enough, salt
water can even be found in some parts of eskers (eskers are 
the largest groundwater supplies in Middle Sweden) . The salt
water yielding parts of eskers can be found as small islands 
or peninsulas in the lakes Malaren and Hjalmaren. The saline 
groundwater occurs in the bottom layers of the eskers. That 
kind of eskers are situated outside of the towns Koping, Kvick
sund, Enkoping, Ekero and Strangnas (see Fig 2). In the con
sulting company AIB's report on groundwater investigations for 
the Enkoping water supply there is a description of the sali
nity in two of the test holes. 

Table ~ The salinity in the esker of Enkoping 

':'est hole nr 1 Test hole nr 2 
+ 5.25 m a. s.l . + 1.15 m a.s.l. 

Depth Chloride Depth · Chloride 
in m mg/l 1.-n m mg/l -· 

18 35 10-11 20 
24-25 1600 16-17 1500 
30-31 3000 22-23 2700 
35-36 4100 28 4300 

SALT-WATER WELLS IN THE CRYSTALLINE BEDROCK 

The crystalline bedrock areas with salt-water wells are often 
covered with clay, e.g. the flat coastal areas of the lakes 
and the valleys of Uppland. The average depth of these wells 
varies between 50 and 110 m. The deepest salt-water well (245 
m) is drilled at Harpsund with a chloride content of 360 mg/1. 

In the archipelagos outside of Stockholm and Gothenburg many 
salt-water wells exist. Even from the islands in the three 
lakes Malaren, Hjalmaren and Vanern salt-water wells are re
ported. 

The highest chloride content and the depths for salt-water 
wells in crystalline bedrock are shown in Fig 3a. 

SALT-WATER WELLS IN THE SEDIMENTARY BEDROCK 

There are only few areas of sedimentary bedrock in middle and 
southern Sweden (see Fig 3b) . But in all the areas salt-water 
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wells occur. About 280 of the salt-water wells are drilled in 
Paleozoic bedrock on the islands of Oland and Gotland. In Scania 
the chloride content is not as high as on the islands of Oland 
and Gotland. The highest chloride content (7000 mg/1) has been 
observed on Gotland. Also the highest percentage of salt-water 
wells exist on Gotland. More than 25 per cent of the water wells 
have a chloride content >300 mg/1. 

A GEOJ'vl.ORPHOLO GIC VIEW OF THE SALT-~JATER BEARING AREAS 

In the middle Swedish lowlands the gneisses and granites of 
Precambrian age dominate. Also small areas with remnants of 
Paleozoic sedimentary rocks occur. In the south of Sweden bed
rock of Mesozo i c age can be found. Paleozoic bedrock consti
tutes the islands of Oland and Gotland. The sedimentary bed
rock consists of limestones, shales, mudstones and sandstones. 

In the crystalJ ine gneisses and granites the groundwater occurs 
in fractures a nd faults. The fractures can be open or more or 
less filled with different kinds of sediments. To understand 
the occurrence of saline groundwater in the middle Swedish low
lands it is useful to know the general tectonic framework of 
these areas. Great faultzones runthrough the middle Swedish 
crystalline bedrock. The bedrock has been lifted up or depressed 
along the fault lines, supposedly many times, which has caused 
a separation of the lakes Malaren and Vanern into the present 
basins. It is supposed that after the deglaciation there has 
been different movements in the bedrock caused by changes of 
the pressure. By such a movement the over-lying water may start 
to move too, and may be trapped in the bedrock. 

The level of lake Malaren is today only 0.3 m above the Baltic 
Sea. Until 30-40 years ago there existed sometimes a reversed 
flow of brackish water from the Baltic Sea to the deepest basin 
of lake Malaren. 

SUPPOSED ORIGIN OF THE HIGH CHLORIDE CONTENT 

It is generally supposed in Sweden that the high chloride con
tents in middle and east Sweden originate in most cases from 
the earlier salt-water periods of the Baltic Sea, as the salt
water wells are characterized by their location to elevations 
below the Holocene marine limit (see Fig 4). On the Swedish 
west coast earlier trangressions from the Atlantic Ocean may 
have caused the salination. In coastal areas, especially in the 
granitic regions, it is possible that recent sea water intru
sions have been caused by overdraft of the wells. 

During the latest glaciation all of Sweden was covered by in
land ice. The deglaciation reached southernmost Sweden about 
12.000-10.000 year B.c. After the deglaciation three salt-water 
periods have existed in the Baltic basin, the general succes
sion of which are shown below. 
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Table 2. The general succession of Baltic s t pges after the deglaciation. 

Period 

Yeal"S B. C. 

12.000-11.000)-8.000 
8.000-?.000 
?.000-5.000 
5.000-1.000 
1.000-

* 

Name of lake/sea 

Baltic Ice Lake 
Yoldia Sea 
Ancylus Lake 
Litorina Sea 
Baltic Sea 

Character of water 

* fre~h 
brackish 
fresh 
salt 
brackish 

( One Swedish scientist~ B. Kullenberg~ had the opinion 1954 that the bottom 
vater of the Baltic Ice Lake must have been salt around 12.000 B.C.). 

The present chloride content in the Baltic sea varies from 2.000 
to 3.500 mg/1 depending on the place where the water sample 
is taken. The lowest values are obtained near the outlets of 
the rivers. 

The chloride content in the fresh groundwater has been measured 
to be <60 mg/1 in the west and south coast areas. The values 
are decreasing eastwards. By Lake Malaren the main values vary ' 
between 8 and 25 mg/1. 

THE EXTENSION OF THE SALT-WATER BEARING AREAS 

It is impossible today to tell the extension of salt ground
water areas. The results from some of the test pumpings show 
increasing chloride contents, especially if the chloride values 
already from the first analysis are higher than usual for the 
area. It is not uncommon that the chloride content increases 
from 85 mg/1 to >300 mg/1 after one week's pumping and to 
>1000 mg/1 after two weeks' pumping. Also the hardness in
creases together with the chloride. Available data seem to 
allow for introducing a correlation factor for the increase 
of chloride and hardness during pumping in different areas. 

By personal communication form J. De Geer (SGU) a municipal 
groundwater well in ~stervala, about 40 km NW of Uppsala, is 
reported to have had a chloride c ontent of 200-400 mg/1 during 
more than ten years'withdrawal. During these years about one 
millon m3 of water liav.e been abstracted from the well. South of 
Lake Vanern in the western part of Sweden, there are two springs 
where the chloride content exceeds 1000 mg/1. 

INVERTED CONDITIONS 

In two cases fresh water is reported below saline groundwater. 

In the valley of Gota river, in the village of Alvangen (40 km 
N of Gothenburg), there is a groundwater well in sediments. It 
has the following stratigraphy. 
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Table 3a. Inverted conditions in sediments 

Depth Geology Character of water 
in m 

0 - 50 clay 
50 - 50.5 sand saltwater 
50.5 - 61.5 clay 
61.5 - 62 gravel fresh water 
62 - bedrock 

Perhaps this inversion has to do -with some earlier landslide in 
the valley. 
The other place is on the island of Gotland. Drilling fo~ the 
water supply of the city of Visby, the chloride content at diffe
rent levels in the limestone was recorded. The drilling started 
at +68 m a.s.l. and stopped at +2 m a.s.l. 

Table 3b. Inverted conditions in sedimentary bedrock 

Depth 
in m 

30 
50 
60 
66 

Chlo~ide content 
mg/Z 

39 
18 

1460 
859 

Futher research is necessary in order to find the correct ex
planation to these chloride values. 

THE CURRENT COUNTER-MEASURES AGAINST SALTWATER 

Different methods to eliminate the salt-water in a drilled well 
can be adopted. Sometimes the drillers make a new shallower 
bore-hole. Many of the drillers seal the hole with sand/concrete 
or only concrete to a level above the deepest water bearing 
fracture. Some of the drillers insert a plug of wood or a packer 
of rubber in the hole to isolate the deepest fracture. 

CONCLUSIONS 

The compilation of the 780 salt-water wells proves that the 
occurrence of saline groundwater is more frequent than was 
known before. It also points out the necessity for futher rese
arch on saline groundwater in Sweden. It is desirable for future 
drillings that the occurrence ·ofsaline groundwater and the fresh/ 
salt water interface can be predicted. The determination of 
these waters calls for an understanding of their origin and 
history. 

This study shows that the records, although incomplete, and the 
analysis results having chloride values of 40-50 mg/1 above the 
normal values for the area must be compiled in the future. It 
also shows that it is necessary to have a continuous collection 
of data and that they must be evaluated and updated at regular 
intervals. 
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F.-tg. 4 b. 

The. Holoc.e.ne. ma.JU.ne. 
Wt1U .-tn Swe.de.n 

F,tg. 4 a. Ma.-tn J.J:ta.ge6 o6 .the. Baltic. Se.a. 
(J. Lundqv~.t, 7965, 
The. Qua.teJLnaJLy o6 Swe.de.n). 


