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FOSSIL GROUND WATER OF MARINE ORIGIN IN THE UPPSALA AREA, SWEDEN 

By Dr. Jan Sidenva11
1 

ABSTRACT 

The water supply for the city of Uppsala, Sweden, is based on a number of well 
fields and artificial recharge plants situated in the Uppsala esker. The esker 
has been deposited on the western slope of a large fault running through the city. 

In planning the future water supply of the city several borings were made. These 
borings were used, among other things, for water sampling at different depths du
ring some tracer tests. At a few places along the_fault we then discovered ground 
water with high contents of chloride ( 1500 mg Cl /1). This water must be fossil 
sea water from the Litorina sea about 5000 BC. 

An incautious increase of the pumping capacity at nearby well fields can result 
in contamination with saline water. 

INTRODUCTION 

During the last three decades the population in the city of Uppsala has increa
sed very much. This has caused a demand for more houses, roads, bridges, water
mains, waterworks etc. In the beginning of most of all these projects different 
sorts of geological surveys have been carried out resulting in several thousand 
borings, seismic profiles, wells etc. The hydrogeology of the Uppsala area are 
therefore wellknown. 

GEOLOGY 

The Uppsala area is rather flat, but the bedrock is broken by at least two systems 
of faults, running north-south and northwest-southeast. This has caused lots of 
large blocks size around 5 x 10 km. Normaly the eastern parts of these blocks are 
uplifted and the western parts depressed. 

During the latest iceage (Weichel) all sharp edges of the bedrock were put away 
as well as some faults were enlarged by the inland ice. Different sorts of sediments 
then filled the valleys. The most interesting sediments are those caused by the 
glacial rivers i.e. the eskers. In the Uppsala area we have four. The largest one 
is the Uppsala esker. Normaly the most coarse esker materials are found on the 
lower part of the western side of the faults. The upper and more westerly parts of 
the esker consists of fine material. 

The rest of the valleys are filled with athin layer of till, then the outlying 
parts of glacial sediments such as sand, silt and clay. Due to post-glacial emer
gence the upper parts of all hills in this area have been strongly affected by 
sea wa~e erosion including the upper parts of the eskers causing many resedimen
tations. Therefore the stratification can be very complicated along an esker. 

A typical profile through the Uppsala esker is shown on figure no. 1. We can here 
see that we have esker materials from -40 to +40 meters. The fine sediments 
such as clay have a thickness of about 20 meter. 

Just below the central parts of the city two large faults intersect. Here there 
are more than 150 meters vertically from the top of the esker to the bottom. Up 
to 130 metres of fine sediments (clayey materials) have also been found. 
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GROUNDWATER 

The eskers in the Uppsala area can be compared with large drains in the landscape. 
Of course the Uppsala esker is the most important one. It is in the lower, coarse 
parts of the esker we have the groundwater flow. The upper parts are normaly above 
the groundwater level. 

The main part of the groundwater in the Uppsala area is infiltrated in the till 
areas surrounding the large valleys. Then the groundwater will flow through cracks 
and faults in the bedrock as well as in the till towards the lower parts of the 
valleys and there we have the draining eskers. Amazingly little water are rechar
ged directly into the eskers. On the other hand, a mathematical model has shown us 
that we have a vertical leakage through confining clay layers down to water bea
ring till or eskermaterial. 

At the terminal of the groundwater flow in the Uppsala esker the flow would be 
about 450 1/s if nothing was pumped away or disappered through springs. Now it is 
not possible to pump up the whole natural flow. That would cause low groundwater 
levels which will start settling of buildings, mains, streets etc. Other risks are 
pollution and salt water intrusion. 

To prevent such damages we have suggested certain upper and lower groundwater 
levels along the Uppsala esker. Between the levels may the groundwater levels 
alternate during a year. Is the level too low we have to recharge more or de
crease the pumping rate at the nearest well gallery. 

Figure no . 2 shows these levels as well as the maximum and minimum groundwater 
levels noted during the last 35 years. The diagram also shows where we have our 
ground water well galleries and recharge plants. 

THE WATER SUPPLY OF UPPSALA 

The watersupply system have an old history. In the 1640-ies wooden mains were laid 
between a spring on the riverside (S:t Erikskallan) and the Castle. This watersy
stem lasted less than one century. 

The modern water distribution system is a little more than one century old. Today 
it consists of four large groundwater well galleries, Sunnersta, Stadstradgarden, 
Galgbacken and Storvad. There are three waterworks. From there water are pumped 
out into one distribution system with two large water towers. There are more than 
500 km of pipes in the system. The dimensions of the waterworks are such that 
one at a time can stop for months without any watershortage in the city. There are 
also two large and one small recharge plants (Tunasen, Vallskog and Rosta). We 
pump water (up to l 100 1/s) from the river Fyris to the recharge plants where 
the pretreated water percolate into the Uppsala esker. Thanks to this technique it 
is today possible to distribute an average of at least 900 1/s. The demand today 
is 600 1/s. Only 50 % of that sum is natural groundwater. 

SALT WATER 

During all different surveys such as testpumping, test recharging, tracer tests 
etc we found anomalies in the groundwater chemistry along the esker. The watersamp
les were taken from several testwells. In every well samples were taken at diffe
rent depths. The deepest wells are about 80 metres. 
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All along the large faults we found salt groundwater in the silt sediments. The 
dephts down to this salt water varied between 10 and 50 metres. Normally the con
tents of chloride is above 500 mg/1. The conductivity varies between 150 and 300 
ms/m. The Ca/Mg ratio is also such that it resembles that of true sea water. The 
only possible origin of this salt water is from seawater some time. The latest time 
this area was buried in salt water was during the Litorina age about 5 000 years BC. 
These fine sediments will for hundreds of years slowly pollute fresh groundwater 
by vertical and horizontal drainage. 

Well below these salt water sediments there are normaly aquifers with fresh ground
water. At other places especially where the faults are unusually deep the aquifers 
have salt water. Such place is for example at Skediga. This place is situated about 
1 500 metres upstream the well gallery at Storvad. At a depth of about 70 metres 
the chloride content is continously about 1 500 mg/1. The conductivity is about 
450 ms/m. The total hardness is above 60 german degrees. If we now pump too much 
at the Storvad well gallery we might get this salt water polluting our drinking 
water. We then have to decrease the pumping rate or increase our recharging. There
fore this very pollution is not especially serious. 

In the Uppsala area there are a few dozen similar cases. Sometime it is only a 
few metres down to the salt water aquifers. The most common cases with salt water 
are of course the bedrock wells. 

To the east of Uppsala there is a village, Gunsta. At this place we have had a 
chloride content between 100 and 150 mg/1 for several years. During the decades 
there has not been any decrease or increase. During years with little snow or 
rain the salt contents is higher. There are also variations during the year with 
the highest contents in May and December. In this case the salt water has been 
found in the fine sediments and in the bedrock. 

For two villages the cloride contents were so high that new water supplies had to 
be found. 
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FIGURE 1 
PROFILE THROUGH THE UPPSALA 
ESKER AT SUNNERSTA 
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SVIST A 11.5-14.5 m 

VALLSKOG 

STORVAD 7;0 -10.5 m 

TUN!SEN 6.5-11.5 m 

5.0-&.5 m \ 

CENTRALBADET 2.0-3.5 m 

STADSTRADGARDEN 1.5-3.0 m 

\ 
ULLERAKER 1.5-3.0 m 

' 
ULTUNA 0.5-2.0 m 
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