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SALT WATER INTRUSIONS 
INTO COASTAL AQUIFERS OF GDANSK REGION 

ABSTRACT 

k .l 
By B. Kozers 1 

In the coastal zone of Gdansk region the ground water of great usa
bility occurs in Cretaceous, Tertiary and Quaternary sediments. 
The wate5 has been intensely 1 exploited. Present yield amounts to 
550000 m /d. As a result intrusion of sea water into the coastal aqui
fers has been observed. The problem has been investigated and a obser
vation system is to be developed. 

INTRODUCTION 

Therearea few aquifers rich in water along the coast of Gdansk Bay. 
That water has been intensely . e3ploited for tens of years; the present 
yield amounts to nearly 550 000 m /d. The ground water is the main 
source of supply for a number of towns of Gdansk region of 1 million 
inhabitants. A deterioration in the quality of ground water has been 
observed for several years, particulary with regard to its salinity 
due to sea water penetration into the coastal aquifers. All greater 
ground water intakes are situated at a distance of l - 10 km from 
the coast, and numerous single wells are located in the vicinity of 
the sea. 
The above mentioned fact and the constant increase of water abstraction 
as well as other factors have seriously complicated the water_ supply 
of Gdansk and Gdynia. 

DESCRIPTION OF THE AREA 

In the coastal zone of Gdansk Bay the ground water of great usability 
is present in the Cretaceous, Tertiary and Quaternary sediments. Under 
natural conditions, not disturbed by exploitation, the water flows 
down to the sea which is the regional drainage base for it. 

The changes and trends being observed in this respect will be referred 
to on the basis of general hydrogeological conditions of the coast 
of Gdansk Bay. 

Cretaceous and Tertiary aquifers 

Fine-grained glauconitic sands included in Coniacian and Santonian 
constitute the main aquifer of the Cretaceous strata. These strata 
are widely spread in the Gdansk region forming a vast artesian basin. 
The aquifer appears regularly at the depth of 150 m below the sea 
level, the thickness being 80 - 100 m. The aquifers are covered by 
limestones and Campanian marls of a thickness of 50 m which are only 
locally pervious. Above them there are Tertiary and Quaternary sedi
ments /Fig. 1/. 

The original piezometric surface of the Cretaceous aquifer at the 
coast of Gdansk Bay has been at 15 - 18 m above the sea level. The 
recharge area is the moraine hills of the Kashubian Lake District, 
the drainage area the coastal plains and the Bay ~f Gdansk. 
The mean yield of the wells equals to abt. 1090 m /d and transmis
sivity coefficient varies between 100 - 500 m /d. 
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The water is of good quality. The content of chloride ions is below 
15 ppm Cl-, hardness i - 4 m-val/1, iron 0.3 - 0.6 ppm Fe. 

As a result of eighty years exploitation which is still increasing, 
the piezometric surface has fallen in the area of about 400 km sq. 
In the centre it is 5 - 10 m below sea level. The zone of depression 
also covers the coastal part of Gdansk Bay. The present piezometric 
surface at the coast is at the height of the sea level. 

The natural flow of water has been reversed, hence the conditions 
have been created for leakage of sea water into the Cretaceous 
aquifer. Because of a low salinity of the Baltic Sea and an even lower 
one of Gdansk Bay, and also because of a considerable thickness of 
the covering layers, no increase of water salinity in Cretaceous 
aquifers has noticed so far. In the course of time this 
phenomemon, however, may be of signigicance from a practical point 
of view. 

There is one factor more that should be taken into consideration. 
In earlier Mezosoic formations of Gdansk region there is fossil water 
of high salinity. The lowering of pressure in the Cretaceous aquifer 
faciliates an upward migration of older water thus forming an additio
nal threat to fresh ground water. 

The Tertiary in the coast of Gdansk Bay is represented by Miocene 
and Oligocene strata. These strata are only locally composed of 
sands and do not form aquifers of region~l extent.The total ground 
water discharge does not exceed 20 000 m /d. A dispersed and insig
nificant exploitation dimmishes the possibility of intrusion of sea 
water into the Tertiary sediments. One cannot exclude, however, an 
increased salinity indirectly from higher situated Quaternary sediment~ 

Quaternary aquifers 

The occurence of ground water in the Quaternary sediments and its 
contact with sea water is differentiated and depends mainly on the 
geomorphological conditions. The ~cllowing formation may be mentioned 
here as water bearing structures: /Fig 2/ 

- the Vistula Delta, 
- marine terrace, 
- ice marginal valley, 
- bay barrs, 
- moraine hills 

Below is the hydrogeological characteristics of the Quaternary sedi
ments of Gdansk Bay presented in the sequence as above. 

The Vistula Delta: encloses the Bay from the south over the length 
of more than 30 km. Along the coast line, on alluvial deposits the 
sands of marine and eolic accumulation form narrow and specific 
forms of bay-bars. 

Among the Quaternary sediments of the Delta region there are aquifers 
of Pleistocene and Holocene. The sandy strata of Pleistocene are 20 
to 50 m in thickness. Beneath them there are clays and loams and they 
are covered with muds, peats and Holoceneous sands. Alluvial sands are 
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often join to water bearing Pleistocene sediments of the delta area 
forming one quaternary ground water horizon having at certain places 
the thickness of 40 - 60 m /Fig. 3/. 

In the area of the Vistula Delta the salinity of ground water has 
been observed first. It is typical for the area situated below 
the sea level. These areas have been, for centuries, intensively 
drained. In some parts of the Vistula Delta the salinity of Quater
nary water reaches 2000 ppm Cl-/1. It may be assumed, however, that 
we are dealing here with young fossil water formed during the Delta 
evolution and which has been preserved due to a slow exchange of 
water. An important part in the salinity of aquifers of the Delta 
play also the water of natural and artificial dykes and particulary 
the Dead Vistula River. This water is salty as a rule and penetrates 
quite easily into the wells situated nearby where the chloride con
tent exceeds 1000 ppm. The increase of chloride ion content in Pleisto
cene sediments of the Delta area is at present observed at a distance 
of about 5 km from the Dead Vistula River. 

The Marine Terrace covers a flat area between Gdansk and Sopot. 
From the surf ace down to the depth of 30 - 40 meters there are highly 
pervious sands and gravels of Pleistocene age extending down under 
the bottom of Gdansk Bay. Below, there are boulder clays or low per
meable Tertiary sediments /Fig. 4/. The marine terrace constitutes an 
abundant reservoir of ground water being recharged partly from the 
moraine hills and partly directly by precipitations. The coast of the 
Bay of Gdansk constitutes the zone of salt and fresh water contact. 
The ground water of the marine terrace is intensively exploited and 
the wells of one of the intakes are spaced at a distance of about 1 km 
from the shore. The rate of3discharge of a single well amounts to 
approximately 1000 - 1500 m /d. Lately the conditions of exploitation 
of this intake has become considerably worse, the progressive urbani
sation has significantly decreased the di3ect recharge. The necessity 
of a constant discharge of about 24 000 m /d has caused the increase 
of depression in the wells down to 6 - 10 m. Consequently the pene
tration of sea water has started and the front of salt water proceeds 
towards the wells. The intensity of this process is hampered by the 
bottom sediments of the Bay of lower permeability and by fine - grai
ned sands of sea origin covering the water bearing layer /Fig. 4b/. 

At present the main problem to be explained is the rate of procee
ding salinity of water in connection with the decreased lateral re
charge from the land side. For this purpose a piezometric net has been 
installed and observations have started. Random observations show the 
content of cl- being 80 mg/1 at a distance of 150 m from the sea shore. 

The aquifer in Reda ice marginal valley is partially a confined and 
partially an unconfined one. 

This stratum is exploited with the rate of discharge of 180 000 m3/d. 
In some parts of the valley a constant lowering of the ground water 
level can be observed. In the estuary part of the valley there are 
locally two aquifers. The first one is composed of river and sea sands 
and includes polluted subsurface water thus not being exploited. 
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The second aquifer which is lower in the estuary part of the valley 
is divided from the first by a layer of clays of the thickness of 
20 m. Below it there is a confined aquifer consisting of sands and 
gravels of a thickness of up to 30 m. 
Both the covering layer and the aquifer spread under the coastal 
basins of Gdansk Bay. The recharge of the aquifer takes place by 
direct infiltration and lateral inflow from the moraine hills of the 
Kashubian Lake District. The ground water is discharged at the out
crops at the sea bottom. So there is a natural zone of contact with 
sea water in this place. It occures within a distance of a few or 
more kilometers from the shore. A long lasting exploitation of this 
water from the intakes situated at the shore has led to the lowering 
of the piezometric surface below the sea level. The ground water under 
the bottom has been directed towards the intakes /Fig 5/. 

There is no possibility, however, to analyse this phenomenon on the 
basis of observation because the distance between the outcrop of the 
aquifer and the shore is not known. The gradual increase of salinity 
is shown directly in wells in the vicinity of the Bay. Any assumptions 
in this respect are only approximations and must only be based on 
uncertain data obtained by indirect methods. 

Sea bars constitute a part of the coastal area of Gdansk Bay. The Hel 
peninsula of about 30 km length encloses the Bay from the north and 
the Vistula Bay Bar from the south along 40 km separating the Bay 
water from the areas of Vistula Delta. 

As concerns geological structure of the Bay bar the predominating 
sediments are sand of a thickness between 50 - 60 m. The depth of 
the water table varies between 1 - 10 m depending on the height of 
dunes. The level of the ground water table in relation to sea level 
is higher; 1 to 2 m. Under natural conditions fresh water occurs at 
the flgor of sea sediments. It is because of the low salinity i.e. 
4 - 8 joo Gdansk Bay and Baltic respectively. 

The conditions of balance between sea and fresh water have been distur
bed in places of increased exploitation of ground water. Jurata on 
the Hel peninsula may serve as an example. The consumption of ground 
water is considerably increasing in summer and its salinity as well. 

In the present paper the problem of sea and ground water contact 
within moraine hills has been omitted, because it is of no practical 
importance. 

CONCLUSIONS 

An intense exploitation of ground water in Gdansk region has led 
to disturbance of the natural balance between the sea and ground 
water. There have been observed negative effects due t o intrusion 
of sea water to aquifers of the Vistula Delta, marine terrace and 
sea barres. The ground water of Reda ice marginal valley is also 
threatened. 

The proceeding process of intrusion has become the subject of in
vestigations. A special system of observation is being developed 
in order to obtain data on the ratio and extent of intrusion. 
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