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Abstract 

This paper deals with some major geological and hydrological characteris

tics of the Island of Ven in the sound between Sweden and Denmark. An 

analysis of the deep ground-water aquifer is presented in which it is 

described as a fresh-water lens. Finally, a simple water-budget model 

for the island is proposed. 

Introduction 

Islands and island countries often present special problems as regards 
water supply because of conditions such as physical isolation, small 

land surface, high population density and scarcity of natural resources. 

The availability of fresh water depends on the spatial and temporal 

variability of rainfall and the potential water-storage capacity above 

and below the ground surface. Dijon (1983), for example, stated that 

because of limited storage capacity, the relation between rainfall and 

water resources availability (especially ground water) is much more 

marked in the case of small islands as compared to larger islands and 

main-land regions. 
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For islands in the arid and semi-arid climate region, planning and 

management of water resources become even more difficult because of 

the larger variability in rainfall and the lack of hydrological data 

for longer periods. Thus, there is no proper basis for an accurate 

water resources plan. The lack of knowledge concerning the rainfall 

and aquifer recharge often leads to unintentional depletion of ground 

water resources with accompanying salt water intrusion • see for 
example Kypris, 1984, or Volker et al, 1985. 

Problems concerning water supply for islands in the humid climate region 

are usually similar, though less accentuated. The great variation in 

water consumption, often caused by tourism during summer periods, 

creates demands for an effective management of the water supply and 

of sewage water, see e.g. Sund and Bergman, 1981. 

Several studies of water problems, characteristic of small islands, 

have been carried out at the Department of Water Resources Engineering 
during the last few years. The hydrological problems in this context 

have been paid attention to in a study of the Cape Verde Islands, 

off the west coast of Africa, see Lindh, 1981. Recently, the department 

has become involved in studies of small water-storage systems for 

islands and isolated areas, see Lindh, 1985. Preliminary surveys of 

islands, suitable for studies of actual hydrological conditions 
leading to an understanding' of the laws governing the behaviour of 

water on small islands, have also recently been made at the department. 

This study aims at improved and rational development and management 

of available water resources for the maximum benefit of the islanders. 

Together with an inventory of hydrological and climatological data 

for small Swedish islands, this preliminary survey shows that the 

Island of Ven in the sound between Sweden and Denmark would be· suitable 

for a study of hydrological processes. This paper deals with some 

major geological and hydrogeological characteristics of the Island of 

Ven. An analysis of deep ground-water aquifer is presented, in which it 
is described as a fresh water lens surrounded by sea water. Finally, 
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a simple water budget model for an island is proposed. 

2 

2.1 

Area description 

General 

The Island of Ven is situated in the "Uresund", the sound between the 

Swedish and Danish coasts, see Figure 1. 
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Figure 1. The Island of Ven. 

The area of the island is 747 ha. The topography ranges up to about 

45 m, see Figure 2. The island rises above the sound as a flat 

plateau with steep, sometimes almost vertical cliff shores which are 

more than 35m high in some parts. 

The settlement of the island consists mostly of one-family houses, of 

which about 50 per cent are connected to the municipal water supply and 

to sewage-water disposal system. About 350 people live on the island 

the year round. However, during the summer the population is doubled 

due to summer houses. Furthermore, the ferries between Ven and the 
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Figure 2. Topography of Ven (according to Adrielsson, 1984). 

main land have a transport capacity of about 3 000 people per day. 

This, of course, puts a lot of strain on the water supply because of 

high fluctuations of water demand. 

2.2 Geology 

The geology of Ven is well documented by Adrielsson (1984). Ven is 

situated in the middle of the Alnarp Valley, cf. Figure 3. 

E2]ouaternary deposits 

f:S3Bedrock 

Figure 3. Cross-section of the Alnarp Valley, showing the bedrock 

relief and quaternary deposits (according to Adrielsson, 

1984). 
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The Alnarp Valley contains the well-known Alnarp Aquifer, which 

supplies large parts of southern Sweden and Denmark with ground-water. 

The Quaternary deposits are mainly characterized by clayish moraine 

with thin layers of sand. The bedrock, 60-70 m below the ground 

surface, is constituted mainly by Cretaceous sandstone and limestone. 

2.3 Hydrology 

The annual precipitation for Ven is 570 mm, which is about the same as 

for stations situated on the nearby mainland. 

Surface runoff seems to occur very seldom. The only apparent surface 

runoff is from an about 2.5 km2 sub-catchment in the southern part 

of the island. 

The quality as well as the availability of ground water on the island 

varies. Observations of ground water have been made in many wells 

during different periods. There are two different ground-water tables. 

The upper, phreatic aquifer has a water table of about 0.5 to 10 m 

below the ground surface. The lower aquifer has its water table about 

43 m below the ground surface. 

3 Characteristics of water resources 

Up to 1978 the water supply for the whole population of the island 

was derived from private wells varying between about 2 to 12 m in 

depth. However, the capacity of these wells was generally rather low, 

only allowing for water supply for basic needs. During the summer 

months when the population increased two or three times, water had to 

be taken from the mainland by boat. Apart from the quantitative problem, 

the water quality was frequently poor, with a high content of nitrate 

and bacteria. 

225 



In order to solve the problems of water supply and sewage water, in 

1978 the island was connected to the water supply and sewage system of 

the mainland. Up to the present time, about half the permanent residents 

are served by the water supply and waste water disposal systems from 

the mainland. The water consumption of the population averages about 
2 000 m3/month. 

As regards the upper aquifer, observations of the ground water level 

in open wells have been made quite extensively on the island. Figure 4 

shows observation points and the assumed general ground-water level in 
September 1976. 

Figur 4. Ground-water levels of the upper aquifer on Ven in September 

1976. 
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It can be seen that the highest water tables appear in the central 

parts of the island. These parts are also best supplied with ground 

water, according to local users. In order to investigate the possibility 

of more extensive pumping of ground-water, geoelectrical measurements 
were made (VIAK 1974), see Figure 4. These measurements did not indicate 

any salt-water intrusion except for at point 67, close to the shore. 

A drilling test with accompanying water analyses was also performed. 

The drilling test was made down to 102.5 m benieth the ground surface, 

that is down to the bedrock, cf. Figure 3. These measurements indicated 

a deep ground-water surface about 43 m below the ground surface, 

that is about 1.2 m above sea level. It was found that at a level 

of 90 m below the ground surface, there was a marked increase in the 

chloride content and in the conductivity of the water, cf. Figure 5. 
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Figure 5. Lithology, conductivity and chloride content according to a 
drilling test on Ven. 
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The chloride content in the sandy gravel, near the bedrock, corresponds 
approximately to the chloride content of the North Sea, water from which 

regularly flushes into the Dresund. Consequently, it can be assumed 

that the deep aquifer acts as and has the general shape of a fresh

water lens, surrounded by sea-water. This lens seems to be about 45 m 

thick in the central parts of the island. Under the lens is a transi

tion zone, in which ground-water is mixed with salt-water. In this 

case, the transition zone seems to be about 10 m thick in the central 

parts of the island (see Figure 5). 

3 Model approach 

A general water budget for an island can be described as follows, 

(see also Figure 6). 

P E + R + N 

Where 

P precipitation 

E actual evaporation 

N Q : 6M 

Q ground-water discharge 
6M = change in fresh-water storage 

R = surface runoff 

( 1 ) 

The groundwater flow and thus the change in the fresh-water storage, 

can be calculated by a hydraulic model according to Bear (1979). This 

approach uses a vertically integrated areal model (Dupuit's assumption), 

in which it is necessary to solve simultaneously the equations describ

ing the fresh-water and the salt-water hydrodynamics. Two coupled 

partial differential equations are used for this. The governing equa

tion for the salt-water region reads 
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Figure 6. General description of water balance elements of an island. 

The equations can be solved together with initial and boundary condi

tions. When starting the calculations, the piezometric levels in the 
fresh and salt-water region must be known. By deciding the length, 

over which fresh-water is discharged into the sea the boundary condi

tions can be expressed: 

0 (4) 
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0 (5) 

The parameters a and B are dimensionless resistivity coefficients for 

the zone of discharge into the sea. These have to be estimated by 

calibration. In the equations above, no consideration has been taken 

of the upper aquifer. This aquifer seems to be separated from the deep 

fresh water lens by semi-permeable layers of silt and clay (see Figure 

5). The aquifer can be included in the equations taking the vertical 

integration into account. However, before it is included, more details 

of the upper aquifer have to be known. 

4 Conclusions and recommendations for further studies 

Some major hydrological and geological characteristics of the Island 

of Ven have been presented. The ground water resources of the island 

are constituted by two aquifers. The upper phreatic aquifer is 
separated from the deeper aquifer by semi-permeable layers. The deeper 

aquifer can be described as a fresh-water lens surrounded by sea-water. 

A general outline of a water balance model, including a Ghyben

Herzberg-Dupuit methodology for the fresh-water lens, has been suggested 

for purposes of describing the water resources of the island. In order 

to calibrate and apply this model to the Island of Ven, extensive 
measurements are needed. Rainfall, runoff and evaporation can be 

measured with standard equipment_. The seasonal variations in the 

extension of the ground-water aquifers will have to be measured by 

combining bore hole observations and VLF-resistivity (Very Low Frequency) 

measurements. The VLF-resistivity measurements would give the approxi

mate locations of freshwater-saltwater interfaces. These could be 
confirmed by deep borings at a few locations. 
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