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SEA WATER INTRUSION IN DRILLED HELLS 

by B Sund and 
1 

G Bergman 

Under natural conditions the water table of a coastal aquifer 
is sloping toward the sea which implies that the hydrostatic 
pressure of the fresh-water is higher than that of the sea 
water. Owing to this and the existing hydrodynamic balance, there 
is an interface between the fresh and salt water that makes it 
possible to draw fresh-water in coastal areas. 

This paper intends to show that the quality of a fresh-water 
aquifer bordering to the sea can be contaminated in a short 
period of time by intrusion of sea water when subjected to un
controlled withdrawal thus rendering it unfit as potable water. 
Such contamination can take place when discharge and pumping 
~xceed the total recharge. 

INTRODUCTION 

The advancing development of land for recreational and summer 
dwellings on islands of our archipelagoes and coastal areas 
gave rise to an increasing need of potable water. Such water 
is usually pumped up from wells drilled into the bedrock. Ground
water in the bedrock is though a limited natural resource which 
is usually recharges by rainfall each springtime and autumn. At 
several locations of our coasts an excessive overdraft is pre
sently destroying this natural resource. In case of overdraft 
the pressure balance between the fresh and sea water is disturb
ed making it possible for the sea water to penetrate the wells. 
If this penetration is not noticed in time, the sea water will 
spread from well to well ruining the entire fresh-water aquifer. 
Once the seawater invaded the system, the possibilities to ob
tain potable water from the aquifer is completely obliterated 
since salts remain in the fissures for a very long time (40-50 
years), notwithstanding that the previously existing balance 
between fresh-water and sea water had successfully been restored. 
In order to be able to appreciate the risks for sea water intru
sion, the geological setting of the area must be studied includ
ing the existing fissure pattern of the bedrock, the possibili
ties for recharging the aquifer, and the magnitude of the total 
pumping need. 

The Swedish Water and Air Pollution Research Institute (IVL) 
approved in early 1980 a research grant for a comprehensive 
study of the above outlined problems. The research object was 
both devised and executed by the authors. Certain preliminary 
studies indicated that parts of a recreational dwelling area on 
Vindo in Stockholm County might face problems of sea water intru
sion, and therefore the main investigation was centered on that 
area. 

1IVL, Stockholm, Sweden (Swedish Water and Air Pollution 
Research Institute) 
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SOUTHEAST VINDO, 
AN AREA WITH SEA WATER INTRUSION IN PROGRESS IN THE ARCHIPELAGO 
OF STOCKHOLM 

Programme of the Investigation 

To determine how far the sea water intrusion progressed in the 
area the following examinations were undertaken: 

I Hydrogeological mapping 

a) Location of the watershed 

b) Fissures, type and pattern 

c) Ground water flow paths 

II Examination of wells drilled in the bedrock 

a) Location, depth, ground water table 

b) Study of old water analyses concerning chloride content 

c) Sampling of water from wells 

III Laboratory examinations 

a) Analysis of water of old and recently drilled wells. 

Site of the Investigation 

On southeast Vindo a rather large area, bordered by the sea, 
had been developed for recreational dwellings in the 1960s. 

Potable water for the recreational dwellings is supplied by 13 
drilled wells equipped with hand pump . Pumping was 
in the beginning limited, but as years passed the dwellings had 
been successively furnished with showers, water closets and 
saunas which demanded increased quantities of water. 

Some property owners have drilled their own wells on their land, 
while others laid pipes fitted with electric pumps and thus 
pumped water from the common wells. These changes signify an in
creasing withdrawal from the same aquifer. A number of the pro
perty owners have now complained that water in their wells taste 
salty. 

The Geological Setting of the Site of the Investigation 

In the Vindo site the bedrock mainly consists of gneiss, known 
as Stockholm-gneiss. It is a medium to coarse-grained gneiss 
with a high mica content, and in which occur coarse-grained gra
nit layers or lenses. In the orientation of the strike of the 
gneiss beds, approximatively E-W, appear dark, basic green stones 
dipping steeply, about 80° which means that the outcropping rock 
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types continue downward to considerable depth. The bedrock had 
been subjected during the past geological times to tectonic move
ments (e.g. faulting) which caused the breaking up of the bed
rock into several uninterrupted fracture lines along which the 
newly formed blocks could move independently one from the other. 
The largest quantity of the groundwater occurs in these weakness 
zones. For that reason it is interesting to note that at the 
Vindo site the old zones along which movement had taken place 
are easily discernible. Today we can identify the largest fault 
zones in the shape of clay, filled roughs which intersect one 
the other at nearly right angles. Not so distinct frac-
ture lines can be recognized at various places by their mica
caous surfaces. 

The dominant facture pattern of the Vindo site is shown in Fig 1. 
Of this pattern one can deduce that the bedrock is divided into 
7-8 clearly delineated hillocks. 

The dissected topography of the area makes it easy to distinguish 
several watersheds. It is most probable that each hillock consti
tutes a separate hydrological entity. 

. .--

Fig 1 

Test site Vindo 

Lqcation of the wells 
and ·fractured zones 

Drilled well 

200 300 
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Perco~ation 

Evaporation 

Water table 

Fig 2 The hydrologic cycle (After D.K. Todd) 

AQUIFERS IN ROCK FORMATIONS 

The hydrologic cycle (Fig 2) shows that the amount of ground 
water in soils and in bedrock is dependent on the precipita
tion. That a ground water storage would develop, the occurrence 
of porous soils (e.g. sand, gravel) or fissured rock types is 
mandatory. In the case of rocks, possibilities for storing the 
infiltrated precipitation are entirely dependent on the presence 
of open fissures, their capacity, direction and number. Fissures 
in a rock formation originate from the various geological epochs 
of the history of our earth. One type of fissure came about at 
the time of the formation of the rock type and was shaped and 
it received its configuration when the rocks cooled and shrunk. 
These fissures are usually shallow and are quite insignificant 
from the view point of storage of potable water. At later move
ments of the rock masses, and especially in connection with tec
tonic processes, faults and fractures have formed. These are of 
importance as reservoirs and conduits of ground water. 
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Fig 3 Ground water in rock formation 

1 Gneiss 
2 Ground water table 
3 Ground water level in a separate 

fissure 
4 Granite 
5 Ground water table 

Comprehension of the tectonic structure of a rock formation is 
therefore of prime concern to understand the behavior of the 
ground water. The fissures of a rock formation make up a system 
of channels connecting the separate ground water reservoirs. Al
ready the fact that the fissure patterns in our most common rock 
types, granite and gneiss, are rather different, this will affect 
the evaluation of the volume of a reservoir (Fig 3 ) • 

Origin of Ground Water 

Almost all ground water originates from precipitation that en
ters the ground through permeable soils and through fissures in 
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the rock. The technical terminology for this action is infiltra
tion (Fig 2). 

A large portion of the precipitation though evaporates. In the 
Stockholm area the rate of evaporation is about 50 per cent, and 
a further 40 per cent moves as surface runoff. A rugh estimate 
suggests that the annual recharge of an aquifer is about 10 per 
cent of the yearly precipitation. 

Ground Water Renewal 

To calculate the renewal of the ground water of a certain area, 
the following conditions must be known: 

a) Extent of the area 
b) Watersheds 
c) Amount of precipitation 
d) Runoff areas 
e) Coefficient of infiltration (varies for bedrock, morain, gra

vel etc) 

A coarse estimate of the amount of the renewal can be computed 
by the following equation: 

annual recharge = 0.10 x annual precipitation x area in m2 (1) 

By using equation (1) we can find that the annual renewal of the 
six separate watershed areas (Fig 4) is the following: 

Table 1 

Area 1 2 3 4 5 6 Total 

Ground wa~er 
renewal m /yr 1800 5740 9230 3430 1485 2320 24,000 
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WATER CONSUMPTION 

Water consumption for recreational dwellings has earlier been 
estimated to be about 100 1/day/lot. One condition for this 
assumed quantity was that draft would be made from one tap, 
i.e. one well with hand pump. During the last decade several 
of the landowners replaced the hand pump with an electric one 
and laid pipes from the well to the dwellings. As a result of 
this action the consumption increased to ca 150 1/day/person. 
Taking an average of 2.5 persons per household, it gives about 
400 1/day/lot. A forecast regarding future demand relative to 
computed ground water renewal of the area is shown in Fig 5. 
It implies that under unchanged pumping rate the discharge will 
soon, within five years, exceed the groundwater renewal of the 
area. 
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Fig 5 Forecast of future consumption within the area. If the 
consumption increases as per the forecast, then it will 
exceed the ground water renewal within 5 years. 
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WATER ANALYSES 

Old Drilled Wells 

On Vindo thirteen wells were drilled at the time of the develop
ment of the area in the mid 1960s (Fig 1 ) • 

Table 2 shows the chloride content of these wells. 

Table 2 

Year 1965 1965 1964 1965 1965 1964 1964 1964 1967 1967 1965 1965 1967 

No 1 2 3 4 5 6 7 8 9 10 11 12 13 

Cl mg/1 6 130 9 8 9 58 4 24 88 14 14 9 8 

Results of the apalyses of water samples taken at the time of 
the drilling of the wells or soon thereafter indicate that the 
chloride content was not alarmingly high. Any contact with the 
saline sea water was not revealed at that time with the possible 
exception of well no 2. 

Drilled Wells Analized in 1980 

In 1980 seventeen wells were sampled to check the chloride ion 
content. Since 1967 a few additional wells were drilled (Fig 1) . 
Table 3 shows the result of the analyses. 

Table 3 Cl rng/1 
Date of Sampling 

Well No 80-05-13 80-06-18 80-09-09 

1 24 28 

2 150 190 230 

3 26 25 

4 12 18 

5 11 18 

6 62 76 

7 6 10 

8 21 33 

9 84 94 

10 47 52 

11 10 14 

12 26 34 

13 48 49 

14 280 190 

15 580 220 

16 790 

17 19 47 

Chloride content of Lake Maren 1600 - 2200 rng/1 
II II II the sea 2000 - 2300 rng/1 
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The results of the conducted analyses reveal that the chloride 
content of the old drilled wells became, with a few exceptions, 
two to four times higher than the initial values 15 years be
fore. Since then new wells were drilled in the area. Of these 
four lie within the zone of danger for sea water intrusion. In 
three out of these four wells, high to very high chloride ion 
content was found. For the sake of comparison the brackish wa
ter of L~ke Maren and the sea water were also analyzed as to 
their Cl content. 

DISCUSSION OF THE RESULTS OF THE INVESTIGATION 

Changes in the Chloride Ion Content 

When comparing the analysis figures of Tables 2 and 3, we can 
notice that wells no 1 and 3 had higher Cl content in 1980 
than in the early 1960s. This increase can be attributed to a 
slowly progressing intrusion of saline sea water into the fis
sures of the seashore rocks. Wells 10, 12 and 13 situated at a 
considerable distance from the coastline also have higher Cl
content than the initial values. There appear to be several 
divergent explanations for this trend. Some sources support 
the theory that mist of condensed sea water vapor can be formed 
along the coastline drifting inland. This assumption, however, 
is contradicted by the fact that the water of well no 9 had the 
highest chloride content already in 1965 and it did not alter 
since then. Therefore the higher salt content in wells 10, 12 
and 13 can be attributed to the mineral composition of the bed
rock. The variation in the chloride content of well no 2 can be 
deduced through the analyses of the water samples taken at 
spring, summer and fall of 1980 (Fig 6). 

200 

65 -11 -02 

100 

0~-----~-T--~--~--~--~--~--
Nay June July Aug Sept 

1980 

Fig 6 Variation in the chloride content of well no 2 
from 1965-11-02 to 1980-09-09 
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In this well the influence of saline water can be traced to the 
adjacent Lake Maren, as the chloride content increases with in
creased pumpage. Fig 1 indicates too that this well must be di
rectly connected by fissures with the coastal rock of Lake Maren. 
The highest chloride contents were found in the samples from 
the recent wells no 14, 15 and 16. All these are situated in 
the same area between well no 1 and the sea. On the other hand 
well no 17 shows no exceptionally high chloride content depend
ing on the fact that it is located on a different hillock and 
is connecte~ to other fissure systems. In well no 16 and periodic
ally in no 15 the drinking water quality limit of 300 mg/1 is 
exceeded (Table 3). 

SEA WATER INTRUSION 

The results of the analyses of the 15 year old drilled wells 
show that sea water has recently invaded the aquiferous fissures 
which in the 1960s yet carried fresh-water. Reason for this in
trusion is an increased pumping from the common ground water re
servoir. This increased withdrawal resulted in a lowered hydro
static pressure in the fresh-water reservoir, by which the pro
tection against the adjacent sea water had been weakened facili
tating a gradual intrusion of sea water. When a well is pumped 
so excessively that it becomes empty, the piezometric surface 
around the well will then be lowered. A low-pressure zone is formed 
that nature tries immediately to equalize. The ground water from 
the surrounding fissure systems gushes toward the well causing a 
suction that propagates in the course of time longer and longer 
away from the well. In effect it means that in the coastal areas 
the dominating seaward flow of ground water is reversed, causing 
the sea to penetrate inland aquifers (Fig 8.). In case when the 
bedrock adjoining the sea has high porosity the fresh-water will 
slowly be forced back by the sea water and the well will be filled 
with brackish water. One liter of 2 percent saline water mixed 
with fresh-water can make seven liters of fresh-water salty render
ing it undrinkable. If a well is pumped without restriction the 
sea water can enter the suction area of a neighbouring well making 
it unusable. An example for this is the Lillholmen area where 
five wells are situated close to each other and where the sea 
water intrusion is spreading from the well nearest the sea to the 
other wells (Fig 9 ) . The principal risk with uncontrolled ground 
water pumpage from wells in coastal areas is the propagation of 
the sea water intrusion from well to well when the wells are so 
close one the other that the cones of depression intersect each 
other (Fig 8 and 9 ) . 

PROTECTIVE MEASURES 

A forecast for the development of recreational dwellings indicates 
that they are going to increase in numbers and that also their use 
timewise is going to be extended. From the view point of water con
sumption it can result in a doubled withdrawal of the groundwater 
and an additional load on the already highly exploited ground wa
ter supplies. 
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Fig 8 . Cones of depression around drilled wells in an island sur
sounded by sea water. The lowered hydrostatic pressure 
changes the equilibrum between fresh and sea water facili
tating the sea water to enter the fresh-water aquifer and 
to mix with the fresh-water. One liter of 2 percent saline 
water can make seven liters of fresh-water salty. 
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With regard to the obtained results of this investigation it is 
suggested that no communities should permit the construction of 
any recreational dwelling in the archipelago before the following 
had been resolved: 

a) State of the ground water, area of infiltration, ground water 
renewal 

b) Common, deep drilled wells, location relative to the sea 

c) Planned pumpage for each lot 

d) Sewers. 

As to the already developed recreational dwellings, the chloride 
content of the existing drilled wells ought to be measured to 
appreciate the risks of sea water intrusion. Responsibility for 
this measurement should rest on a landowners~ association where 
all the members are partners. When any danger of sea water intru
sion is considered to arise, the total pumpage must be decreased 
and regulated. Furthermore only upon a very careful examination 
should the drilling of new wells be permitted. 


