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Hydrogeological SWIM -excursion 
to the western coastal plain of Belgium 

1. INTRODUCTION 
(Fresh-water supply of the western coastal plain) 

In the larger part of the Flemish coastal plain the 
possibilities of fresh-water exploitation are limi
ted. Three possibilities exist : exploitation of 
the deep artesian aquifers, exploitation of the 
shallow phreatic aquifer and collection of surface 
water in artificially created basins. 

Under the larger part of the Flemish coastal plain 
a thick clay layer of about one hundred metres 
thick separates the phreatic aquifer from the 
artesian aquifers. Under the clay there are two 
artesian aquifers (W. DE BREUCK et al., 1987). 
The first is located at a depth of 140 m and 
consists of silty very fine sand of about twenty 
metres thickness. The second at a depth of 
about 250 m is located at the interface of the 
chalk layer of Secondary age and the fractured 
shales of Primary age. Both aquifers have very 
small transmissivities (between 10 and 40 m2/ d). 
As a consequence the installed wells in these 
artesian aquifers have a very small specific 
capacity. The water of the artesian aquifers has 
a total salt content of between 2000 and 3000 
mg/1. It is a soft water which is rich in sodium 
cations and poor in calcium cations. The tempe
rature of the water is rather high, between 15 
and 18 °C. Because of the depth of the aquifer, 
the specific well capacity and the special water 
quality, the artesian aquifers have until now only 
been used for small water catchments for the local 
industry, which has well defined water-quality 
demands. 
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In the phreatic aquifer, fresh water as well as 
salt water occurs (W. DE BREUCK et al ._, 1974), 
Under the young dunes, situated at the border 
with the sea, the fresh-water pocket has reached 
the "impermeable" clay substratum at a depth 
between 20 and 40 m. North of the young dunes 
there is the shore with a salt-water lens above a 
fresh-water tongue. South of the young dunes 
there is the polder area where the larger part of 
the phreatic aquifer is filled with fresh water. 
In this polder area there are a considerable 
number of fresh-water pockets only under old 
dune ridges and under some wide creek ridges. 
The first water-catchment for public supply in 
the western coastal plain was installed in such a 
fresh-water pocket under the old dune ridge of 
Adinkerke-Ghyvelde. This water-catchment was 
started in 1926 by the IWVA with the help of the 
wells installed by the British army during the 
first world war. The IWVA is an intermunicipal 
water-supply company which was founded in 1924 
(J . SPILLIAERT, 1960). The municipalities of 
Adinkerke, De Panne, Nieuwpoort, Oostduinkerke 
and Veurne were the first share-holders. In 
spite of the small pumping rate this first water
catchement very soon delivered water with high 
Cl--content. Therefore in 1933 plans were alrea
dy being made to construct a new water-catch
ment in the larger fresh-water pocket under the 
young dunes, where the thickness of the aquifer 
ranges between twenty and thirty-five metre& 
and where the transmissivity ranges between 200 
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and 500 m2 /d. This water-catchment was situated 
on the territory of the municipalities of Oostduin
kerke and Koksijde. Therefore the municipality 
of Koksijde also became in 1934 a share-holder of 
the IWV A. This second water-catchment of the 
IWVA for water-supply in the western coastal 
plain was started only after the second world war 
in 1946. Twenty years later, in 1966, a third 
water-catchment was started which is also situated 
in the young dune ridge at De Panne. A fourth 
water-catchment in the young dune ridge was 
already planned in the beginning of the seven
ties. Until now this water-catchment has not yet 
commenced because of strong opposition to it. 
The quality of the pumped water of this shallow 
phreatic aquifer under the young dunes is good. 
The total salt content ranges between 500 and 800 
mg/1. Until now the cC-content has been quite 
stable and is not so dependent on the discharge 
rate like it was in the first water-catchment. 
Although the quality of the pumped water in the 
young dunes does not change much and the 
water-supply of the young dunes seems until now 
unlimited, the danger of salt-water encroachment 
is a reality. Too heavy a local pumping of water 
in the young dunes may attract salt water from 
the shore or from the polder area, although this 
undesirable effect will only be observable in the 
pumped wells after several decades of pumping. 

From its foundation on, the IWV A has delivered 
water to the town of Veurne and to its share-hol
ding municipalities at the coast. Because of the 
expansion of coastal tourism especially after the 
second world war, the water demand has increa
sed continuously (fig. 1). A second, although 
minor reason for the steady growth of the water 
demand is the connection of all the rural munici
palities west of the river Yser with the IWVA 
public water-supply system from 1961 on. 

The third possibility of fresh-water exploitation in 
the coastal area is the interception of fresh water 
from small rivers flowing towards the coastal 
plain, in artificially created basins. Since 1974 
the NMW has exploited such a water-catchment. 
It supplies water to the region south of the 
coastal plain during the whole year and to the 
industrial zone of Veurne during the summer 
months when there is water shortage. The NMW 
was the national public water-supply company of 
Belgium. In 1987 it was turned into the regional 
water-supply company of Flanders, VMW. 

L. LEBBE & K. W ALRAEVENS 

Fig. 1. The increasing water return of the 
I.W.V.A. 1926 to 1984 (Technical annual 

report, 1984). 

After this short review of the different water
catchment possibilities of the western coastal 
plain,- it becomes clear that the fresh-water lenses 
are very important for the water-supply of the 
visited area. Besides the danger of salt-water 
flow to the water-catchments, there is also a 
danger of salt-water seepage in some low-lying 
places in the polder area. 

For the management of the fresh groundwater a 
thorough knowledge of the distribution and the 
flow of fresh and salt water is necessary. In 
this guide of the hydrogeological SWIM-excursion 
a short review of the hydrogeological studies in 
the western coastal plain will be given . Some of 
the results will be demonstrated in the field and 
described in the last part of the guide. 

2. REVIEW OF HYDROGEOLOGICAL STUDIES IN 
THE WESTERN COASTAL PLAIN OF BELGIUM 

R. d'ANDRIMONT (1902) described for the first 
time the groundwater flow and quality distribution 
in the Belgian coastal plain. An attempt was 
made to apply the new principle of B. HERZBERG 
(1901). Because of a wrong estimation of the 
mean groundwater-level in the polders with res
pect to the mean sea-level, he concluded that the 
phreatic aquifer under the whole Belgian coastal 
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Fig. 3. Situation of the hydrogeological study in the Westhoek area with calculated lines 
of equal hydraulic head and the location of the resistivity profiles in fig. 4 

(L. LEBBE, 1981). 

plain must be completely filled with fresh water. 
This conclusion provoked a discussion with 0. 
van ERTBRON (1903) who stated that only small 
amounts of good water were available in the 
polder areas. 

H. THIELE ( 1943) was the first man who tried to 
map the depth of the fresh-/salt-water interface 
under the polder area of French- en West-Flan
ders. Only a small amount of his data was fed 
back. The depth of the fresh-/salt-water inter
face of the coastal plain of West-Flanders was 
finally mapped by W. DE BREUCK et al. (1974) 
and published in the proceedings of the 4th 
SWIM-meeting (fig. 2). 

Also five boreholes were drilled and equipped 
with observation wells. A radiocarbon dating was 

carried out on a withdrawn sample to date the 
sea-water encroachment near the Eocene clay 
substratum in the polder area just behind the 
young dune ridge (W. DE BREUCK r. G. DE 
MOOR, 1974). 

During the period 1974-1978 a hydrogeological 
study was carried out in De Panne (L. LEBBE, 
1978). It provided a detailed lithostratigraphical 
description of the groundwater reservoir. The 
hydraulic parameters of the different layers were 
deduced from pumping tests and from observation 
of seasonal and tidal fluctuations of the hydraulic 
head. Finally a quasi-three-dimensional model 
was applied which calculated the seasonal hydrau
lic-head fluctuation at different places and levels. 
This mathematical model has been calibrated with 
the observed hydraulic-head fluctuation. One of 
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Fig. 4. Resistivity profiles perpendicular to shore line in the Westhoek area, De Panne 
(L. LEBBE, 1981). 

the results of the calibrated mathematical model 
was that the seaward flow of fresh water was 
reduced very much before reaching the water
catchment and the urban area of De Panne (fig. 
3), The seaward fresh-groundwater flow at the 
French-Belgian border was reduced by a very 
small part. The quality of the groundwater was 
investigated by resistivity logging in the bore
holes and by the collection of groundwater sam
ples on which chemical anlyses were carried out. 
One of the results was the observation of a 
salt-water lens above a fresh-water tongue under 
the shore. Because this phenomenon had remai
ned unrecorded, the study further focused on it 
(L. LEBBE, 1981). 

With data of resistivity logging in thirty boreholes 
five resistivity profiles were drawn perpendicular
ly to the coast-line (figs 3 and 4). One can 
observe the different salt-/fresh-water distribu
tion at the French-Belgian border (KO) and 
before the urban area and water-catchment area 
of De Panne. In the first area there is a salt
water lens above the fresh water which flows from 
the dunes towards the sea. In the second area 
the larger part of the phreatic aquifer under the 
shore is filled with salt water. Only a small foot 
of nearly stagnant fresh water occurs under the 
back-shore. At the French-Belgian border the 
tidal hydraulic-head fluctuations were measured in 
the upper part of the phreatic aquifer (fig. 5). 
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Fig. 5. Measured hydraulic-head fluctuation in the upper part of the phreatic aquifer just 
under the surface of the shore at increasing distance of the low-water line towards the land 

Pl, P2, P3 and P4, at the high-water line P5 and in the dune area P6 (L. LEBBE, 1984). 

This phenomenon was further studied with the 
help of different kinds of models. Firstly a 
two-dimensional sharp interface model was used to 
simulate the steady-state flow in a vertical cross
section taking d_ensity differences into account. 
The model was used to . study the relation between 
the amount of fresh-water flow towards the sea 
(qh) and the fresh-/salt-water distribution. The 
results are shown in fig. 6 where the lines of 
equal fresh-water head are shown together with 
the stream lines. The stream lines are drawn in 
such a way that they begin at a cell boundary 
and at a permeable boundary where an inflow of 
fresh or salt water occurs. The small arrows on 
the stream lines indicate the end of the even 
years a particle has travelled from the boundary 
of the considered area. For the last calculation a 
water-conducting porosity of 0, 30 is taken into 
account. A constant-head boundary was assumed 
at the surface of the shore and of the sea. The 
introduced heads were the means of the heads 
measured on the shore. The base of the modelled 
cross-section coincides with the "impervious" clay 
layer and is taken to be as an impervious boun
dary. The vertical boundary under the sea is a 
constant-head boundary. The vertical boundary 
under the dunes is a constant horizontal-flow 
boundary indicated by the letter A. The upper 
boundary under the dunes is a constant vertical
flow boundary indicated by the letter N. The 
constant-head boundary is represented by the 

values of the constant fresh-water head. The 
inflow or outflow through the permeable bounda
ries is calculated and represented near the boun
daries. From the result one can deduce that the 
salt-water lens above the fresh water increases 
considerably when the fresh-water flow towards 
the sea is diminished (fig. 6a and b). When the 
fresh-water flow towards the sea is stopped, a 
foot of stagnant fresh water under the back-shore 
is resulting (fig. 6c). The results of this model 
correspond quite well with the observed resistivi
ty profiles. However some problems remain. The 
presence of the brackish lens between the salt 
water under the lower part of the fore-shore, in 
front of the urban area and the water-catchment, 
was not explained. A second question concerned 
the time it takes the salt-/fresh-water distribution 
to change from one steady state to another. 

For calculating the flow and the quality distribu
tion from one steady state to another, the KONI
KOW II BREDEHOEFT's model (1978) was applied. 
Before we had adjusted the solution transport 
model so that density differences are taken into 
account for calculating the flow (the density-de
pendent version of the code by KONIKOW was not 
ready at that time). The adjusted model was 
tested on different problems which were already 
treated with a semi-analytical vortex method (J.H. 
PETERS, 1983a and 1983b). With the adjusted 
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EVOLUTION OF FRESH -WATER LENS UNDER DUNES , BEACH AND SEA 
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EVOLUTION OF FRESH -WATER LENS DURING PUMPAGE IN DUNES 
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version the evolution from one steady state to 
another was simulated (L. LEBBE, 1983b), firstly 
the natural evolution of the fresh-water pocket 
under the dunes and the fresh-water tongue 
under the shore, secondly the evolution of the 
fresh-water lens under the dunes during extensi
ve pumpage. 

In the treatment of the natural evolution the 
aquifer was supposed to be completely filled with 
salt water at the initial time. From the initial 
time on the sea does not inundate the new dune 
ridge any more, and fresh water starts to infil
trate into the area. It is assume<:\ that the land
ward vertical boundary coincides with the water
divide of the young dune ridge. In the simula
tion this boundary is · impermeable. The other 
boundary conditions are the same as in the simu
lation of the steady-state groundwater flow and 
distribution. The results of the simulation are 
shown in fig. 7. Under the dunes a fresh-water 
lens starts to grow. After eighty years the 
larger part of the aquifer is already filled with 
fresh water. Only in the lower part does bra
ckish water still remain. The wash-out of this 
brackish water is rather small compared with the 
fast wash-out of the salt water in the upper part 
of the aquifer. Firstly, under the beach, a small 
brackish tongue · starts to develop in the upper 
part of the aquifer. In the course of time the 
brackish tongue is enlarged, the central part 
becomes fresher and sinks to the lower part of 
the aquifer. Under the back-shore where the 
rate of the groundwater flow is the largest, the 
wash-out of the last salt water near the imperme
able substratum occurs first. Finally the bra
ckish tongue becomes fresh although the wash-out 
of the last salt-water fraction is very slow in the 
seaward part of the tongue. Under the sea the 
salt-water flow is initially considerable, princi
pally horizontal and in a seaward direction. As 
time goes on the salt content of the water decrea
ses continuously as well as the flow rate. In the 
lower part of the aquifer the flow is inversed in 
direction and the salt content starts to increase. 
In the upper part of the aquifer the flow remains 
in a seaward direction but is strongly reduced. 
A very slow flow of salt water develops from the 
lower part of the aquifer as was described by 
COOPER et al. (1964). After five hundred years 
of simulation the hydraulic-head and water-quality 
distribution under the dunes, the peach and the 
sea, has not greatly changed. 

L. LEBBE &: K. W ALRAEVENS 

This water-quality distribution is used as initial 
distribution in the simulation of the effect of 
over-pumpage of the fresh water in the dunes. 
During the first five years the rate of pumpage is 
about 25 percent of the total infiltration rate, 
during the second five years it is 53 percent and 
from the eleventh year on the pumping rate is 
about 105 percent of the total infiltration of fresh 
water (fig. 8). From the moment that the pumpa
ge is started, the salt-water lens in the upper 
part of the aquifer under the beach extends. 
The fresh-water tongue under the beach becomes 
narrower and the salt content increases. When 
over-pumpage starts two important developments 
take place in the water-quality distribution, the 
first under the boundary of the dunes and the 
beach, the second under the fore-shore and the 
sea. Under the boundary of the dunes and the 
beach salt water starts to flow landwards at the 
same level as the extractions. Because of the 
larger density of the salt water this salt-water 
encroachment sinks to the impermeable substra
tum. From this time on the salt water flows in 
the lower part of the aquifer in the direction of 
the water-catchment. The fresh water with a 
small percentage of salt water near the impermea
ble substratum flows upwards to the extraction 
wells. Under the beach the salt-water lens falls 
as an axe on the fresh-water tongue. This 
tongue is split into two parts. Under the back
shore there is an isolated fresh-water lens. As 
time goes on, this lens moves towards the sea and 
the salt content rises continuously so that the 
lens becomes brackish. This explains the exis
tence of the brackish lenses under the lower part 
of the fore-shore before the urban area of De 
Panne (K3 and K4 in fig. 4). 

In the period 1981-1985 the hydrogeological study 
continued in the area south of the young dunes 
and the shore. Going from north to south this 
area can be subdivided into polders, old dunes, 
low polders and again polders. The distribtuion 
of salt and fresh water was deduced from resisti
vity measurements in boreholes and chemical 
analyses. Together with the results of the 
resistivity measurements in earlier studies of the 
young dunes and on the shore it was possible to 
cut a cross-section of 9 km long through the 
western coastal plain (fig. 9) . On this figure 
one can see the fresh-water tongue under the 
salt-water lens beneath the shore, the fresh-wa
ter pocket reaching the "impermeable" substratum 
under the young dunes, a rather thin fresh-water 
layer on salt water with a large transition zone 
under the polders, the small fresh-water pocket 
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under the old dunes, the salt-water seepage 
under the northern part of the low-lying polders 
and a very thin fresh-water layer on brackish to 
salt water in the southern part of the low-lying 
polders. By means of several pumping tests 
where the phreatic layer is only partly pumped 
and the drawdown was measured at different 
levels, the horizontal as well as the vertical 
conductivity of the different layers have been 
deduced. By measuring the water levels and the 
densities in observation wells spread at different 
places and levels throughout the studied ground
water reservoir, the fresh-water configuration can 
be mapped. All this field information was applied 
to a mathematical model which calculated the 
evolution of the flow and the distribution of salt 
and fresh water under a part of the polders, the 
old dunes and the northern part of the low-lying 
polders (L. LEBBE &: K. PEDE, 1986). Finally 
with the help of the chemical analyses and the 
classification of P.J. STUYFZAND (1986) the 
hydrochemical evolution of the phreatic aquifer 
has been studied (L. LEBBE &: K. WALRAEVENS, 
1988). 

3. ITINERARY OF SWIM-EXCURSION (fig. 10) 

Some of the results of the recent studies in the 
western Belgian coastal plain will be demonstra
ted. Our first visiting point is the shore at 
Groenendijk Bad where the pressure and the 
distribution of salt and fresh water will be obser
ved. After the visit to the shore we drive 
through the young dunes to the polder area. We 
observe that tourism plays an important role in 
the economy of the West Coast. We see that only 
a small part of the young dunes are, until now, 
not situated in built-up areas. This small part 
consists of the two water-catchment areas, plan
ned water-catchment area and three natural 
reserves, two of which are regional and one is 
municipal. The polder area is principally a rural 
area, with the exception of the small town of 
Veurne. In the polder area the pressure and the 
distribution of salt and fresh water will also be 
shown with the help of certain wells. 

3.1. Fresh-/ salt-water distribution on the shore 

The phenomenon of the salt-water lens above the 
fresh-water tongue was extensively studied on the 
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French-Belgian border. Because of the difficulty 
in reaching the French-:-Belgian border in enough 
time a new place was selected to demonstrate the 
pressure in and the distribution of fresh water 
under the shore. The new demonstration site was 
chosen just in front of a dune area where the 
extraction of fresh water until now has been 
limited. So one can still expect a meaningful flow 
of fresh water from the dunes to the sea. 

On the lower part of the shore two borings were 
carried out. In the deepest borehole a long
normal resistivity logging was carried out toge
ther with a gamma-ray, a point-resistance and a 
spontaneous-potential logging (fig. 11). From the 
gamma-ray logging one can deduce that the 
phreatic aquifer is not as thick as in De Panne 
(fig. 10). The Eocene clay substratum is situa
ted at a depth of 18,3 m and the phreatic aquifer 
is rather homogeneous. It is constituted of fine 
sands in which many very fine-loam layers occur. 
From the long-normal resistivity and the point
resistance logging one can deduce that salt water 
occurs above fresh water. One can also see that 
the transition zone between the fresh and salt 
water is rather narrow. The resistivity of the 
sediments and consequently of the pore water 
reaches a maximum at a depth of eleven metres. 
From this depth on the resistivity decreases again 
slowly toward the Eocene clay substratum. After 
the borehole logging an observation well was 
installed in the deepest boring. The filter screen 
of this observation well was installed between 10,5 
and 14,5 m depth in the fresh-water tongue. A 
second boring was carried out beside the first 
and an observation well was installed with a filter 
screen between 5, 5 m and 7, 5 m depth in the 
upper salt-water lens. On both wells a transpa
rent tube is placed to compare the water level of 
both wells. On the removal of the transparent 
tube from the wells, two flowing wells are obtain
ed. The resistiviy of the. outflowing water will be 
measured. The first is seen to be a flowing well 
of fresh water, the second is a flowing well of 
salt water. From the measured water level and 
the measured resistivity, the mean fresh-water 
level around the screen of the well is deduced. 
Taking the density-distribution in between the 
two concerned levels into account, it is deduced 
that an upward flow occurs under the lower part 
of the shore. 
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Itinerary 

1, 2, 3 · Water-catchment areas 

s 
OL 

· Shore 

• Old Land 

YO Young dunes 

ML • Middle Land 

LP · Low-lying polders (i "" isle) 
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4 Planned water-catchment area 

OD Old dunes 

NL · New Land 

Fig. 10. Itinerary of SWIM-excursion and some characteristic geomorphological regions 
in the western Belgian coastal plain. 
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Fig. 11. Borehole logs of well on the shore at Groenendijk Bad. 

3.2. Fresh- water pocket under the young dunes 

After leaving the shore we visit the young dunes 
while driving towards the French-Belgian border. 
The young dunes are an overbuilt area. This 
shows us that tourism plays an important role in 
the economy of this area called the West Coast. 
During the holiday months July and August the 
West Coast becomes a densily populated area. 
Consequently there is a high need for water-sup
ply. In the summer holidays of 1983 there were 
some problems with water shortage at the West 
Coast. The largest part of the water supplied to 
this area is pumped in the young dunes, where 
two water-catchments exist. The ·first one is 
located between Koksijde and Oostduinkerke, 

which we will cross. The second one is located 
in De Panne, which we shall duly consider. Both 
water-catchments deliver about 2.106 m3/year 
each. 

3.3. Salt-/ fresh-water distribution 
under the polder area 

The polder area will be crossed along the cross
section in which we have studied the fresh-/salt
water distribution by resistivity loggings (fig. 
9). The polder area of the western Belgian 
coastal plain can be subdivided in three characte
ristic regions (R. TAVERNIER • J. AMERYCKX, 
1970) : the Old Land, the Middle Land and the 
low-lying polders "De Moeren" (fig. 10). The 
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largest part of the polder area of the western 
coastal plain belongs to the Old Land. This area 
was protected against the sea ingression of the 
11th and the 12th centuries by the Old Sea Dike. 
The area west of the S-N Old Sea Dike was 
protected against the influence of the sea and is 
called the Old Land. In the area east of the Old 
Sea Dike there was still erosion and sedimentation 
during the sea ingression of the 11th and 12th 
centuries. This area is called the Middle Land. 
The ground surface of the Middle Land is higher 
than that of the Old Land. 

The third characteristic region in the polder area 
of the western Belgian coastal plain are the 
low-lying polders "De Moeren" •. The ground sur
face of these low-lying polders is between 1 and 
2,5 m below the mean sea level. Before reclama
tion, this area was a brackish lake, which was 
mostly isolated from the sea. This brackish lake 
developed by the formation of the inmost old 
dunes. The captured sea water was gradually 
diluted by the addition of fresh surface water 
from the surrounding areas, the higher polder 
area and the sand-loam region. The surface of 
the lake was about 30 km 2 • 

Several reasons have led to the decision to re
claim the lake. The first reason was that the 
lake was a source of many diseases in the sur
rounding area ·which includes several cities such 
as Dunkirk, Bergues, Hondschoote and Veurne. 
The second reason was that the lake was not 
financially profitable. The only profit was the 
taxes on the fishing rights which belonged to the 
Abbey of "Ter Duinen" at Koksijde {D. BRU
NEEL, 1979). 

The first reclamation of this lake to low-lying 
polders was started in 1616. The project was 
allotted to Wenzel COBERGER (G. TOP, 1983). 
Wenzel COBERGER was a painter, an architect, an 
engineer and an administrator of the buildings of 
the archducal court of Albert and Isabel, who 
governed the Spanish Netherlands in the name of 
the Spanish sovereigns. The works of reclama
tion started with the excavation of a canal around 
the lake, the so-called "Ring Canal". The exca
vated soil was used to construct a dike between 
the canal and the lake. The first function of the 
"Ring Canal" was to divert the water flowing from 
the surroundings to the lake. The second func
tion was to lead away the water from the lake, 
clogged up by the jack:-screws from windmills. 
Because of a series of technical, financial and 
administrative problems, the lake was only 
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reclaimed in the year 1626. Scarcely after twenty 
years of reclamation the area disappeared again 
under the water for a period of one hundred 
years. Initially the area was set under water for 
strategic reasons, by the Spanish commander of 
Dunkirk, marquise van LEIDEN, Who ordered the 
locks to be opened to protect the towri against 
the advancing French army. The area was not 
reclaimed again because of the "Devolution" war 
which started in 1665 on Flemish soil and was 
between the French and the Spanish sovereigns. 
The French sovereign was Louis XIV' who claimed 
a part of the Spanish Netherlands as an heritage 
of his father-in-law, the Spanish sovereign Philip 
IV. The Treaty of Rastadt (1714) between Fran
ce and Austria, after the War of Succession with 
Spain, proclaimed that the Spanish Netherlands 
were to be ruled by Austria, after some territori
al redistribution. For the first time the "De 
Moeren" lake was divided up between two coun
tries. The border between France and the Aus
trian Netherlands was a line which was drawn 
from the middle of the farmhouse "Groot Moerhof" 
to the church-tower in Hondschoote. After the 
Treaty of Rastadt, the area was still not reclai
med as a consequence of the Treaty of Utrecht 
( 1713) when the French were forced by the 
English to demolish the military port of Dunkirk, 
a result of which was that the dewatering of the 
hinterland was prevented. 

The second reclamation of the lake started as a 
result of the expiration of the pact concerning 
the closing of the port of Dunkirk, because of a 
war between France at the one side and England 
and Austria on the other. The reclamation of the 
French part of the low-lying polders started at 
the same time as the war in 1746. The water 
pumped from De Moeren was used to blow out the 
military ports of Dunkirk and Mardyck. The 
reclamation works were delayed because of admini
strative problems, and later on again because of 
military problems: the war ended (Treaty of 
Aachen, 1748), England and France once again 
became allies, and work on the military ports had 
to be stopped. In 1757 the Seven Years' War 
between England and France began (Austria 
sympathized at that time with France) and work 
on the port of Dunkirk was again started. From 
this moment on reclamation work progressed 
quickly and not only the French part of the 
low-lying polders was reclaimed but also the part 
of the Austrian Netherlands. The second recla
mation period ended in 1779 because of shortage 
of money on the part of" the "Compagnie d'Hero
ville", the holder of the reclamation contract. 
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During the third reclamation period new mills 
were built and drainage canals were excavated. 
The low-lying polder was reclaimed slowly. The 
works were again influenced by the financial 
problems of the contract holders, by special 
weather conditions and by the war between Napo
leon and the allied nations. Finally the low-lying 
polders were reclaimed in 1827 and remained so 
until the second world war. At the end of the 
second world war, during the years 1944-1945, 
the low-lying polders were flooded for the last 
time. The area around Dunkirk was then flooded 
by the German troops who held the port until the 
end of the war. 

With this short history of the reclamation of De 
Moeren in mind one can easily understand the 
saying that Belgium was the battle-field of Euro
pe. 

In the low-lying polders of "De Moeren" there is 
an important upward flow of salt and brackish 
water near the highest boundary area, the old 
dunes. To demonstrate this upward flow, a 
boring was carried out on the boundary of the 
low-lying polders, the old dunes and the Bewes
terpoort (the area was a peninsula of the former 
lake). The borehole resistivity loggings (long 
and short normal) were carried out together with 
borehole-diameter, gamma-ray, point resistance 
and spontaneous-potential loggings (fig. 12). 
From the gamma-ray logging one can easily work 
out the layering. The Eocene clay substratum is 
situated at a depth of 26,2 m. Between 16,8 and 
26, 2 m there are strongly shell-bearing medium
sized sands with a small gamma-ray emission. 
The silt with much fine to silty fine sand between 
the depths of 13,7 and 26,8 m, has a clearly 
higher gamma-ray emission than the upper- and 
lower-bounding layers. Between the depths of 
4, 5 and 13,7 m there are slightly silty fine 
sands. The silt content of the uppermost sedi
ments is slightly smaller than that of the sedi
ments below it. The silt with much fine to silty 
fine sand acts as a semi-pervious layer. The 
groundwaters above and below it have a different 
quality. Above the semi-pervious layer the 
resistivity of the sediments is about 34Slm, below 
the semi-pervious layer the resistivity of the 
sediments is around 7 ,51lm. According to the 
formula given by L. LEBBE • K. PEDE (1986) the 
total salt content of the water above and below 
the semi-pervious layer can be estimated at 1200 
mg/1 and 3500 mg/1. 

In the borehole an observation well was installed. 
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The f'llter screen was situated between 22 m and 
26, 2 m. On the observation well a transparent 
filter screen is installed to measure the water 
level. After the removal of the transparent tube 
a flowing well is obtained. The resistivity of the 
outflowing water will be measured. The resistivi
ty and the water-level measurement enable us to 
deduce the fresh-water head. The toal salt 
content of the salt water under the semi-pervious 
layer increases towards the east. The salt con
tent reaches a maximum at the main road through 
the Belgian part of De Moeren. In the northern 
part of De Moeren the salt or brackish water is 
situated directly under the water table (fig. 9). 
One can observe the influence of the saline 
seepage on the trees which were placed along the 
main road. Halophytes are found in the prairies 
above the saline seepage (I. BOLLE, 1983). Until 
now some agricultural engineers had doubts about 
the influence of the saline seepage on the yields 
of the agricultural land in our climate. Some 
research is being carried out into this matter, the 
results of which are not yet known. 
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