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Hydrogeological SWIM-excursion to the Black-Sluice polder area 
in the Flemish Valley of Belgium 

l. DESCRIPTION OF THE BLACK-SLUICE 
POLDER AREA 

1.1. Localization 

The Black-Sluice Polder area is situated in the 
north of Belgium (fig. 1), near the Dutch bor
der, which forms the northern and eastern boun
dary limits (fig. 2). The southern border is 
Count John's Dike, separating the polders to the 
north from the so-called "woodland" . to the south. 
This woodland was never flooded by the sea 
during the Holocene. Its name is derived from 
the hedges and woody borders which hedge the 
fields, while the polders are located on a spacious 
plain. In the considered area, two villages lie 
just behind Count John's Dike : Assenede and 
Boekhoute. The western limit of the Black-Sluice 
Polder is formed by the Harbour Dike, separating 
it from Isabel's Polder. 

The Black-Sluice Polder area is composed of 11 
smaller polders, each of them bordered by dikes. 

1.2. Topography 

The ground surface in the polder area is mostly 
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Fig. 1. Localization of the Black-Sluice 
Polder area. 

on a level in between + 2 and + 4 m TAW. 
Behind Count John's Dike, the "woodland" shows 
a level of more than + 4 m TAW, which increases 
towards the south. We are dealing here with the 
northern slope of an important Pleistocene sand 
ridge, on which the village of Assenede is situa
ted (level between + 4 and + 5 m TAW). The 
village of Boekhoute lies on the easternmost edge 
of a narrow Pleistocene sand ridge, on a level of 
more than + 6 m TAW. 
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1.3. Hydrography 

The drainage in the Black-Sluice Polder area is 
essentially artificial. It takes place by means of 
a network of ditches. The most important ones 
(2nd category and 3rd category) are indicated in 
fig. 2. 

The main drainage canal is the central Vliet-brook 
(2nd category). Its water drains off into the 
Leopold Canal (1st category) to the northwest of 
the village of Boekhoute. 

In natural conditions the drainage of the polder 
area would be directed to the. Western Scheidt. 
This was indeed the case before 1830, when the 
drainage water passed through the Black Sluice 
into St.-Peter's Polder (the Netherlands), and 
thus into the Western Scheidt. At the time of 
Belgium's independence in 1830, the Black Sluice 
was closed however. In order to supply a dis
charge of drainage water to Belgian territory, the 
Leopold Canal was dug towards the North Sea. 

As the Black-Sluice Polder is situated at the 
extremity of this canal with a length of 40 km, 
the discharge could not occur in optimal conditi
ons. Consequently, in rainy periods, damage to 
crops could be caused by the high water level in 
the Leopold Canal (e. g. 1980). 

A solution was possible by leading the superflu
ous drainage water via Isabel's Sluice to the 
Braakman Creek, on Dutch territory. However, 
the Braakman Creek is maintained at a summer 
water level of + 1, 90 m TAW, while the water 
level in the Black-Sluice Polder is only + 1, 50 m 
TAW. This problem has recently been soived by 
the establishment of a pumping station at the 
entrance of Isabel's Sluice. 

2. GEOLOGY AND GEOMORPHOLOGICAL 
HISTORY 

2.1. Paleozoicum and Mesozoicum 

The Paleozoicum and the Mesozoicum are represen
ted by consolidated sediments, the tqp of which is 
found at a depth of 315 m. 
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2.2. Tertiary 

The Tertiary sediments are unconsolidated. They 
consist of an alternation of sandy and clayey 
deposits, which date from the Eocene and Oligoce
ne age. They gently slope toward the NNE. 
This slope causes the Tertiary surface to consist 
of succeeding WNW-ESE oriented strips of sedi
ments, which become younger toward the NNE 
(fig. 3). The oldest Tertiary deposits in profile 
F-F' (fig. 4) consist of heavy clay of the Member 
of Onderdijke-Adegem (a3) from the Formation of 
Het Meetjesland (late Eocene age). The isohypses 
of the top of this clay are represented in fig. 5. 
The clay is covered with sandy deposits of the 
Member of Bassevelde (s3), and sandy clay of the 
Member of Watervliet (Zk), both belonging to the 
Formation of Zelzate (Oligocene). 

2.3. Quaternary 

2.3.1. PLEISTOCENE 

The Lower- and Middle-Pleistocene times in the 
survey area were characterized by the formation 
of the Flemish Valley. This valley was 20 to 30 m 
deep and very large. It connected the rivers of 
the catchment basin of the river Scheidt, as we 
now know it, to the North Sea, the southern part 
of which was dry due to the glaciations. 

In Upper-Pleistocene times the Flemish Valley was 
illled up mainly with sandy sediments. During 
the Eemian-interglacial period the deposits were 
estuarine. In the subsequent Weichselian ice age 
the formation of important niveo-eolian sand 
ridges occurred. These sand ridges are parallel, 
and they show a WSW-ENE orientation. The 
village of Assenede lies on the northern slope of 
such a braod sand ridge. The village of Boek
houte is situated on the eastern edge of a narrow 
sand ridge. 

2.3.2. HOLOCENE 

After the Weichselian glaciation, the ice cap 
melted, which resulted in rising sea and ground
water level near the coast-line. 



.. 

\ ~ 
'"='~ 

WESTER N 

.. 
SCifr:;LDT 

' ' ' , 
I , , 

~' , , 

, , 

'\~ 
~ 

.... -------------............ 
..... -....... Rib 

~ 
0 

Lesend 

~e ) Pliocene 

A ) Miocene 
R2c : Member or Boom (clay) 
RIb : Member or Ber11 (sand) 
Zk : Member of Watervliet (sandy clay) 
s3 : Member or Bassevelde (sand) 

"'---- --------- ... .. .... 

J 
] 

Formation or the Rupel 

Formation or Zelzate 

....... 
...... _-R ___ ----.. ~ ....... 

jou-

a3 : Member or Onderdljke-Adesem (clay) 
s2 : Member of Bulsputten (sand) 
a2 : Member or ~mergem (clay) 
sl : Member of Onderdale (sand) 
al : Member or Ursel (clay) 
Asb-a : Member of Asse (clay) 
We : Member of Wemmel (clayey sand) 
Le : Member or Balegem (sand) 
P2c : Member or Aalter (sand) 
P2b : Member or Oedelem (sand) 
P2a : Member of Beernem (clayey sand) 
Pld : Member or Vllerzele (sand) 

J 

l 
) 

Formation of the 
Meetjesland 

Formation or Lede 

Formation or Knesselare IP2l 

Formation or Mont-Panlsel 

Fig. 3. Geological map (Tertiary surface) of northern East- and West-Flanders 
(WALRAEVENS. 1987 • after JACOBS, 1978) with indication of profile F-F'. 

Eocene 

0 5 10 



380 

t-+N 
i 

K. WALRAEVENS, L. LEBBE & K. PEDE 

Outdi·Bclgian frontier ---r-
Dikt 

"scbeurbackdij!_c,, 

I 
Dike of 

~polder 

Caun:r-t John's di~ 
Dike 

"Groene 

I 
.. o:i,!;'fjL IJatercaurse \latucaursc IJalcteourse IJatcrcourse 

~..~w1 • I I l I 
1/nTAIJI GCB10 
~10 I 

GOB II 
I 

GDfB oo~7 oops 

l.tvel 
Gl0~.4 lm TA\o/1 

·10 

·;:· I -
0 ~=-

..... PLEISTOCENE " 

,... l HOLOCENE ._ 
0 

~ •. -~· :~·· 

~ ~ ~ -------------~--r~tt:-:~fRiriooor:=::;:==frr===i"·~==+·'~· :::--===1··t=l'tM~EM~B~ER~O;F~BA~SS~E;V~EL~C~E-=-~~~-::-::-;-:~::--.....,;:.:..._...=~.lO 
ttl.~-} PLEISTOCENE 

1 ... 
y :;: :.: 

=~ - -
(53)------ -

~»~--~~~------i~------tt---tt--~·a· --~~-~----------------------~ 
1_ .- •• MEMBER OF BASSEVELOE ~\ .. .,. ~· !--"' MEMBER OF ONOEROIJKE·ADEGEM loll 

~iERVLI£'l' ~ :'!. 
IZkl."". ·::~ 

r-OR.~ATION 1531 ' .~-
~~~u~r-~--------------------~~~~-------------------------------------------~0 ZELZATc ~ __ - --

--------
~4-~~--~-=-~-------------------------------------------------------~-------·W 

1- --- MEMBER OF ONDER01JKE·AOEGEM (all 
FOP.MA!lON 

~~r~ftOeFrr.T~H~c~--------------------------------------------------------o---~~liOOQ,;--~ 
1- 0 500 1000m 

I fi·;·:}f.~!]sand 
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This caused bog formation in the fresh-water log
ged areas. In the southern part of Zealand-Flan
ders (the Netherlands), the high level of the 
Pleistocene sediments (+ 1 or 2 m TAW) caused 
the bog formation to start relatively low (Subat
lanticum, from 2150 B. P. on). In the Assenede 
polders region the occurrence of this Holocene 
peat is restricted to some local depressions of the 
Pleistocene surface, e. g. around GDB8 (fig. 4). 

The continuously rising sea level caused the sea 
to advance toward the Assenede area. Only the 
final phase of the Dunkirk transgression (DIIIb) 
reached this area. In 1375 the united coastal 
area of Zealand-Flanders was cut by the formation 
of the large Braakman Bay, flooding the Chapel 
Polder northeast of Boekhoute (GOTTSCHALK, 
1984) • A defensive dike was built to stop the 
advancing sea, from Boekhoute on along the 
eastside of the Chapel Polder, and further north
wards. The Posthoorn Dike today still indicates 
its position. The dike was continued to the west 
of Boekhoute where it was named Count John's 
Dike. 

In 1488 the Braakman extended in an easterly 
direction, completely flooding the present polders, 
and stopping just before the higher sand grounds 
in front of the Assenede village (GOTTSCHALK, 
1984). At that time the Braakman reached its 
largest extension (fig. 6). A 25 km long defen
sive dike from Terneuzen over Axel, Westdorpe, 
Assenede, and finally reaching Boekhoute, was 
built to prevent further expansion. In Boekhoute 
it joined the already existing Count John's Dike, 
built on the narrow E-W-directed sand ridge on 
which Boekhoute is situated at the easternmost 
edge. Today both dikes are regarded as one, 
and are still named Count John's Dike. It forms 
the boundary between the polders and the so-cal
led "woodland", which was not flooded in Holocene 
times. 

Outside Count John's Dike, in the flooded area, 
DIIIb-sediments were deposited. They consist of 
rich and fertile polder clay. Offensive polder 
dikes were constructed, reclaiming one polder 
after the other. Of course, the grounds connec
ted to the hinterland were reclaimed first. These 
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Fig. 7. Italian map from 1609, which clearly indicates the channel to the port of Assenede, 
and the port of Boekhoute along the Braakman Bay, north of the village 

(taken from L. HILLAERT, 1986). 

were the Chapel Polder, St-Andrew's Polder, 
Nicasius Polder and St-John's Polder. The wes
tern polders are thus older than the eastern 
ones. 

As the 1488 flood had brought the sea to Assene
de, the village obtained a port. The impolder
ments were arranged on both sides of the channel 
to the port (fig. 7). Because of its silting up, 
this channel was reclaimed in 1610, giving birth 
to one of the most recent polders in the area : 
the Smalle Gelanden Polder, the shape of which 
clearly marks the old channel. The Vliet brook is 
all that remains of what was once a ship canal. 

The village of Boekhoute was reached by the sea 
as early as 1375. A harbour developed here too, 
which existed for much longer : only in 1952 was 

this port definitively closed, by the damming in 
of the Braakman Bay (fig. 6), which was conver
ted into a creek and polderland. Still today, 
several families of fishermen live in Boekhoute but 
have their fishing-boat flying the Belgian flag in 
the ports of Terneuzen or Breskens (the Nether
lands). However, administratively their home 
harbour is still the port of Boekhoute. 

The waters from the flood of 1488, have eroded 
some channels in the land surface. After the 
reclamation of the polders, these channels have 
remained as creeks. As such were developed : 
"De Rode Geul", "De Grote Geul" and "De Kleine 
Geul" (fig. 2), which once formed one large 
gully. The creek "De Grote Kil'' however, was 
formed by a flood only in 1808. Sometimes, 
storms caused dike-burst. The force of the 
whirling water eroded a pool. Two of these pools 
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have been preserved : "De Bodemloze Put", which 
was formed by the bursting of the Philippine 
Dike, and "Verzele's Put", the result of a brea
king of the "Doornendijk". 

3. PROBLEM SPECIFICATION 

Since the merger of the polder boards in 1965, 
intensive reorganization of the drainage system 
was undertaken, aiming at lowering the water 
table. The purpose was to make water-logged 
soils suitable for agriculture (~EDE, 1982). 
Brackish and salt groundwater occur at different 
depths in the polder area. Most probably the 
more intense drainage causes the fresh-water 
layer to diminish, causing the salt groundwater to 
rise, eventually reaching the surface. The 
salinization process makes the soil unfit for 
agricultural use. 

After the lowering of mean drainage levels, 
increasing salinization took place in some polder 
areas. The salt content in the creeks of Assene
de was doubled and even tripled (VAN DEN 
BREMT, 1978). Some key-questions were posed 
concerning an optimal control of the drainage 
level. The most important of these questions 
were : 

do changing drainage levels influence the 
salt-/fresh-water transition zone under the 
polders ? 
is it possible that the salt-/fresh-water 
transition zone rises drastically under some 
larger areas, sho that salt water occurs 
directly under the water table ? 
if the answer to the previous question is 
affirmative 1 where and how large are the 
areas where the salt-water seepage appears ? 
when salt water is present just underneath 
the water table, will it influence the salt 
content of the pore-water in the unsaturated 
zone? 
what is the influence on the yield of diffe
rent agricultural crops in areas where salt
water seepage occurs ? 
is it necessary to prevent salt-water seepage 
or to minimize its negative influence ? 
how can we prevent salt-water seepage or 
minimize its negative influence ? 
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4. FORMER RESEARCH 

d'ANDRIMONT and van ERTBORN were the first 
authors to discuss groundwater flow under the 
Belgian coastal plain. Using the principle of 
HERZBERG (1901), d'ANDRIMONT (1902) came to 
the conclusion that the phreatic aquifer under the 
whole Belgian coastal plain must be f'illed with 
fresh water. van ERTBORN (1903) did not 
accept this conclusion. Supported by observati
ons, he stated that only a small amount of good 
water is available in the polder area. d'ANDRI
MONT came to this wrong conclusion because of 
his misinterpretation of the zero level of the 
Belgian levelling network. 

The first geo-electrical survey in this area took 
place in 1965 by DE MOOR l DE BREUCK. By 
means of gao-electrical soundings of the WENNER
type they deduced the depth of the fresh-/salt
water interface. This was just before the impor
tant drainage works in the area. After the 
merger of the polder boards some intensive drai
nage-improvement works were carried out, so that 
grounds with a high water table became available 
for agricultural use (PEDE, 1982). 

A new geo-electrical survey was carried out by 
VANDERHENST (1980) after the drainage works. 
During this survey the same type of electrical 
soundings were done in approximately the same 
places. By comparing the results of 1965 and 
those of 1979 VANDERHENST came to the conclu
sion that the interface between salt and fresh 
water moves upward in certain areas., while in 
other areas it moves downward. Also the change 
in the resistivity of the salt water during the 
period 1965-1979 was mapped. 

In the mean time, DE BREUCK 1 DE MOOR l 

BURVENICH (1970) made a geo-electrical W-E 
profile from the Red Polder to Albert's Polder, 
recognizing that an upconing of salt water occur
red under the gullies in the topographic surface. 
In these gullies, drainage canals are situated. 

QUAMRUZZAMAN KHAN (1981) made a hydrogeolo
gical study of the area as a thesis for his Master 
of Science Degree at the Free University of 
Brussels. Because of wrong interpretation of the 
zero of the Belgian reference level in comparison 
to the mean sea level (= + 2,3 m TAW), he came 
to the following conclusion : "The salt water is 
flowing very slowly to the sea. This movement is 
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so slow that it may be concluded that the sea-wa
ter is more or less stationary. Abstraction of 
fresh water is possible and will not cause any 
danger of a general rise of salt water in the 
area. Of course, locally around the wells salt 
water may rise due to upconing of the salt. But 
in general the abstraction of fresh water is safe." 
At the same time FERNANDO (s.d.) also made a 
hydrogeological study of this area as part of a 
Master of Science Degree at the Free University 
of Brussels. He came to about the same conclusi
ons as QUAMRUZZAMAN KHAN. He stated that 
salt-water intrusion cannot occur. He suggested 
a critical limit of 0,30 m TAW below which the 
average water table should not be lowered. With 
the unit-cell model he estimated the quantities of 
fresh water that could be safely abstracted in 
different hydrogeological conditions. Both au
thors came to wrong conclusions because they 
made the same mistake as d'ANDRIMONT in 1901. 

In the period March 1981 - March 1982, a hydro
geological study was carried out in the Black
Sluice Polder, under the direction of dr. P. 
LAGA of the Geological Survey of Belgium. The 
layering of the groundwater reservoir was exten
sively studied through some borings. The 
groundwater quality was studied by means of 
groundwater samples, on which total chemical 
analyses were carried out. This one year study 
led to the conclusion that the work had to be 
continued. More recent research is further 
described in the following section. 

5. RECENT RESEARCH 

Recent research is based on extensive field 
observations. The field work consists of making 
borings with borehole loggings with caliper, 
resistivity (LN and SN), spontaneous-potential, 
point-resistance and natural-gamma leggings. On 
many groundwater samples extensive chemical 
analyses have also been carried out. Pumping 
tests have been applied in order to deduce the 
horizontal as well as the vertical conductivity. 
At regular time intervals the water levels have 
been measured at different places and different 
levels in the groundwater reservoir. Also the 
surface-water levels have been measured regular
ly. These data, together with density determina
tions of the water in the observation wells, have 
made possible to draw maps with lines of equal 
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fresh-water heads at different times (fig. 8). 
Finally an attempt was made to simulate the flow 
and distribution of the fresh and salt water. In 
the following section a summarized overview of the 
results will be given. 

In the hydrogeological profile F-F' the qeavy clay 
from the Member of Onderdijke-Adegem (a3) was 
considered to be the base of the groundwater 
reservoir (fig. 4). The groundwater reservoir is 
then composed of Oligocene and Quaternary 
sediments. The level of its base is represented 
in fig. 5. Six borings were made, each with a 
borehole logging. The resistivity curves measur
ed with a long-normal probe (LN) are represented 
in fig. 9. Isoresistive zones have been delinea
ted. 

The variation in the formation factor is much 
smaller than the variation in pore-water resistivi
ty. Therefore the variation of the formation 
factor can be ignored. The formation factor is 
supposed to be equal to a mean value. The 
variation in resistivity of the sediments is here 
completely attributed to the variation of the 
resistivity of the pore water (fig. 10). From fig. 
10 one can derive that salt water occurs mostly 
shallowly under the drainage canals. In between 
two drainage canals the fresh-/ salt-water transi
tion zones lies much deeper. 

From the water-level measurements, a mean height 
of the water table has been deduced (fig. 8). In 
the outmost southern part of the studied area, 
the water table is the highest, more than + 7 m 
TAW. The southern boundary of the area coinci
des approximately with the watershed in the 
important Pleistocene sand ridge in the "wood
land". Along Count John's Dike this level has 
been reduced to about + 3 m TAW. In the pol
ders the water table is still lower. The average 
drainage level in the canals goes down to + 1, 5 m 
TAW at the outlet of the Leopold Canal. 

The groundwater movement in profile F-F' has 
been simulated by means of KONIKOW 1: BREDE
HOEFT's mathematical model (1978), adapted so 
that density differences can be taken into account 
(LEBBE, 1983). All the input data were deduced 
from field observations. The vertical and hori
zontal conductivities for the different layers have 
largely been derived from pumping tests (LEBBE, 
PEDE 1: VAN HAUTTE, 1984). The lower bounda
ry of the profile coincides with the clay substra
tum (a3) and is considered as an impervious 
boundary. The southern vertical boundary, 
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Fig. 11. Calculated groundwater flow and quality distribution in profile F-F'. 

coinciding with the watershed of the sand ridge 
in the "woodland", is an impervious boundary. 
The upper boundary of the groundwater reservoir 
under the "woodland" and the polders is a fixed
head boundary. When an inflow of water in the 
groundwater reservoir occurs here, the inflowing 
water is fresh. The northern vertical boundary 
under the polders is a fixed-head and a fixed
concentration boundary. The values of the 
fresh-water head and of the fresh-water percen
tage for this last boundary are deduced from the 
field observations. The initial values of the 
fresh-water percentage are deduced from the 
resistivity profile (fig. 9). The groundwater flow 
and the evolution of the fresh-/ salt-water distri
bution were simulated over a long period. 

The resulting flow and distribution of the fresh 
and salt water are represented in fig. 11. The 
pressure configuration in the groundwater reser
voir is represented by lines of equal fresh-water 
head. The flow in the groundwater reservoir is 
represented by arrows, indicating the flow direc
tion and velocity (length of the arrow). The 
lines of fresh-water percentage give the distribu
tion of salt and fresh water. 

From fig. 11 some important features of the 
groundwater flow can be derived. The fresh-wa-

ter flow from the "woodland" to the polder area is 
mostly concentrated in the most permeable layer : 
the base of the Quaternary sediments. On the 
boundary between the "woodland" and the pol
ders, a typical fresh-/salt-water interface is 
observed. In the polder area shallow water 
cycles are found. The infiltrating fresh water 
does not reach the base of the reservoir. The 
larger part of the water flows horizontally 
through the most pervious layer in the direction 
of the drainage canals. Underneath these canals 
and the creeks there is an important upward 
flow. Under the very pervious layer of the 
Quaternary sediments, the groundwater flow is 
very much reduced. Therefore the old marine 
water is preserved below the shallow water cyc
les. This salt water is being diluted very slowly, 
only by the reduced groundwater flow below the 
very pervious layer and by hydrodynamic disper
sion. At places with a considerable upward flow, 
brackish water is flowing upwards to the canals 
and the creeks. 

The mathematical treatment of the groundwater 
flow in this area leads to the conclusion that the 
Quaternary base which forms a very permeable 
layer plays an important role in the flow cycles. 
Above this permeable layer there is an important 
upward or downward vertical flow component. In 
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the permeable layer the flow also has a large 
velocity, but the main. component is horizontal. 
Under the pervious layer the velocity of the 
groundwater flow is considerably reduced. A 
change in the water-table configuration will cause 
an important change of flow in and above this 
permeable layer. Let us assume two areas with 
an identical water-table configuration, but with a 
different layering of the groundwater reservoir. 
In the first case this reservoir shows a shallow 
permeable layer above sediments filled with salt 
water. In the second though similar case this 
permeable layer is absent. The comparison of the 
groundwater flow leads to the conclusion that the 
upward flow velocity in the deeper layers will 
always be less in the first than in the second 
case. 

6. ITINERARY OF THE EXCURSION (fig. 12) 

6.1. Village of Assenede (point (1)) 

The village of Assenede is situated south of 
Count John's Dike, separating the so-called 
"woodland" from the polder area. The village 
thus lies on the edge of the "woodland", on the 
northern slope of an important Pleistocene sand 
ridge. Its level is between + 4 and + 5m TAW, 
which makes it noticeably elevated above the 
adjacent polder land. Before entering the pol
ders, the Vliet brook, which is the most impor
tant drainage canal from the area, contains fresh 
water with a conductivity of 700 llS/cm (20 °C). 

6.2. Entering the Black-Sluice polder area (point (1)) 

Turning to the north we see the Black-Sluice 
Polder area before us. The dike in front is the 
Hollekens Dike. It goes more or less straight up 
to the Dutch border. To the west of it is Nicasi
us's Polder, in which two creeks are located : the 
smaller "Kleine Geul" to the south, which was 
formerly connected to the larger "Grote Geul" to 
the north. To the east of the Hollekens Dike we 
meet the Smalle Gelanden Polder, into which the 
Vliet brook flows. This polder was once the 
channel to the port of Assenede. As the channel 
was silting up, the polder was reclaimed in 1610, 
leaving only the Vliet brook as a watercourse. 
The Vliet brook gets brackish to salt groundwater 
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from the polder area. Its conductivity has thus 
considerably increased with respect to the "wood
land". For instance, at point (2), 2 km to the 
north, the Vliet-brook shows a conductivity of 
2700 llS/cm (20 °C). 

6.3. Walk to creeks 'Grote Geul' and 'Rode Geul' 
and to 'Verzele's Put' (points (2) and (3)). 

Leaving the bus at point (2), we follow Nicasius's 
Dike, up to the branch off the "Grote Geul" 
creek in Nicasius's Polder. To the south of it 
lies the smaller creek "Kleine Geul", On the 
opposite side of Nicasius's Dike this creek is 
evidently being prolonged by the creek "Rode 
Geul". These three creeks were once one chan
nel, eroded by the waters from the flood of 1488, 
which brought the polder clay to this area. 

We will walk down the beautiful Doornen Dike, 
which is parallelling the Creek "Rode Geul" for 
the first part. To the east of the Doornen Dike 
there is a natural reserve. 165 kinds of birds 
have been observed here, 83 of which breed here 
(VAN DEN BREMT, 1978), 

We are walking around "Verzele's Put". This is a 
pool behind the Doornen Dike, which was caused 
by a dike-burst. The whirling water has eroded 
a deep pool. To repair the dike, it was easier to 
work around the eroded deep pool, and conse
quently the pool was preserved. 

6.4. Posthoorn Dike (point (3)) 

We arrive at the Posthoorn Dike, where the bus 
is waiting to pick up us again. In front we see 
the Chapel Polder. Where the remainder of the 
Black-Sluice Polder area was flooded only as 
recently as 1488, the Chapel Polder was flooded 
in 1375, as the Braakman was formed as a large 
sea arm, cutting the united coastal area of Zea
land-Flanders in two. A defensive dike was built 
to stop the flooding, a part of which is now 
called the Posthoorn Dike. For more than 100 
years this dike was a seawall and continued to 
the north and to the west. 
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6.5. Village and port of Boekhoute 
(points (4), (5) and (6)) 

From 1375 on, the village of Boekhoute was 
situated next to the sea, on the Braakman sea 
arm, and a fishing-port was established. The 
first port was situated just in front of the vil
lage. As a result of silting up and impolder
ments, the port was re-established a few times. 
Until very recently the Braakman Bay came rather 
close to the village (fig. 6) . The third and 
fourth ports at Boekhoute were situated about one 
kilometre to the north of the village , just over 
the Dutch border (respectively points (5) and 
(6)). At the time of B'elgium's independence in 
1830, a treaty was drafted between Belgium and 
the Netherlands, determining that the Boekhoute 
fishermen would always be allowed to have their 
own Boekhoute port, although it was located in 
the Netherlands. 

The third port in Boekhoute was used until the 
first world war. During this war the frontier 
was closed, and the fishermen could not reach 
their boats. After the war, they ascertained that 
the Dutch had moved the port a small distance, 
because it had silted up. That fourth port was 
used up to 1952, when it was definitively closed 
by the damming in of the Braakman Bay. Today 
the remainder of this bay is the Braakman Creek, 
on which recreational activities take place. 

However, the treaty allowing a port in Boekhoute 
had to be respected, and so the Boekhoute fi
shermen were allowed to have their fishing-boats 
in the Dutch ports of Terneuzen and Breskens. 
However, administratively their home harbour is 
still the port of Boekhoute. Their boats still 
bear the Boekhoute distinctive letters BOU, 
followed by the number of the fishing-boat. Some 
years ago, the municipal authority bought the 
fishing-boat BOU-8, which was still in use at that 
time. It has been placed on the town square as a 
monument. However, the Boekhoute fishery is 
not dead : every day you can buy fresh shrimps 
here, brought back by the fishermen from their 
nightly expedition. 

6.6. Pumping Station (point (7)) 

Before 1830 the Black-Sluice Polder area was 
drained via the Black Sluice to the Netherlands, 
where the drainage water entered the Braakman 
Bay and then the Western Scheidt.. Since the 
Black Sluice was closed in 1830, when Belgium 
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became independent, the Leopold Canal was dug 
toward the North Sea, providing a new discharge 

for the drainage water. As the Black-Sluice ·•· 
Polder is situated at the end of this 40 km long 
canal, discharge via the Leopold Canal was unsa
tisfactory however. The high water level in the 
Leopold Canal during rainy periods was responsi-
ble for damage to crops, as happened for instance 
in 1980. 

This problem has now been solved by providing a 
second possibility for discharge. At the entrance 
of the Leopold Canal, there is a connecting 
channel with the Netherlands, via Isabel's Sluice 
to Isabel's Canal. This canal feeds its water into 
the Braakman Creek. The idea was developed to 
direct the superfluous water from the Black-Sluice 
Polder to the Netherlands via Isabel's Sluice. 
However, the Braakman Creek is maintained at a 
summer water level of + 1, 90 m TAW for . recrea
tional purposes, whereas the water level in the 
Black-Sluice Polder is only + 1,50 m TAW. A 
pumping station thus had to be built. The water 
is pumped up by means of five jack-screws, after 
the solid waste has been taken out mechanically. 
The pumping station only occupies one half of the 
canal. Isabel's Sluice has been subdivided into 
eight lock-gates, four of which are connected to 
the pumping station. The remaining four gates 
are used in winter, when the water level in the 
Braakman Creek is allowed to be lower than + 
1,90 m TAW. When the water level on the Dutch 
side of Isabel's Sluice becomes lower than + 1,50 
m TAW, these four lock-gates are automatically 
opened, so that the drainage water coming from 
the Black-Sluice Polder can freely flow gravitati
onally to the Netherlands. When the water level 
goes over + 1, 50 m TAW, these gates are closed, 
puming is started and the lock-gates connected 
with the pumping station are opened. This 
pumping station is completely computer-controlled. 

6.7. Deep boring 2 (BDB2- point (8)) 

Several deep borings have been made in this 
area, by order of the Belgian . Geological Survey, 
and in co-operation with the Laboratory for 
Applied Geology and Hydrogeology of the State 
University of Ghent. 

Deep boring 2 is interesting for several reasons. 
In the first place it is situated rather close to an 
important drainage canal, so that an upward flow 
can be expected. Secondly, the variation in the 
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groundwater quality with depth was closely moni
tored here at 15 observation levels (2 filters with 
a length of 2 m, 1 Itlter of 1 m and 12 mini-fil
ters of 0,1 m each). 

In the three larger filters, the hydraulic heads 
were measured. Taking into consideration the 
density differences between these observation 
levels, the direction of vertical groundwater flow 
was derived. It was found that in between both 
upper filters (at depths of 6 m and 16,5 m res
pectively) the flow had a downward direction. 
With the help of the hydraulic parameters deduced 
from the near-by pumping-test (LEBBE, PEDE & 

VAN HAUTTE, 1984) this downward flow could be 
estimated to have a vertical Darcian velocity of 
790 mm/year. In between both lower filters (at 
depths of 16,5 m and 33 m respectively), the 
groundwater flow was found to occur in an up
ward direction. Its vertical Darcian velocity 
could be estimated at 7,4 mm/year. The upwards 
and downwards flowing groundwaters are both 
drained by the very pervious layer at the base of 
the Quaternary sediments. 

The results of the chemical analyses of the 
groundwater (fig. 13) show a sharp rise in the 
Cl--content from 117 to 1100 mg/1 between depths 
of 8 and 9 m. From a depth of 9 m on, the salt 
content is rising steadily, up to a value of 15.400 
mg/1 c( in the Tertiary s3-sands. We are clear
ly dealing here with upconing of salt water (cf. 
fig. 10), although the fresh-/ salt-water transition 
zone has not yet reached its shallowest position, 
which is attained under the drainage canal. 

6.8. Black Sluice (point (9)) 

From the pumping station on, we drive along the 
Free Dike and the Philippine Dike, where we pass 
by the "Bottomless Pit", a deep pool behind the 
dike, which was caused by a dike-burst, in the 
same way as Verzele's Put. 

Both dikes are on Belgian territory, but run 
completely parallel with the Dutch frontier. The 
lands to the north of this dike are on Dutch soil, 
just as the Black Sluice is. 

Before 1830 the Black Sluice was the discharging 
sluice for the visited polder area. Because of 
this important function, the sluice has given its 
name to the polder. 
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Recently, the Black Sluice was repaired. Nowa
days, it is no longer used for the drainage of 
water from Belgium to the Netherlands. On the 
contrary, Dutch water now flows in via the Black 
Sluice; in Belgium it then runs parallel· with the 
frontier and finally arrives in the Leopold Canal, 
or is pumped back to the Netherlands via Isabel's 
Sluice. 
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