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ABSTRACT
The GWEN-project deals with the development of an integrated water supply and nature development
plan for the Belgian West-Coast, near the French border. The issue of water supply for the region is
coupled to the recovery of the ecohydrological system. The point of departure has to be the
government's policy to restore the dunes ecohydrological system, by the closure of the exploitation of
natural groundwater in the dunes. Alternatives focusing at two areas, the Covered Mudflats and the
Lenspolder, have to be proposed and evaluated. This paper deals with the results of the investigation
for the Lenspolder.
Multicriteria analyses (MCAs) were performed for the proposed exploitation alternatives, with the
purpose of weighting the hydrogeological and economical objectives against the ecological impact.
The optimal compromise is the one for which the outcomes of the separate hydrogeological and
ecological MCAs are balanced. For the Lenspolder, it turned out that the proposed alternatives for
water exploitation were less favourable than the present or near future situation.

INTRODUCTION
Groundwater exploitation from the dunes for public drinking water supply is a controversial issue in
Flanders. At one hand, the valuable resource is of vital importance, mainly for the local inhabitants of
the coastal region and for the tourist industry. On the other hand, groundwater exploitation in the
dunes can entail salinization of the aquifer and deterioration of ecological values.
The present policy consists in the gradual closing down of natural dune groundwater exploitation.
Therefore, alternatives need to be searched for. The GWEN-project aims to come up with alternatives
for groundwater exploitation that have to account for ecological values. The issue of water supply for
the region is coupled to the recovery of the ecohydrological system. In the framework of the GWENproject, two areas have been considered for detailed investigation and exploration of possibilities: the
Lenspolder near Nieuwpoort, and the covered mudflats in the western part of the Belgian coastal
plain, near the French border. The latter is the subject of another paper in these proceedings. The
Lenspolder is discussed in this contribution.

HYDROGEOLOGICAL SETTING
The Lenspolder (indicated by number 3 on Figure 1) constitutes part of the former sea-inlet near
Nieuwpoort, at the mouth of river Yser, through which the sea intruded inland during Dunkirk III
transgression. To the east, it is bordered by the river Yser, to the north and west by the young dunes
(with a former tidal flat at the transition), and to the south by middle-old dunes.
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Figure 1 Situation of the Lenspolder in the Western Belgian coastal plain

As the area has been subjected to historic marine transgressions, the groundwater chemistry in the
Quaternary aquifer system is still reflecting this influence. On the map representing the depth of the
interface between fresh and salt groundwater in the Belgian coastal plain (Figure 2; De Breuck et al.,
1974), the Lenspolder is represented as a triangular area containing salt water at a depth which is
decreasing towards the east. It is squeezed between the northern and the southern branch of a zone
where salt groundwater in the Quaternary aquifer system is absent. This zone represents the dunes
(young and middle-old dunes respectively), which act as the regional recharge areas, from which the
salt water has been flushed out. In the polders, however, the marine influence still persists.
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SYSTEM ANALYSIS
The aquifer system in the Lenspolder consists of mainly sandy sediments that are interrupted by a
relatively shallow important silt layer (Figure 3). This layer occurs between 5 and 10 m depth in the
south, and between 10 and 15 m in the north. Groundwater flow is from west to east (Figure 4), from
the dunes toward the river Yser.

NORTH SEA

DUNES

Figure 2 Depth of the interface between fresh and salt groundwater (De Breuck et al., 1974)
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Figure 3 Hydro-lithological profile

Figure 4 Piezometric map of the shallow aquifer in the Lenspolder

In the shallow aquifer, above the semi-pervious layer, some groundwater is drained by the “Beek
zonder Naam” ditch, passing through the centre of the Lenspolder. During the drilling for piezometer
installation (locations indicated on Figure 4), geophysical well logs were performed in the open
boreholes. The long-normal resistivity log was interpreted in terms of groundwater quality classes
(Walraevens et al., 1993) (Figure 5). The silt layer is clearly expressed by the marine influence, which
has been preserved more strongly in it, while the aquifers above and below have been further
freshened.
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Figure 5 Resistivity profile interpreted in terms of groundwater quality classes

The groundwater in the shallow flow cycles is completely fresh and from the CaHCO3-type (Figure 6):
the marine influence has largely been flushed out, and the groundwater acquires its composition
resulting from the dissolution of CaCO3. In the deeper parts of the aquifer system, below the silt layer
and in the deepest aquifer, the marine influence is still evident: it is most strongly shown in the
brackish NaCl-water type. Freshening conditions lead to the NaHCO3- and later the MgHCO3 –water
types, as a result of cation exchange. In the less pervious parts, more saline conditions have been
preserved. Sulphate reduction decreases the sulphate concentration along the flow line. The local
shallow flow cycles are largely separated from the deeper cycles in the Lenspolder, due to the
presence of the silt layer, which causes a hydraulic head difference of 1 to 1.5 m between above and
below. The overall groundwater quality in the Lenspolder is mainly strongly freshened, with TDS<2 g/l.
This is positive for the possibility of using the Lenspolder as an implementation site for artificial
recharge. But the presence of the silt layer constitutes a problem.
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Figure 6 System analysis with groundwater types in the studied cross-section

SCENARIOS OF GROUNDWATER EXPLOITATION
For the evaluation of groundwater exploitation in the Lenspolder, 3 reference scenarios were
considered, and 2 pumping scenarios. The scenarios can be summarized as follows:

Reference scenarios
SCEN 1: no pumping
SCEN 2: situation in 2000
SCEN 3: near future: artificial recharge in Doornpanne

Pumping scenarios
SCEN 9: pumping by wells north and south of “Beek zonder Naam”
SCEN 10: pumping around deep infiltration pond
In the pumping scenarios, it was attempted to substitute for the existing pumping station in the
Westhoek dunes, near the French border.
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The present groundwater flow conditions (scenario 2), with groundwater exploitation in the dunes of
St-André nearby to the west, are for the Lenspolder not too much different from the natural state
(scenario 1). The lowered water table in the Lenspolder (due to the polder drainage) leads to upward
flow, both in winter and in summer. To the west of the Lenspolder, the “Beek zonder Naam” ditch is
draining the shallow aquifer. This causes also upward groundwater flow. The upward flow has been
calculated by model simulation to be over 1 mm/day; it is shown by the shaded area in figure 7,
showing the situation in 2000. In the other parts, downward flow occurs.

Figure 7 Recharge of (blank) and seepage to (shaded) water table (values are in mm/day)

Scenario 3 will be implemented very soon (in 2002). The dune pumping station of St-André will be
supported by artificial recharge in the Doornpanne, where an infiltration pond is being constructed (De
Breuck & Walraevens, 1999; Van Houtte, 1997). In the Lenspolder, the groundwater flow conditions
will be altered only slightly by this new situation.
In the pumping scenario 9, the “Beek zonder Naam” ditch is used for recharging the aquifer system.
Therefore, it is deepened through the polder clay. Pumping wells at both sides of the canal withdraw 1
million m3/year (for substituting the pumping station in the Westhoek dunes near the French border,
which is closed in the alternative scenarios). As the natural flow in the “Beek zonder Naam” is too
small, external water will have to be imported. The pumping wells are screened below the rather
shallow silt layer. The latter reduces the infiltration from the “Beek zonder Naam” to the wells. Only
10% (in winter) to 20% (in summer) from the pumped water is derived from this infiltration. This
scenario is thus not efficient in recharging the aquifer.
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In scenario 10, artificial recharge is performed from a 15 m deep pond, perforating the silt layer. The
pond radius is 200 m; the pond will thus occupy an important part of the Lenspolder. Pumping wells,
pumping a total of 1 million m3/year, surround the pond at 100 m distance from the bank. The
percentages of infiltrated pond water that are found in the pumped water are represented in Figure 8.
After 10 years, the fraction of pond water in the pumping wells is 40%, still increasing to > 50% after
20 years. This scenario is thus efficient in recharging the aquifer; it will however require large
infrastructural works, because it is absolutely necessary to perforate the silt layer.

Figure 8 Percentages of infiltrated pond water that are found in the pumped water

MULTICRITERIA ANALYSIS
In a multicriteria analysis (MCA), proposed alternatives are tested against a number of predefined
objectives, using a series of criteria which allow quantifying the degree of agreement between the
defined goals and the ecological and hydrogeological conditions associated with the considered
alternatives. In this study, a separate MCA was performed for the ecological and hydrogeological
aspects of possible groundwater exploitation in the Lenspolder.
The objectives for the hydrogeological MCA have been formulated as follows:
objective 1: pumping of 1 million m3/year with low salinity;
objective 2: reduction of pumping of natural dune groundwater;
objective 3: minimization of water table drawdowns;
objective 4: freshening of groundwater reservoir;
objective 5: no introduction of external water in reservoir.
The criteria were used for assessing how good the objectives are reached: a score of 1.0 for a
criterium means the objective is reached; a score of 0.0 means the objective is not reached at all. The
criteria corresponding to the objectives are listed below:
criterion1 (objective 1): quantity of pumped water;
criterion 2 (objective 1): salinity of pumped water;
criterion 3 (objective 2): quantity of water that (still) is pumped in the dunes;
criterion 4 (objective 3): drawdowns of water table;
criterion 5 (objective 3): intensity of seepage/ recharge cycle;
criterion 6 (objective 4): evolution of salinity in reservoir;
criterion 7 (objective 5): artificial recharge with external water.
For the details of the ecological MCA, the reader is referred to Degezelle & Hoffmann (2002).
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The end result of each MCA is a ranking of the alternatives according to their ecological and
hydrogeological scores. By scaling the scores for the individual criteria between zero (unacceptable)
and one (most acceptable), and by assigning weighting factors to the criteria, such that the sum of all
weighting factors is equal to one, the total score for a scenario is obtained as the sum of the scores
multiplied with the corresponding weighting factor. The total score for a scenario is thus comprised
between zero and one, and allows ranking the scenarios from low (less favourable) to high total scores
(most favourable). By comparing total scores obtained for each scenario in the hydrogeological and
ecological MCA, both MCAs could be integrated and alternatives chosen in which both scores are in
equilibrium and thus both the hydrogeological and ecological objectives are balanced (Figure 9).

Figure 9 Comparison between results of ecological and hydrogeological MCAs.
Optimal compromises are situated along the diagonal line

The total scores for the hydrogeological and ecological MCAs for all scenarios for the Lenspolder are
reported in table 1.
Scenario Hydrogeologica
l score
SCEN1
0.426
SCEN2
0.826
SCEN3
0.883
SCEN9
0.559
SCEN10
0.790

Ecological
score
0.970
0.943
1.000
0.281
0.787

Table 1 Total scores resulting from hydrogeological and ecological MCAs.

The results of both MCAs are compared in Figure 10. The preferred scenario is the one showing high
total scores for both MCAs.
For the Lenspolder, it turned out that the proposed alternatives for water exploitation were less
favourable than the present or near future situation.
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Figure 10 Comparison of results of ecological and hydrogeological MCAs

CONCLUSION
Multicriteria analyses, with scaled scores and weighting factors, are useful tools that can help in
decision-making, aiming to balance groundwater exploitation objectives with ecological values. A
separate MCA of the proposed pumping scenarios is performed for the hydrogeological-economical
and for the ecological approach. The final total scores for the hydrogeological and ecological MCAs of
each scenario are compared. The best compromise is obtained for alternatives for which both total
scores have comparable values. The preferred alternative is the one showing high total scores for both
MCAs.
For the Lenspolder, it turned out that the proposed alternatives for water exploitation were less
favourable than the present of near future situation.
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