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ABSTRACT
Plans are made to connect the Port of Zeebruges with the Seine‐Scheldt connection.
Therefore, a lock and a new canal segment of about 4km is planned between the
Boudewijn Canal and the Derivation Canal of the Lys. The Boudewijn Canal is filled with
salt water and the Derivation Canal of the Lys with fresh water. The new canal segment
will be filled with brackish water. It is located within the Flemish Coastal plain where the
phreatic aquifer is filled with fresh, brackish and salt water. Because the head in the
canal segment is higher than in the surrounding polder area, there will be a constant
outflow of the canal to the phreatic aquifer. This outflow will induce a particular density
dependent groundwater flow in this aquifer. In this paper, only the influences of this
induced groundwater flow on the fresh‐salt water distribution in the phreatic aquifer
will be discussed on the base of a 3D‐model around the new canal segment and on two
detailed 2D‐models, starting from the former one. These 2D‐models simulate the
evolution of the fresh‐salt water distribution in a vertical plane perpendicular to the
canal. Protection against salt water intrusion in the surface water is treated as well as
protection of brackish water intrusion in the phreatic aquifer.

INTRODUCTION
The impact of a lock and a new canal segment between the Boudewijn Canal filled with salt
water and the Derivation Canal of the Lys filled with fresh water on the evolution of the fresh‐
salt water distribution in the phreatic aquifer of the Flemish coastal plane is assessed (fig 1). This
impact is studied using a numerical model. By means of a 3D‐model the evolution of the fresh‐
salt water distribution in the phreatic aquifer is simulated during a period of 104 years. First this
evolution is modelled during a period of 40 years until the present situation. Thereafter, a
period of 64 years is simulated taking into account the new lock and canal segment with the
planned head and the estimated lateral change of salt content at the canal bottom. This lateral
change was estimated using a 3D surface water flow model assuming a salt protection efficiency
of a Dunkirk type lock (Adams et al, 2010). The treatment of this simulation of the fresh‐salt
water distribution within the canal and the lock is beyond the scope of this paper. This paper
focuses on the simulation of the canal‐aquifer interaction and the associated mitigating
measures without a further focus on salt water intrusion reduction measures at the lock. Based
on the results of the 3D groundwater flow model two detailed 2D‐models are run. With these
two models the evolution of the fresh salt water distribution is simulated during a period of 64
years starting with the new lock and canal segment. In a last simulation it is demonstrated how
the formation of the brackish ground water body can be mitigated by the deep drainage along
the canal.
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Figure 1. Location map of canals and locks

METHODS
The density dependent groundwater flow model MOCDENS3D (Lebbe & Oude Essink, 1999) is
used. First a 3D‐model was made of the area situated around the new lock and canal segment
and a part of the Boudewijn Canal and the Derivation Canal of the Lys. The modelled area is
subdivided in 62 rows and 125 columns. The width of the rows and the columns are all the same
(50m). The phreatic aquifer is subdivided in 12 layers with a same thickness (1.5m). The
hydrogeological data base of the Flemish Environmental Agency is used for the schematisation
of the groundwater reservoir and the spatial change in its horizontal and vertical conductivity
(Lebbe et al, 2008). The initial fresh‐salt water distribution is based on the map of the depth of
the fresh‐salt water interface (De Breuck et al 1974) and corresponds with the situation of 1970.
First a period of 40 years is simulated taking into account the evolution of the inner harbour of
Zeebruges. Thereafter, a period of 64 years is simulated taking into account the new lock and
canal segment with the planned head and the estimated lateral change of salt content along the
canal bottom (Adams et al, 2010). Based on the results of the 3D groundwater flow model two
detailed 2D‐models are run. With these two models the evolution of the fresh salt water
distribution is simulated during a period of 64 years starting with the new lock and canal
segment. The vertical subdivision of the phreatic aquifer is the same as in the 3D‐model. The
horizontal subdivision is much denser than in the 3D‐model; 200 cells are considered with a
width of 5 m. The boundary conditions and the initial fresh‐salt water distribution of these 2D‐
models are derived from the results of the 3D‐model. In a last simulation it is demonstrated how
the formation of brackish ground water body can be mitigated by the deep drainage along the
canal.

RESULTS
Figure 2 shows the present and future (after 64 years) freshwater heads (white contour lines)
and saltwater percentage (color scale) in the 3D‐model area around the new lock and canal
segment at the 0mTAW level (TAW indicating Belgian reference level, 0mTAW is equal to 2.36 m
below mean sea level).
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Figure 2. Freshwater heads (white contour line) and salt water percentage (color scale 0% = fresh water,
100% = salt water) at the 0 mTAW level; at the right the present situation and at the left the situation after
64 years with the new lock and canal segment (3D‐model)

At present in the vicinity of the Boudewijn Canal (western part of 3D‐model area) the top of the
phreatic aquifer is filled with salt water. Around the Derivation Canal of the Lys (eastern part of
3D‐model area), there is fresh water in the top of the aquifer. In the larger part of the model
area there is a small fresh water head gradient which is principally induced by the dense
drainage system of the polder area and the top of the aquifer is filled with fresh water. At the
southern rim of the inner harbor of Zeebruges (located in the northern part of the 3D model
area), below the raised harbor terrains the fresh water head is high. In the vicinity and between
the raised terrains the head is relatively low which results in a relatively steep fresh water head
gradient. This results in a saltwater seepage in the low lying terrains. The freshwater head and
the saltwater percentage 64 years after the installation of the new lock and canal segment are
shown in the right part of figure 2. Because the head in the new canal segment is higher than
the present days head in the polders a complex density dependent groundwater flow (DDGF) is
induced around the new canal segment resulting in brackish and salt water in the upper part of
the aquifer in the vicinity of this new canal segment. This complex DDGF is modeled in a detailed
2D‐model in a vertical plane perpendicular to the new canal segment.
Figure 3 represents the freshwater head and the saltwater percentage simulated with the
detailed 2D‐model in a vertical plane perpendicular to the new canal segment. The upper left
part of figure 3 shows the present day situation with the small freshwater head gradient and a
shallower fresh‐salt water transition at the southern rim of the raised harbor terrains. Four
years after the construction of the new canal segment the brackish water flowing out from the
canal bottom, pushes away the salt water in the deeper part of the aquifer. A part of this salt
water flows upward in the vicinity of the canal to the areas with the lowest drainage levels.
After 64 years the largest amount of the salt water is pushed out of the modeled cross‐section.
Only a small part of this salt water is trapped under the zone with minimum fresh water head.
In a second detailed 2D‐model which is situated further away from the new lock another
detailed simulation of the evolution of the salt‐fresh water distribution is made. Here, the salt
content of the brackish water flowing out of the canal bottom into the phreatic aquifer is
smaller because of the larger distance to the new lock. A similar brackish ground water body in
the phreatic aquifer is modelled, although with a smaller salt content. In a last simulation it is
demonstrated how the formation of brackish ground water body can be mitigated by the deep
drainage along the canal. The deep drainage system along the canal can be realized by the
installation of a well battery along the canal. All wells have a screen in the middle part of the
phreatic aquifer and are connected on one conduct with a slight inclination allowing to pump on
all wells at the same time with a small number of pumps. This simulation demonstrates that a
discharge rate of 1.2 m³/d per meter of canal is enough to confine the brackish water body just
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under the canal. Sensitivity analyses show that this discharge rate depends strongly from the
hydraulic resistance of the sediments just below canal bottom.

Figure 3. Freshwater heads (white contour line) and salt water percentage (color scale 0% = fresh water,
100% = salt water) in vertical plane perpendicular to new canal segment; upper left: present situation; upper
right: after 4 years; lower left: after 32 years and lower right: 64 years after the installation of the new lock
and canal segment (2D‐model)

REFERENCES
Adams, R., Lebbe, L., Van Holland, G., De Vleeschouwer, P., Van Crombrugge, W. & Sas M. (2010).
Dealing with salt water intrusion and water shortage in the future Seine‐Scheldt West
Connection. Proceedings of the PIANC MMX Congres, Liverpool, in print.
De Breuck, W., De Moor, G., Marechal, R. & Tavernier, R. (1974). Depth of the fresh‐salt water
interface in the unconfined aquifer of the Belgian coastal plain. Proc. 4th Salt Water Intrusion
Meeting, Ghent, map.
Lebbe, L. & Oude Essink, G. (1999). Section 12.11 MOC DENSITY/ MOCDENS3D‐code. p. 434‐439, in
Chapter 12. Survey of Computer codes and Case Histories. Eds. Sorek, S & Pinder, G.F. in
Seawater Intrusion in Coastal Aquifers, Concepts, Methods and Practices. Eds. Bear, J.,
Cheng, H.D., Herrera, I., Sorek, S. and Ouazar D., Kluwer Academic Publisher.
Lebbe, L, Lermytte, J., Vandevelde, D. Vandenbohede, A., D’hondt, D. & Thomas, P. (2008). Salt
Water Intrusion Modelling in the Flemish Coastal Plain Based on a Hydrogeological
Database. Proceedings of 20th Salt water Intrusion Meeting, Florida, USA, p.286‐289.
Contact Information: Lebbe Luc, Ghent University, Department Geology and Soil Science, Krijgslaan
281 (S8), B‐9000 Gent, Belgium, Phone: 32‐(0)9‐2644653, Fax: 32‐(0)9‐2644653, Email:
luc.lebbe@ugent.be

198

