
Coastlab12, 2012, Ghent, Belgium. Book o f Abstracts o f the Fourth International Conference 
on the Application o f Physical M odelling to P ort and  C oastal Protection. ISBN 978 90 382 2008 6

PORT OF ZEEBRUGGE: LARGE PHYSICAL MODEL  
TO STUDY ACCESSIBILITY A N D  SILTATION

WILLEMS MARC CU, VAN DINGENEN BORIS (2) & VERWAEST TOON (3)

<’> Flanders Hydraulics Research, Berchemlei 115, 2600 A ntw erp, Belgium, marc.willems@mow.vlaanderen.be 

<2> Flanders H ydraulics Research, Berchemlei 115, 2600 A ntw erp , Belgium, boris.vandingenen@mow.vlaanderen.be 

<3> Flanders Hydraulics Research, Berchemlei 115, 2600 A ntw erp , Belgium, toon.verwaest@mow.vlaanderen.be

1. Introduction

The port of Zeebrugge (Figure 1) is the second largest po rt in Belgium and  the fastest grow ing of the region. 
Despite the efforts of the Flemish G overnm ent in deepening the navigation channel and the outer port, the access 
for tail ships is lim ited to a narrow  inbound sailing w indow  due to strong flood flows in  front of the port 
entrance. A nother specific problem  of Zeebrugge is the rap id  siltation w hich requires continuous dredging 
activity.

In order to be able to optim ize port accessibility and dredging activities, Flanders H ydraulics Research 
initiated the developm ent of a large physical m odel as an  additional research tool to sim ulate the tidal variations 
in order to investigate in detail the currents near the port entrance and the w ater exchange th rough  it. This paper 
focusses on the calibration of the physical m odel of the port of Zeebrugge.

Figure 1. Port of Zeebrugge (M aatschappij der Brugse Zeevaartinrichtingen, 2012).

2. Model set up

Figures 2 and  3 show  the physical m odel. The dim ensions of the physical m odel are approxim ately 55 m by 35 m 
(2000 m 2) and  represents approxim ately 15 km of the Belgian coastline around  Zeebrugge. The horizontal scale is 
1:300 and the vertical scale 1:100.

Figure 2. O verview  of the large physical model. The coastline m easures 55 m  and the w est boundary 
35 m. The strong flood flows go from W est to East across the access channel.
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Figure 3. Detail of the po rt of Zeebrugge in th e  large physical m odel. The p o rt m easures 13 m  by 13 m.
The p o rt entrance is 2.5 m  wide.

The boundaries (Figure 4) are chosen based on sim ulations w ith  a num erical Delft3D m odel for the Belgian 
coastal zone. The boundaries are located outside the zone of influence of fu tu re  scenarios of the port layout. The 
orientation of the east side and w est side is perpendicu lar to the current; the north side (seaw ard boundary) is as 
parallel as possible to the stream lines (Figure 5).

N evertheless, as the velocity vectors describe an  ellipse th roughout the tide, the seaw ard boundary  is an 
open boundary  to im pose a discharge in order to create the onshore/offshore velocity com ponent. The east side 
and w est side boundaries are controlled by w ater levels and  discharges. The total pum p  capacity installed a t this 
physical m odel is 1.4 m 3/s .

e

Figure 4. Physical m odel boundaries. Figure 5. C urrent directions a t the boundaries.

On-site m easurem ents give inform ation on the w ater level and tidal current in  and  close to the port. As 
lim ited inform ation is available a t the boundaries, the boundary  conditions driving the physical m odel are 
determ ined from  the ou tpu t of the calibrated num erical Delft3D m odel for the Belgian coastal zone.

3. Results and conclusions

The m odel construction w as finished at the end of 2011 (Willems et al, 2011). The calibration is done in 2012 by 
optim izing the boundary  conditions and the roughness of the physical model. W ater levels are m easured by 
ultrasonic sensors and currents are m easured by four quadran t electrom agnetic velocity m eters and float 
tracking.

Calibration is perform ed in 2 steps. Firstly the m axim um  flood curren t and  m axim um  ebb current are 
im posed on the model. These stationary runs give insight in the relation between driving param eters (discharges, 
levels and  roughness) and  m easured param eters (velocities and w ater levels). Secondly a w hole tidal cycle is 
calibrated. Results of the calibration process w ill be presented a t the conference.

This calibrated physical m odel, together w ith  num erical m odels and a fast-time and real-tim e ship sim ulator, 
w ill be able to evaluate the accessibility and siltation of fu ture port extensions.
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