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concentration, local scour and deposition, and impact on gravel bed locations and the corresponding 
model sensitivity is presented in Chapter 0. Finally, the conclusions and recommendations are 
highlighted in Chapter 8. 
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Table 2-1: Pre-dredge hole and scour protection characteristics for the three potential MOG2 island locations as 
used in the simulations. 

Location Pre-dredged volume 
[Mm3] 

Pre-dredge hole depth 
[m+LAT] 

Length of scour 
protection [m] 

West1 2.43 -20.70 50 

West2 2.23 -23.90 79 

North 2.30 -22.85 62 

  

The islands for all three locations including pre-dredge holes as placed in the numerical grids are 
shown in Figure 2-3, Figure 2-4, and Figure 2-5 for locations West1, West2 and North respectively.

 
Figure 2-3: MOG2 island EIA design including pre-dredge holes as placed in the numerical grid for the West1 
location. 
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Figure 2-4: MOG2 island MER design including pre-dredge holes as placed in the numerical grid for the West2 
location. 

 
Figure 2-5: MOG2 island MER design including pre-dredge holes as placed in the numerical grid for the Noord 
location. 

 



https://www.health.belgium.be/nl/eden2000-studies
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Figure 2-7: Gravel bed areas according to the EDEN2000 study (source: 
https://www.health.belgium.be/nl/eden2000-studies ). 

https://www.health.belgium.be/nl/eden2000-studies
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FINEL2D-implicit can deal with flow over weirs and barriers, drying-/wetting events and density 
effects resulting from (combined) cold-warm and salt-fresh interactions, as well as many other 
physical processes and boundary conditions. 

 

3.2 North Sea model set-up 

The basis of the numerical models used in this report stems from the MOG2 island Metocean Report 
(IMDC, CDR, Svasek, 2022a) carried out previously. Below, a short summary of the relevant 
information from the MOG2 island Metocean Report is given, including adaptations made for the 
environmental impact study of the MOG2 island. For more information regarding the model set-up, 
consult IMDC, CDR, Svasek (2022a).  

3.2.1 Computational grid 

The model domain of the FINEL North Sea flow model consists of the full European Continental Shelf, 
see Figure 3-1, ensuring that the tidal currents are well captured by the model, and allowing the 
possibility to incorporate meteorological effects in the model. FINEL employs an unstructured 
triangular mesh, which enables the user to fit boundaries accurately within the model and to 
increase resolution in the region of interest in a flexible way, without the need for nesting of grids. 
The grid resolution at ocean boundaries is between 8000 - 12000 m and refines to approximately 
4000 m in the West part of the North Sea and the English Channel.  

For the three island locations, being West1, West2 and North, the model template is adapted to 
increase the resolution of the model close to the considered island location. At least 20 km from the 
island location, the grid refines to approx. 400 m, which slowly continues to decrease to 90 m at 5 
km from the island. At 2 km from the island the grid is set at its highest resolution of approx. 40 m. 
The general scale of the model is depicted in Figure 3-1, with close-ups around the individual island 
locations shown in Figure 3-2. 

 
Figure 3-1: Computational grid (2D view) of FINEL North Sea flow model. 



 

Long-term modelling EIA MOG2  2094/U22319/E/AKR 

Final -12- November 3rd 2022
  
  

 
Figure 3-2: Zoom-in of the numerical grids around the three island locations. 

3.2.2 Boundary conditions 

The tidal amplitudes and phases used as harmonic tidal boundary conditions are extracted from the 
global FES2014a (32 harmonic components, 1/16° grid) world tide database.  

Additional boundary conditions are applied to accurately implement the discharge from the Rhine 
and Meuse River. The Eastern-Scheldt barrier is included in the model with barrier formulations 
including energy loss coefficients.  

 

3.2.3 Calibrated roughness 

The FINEL North Sea model is calibrated using the OpenDA automated calibration software. In 
OpenDA the DUD (Does not Use Derivative) algorithm (Ralston and Jennrich, 1978) is used to 
evaluate and optimize uncertain model parameters for a nonlinear least square problem. This is 
done by minimizing a quadratic cost function by adjusting model parameters. The roughness 
parameter values corresponding to the minimum value of the cost function are considered as the 
optimal roughness parameter values for the given problem. The resulting roughness field is shown in 
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available. For the sailing measurements, only current measurements are available. The sensitivity of 
the current direction on model grid resolution is checked by validation of the applied grid and a 
refined grid.  

3.3.1 Validation tide during storm conditions 

In Figure 3-4 the water level comparison for December 2017 to January 2018 is presented at 
Westhinder Meetpaal. The timeseries and scatterplot for this period is presented for FINEL and the 
observations. The figures show that the FINEL model is well capable of reproducing the water level 
during storm conditions. A high correlation is visible, with a root mean square error of 11 cm.  

 

 
Figure 3-4: Water level and scatterplot comparison between FINEL and observations at Westhinder Meetpaal for 
December 2017 to January 2018. 

3.3.2 Validation tide during calm conditions 

In Figure 3-5 the water level comparison for 17 June to 11 August 2012 is presented at Westhinder 
Meetpaal. The timeseries and scatterplot for this period is presented for FINEL and the observations. 
The figures show that the FINEL model is well capable of reproducing the water level during calm 
conditions. A high correlation is visible, with a root mean square error of 9 cm.  
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Figure 3-5: Water level and scatterplot comparison between FINEL and observations at Westhinder Meetpaal for 
17 June to 11 August 2012. 

 

3.3.3 Validation currents during calm conditions 

In Figure 3-6 the current comparison for 17 June to 11 August 2012 is presented for Westhinderbank 
Noord, and a close up for the last 2 weeks can be found in Figure 3-7. This measurement station is 
located just east of the shallow and relatively steep Westhinderbank, see Figure 3-8. This influences 
the current speed and direction. A few observations can be made: 

- The current speed shows a root mean square error of 14 cm/s for this period. The ebb 
current speed is modelled relatively well, while the flood current speed is overestimated in 
FINEL.  

- The FINEL current direction is oriented approximately Southwest (ebb current) to Northeast 
(flood current) and rotates counter clockwise during the entire measurement period. The 
measurement direction is oriented approximately West (ebb current) to Northeast (flood 
current) and rotates around the North during the largest part of the measurements period.  

- After August 4th, the measured directions and rotation suddenly change and match FINEL 
predictions well. As no apparent cause for this shift in current directions was found, it may 
indicate some uncertainty in the measurements.  

 

 
Figure 3-6: Current speed timeseries and scatterplot comparison and current direction timeseries comparison 
between FINEL and observations at Westhinderbank Noord for 17 June to 11 August 2012. 
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Figure 3-7: Current speed timeseries and current direction timeseries comparison between FINEL and 
observations at Westhinderbank Noord for July 30 to 11 August 2012. 

 

 
Figure 3-8: Location of Westhinderbank Noord measurement station, indicated by the yellow dot. 

The validation for this current series gives an adequate match, but not as good as may be expected 
based on water level performance. On the one hand there are some uncertainties regarding the 
measurements, with some unexplained discontinuities in the flow directions and magnitude. On the 
other hand, it should be acknowledged that the measurement station is located at an especially 
complex location when it comes to hydrodynamics. The considered MOG2 island location is simpler, 
with a smoother deeper bank without a sharp crest, see Figure 3-8.  
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Note that no validation of currents during storm conditions is performed since no measurements are 
available for such periods. 

3.3.4 Validation using sailing measurements 

In Van Lancker and Baeye (2015) an autonomous wave glider was deployed to measure sediment 
concentrations and hydrodynamic conditions in the Hinderbank area. The wave glider also contained 
an Acoustic Doppler Current Profiler (ADCP) to measure velocities. Thus, another dataset with which 
to validate the numerical model is present. The measurement location of the waveglider is shown 
with the magenta line in Figure 3-9. 

The ADCP data from Van Lancker and Baeye (2015) is not stationary due to the movement of the 
wave glider, and instead has approximately 30.000 unique data points in space. As it is unfeasible to 
maintain this many output locations in the numerical model, it was decided to place output points at 
a spatial interval of 200 x 200 m around the measurement area. At the time of each measurement, 
the velocity as simulated at the same time was sampled from the nearest FINEL output point. The 
resulting comparison between the ADCP data and FINEL is shown in Figure 3-10. 

 

 
Figure 3-9: Sailing waveglider measurement locations from Van Lancker and Baeye (2015) with respect to the 
west-location and the Natura2000 area. 
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Figure 3-10: ADCP data from Van Lancker and Baeye (2015) compared to FINEL for the same time period. 

 
It can be seen the FINEL velocities match adequately to the measured velocities. The error between 
FINEL and the measurements increases with increasing magnitude. Thus, FINEL has the tendency to 
over-estimate the flow velocities, which becomes more evident at higher flow velocities.  

Considering the directions, the FINEL data matches the measured data well. 

 
3.4 Implicit solver specific settings 

The model set-up as presented so far has applied only the explicit solver as explained in Section 3.1. 
The implicit model uses the exact same model boundaries and input. This section explains the 
specific additional inputs and model validation for the North Sea model with the implicit solver.  

Within the scope of this project, the FINEL2D-implicit simulations are employed to increase 
confidence in the FINEL2D-explicit simulation results. The primary difference between both software 
packages is the inclusion of the diffusion term in the shallow water equations in FINEL2D-implicit, 
and thus the inclusion of turbulence.  

The inclusion of turbulence in FINEL2D-implicit allows an alternating eddy train to form on the 
leeside of the island, whereas in the FINEL2D-explicit model this effect will be limited. This 
comparison is performed for the West1 location, and is assumed to be applicable for all three island 
locations. It should be noted that detailed modelling of turbulence around the sharp edged of the 
caissons of the MOG2 island is not considered within this comparison, as this would require high 
resolution modelling unsuited for spatial scales and dynamics affecting long-term changes around 
the island. Furthermore, the FINEL2D-implicit model is strictly hydrodynamic, and will be compared 
to a hydrodynamic FINEL2D-explicit model. No morphological module is available for the FINEL2D-
implicit software package.  
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The velocities from both models are compared at the Westhinderbank Noord (Chapter 3.3.3) in 
Figure 3-12. The FINEL2D-implicit model yields lower flow velocities compared to the FINEL2D-
explicit model. The differences are most apparent around peak flood velocities, while peak ebb 
velocities are quite similar. Nevertheless, given the good match in water levels both models are 
considered appropriate tools to model the hydrodynamics around the island locations. 

 

Figure 3-12: Current speed timeseries comparison between FINEL2D-explicit (blue), FINEL2D-implicit 
(red), and observations at Westhinderbank Noord for 6 August to 9 August 2012. 
 

3.5 Wave model set-up 

A local wave model is set-up to assess the impact of the island on the wave field and to assess the 
sensitivity of the morphological changes to the occurrence of the waves. The SWAN model 
comprises dimensions of 21 km in the islands short axis direction and 44 km in the islands long axis 
direction. The grid size is 500 m at the edges of the grid and it has a resolution of 25 m at a distance 
of about a kilometer from the island. To ensure a smooth transition several grid cells of 100 m are 
situated in between, Figure 3-13. The island itself is included as a reflective boundary with a 
reflection coefficient of 0.9. 

SWAN version number 41.41 is used and the physical model settings are summarized in the text box 
below: 

 

 

 

 

 

GEN3 KOMEN 

BREAKING CON 1 0.73 

FRICTION JONSWAP CFJON=0.038 
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Figure 3-13: SWAN computational grid and bathymetry. 
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bed, vibrocores 5, 10, and 12 are treated as outliers and neglected for the determination of the 
nominal grain size at the West location.  

The average of all remaining vibrocores was taken to determine a representable nominal diameter 
for the West1 and West2 locations. The resulting depth-averaged and spatially-averaged d50 equals 
approximately 400 µm. A similar approach was taken for the determination of the d90, which equals 
approximately 1400 µm 

It should be noted that gravel was found in several vibrocores samples. This is not portrayed in the 
current d90 value employed in the numerical model, which represents coarse sand. Additional 
physical processes such as armouring can become relevant with the inclusion of gravel. These 
processes are likely to have a positive effect on the computed scour volumes/depths around the 
island and thus the source of erodible sediment. As these processes are not included in the 
numerical simulations, the result is conservative. 

 
Figure 4-1: Overview of the vibrocore sample locations for the West1 and West2 locations. 

 

Noord location 

The water depth at which the vibrocores were sampled around the Noord location varies between 
14.5 and 35.7 m. As is visible in Figure 4-2, most measurements were sampled near the crest of the 
Noordhinderbank, with one outlier at deeper depths toward the west (point 11). Contrary to the 
West locations, this outlier at 35.7 m water depth is representative for a section of the predicted 
erosion area around the island. The island at the Noord location is positioned closer to deeper water 
depths along its Western side. Thus, it was chosen to keep all datapoints around the Noord island, as 
all datapoints are considered representative of the sediment around the island.  

The average of all vibrocores was taken to determine a representative nominal diameter for the 
Noord location. The resulting depth-averaged and spatially averaged d50 equals approximately 310 
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Figure 4-3: Measured vs pre-smoothened bed in FINEL for the West1 location. 

 
Figure 4-4: Measured vs pre-smoothened bed in FINEL for the West2 location. 

 
Figure 4-5: Measured vs pre-smoothened bed in FINEL for the North location. 

4.3 Verification of autonomous bottom changes at gravel areas 

This study focusses on morphological changes at the gravel bed areas. The gravel areas are relatively 
stable areas compared to the surrounding sandy bed with migrating ripples, dunes and banks. The 
coarse grain size of the gravel prevents erosion, and if natural sedimentation would occur at the 
location of the gravel beds, the gravel beds would not be exposed. To verify this behavior in the 
model, a simulation with erodible gravel beds and with non-erodible (type 1) gravel beds3 is 
performed. From the simulation with erodible gravel beds (Figure 4-6, left) it can be seen that the 
majority of the gravel beds would erode if the bed would consist of sand instead of gravel. This 

 
3 All gravel beds of type 1 are considered non-erodible. Note that the type 2 gravel bed (indicated with #6) will 
likely be less mobile than assumed in these computations. 
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indicates that the locations of the gravel beds as simulated in the model are unstable for the 
simulated grain sizes, and thus that it is likely that a coarser sediment like gravel is positioned in the 
top layer of the bed material. At the edges of most of the gravel areas some sedimentation zones are 
predicted by the model. In the simulation with non-erodible gravel beds (Figure 4-6, right) these 
zones are still present at some locations. Especially at the southern end of the gravel bed 3 and the 
northern end of gravel beds 2, 4, and 5, some sedimentation can be observed. This sedimentation is 
either an indication of reduced model quality in these areas or an indication of a local inaccurate 
demarcation of the estimated gravel bed areas. Note that when comparing Figure 4-6 with Figure 2-7 
these sedimentation areas seem to coincide with areas within the gravel bed polygons but outside 
the highlighted gravel bed areas. 

The bed behavior with non-erodible type 1 gravel beds is considered most realistic, therefore this 
model setting is applied in the remainder of this study. The type 2 gravel bed is considered erodible, 
because there is also a chance that this area consists of sand. However, this assumption does not 
affect the outcome of the analysis in this report because of its distant location with respect to the 
island locations. 

 
Figure 4-6: Autonomous bottom change after 10 years with erodible gravel beds (left) and with non-erodible 
gravel beds (right). 

 

4.4 Modelled time frame 

4.4.1 Morphological acceleration factor 

The aim of the model simulations is to determine the morphological development over a long time 
period of 10 years. To speed up the morphological simulation and maintain acceptable computation 
times, a morphological acceleration factor is used.  

Sediment fluxes are determined at every hydrodynamic time step and translated to bottom changes. 
These bottom changes are subsequently multiplied by the morphological acceleration factor and 
used to calculate the new bed level. The new bed level is used for the hydrodynamic calculation on 
the next time step.  

6 6 
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It is, however, not unlikely that construction of the Island will take place more around the trough of 
the 18.6-year cycle fluctuations in sediment transport. This could result in slightly lower sediment 
transport rates, which would make the selected period even somewhat conservative. Note that this 
is only expected to affect the time scale of developments around the island but not necessarily the 
extent of the effects. 

  
Figure 4-7. Analysis of sediment transport rate based on 19 year astronomical timeseries. 
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It can be concluded the flow profiles around the island are similar. The inclusion of turbulence in the 
FINEL2D-implicit model show a vortex train forms at the lee-side of the island, which is absent in the 
FINEL2D-explicit model. Considering the time-averaged flow profile around the island for one spring-
neap tidal cycle shows the nett effect of turbulence is a smaller zone of decelerated flow in the mean 
velocity profile around the MOG2 island, but an increase in the variability of the flow. 

The impact of the island on the bed shear stresses for peak ebb and peak flood in one spring-neap 
tidal cycle was investigated. It is concluded the impact of the island on the bed shear stresses is 
similar between both simulations. Furthermore, it was shown that in in both the slack period 
between ebb and flood and the slack period between flood and ebb, a relatively large zone of 
decreased bed shear stresses is instantiated relatively far away from the island. All in all, the 
comparison between the two solvers shows that a long term morphological simulation with the 
FINEL2D-explicit model will yield reliable results.  
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6 HYDRODYNAMIC MODELLING RESULTS 

This chapter serves to highlight the hydrodynamic results from the EIA modelling of the MOG2 island 
for all three island locations. The hydrodynamic results are separated into the island impact on 
current, island impact on waves, and island impact on bed shear stress. The island impact on waves 
is thoroughly addressed for the West1 location as the most extensive wave data is available at the 
West1 location, see IMDC, CDR, Svasek (2022a). The island impact on bed shear stresses is divided in 
a summer condition (tide-dominated) and a winter condition (tide + 1/year wave). These conditions 
should be interpreted as indicative for the impact of the island in these periods. 

 
6.1 West1 location 

6.1.1 Island impact on current 

The flow disturbance caused by the island is further investigated by analysing the mean flow velocity 
pattern over one spring-neap tidal cycle at four moments in time: immediately after construction 
and 1, 4, 10 years after construction. The results are depicted in Figure 6-1 to Figure 6-4, including 
the tidal ellipses at several points around the island. 

The mean flow velocity magnitude around West1 location equals approximately 0.5 m/s. In the 
direct vicinity of the island the flow deceleration in the leesides of the island is clearly visible when 
considering the mean velocities around the island (middle figures). The flow accelerations along the 
island long-side are less visible but can clearly be seen in the flow difference figures (right figures). 
The flow accelerations are at maximum 30% of the mean flow velocity immediately after 
construction of the island. 10 years after construction this value decreases to a maximum of 10% of 
the mean flow velocity.  

Directly after construction (Figure 6-1) the flow velocity differences are most significant as no 
adaption of the surrounding seabed to construction of the island has taken place. The morphological 
changes in the subsequent years reduce the magnitude of these differences in flow velocity. After 4 
years (Figure 6-4) the flow accelerations along the island long-sides have decreased significantly. 
Furthermore, the area and magnitude of the flow decelerations have decreased as well. Between T = 
4 years (Figure 6-3) and T = 10 years (Figure 6-4) the flow disturbance due to the presence of the 
island remains more or less the same, indicating the system is approaching an equilibrium.  

The impact of the MOG2 island on the direction of the tidal flow is limited. Significant differences are 
only found in the direct vicinity of the island, similar to the flow accelerations and decelerations.  
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Figure 6-1: Mean flow velocity for one spring-neap tidal cycle at the West1 location immediately after 
construction for a scenario without island (left), with island (middle), and the difference (right). The figures 
include the tidal ellipses without island (purple) and with island (black). 

 
Figure 6-2: Mean flow velocity for one spring-neap tidal cycle at the West1 location after T = 1 year after 
construction for a scenario without island (left), with island (middle), and the difference (right). The figures 
include the tidal ellipses without island (purple) and with island (black). 
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Figure 6-3: Mean flow velocity for one spring-neap tidal cycle at the West1 location after T = 4 years after 
construction for a scenario without island (left), with island (middle), and the difference (right). The figures 
include the tidal ellipses without island (purple) and with island (black). 

 
Figure 6-4: Mean flow velocity for one spring-neap tidal cycle at the West1 location after T = 10 years after 
construction for a scenario without island (left), with island (middle), and the difference (right). The figures 
include the tidal ellipses without island (purple) and with island (black). 
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6.1.2 Island impact on waves 

The islands impact on waves is investigated for a 1/year wave condition of Hs=4.5, Tp=9.3 s and a 
direction of 352.5 °N. A 1/year wave condition is considered representative as a wave height that 
does affect the bed at these depths but is not expected to cause very significant bed changes in the 
reference situation. 

In Figure 6-5 to Figure 6-8 the wave height in a reference situation, a situation with the island and 
the difference is presented, for the bathymetry just after construction of the island, and after 1 year, 
4 years and 10 years after construction of the island. The island reflects the waves, inducing a higher 
wave height (~0.5m) on the exposed sides of the island. The wave height is increased with more than 
1% over a distance of ~18km. Behind the island the wave height is significantly reduced (>1m). At a 
distance of almost 5 km the reduction in wave height falls to only 1%. The direction of the waves is 
only affected in the lee of the island. 

Over time a scour pit develops around the island (chapter 7), which reduces the area where the 
wave height is affected in size. Nevertheless, in general it can be stated that because of the large 
depth around the island the differences are relatively small.  

 
Figure 6-5: Wave height in reference situation (left), with island (middle) and difference (right). For a bathymetry 
just after construction of the island at the West1 location 
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Figure 6-6: Wave height in reference situation (left), with island (middle) and difference (right). For a bathymetry 
1 year after construction of the island at the West1 location. 

 
Figure 6-7: Wave height in reference situation (left), with island (middle) and difference (right). For a bathymetry 
4 years after construction of the island at the West1 location. 
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Figure 6-8: Wave height in reference situation (left), with island (middle) and difference (right). For a bathymetry 
10 years after construction of the island at the West1 location. 

 

6.1.3 Island impact in bed shear stresses 

The 1/year wave condition as used in the winter condition is equal to the wave condition from 
Section 6.1.2. Soulsby (1997) is used to calculate the bed shear stress under the combined force of 
waves and currents.  

Summer conditions 

The island impact on the bed shear stress as averaged over one spring-neap tidal cycle in summer, 
assuming a tidal current only, at four moments in time (T = 0, 1, 4, 10 years) are shown in Figure 6-9 
to Figure 6-12. The mean bed shear stress in summer around the West1 location equals 
approximately 0.4 N/m2. Due to the presence of the island the bed shear stresses increase and 
decrease corresponding to the flow accelerations and decelerations as discussed in Section 6.1.1. 
The maximum bed shear stress increase equals 42% of the mean bed shear stress immediately after 
construction of the island. 10 years after construction this value decreases to a maximum of 14% of 
the mean bed shear stress. Flow over the scour protection is excluded from this analysis.  

10 years after construction increased bed shear stress >10% can be found up to 1 km away from the 
island center, whereas decreased bed shear stress <-10% can be found up to 2 km away from the 
island center. Directly after construction approximately 245 Ha is affected with bed shear stress 
changes > 10% of the mean bed shear stress in summer conditions. After 10 years this area is 
reduced to 110 Ha. These areas exclude the scour protection. The areas with bed shear stress 
disturbances larger than 10% almost exclusively comprise of bed shear stress decreases. 

Due to the quadratic relationship between the bed shear stress and the flow velocity, the trend of 
the bed shear stresses (Figure 6-9 to Figure 6-12) shows large resemblance to the trend of the flow 
velocities, Section 6.1.1. Directly after construction of the island (Figure 6-9) the bed shear stress 
differences are highest. At T = 4 years (Figure 6-11) the magnitude of the bed shear stress increases 
has fallen significantly due to morphological feedback. Furthermore, the extent of the bed shear 
stress decreases in the wakes of the island have decreased as well. Between T = 4 years (Figure 6-11) 
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and T = 10 years (Figure 6-12) relatively little changes are observed, indicating the system is 
approaching an equilibrium.  

 

 
Figure 6-9: Mean bed shear stress for one spring-neap tidal cycle with summer conditions immediately after 
construction for a scenario without island (left), with island (middle), and the difference (right) at the West1 
location. 

 

 

 
Figure 6-10: Mean bed shear stress for one spring-neap tidal cycle with summer conditions at T = 1 year after 
construction for a scenario without island (left), with island (middle), and the difference (right) at the West1 
location. 
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Figure 6-11: Mean bed shear stress for one spring-neap tidal cycle with summer conditions at T = 4 years after 
construction for a scenario without island (left), with island (middle), and the difference (right) at the West1 
location. 

 
Figure 6-12: Mean bed shear stress for one spring-neap tidal cycle with summer conditions at T = 10 years after 
construction for a scenario without island (left), with island (middle), and the difference (right) at the West1 
location. 

 

Winter conditions 

The island impact on the bed shear stress during a 1/year storm and average tidal conditions is 
derived by combining the shear stresses under both waves and currents with the formula of Soulsby 
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(1997). This winter condition is presented at four moments in time (T = 0, 1, 4, 10 years)5 in Figure 
6-13 to Figure 6-16. The mean bed shear stress in winter around the West1 location equals 
approximately 0.5 N/m2. Due to the presence of the island the bed shear stresses increase and 
decrease corresponding to the flow accelerations and decelerations. The maximum bed shear stress 
increase equals 43% of the mean bed shear stress immediately after construction of the island. This 
value decreases to 19% of the mean bed shear stress 10 years after construction of the island. The 
point of maximum bed shear stress increases is located further away from the north-eastern corner 
of the island (compared to summer conditions), corresponding with the reflection of the waves.  

10 years after construction increased bed shear stress >10% can be found up to 1.5 km away from 
the island center, whereas decreased bed shear stress <-10% can be found up to 2 km away from the 
island center. Directly after construction the absolute mean bed shear stresses change with more 
than 10% over an area of approximately 245 Ha. After 10 years this area is reduced to 190 Ha. These 
areas exclude the scour protection. The decrease in affected area through time is smaller compared 
to summer conditions as the morphological adaptations towards the new equilibrium are dominated 
by the continuous tidal currents rather than the instantaneous waves. As such, instantaneous events 
such as the 1/yr wave condition can still yield bed shear stress changes over a relatively large area. 

The bed shear stress disturbance of the MOG2 island in winter conditions is more severe compared 
to summer conditions, both in magnitude (+20%) and extent of the disturbances (after 10 years). 
Nevertheless, the majority of the bed shear stresses are an effect of the tidal current.  

Due to wave sheltering of the island the bed shear stresses towards the south-east are significantly 
lowered in a relatively large area. Furthermore, due to reflection along the northern side of the 
island the bed shear stresses are increased in a long stretch towards the northeast. This coincides 
with the increase in significant wave height as analysed in Section 6.1.2.The combined pattern of 
waves and currents will be different for waves from other directions but it is not expected that this 
will strongly influence the magnitude of the areas with more than 10% change.   

 
Figure 6-13: Mean bed shear stress for one spring-neap tidal cycle with winter conditions immediately after 
construction for a scenario without island (left), with island (middle), and the difference (right) at the West1 
location. 

 
5 Note that the bed levels for the hydraulic simulations at these times are derived from a morphological 
computation as presented in chapter 7. In this computation the effect of waves is not included because it is 
shown that waves have only a limited impact on the bed level changes (paragraph 7.6). 
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Figure 6-14: Mean bed shear stress for one spring-neap tidal cycle with winter conditions at T = 1 year after 
construction for a scenario without island (left), with island (middle), and the difference (right) at the West1 
location. 

 

 
Figure 6-15: Mean bed shear stress for one spring-neap tidal cycle with winter conditions at T = 4 years after 
construction for a scenario without island (left), with island (middle), and the difference (right) at the West1 
location. 
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Figure 6-16: Mean bed shear stress for one spring-neap tidal cycle with winter conditions at T = 10 years after 
construction for a scenario without island (left), with island (middle), and the difference (right) at the West1 
location. 

6.2 West2 location 

The wave sheltering effect of the island is not expected to be different for an island of similar shape 
and orientation at the West 2 location. At the West1 location it is shown that bed shear stresses at 
these depths are predominantly induced by the tidal current. For the deeper located West2 location 
it is expected that the effect of waves on the bed shear stress is even lower. For this reason, for the 
West2 location the assessment focusses on current and current-induced bed shear stresses only but 
it should be noted that under 1/yr storm conditions shear stresses might be approximately 20% 
higher. 

6.2.1 Island impact on current 

The flow disturbance caused by the island is further investigated by analysing the mean flow velocity 
pattern over one spring-neap tidal cycle at four moments in time: immediately after construction 
and 1, 4, 10 years after construction. The results are depicted in Figure 6-17 to Figure 6-20, including 
the tidal ellipses at several points around the island. 

The mean flow velocity magnitude around the West2 location equals approximately 0.5 m/s. In the 
direct vicinity of the island the flow deceleration along the leesides of the island are clearly visible 
when considering the mean velocities around the island (middle figures). The flow accelerations 
along the island long-side are less visible but can clearly be seen in the flow difference figures (right 
figures). The flow accelerations are at maximum 15% of the mean flow velocity immediately after 
construction of the island. 10 years after construction this value increases to a maximum of 8% of 
the mean flow velocity. This excludes the flow on the bed protection. 

Directly after construction (Figure 6-1) the flow velocity differences are most significant as no 
adaption of the surrounding seabed to the island has taken place. The morphological changes in the 
subsequent years decrease the magnitude of these flow velocity differences. After T = 4 years (Figure 
6-4) the flow accelerations along the island long-sides have decreased significantly. Furthermore, the 
area and magnitude of the flow decelerations have decreased as well. Between T = 4 years (Figure 
6-3) and T = 10 years (Figure 6-4) the flow disturbance due to the presence of the island remains 
more or less the same, indicating the system is approaching an equilibrium.  
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The impact of the MOG2 island on the direction of the tidal flow is limited. Significant differences are 
only found in the direct vicinity of the island, similar to the flow accelerations and decelerations.  

 

 
Figure 6-17: Mean flow velocity for one spring-neap tidal cycle at the West2 location immediately after 
construction for a scenario without island (left), with island (middle), and the difference (right). The figures 
include the tidal ellipses without island (purple) and with island (black). 

 
Figure 6-18: Mean flow velocity for one spring-neap tidal cycle at the West2 location after T = 1 year after 
construction for a scenario without island (left), with island (middle), and the difference (right). The figures 
include the tidal ellipses without island (purple) and with island (black). 














































































