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2.1.

2.2.

Measurements of the bottom shear stress

Material
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Figure 1: Tripod bottom lander.

Figure 2: Tripod bottom lander.




Figure 3: Bottom mounted ADCP.
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Figure 4: Position of the measuring stations: BLI: Bligh Bank, GOO: Gootebank, MOO: MOWO, BLB:
Blankenberge, MO 1: MOW I, WZB: WZ-Boei.



Table I: Overview of the deployments.
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Measurements of the bottom shear stress
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Calculation of the bottom shear stress
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Bottom stress under the influence of currents
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Bottom shear stress under the influence of waves
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3.3.3.
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Bottom shear currents under influence of currents and waves
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Figure 5: Intercomparison of the four models for the prediction of the mean (tau_mean) and maximum
(tau_max) bed shear stresses due to waves plus currents as a function of the non-dimensional currents
and the waves. Results for z,/h=0.0001; A/z,=10000.
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Figure 6: Intercomparison of the four models for the prediction of the mean bed shear stresses due to
waves plus currents as a function of the wave orbital velocity for depth-averaged current of I m/s,
water depth of 10 m and bottom roughness length of 0.053 m.
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Figure 7: Intercomparison of the four models for the prediction of the maximum bed shear stresses due
to waves plus currents as a function of the wave orbital velocity for depth-averaged current of 1 m/s,
water depth of 10 m and bottom roughness length =f 0.053 m.
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Figure 8: Intercomparison of the four models for the prediction of the mean bed shear stresses due to

waves plus currents as a function of the depth-averaged currents for a wave orbital velocity of 0.78 m/s
(hs=2 m, T=8 s), water depth of 10 m and bottom roughness length of 0.053 m.

Calculation of the bottom roughness
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formulations and for the bottom stress model of Malarkey-Davies.
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Analysis of the bottom stress measurements

Bottom stress from current profile
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Figure 14: Profiles of currents and logarithmic regression for the currents at the Gootebank from

2009/06/23 18:29:50 till 2009/06/23 18:36:50.
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Figure 15: U-currents measured during campaign 25 at the Gootebank, in the layer 7, at 0,33 m
the bottom (left) and the layer 8, at 0.08 m above the bottom (right).
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Figure 17: Correlation between the measured bottom shear stresses, using the turbulent kinetic energy
method (tke), using the inertial dissipation method (dis) or from the current profile (prof).
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Figure 18: Bias between the measured bottom shear stresses, using the turbulent kinetic energy method
(tke), using the inertial dissipation method (dis) or from the current profile (prof).
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Figure 19: Mean (over deployment) bottom shear stress, measured using the turbulent kinetic energy
method (tke), using the inertial dissipation method (dis) or from the current profile (prof) over the
years, for the measurements in station MOW .
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Figure 20: Correlation between the mean (over deployment) significant wave height and the mean (over
deployment) bottom shear stress, measured using the turbulent kinetic energy method (tke), using the
inertial dissipation method (dis) or from the current profile (prof) over the years, for the measurements
in station MOW 1.
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Figure 21: Currents modelled and measured for campaign 025 at the Gootebank for the period 23 June
2009 till 13 July 2009.

5.2.1.2.  Bottom shear stress with constant bottom roughness
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Figure 22: Waves modelled and measured for campaign 025 at the Gootebank for the period 23 June
2009 till 13 July 2009. Measurement at the A2-buoy from Meetnet Vlaamse Banken.
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Figure 23: Bottom shear stress, modelled and measured for campaign 025 at the Gootebank for the
period 23 June 2009 till 13 July 2009: measurements: bottom stress from current profile 0.01-2.2m,
model: Soulsby, bottom roughness length = 0.004 m.

28



" prof 0.01-2.2m——
Soulsby - kst=0.004m -~

Bottom stress (Pa)

0 i - L L
1 15 2 25 3
Days

Figure 24: Bottom shear stress, modelled and measured for campaign 025 at the Gootebank for the
period 23 June 2009 till 13 July 2009: measurements: bottom stress form current profile 0.01-2.2m,
model: Soulsby, bottom roughness length = 0.004 m (detail).
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Figure 25: Bottom shear stress, modelled and measured for campaign 025 at the Gootebank for the
period 23 June 2009 till 13 July 2009: measurements: bottom stress from turbulent kinetic energy,
model: Soulsby, bottom roughness length = 0.600 m.
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5.2.1.3.  Bottom shear stress with bottom roughness calculated
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Figure 26: Bottom shear stress, modelled and measured for campaign 025 at the Gootebank for the
period 23 June 2009 till 13 July 2009: measurements: bottom stress from current profile 0.01-2.2m,

model: Soulsby, ripples calculated with Soulsby-Whitehouse model.
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Figure 27: Variation of the bottom roughness length, due to the bottom ripples for campaign 025 at the
Gootebank for the period 23 June 2009 till 13 July 2009: S-GM: Soulsby-Grant&Madsen model; S-W:
Soulsby-Whitehouse model.
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Figure 28: Bottom shear stress, modelled and measured for campaign 025 at the Gootebank for the
period 23 June 2009 till 13 July 2009: measurements: bottom stress from current profile 0.01-2.2m,
model: Soulsby, ripples calculated with Soulsby-Whitehouse model, total bottom roughness *0.1.
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Figure 29: Currents modelled and measured for campaign 078 at MOW1 for the period 28 November
2013 till 9 December 2013.
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Figure 30: Waves modelled and measured for campaign 078 at MOWI for the period 28 November
2013 till 9 December 2013. Measurements from the station Bol van Heist are from the Meetnet
Vlaamse Banken.
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Figure 31: Bottom shear stress, modelled and measured for campaign 078 at MOW 1 for the period 28
November 2013 till 9 December 2013: measurements: bottom stress from turbulent kinetic energy,
model: Soulsby-Clarke, bottom roughness length = 0.010 m.
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Figure 32: Bottom shear stress, modelled and measured for campaign 078 at MOW 1 for the period 28
November 2013 till 9 December 2013: measurements: bottom stress from current profile between 0.01
and 2.2 m, model: Soulsby-Clarke, bottom roughness length =0.004 m.
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Bottom shear stress with bottom roughness calculated
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Figure 33: Bottom shear stress, modelled and measured for campaign 078 at MOW!I for the period 28
November 2013 till 9 December 2013: measurements: bottom stress from turbulent kinetic energy,
model: Soulsby-Clarke, ripples calculated with Soulsby-Whitehouse model, total bottom roughness
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Figure 34: Variation of the skin, bed load, ripple and total bottom roughness length for campaign 078 at
the station MOWI1 for the period 28 November 2013 till 9 December 2013 for the Soulsby-Clarke
model. Bed load roughness by Grant-Madsen, k=1; ripple roughness calculated with Soulsby-

Whitehouse model.
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Figure 35: Variation of the bottom roughness length, due to the bottom ripples for campaign 078 at the
station MOW 1 for the period 28 November 2013 till 9 December 2013: S-GM: Soulsby-Grant&Madsen

model; S-W: Soulsby-Whitehouse model.
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Table 2: The mean (over all campaigns) bias, RMSE and correlation coefficient for the different model
results, when comparing the model results, using a constant bottom roughness length, to the measured
bottom shear stress, using the turbulent kinetic energy method. Kst: the bottom roughness length that
was most used to obtain the best results.
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Table 3: The QP, the mean (over all campaigns) bias, RMSE and correlation coefficient for the different
model results, when comparing the modelled bottom stress, using the bottom roughness length
calculated by the model and a scaling parameter, to the measured bottom shear stress, using the
turbulent kinetic energy method. BRM: bottom roughness model that was used to obtain the best
results: Raud: Raudkivi, Souls: Soulsby for bottom roughness from bed load; S-W: Soulsby-Whitehouse
for bottom roughness from bottom ripples. Convkst: the scaling parameter that was most used to

obtain the best results.
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8. Appendix A: Statistical parameters
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