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Extreme wave boundary conditions

Dike safety assessment in the Netherlands

For the dike assessment, we need to reassess the extreme wave
conditions at the toe

* Focus on return periods of 1/10,000 — 1/100,000 years
* SWAN is used to determine the wave boundary conditions

» In this complex area, we are reaching the limits of applicability of this
model

e Improve the reliability using numerical modelling & field measurements
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1. Introduction to research
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Problem

Design conditions at dike Eemshaven-Delfzijl

» Difficult to determine boundary conditions
e Storms come from SW, then turn to NW, but never cross N
- Design conditions characterized by winds acting in offshore direction!
e SWAN predicts onshore directed waves of order A, = 2 m
« According to SWAN, the waves turn
around the corner

What causes the turning of the waves
around the corner? Do the waves
really remain so large? Can we trust
the wave predictions? \

Modelling vs. Physics
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Field measurement campaign

Field measurements in Eems-Dollard estuary

* 12-year long extensive field measurement campaign

- Reduce uncertainties in design conditions and improve safety assessment
modelling systems

Wind, water levels, currents, waves, wave run-up, wave overtopping
- E.g. buoys, X-band radars, ADCPs, overtopping tanks, LIDAR, video
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Aim of study

Study made in preparation for
extensive measurement campaign
Focus on two locations for set-up of
field measurements

Evaluate most suited locations for
wave measurements

Gain insight in why such large and
onshore directed wave heights are
predicted at the dike by using a
combination of modelling & field
measurements

/
UHWDD/\
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Uithuizerwad & Double Dike

Focus on two locations

e Uithuizerwad (UHW): * Double Dike (DD):
- Direct wave attack - Sheltered by Eemshaven
- Shallow water conditions - Deep water conditions
- Oblique wave attack - Very oblique wave attack
« Asphalt & Grass - Basalt & Grass
- Measurement pole * No measurements at present
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Hypothesis & Approach

* Hypothesis, 4 important mechanisms causing waves to turn around
corner:
1. Wave refraction effects
2. Wave diffraction effects
3. Removal of directions from wave spectrum by sheltering
4. Wave growth & decay

e Approach:
- SWAN-model source term and sensitivity analyses of estuary

«  Comparison SWAN safety assessment version with SWAN development

version (state of the art)
- Modelling of schematized area around corner of Eemshaven
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2. Results
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Quantification of propagation effects

Used for refinement of measurement locations

Gradient in mean wave direction rad/mx 107
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Comparison SWAN versions

» Comparison SWAN safety assessment version to development version
(state of the art)

» Large differences
 Up to 40% lower A, 25% lower 7, , similar mean wave direction
- Caused by different parameterizations

(Exponential) wind growth Yan (1987) Komen et al. (1984)

Whitecapping Van der Westhuysen (2007) Komen et al. (1984); Rogers at
al. (2003); Pallares et al. (2014)

Depth-induced breaking Van der Westhuysen (2009) Battjes & Janssen (1978);
Salmon et al. (2015)

Refraction Refraction limiter (Alkyon, 2009) New ¢, implementation (Dietrich

et al., 2013); (Zijlema, 2016)
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Comparison SWAN versions

UHW: mainly due to different depth-induced breaking
DD: mainly due to different wind growth, whitecapping, depth-induced

breaking
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SWAN results corner at Eemshaven

Schematized model of corner at Eemshaven and dike

* Design conditions:
«  Wind: (=35 m/s, D=285° Model Bathymetry .
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SWAN results corner at Eemshaven

Importance of model settings

o Diffraction-like effects without diffraction in model
* (Spurious) numerical diffusion

(Hs, (80,4000=0-79 M) (Hs, (80,4000=0-77 M) (Hs, (80,4000=0-98 M)
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SWAN results corner at Eemshaven

Source term analysis
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3. Conclusions & Future work
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Conclusions

* Highly complex area

* No data for validation: necessary!
e Preferred measurement locations: Corner Eemshaven and Double Dike
o Caution required when using SWAN in the area

e Main causes of turning of the waves around the corner:
- Refraction effects
- Diffraction effects
- Nonlinear wave-wave interactions
- Removal of directions from spectrum by sheltering
«  Numerical diffusion
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Future work

» Analysis of refraction & diffraction effects in SWAN

o Comparison with time domain model SWASH
Diffraction not explicitly in SWAN!

* Field measurements for 12 years: start this winter

» Validation and improvement of numerical models with field
measurement data
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