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Problem

ADetermination of design conditions in (large)
harbour basins

A Physical model experiments

A Numerical modelling of wave penetration (BSQ,
mild-slope,etcX 0

ADesign conditions associated with strong winc
AWwind effect can be significant !
AHow to include wind wave growth?
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Challenge

Compute wave conditions area in large
harbour basins for design conditions

Wave penetration model: diffraction, no wind
Wind wave modelswind, no diffraction

Still, not one wave model exists accounting for
both diffraction and local wave growth

Hybrid method in use for more than 20 years
In the Netherlands to combine results of wave
penetration and wave growth

lllustrated for Port of IJmuiden
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Physicaprocessesindmodelchoice

A Propagation
A Diffraction (breakwatemuayhead}
A Transmission (breakwater, dams)
A Reflection (dams, quays) Propagation
A Refraction (access channel)
diffraction
A Energy balance; growth and decay
A Dissipation, breaking, bottom frictiomhitecapping
A Wind wave growth transmission
A Nonlinear interactions

reflection

wave growth

A Choice of wave models
A2 @S LISYSGUNI GAZ2Y Y2RS
Boussinesg(Mike21,Trition), nonK @ RN2 & {0 I ( A nonlinear
A{LISOGINIt Y2RSt T2NJ gAY R interactions

dissipation

A Many processes depend on water level/relative freeboard
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Portof IJmuidenthe Netherlands

Situation sketch bathymetry andoylitaeiafhal grids
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Hybridmethod

Addwind effecton top of penetratedwave field

3 model runs for given offshore wave boundary condition

A 1 model run usinghaseresolvingmodelpenetration E(X,Y)
A 1 model run usinghaseaveragedmodel withwind E,(X,Y)
A 1 model runusingphaseaveragedmodelno wind E(X,Y)

Isolate effect of windsrowth

s = BBy

Add wind effect tdPenetrated wave field to obtaiiotal wave condition

E=B+R

How to combine results of different model types?



Combination in terms of wave spectra

A Given offshore wavboundary condition Hs, Tra,- Ex(f, q)

A Run PHAROS mild slope model for finite number of spectral ,g N,
componentsS(f, g;), compute spatial variation of unit e L=
amplitude A=A{(y|f, q)

A Reconstruct wave spectrum Eff, at each location using
scaled summation

E.(xy| f.q)= A(x,ylfg) %(.’1)7

scallng boundary spectrul

A Run phaseaveraged SWAN wave model twice for
given input spectrum E(d), all components together,
with wind E, and without wind K

A E=EBHER)

A Compute wave parameters for desigg B, ;> X ®
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Wave penetration using different models

PHAROS result
T T

ase ) Typical design condition
S— ) U, =37 m/s
1 . ‘W= 270°N
' - )
) Mild slope PHAROS
Phaseaveraged SWAN

| | | | | |
o

o7 o8 29 100 101 102

Xy (M)

Different computational grids, extent, unstructured <> regular
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DifferencebetweenPHARO&Nd SWAN

DH=Hoparodswan AH_ (m)
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Hybridmethod addedgrowth effect G

A Spatial variation of significant wave height
A Wave penetration only, no wind (left)
A Wave penetration and wind growth (right)
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