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Problem

ÅDetermination of design conditions in (large) 
harbour basins
ÅPhysical model experiments

ÅNumerical modelling of wave penetration (BSQ, 
mild-slope, etcΧύ

ÅDesign conditions associated with strong winds

ÅWind effect can be significant !

ÅHow to include wind wave growth?
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Challenge
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Compute wave conditions area in large 
harbour basins for design conditions

Wave penetration model: diffraction, no wind

Wind wave models: wind, 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

Illustrated for Port of IJmuiden
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Physicalprocessesandmodel choice
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ÅPropagation
ÅDiffraction (breakwater, quayheads)
ÅTransmission (breakwater, dams)
ÅReflection (dams, quays)
ÅRefraction (access channel)

ÅEnergy balance; growth and decay
ÅDissipation, breaking, bottom friction, whitecapping
ÅWind wave growth
ÅNonlinear interactions

ÅChoice of wave models
Å²ŀǾŜ ǇŜƴŜǘǊŀǘƛƻƴ  ƳƻŘŜƭ ƳƛƭŘ ǎƭƻǇŜ όtI!wh{Σ I!w9{ΣΧύ 

Boussinesq, (Mike21, Trition), non-ƘȅŘǊƻǎǘŀǘƛŎ ό{²!{IΣΧύ
Å{ǇŜŎǘǊŀƭ ƳƻŘŜƭ ŦƻǊ ǿƛƴŘ ǿŀǾŜ ƎǊƻǿǘƘ ό{²!bΣΧύ

ÅMany processes depend on water level/relative freeboard

Process PHAROS SWAN

Propagation x x 

diffraction x -

reflection x X

transmission x x

wave growth x

dissipation x x 

non-linear 
interactions

(x) x
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Port of IJmuiden, the Netherlands
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Situation sketch                                                                                  bathymetry and outline of computational grids 



Hybridmethod
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Addwind effect on top of penetratedwave field

3 model runs for given offshore wave boundary condition
Å1 model run using phase-resolving model penetration EP(x,y)
Å1 model run using phase-averagedmodel with wind EW(x,y)
Å1 model run usingphase-averagedmodel no wind EN(x,y)

Isolate effect of wind Growth
EG = EW-EN

Add wind effect to Penetrated wave field to obtain Total wave condition
ET = EP + EG

How to combine results of different model types?
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Combination in terms of wave spectra
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Å Given offshore wave boundary condition Hs, Tm, q­ EB(f, q)

Å Run PHAROS mild slope model for finite number of spectral 
components S(fi, qj), compute spatial variation of unit 
amplitude  A=A(x,y|f, q)

Å Reconstruct wave spectrum  E(f, q)  at each location using  
scaled summation

Å Run phase-averaged SWAN wave model  twice for 
given input spectrum E(f, q), all components together, 
with wind EW and without wind EN

Å ET = EP+(EW-EN)

Å Compute wave parameters for design Hs, Tm-10Σ ΧΦ
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Wave penetration using different models
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Mild slope PHAROS

Phase-averaged SWAN

Different computational grids,  extent, unstructured <> regular 

Typical design condition
U10 = 37 m/s

w̒ = 270 °N
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DifferencebetweenPHAROS andSWAN
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DHs=HPHAROS-HSWAN

Å Diffraction effects 
Å Behind breakwater 
Å In access channel

Å In eastern part of basin
Å results  equal
Å No diffraction points
Å Open water
Å Directional spreading  

Hs,ref= 6 m                                                 Hs,ref=3 m
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Hybridmethod, addedgrowtheffect G
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Å Spatial variation of significant wave height 
ÅWave penetration only, no wind (left)
ÅWave penetration and wind growth (right)

NO WIND            EN WITH WIND      EW
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