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« Various types of models can be utilized to assess impact
— Physical models
— Numerical models
— Engineering tools

« Different numerical model approaches exist, varying in
complexity and detalil "

- 1D network models (i.e., rivers, channels) - "‘\\\\»%/'-
— 2D/3D area models (i.e., tidal inlets, seas) '
— Local high-resolution CFD models (i.e., hydraulic structures)

Q)

« A model is atool, so it should be fit for purpose!
— What do you want to model, and what is the level of complexity required?
- Simple if we can, complex if we have to!
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« Multi-dimensional hydro-morphodynamic simulation program which calculates non-steady flow and
transport phenomena resulting from tidal and meteorological forcing
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« Multi-dimensional hydro-morphodynamic simulation program which calculates non-steady flow and
transport phenomena resulting from tidal and meteorological forcing

« Curvilinear grids in combination with unstructured
elements

— high flexibility & good performance in terms
of computational speed and accuracy
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« Multi-dimensional hydro-morphodynamic simulation program which calculates non-steady flow and
transport phenomena resulting from tidal and meteorological forcing

« Curvilinear grids in combination with unstructured

elements S >
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of computational speed and accuracy
« Shallow water assumption Textbook
— Depth << horizontal length scales illustration
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« Multi-dimensional hydro-morphodynamic simulation program which calculates non-steady flow and
transport phenomena resulting from tidal and meteorological forcing

« Curvilinear grids in combination with unstructured _

elements A
— high flexibility & good performance in terms wmp'ete velocity _
of computational speed and accuracy time-averaged velocity
 Shallow water assumption /\/L\« M W
— Depth << horizontal length scales Aw'v vv‘vA

« Boussinesq approximation
— Effect of variable density is only considered in
horizontal pressure gradient term M /\’\,,\1 M W
. _ i A i ) I
« Reynolds averaging for turbulent fluctuations VS W Vo
— Eddy viscosity concept fuctuating velodity
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Bottom boundary and free-surface boundary
— Impermeability boundary (kinematic) at both free-surface and bed

— Momentum boundary condition of bed shear stress at bottom
and wind shear at free-surface
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« Bottom boundary and free-surface boundary
— Impermeability boundary (kinematic) at both free-surface and bed

— Momentum boundary condition of bed shear stress at bottom
and wind shear at free-surface

- Wave-current interaction . ‘  —Sediment plume
- Wave processes modelled with SWAN ' :

— Processes accounted for in a wave-averaged manner,
wave-induced forces as gradients in radiation stress

— To account for vertical non-uniformity
Generalised Lagragian Mean method

— Vector addition of bed shear stress components

« Sediment transport and morphology — Boat wake
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Hydrodynamic modelling: Delft3D FM Suite 2D3D

« Bottom boundary and free-surface boundary
— Impermeability boundary (kinematic) at both free-surface and bed

— Momentum boundary condition of bed shear stress at bottom
and wind shear at free-surface

- Wave-current interaction . ‘  —Sediment plume
- Wave processes modelled with SWAN '

— Processes accounted for in a wave-averaged manner,
wave-induced forces as gradients in radiation stress

— To account for vertical non-uniformity
Generalised Lagragian Mean method

— Vector addition of bed shear stress components

« Sediment transport and morphology =EARES
— Bed load and suspended load
— Non-cohesive and cohesive
— Morphological updating
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3D Water quality model: D-Water Quality
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Quantification of ecosystem effects

« Many different processes acting on many different length- and time-scales
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Quantification of ecosystem effects: application
Delft3D
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Example application: Dutch Continental Shelf Model
(DCSM)
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Example application: Dutch Continental Shelf Model
(DCSM)

— 3D model, grid resolution 0.5x0.5 NM
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Quantification of ecosystem effects: application
Delft3D

o _ Temperature stratification (surface minus bottom)
« Example application: Dutch Continental Shelf Model .
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— 3D model, grid resolution 0.5x0.5 NM » B
— Temperature & salinity stratification N -
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Example application: Dutch Continental Shelf Model
(DCSM)

— 3D model, grid resolution 0.5x0.5 NM

— Temperature & salinity stratification

— (Fine) sediment concentration
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Quantification of ecosystem effects: application
Delft3D

« Example application: Dutch Continental Shelf Model 64
(DCSM)
— 3D model, grid resolution 0.5x0.5 NM
— Temperature & salinity stratification
— (Fine) sediment concentration

Mud summer surface concentration
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Quantification of ecosystem effects: application
Delft3D

« Example application: Dutch Continental Shelf Model &
(DCSM)

— 3D model, grid resolution 0.5x0.5 NM
— Temperature & salinity stratification
— (Fine) sediment concentration

Mud winter surface concentration
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Quantification of ecosystem effects: application
Delft3D

« Example application: Dutch Continental Shelf Model
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Quantification of ecosystem effects: application
Delft3D

« Example application: Dutch Continental Shelf Model

(DCSM) Bias=-0.0193, RMSE=4.2791
— 3D model, grid resolution 0.5x0.5 NM 25 l |
— Temperature & salinity stratification | I
— (Fine) sediment concentration o I
. . - |
— Primary production D 1 ﬂ
- Dynamic energy budgets ; ,_ ¥ ‘
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Quantification of ecosystem effects: application
Delft3D

« Example application: Dutch Continental Shelf Model

(DCSM) Bias=-0.0193, RMSE=4.2791
— 3D model, grid resolution 0.5x0.5 NM 25 l |
— Temperature & salinity stratification | M
— (Fine) sediment concentration o I
= h
— Primary production . |
- Dynamic energy budgets © I o \
- L | "\ '\" ‘
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Quantification of ecosystem effects:
Delft3D

« Example application: Dutch Continental Shelf Model
(DCSM)

3D model, grid resolution 0.5x0.5 NM 251
— Temperature & salinity stratification
— (Fine) sediment concentration - o
— Primary production 315_
- Dynamic energy budgets ©
» Direct coupling with impact of wind wakes to be

implemented

* Incorporate zooplankton
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Quantification of ecosystem effects:
Delft3D

« Example application: Dutch Continental Shelf Model
(DCSM)

3D model, grid resolution 0.5x0.5 NM 251
— Temperature & salinity stratification
— (Fine) sediment concentration - o
— Primary production 315_
- Dynamic energy budgets ©
» Direct coupling with impact of wind wakes to be

implemented
* Incorporate zooplankton
» Reduce gap between bottom-up and top-down
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Quantification of ecosystem effects: application

Delft3D

« Example application: Dutch Continental Shelf Model

(DCSM)

3D model, grid resolution 0.5x0.5 NM
— Temperature & salinity stratification

— (Fine) sediment concentration
— Primary production
- Dynamic energy budgets

» Direct coupling with impact of wind wakes to be

implemented

* Incorporate zooplankton

» Reduce gap between bottom-up and top-down

« Parameterization foundations
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Quantification of ecosystem effects: application
Delft3D

« Example application: Dutch Continental Shelf Model

(DCSM) Bias=-0.0193, RMSE=4.2791
— 3D model, grid resolution 0.5x0.5 NM 251 | |
- Temperature & salinity stratification | M
- (Fine) sediment concentration 29 I
= h
— Primary production - |
- Dynamic energy budgets © ,_ ‘u‘t‘ Y \
s Il
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» Reduce gap between bottom-up and top-down

« Parameterization foundations

— Involves direct coupling between highly local processes
and large-scale processes
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Parameterization of the impact of foundations
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« Coupling between scales is relevant
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Parameterization of the impact of foundations

« Coupling between scales is relevant
— Structural-scale: complex flow phenomena around wind turbine foundation (centimeters — meters)
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Parameterization of the impact of foundations

« Coupling between scales is relevant
— Structural-scale: complex flow phenomena around wind turbine foundation (centimeters — meters)
— Large-scale: wind farm effects evaluated using North Sea ecosystem models (> kilometers)
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Parameterization of the impact of foundations

« Coupling between scales is relevant

— Structural-scale: complex flow phenomena around wind turbine foundation (centimeters — meters)
— Large-scale: wind farm effects evaluated using North Sea ecosystem models (> kilometers)
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Parameterization of the impact of foundations

« Coupling between scales is relevant
— Structural-scale: complex flow phenomena around wind turbine foundation (centimeters — meters)
— Large-scale: wind farm effects evaluated using North Sea ecosystem models (> kilometers)

« For an accurate parameterisation, insight in the relevant small-scale processes is essential!
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Parameterization of the impact of foundations

« Coupling between scales is relevant
— Structural-scale: complex flow phenomena around wind turbine foundation (centimeters — meters)
— Large-scale: wind farm effects evaluated using North Sea ecosystem models (> kilometers)

« For an accurate parameterisation, insight in the relevant small-scale processes is essential!
« Use a more detailed local model as a research tool for parameterization
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Quantification of ecosystem effects: approach

 The model is not perfect,
but ‘good enough’

* Focus efforts on both
model development &
application

« Scenario-based approach

— Expected developments
— Extreme upscaling

« Comparison to a reference
scenario gives a really good
Impression on impact of
offshore wind developments
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« Impacts vary per region in the North Sea area,
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« Impacts vary per region in the North Sea area,
depending on local dynamics

Central North Sea — destratification dominant
German Bight — complex, SPM dominant

English coast and \Wadden coast — effects minor
— some negative effects SPM

~hine ROEI —impact on SPM transport
Dogger bank — impact minor
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Application Nantucket: Massachusetts bay model

« Model developed for MWRA for
assessing wastewater impact on
recirculation in the bay.

« Local highly refined grid

- Refinement in area of interest is possible
and easily implemented

 All offshore boundaries are well established

« Equipped with a full water quality module

— Assess impact on zooplankton of offshore wind
development (with a direct link to the North
Atlantic Right whale)
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Conclusions and general remarks

« Delft3D modelling suite is highly capable of assessing the
iImpact of offshore wind development on the environment

— Coupling with other models or model approaches possible/
needed to get the complete picture.

- Model doesn’t need to be perfect, ‘good enough’ and fit
for purpose will suffice

« The term impact needs a clear definition

— Alotis possible in terms of mitigation of impact or even
creating net-positive impact, but terms like ‘positive’ and
‘negative’ need to be well-defined in an early stage

— Cannot enhance/restore/protect everything, everywhere,
all at once, so choices are inevitable
« Integrated approach is required
— Legislation for permitting & decommisioning
— Stakeholder engagement is equally important to technology
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