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lce modelling in Delft3D, with application
to the North Sea and to lakes
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1) Why ice?
2) Conceptual description of Delft3D-FLOW ice model
3) Numerical implementation

4) Ice modelling results (100-year simulation, Lake IJssel,
Lake Spirit in USA, North Sea)

5) Conclusions, future work
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Offshore wind farms
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0il and gas in the Arctic

Area north of the Arctic Circle has an estimated 90 billion barrels
af undiscovered ail.
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SEA SURFACE

DRIFTING
ICE RIDGE

Ice gouging

ICE GOUGE DEPTH

(source: SINTEF)
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23 of the 32 speed
skating medals
In Socchi!

14 February 2013



Chukchi gaaufort sefudson/Foxe Norwegian Sea  KarasSea  Laptev Sggst Siberiz

Sea (coastal zone) basms._\ == ""'“:-.L Eirents Sea Sea

Baltlc Se&

» Develop integrated modelling framework including ice for the
purpose of planning and design of coastal structures in shallow-

water (sub-)arctic regions
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Conceptual description
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e Extension of temperature module of Delft3D-FLOW

*) wind speed

no additional input required, because already available:

*) relative humidity, air temperature and cloudiness
*) snow fall (precipitation with negative air temperature)
*) removal of snow (evaporation with negative air temperature)

with ice
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Numerical description

Deltares




Two options:
« KNMI_empirical _ice_model
open source; O-dimensional

(lake of 2 m deep)
1-way coupling ice-water

o Deltares ice flux _model
based on approach from Semtner (1976)

~ ice-model of SLIM, ROMS, POM, CICE,
THREETOX and many others
2-way coupling ice-water

Water
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Combination of:

* thermodynamic model based on a single ice layer
concept with snow on top (Semtner, 1976)

« dynamic model based on the elastic-viscous-plastic

(EVP) sea-ice rheology (Hunke and Dukowicz, 1997)
and Second-generation Louvain-la-Neuve Ice-ocean
Model code (LIM3)
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e Starting point open source LIM3 code, rewritten to
the Delft3D-FLOW datastructure

 LIM3 = most advanced Louvain-la-Neuve Sea Ice

www.climate.be/slim



Floating structure

L

/1117 /1117

Cross-sectional view floating structure

Ice = floating structure (rigid lid approach)
Including drying and flooding

Threshold depth for ice

Alternating Direction Explicit time integration, with
same time step as hydrodynamic model
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Qtot = an T Qan o Qbr o Qev o Qco

Linearization of net
Qtot Qbr _klce ( ice freeze)/ Hice atmospheric radiation

Qtot —aT, = klce (T —T

ice ice freeze

)/Hice

ice

Qtot a Tk4 1 406 Tk31 k|ce (Tk 1 T A Tfreeze )/ H
with A, =T, -T,

Fast convergence; N =2 (or 3)
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Model results
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100-vear simulation for a shallow lake
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Marthing (km, RD)

DELFT3D-FLOW Ice Simulation lJsselmeer
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lce thickness
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Conclusions
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e First version of sea-ice module in Delft3D now available
e In Delft3D-FLOW open source branch

e Suitable for lakes and shallow seas

* Not suitable for Arctic regions

Thanks to the Université Catholique de Louvain (UCL) for
open source LIM3 sea-ice model!
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Developments preferably via Delft3D open source

More testing and validation needed!
Consider other ice and snow formulations
Looking for interested participating institutes

More applications in lakes, rivers (near thermal outfalls)
or estuaries

Testing of dynamic coupling with wave model

Development of dynamic coupling with local scale ice-
structure model
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e
Ice study lJsselmeer f——————

» Ice statistics (based on 100 year ice-growth simulation)
» Ice properties and ice load mechanisms

DELFTI0-FLOW Ice Simulation kisselmeer  Winter 1996 - 1807
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em overview of Delft3D

ijons

e Now also with ice
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http://oss.deltares.nl/web/delft3d/developments

Home Get started Download Services Forum Research Wiki

Developments Delft3D software

Ice modelling with DelftiD

With the changing climate and the conseguential inorease of human adtivities in Arctic,
sub-Arctic and mid-latitude regions, there is an inoreasing demand for accurate ice
modelling capabilities. Accurate predictions of ice thicknesses, ice loads, ice flows or other
ioe characteristics are oucial for:

+ planning of safe cperations in Arctic and sub-Arctic regions
» design of breskwaters, sluices, artificial islands, offshore wind farms, subsea pipelines,
platforms, ete. in ice-covered waters

= preparing the Dutch for their national winter-hype: skating on lakes and canals!

Recently, the Delft30-FLOW temperature module has been extended with an ice medule to
allow for the prediction of growth and melt of ice on the basis of time-varying
metecroclogical input {air temperature, relative humidity and wind). The animation on the
right shows the results of an ice simulation in the Dutch lJssel Leke for the relatively severe
winter of 1996-1997, using meteorological input from the Royal Dutch Meteorological
Institute (KMMI).

We envisage that the ice module will be incorporated in the cpen source version of Delft30-
FLOW, which is presently not yet the case. Main focus will be on the growth/melt and
transport of ice in lakes, rivers, estuaries and coastal seas. By linking an ice module with
other Delft3l modules, it will also be possible to study aspects like seabed scour, ercsion of
permafrost coasts, oil spills or water guality in temporarily or partly ice-covered waters.

In order to make these developments possible, the Deltares lce-Team invites Delft3D
Community Members to contribute to the joint development of an ice module in Delft30-
FLOW, or to couple an existing ice module with Delft30-FLOW. If you are interested to
participate, please send an email to Erik de Goede (erik.degosde@deltares.nl) or Reimer

de Graaff {reimer degrasffi@delitaras.nl).
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